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*TRENT, L. C., ...........................................  423 Blake Street, Denver, Colorado.  '78 
*TRIPPEL, ALEXANDER,...................................... 181 Broadway, New York City.  '83 
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*VIVIAN, GEORGE G., ...............................  Freeland, Clear Creek Co., Colorado.  '82 
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                 LIST OF MEETINGS.                             xli 
 
 

LIST OF THE MEETINGS OF THE INSTITUTE AND THEIR LOCAL- 
ITIES FROM ITS ORGANIZATION TO FEBRUARY, 1885. 

 
 
Number. Place. Date. Transactions. 
 I. Wilkesbarre, Pa.,* ...............May, 1871, .................................... i.  3 
 II.  Bethlehem, Pa.,...................August, 1871, ................................ i.  10 
 III.  Troy, N. Y., ........................November, 1871,........................... i.  13 
 IV.  Philadelphia, Pa., ................February, 1872, ............................. i. 17 
 V.  New York, N. Y.,* .............May, 1872, .................................... i.  20\ 
 VI.  Pittsburgh, Pa., ...................October, 1872................................ i.  25 
 VII. Boston, Mass., .....................February, 1873, ............................. i.  28 
 VIII.  Philadelphia, Pa.,* ..............May, 1873, .................................... ii. 3 
 IX.  Easton, Pa., .........................October, 1873,............................... ii.  7 
 X.  New York, N. Y., ...............February, 1874, ............................. ii.  11 
 XI.  St. Louis, Mo.,*..................May, 1874, .................................... iii.  3 
 XII.  Hazleton, Pa., .....................October, 1874,............................... iii.  8 
 XIII.  New Haven, Conn., ............February, 1875, ............................. iii.  15 
 XIV.  Dover, N. J.,* .....................May, 1875, .................................... iv.  3 
 XV.  Cleveland, O.,.....................October, 1875,............................... iv.  9 
 XVI.  Washington, D. C., .............February, 1876, ............................. iv.  18 
 XVII.  Philadelphia, Pa.,† ..............June, 1876, .................................... v.  3 
 XVIII.  Philadelphia, Pa., ................October, 1876,............................... v.  19 
 XIX.  New York, N. Y., ...............February, 1877, ............................. v.  27 
 XX.  Wilkesbarre, Pa.,* ..............May, 1877, .................................... vi.  3 
 XXI.  Amenia, N. Y., ...................October, 1877,............................... vi.  10 
 XXII.  Philadelphia, Pa., .................February, 1878, ............................. vi.  18 
 XXIII.  Chattanooga, Tenn.,*..........May, 1878, .................................... vii.  3 
 XXIV.  Lake George, N. Y.,............October, 1878,............................... vii.  103 
 XXV.  Baltimore, Md.,* ................February, 1879, ............................. vii.  217 
 XXVI. Pittsburgh, Pa., ....................May, 1879, .................................... viii.  3 
 XVII.  Montreal, Canada, ..............September, 1879, .......................... viii. 121 
 XXVIII.  New York, N. Y.,* .............February, 1880, ............................. viii.  275 
 XXIX.  Lake Superior, Mich.,.........August, 1880, ................................ ix.  1 
 XXX.  Philadelphia, Pa.,* ..............February, 1881, ............................. ix.  275 
 XXI.  Staunton, Va., .....................May, 1881, .................................... x.  1 
 XXXII.  Harrisburg, Pa.,...................October, 1881,............................... x.  119 
 XXXIII.  Washington, D. C.,* ...........February, 1882, ............................. x.  225 
 XXXIV.  Denver, Col., ......................August, 1882, ................................ xi.  1 
 XXXV.  Boston, Mass.,* ..................February, 1883, ............................. xi.  217 
 XXXVI . Roanoke, Va., ....................June, 1883, .................................... xii.  3 
 XXXVII.  Troy, N. Y., ........................October, 1883,............................... xii.  175 
XXXVIII.  Cincinnati, O.,* ..................February, 1884, ............................. xii.  447 
 XXXIX  Chicago, Ill., .......................May, 1884, .................................... xiii.  3 
 XL.  Philadelphia, Pa., ................September, 1884, .......................... xiii.  287 
 XLI.  New York, N. Y., ...............February, 1885, ............................. xiii.  587 
 
 
* Annual meeting for the election of officers. The rules were amended at the Chattanooga 
meeting, May, 1878, changing the annual election from May to February. 
 † Begun in May at Easton, Pa., for the election of officers, and adjourned to Philadelphia. 
 
 
 
 
 
 
 
 
 
 
 
 
 



PUBLICATIONS. 
 
 
 
 The publications of the Institute comprise: 
 1. The minutes of the Proceedings of each Meeting, published in 
pamphlet form. 
 2. Such of the papers presented or read by title at each Meeting as 
are furnished by the authors and approved by the Council for full 
publication. (In nearly all cases in which papers, the titles of which appear 
in the Proceedings, are not subsequently published, they have been with 
drawn by the authors.) These papers are published separately in pamphlet 
form, and are marked "Subject to Revision." 
 3. Annual volumes of Transactions, containing the list of officers and 
members, rules, etc.; the Proceedings and the papers, revised for final 
publication. (In this revision after the preliminary publication, authors are 
permitted to use the largest liberty; and the changes and additions made in 
papers are sometimes important. It should be borne in mind, by those who 
study or quote a paper in the preliminary edition, that they may not have in 
that form the ultimate and deliberate expression of the author's views. It 
should be added, however, that in the majority of cases there is no essential 
change, the correction of typographical errors and additions of later 
information being the usual alterations.) 
 4. Special editions of separate papers, for which there is demand. 
These are fully revised, and usually issued in pamphlet covers. 
5. Books. (Under this head the only publications thus far have been an Index 
to Vols. I. to X. inclusive, a Glossary of Mining and Metallurgical Terms, 
and a Memorial of Alexander Lyman Holley.) 
 All the foregoing publications are sent free to members and associates 
not in arrears at the time of publication. They are also for sale at the office 
of the Secretary, or are sent to purchasers by mail or express, charges paid, 
on receipt of the price by the Secretary, as follows: 
 Classes 1 and 2, above mentioned,-price not uniform-a small sum, 
in no case exceeding 20 cents per copy, to cover cost of printing, storage, 
clerk-hire, postage, etc. 
 Class 3 (Transactions), at $5 per volume in paper covers, or $6 bound 
in half-morocco. 
 Class 4. This class now includes " Steel Rails " (Papers by Messrs. 
Sandberg, Dudley and Holley, and discussions at two meetings in 1881, 
from vol. ix. of the Transactions), price $1; "Technical Education" 
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(Papers and discussions at the XVIIth [Philadelphia] meeting, in 1876 
-mostly not in the Transactions), price 50 cents; "The Law of the 
 Apex" (including the Appendix), by R. W. Raymond, price 25 cents;  
" List of Members, Rules, etc.," price 25 cents. 
 Class 5. Index to Vols. I. to X., inclusive, of the Transactions, price, 
in paper covers, $1; in half-morocco, $2. "Memorial of Alexander 
Lyman Holley," in cloth, with frontispiece-portrait, price $2. "Glossary 
of Mining and Metallurgical Terms," by R. W. Raymond (from vol. ix. 
of the Transactions), in cloth, price 50 cents. 
 All communications and remittances should be addressed to R. W. 
Raymond, Secretary, P. O. Box 223, New York City. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



RULES 
 

ADOPTED MAY, 1873. AMENDED MAY, 1875, MAY, 1877, MAY, 1878, FEBRUARY, 1880, 
and FEBRUARY, 1881. 

 
 

 
I. 
 

OBJECTS. 
 
 THE objects of the AMERICAN INSTITUTE OF MINING ENGINEERS are to promote 
the Arts and Sciences connected with the economical production of the useful min 
erals and metals, and the welfare of those employed in these industries, by means 
of meetings for social intercourse, and the reading and discussion of professional 
papers, and to circulate, by means of publications among its members and associates, 
the information thus obtained. 
 
 

II. 
 

MEMBERSHIP. 
 
 The Institute shall consist of Members, Honorary Members, and Associates. 
Members and Honorary Members shall be professional mining engineers, geologists, 
metallurgists, or chemists, or persons practically engaged in mining, metallurgy, or 
metallurgical engineering. Associates shall include all suitable persons desirous of 
being connected with the Institute, and duly elected as hereinafter provided. Each 
person desirous of becoming a member or associate shall be proposed by at least 
three members or associates, approved by the Council, and elected by ballot at a 
regular meeting upon receiving three-fourths of the votes cast, and shall become a 
member or associate on the payment of his first dues. Each person proposed as an 
honorary member shall be recommended by at least ten members or associates, 
approved by the Council, and elected by ballot at a regular meeting on receiving 
nine-tenths of the votes cast; Provided, that the number of honorary members shall 
not exceed twenty. The Council may at any time change the classification of a 
person elected as associate, so as to make him a member, or vice versa, subject to the 
approval of the Institute. All members and associates shall be equally entitled to the 
privileges of membership; Provided, that honorary members shall not be entitled to 
vote or to be members of the Council. 
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 Any member or associate may be stricken from the list on recommendation of the 
Council, by the vote of three-fourths of the members and associates present at any 
annual meeting, due notice having been mailed in writing by the Secretary to the said 
member or associate. 
 

III. 
 

DUES. 
 

The dues of members and associates shall be ten dollars per annum, payable in 
advance at the annual meeting; Provided, that persons elected at the meeting 
following the annual meeting shall pay eight dollars, and persons elected at the 
meeting preceding the annual meeting shall pay four dollars as dues for the current 
year. Honorary members shall not be liable to dues. Any member or associate may 
become, by the payment of one hundred dollars at any one time, a life member or 
associate, and shall not be liable thereafter to annual dues. Any member or associate 
in arrears may, at the discretion of the Council, be deprived of the receipt of 
publications, or stricken from the list of members when in arrears for one year; 
Provided, that he may be restored to membership by the Council on payment of all 
arrears, or by re-election after an interval of three years. 
 
 
 

IV. 
 

OFFICERS. 
 
 The affairs of the Institute shall be managed by a Council. consisting of a 
President, six Vice-Presidents, nine Managers, a Secretary and a Treasurer, who 
shall be elected from among the members and associates of the Institute at the annual 
meetings, to hold office as follows: 
 The President, the Secretary, and the Treasurer for one year (and no person shall 
be eligible for immediate re-election as President who shall have held that office 
subsequent to the adoption of these rules, for two consecutive years), the Vice-
Presidents for two years, and the Managers for three years; and no Vice-President or 
Manager shall be eligible for immediate re-election to the same office at the 
expiration of the term for which he was elected. At each annual meeting a President, 
three Vice-Presidents, three Managers, a Secretary and a Treasurer shall be elected, 
and the term of office shall continue until the adjournment of the meeting at which 
their successors are elected. 
 The duties of all officers shall be such as usually pertain to their offices, or may be 
delegated to them by the Council or the Institute; and the Council may in its 
discretion require bonds to be given by the Treasurer. At each annual meeting the 
Council shall make a report of proceedings to the Institute, together with a financial 
statement. 
 Vacancies in the Council may occur by death or resignation; or the Council may, 
by a vote of the majority of all its members, declare the place of any officer vacant, 
on his failure for one year, from inability or otherwise, to attend the Council 
meetings or perform the duties of his office. All vacancies shall be filled by the 
appoint- 
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ment of the Council, and any person so appointed shall hold office for the remainder 
of the term for which his predecessor was elected or appointed; Provided, that the 
said appointment shall not render him ineligible at the next annual meeting. 
 Five members of the Council shall constitute a quorum; but the Council may 
appoint an Executive Committee, or business may be transacted at a regularly called 
meeting of the Council, at which less than a quorum is present, subject to the 
approval of a majority of the Council, subsequently given in writing to the Secretary, 
and recorded by him with the minutes. 
 
 
 

V. 
 

ELECTIONS. 
 
 

 The annual election shall be conducted as follows: Nominations may be sent in 
writing to the Secretary, accompanied with the names of the proposers, at any time 
not less than thirty days before the annual meeting; and the Secretary shall, not less 
than two weeks before the said meeting, mail to every member or associate (except 
honorary members), a list of all the nominations for each office so received, stamped 
with the seal of the Institute, together with a copy of this rule, and the names of the 
persons ineligible for election to each office. And each member or associate, 
qualified to vote, may vote, either by striking from or adding to the names of the said 
list, leaving names not exceeding in number the officers to be elected, or by 
preparing a new list, signing said altered or prepared ballot with his name, and either 
mailing it to the Secretary or presenting it in person at the annual meeting: Provided, 
that no member or associate in arrears since the last annual meeting shall be allowed 
to vote until the said arrears shall have been paid. The ballots shall be received and 
examined by three Scrutineers, appointed at the annual meeting by the presiding 
officer; and the persons who shall have received the greatest number of votes for the 
several offices shall be declared elected, and the Scrutineers shall so report to the 
presiding officer. The ballots shall be destroyed, and a list of the elected officers, 
certified by the Scrutineers, shall be preserved by the Secretary. 
 
 
 

VI. 
 

MEETINGS. 
 
 

 The annual meeting of the Institute shall take place on the third Tuesday of 
February, at which a report of the proceedings of the Institute and an abstract of the 
accounts shall be furnished by the Council. Two other regular meetings of the 
Institute shall be held in each year, at such times and places as the Council shall 
select, and notice of all meetings shall be given by mail, or otherwise, to all members 
and associates, at least twenty days in advance. Special meetings may be called 
whenever the Council sees fit; and the Secretary shall call a special meeting on a 
requisition signed by fifteen or more members. The notices for special meetings shall 
state the business to be transacted, and no other shall be entertained. 
 Every question which shall come before any meeting of the Institute, shall be 
decided, unless otherwise provided by these Rules, by the votes of a majority of the 
members then present. Any member or associate may introduce a stranger to any 
meeting; but the latter shall not take part in the proceedings without the consent of 
the meeting. 
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VII. 
 

 PAPERS; 
 

 The Council shall have power to decide on the propriety of communicating to the 
Institute any papers which may be received, and they shall be at liberty, when they 
think it desirable, to direct that any paper read before the Institute, shall be printed in 
the Transactions. Intimation, when practicable, shall be given, at each general 
meeting, of the subject of the paper or papers to be read, and of the questions for 
discussion at the next meeting. The reading of papers shall not be delayed beyond 
such hour as the presiding officer shall think proper; and the election of members or 
other business may be adjourned by the presiding officer, to permit the reading and 
discussion of papers. 
 The copyright of all papers communicated to, and accepted by, the Institute, shall 
be vested in it, unless otherwise agreed between the Council and the author. The 
author of each paper read before the Institute shall be entitled to twelve copies, if 
printed, for his own use, and shall have the right to order any number of copies at the 
cost of paper and printing, provided said copies are not intended for sale. The 
Institute is not, as a body, responsible for the statements of fact or opinion advanced 
in papers or discussions at its meetings, and it is understood that papers and 
discussions should not include matters relating to politics or purely to trade. 
 
 

VIII. 
 

AMENDMENTS. 
 

 These Rules may be amended at any annual meeting by a two-thirds vote of the 
members present, provided that written notice of the proposed amendment shall have 
been given at a previous meeting. 
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THE XXXIXth (CHICAGO) MEETING.

COMMITTEES. 

Local Committee of Arrangements. 
O. W. Potter, Chairman; John Crerar, Jr., Secretary; George Merryweather, 

Treasurer. 
Reception Committee. 

H. A. Keith, John Crerar, G. M. Pullman, W. B. Stirling, John M. dark, E. C. 
Hegeler, John C. Parkes, H. S. Smith, W. J. Chalmers, W. L. Brown, D. C. Cregier, 
B. B. Jones, A. M. Wright, H. H. Porter, N. K. Fairbank, B. T. Crane, Robert 
Forsyth, George W. Stevens, James L. Houghteling, E. C. Potter, W. A. Angell, 
Morris Sellers, W. E. Barrows, M. C. Bullock, E. L, Ryerson, John T. Crocker. 

All the sessions of the meeting were held in the Appellate Court 
Room, First District of Illinois, in the Grand Pacific Hotel. 

At the opening session on Tuesday evening, May 27, Mr. O. W. 
Potter, Chairman of the Local Committee of Arrangements, after 
calling the meeting to order, extended a warm welcome to the Insti- 
tute on behalf of the local membership, and then introduced Hon. 
Carter H. Harrison, Mayor of Chicago, whose hearty greeting in 
behalf of the city was received by the Institute with applause. 
President James C. Bayles responded to these addresses. He spoke 
of the mutual obligation between Chicago and the engineering pro- 
fession, and thanked the Local Committee and citizens of Chicago 
for all they had done to insure a pleasant and profitable meeting. 

Mr. Bayles then proceeded to deliver the Presidential address, on 
The Study of Iron and Steel. 

The following papers were then read : 
Note on the Miners' Fund of New Almaden, by Professor S. B. 

Christy, of the University of California, Berkeley, California. Read 
by the Secretary in the absence of the author. 

A Vacuum Pump and Table Blowpipe, by W. F. Durfee, of 
Bridgeport, Conn. 

Note on the Cerro de Mereado in Mexico, by John Birkinbine, 
of Philadelphia. 



4 PROCEEDINGS  OF  THE  CHICAGO  MEETING. 

The papers read at the second session, Wednesday evening, were: 
The Rolling of Steel Ingots by their own Initial Heat, by John 

Gjers, of Middlesbrough, England, member of the British Iron 
and Steel Institute. 

The Hydraulic Cement Works of the Utica Cement Company, 
La Salle County, Ill., by Henry C. Freeman, of Alto Pass, Ill. 

A Complete Gas Assaying-plant, by Walter Lee Brown, of 
Chicago. 

The President announced that he had been requested by the 
manager of the Pocahontas Coal Mine, Va., shortly after the fatal 
explosion which occurred in that mine in March last, to appoint a 
committee of the Institute to investigate and report upon the causes 
which led to the disaster. While the policy of the Institute had not 
permitted him to appoint a committee which should report in vin- 
dication or condemnation of the management of the mine, yet after 
consultation with the Council, he had appointed Mr. S. M. Buck, 
of Coalburgh, W. Va.; Mr. J. H. Bramwell, of Roanoke, Va.; and 
Professor Edward H. Williams, Jr., of Bethlehem, Pa., a committee 
to examine the ground, collect testimony, etc., and present such 
points as were of scientific interest to the Institute in the form of a 
paper, to be incorporated in the Transactions. Owing to the non- 
arrival of the complete paper by reason of detention in the mails, 
the Secretary read an abstract prepared by Professor Williams of 
the committee, and Mr. S. M. Buck gave an explanation of the 
committee's line of investigation, illustrated by a blackboard sketch. 

The President announced that the Council had decided to hold 
the next meeting in Philadelphia, beginning September 2d. 

The following papers were read at the session on Friday morning: 
Note on Patching Platinum Crucibles, by H. J. Seaman, of Cata- 

sauqua, Pa. 
Water-tube Steam-boilers at the Lucy Furnace, by William Kent, 

of New York. 
Estimation of Phosphorus in Iron and Steel, by Professor B. W. 

Cheever, of the University of Michigan, Ann Arbor, Michigan. 
In the discussion of Mr. Salom's paper on Analyses and Tests of 

Steel, which had been made a special order for the Chicago meeting, 
there were presented written contributions from Mr. Kirkaldy, of 
England, and Mr. Charles A. Marshall, of Johnstown, Pa. An 
animated oral discussion of this paper was also participated in by 
many members of the Institute. 
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The session was closed by a Note on Hadfield's Patent Manganese 
Steel, by Mr. J. D. Weeks, of Pittsburgh, Pa. 

The last session was held on Friday afternoon, when the following 
gentlemen were elected members and associates of the Institute: 

HONORARY MEMBER. 
Oberbergrath Prof. Dr. Theodora Richter, Director of the Royal Mining Academy, 

Freiberg, Saxony. 

MEMBERS. 
Matthew Addy ............................................  Cincinnati, 0. 
Benjamin Atha,...........................................  Newark, N. J. 

           Edward Bailey,……………………………. Pottstown, Pa. 
B. B. Barnhill .............................................  Joggins, N. S. 
George F. Becker, .......................................  San Francisco, Cal. 
Jean Marc Bel ............................................  Paris, France. 
Robert Bentley, .......................................... .. Youngstown, 0. 
Reese G. Brooks……………………………Scranton, Pa. 
C. G. Buchanan, .........................................  New York City. 
J. L. Crawford, ...........................................  Newcastle, Pa. 
William H. Dodge, ....................................  Mishawaka, Ind. 
Henry Rogers Durkee,………………………. Chicago, Ill. 
G. H. Everson,............................................  Scottdale, Pa. 
Frederick J. Falding………………………… New York City. 
Harry Stuart Fleming,……………………… Philadelphia, Pa. 
William Forsyth,........................................  Aurora, Ill. 
F. N. Gisborne, ...........................................  Ottawa, Canada. 
Frank Graham, ...........................................  Georgetown, Col. 
William M. Habirshaw,…………………….. New York City. 
Robert Hastings,.........................................  Philadelphia, Pa. 
Almond D. Hodges, Jr., …………………… San Francisco, Cal. 
E. O. Hoffman .............................................  Pullman, Ind. 
Benjamin P. Howell,………………………. Scottdale, Pa. 
George Scranton Humphrey………………..Oxford, N. J. 
Hennen Jennings,.......................................  New Almaden, Cal. 
William Henry Jennings……………………Columbus, O. 
Edward E. Jewell,........................................  South Chicago, Ill. 
Barton L. Keen ...........................................  Springfield, Ill. 
R, Kent .......................................................  Lewistown, Pa. 
Henry C. Kriete,.........................................  Chicago, Ill. 
N. Lilienberg, .............................................  New York City. 
Frank J. Little ............................................  South Chicago, Ill. 
F. W. Matthiessen.......................................  LaSalle, Ill. 
Robert J. MeChure,.....................................  Chicago, Ill. 
John E. Newell ...........................................  South Chicago, Ill. 
William Noyes,...........................................  San Francisco, Cal. 
Alonzo W. Paige .........................................  Chicago, Ill. 
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Richard Peters, Jr ......................................  Thurlow, Pa. 
Charles Pettigrew ........................................ Joliet, 111. 
S. Harris Pomeroy ......................................  Pittsfield, Mass. 
George A. Porter, .......................................  Syracuse, N. Y. 
R. C. Porter.................................................  Pittsburgh, Pa. 
De Veaux Powel,………………………...   Saxton, Pa. 
A. Rapp, ......................................................  Pullman, 111. 
William J. Battle........................................  Cleveland, O. 
Alfred Rickard, ...........................................  Idaho Springs, Col. 
Frank Clemes Smith....................................  Richland Centre, Wis. 
Michael Smith .............................................  South Chicago, 111. 
William Robert Stirling .............................  Chicago, 111. 
General Charles P. Stone ............................  New York City. 
Arthur H. Storrs, ........................................  Scranton, Pa. 
Herbert Strickland, ....................................  32 Priory Road, England. 
Josef P. L. Westesson .................................  Thurlow, Pa. 

ASSOCIATES. 

Curtis Alexander ......................................... Maryville, Missouri. 
William A. Angell, .....................................  Chicago, 111. 
William M. Claypool,…………………………. Bentonville, Ark. 
Riohard T. Crane,........................................  Chicago, 111. 
John T. Crocker ..........................................  Milwaukee, Wis. 
John Henry Ferguson,………………………… Denver, Col. 
Samuel T. Ferguson,………………………….. Minneapolis, Minn. 
Charles Gordon ...........................................  Cleveland, O. 
Frank S. Gorton........................................... Chicago, 111. 
Charles V. Hickox, ....................................  Chicago, 111. 
John A. Jackman, ....................................... Pullman, Ind. 
William Fowler Jarvis,……………………….. Detroit, Mich. 
Thomas D. Jones, ........................................ Mineral Point, Wis. 
Edward N. Luce .......................................... Milwaukee, Wis. 
Charles W. Miller .......................................  Brooklyn, N. Y. 
P. S. Morse ..................................................  Boston, Mass. 
John J. Northrop, ......................................  New York City. 
Frank B. Richards, .....................................  Cambridge, Mass. 
T. W. Robinson, .........................................  Wareham, Mass. 
James Rood, Jr……………………………….Chicago, 111. 
Frank Scott .................................................  Pittsburgh,-Pa. 
Joseph M Searle, ........................................ Stanhope, N. J. 
J. B. Stubbs..................................................Chicago, 111. 

The status of the following associates was changed to member! 

John H. Banks, ........................................... New York City. 
H. H. Burden, .............................................Troy, N. Y. 
Robert C. Canby, ......................................... Pueblo, Col. 
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Mr. Stetefeldt's paper on Russell's Improved Process for the Lix- 
iviation of Silver Ores, already printed and in the hands of the 
members, was presented, and a summary and supplement by the 
author were read and discussed, after which the following papers 
were read by title: 

Notes of a Visit to the Cauca Mining District, by John Hays 
Hammond, of New York City. 

Treatment of Rebellious Ores in Mexico with Hyposulphite of 
Lime, by John Hays Hammond, of New York City. 

The Wolfe Safety-lamp, by Eugene B. Wilson, of Drifton, 
Pa. 

A Blast Furnace with Bosh Water-jackets and Iron Top, by 
Arthur F. Wendt, of New York City. 

A New Method of Shaft-sinking through Water-bearing Loose 
Material, by James E. Mills, of Quincy, Cal. 

The Concentration of Iron Ores, by Arthur F. Wendt, of New 
York City. 

Note on Tantalite and other Minerals accompanying the Tin-ore 
in the Black Hills, by Professor C. A. Schaeffer, of Cornell Univer- 
sity, Ithaca, N. Y. 

Note on the Influence of Organic Matter and Iron on the Volu- 
metric Determination of Manganese, by J. B. Mackintosh, Columbia 
School of Mines, New York City. 

Recent Improvements in Copper Smelting, by F. H. McDowell, 
of New York City. 

The Blake System of Fine Crushing, by T. A. Blake, of New 
Haven, Conn. 

Note on the Effect of Coal Dust on Colliery Explosions, by E. 
S. Hutehinson, of Philadelphia, Pa. 

A Mexican Cupellation Hearth, by Dr. W. Lawrence Austin, of 
Santa Barbara, Mexico. 

Note on the Segregation of Impurities in Bessemer Steel Ingots 
on Cooling, by Professor B. W. Cheever and W. J. Olcott, of the 
University of Michigan, Ann Arbor, Mich. 

A New Rock Drill without Cushions, by A. C. Rand, of New 
York City. 

By direction of the Council, the Secretary presented, with its cor- 
dial recommendation, the circular of Section D, of the American 
Association for the Advancement of Science, addressed to members 
of the Institute, as follows : 
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ITHACA, N. Y., March, 1884. 
DEAR SIR : In accordance with a resolution adopted at the Minneapolis meeting 
of the Section of Mechanical Science (D) of the American Association for the 
Advancement of Science, I am requested to extend to yon a cordial and earnest 
invitation to attend the Philadelphia meeting of the Association, to join the 
Association (if not already a member), and to take an active part in the 
proceedings of the Section. 

The British Association will meet next year in Montreal, immediately before 
the date of assembling of the American Association, and arrangements will be 
made to bring its members to Philadelphia on September 3d. The presence of 
the British Association at Philadelphia will lend much additional interest and 
importance to the meeting of the American Association. The opportunity is 
thus also offered to make this meeting an occasion for bringing together a 
larger number of gentlemen interested in the subjects falling under the 
consideration of this Section than have ever been or are likely for some time to 
come to be again brought together in this country. It is hoped and expected 
that the meeting will prove to be one of singular interest, as well as 
importance, and worthy alike of the occasion and of tin opportunity. Its success 
will gratify, not only the members of the Association, but every one who is 
interested in the promotion of the industrial interests of the country and the 
welfare of the people who are so largely dependent upon those interests. You 
are urged to make arrangements to attend this meeting, and to interest others 
in insuring a full attendance and a list of valuable papers for the Section. 

A great additional attraction will be found in the Electrical Exhibition to be 
held in Philadelphia, from September 2d to October 10th. The preparations 
for the same are progressing rapidly, and the fact that it is to be held under 
the auspices of the Franklin Institute, is sufficient to insure for it a brilliant 
success. 

The Section, the sessions of which you are invited to attend, is especially 
devoted to the advancement of all the sciences most directly applicable in the 
arts, and in the departments of engineering, civil and military, mining, 
mechanical, and electrical, and in architecture. It is hoped and fully expected 
that the several great technical societies of the country, as well as the local 
societies of engineers, will take active part in the promotion of the plan here 
indicated, and in the inauguration of a series of convocations of all the 
departments of engineering, and kindred organizations, at the meetings of this 
Section of the American Association. Members of every related profession will 
be heartily welcome. 

Members (actual or prospective) who intend presenting papers to be read 
before this Section, can obtain the proper blanks from the Secretary, on which to 
offer the titles and abstracts of their papers for the consideration of the proper 
committee. 
Papers are usually printed in the Proceedings by abstract, and such abstract, 
ready for printing, must be presented to the Standing Committee, and approved 
by them, before the paper can be admitted to reading. It is requested that titles 
and abstracts be sent to the Secretary of the Section as early as possible, before 
the meeting, accompanied by a statement of what models, apparatus, drawings, 
etc., will accompany the paper, or, in case the abstract is not ready, a brief 
outline of the paper can be sent and the abstract furnished at any time before 
the reading. In addition to the abstract upon the regular blank, five copies of 
the same should be furnished for the use of reporters and secretaries, and special 
efforts will be made to secure the immediate publication of abstracts or papers 
in current periodicals for which they are suited. A list of papers received 
before August 10th will be mailed to each member of the Section who sends 
his address to the Secretary as below. 
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If it is desired to place articles, models, or apparatus on exhibition, a list, and 
a statement of the space required, should be sent to the Secretary at an early date. 
If bulky, the Secretary will have the option of giving smaller exhibits the preference. 
Papers and exhibits void of scientific value are not desired, and everything 
of an advertising character will he rejected. The Secretary will forward to members, 
and to those desiring them, the circulars of societies proposing to join in the 
welcome extended to such members of the allied professions, as may desire to take 
part in the Philadelphia Meeting of the American Association for Advancement of 
Science. 

R. H. THURSTON, 
Vice-president and Chairman of the Section, 

Stevens Institute of Technology, Hoboken, N. J 
J. BURKITT WEBB, 

Secretary, 
Cornell University, Ithaca, N. Y. 

At the request of the President, Dr. Persifor Frazer, of Philadel- 
phia, made a statement concerning the Philadelphia meeting, as 
follows: 

The next meeting of the. Institute will be held, as the council has 
already announced to you, in Philadelphia, from the 2d to the 6th 
of September. This time and place have been chosen in order that 
those members who can only spare the time for one absence from 
home in the fall may have the opportunity of taking part in the 
very unusual meetings which will be held in Philadelphia at that 
time, and examining the objects of the International Electrical 
Exposition. This Exposition, held under the auspices of the Franklin 
Institute of Philadelphia, will also commence on September 2d,and 
last about a month. The American Institute of Mining Engineers 
will be formally invited to take part in the opening ceremonies on 
that date. Exhibitors from all countries of the civilized world will 
send objects; and it is now believed that this will be the largest and 
most complete exposition of electrical apparatus, motors, methods, 
and literature yet held. 

On September 4th, the British Association for the Advancement 
of Science having just completed their annual session (which is held 
this year in Montreal), many of the members will proceed to Philadelphia 
to join in the meeting of the American Association for the 
Advancement of Science, which has been postponed for three weeks 
in order to enable them to do so. It is not known with certainty 
how many British members will come, but more than 680 have 
formally notified the Montreal committee of their determination to 
visit Montreal, and of these only 150 will be taken on an excursion 
to the Canadian Rocky Mountains by the Canadian Pacific Railway; 
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the greater number of the remainder will, it is thought, come to 
Philadelphia—many of the most prominent, indeed, having signified their 
intention to do so. The Mechanical Section, the Chemical Section, 
and the Geological Section will be strongly represented, and will be 
glad to welcome our members. Excursions will be arranged, to 
which, as well as to the opening reception at the Academy of Music, 
on September 4th, the Institute of Mining Engineers will be invited. 
Such an opportunity to make or renew acquaintances with 
Europeans foremost in our own professions will rarely present itself. 

In addition to this, the State Agricultural Fair will be held at 
about the same time in the immediate vicinity of Philadelphia, and 
it is said will be the largest ever held in the Middle Atlantic States. 

On account of the number of these events happening nearly 
simultaneously in Philadelphia, it is hoped that there will be a 
more than ordinarily large attendance of the members of this Institute, 
but it will be necessary that the Local Committee be apprised at a 
much earlier date than usual of the intention of each 
member to be present, in order that the necessary accommodations 
may be secured. 

Mr. J. D. Weeks then moved that the Secretary be instructed in 
a formal manner and on behalf of the Institute to extend to the different 
gentlemen and organizations who have so kindly aided us in 
making this meeting such a pleasant one, the thanks of the Institute 
—which was carried with enthusiasm. 

The Chair, after again thanking all who had contributed to the 
pleasure of the members, and words of congratulation on the success 
of the meeting, declared the Institute adjourned to meet in Philadel- 
phia September 2d, 1884. 

EXCURSIONS. 

On Wednesday the members and ladies accompanying them took 
a special train of the Illinois Central Railway, kindly provided by 
the North Chicago Rolling Mill Company, to the Bessemer works 
and rolling-mills of the Company at South Chicago, which were in- 
spected under the guidance of Mr. O. W. Potter, President of the 
Company. Lunch was served on the train, and the party was con- 
veyed to the town, of Pullman, where the shops of the Pullman 
Palace Car Company, the Allen Paper Car-Wheel Works, the Pull- 
man foundry and car-wheel works, the Corliss Centennial engine, 
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and the beautiful town itself, were viewed with much delight, under 
the guidance of the officers of the Company and of the various 
works. After enjoying an afternoon tea, provided at the Hotel 
Florence by the Local Committee, the excursiouists returned to 
Chicago in a special train, as guests of the Pullman Palace Car 
Company. 

On Thursday, at 7.15 A.M., a special train on the Chicago, Rock 
Island and Pacific Railway, provided by the local committee of 
members residing in La Salle and vicinity, conveyed a large partv 
to the quarries and works of the Utica Cement Company, after inspecting 
which, the party proceeded to La Salle. Here opportunity 
was offered to visit the zinc-works and rolling-mills of the Illinois 
Zinc Company and of Matthiessen and Hegeler, the mines of the 
Union Coal Company, in which the Harrison coal-mining machine 
is employed, and the glass-works, where a Siemens tank-furnace, 
containing 225 tons of molten glass, is used in the manufacture of 
bottles. The excursionists were hospitably entertained and served 
with lunch at the residences of Messrs. Matthiessen and Hegeler, 
after which they were conveyed by train to Utica, where carriages 
were in waiting for a drive of five miles to the lovely gorge and 
cascade of Deer Park, and subsequently to Starve Rock, a cliff on 
the bank of the Illinois River, commanding a magnificent prospect. 
Here refreshments were served, and after a pleasant social hour with 
the officials and leading citizens of La Salle and vicinity, and a few 
cordial and appropriate remarks from President Bayles, in recognition 
of the abundant hospitality extended to the Institute, the 
party returned to Utica, and thence by train to Chicago, arriving at 
10.30 P.M. This excursion was one of extraordinary interest and 
pleasure, and so well arranged that, in spite of its great length, it 
was not found to be fatiguing, even by the ladies. 

A portion of the members accepted on Friday the invitation of 
Messrs. Cregier and Artingstall, the City Engineers of Chicago, to 
visit by steamer the water-works crib in the lake. 

The rooms of the Association of Western Engineers were open 
during the meeting, and members were cordially invited to visit and 
use them. 

On Friday evening the usual subscription dinner was held at the 
Grand Pacific Hotel. 

The following members and associates made their presence at the 
meeting known to the Secretary: 
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J. B. Arnold. 
Charles A. Ashburner. 
James C. Bayles. 
G. H. Billings. 
John Birkinbine. 
H. L. Bridgman. 
Alexander E. Brown. 
Walter L. Brown. 
F. D. Browning. 
Stuart M. Buck. 
Henry W. Bulkley. 
M. C. Bullock. 
B. W. Cheever. 
F. W. Clark. 
W. B. Cogswell. 
Edgar S. Cook. 
Alexander B. Coxe. 
Eckley B. Coxe. 
Walter Crafts. 
E. T. Crane. 
John Crerar, Jr. 
John T. Crocker. 
George M. Davidson, Jr. 
Edward S. Davies. 
W. F. Durfee. 
E. B. Ely. 
Henry Engelmann. 
E. F. Eurich. 
J. W. Farquhar. 
Persifor Frazer. 
H. C. Freeman. 
George C. Gardner. 
John L. Gill, Jr. 
J. Hartshorne. 
Edward C. Hegeler. 
Albert F. Hill. 
H. O. Hoffman. 
J. F. Holloway. 
J. E. Johnson. 
D. N. Jones. 
R.R. Jones. 
Thomas D. Jones. 
W. E. Jones. 
H. A. Keith. 
William Kent. 
Frank King. 
Charles Kirchhoff, Jr. 
Henry C. Kriete. 
J. S. Lane. 
Edward K. Landis. 

George Lauder. 
James F. Lewis. 
Frank J. Little. 
Paul F. Lobanoff. 
R. W. Lodge. 
M. J. Lunn. 
Charles A. Marshall. 
Jean A. Mathieu. 
George W. Maynard. 
Archibald Means. 
John W. Meier. 
George Merryweather. 
Edwin Mickley. 
E. S. Moffat. 
P. N. Moore. 
William H. Morris. 
James Neilson. 
John E. Newell. 
A. W. Paige. 
John C. Parkes. 
Charles O. Parsons. 
William H. Pettee. 
R. E. Plumb. 
E. C. Potter. 
O. W. Potter. 
F. L. Potts. 
Addison C. Rand. 
R. W. Eaymond. 
E. B. Reid. 
Charles Ridgely. 
William Barret Ridgely. 
Pedro G. Salom. 
John D. Sanders. 
Charles A. Schaeffer. 
Morris Sellers. 
Michael Smith. 
George W. Stevens. 
William R. Stirling. 
William Thaw, Jr. 
J.N. Tilemann. 
J. C. Walker. 
L. E. Warner. 
Joseph D. Weeks. 
S. T. Wellman. 
Edwin L. Wiles. 
David Williams. 
Joseph M. Wilson. 
J. P. Witherow. 
Albert H. Wolfe. 
A. B. Wood. 
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THE STUDY OF IRON AND STEEL.* 

BY J. C. BAYLES, NEW YORK CITY. 
Gentlemen of the American Institute of Mining Engineers; Ladies 

and Gentlemen: The propriety of imitating in everything, so far 
as I am able, the worthy example of the distinguished gentle- 
men who have dignified the honorable office of President of the 
American Institute of Mining Engineers, imposes upon me the 
agreeable duty of delivering an address from the chair. The promi- 
nence which has been accorded in the programme of this meeting to 
the discussion of subjects connected with the study of metals, especi- 
ally iron and steel, has naturally given direction to my thought. 

It seems to be characteristic of invention and investigation that 
they conform to no law of regular and uniform development. From 
the measurably firm ground of accepted truth and verified experience, 
the work of original investigators is projected into the void of the 
unknown; and so rapid and important are the accretions of fact 
around such slender spars of well directed speculation, that it 
seems for a time as if we might go on extending and building them 
up until the void was fully and safely bridged. But such a line of 
investigation is like a cantilever with a pier at one end and nothing 
at the other. The limitations, not only of knowledge but of specu- 
lation, become evident as we load hypotheses upon the unsupported 
end of our structure; and to make our work of value, we must find 
a solid basis somewhere else, build thereon a pier, and project 
therefrom a second cantilever. When these meet and are securely 
united, we have spanned one of the spaces between facts learned by 
observation and experience, and can safely pass over to a point from 
which new speculations and verifications may serve as a basis for 
further progress. 

We are impressed with the appropriateness of this figure when we 
examine the steps by which we have gained what little knowledge 
we already possess of the composition and properties of iron and 
steel.    That we know as much as we do concerning them, is surpris- 

* President's opening address. 
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ing when we reflect that among our membership are many whose 
lives almost include the period in which these materials have been 
intelligently and systematically studied. 

The progress of chemical science applicable to iron and steel analy- 
sis, naturally invites attention first. Before quantitative analysis 
was attempted, certain of the crude reactions of qualitative analysis 
were recognized. Paracelsus, the marvellous charlatan who lived 
from 1493 to 1541, knew of some of these; and Boyle, an earnest 
worker in this field, records several in his " Essay on the Usefulness 
of Experimental Philosophy," published in 1671. Marggraf, who 
lived from 1709 to 1783, is the first chemist who is credited with 
analyses of minerals. Thomson, in his history of chemistry (London, 
1831), says of Marggraf's work : "His attempts were rude, but their 
importance was soon perceived by other chemists, particularly by 
Bergman (1735 to 1784) and Scheele (1742 to 1786), whose industry 
and address brought the art to considerable perfection." Bergman, 
whose De Analyst Ferri was published in 1770, has left a very in- 
teresting record of his experimental work, which contributed in a 
material degree to advance the knowledge of the difference between 
iron and steel. He employed his pupils to collect specimens of iron 
from the different Swedish forges, and all of these specimens, to the 
number of eighty-nine, he subjected to a chemical examination by 
dissolving them in dilute sulphuric acid. He measured the volume 
of hydrogen gas which he obtained by dissolving a grain weight of 
each, and noted also the quantity and nature of the undissolved 
residue. The general result of the whole investigation was that 
pure malleable iron yielded most hydrogen gas, steel less, and cast- 
iron least of all. The amount of Bergman's knowledge and the 
value of his methods may be judged from a table of percentages 
which he has left us, giving the composition of cast-iron, steel and 
wrought-iron.    This table shows the following results: 

Cast-iron. Steel. Wrought-iron. 
Inflammable air......................................... 40. 48. 50. 
Plumbago, ................................................. 2.20 0.50 0.12 
Manganese................................................. 15.25 15.25 15.25 
Siliceous earth............................................ 2.25 0.60 0.175 
Iron, ...........................................................80.30 83.65 84.45 

In manganese determinations Bergman evidently took care to 
avoid the discrepancies which are said to characterize the work of 
modern chemists, for we find that his manganese percentage is in 
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each case 15.25 per cent. This celebrated chemist confirmed, to his 
own satisfaction, the conclusions of Reamur (1683 to 1757), who 
considered steel an intermediate grade of metal between crude and 
malleable iron. His experiments showed that malleable iron left 
the smallest quantity of insoluble residue, steel a greater quantity, 
and cast-iron the greatest of all, and from this he drew his conclusions 
with respect to the difference between iron, steel and cast iron. 
“Nothing more was necessary,” says Thomson, “than to apply the 
anti-phlogistic theory to these experiments, as was done some time 
after by the French chemists, in order to draw important conclusions 
respecting the nature of these bodies. Iron is a simple body, steel 
is a compound of iron and carbon, and cast-iron of iron and a still 
greater proportion of carbon. The defective part of the experiments 
of Bergman, as recorded in this important paper, is his method of 
determining the manganese in iron. In some specimens he makes 
manganese to amount to considerable more than one-third part of 
the whole. Now we know,” continues Thomson, “that a mixture 
of two parts of iron and one of manganese is brittle and useless. 
We are therefore sure that no malleable iron whatever can contain 
any such proportion of manganese. The fact is that Bergman's 
method of separating iron ores was defective. What he considered 
manganese was chiefly, and might be in many cases altogether, oxide 
of iron. Many years elapsed before a good process for separating 
iron from manganese was discovered.” To this I may add that 
many more years elapsed before steel containing 30 per cent, of man- 
ganese, of which some description will be given in one of the papers 
to be read at this meeting, became a commercial product. 
Among other investigations by Bergman were a scries of experi- 
ments made by him with a view to ascertaining the cause of brittle- 
ness in cold-short iron. He extracted from such iron a white powder, 
by dissolving it in sulphuric acid. This white powder he succeeded 
in reducing to a white and brittle metal, by fusing it with a flux and 
charcoal. Klaproth (1743 to 1817), soon after described this metal 
as a phosphuret of iron, and Scheele, with his usual sagacity, hit on 
a method of analyzing it and thus demonstrating its nature. Meyer 
seems to have conducted a line of experiments in the same direction 
about the time of Bergman's work, and he made his conclusions 
known to chemists in time to dispute with Bergman a claim to 
priority of discovery. As may be supposed, Bergman's processes 
were rude and very imperfect. It was Klaproth who first systema- 
tized chemical analysis, and brought the art to such a state that the 
VOL, XIII.—2 
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processes could be imitated by others with nearly the same results 
in each case. Klaproth analyzed about 200 specimens of minerals 
and metals, and most of his conclusions were so nearly correct that 
his successors have, in most cases, confirmed the results he obtained. 
When he began his researches, chemists were not acquainted with 
the true composition of a single mineral substance. The service 
which Klaproth performed for mineralogy in Germany, was per- 
formed equally well in France by Vauquelin (1763 to 1829). To 
this chemist we are indebted for a description of the element chromium. 
All of the early analyses of ores, iron and steel are credited to one or 
the other of these two chemists. Vauquelin announced that in steel 
the carbon percentage averaged     part. By inclosing diamonds 
in cavities of soft iron and igniting them, they disappeared, and the 
inner surface of the cavity was found to be converted into steel. I am 
not aware that this process is employed at the present time, but 
judging from the disproportion frequently noted in experimental steel 
manufacture, between the cost and value of the product, one might 
suppose it is still in use. Berzelius, in the first quarter of the 
present century,and Ebelmen about ten years later, made important 
contributions to the knowledge of reagents and methods. Berzelius 
was the successor of Bergman and Scheele. All previous analyses 
were revised by him, and modern chemistry begins with his era. 
One of his iron analyses shows iron 90.80, silicium 0.50, magnesium 
0.20, manganese 4.57, carbon 3.90. The pupils of Berzelius were, to 
a great extent, instructors of the chemists of to-day. 

Karsten, in 1820, recognized the influence of carbon on iron, and 
stated his belief that iron and steel constitute a continuous series, 
there being no distinct lines of separation between them. In his 
judgment, it was simply a question of carbon percentage where, in 
the series, a piece of iron or steel belonged. In his “Metallurgy,” 
published in 1830, he notes the fact that pig iron contains carbon, sili- 
con, sulphur, phosphorus, manganese, calcium, magnesium and chro- 
mium. It is probable, however, that all these elements had been 
previously recognized and described. As early as 1815 there was 
more or less speculation whether hardness and softness in steel 
were due to physical or chemical causes. Faraday is credited by 
Percy with having been, in 1822, the first to point out, that a piece of 
hardened steel dissolved completely in hydrochloric acid, while soft 
steel always yielded a certain amount of carbonaceous residue when 
subjected to the action of. that solvent. David Mushet, in Iron 
and Steel (1840), gives a very good idea of what was known of metal- 
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lurgical chemistry at that time. He mentions certain ores which 
contain  “phosphat” of iron, which was generally believed to account 
for the fact that the iron made from them was cold-short. Mushet, 
however, was by no means certain of the cause of cold-shortness. 
Phosphorus, he tells us, had long been regarded as the prime cause 
of this quality in iron ; but by the practical observer this theory could 
not be considered tenable, for it had always been noticed that the 
most perfect qualities of iron, notably some of the Swedish makes, 
gave out in working “a very strong phosphoric smell.” Regarding 
the condition in which carbon exists in iron, Mushet says, “In the 
works of those who have treated on iron, I have never yet seen carbon 
which exists in crude iron, distinguished from that absorbed by 
malleable iron in the process of converting it into steel. I could,” 
he continues, "adduce many facts which to. me appear conclusive, to 
prove that carbon exists in crude iron in a concrete state separable 
by mechanical division, and that it is united to steel in a gaseous 
state by the combustion of its base, inseparable in any form by the 
most minute mechanical reduction." It is surprising to note the 
earnestness and gravity with which, in 1840, these statements were 
made. It shows the newness of the knowledge which now-a-days 
serves as the starting point for discussion on such topics. 

Mushet treats very fully of the effect of different substances on the 
quality of iron. He made a number of experiments by fusing iron 
with different fluxes in crucibles, and noting the quality of metal 
produced. One section of his book is devoted to the different pro- 
portions of carbon which constitute iron and steel; and he gives the 
results of fourteen experiments. His method was to fuse a certain 
number of grains of wrought-iron with charcoal in varying propor- 
tions and note the increase of weight as showing the amount of carbon 
taken up. Karsten, however, promptly challenged the accuracy of 
his methods, and proceeded to show that Mushet's tables giving the 
carbon percentages in iron and steel were entirely wrong—much as 
chemists of the present day are prone to do upon occasion. 

It is unnecessary to follow from this point the progress of metal- 
lurgical chemistry towards a scientific basis. Its general employment 
as a means of assisting makers to control the character of their pro- 
duct concerns us more; and this is almost within the memory of even 
the youngest of our membership. Most of us can recollect when 
the dependence of the iron-master and the engineer who cared to 
know the chemical composition of a piece of iron or steel, was upon 
the general analytical chemist.    When the influence of our technical 
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schools began to be felt, and young men well-equipped for the work 
began to displace, in the management of furnaces and mills, those 
who had gained their knowledge in the school of experience, where 
the instruction is not always thorough in proportion to the cost of 
tuition, the laboratory began to be recognized as an essential part of an 
iron or steel-making plant, and in nearly every establishment with 
any pretensions to completeness, the chemist has become an impor- 
tant member of the staff. But it is not more than fourteen years 
ago, that this was the exception rather than the rule. Among my 
letters I have one bearing date of 1872, written by the general 
manager of an important iron-works. He says:  “The president of 
our company thinks we ought to follow the fashion and have a chem- 
ist. To my mind it is a waste of money. When I want an analysis I 
can have it made—and that is very seldom ; for the furnace-manager 
who needs a chemist to tell him the quality of ore or limestone, or 
whether his pig-iron is soft or hard, had better resign and go to farm- 
ing. However, if the president says chemist, chemist it is. My 
object in writing is to know if you can recommend a young man 
competent to fit up a laboratory and take charge of it. We have 
very little society here, and it is desirable that he should be a gentle- 
man. My wife plays the piano and I do a little on the flute; and if 
we can get a chemist who plays the violin, we could have some music 
evenings. If you can suggest a man who combines these qualifica- 
tions, I could employ him. I do not know what a chemist would 
expect; but I should not care to pay more than §10 a week.” 

When the demand for analytical work in connection with the iron 
and steel industry began to be felt, it brought into the service of the 
iron-master a great many clever and ingenious chemists at home and 
abroad, and a varied and valuable literature of metallurgical chem- 
istry was soon created. The need of accurate analyses was so evi- 
dent that their importance was perhaps somewhat exaggerated ; and 
for a time it seemed as if we might safely look to the chemist to 
answer every question which could be raised by the iron-master or the 
engineer. Our confidence in tabulated percentages of the component 
parts of a piece of iron or steel resulted largely from the fact that 
we knew so little what knowledge was needed for a clear and satis- 
actory explanation of observed phenomena. From this over-confi- 
dence in the power of the chemist to explain everything, there has 
been a natural, and doubtless wholesome, reaction. Experience has 
shown that, great as the value of a knowledge of the chemical com- 
position of a piece of metal be, it is, after all, only a part of the 
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knowledge we need before we can determine with what we are deal- 
ing. 

To some extent coincident with this rapid progress of chemical 
investigation, and within even a shorter period, we have seen the 
development of the physical test, with the aid of appliances which 
have attained marvellous perfection in surprisingly few years. 

Thomas Tredgold, in his “Strength of Cast Iron,” published in 
1823, says: “Lord Bacon's idea of a mechanical history, which 
Diderot attempted to realize, is not so well calculated to fulfil his 
own views (concerning the advancement of the arts) as a well-directed 
course of experiments on the nature, forms and properties of mate- 
rials ............ In chemistry much has been done, but an experimental 
school of mechanical science remains to be formed.” Referring to 
the necessity for more knowledge of physical properties than was at 
that time possessed, Tredgold says; "The manner in which the re- 
sistance of materials has been treated by most of our common me- 
chanical writers has also, in some sense, misled the practical men who 
are desirous of proceeding upon sure ground, and has given occasion 
for the sarcastic remark that the stability of a building is inversely 
proportional to the science of the builder.” 

Coulomb, in 1784, made some important experiments on torsion, 
and was probably among the first to study the effect of continued 
stress upon the elastic limit of iron and steel. In 1818 Wilson esti- 
mated the power required to crush cast-iron at 2,240,000 pounds to 
the cubic inch. Reynolds, quoted by Wilson, recorded an experi- 
ment in which a cube of cast-iron one-fourth of an inch square, re- 
quired 448,000 pounds to crush it. Tredgold considered it neces- 
sary to correct these erroneous estimates, and made numerous exper- 
iments with cast-iron, testing specimens by static loads and under a 
drop. The results are given in the work before-mentioned. He 
also made some experiments upon wrought-iron, correcting or veri- 
fying the results reached with crude methods by various European 
experimenters between 1758 and 1820. The modulus of elasticity 
of steel was probably first calculated by Dr. Thomas Young, about 
1820, from the vibrations of a tuning-fork. The height of a modu- 
lus found by this method was 8,830,000 feet, and the weight per 
square inch was 29,000,000 pounds. That is, a bar of steel 8,830,000 
feet in length and 1 inch square in cross-section, would stretch from its 
own weight to double its original length ; and its weight, 29,000,000 
pounds, is the modulus of elasticity as ordinarily expressed. 

It is within a century that the work of Navier, Perronet, Poleni, 
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Telford, Brunei and others furnished the basis for a more or less 
exact knowledge of some of the more easily recognized and described 
physical properties of iron and steel. Naturally the results reached 
by these experimenters were as incomplete, and in many instances 
as mistaken, as their methods and appliances-were rude and unsatis- 
factory. Drop-hammers, single-lever testing-machines and hydraulic 
presses were the only power appliances employed in testing during 
the first-half of the present century. Experiments were mostly di- 
rected to ascertaining the tensile strength of materials, chiefly iron, 
steel and wood, under shocks or stresses which, at a single applica- 
tion, would produce rupture. The breaking-point thus ascertained 
was termed the ultimate strength of the material; and until very 
recently the data thus gathered were the only bases for calculating 
the dimensions of members which were expected to resist tension. 
Resistance to compression was similarly determined by the applica- 
tion of crushing loads to cubes of unit dimensions; and this was 
deemed satisfactory until the experiments of Hodgkinson demon- 
strated the previously unrecognized influence upon resistance to 
compression of the ratio of diameter to length in test-specimens. 

Among the earlier of the experimenters in this field, Navier is 
entitled to spiecial prominence. He probably did more than anyone 
else to bring science and practice together and to make one help the 
other. Navier's theory of rupture under transverse strain, though 
since found to be correct only within certain limits, is still quite 
generally accepted as a basis for calculations dealing with such strains. 
To Woehler in 1858, we are indebted for a knowledge of the influ- 
ence of the repetition of quiescent stresses. This led to the formu- 
lation of Woehler's law, that rupture may be caused by the frequent 
application of stresses in no instance approximating the original ulti- 
mate strength of the metal. The recognition of this law established 
the significance of the elastic limit in the calculation of dimensions, 
and marks what is probably the most important epoch in modern 
methods of dimensioning. 

In 1862 Kirkaldy published his "Results of an Experimental 
Inquiry, etc.," which effected a considerable modification of the views 
previously held by engineers as to the physical characteristics of 
materials, especially of steel. These investigations tended in a ma- 
terial degree to popularize experiments with construction-materials 
in the testing-machine, and created a demand for such machines and 
for accessory apparatus for measuring elongation, etc. The Messrs. 
Fairbanks were, I believe, the first to produce, in 1863, a testing- 
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machine on the multiple-lever principle, and though of limited ca- 
pacity, this was an important improvement upon previous construc- 
tions. They were quickly followed by Riehlé Bros., whose testing- 
machines still hold a high place in the estimation of experimenters. 
The next great step forward was marked by the production of 
Thurston's automatic-recording torsional testing-machine. The 
progress continued until it culminated in the Emery testing-machine, 
probably the most remarkable instrument of precision ever built, 
and the most improved type of which dates no further back than 
1880. In the line of automatic-recording apparatus the latest form, 
devised by Abbott, illustrates the high development attained in the 
construction of testing-machine accessories. 

The period from 1850 to 1875 was, without doubt, the most fruit- 
ful in additions to our knowledge of the physical properties of iron 
and steel as revealed by the testing-machine. It comprised the in- 
vestigations of Navier, Fairbairn, Woehler, Spangenberg, Kirkaldy 
and Thurston. The work of these and other investigators, brought 
the physical laboratory fully abreast with the chemical laboratory, 
and each has given to work done in the other a value it would not 
otherwise have possessed. But he who should undertake the study 
of iron and steel with no other light than that which analysis and 
test can give him, though he would learn much of value, would 
find himself baffled, at every turn, by mysteries which these methods 
of investigation cannot solve. This is especially true of steel. In 
my experience, very few of those who make or use steel are prepared 
to accept the statement that chemical analysis alone can be relied upon 
to determine its quality. It may be broadly stated, that certain com-
positions never make good steel; but the reverse cannot be asserted 
with equal confidence. With a given composition, the result depends 
primarily upon the perfect admixture of the ingredients. Imper- 
fect melting will give an unsatisfactory product, no matter what the 
stock used or the composition shown by analysis of the ingot. It 
will also be questioned by many, whether a method of accurately 
determining the oxide of iron in steel would materially increase the 
confidence we should feel in a judgment of quality from analysis. 
It is true that chemical methods are becoming more rapid and accu- 
rate every day; but with as complete a knowledge of the stock from 
which steel is made as chemical analysis can give us, there still re- 
main a great many uncertain factors in the equation of quality. In 
fact, it seems that the value of ingot-analysis may easily be 
very much exaggerated, and that within certain limits the physical 
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structure of a piece of metal is quite as important to be known as its 
chemical composition. There are many gentlemen in this audience 
who could substantiate, by the results of long experience, the broad 
statement, that without good melting and proper subsequent treat- 
ment of the ingot, good steel is impossible with any admixture of 
ingredients which the chemist may prescribe. Chemistry has its 
limitations—not quite sharply defined perhaps, but st i l l  evident. If 
the chemist should ever succeed in giving us a report showing the 
exact proportion of each constituent of a piece of metal, beyond 
question or doubt, we might s t i l l  be in the work before us where 
the builder is when he stands among his bricks and lumber and the 
sundry materials he makes use of in construction.. If he knew noth- 
ing more than the count and tally of his materials, he could build 
nothing. 

Nor is the testing-machine infallible. What it shows is, to a greater 
or less extent, dependent upon what the operator seeks to have it 
show. We all know how, on the one hand, by sudden shock applied 
to a specimen under stress, it can be made to give results far below 
any recognized standard ; and how, on the other hand, by gentle 
increments of stress through lengthening intervals of time, a piece of 
metal may be coaxed to show test-results far above its real value, 
and apparently inconsistent with its chemical composition. But even 
when it is possible to have such confidence in a physical test as can 
only result from a knowledge that everything connected with it has 
been honest and fair, and surrounded by safeguards against every 
known source of error, we must look elsewhere than to the chemist 
for an explanation of many of the phenomena which the testing- 
machine reveals. If we seek to compare the results of physical and 
chemical test we shall become hopelessly confused. Generalizations 
warranted by one relation of composition to quality will often be 
contradicted by a different relation ; and we should reach the almost 
despairing conclusion that one or the other of these methods must 
be accepted as the sole standard by which to judge quality. Which 
we should choose, would depend upon whether we had formed our 
opinions in the laboratory or in  the mill. 

To harmonize what seem to be the often-conflicting results  
of chemical analysis and physical test, we must seek for a knowledge 
of causes affecting quality in yet other directions. In this we have 
already had assistance of the greatest value. The anomalies devel- 
oped by the steels made by different formulae, and of samples of a 
given composition taken at different stages in the process of manu- 
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facture, has called attention to the fact that the quality of steel does 
not alone depend upon what it is made of. 

In 1873 the building of three large iron-clads was begun at 
Brest and L'Orient, and steel was largely used in their construction. 
Lieut. J. Barba, Chief Naval Constructor at L'Orient, investi- 
gated some of these anomalies, and to him we are indebted for the first 
exact observation of the effect of manipulations upon steel. Barba's 
work was ably supplemented by that of Joessell and continued by 
Pourcel, Holley, Metcalf, Hill, and others, with the result of show- 
ing that the influence of manipulation in processes of manufacture 
is of prime importance in its relation to the quality of the finished 
product. It is important to know the chemical composition of muck- 
bar and ingot, but experiment and experience have shown that the 
beam, the rail, the ship-plate and the bridge-member on which the 
safety of the whole structure may depend, may be so far below the 
standard of quality which analysis would lead us to expect or phys- 
ical tests of specimens taken at intermediate stages in the process of 
manufacture warrant us in assuming, that we must seek still further 
light on the subject in the revelations of microscopic analysis. In 
the microscope we have an instrument, which promises to supple- 
ment the laboratory and the testing-machine, to harmonize their 
seemingly conflicting records, and to detect the influence of shop- 
treatment at every step in the process of manufacture. The work 
of the microscopists who have thus for turned their attention to 
iron and steel, has not been complete enough as yet, to give us more 
than a few standards by which to compare our observations; but I 
do not doubt that within a very few years the microscope will give 
the laboratory and the testing-machine a value for the iron-master, 
the steel-maker and the engineer incomparably greater than that 
they now possess. This branch of special investigation is one which 
offers many attractions for the conscientious student who will ap- 
proach it in the earnest spirit of scientific inquiry. Within the lit- 
tle circle of the field of a microscope, there is more to be learned of 
value to science and the arts than the chemist can predict or the 
physicist explain. It will bring us to the point beyond which no 
investigation can proceed. Then, as now, we shall realize that “the 
utmost still is hid ;" but when we shall have learned all it is possible to 
learn from the revelations of the microscope, we shall have followed 
truth to the limit of human intelligence, and seen it fade into infinite 
mystery. 

Meanwhile, let us remember how new is our knowledge of iron 
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and steel; how incomplete; and how dependent is the student by 
one method upon the knowledge gained by other methods, some as 
yet almost untried It is too soon for broad generalizations. The 
key to the mystery seems to lie in the structure of the metal; and 
until we know more, of this, and can reason from effect to cause 
through the known phenomena of analysis and test, we may safely 
distrust that assurance of conviction and positiveness of utterance 
which Tyndal tells us are ever characteristic of "the confidence of 
half-knowledge.” 

 

A COMPLETE GAS ASSAYING-PLANT. 

BY WALTER LEE BROWN, CHICAGO,  ILL. 

ONE of the characteristic steps in the march of modern scientific 
progress is the substitution of improved time-saving and labor-sav- 
ing appliances for the antiquated and, in most cases, inconvenient 
forms of chemical and physical apparatus used by the earlier exper- 
imenters. 

This fact is strongly impressed upon us when we consider the 
question of the, employment of illuminating-gas as a source of light, 
heat and power. Concerning its value as a light-producer, let the 
record of the past three-quarters of a century speak for itself. As 
a factor for power, we have evidence of its efficiency in the shape of 
the gas-engine. But its adaptability as a medium of heat, is the 
feature to which I wish to call attention, and in a special direction, 
viz., the assaying of ores. 

Gas assay-furnaces have been known and used for some years, 
but not to any very great extent, in this country at least. Therefore 
no apology on my part is required for the description I now give of 
a complete gas assaying-plant. 

The illustration accompanying this paper is a faithful representa- 
tion of the group, as it was designed by, and arranged for myself, 
and appears in actual running order in my laboratory to-day. Its 
duty is to do roasting, crucible-fusion, scorification and cupellation. 
The. furnace at the left is for roasting sulphurets or other ores for 
experimentation or actual work. It is what is known as a Fletcher 
No. 163, and consists of a fire-clay body strapped with sheet-iron 
bands, and a burner (No. 16, Fletcher).    The opening at the top 
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(protected when not in use by the cover shown) permits the heat to 
have full play upon the roasting-dish placed on it. The heat and 
flame pass from the burner through the furnace, and out and up the 
chimney-pipe. The funnel-shaped pipe over the cover, is to catch 
and draw the fumes up the chimney.    When the burner is lighted, 

 

a powerful draught ensues, carrying all odors and fumes at .once 
away. Both the pipe and hood are provided with dampers, con- 
trolled by small weights. The burner is connected to the gas-tap 
by stout 1/2 inch rubber tubing. A cast-iron tripod supports one end 
of the furnace and keeps everything firm. 
Next in regular order (supposing a sulphuret ore to be under 
treatment) is the middle furnace, for crucible-fusions.    This, like- 
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wise, consists of a furnace and burner. The latter is a Fletcher No. 
15, of the same construction, however, as the No. 16. The fur- 
nace proper is made in five parts, the central section (a cylinder of 
fire-clay); the bed-plate upon which it rests and which has an open- 
ing for the flame to pass through ; the cover (with handle attached) 
which also has an opening filled by a plug—all of fire-clay; and 
finally a plumbago lining. The rubber tube, chimney-connection 
and damper are like those of the other furnace. 
Finally, at the right is shown the furnace for scorification and cu- 
pellation, which I have, I think fitly, designated as the "Monitor." 
Its form is almost that of the reverberatory furnace, the movable 
bricks, when in place, being the roof. Looking at it from another 
point of view, it may be considered as a muffle with the flame as 
well as the heat inside. Its exterior dimensions are as follows: 
length, 20 inches; width, 7 inches; and depth, 5 1/2 inches. In the 
interior, upon the bottom, are four little wedge-shaped bridges of 
fire-clay which are movable; and upon these rests a false bottom or 
floor, also movable. The latter corresponds to the muffle-bottom of 
an ordinary furnace, and upon it is done all the work. It is 3 1/2  
inches wide by 7 1/2 inches long, and 1/2 inch thick, and has a shoulder 
or bench running across its entire width on the end nearest the 
burner. The covering bricks, four in number, are each 7 inches long 
by 2 3/4 inches wide, and 1} inches high, with a slotted bridge for con- 
venient handling. The connections are similar to those of the first- 
mentioned furnaces. 
 The 3-inch stove-pipes of all three furnaces are fitted into one 
long, horizontal pipe, which fits snugly into the chimney. The 
bench or table upon which rest the furnaces described, is made of 
pine, well-seasoned and firmly joined, to resist as much as possible 
the warping influence of heat, and to support the weight of the fur- 
naces and table-tiles. In dimensions (not figuring on the top, which 
overlaps 1 inch all round), it is 4 feet 6 inches long, 1 foot 7 inches 
wide, and 2 feet 1 inch high, plus the thickness of the top which is 
1 3/4 inches. A double coat of shellac varnish is its sole ornamenta- 
tion. To the sides and ends of the table-top are firmly screwed four 
strips of band-iron, 2 1/2 | inches wide, and 1/8 inch thick, and of such 
lengths as to alternately overlap at the angles, making smooth joints. 
The top of this sort of wall is 3/4 inch above the bed of the table. 
Upon the latter are 114 fire-clay tiles, or rather clamps, such as are 
used to join house-tiles, and having the shape. Their average 
size is 3 1/2 inches by 3 inches across, and 13/4 inches high.    They are 
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so arranged on the table as to leave a series of six air-tubes or cham- 
bers running its entire length. The spaces between the tiles are 
filled with a mixture of plaster of Paris and Venetian red, rubbed 
up together with water. The latter color is also used for the tiles 
themselves and somewhat on the fire-clay portions of the furnaces. 
A 3/8 inch gas-pipe, with proper taps and nozzles, is screwed to the 
front of the table. 

I have gone somewhat minutely into detail in the above descrip- 
tion, for the benefit of such as may care to duplicate the outfit. 
The mariner of operating the furnaces is simple. As regards the 
roasting-furnace, it is necessary merely to shut off the dampers of 
the other furnaces, turn on and light the gas and regulate the heat 
to suit the particular ore. The control of the mixture of gas and 
air is effected by means of the milled handle at the burner. In 
using the crucible-furnace, remove cover, turn gas on full at tap, 
light, and regulate by milled handle. Crucibles containing charges 
that are to be heated gradually, can be placed in the furnace as soon 
as lighted; others, after the lapse of a few moments to allow the 
furnace to become thoroughly heated. Placing the charges in cold, 
I have made good fusions of refractory ores in twenty-five minutes 
from time of lighting. The furnace will take crucibles in size 
up to the Battersea " S' (4 1/4 inches across by 5 inches deep). 
Finally, as to the " Monitor " furnace, I wish to say a word of 
explanation. It is not my intention to claim originality as regards 
this furnace, but merely superior applicability and decided improve- 
ments in form. It was Mr. Thomas Fletcher, of Warrington, Eng- 
land, to whom we are indebted for so many ingenious forms of 
apparatus for the utilization of illuminating gas as a medium of 
heat, who devised the original little furnace which I employed suc- 
cessfully in assaying for a year and a half. This is the one I now 
employ as a roasting-furnace, as shown in the cut. Its chief fault 
lay in the fact that but one scorifier or cupel could be operated at 
a time. This furnace had almost entirely escaped attention as an 
assay-furnaee, owing to its having been advertised mainly for melt- 
ing small quantities of lead, copper, brass, etc In fact it had been 
withdrawn from the market when I took hold of it, with the idea 
of improving it so that it should be able to treat three or four or more 
scorifiers or cupels at once. With this object, the present furnace 
was finally constructed. 

To manage it, remove the covering bricks, open the damper and 
shut those of the other furnaces, turn back the milled handle at the 
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gas-entrance to the burner so as to allow a full flow of gas, turn gas 
on full at tap, light, and put back the bricks into place. In from 
twelve to twenty minutes the interior will be hot enough for work. 
The, bricks are then removed again, the charged scorifiers are placed 
on the false floor, the bricks are replaced, and the excess of gas is 
turned off at the burner. When the charges have melted, slide the 
bricks aside more or less—principally those nearest the burner—to 
admit air for oxidation. In cupellation, the gas is turned down more 
than in scorification. 

The time of performing either scorification or cupellation varies 
according to the nature of the ore, charge, size of button, etc., but 
is about the same as that occupied in the use of a coke-furnace. 

The consumption of gas is not far from 30 cubic feet per hour 
It is not intended or claimed that this furnace can take the place of 
one required to be run from ten to twelve hours per day; for that, of 
course, a solid fuel will be cheaper. But for short runs of from 
one to say four hours it is economical, as are also the others here 
described. 

For small laboratories, therefore, the advantages of this, furnace 
are many: convenience of operating, since the assayer sees every 
step and stage of the operation, and so can tell when and where to 
change or improve; comfort in manipulation, since it does not heat. 
up the vicinity of the furnace and the room itself (quite a desideratum 
in the summer time); perfect control of the source of heat, so that a 
higher or tower temperature, a reducing or oxidizing effect may be 
produced in an instant; entire noiselessness (in which characteristic 
it is the superior of all blast assay-furnaces); saving of the time 
which, with furnaces employing coke, charcoal or coal, is spent in 
"bedding down," feeding, etc.; freedom from the annoyances of 
dust, ashes and smoke; and absence of waste. Finally, it possesses 
the advantages, which need not be dwelt upon, of simplicity of con- 
struction, durability and portability. Such simple tools as are re- 
quired can easily be made from quarter-inch wire. 

The complete plant, as illustrated, costs about $75.00. The fur- 
naces are manufactured by the Buffalo Dental Manufacturing Com- 
pany, of Buffalo, New York. 
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A BLAST-FURNACE WITH BOSH WATER-JACKET AND 
IRON TOP. 

BY ARTHUR F. WENDT, NEW YORK CITY. 

WITHIN the last few years the production of iron, and of the 
metals generally, by a given furnace-plant, has been largely in- 
creased, in many instances trebled. Iron-furnaces exceeding one 
hundred tons' capacity per diem are now the rule in new construc- 
tions. Copper and lead-furnaces smelting from 60 to 100 tons of 
ore per day are common. With this greatly augmented product, 
the life of furnace-linings has been diminished, and recourse has been 
had to various cooling devices for prolonging the life of such liu- 
ihgs. The object of this paper is to call the attention of the pro- 
fession to an arrangement recently patented by the writer. 

The common course of projecting water against the exterior of the 
brickwork of a furnace has been in a large measure abandoned by 
our most progressive managers. All have recognized the danger of 
this proceeding, especially when applied to the crucible of a furnace 
below the line of the tuyeres. Cast-iron water-jackets, with wrought- 
iron pipes for circulating the cooling-water, have replaced the cruder 
methods. In iron-smelting the use of such jackets has been confined 
to the crucible and the space around the tuyeres; and it has been 
the custom to support the jackets on the brickwork of the furnace. 
But the erosion of the brickwork below tuyere-jackets allows them 
to sag, and often displaces the alignment of the tuyeres and leads to 
other annoyances. 

The principle of construction adopted by the writer to remedy 
this and other evils, is to use a thin fire-brick lining (not over nine 
inches) from the tuyeres up to the bosh, to back this lining with 
wrought-iron or steel water-jackets, hung from the mantel-ring, and 
thus to carry the whole weight of the furnace and its filling upon the 
supporting pillars. The crucible proper is lined with three or four 
thicknesses of fire-brick on the sides, and not less than forty-eight 
inches in the bottom. It is supported on independent pillars, and 
is practically an independent structure. It could even be placed 
on wheels and made removable, were there any adequate advantage 
to be gained by such an arrangement. 
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By reference to Plate I. a set-off in the lining will be seen below 
e,e, by reason of its increased thickness below the tuyere water-jacket. 

The water-jackets e,e hang from the jackets d,d, and these are in 
turn hung from the mantle-ring. 

The jacketsƒ,ƒ, encircling the crucible lining, rest ou the plate g, 
supported by the pillars h. An essential point of this construction 
is the annular space left between the jackets e,e and f,f. Through 
this the interior of the crucible can be reached, and the crucible- 
lining can be repaired without blowing out the furnace. It is im- 
mediately below the jacket e,e that the cutting action of the molten 
cinder is the greatest; and it is this space that can be most readily 
 reached from the outside. 

Inspection of Plate J. will show that the blast-pipe is carried very 
high, and the branches from it are built in two flanged sections. In 
case of a scaffold, the tuyeres can be instantly raised, and the furnace 
blown in at a higher level, through openings left for that purpose in 
the bosh water-jacket. 

The level of the ground is some ten feet below the bottom of the 
crucible; and the level of the sand-beds, and the top of casting-house 
walls are carried to this height above the surrounding country.  

From the bosh to the tunnel-head, the furnace presents no novel- 
ties. Above the brickwork of the tunnel-head, the construction 
is entirely of iron, and differs widely from that usually adopted. 

There are two floors supported by brackets attached to the shell 
of the furnace. Resting on the lower floor .are the heavy iron col- 
umns c, supporting the dome 6,6. Closing the spaces between the 
columns are thin cast plates, firmly keyed to the columns. It is 
against these plates that the stock strikes, upon the lowering of the 
bell, thus effectually preventing the wear of the brick lining near 
the tunnel-head. Members of the profession will remember several 
instances where this wear has given trouble, and accidents have 
happened as a consequence. 

The charging-hopper hangs from the charging-floor, and its lower 
edge overlaps and rests on the circular angle-piece a,a. This angle- 
piece is turned true, and makes a gas-tight joint with the bell. It 
is coast in three or more flanged segments, which are bolted together 
and keyed fast to the top of the dome 6,6. In the event of the edge of 
the angle-piece chipping off or being otherwise destroyed, the seg- 
ments can be readily removed and replaced by others. 

Should the furnace be blown out, the plates c are removed, the 
hopper is filled with water, and a spray of water is kept on the dome. 
It is also advisable to charge some limestone during this operation, 
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both to deaden the flame at the tunnel-head, and to facilitate the 
shovelling out of the last material remaining in the furnace. In 
smelting ores of iron, copper or lead, containing an appreciable 
amount of zinc, an iron top relieves all annoyance experienced from 
the accumulation of cadmia. The zinc condenses against the iron and 
can be removed without trouble. 

Plate II. shows the general arrangement of a 36-inch water-jacket 
copper-smelter of the type now common throughout the West, 
arranged according to the writer's improvement. No lining what- 
ever is used in the shell. The crucible is built up of fire-clay, 
rammed into place. The bottom of the furnace can be dropped, as 
is usual with iron-cupolas. 

Lead-furnaces are constructed on the same general plan. 
To iron-masters not acquainted with the practical operation of 

water-jackets, it might seem that by their use a large loss of heat 
is occasioned. But this cannot be the case, as a little reflection will 
readily prove. The bosh of an iron-furnace, especially that part 
immediately around the tuyeres, invariably cuts out, sometimes within 
a few days after going into blast, until the lining has become very 
thin, and the tendency of the heat to destroy the material is checked 
by the loss of heat by conduction and radiation from this material 
itself. Now whether this loss of heat is conditioned by the surround- 
ing air or is controlled by a circulation of water, can make no dif- 
ference in the fuel-consumption. To preserve a certain thickness 
of brick, a certain number of heat-units must be carried off". 

The smelting process, however, goes on much more uniformly in 
a water-jacket, which preseryes the shape originally given to the 
interior, than in a furnace with 'thick walls cut into irregular shape 
by the heated stock and cinder. Thus an actual saving of fuel may 
ensue. 

The principle of construction described can be readily applied to 
many existing furnaces, by raising them bodily and replacing the 
old-fashioned short pillars, under the inantel-ring, with long wrought- 
iron ones. 

NOTE.—Since the writing of the foregoing paper, an iron-furnace 
to which the writer had applied the water-jacket has been blown out. 
The brickwork on the jacket is from six to nine inches thick, and 
the furnace has there preserved its shape. The bosh has a smooth 
surface, and no re-lining is required. Above the bosh the lining 
has been cut irregularly. Around the tuyeres no brick-lining re- 
mains ; and the furnace has been running on a slag-lining. 
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THE CONCEKTRATION OF IRON-ORES. 

BY ARTHUR F. WENDT, NEW YORK CITY. 

IN the manufacture of charcoal-blooms, washing or cleansing of 
the ore from adhering gangue has been practiced for many years. 
A sluice-box is even to-day used for that purpose in the Southern 
. Appalachian Mountains. For the Lake Champlain bloomaries hard 
magnetic ores are crushed with stamps and then sluiced or jigged in 
hand-jigs. 

The stamps used in the Lake Champlain region are of the most 
primitive kind. They consist of a trip-hammer, dropping on a per- 
forated cast-iron plate, through which the crushed ore escapes. 
Only friable rock can thus be successfully treated. To render the 

"raw ore friable, a calcining or burning in piles on a bed of cord- 
wood is resorted to. An expense of 35 cents per ton of crude rock 
treated is thus incurred. The crushed ore is shovelled or otherwise 
fed into jigs without previous sizing, except such as is incidental to 
crushing through the perforated bottom of the stamping-machine. 
In jigging this ore, it is allowed to pass through the bedding into 
the "hutch." The tailings are scraped off and wasted. They con- 
tain a large percentage of fine ore. In many instances, this is re- 
gained by subsequent sluicing. 

Such was the condition of the industry, when the writer's attention 
was first called to it in 1882. No attempt had been made to intro- 
duce into this branch of ore-dressing the notable improvements 
adopted in concentrating the ores of other metals. The result of the 
writer's investigations was the building in 1382 of the " Crown 
Point Separator." 

At the Crown Point Mines, N. Y., lean ore unfit for the blast- 
furnace (containing less than 33 1/3 per cent, of iron), was concentrated 
and used in the bloomary connected with the mines. The ore was 
burned here as elsewhere, and treated as described. 

The plant designed by the writer for Crown Point, is nearly a 
counterpart of that since erected by Messrs. Copeland and Bacon, 
contractors, for the Theal mine, Putnam County, New York, which 
is illustrated by the accompanying plate.    The only difference is in 
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the support-of the crushers. At Crown Point this support is a 
wooden tower; at the Theal mine, masonry foundations are used. 

By reference to the plate, the whole construction will be readily 
understood. Raw ore is dumped on the upper floor by an automatic 
skip. It is fed by hand into the 9 inch X 15 inch crusher, and 
thence passes by gravity through a 6 inch X 20 inch crusher, 16 
inch X 36 inch rolls, and 12 inch X 24 inch rolls. 
     The whole operation is automatic. Screens are inserted between 
the different crushing machines, to remove any ore that will pass 
through a 1/8 inch mesh. The screens also serve to feed the various 
machines regularly, thus contributing, in a measure, to the rapid 
crushing. 

A bucket-elevator raises the crushed ore to the sizing-screen, 
where 
grading into two sizes is effected.    The coarse ore from 1/8 
inch to 1/16 

 
inch in diameter, is fed automatically to four jigs. The fine ore is 
fed to two jigs. From the moment the ore enters the large initial 
crusher until it is delivered, freed from adhering gangue, in any 
chosen receptacle, no manual labor whatever is employed. 

A noteworthy feature of the plant, is the arrangement of the jigs. 
These, which have been patented by the writer, are illustrated in the 
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accompanying cut They are of the usual type of plunger-jigs, the 
peculiarity being the means employed to vary at will the length of 
stroke of the plunger, and the relative speeds of this plunger on its 
down and np-stroke. 

The desired result is secured by a combination of a pair of elliptic 
gear-wheels with two concentric eccentrics. As commonly used, the 
ratio of the short axis of the ellipse to the long axis, is such that the 
maximum speed of the down-stroke can be made from nine to sixteen 
times the minimum speed of the up-throw. The stroke of the plun- 
ger permits a variation at will up to four inches. There is no jar 
whatever in the motion. On the down-stroke the motion begins at 
a slow speed, increases rapidly and uniformly until the lowest point 
is reached, then gradually diminishes until the plunger reaches its 
highest point. 

Thus the theoretical maximum efficiency is closely approximated. 
The ore and rock are lifted bodily on each down-stroke of the plun- 
ger, and drop according to gravity during the up-stroke, almost as 
if the particles were falling through a long stationary column of water 
instead of a succession of short columns. Excellent work has been 
done by these machines in every instance, even where the difference 
in gravity is not very marked. 

The practical results of the Crown Point plant are as follows: 

Ore treated in ten hours, 80 tons. 
Percentage yield of ore in concentrations, 28 per cent. 
Average per cent. of iron in concentrations, 65 per cent. 

 The power required is about 40 horse-power, and at Crown Point, 
where, for the major portion of the year, this power is furnished by 
water, the cost is considerably less than $1.00 per ton of dressed ore. 
A curious feature of the jigging is the elimination of phosphorus. 
At Crown Point this is not very marked, because the raw ore is ex- 
tremely low in that impurity ; but at the Theal works, the results 
are striking. Thus, concentrations and tailings contained by analy- 
sis, respectively, 0.18 and 0.297 per cent. of phosphorus. Again, 
an average of a lot of raw rock, showed 0.18 per cent. and the con- 
centrations therefrom 0.08 per cent. of phosphorus. This is practi- 
cally converting a non-Bessemer into a Bessemer ore. 

It might be doubted whether this process could be applied to iron 
   ores other than magnetites, in which the ore occurs in grains of con- 
siderable size, but experiments have proved that there is no difficulty 
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whatever with specular ores, although the degree of concentration is 
not equal to that of magnetites. 
Thus a 100 pound sample of lean ore from the Penn Iron Com- 
pany's mines in the Menominee range gave, when treated by this 
apparatus, 40 pounds concentrates, containing:   .          

Iron, 58.3 per cent. 
Silica, 13.8 per cent. 
Phosphorus, .024 per cent.  

And 60 pounds tailings, containing: 

Iron, 24.2 per cent. 
Silica, 55.5 per cent. 
Phosphorus, .035 per cent. 

Here the elimination of phosphorus may again be noted. 
To the eye, the concentrates and tailings of specular ores look al- 

most alike. Both are bright red, and the particles have the same 
shape. But an analysis proves the great difference as above. In 
conclusion, the writer ventures to predict that it will not be many 
years before most iron-mines will be equipped with dressing-plants 
to utilize low-grade ores. 

There need be no fear of finding sale for the product. The bug- 
bear of fine ore is rapidly disappearing from the minds of blast-fur- 
nace managers. Actual use has demonstrated that concentrated fine 
ore is reduced and changed into spongy, metallic iron, long before it 
reaches the hearth of a furnace, and that it does not run ahead of the 
charge. No trouble whatever has been experienced from its use as 
part burden of blast-furnaces. 

For concentrated specular ores, a large use as fettling already ex- 
ists; and all concentrated iron-ores are excellently adapted for the 
manufacture of blooms, or for any direct iron and steel process. 
Their use in an open-hearth steel-furnace, although never attempted, 
so far as the writer's knowledge goes, cannot but be eminently suc- 
cessful and profitable. 
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THE INFLUENCE OF ORGANIC MATTER AND IRONON THE

VOLUMETRI DETERMINATION OF MANGANESE.

BY J.   B.  ACKINTOSH,  NEW YORK  CITY. 

THE present note is intended as an addition to my previous com- 
munication on the volumetric determination of manganese, read at 
the Roanoke meeting,* it having been suggested that the circum- 
stances under which my experiments had been conducted, were essen- 
tially different from those met with in the analysis of irons. The 
method used in these experiments is the same in all its details as 
that described in the paper referred to. 

I have made seven experiments in all: two of these were in duplicate 
on half a gramme of a sample of spiegel dissolved in hydrochloric 
acid; one was on the same amount of spiegel with the addition of 
25 c.c. of a standard solution of potassium permanganate; one was 
oh the same amount of spiegel with the addition of 35 c.c. perman- 
ganate and much organic matter, viz., one drop of castor-oil, two or 
three drops of coal-tar benzol and of gasolene (petroleum), about ten 
of alcohol, portions of starch and of sugar about the size of a small 
pea, and about half an inch of a common match cut into shavings. 
This organic matter was added to the manganese solution after the 
hydrochloric acid had been replaced by nitric, and the solution was 
heated until the wood-shavings had disappeared. The fifth experi- 
ment was made by dissolving half a gramme of spiegel alone in ni- 
tric acid; the sixth by dissolving half a gramme of spiegel in nitric 
acid with the addition of 25 c.c. potassium permanganate, some ox- 
alic acid, half an inch of a match, one filter-paper 7 cm. in diameter, 
and two drops each of castor-oil and turpentine; and the seventh 
experiment by dissolving half a gramme of spiegel in hydrochloric 
acid and adding 35 c.c. permanganate, without however taking the 
precaution to evaporate off all the excess of hydrochloric acid. 

Under these circumstances, one would expect that if organic matter 
exercises any influence on the determination, it would be plainly evi- 
dent in the results obtained.   But the accompanying table of results 

* Transactions, vol. xii., p. 79. 
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shows that there is no such evidence, the slight differences obtained 
being easily accounted for as errors of manipulation. 

 
 
 
 
 
 
 
 
 
 
Experiment 3 shows that iron and the carbonaceous matter present 

in spiegel have no practical effect; experiments 4 and 6 show that 
extraneous organic matter has no effect; while experiment 7 shows 
that hydrochloric acid tends to make the results decidedly low. 
This is what we should expect; for the energetic oxidizing action 
of the nitric acid and potassium chlorate employed, is very apt to 
destroy all organic matter present, while we know that MnO2 is de- 
composed by hydrochloric acid. Another cause of the slight lowness 
of the results is the formation of permanganate. Frequently the 
wash-water is tinted slightly pink. 

It may be well to call attention to the fact that the differences be- 
tween the observed and calculated values in Nos. 3, 4, and 6, corre- 
spond to errors of 0.43 per cent., 0.92 per cent., and 0.22 per cent, 
of the total amount of manganese present, including that in the 
spiegel, or to errors of 0.05 per cent., 0.12 per cent, and 0.025 per 
cent., if working on one gramme of spiegel or ferro-manganese, on 
the total amount of all the constituents present. 

The low results obtained by some chemists may perhaps be ex- 
plained on the supposition that the potassium chlorate used may be 
contaminated with potassium chloride, thus giving rise to the for- 
mation of free hydrochloric acid, which we see interferes with the 
accuracy of the process. 
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A MEXICAN CUPELLATION-HEARTH. 

BY W.  LAWRENCE AUSTIN, PH.D.,  SANTA BARBARA, CHIHUAHUA, 
MEXICO. 

AT the Troy meeting of the Institute, in October, 1883, I  pre- 
sented a paper entitled "Smelting Notes from Chihuahua, Mexico,"* 
in which was briefly described a cupellation-hearth, commonly met 
with in the northern part of Mexico, called in the vernacular un 
vaso. 

Since writing the paper I have had occasion to construct a hearth 
of this description for myself, using it, in conjunction with a water- 

 
Fig. I. Vertical Section at right angles to Fig,3. 

jacket, for the reduction of a very refractory ore in the form of con- 
centrates ; and I now avail myself of this opportunity to qualify 
some of the statements made in the paper referred to. At the same 
time I wish to present some sketches which will enable anyone to 
run up a similar furnace within three days, should occasion demand 

* Transactions, vol. xii., p- 185. 
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it. As it is built entirely of common clay (the more refractory the 
better) and the ashes of scrub-oak taken from the ash-pit of the 
furnace itself, the materials necessary for its construction are avail- 
able anywhere. Even the grate-bars of the fireplace are made of 
adobes cut in two. There are, scattered over the West, small de- 
posits of refractory lead-silver ores, which, because of their rebellious 
nature or the isolation of the locality, do not admit of the ordinary 
smelting process, and are not amenable to amalgamation or any 

 
Fig.2. Plan on line A—B (Fig.I.) 

other system of reduction commonly practiced; yet with the help 
of litharge, or, in other words, by performing a crucible assay on a 
large scale, these ores can be readily and cheaply beneficiated, even 
where iron and coke are unattainable. I am at the present time 
engaged in an operation of this description, and am producing fine 
silver from a mixture of galena, pyrites, and blende, using as fuel 
oak-charcoal, doing without the valuable fluxing-ores attainable in 
most smelting-camps, and depending wholly upon the litharge pro- 
duced by the little adobe hearth I am about to describe. In doing 
this I am only imitating the common Mexican practice, which has 
been in use for a century or more. 
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In building the furnace which is the subject of the accompanying 
sketch, I made use of labor and materials as follows: 

Cost of Constructing One Furnace. 
300 adobes, @ $0.01,       .       .       .       .       .      .       . $3 00 
40 gallons clay,    
80gallonsasl.es, for test,      .       .       .       .   nothing. 
One builder, 4 days, @ $1.20, ....................................... 4 80 
Two helpers, 4 days, @ $0.60, ....................................... 4 80 
Two boys, 4 days, @ $0.30,..........................................  2 40 

Total .................................................................... $15 00 

 
Fig.3. Vertical Section through b,a,g.    (Fig.2.) 

By comparison with my former figures these will be found some- 
what in excess, a fact that arises from two causes: first, the inaccu- 
racy of the statements upon which my calculations were based, and 
secondly, the fact that the natives of Mexico, from one of whom I 
obtained the figures referred to, are, in their own country, always 
able to get work done more cheaply than, a stranger can. This 
fact, by the way, it is well to bear in mind when forming estimates 
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in that country, since the cheap operations of small proprietors often 
allure the inexperienced to commit grave errors of judgment. It 
will only be in rare instances that the profits of native proprietors 
can be augmented by handling large amounts of their ore with 
American machinery. 

The Mexican is a good miner and a better metallurgist. It is 
well to examine closely the property he offers for sale, especially 
when it has a fine record and still cannot yield him sufficient for his 
simple wants. 

But to return to our vaso, the difference between the figures given 
above and those of my former paper is so slight as not to merit com- 
ment were it not for the lesson it conveys. 

Lead-ore, even when poor in silver, is very desirable in silver-lead 
smelting operations, and is sometimes paid for beyond its value. 
Again, the shipment of silver bars may, under certain conditions, 
be preferable to handling lead bullion. When a cupellation-hearth 
can be put up, a cheap lead-flux provided, and the advantages of 
the former method of shipment tested without incurring serious 
expense, it might, in some cases, be worth a trial. The Mexican 
vaso requires no expense for castings, no exorbitant freight-charges 
on the material for its construction ; in fact, it is simplicity itself, 
and answers very well for an experiment or where limited amounts 
of material are handled. In firing-up, care is necessary not to crack 
the test, but heat can be applied immediately after tamping-in. 
Eighteen hours later, the furnace is hot and ready for charging. 
Should the test be defective or worn out, chisel off the surface for 
six or eight inches, tamp it in again, and the furnace is ready for 
firing.    In putting in the test, the whole amount of material (clay, 
4 parts, and ashes 8 parts, by measure), after being thoroughly 
mixed and dampened so as to retain the form of the hand when 
pressed, is thrown in together and tamped solid with wooden poles 
5 feet long and 3 inches in diameter, sharpened at one end to a point 
1¼ inches square.    The reason for putting the whole amount of 
material in at once is that by this means the whole is beaten into a 
compact mass ; whereas, by tamping in a little at a time, thin layers 
are formed, which easily peel off.    After the whole is thoroughly 
pounded  in, the test is cut out with a piece of hoop-iron.    The 
accompanying diagrams, exhibiting cross-sections and plan of the 
furnace, are self-explanatory.    The adobes, or sun-dried bricks used, 
are 18 inches X 9 inches X 4 inches, excepting those forming the 
roof of the canal leading from the fireplace and covering the test, 
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which are 26 inches X 11 inches X 3½ inches. Extra care is neces- 
sary in their preparation, and they are dried in the shade to avoid 
sun-cracks. The capacity of a furnace of this description is some- 
thing over one ton of lead-bullion in twenty-four hours, consuming 
less than half a cord of wood, and requiring the attendance of four 
men, two on a shift, whose collective wages amount to about $2.80 
per ton. 

We have, therefore, in this apparatus, a fifteen-dollar furnace, 
built in three days, capable of reducing one ton of bullion to almost 
pure silver in twenty-four hours, at a cost of $6.30 per ton. The 
operation of the furnace is very simple. The bullion is placed on 
the inclined hearth at k, where the flame passing over the molten 
metal strikes and gradually melts it down. Blast is not put on 
until the test, which holds 300 pounds of lead, is filled, when its 
strength is so gauged as to cause slight ripples to play over the sur- 
face of the bath. The litharge is drawn off as it accumulates into a 
basin outside the furnace, where it solidifies and is lifted off in cakes. 
It is noticeable that no stack exists, yet the flame shoots fiercely out 
over the metal whenever a stick of wood is laid in the fireplace. 
Repairs on the test, made necessary by the corroding properties of 
the litharge, are attended to when the silver is taken out. An old 
test pounded up finely and mixed with wood-ashes furnishes the 
material for making such repairs. The silver is allowed to cool 
gradually in the furnace, and, when solid, is removed, and the cake 
is thrown into water. 

 

WATER-TUBE STEAM-BOILERS AT THE LUCY FURNACES, 
PITTSBURGH, PA.  

BY WILLIAM KENT, M.E., NEW YORK CITY. 

I DESIRE to place on record in our Transactions a recent innova- 
tion in blast-furnace practice, namely, the introduction at the Lucy 
Furnaces, in Pittsburgh, of four water-tube steam-boilers, of the 
Babcock and Wilcox pattern, aggregating 832 horse-power, builder's 
rating, or 9,568 square feet of heating-surface, utilizing the waste 
gases of the furnaces as fuel. The boilers are set in two batteries, 
each of 416 horse-power, and each battery occupying a ground-space 
of 22 feet 7 inches by 20 feet 4 inches.    The accompanying draw- 
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ing shows a side-elevation and a partial ground-plan of the boilers 
and setting. The boilers are the regular design of the Babcock and 
Wilcox Company; but the setting is a novel one, designed by the 
superintendent of the furnaces, Mr. Julian Kennedy, a member of 
the Institute. As shown in the drawing, the boilers are raised about 
five feet above what would be their ordinary position if fired with 
coal, to permit the introduction under each of a tall combustion- 
chamber, about 7 feet 6 inches square by 10 feet high. This cham- 
ber is divided into two portions, a front, and a rear, by a perforated 
wall and by a number of tiles set on edge, reaching from the top of 
this wall to the front wall of the boiler. The gas is conveyed to the 
boilers through an underground flue, 5 feet by 3 feet, and is intro- 
duced into the combustion-chamber under each of the four boilers 
through a Witherow and Gordon gas burner. The gas striking the 
hot perforated wall, and the tiles overhead, and passing through them, 
and the proper amount of air being admitted, part through the burner, 
and part through small flues in the front wall of the boiler (not shown 
in the drawing) by which it is heated before admission, thorough com- 
bustion is insured. A small fire of coal is kept burning on the grate 
as a precaution to secure the relighting of the gas in case of the 
possible interruption of its supply. The heating-surface of the 
boiler is divided into two portions, front and rear, by a transverse 
division-wall as shown in the drawing The heated gases of combus- 
tion pass up through the front portion of the heating-surface, and down 
through the rear, and enter a flue leading to the chimney. Four side 
cleaning-doors are attached to each boiler, through which the dust 
deposited from the gases is easily cleaned from the tubes by means 
of a steam-jet. 

The boilers have now been running two months with great satis- 
faction to all concerned. Without mentioning the general advan- 
tages of water-tube boilers, which are now well known, I may re- 
mark that they are especially adapted to replace the cylinder and two- 
flue boilers ordinarily used at blast-furnaces, on account of their occu- 
pying less than one-third of the ground-space, and being actually 
cheaper in first cost for an equal amount of heating-surface. 



 KENT. 
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RUSSELL'S IMPROVED PROCESS FOR THE LIXIVIATION

OF SILVER-ORES.

WITH  CRITICAL REMARKS ON OTHER METHODS OF COPPER, SILVER, 
AND GOLD EXTRACTION 

BY C.  A.  STETEFELDT, NEW YORK CITY. 

FOR the convenience of those who do not care to enter into the de- 
tails of this long essay, I begin with a summary of the most important 
results it presents. 

The extraction of silver by the lixiviation-process from ores which 
have been subjected to a chloridizing-roasting, is based upon the fact 
that silver chloride is easily soluble in solutions of sodium or calcium 
hyposulphite, and that silver is precipitated from such solutions by an 
alkaline sulphide, with regeneration of the hyposulphite salts. In case 
the ore contains lead a large portion of the latter is also dissolved, lead 
sulphate being soluble in hyposulphite solutions. If, at the same time, 
copper is present, the sulphides precipitated from the solution, contain 
silver, copper, and lead, a combination of metals not desirable for sub- 
sequent treatment. 

Mr. E. H. Russell, of Park City, Utah, is the inventor and the pat- 
entee in the United States and several foreign countries of a new lixivi- 
ation-process, based upon the chemical facts discussed in this paper. 
Mr. Russell has discovered that lead can be completely separated from 
a sodium hyposulphite solution, as lead carbonate, by sodium carbonate 
or purified soda-ash, without precipitating any copper or silver. After 
decanting the solution from the lead carbonate, silver and copper are 
obtained from it in the usual way. This method of separating lead 
prohibits the use of calcium poly-sulphide as a precipitant for the 
sulphides, because any calcium entering the regenerated lixiviation- 
solution would also be precipitated as a carbonate with the lead by 
soda-ash. Hence, a sodium sulphide must be employed. A full in- 
vestigation has demonstrated that this is by no means detrimental. 
Sodium sulphide and hyposulphite are more advantageously used in 
the lixiviation-process than the corresponding calcium-salts. 

Another defect in the lixiviation-process consisted in the necessity of 
a very perfect chlorination of the silver in the ore, because silver in 
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any other combination, or in the metallic state, would be only imper- 
fectly extracted by sodium or calcium hyposulphite. 

Mr. Russell discovered, that a solution of a double salt of cuprous 
hyposulphite and sodium hyposulphite, formed by mixing sodium 
hyposulphite with copper sulphate, exerted a most energetic dissolving 
and decomposing action upon metallic silver, silver sulphide, and its 
combinations with antimony and arsenic. Hence, if a charge of ore 
is first lixiviated with ordinary sodium hyposulphite solution to dis- 
solve the silver chloride, and, subsequently, with cuprous hyposulphite, 
—this solvent is called the extra-solution,—an additional amount of 
silver is extracted which would have been lost in the tailings by work- 
ing according to the old method alone. 

This process can also be introduced with profit to extract silver from 
ores without roasting, or after they have been subjected to an oxidizing- 
roasting. 

The sulphides of silver and copper, obtained as precipitates in the 
lixiviation-process, are dissolved by nitrated sulphuric acid, the escap- 
ing nitric oxide being reconverted to nitric and nitrous acid according to 
well-known chemical principles. From the solution cement-silver is 
precipitated by metallic copper, and copper sulphate results by crystal- 
lization. A part of the latter is again needed for preparing the extra- 
solution. Having thus briefly and generally stated the substance of 
Mr. Russell's discoveries, I now proceed to consider the subject in 
detail. 

Mr. Russell, being in charge of the assay-office at the Ontario Mill, 
Utah, has carried out a series of experiments, the results of which have 
ltd to his improved process for lixiviating silver-ores. These researches 
are so thorough and extensive, they cover so much untrodden ground, 
and have brought to light such novel and interesting facts, that they 
must command general attention, not only for the sake of their prac- 
tical- importance, but also for their purely scientific value. Having 
procured for Mr. Russell the support of Mr. R. C. Chambers, the 
General Manager of the Ontario Silver Mining Company, in testing 
the practical value of his discoveries by experiments on a large scale, 
and having followed the progress of his work with ever-increasing 
interest, I have prepared the results of his investigations for publica- 
tion. 

I propose to describe Russell's process principally from a scientific, 
and not from a technical standpoint, leaving a description of the plant 
and the manipulations, and a full consideration of all economic ques- 
tions, as the subject of a paper to be published hereafter. 
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In the lixiviation of silver-ores by means of a hyposulphite solution, 
which process was first proposed by Professor John Percy, two difficul- 
ties have heretofore been met with which have rendered the process 
inapplicable in many cases. These are: 1st. The difficulty of produc- 
ing bullion free from lead. 2d. The necessity of a very perfect chlori- 
dizing-roasting, since the hyposulphite solution acts only imperfectly 
upon metallic silver and such of its combinations as have not been 
transformed into the chloride by the roasting process. 

In the amalgamation of roasted silver-ores, silver-bullion almost 
entirely free from lead is produced if certain precautions are taken, 
even in case the ore contains a large percentage of lead-minerals. If 
native silver occurs in the ore, which is not entirely converted into chlo- 
ride by roasting, this silver amalgamates readily. Silver-compounds, 
too, which are not converted into chloride, are decomposed to a certain 
extent, and the silver is amalgamated, especially if the roasted ore con- 
tains soluble copper-salts. Hence, a larger percentage of silver is in 
many cases extracted by amalgamation than that shown to be present 
as chloride, according to the customary chlorination-tests. 

To make lixiviation applicable in all cases, was the object of Russell's 
researches; how well he has succeeded, will be demonstrated in the 
following pages. 

The solubility of a substance in a liquid may be considered as a 
function of temperature, concentration of the liquid, and time of reac- 
tion, other conditions being equal. In regard to the solubility of 
certain combinations of silver, and other metals, in a solution of sodium 
hyposulphite, we may state here at once that temperature enters in so 
far as an important factor, as moderately warm solutions, say from 25° 
to 50° C, act more energetically, and dissolve in less time, than colder 
ones. A much higher temperature of the solution, however, must be 
avoided. 

In making chlorination-tests of roasted silver-ores, with a sodium 
hyposulphite solution, it has been generally assumed that the silver 
extracted is all in the form of chloride. This is not correct. The 
solution reacts, more or less, upon metallic silver, and also upon many 
silver-combinations other than chloride, especially if the roasted ore 
contains a considerable amount of soluble copper-salts. The silver 
bromide and iodide do not interest us here. 

In the following investigations on solubility it might have been of 
interest if, in every case, a series of experiments had been conducted 
with  the  view to arrive quickly and surely at saturation-points by 
using less solution, and a large surplus of the substance to be dissolved. 

VOL. XIII.—4 
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I do not think, however, that my general conclusions, drawn from 
these researches, would be affected by such additional information. 
This has been verified in special cases. I also wish to say, that if 
others should repeat similar experiments, they should not be astonished 
at finding numerical results differing, more or less, from those recorded 
here. They will, undoubtedly, arrive at the same general conclusions 
as those presented in this paper. 

I. THE REACTIONS OF A SODIUM HYPOSULPHITE SOLUTION. 

Silver forms with the hyposulphites of sodium, potassium, and cal- 
cium two series of double salts. The one has the formula 2RS2O3 + 
Ag2S2O3 + 3aq., and the other, RS2O3 + Ag2S2O3 + 2aq. 

Of these double salts the former are easily soluble in water, and the 
latter much less so. 

§ 1. Solubility of metallic Silver. 
[In all the following experiments the metric system is used.] 
0.500 gm. cement-silver were treated cold (at about 15° C) for forty 
eight hours with 1000 c.c. of solutions, containing respectively 10, 25, 
50, 100, 150, 200, and 250 gm.Na2S2O3 + 5aq. The result was that 
the 1 per cent, solution dissolved as much silver as the 25 per cent, 
solution, namely, 0.030 gm. Solutions of intermediate strength gave 
figures somewhat higher or lower. This shows that the dissolving 
energy of the solution is not increased by concentration, a peculiarity 
which will be met with frequently in subsequent experiments. In re- 
peating this experiment at a temperature of 50° C, the solubility of 
the silver was materially increased. The 20 per cent., 15 per cent., 
and 5 per cent, solutions dissolved 0.100 gm. silver each, and the 
others somewhat less. 

§ 2. Solubility of Metallic Gold. ' 
0.050 gm. gold-leaf were treated for forty-eight hours with 1000 c.c. 

of solutions of different concentration, as in § 1. In every instance 
about 0.002 gm. gold were dissolved, the deviations from this quantity 
being exceedingly slight. No differing results were obtained with 
cement-gold. 

§ 3. Solubility of Silver Sulphide. 
No silver was dissolved after exposing 2 gm. Ag2S to hyposulphite 

solutions of different concentration for twenty-four hours. 
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§ 4. Solubility of Gold Sulphide.
Gold sulphide is decomposed by a solution of sodium hyposulphite. 

For energetic action, heating to 50° or 60° C. is necessary. In treating 
2 gm. Au2S3 for twenty-four hours cold, 0.066 gm. gold were dissolved; 
while at a temperature of 65° C, 0.117 gm. gold went into solution in 
two hours. An alkaline sulphide again precipitates Au2S3 from this 
solution. 

§ 5. Solubility of Silver Arsenate. 
Silver arsenate was prepared which contained, by fire-assay, 67.75 

per cent, silver. This corresponds nearly with the formula Ag3As04. 
1-gm. of this salt treated with 500 c.c. of a 5 per cent, sodium hypo- 
sulphite solution, without heating, showed, after twenty hours, only a 
residue of 0.003 gm. undissolved. 

§ 6. Solubility of Silver Antimonate. 
Silver antimonate was prepared which contained, by fire-assay, 36.46 

per cent, silver. This corresponds with the formula AgSbO3. In 
treating 1 gr. under the same conditions as in § 5, 44 per cent., or 0.160 
gm. of the silver went into solution, and a residue of 0.177 gm. was 
left undissolved.    The composition of the latter was not ascertained. 

§ 7. Solubility of Cuprous Chloride. 
Cuprous chloride, Cu2Cl2 is dissolved by sodium hyposulphite with 

the formation of double-salts, the nature of which will be fully con- 
sidered in subsequent paragraphs. 

§ 8. Solubility of Lead Sulphate. 
Lead forms a sodium hyposulphite double-salt of the formula 

2Na2S2O3,PbS2O3, without water. The solubility of lead sulphate in 
sodium hyposulphite is characteristic, on account of its being princi- 
pally a function of the concentration of the solution. If the same quan- 
tity of sodium hyposulphite is dissolved in varying quantities of water, 
the solubility of the lead sulphate increases materially with the con- 
centration of the solution. The following figures, deduced from a 
series of Mr. Russell's experiments, will illustrate this. 

Concentration of the solution Amount of PbSO4 dissolved for 
in Na2 S2O3 + 5aq. one part of Na2S 02 3 + 5aq. 

5 per cent. 0.080 
6.6 " 0.102 

10     " 0.131 
20     " 0.194 
25     " 0.226 
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This peculiarity is very favorable for working on a large scale, where 
hyposulphite solutions of low concentration are used, and the quantity 
of lead sulphate dissolved is thus brought to a minimum. 

The solubility of lead sulphate increases materially with the tempera- 
ture of the solution. In exposing 20 gm. to 1000 c.c. of a 5 
per cent, sodium hyposulphite solution for one hour, 0.048 parts of 

 per unit of + 5aq. were dissolved at 21 degrees 
C., while the solubility-coefficient at 49 degrees C. was 0.095. 

§ 9. Solubility of Calcium Sulphate. 

The solubility of calcium sulphate or gypsum per unit of sodium hy- 
posulphite, is principally a function of the concentration of the solution. 
The more dilute solutions are relatively better solvents than more con- 
centrated ones. The following figures are deduced from a series of Mr. 
Russell's experiments. The solubility of calcium sulphate is decreased 
by elevating the temperature of the sodium hyposulphite solution. The 
experiments below were made at about 18° C. 

 
The solubility of gypsum in calcium hyposulphite is somewhat less 

than in the sodium-salt. 

§ 10. Solubility of Silver Chloride. 

In dissolving AgCl by sodium hyposulphite, both double-salts men- 
tioned at the beginning of this chapter are formed. 

Two methods can be used in determining the solvent energy of sodium 
hyposulphite for silver chloride. 

1st. By exposing freshly precipitated AgCl to the solution. 
2d. By adding to a hyposulphite solution which contains 

sodium chloride. In this case the AgCl is dissolved “ in statu nas- 
cendi,” and as soon as saturation has taken place the solution becomes 
turbid. 

If, in the second method, a silver-solution of known standard is taken 
from a graduated burette, the result is sufficiently accurate for practical 
purposes, to ascertain the strength of a lixiviation-solution in hyposul- 
phite.    The exact end of the reaction, however, is not plainly visible. 
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The first method gives somewhat varying results if a large surplus 
of AgCl is used, and left exposed to the solution for a long time. 
Then the less soluble double salt + 2aq. is formed. 
By using solutions of more than 10 per cent, concentration, the AgCl 
hardens into lumps, because in such cases the quantity of water present 
is not sufficient to dissolve the argentic double-salts. For solutions of 
lower concentration, the solvent energy is almost entirely a function of 
concentration, and increases in proportion to the quantity of sodium hy- 
posulphite present.    Temperature does not influence results materially. 

Mr. Russell's determinations, by the first method, give an average co- 
efficient of 0.301 Ag, or 0.400 AgCl, for one part of + 5aq. 

By the second method the coefficient is 0.365 Ag, or 0.485 AgCl, for 
one part + 5aq.    The latter figures are to be considered as the 
more correct ones. 

It is of considerable interest to know to what degree the solubility of 
AgCl is influenced, if other soluble salts are mixed with the solution, 
or if the latter has been saturated with salts not very soluble in water, 
but soluble in sodium hyposulphite. The principal combinations which 
in tin's respect play an important part in the lixiviation-process, are the 
sulphates of lead, calcium and sodium, the caustic alkalies and alkaline 
earths; and these alone we shall consider. 

Influence of Lead Sulphate.—If lead sulphate has been dissolved in 
a sodium hyposulphite solution, and the latter is tested for its solvent 
energy for silver chloride, by the first method, the results show a marked 
decrease. It is not astonishing that this should be so, because a part of the 
sodium hyposulphite is consumed in the formation of the lead-salt. As- 
suming that this has the formula and calculating the 
amount of sodium hyposulphite necessary in its formation, we find that 
the dissolving energy of the solution for silver chloride has been less re- 
duced than should be expected, taking Mr. Russell's value of 0.400 for 
the solubility of silver chloride as a basis for calculation. From Mr. 
Russell's experiments I have deduced the following table: 

 
Influence of Calcium Sulphate.—In testing the solubility of silver 

chloride in a sodium hyposulphite solution saturated with gypsum, no 
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marked decrease of solvent energy was clearly established. The reason 
is obvious. A double-salt of sodium and calcium hyposulphite is formed, 
and sodium sulphate. Any decrease in solvent energy would, most 
likely, be produced by the presence of the last-named salt. 

The same results were obtained in saturating a calcium hyposulphite 
solution with gypsum. 

Influence of Sodium Sulphate.—The presence of this salt depresses the 
solvent energy of sodium hyposulphite for silver chloride. In experi- 
menting with solutions containing 1½ per cent, of + 5aq., their 
solvent energy was diminished 6 per cent, by addition of 2 per cent, of 
sodium sulphate, and 8 per cent, by addition of 5 per cent, of this salt. 

The solvent energy of potassium hyposulphite is, however, increased 
by sodium sulphate. This, no doubt, is based upon the formation of 
potassium sulphate and sodium hyposulphite, which latter is a much 
better solvent for silver chloride than the potassium-salt, as will be 
found in § 26. 

Influence of Caustic Alkalies and Alkaline Earths. — Mr. Russell 
found that the presence of a very slight quantity of a caustic alkali or 
an alkaline earth in a hyposulphite solution has a very deleterious effect 
on the solubility of silver chloride and other silver combinations. This 
is not the case with carbonates of the alkalies. The presence of one- 
tenth of one per cent, of caustic soda is sufficient to depress the results 
in working on a large scale from 6 to 17 per cent., if extra-solution is 
used, and as much as 30 per cent, if ordinary solution alone is used. 
If tailings from such defective lixiviation are subsequently treated in 
the laboratory with more concentrated sodium hyposulphite solutions, 
in some cases only a small percentage of the silver can be extracted. 
The same effect is produced by caustic lime. In adding one-half of 
one per cent, of caustic lime to a sodium hyposulphite solution, the 
percentage of silver extracted from Ontario ore was depressed from 11 
to 24 per cent.    These facts seem to have been overlooked so far. 

A sample of roasted Ontario ore, which yielded by lixiviation-tests 
with ordinary solution 86.5 per cent., and with extra-solution 93 per 
cent, of its silver, was first leached with water, and then treated for 
thirty-six hours with sodium hyposulphite solutions of 2½ per cent, con- 
centration, to which various amounts of caustic soda had been added. 
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We note here that, after the maximum effect has been produced, an 
increase of caustic soda is actually beneficial. A sodium hyposulphite 
solution of per cent, concentration, saturated with caustic lime, ex- 
tracted from the same ore 60 per cent, of its silver. In case lixiviation- 
tests are made without first leaching with water, the effect of caustics 
is materially lessened by their action upon sulphates and chlorides of 
copper, zinc, and manganese. 

From numerous experiments carried out by Mr. Russell, it appears 
that the effect of caustic soda is generally not so pronounced as in the 
example given above. The character of the ore seems to have an in- 
fluence on the results. More concentrated hyposulphite solutions les- 
sen the effect; hence lixiviation-tests in the laboratory will extract 
more silver from the tailings resulting from such defective lixiviation. 
It can easily be seen that caustics may be introduced into a lixiviation- 
solution, namely, by the alkaline sulphides used as precipitants for the 
silver. It seems difficult to prepare these alkaline sulphides in such a 
manner that they are entirely free from caustics, which applies more to 
the sodium than to the calcium preparation. If lead is precipitated as 

 by soda-ash, or as basic hydroxide by caustic lime, this is 
another source of introducing caustics, namely, if the soda-ash con- 
tains caustic soda, or if a surplus of caustic lime has been added. Caus- 
tic lime also decomposes sodium sulphate with formation of gypsum and 
caustic soda.   This will be further discussed in the following paragraph. 

If caustic soda is present in the lixiviation-solution, Mr. Russell 
counteracts its injurious effect by making the solution slightly acid with 
sulphuric acid. The deleterious effect of caustic alkali and alkaline 
earths in amalgamation is well known, and is one of several parallels 
we meet in both processes. 

§ 11. Solubility of the Carbonates of Silver, Copper, Lead and other 
Metals. 

Mr. Russell has discovered a reaction of which I have found no pre- 
vious record, namely, that is insoluble in a sodium hyposulphite 
solution, while the carbonates of silver and copper are soluble, which 
latter fact was known. Hence, if is added to a hyposulphite 
solution containing lead, silver and copper, alone is precipitated. 
If a solution of pure in sodium hyposulphite is so treated, the 
precipitation of the lead is so complete, that H2S gives no reaction in 
the filtrate. Upon these reactions is based the separation of the lead 
from silver and copper in Russell's lixiviation-process. In effecting 
this on a large scale, it is most economical to use the commercial soda- 
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ash. The latter, if manufactured by the old process, contains more or 
less and precipitates with the whereby a product 
results rich in silver. In order to purify the soda-ash, Mr. Russell 
makes use of the fact that is soluble in a hyposulphite solution,  
and C11S is not. He dissolves the soda-ash in water containing about 
1½ per cent. +5aq., and then adds a solution of copper 
sulphate. Copper sulphide is precipitated, and the soda-ash so purified 
yields a lead carbonate retaining a trace of silver only. But the soda- 
ash may also contain caustic soda. The latter, if present in a hyposul- 
phite solution, has an injurious effect in extracting silver by lixiviation. 
In order to remove it, the soda-ash solution is first boiled with sulphur, 
whereby sodium polysulphide and hyposulphite are formed, and then 
the sodium polysulphide is decomposed by copper sulphate as stated 
above. The carbonates of iron, manganese and zinc, and also of calcium, 
share with the lead the peculiarity of being insoluble in a hyposulphite 
solution. In well-roasted ores only traces of iron salts exist, and 
these, as well as the chlorides and sulphates of zinc and manganese, are 
removed by the wash-water. Hence, none of these carbonates are pre- 
cipitated with the  

If lead is to be precipitated by this process, the use of calcium hypo- 
sulphite is not admissible, neither can a calcium sulphide be used for the 
precipitation of the silver, as will be fully discussed below. 

The last-mentioned experiment led Mr. Russell to investigate the prop- 
erties of a hyposulphite solution to which copper sulphate has been 
added. He calls this the "Extra-Solution" to distinguish it from the 
ordinary hyposulphite solution, without copper. The discovery of the 
reactions of this extra-solution constitutes, in its practical application, 
Mr. Russell's second and most important improvement in the lixiviation 
of silver-ores. 

Before entering on the last-named subject, some further remarks about 
Russell's method of separating lead will be in order. In Kerl's Metal- 
lurgy, edition 1865, vol. iv., page 299, occurs the following passage: 
“In order to extract silver and gold from ores Kiss roasts them with 
salt, lixiviates the roasted ore with calcium hyposulphite, and precipi- 
tates from the solution gold and silver by calcium sulphide. . . . . . . . . 
Alkalies (Alkalien) separate silver and gold from the calcium hyposul- 
phite double-salts contained in the solution either not at all or only in 
case the lime itself is precipitated, while lead, zinc and antimony are 
precipitated at once.” 

The meaning of this passage is in some respects obscure. That Kiss 
did not use this method for the separation of lead becomes evident from 
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the fact that the sulphides he obtained in this process contained 18.8 
per cent, of lead sulphide. Neither is there anything definitely ex- 
pressed, if Kiss meant by Alkalien caustic alkalies or carbonates of 
alkalies (kohlensaure Alkalien). Whoever reads without prejudice the 
quoted passage, and what follows in Kerl's Metallurgy , must acknowl- 
edge that Kiss was not aware that a perfect and practical separation of 
lead could be accomplished by sodium carbonate from a sodium hypo- 
sulphite solution. All that can be said is, that Russell's discovery might 
be anticipated from the remarks of Kiss. Between anticipation, how- 
ever, and the perfection of a method for practical ends, there is a great 
difference. 

The Separation of Lead by Caustic Lime.—From the Walker Lake 
Bullet in of April 30th, 1884, it appears that at the Mount Cory mill, 
Nevada, caustic lime is used as precipitant for lead from the lixiviation- 
solution. In this case the lead is obtained as basic hydroxide, together 
with gypsum and such impurities of the caustic lime as do not enter 
into the reaction. Cheapness and the possibility of using calcium penta- 
sulphide for the precipitation of silver and copper are claimed as the 
advantages of this method. It does not follow that because a method 
is apparently cheap it is the best. [That the cheapness of calcium penta- 
sulphide is a delusion, will be discussed later.] Its disadvantages are 
easily perceptible. 

1st. It is difficult, indeed impossible, to notice the end of the reaction 
without calling some other reagent into requisition. The use of a solu- 
tion of caustic lime in water is not permissible on account of its dilute 
character, hence caustic milk of lime, or slaked lime, must be added at 
random, and, the reagent itself being in the form of a precipitate, the 
end of the reaction cannot be observed by addition of a sufficient quan- 
tity of the reagent. 

2d. If a surplus of lime has been used, hydroxide of lead will be 
redissolved, it being soluble in caustics. Hence, no complete separation 
of the lead can be effected. 

3d. The lead precipitate with lime being very impure, is of less com- 
mercial value than the lead carbonate in Russell's process. 

4th. I doubt whether the lead hydroxide can be obtained as free from 
silver and copper as Russell's lead carbonate. 

5th. If a surplus of caustic lime has been added to the lixiviation- 
solution, and, after precipitating the sulphides, the caustic lime is not 
neutralized by an acid, such lixiviation-solution will not be a good sol- 
vent for silver, as demonstrated in § 10. A lixiviation-solution of 2 
per cent. concentration in sodium hyposulphite dissolves 50 per cent. 
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more calcium hydrate than pure water does. Even if no surplus of 
caustic lime has been added, the solution may become caustic by the 
formation of caustic soda. 

II, THE EXTRA-SOLUTION. 

If solutions of alkaline hyposulphites are mixed with salts of cupric 
oxide, hyposulphite double salts, containing the alkali and cuprous 
oxide, are formed. If the solutions are not too dilute, these double 
salts separate in the form of canary-yellow precipitates. 

The latter, under certain conditions, turn black in consequence of the 
formation of copper sulphide. By treating them with boiling water, 
the cuprous hyposulphite is completely decomposed into a sulphide. 
Dilute acids do not decompose these double salts at ordinary tempera- 
ture, but do so very quickly upon heating. Some of these double salts 
are very little soluble in water, but dissolve readily in aqueous hypo- 
sulphite. The latter solutions are quite permanent, even if heated to 
85° C. 

The potassium-salt has, according to Rammelsberg, the formula 
 2aq. Lenz obtained a sodium double salt of the 

formula 5aq.    If solutions of sodium hyposul-
phite and copper sulphate are mixed, the reactions are expressed by the 
equation: 

 
leaving out the water-equivalents. It is a reaction similar to the one 
which takes place if sodium hyposulphite is treated with iodine, as far 
as the formation of sodium tetrathionate is concerned, viz.: 

 
Some writers state that in equation No. 1 no sodium tetrathionate is 

formed, but free sulphuric acid and sulphur; and that the former again 
reacts upon the hyposulphites, and precipitates sulphur and copper sul- 
phide. In preparing the precipitate according to the above equation, 
and dissolving it again in aqueous sodium hyposulphite, not a trace 
of free sulphur or copper sulphide was discovered. 

The solutions of the cuprous hyposulphite double salts are peculiar 
on account of the energetic decomposing action they exert upon most 
silver-combinations  and silver-minerals.    That upon silver sulphide 
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has been especially investigated. If the silver sulphide has been freshly 
precipitated, the reaction is practically instantaneous. In all cases an 
argentic hyposulphite double salt is formed, which goes into solution, 
and copper sulphide is precipitated in case the silver was combined 
with sulphur. 
We have here an interesting parallel with the action of cuprous 

chloride on silver sulphide, and various silver-minerals, upon which 
the process of raw amalgamation is principally based. But there is 
this difference, that cuprous hyposulphite acts very energetically, even 
in dilute solutions, while the cuprous chloride must be used rather con- 
centrated to decompose most silver-minerals, except the sulphide, 
whereby it becomes too expensive for practical operations, and also 
produces a silver-bullion of low fineness. The following investigations 
form one of the most interesting and important contributions to the 
hydro-metallurgy of silver. 
Before entering into a discussion of the reactions of the cuprous hypo- 

sulphite double salts, it will be important to know something more 
about the peculiarities of the sodium-salts.   The formation of 

 5aq., which we will call the two-thirds salt, 
has already 
been indicated. From Mr. Russell's experiments, however, it may be 
assumed that there are two other salts, namely,  

 3aq. , the formation of 
which are expressed by the equations: 

 
Lenz   has   found  also  a  double salt of the  formula  
If we consider that the atomic weight of 

and 
that of  it will be seen that for satisfying the 
conditions of equation No. 2, two parts of sodium hyposulphite to one 
part of copper sulphate are required, and that the conditions of the first 
equation are produced by a slight excess of copper sulphate, and those 
of the equation No. 3, by a somewhat greater excess of sodium hypo- 
sulphite than the second equation calls for. From this it follows that 
by mixing the reagents about in the proportion of two to one, all these 
double salts may be formed, but that an increased amount of copper 
sulphate will principally, or only, produce the  

If concentrated solutions of the reagents are mixed, the cuprous hypo- 
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sulphite double salts soon commence to precipitate as a crystalline pow- 
der, and continue to do so, until finally the solution contains very 
little cuprous hyposulphite. The more concentrated the solutions are 
the more rapid and complete is the separation. This shows that these 
double salts are almost insoluble in concentrated solutions of sodium 
sulphate [and tetrathionate]. If the clear solution is decanted from 
the precipitate the latter can be more or less redissolved by water, es- 
pecially if warm. A diluted sodium hyposulphite solution, however, is 
a much better solvent than pure water. In case the reagents have been 
mixed as concentrated solutions, in the proportions expressed by equation 
No. 1, namely, 9 parts sodium hyposulphite to 5 parts copper sulphate, 
the clear liquid above the precipitate is almost free from copper and 
sodium hyposulphite. The yellow precipitate contains 33.7 per cent, 
copper, corresponding with the formula of the salts of Lenz, which 
calls for 33.9 per cent, copper.  

This salt is very little soluble in water; 
1 part requires 352 parts of water for solution at ordinary temperature. 
In aqueous sodium hyposulphite, it dissolves freely, as the figures below 
demonstrate: 

 
This gives 2.46 gm., 2.32 gm., and 2.25 gm. of  

5aq. per gm. of 5aq. respectively. 
In calculating the atomic weights, I find that it takes nearly 2 equiva- 

lents of sodium hyposulphite to dissolve 1 equivalent of the salt of 
Lenz.    Hence a double salt of the formula x aq. 
must be assumed to exist in the solution. 

Mr. Russell found that the § salt can be kept moist, or dried at a 
temperature of about 40° C. without decomposing. In attempting to 
get it dry at a much higher temperature rapid decomposition took 
place. The solution of the salt in aqueous hyposulphite is quite 
permanent, and can be heated to 70° or 85° C. without decomposing. 
At higher temperature it turns dark and copper sulphide commences to 
separate. As soon as decomposition has been started it increases rapidly 
on account of the formation of free sulphuric acid. 

Extra-solutions prepared from calcium hyposulphite are about equal 
in effect to those in which the sodium-salt has been used. The potas- 
sium cuprous hyposulphite, however, acts with much less energy. 
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III. THE REACTIONS OF THE EXTRA-SOLUTION. 

§ 12. Solubility of Metallic Silver in Extra-solution.     
This subject is of considerable practical importance, and Mr. Russell 

has furnished me with ample material, the publication of which, in 
detail, would be more confusing than interesting. After eliminating a 
few conflicting statements, and making allowance for slight errors, un- 
avoidable in such experiments, I have formulated the following laws 
from the results: 

1st. If the same quantities of sodium hyposulphite and copper sul- 
phate are dissolved in varying quantities of water, the dissolving energy 
of the solution is not materially increased with its concentration. In 
the experiments made, the concentration of the solutions varied between 
2 per cent, and 20 per cent, in 5aq., and from 1 per cent, 
to 10 per cent, in 5aq. 

2d. If, to a hyposulphite solution of constant strength, variable 
quantities of copper sulphate are added, the dissolving energy of the 
solution is not increased by concentration in copper, after so much cop- 
per sulphate has been added that its weight is about one-half that of 
the sodium hyposulphite. 

3d. An extra-solution at 50° C. acts more energetically than the 
same solution at ordinary temperature, say 15° C, but the difference is 
much less than in treating metallic silver with ordinary solution. 

4th. The best effect, under equal conditions, obtained with extra- 
solution on metallic silver, is about nine times as great as with ordinary 
solution, if both are used cold; and only about three and a half times 
as great if the solutions are heated to 50° C. 

§ 13. Solubility of Metallic Gold in Extra-solution. 
A series of experiments was made as in § 2, and the results were 

substantially the same. 
The dissolving energy of a hyposulphite solution upon metallic gold 

is not increased by the addition of a copper-salt. 

§ 14. Solubility of Silver Sulphide in Extra-solution. 
I have already stated that in decomposing  by extra-solution 

copper sulphide is formed. Mr. Russell failed to get accurate results 
in determining the amount of copper so precipitated, for reasons pre- 
viously stated.    The copper found was always more or less in excess 
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of the theoretical quantity called for. This is caused by the precipita- 
tion of a cuprous hyposulphite double salt from more concentrated 
solutions. Hence, the detailed results of these experiments have no 
special interest. In summing up Mr. Russell's numerous experiments 
on the decomposition of by extra-solution, I find the results corre-
spond more or less with the laws established in § 12, on the solubility 
of metallic silver. The second law is established beyond a doubt. 
The effect, in every case, is a maximum, when the solutions contain 
for 1 part copper sulphate about 2 parts of sodium hyposulphite. 

It will be interesting to illustrate this by a few examples. In all 
the following experiments 2 gm. sulphides with 0.860 gm. silver were 
treated, which had been obtained in the lixiviation-process, and were, 
principally, a mixture of Ag2S and CuS. 

The extra-solution measured in each case 1000 c.c, and all samples 
were treated under exactly the same conditions. 

 
In comparing the effect of standard extra-solutions (I give this name 

to the solution which has for 1 part copper sulphate about 2 parts 
sodium hyposulphite) of different concentration, we find that the more 
dilute solutions act with  much more energy than concentrated ones, 
considering the quantity of reagents they contain. 

Averaging a number of experiments, 1000 c.c. of a standard extra- 
solution with 1 per cent. dissolved 0.645 gm. silver, 
while a solution with 5 per cent. 5aq. dissolved 0.808 gm. 
silver only, although the latter contained five times the amount of rea- 
gents. Their relation is considerably modified when a large surplus of 

 is used, as will be seen from another series of experiments in which 
20 gm. pure silver sulphide were treated with 1000 c.c. of extra-solution. 



IMPROVED  PROCESS   FOR   THE  LIXIVIATION  OF SILVER-ORES.            63 

 
The rationale of all the results recorded in this paragraph, and in 

§ 12, becomes evident when we consider what has been stated in regard 
to the properties of the sodium cuprous hyposulphite double salts. If 
extra-solutions are prepared, as was done in these experiments, a large 
portion of the cuprous hyposulphite must at once separate in minute 
crystals, even if their formation is not immediately perceptible. It is 
only the solution which reacts and not the precipitate. The more con- 
centrated the solutions are the more rapidly will the formation of the 
precipitate take place. Hence the comparatively better effect of dilute 
solutions. An excess of copper sulphate above the standard proportions 
favors the formation and precipitation of the least soluble salt, and 
the solution becomes at once weak. On the other hand, if there is a 
considerable excess of sodium hyposulphite the solubility of the most 
soluble double salt seems to decrease materially, and also in this case the 
solution will hold Jess of the reagent. For these and other reasons it is 
more profitable to prepare the extra-solution by forming the precipitate of 
the salt first, and then dissolving it in a dilute sodium hyposulphite 
solution. 

The effect of such solutions on Ag2S is as follows, namely: 

 
A solution of the salt in water dissolved only 0.022 gm. silver 

per gm. of this salt. 
It seems to me that the most effective solution must be one which 
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contains so much sodium hyposulphite that the double salt  

 is formed. In this instance, if copper is replaced by silver, the 
most soluble argentic double salt, will be the result of 
the reaction. The aqueous solution of the salt has such a low 
solubility-coefficient for silver because in this case argentic double salts 
are formed that are not easily soluble. 

§ 15. Solubility of Gold Sulphide in Extra-solution. 
 is readily decomposed by the extra-solution. In investigating 

this subject, Mr. Russell obtained rather irregular figures. It seems that 
the temperature at which the. is precipitated by and various 
other conditions, influence the result.    In the following experiments, 
0.500 gm. gold were dissolved in aqua regia, and precipitated with  
The was treated with  1000 c.c. of a standard extra-solution 
containing percent. + 5aq.   After one hour 0.460 gm. Gold 
had gone into solution ; after an hour and a half another sample showed 
nearly all the gold, namely 0.482 gm., dissolved. In this case, too, 
copper sulphide is precipitated. 

In another series of experiments 1.333 gm. gold were, in each case, 
converted into and treated with extra-solutions of varying con- 
centration, and at different temperatures. The solution acts best at a 
moderate temperature, and heating it seems to be of no benefit, The 
maximum effect of the standard extra-solution was not clearly estab- 
lished, but an injurious effect was observed by an increase of copper 
sulphate. 

§ 16. Solubility of Silver Arsenate and Antimonate in Extra-solution. 
The extra-solution produces no effect on differing in any 

way from that recorded in § 5. The same is to be said about silver 
antimonate. 

How the extra-solution acts on silver-minerals will be found in a 
subsequent paragraph. 

§17. The Effect of Extra-solution on Roasted Silver-Ores. 
We now arrive at the most important part of the experiments, so far 

as their practical value is concerned, namely, the effect of the extra-so- 
lution in extracting silver from roasted ores. Since March, 1882, Mr. 
Russell has made daily, all chlorination-tests (they should be more 
properly called lixiviation-tests) of the Ontario mill-samples, both with 
the ordinary and the extra-solution, and compared the results with 
those obtained by amalgamation. 
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The Method Used in making the Lixiviation-tests.—Mr; Russell states : 
" The amount of ore used is assay-ton. To this, in a beaker-glass, is 
added 25 gm. 5aq., and 5 gm. 5aq-, previously dis-
solved in water. The whole is then diluted to 500 c.c. with cold water, 
and heated on a sand-bath to 50° C. After one hour the residue is filtered 
 off, dried, assayed, and the percentage of silver lixiviated is calculated. 
This constitutes my new method of lixiviation-assay. Along with these 
I always make assays by the old method, that is with ordinary hypo- 
sulphite solution. I have found that a longer time of exposure than 
one hour does not produce materially differing results. It is impor- 
tant to filter the solutions warm and not allow them to get cold." 

It may be asked why the standard extra-solution is not used for these 
tests. The reason is that silver chloride is more easily dissolved in 
ordinary solution, and that only a small percentage of silver is present in 
another form, and requires the cuprous hyposulphite for its solution. 
Lixiviation-tests at the Ontario Mill.—The ore is roasted with salt, in 
two Stetefeldt furnaces, each having a capacity of 30 tons in 24 hours. 
After discharging the ore from the furnaces, it is piled up on the 
cooling-floor, and left for 12 hours undisturbed. It is then cooled with  
a spray of water, and loaded into cars for charging the pans. From 
these cars the samples are taken to which reference is made below. 
The percentage of silver extracted from the roasted ore by amalgamation, 
is calculated from the silver remaining in the tailings, by comparing 
their value with the value of the roasted ore after leaching out its solu- 
ble salts with water. 

Monthly Averages of Lixiviation-tests, and Percentage of Silver extracted 
by Amalgamation at the Ontario Mill- 
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The Effect of the Extra-solution on Ontario Ore if not well chloridized. 
—Much more pronounced becomes the difference between the dissolving 
energy of the two solutions if ore is lixiviated which does not show a 
high chlorination by the ordinary method. Experience has established 
the fact that for Ontario ore, and all ores with a large percentage of 
sulphurets, especially zinc-blende, considerable time is required to com- 
plete the chlorination of the silver. This is effected by leaving the ore 
in a red-hot state for several hours. There are ores which do not neces- 
sarily require this treatment, but in all cases the effect is more or less 
beneficial. If samples of Ontario ore are taken immediately after a 
charge has been drawn from the furnace, the percentage of the silver 
chloridized is very low, especially, if the ore has been roasted at a mod- 
erate temperature. The dust seems to make an exception to this rule, 
■ but, in fact, it does not, if we consider that it remains in the dust-cham- 
bers for a long time before it is discharged. 

Samples of Ontario Ore Lixiviated immediately after Discharging from 
, the Furnace. 

 
These results are very important. It is most likely that by conducting 

the roasting process in a different manner from that now found most 
advantageous for amalgamation, still better results by lixiviation could 
be obtained than under present conditions. 

Lixiviation-tests with Ore from the Bertrand Mine, Nevada.—The ore, 
which is not of high grade, is roasted in revolving cylinder-furnaces, a 
modification of the Bruckner furnace, for the purpose of lixiviation. 
The chlorinations, shortly after starting the mill, were very variable. 
For analysis of the ore, and working results, see Professor T. Egleston's 
paper, "Leaching of Gold and Silver Ores in the West" (Transactions 
of the Institute, 1883, vol. xii., p. 40). 
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In 49 samples tested the average difference was 10.1 per cent. 

Lixiviation-tests made with Roasted Ores from Various Mills. 

 
It remains to be stated that the difference in the percentage of silver 

extracted by ordinary and extra-solution is dependent on various cir-
cumstances, namely: 

1st. On the character of the ore. 
2d. On the fineness to which the ore has been pulverized. The difference 

decreases with the fineness of the ore. 
3d. On the method of roasting. The difference decreases if the roasted 

ore, after discharging it from furnaces working on the continuous principle, is 
left red-hot for several hours on the cooling-floor. 

4th. On the percentage of salt used in roasting. The difference decreases 
by increasing the percentage of salt. Whenever the chlorination of the 
silver has been carried to a very high percentage, it is but natural that the 
results of lixiviation with the two solutions cannot differ very much. 
Hence, it will be necessary to investigate in every special case how much 
profit can be derived from the use of the extra-solution. 

In the examples given above it should be considered that in all cases, except 
the last one, the ore had been crushed by stamps through a No. 30 or No, 
40 screen for the purpose of amalgamation.    Only in the 
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last case the ore was crushed by rolls and sifted through a No. 20 
screen. 

Results with Tailings.—In a former paper " On the Lexington Mill," I have 
drawn attention to the fact that the tailings, resulting from the amalgamation 
of roasted silver-ores, carry a large percentage of their silver in a form soluble 
in ordinary hyposulphite solution. From such tailings a much larger percentage 
of silver is extracted by extra-solution. I consider this of great importance for 
many localities where tailings have accumulated, which, heretofore, could 
not be worked with a profit. 

Lixiviation-tests made with Tailings from Various Mills. 

 
§18. The Reaction of Extra-solution on Silver-Minerals. 

Most interesting are the results which Mr. Russell has obtained in 
lixiviating silver-ores without previous roasting. Their importance can 
hardly be over-estimated, since thereby an entirely new field is opened to the 
lixiviation-process. It is most likely that in many cases, where raw 
amalgamation is practiced with profit, lixiviation can take its place. There 
is, however, one class of oxidized ores to which, it seems to me, the 
process cannot be applied. If a considerable portion of the silver occurs 
with lead carbonate, the extra-solution will not extract this part of the silver 
on account of the insolubility of lead carbonate in hyposulphite solutions. 
This also seems to be the case with silver-bearing lead antimonate, judging 
from a sample from the Bertrand Mine. 

The ores in the tabulated statement below belong mostly to the so-called " 
base ores;" still the percentage of silver extracted is, in many cases; 
remarkably high. 

From this table it appears that, of the sulphuret-ores, those are principally 
affected by extra-solution which carry the silver in the form of native silver, 
silver sulphuret, and the group of antimonial and arsenical sulphurets, like 
pyrargyrite, stephanite, and polybasite. Being especially familiar with the 
ores from the Lexington, Manhattan, and Ontario mines, I think a comparison 
of results will be interesting.    The 
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Lexington ore is the basest of the three, and any one seeing this ore in bulk 
would not suppose that a lixiviation-process could extract 68.5 per cent, of its 
silver without roasting. Much of its silver occurs native, and the principal 
portion of it is combined with iron pyrites as silver sulphide. Then comes 
the ore from the Manhattan mines. Native silver here is rare. The principal 
silver-bearing minerals are ruby-silver, stephanite, and polybasite. Ontario 
ore shows the lowest result. Native silver occurs, bg? to much less extent 
than at the Lexington. About 88 per cent, of its silver is found as fahl-ore, 
and this mineral seems to be more refractory in contact with the extra-
solution. 

The battery-sample from Tombstone is of interest, because it shows that 
Russell's process will extract from such ores a higher percentage than raw 
amalgamation. In the last annual report of the Tombstone Mill and 
Mining Company, the yield of silver by raw amalgamation, is given as 76 
per cent, of the assay value. From tests made with Tombstone and Sierra 
Grande tailings, it appears that most of the silver which escaped amalgamation 
can be extracted by lixiviation. Hence, a combination of both processes may 
be advantageous in some cases. 

The ore samples in the preceding table were all pulverized so as to pass 
either through a No. 30 or a No. 40 screen. The following figures show 
the influence of finer crushing. 

Sample of Oxidized Ore from the 200-foot Level of the Ontario Mine. 
Value, 48.8 ounces Silver per ton. 

t  
Sample of Oxidized Ore from the 4.00-foot Level of the Ontario Mine. 
Value 100.0 ounces Silver per ton. 
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Sample of Ore from . the  Yedras  "Mine, Mexico.    Value, 33.6 ounces 
Silver per ion. 

 
From these results it appears that fine crushing is essential to extract a high 

percentage of the silver. The same is necessary in raw amalgamation with 
chemicals, where the ore is finely ground in the pan after a more  or less 
coarse crushing in the battery. In both cases the particles of - the 
silver-minerals, on account of their density, are not penetrated by the 
solution, and the reaction takes place on the surface only. It is quite 
different with roasted ores. Crushing through a No. 20 or No. 30 screen 
is, in most cases, sufficient for good roasting, whereby the particles of ore 
are left in a porous condition. It is well known that the expense and 
difficulty of crushing increases materially with the fineness. The same is 
the case with lixiviation considered from a mechanical standpoint. Hence, 
it may be, in many cases, more profitable to crush the ore as coarse as 
possible, and first roast it before extracting the silver by lixiviation. With 
well appointed mechanical , furnaces, of large capacity, the expense of 
roasting, so far as labor and fuel are concerned, is slight. The cost of the salt 
is, in chloridizing-roasting, generally the principal item of expense. That it is 
possible in some cases to save this, will be shown in the following 
paragraph. 

Recent investigations have demonstrated that what I have said above 
about the influence of fine crushing in raw lixiviation does not hold 
good as a general rule. On the contrary, Mr. Russell found that in the 
greater number of cases crushing through No. 120, No. 30, and even 
No. 20 screen produces no great difference in the percentage of silver 
extracted by extra-solution. 

I have finally to record a curious fact lately noticed by Mr. Russell. In 
a few cases the extra-solution actually extracted less silver than the 
ordinary solution. But if the raw ore was first treated with ordinary 
solution, and subsequently with extra-solution, the latter extracted an 
additional amount of silver. Hence, it is always best to apply the two 
solutions in succession. In the table below I give another series of 
lixiviation-tests, made with ores from a great number of mines. The 
solvents used were extra-solution, ordinary solution, caustic ammonia, 
and concentrated brine: 
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It will be proper to refer here to the fact that lixiviation of raw ores has 
been practiced before, especially at the Old Telegraph mine, Utah. In 
the latter case the ore contained silver chloride and lead-minerals. 
These were concentrated after lixiviation. In attempting to concentrate 
the ore at once the silver chloride was lost. There is no doubt that the 
extra-solution would have extracted a much higher percentage of the 
silver. This system maybe used to advantage in many cases where the 
character of the ore is such that a large percentage of the silver is lost 
by direct concentration, and this silver is in a form soluble in extra-
solution. 
§ 19. The Treatment of Silver-ores by Lixiviation after they have been 
Subjected to an Oxidizing-Roasting. 
Many of the western silver-mines in the United States carry oxidized, 
or so-called " free ores," in their upper levels, which change, in depth, to 
sulphuret or " base ores." The Free ores are, in most cases, reduced by 
raw amalgamation, while the base ores require chloridizing-roasting. One 
of the most notable examples—showing a very marked difference 
between the two classes of ore—was observed at the Ontario mine. In its 
upper levels an exceedingly free-milling ore was found, which 
changed, in depth, to an unusually base ore. Before the mine had a 
mill of its own, the free ores were reduced at the McHenry and Marsac 
mills. In both cases the ore was crushed wet by stamps, and 
amalgamated in pans by the Washoe process. From 13 to 18 per 
cent, of the silver remained in the tailings, and, besides, a considerable 
percentage of the silver accumulated in slimes. When the Ontario 
Mill was built the mine still contained a considerable reserve of free-
milling ore. But it was considered expedient to construct at once the 
whole battery of 40 stamps for dry crushing, and to connect 20 stamps
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only with a Stetefeldt furnace, for the reduction of the base ores, leaving the 
other 20 stamps for crushing the free ores, without roasting, go long as the 
supply should last. The crushing was done through a No. 40 screen. In 
panning a pulp-sample of the free ore no sulphurets could be seen. It 
contained native silver, silver chloride, and silver-bearing lead sulphate and 
carbonate. A chlorination-test with ordinary hyposulphite solution would not 
extract more than from 25 to 50 per cent, of the silver. The results of 
amalgamation were somewhat better than those obtained previously by wet 
crushing, and loss of silver in slimes was avoided. 

At that time, the " Kroencke" process attracted some attention on the 
Pacific coast, and I concluded to try it, in a modified form, in pan-
amalgamation, adopting the following modus operandi: 

The pans were charged with so much salt that its weight amounted to 8 
per cent, of the ore, and the quantity of water reduced to a minimum in 
order to get as concentrated a brine as possible. The addition of the 
quicksilver took place immediately after charging, together with so much 
granulated zinc (which had been previously amalgamated by bringing it in 
contact with quicksilver and dilute sulphuric acid), that its weight 
represented somewhat less than three-tenths of the quantity of silver in a 
charge of 3000 pounds of ore. In this way the pans were kept running, 
without grinding, for two hours, at a temperature of about 70° to 80° C. 
Then we added 4 pounds of copper sulphate to the charge, and 
amalgamated six hours longer. The results were most surprising, as will be 
seen below. We obtained bullion 980 fine, proving that only a part of the 
copper from the copper sulphate entered the amalgam. Another great 
advantage was shown, namely, that no solid amalgam adhered to the 
muller, or any part of the pan, but that it was completely discharged into the 
settler, thus doing away with the unhealthy cleaning of the pans from solid 
amalgam. Besides, the time of running the pans was reduced from twelve 
hours to eight hours. 

Results of Working "Free Ores" by the "Kroencke" Process at the 

 
The brilliant results so obtained induced me to make the following 
experiments I roasted the base ore from the Ontario Mine (its character is 
described in § 18) by simply oxidizing it, and then treated it by 
amalgamation in the same manner as the free ore.    The results,
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however, did not show a higher yield of the silver than from 70 to 80 per 
cent., and as no saving in the cost of reduction could be effected by this 
process, further experiments were abandoned. 

In view of the energetic reactions of Mr. Russell's extra-solution, I 
considered it of interest to carry out some experiments in the same direction, 
namely, to roast without salt, and then extract the silver by Russell's process. 
These experiments were, at first, made on a small scale only, that is, by 
roasting samples in a muffle. 

The following table contains the results of Mr. Russell's whole series of 
experiments.    In each case a sample of 500 gm. was roasted. 
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(A description of the ores is given in § 18.) 
In reviewing tin's table it is, in the first place, evident that the ores become 

less fit for the lixiviation-process the longer they have been roasted. The two 
Ontario samples, roasted at different temperatures, further show the 
injurious effect of high heat. If we compare the lixiviation-tests in the above 
table with those in § 18, made with raw ore and extra-solution, we find that 
in all cases, excepting the Ontario ore, the roasting proved to be decidedly 
detrimental. Concerning the loss of silver, experienced in muffle-roasting, 
Mr. Russell's figures are entirely in accordance with Plattner's 
observations on this subject. The loss of silver, other conditions being 
equal, is a function of temperature, time, and character of the ore. How very 
marked the influence of time is, these experiments plainly indicate. Hence, 
the instantaneous roasting, as it is done in a Stetefeldt furnace, must reduce 
that influence to a minimum. 

In another series of experiments, Mr. Russell discovered a fact which is 
not stated by Plattner, namely, that in cliloridizing-roasting the loss of 
silver is materially diminished by an increase of the percentage of salt 
mixed with the ore. 

The curious fact, that in oxidizing-roasting of silver ores, the percentage 
of silver extracted by hyposulphite solutions decreases the more the roasting 
is prolonged, led to the question : What will be the result if the roasting is 
done in the shortest possible time, namely, in a Stetefeldt furnace ? This 
experiment was carried out by Mr. Russell at the Ontario Mill. After 
cleaning out the chloridized ore from the hoppers of the shaft and flue, 
the feeding of the salt was suspended for two 
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hours. Samples of raw ore, taken every half hour from the feeder, showed 
the pulp to contain only a fraction of 1 per cent, in salt, the latter being 
derived from pulp lodged in the troughs of the conveyor-screws. The roasting 
was conducted at a very high temperature, and with an abundant supply of 
air for oxidation. Samples of roasted ore were taken from the top of the pile 
in the shaft and flue, and lixiviated. 

 
At the expiration of two hours, the ore was discharged from the shaft and 

flue, allowed to remain in a pile on the cooling-floor for twelve hours, and 
carefully sampled.    Below are the results of lixiviation. 

 
These results are so interesting and important, and so contrary to accepted 

metallurgical principles, that it was considered expedient to repeat the 
experiments. 

The following five experiments were made with Ontario ore which carried 
an unusually large percentage of zinc-blende. As in the previous case, a 
fraction of one per cent, of salt (from three-tenths to six-tenths) remained in 
the ore. If we call the amount of fire generally used in chloridizing-roasting 
at the Ontario Mill " normal," this condition was only maintained in 
experiment No. 4. In all other cases extra fire was used, especially in Nos. 1, 
2, and 3. The final results, that is, after the ore has remained on the cooling-
floor, indicate that this extra fire is beneficial. In experiment No. 3 the 
admission of air was materially reduced, and the temperature was highest. 
The initial result in this case is the lowest of all, but the increase in per cent, of 
silver extracted, after the ore has remained on the cooling-floor, is by far the 
highest, and the final result the best.    When the ore in experiment 
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No. 4 was discharged it was not red-hot. Although the initial result is 
much better than in No. 3, the gain by remaining on the cooling-floor 
is less than one-half of No. 3. Outside of the lixiviation-tests recorded 
below, Mr. Russell also treated the roasted ore with caustic ammonia and 
concentrated brine. But without first going into an investigation of" the 
solubility of silver-compounds in these reagents the results have little 
interest. 

 
The first question which presents itself in reviewing this interesting table 
is: In what condition does the silver exist in the roasted ore ? The silver 
soluble in water is undoubtedly present as silver sulphate.  From 
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the fact that a large percentage of silver is extracted by ordinary solution, 
especially considering the final results, it follows that the principal part of 
the silver must be in a combination equally soluble in ordinary and 
extra-solution. As such, we have found the arsenates and antimo-nates of 
silver. Nearly all the silver in Ontario ore occurs as fahl-ore, and from it 
these combinations are derived. Some silver, it is fair to presume, is 
present in metallic form, and this is easily soluble in extra-solution. 
Silver sulphide as such does not occur in the ore, and supposing it to be 
present, is so easily oxidized that it can hardly exist after roasting. 

The solubility-tests of roasted ore in water, show a marked difference 
between shaft and flue. In chloridizing-roasting, the formation of sul-
phates takes place principally in the flue. The salt converts the sulphates of 
copper and zinc completely into chlorides in the shaft, but not in the flue. 
The larger percentage of sulphates formed in oxidizing-roasting in the 
shaft of the Stetefeldt furnace, must be due to the greater coarseness of 
the ore which is here deposited. It will be seen from the difference in 
value of the roasted ore in the shaft and flue, that the latter contains much 
more silver-bearing mineral, and that in consequence more sulphates 
might be expected in this portion of the ore. After the roasted ore has 
remained red-hot for a considerable time on the cooling-floor, the 
quantity of salts soluble in water and sodium hyposulphite has 
materially increased. The sulphates of copper, zinc and manganese react 
most energetically on the silver, increasing the quantity of silver sulphate, 
antimonate and arsenate, and thus converting it into combinations 
soluble in hyposulphite solutions. 

I can not end this discussion without pointing out the practical im-
portance of these experiments. If it is possible to extract silver by 
lixiviation without using salt in roasting, we not only save the expense 
of the salt, but also the cost of drying and crushing it, and of the plant 
needed for these purposes. For localities where salt is very costly, and 
the ores are of low grade, a decrease in the yield of silver, of several 
per cent, would still leave a balance in favor of oxidizing-roasting. 

From the facts recorded about the influence of time in muffle-roasting, it 
apppears that a momentary roasting is an essential condition to the 
success of the process. It seems difficult to convince the majority of 
metallurgists of the advantages, and even of the possibility, of this 
method. 

I will state here, that it is a common practice in silver-mills to be 
penurious in the use of salt in chloridizing-roasting, and the ordinary 
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so-called "mill-man," rarely takes pains to experiment on this important 
subject. 

No general rules can be given, and only actual tests fully decide the 
question. The following series of tests, made with Ontario ore, plainly 
show the effect of an increase in the percentage of salt. 

 

§ 20. Extra-solution with Cuprous Chloride. 

In § 7 we have seen that cuprous chloride is dissolved by sodium 
hyposulphite. In the reaction taking place, expressed for instance by 
the equation: 

 
the same double-salt is formed as the one we discussed in the preparation 
of the extra-solution with copper sulphate in equation No. 2. In 
comparing the above formula with that of equation No. 2, it is easily 
seen that with only half the quantity of sodium hyposulphite is 
required as with copper sulphate, to produce standard extra-solution of 
equal strength. Hence, it might be considered economy to use cuprous 
chloride in the preparation of the extra-solution. But the difficulty and 
expenseof first preparing cuprous chloride make this impracticable. The 
question has, however, an important bearing in another respect. If a 
silver-ore which contains copper is subjected to a chloridizing-roasting, 
more or less copper sulphate and cuprous chloride will be formed. In 
former publications I have pointed out a curious fact which was ob-
served in analyzing samples of Ontario ore roasted in the Stetefeldt 
furnace. The ore from the shaft contained 0.16 per cent, copper in the 
form of cuprous chloride, and only a trace of sulphate; the ore roasted by 
the auxiliary fire in the flue and dust-chambers, contained only a trace 
of cuprous chloride, but 0.30 per cent, copper in the form of sulphate. In 
the lixiviation-process, a leaching with water being imperative before 
the hyposulphite solution can be applied, it is the insoluble 
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cuprous chloride only which remains in the ore, and even a part of this 
is dissolved by the wash-water, especially if the roasted ore contains un-
decomposed salt. From this it follows that the extra-solution formed 
by the cuprons chloride in contact with ordinary solution can only be 
very weak, and that its effect can not be very pronounced. 

§ 21.  The Extraction of Silver from Copper-matte. 
The Ziervogel process is, theoretically, the most simple and advan-

tageous for the extraction of silver from copper-matte. But in practice 
we find its application rather limited. It is adopted in its greatest per-
fection at the works of the " Mansfelder Kupferschieferbauende 
Gewerkschaft," in Germany. But even here many charges have to be 
returned for a second roasting, whenever they contain above 0.023 per 
cent, of silver. In England the Ziervogel process has been used to ex-
tract the largest portion of the silver from copper-matte, followed by a 
roasting of the residues with salt, and lixiviation of the silver chloride 
by Augustin's method. In the United States, the Ziervogel process is 
in operation in Colorado, but with rich mattes desilverization of the 
residues is by no means so perfect as is desirable. If we inquire into 
the conditions essential for a successful working of this process, we find 
the following requirements must be fulfilled: 

1st. Absence in the copper-matte of such sulphides as in roasting 
change to sulphates, and are liable to sinter:  

2d. Absence of such sulphides as, after oxidation, and in contact 
with Ag2S and . are liable to form silver salts insoluble in water: 

 and  
3d. Absence in the matte of metallic copper, the silver-contents of 

which would be lost. 
4th. Roasting furnaces of such construction must be used, that a com-

plete combustion of -the gases takes place, and the possibility of the forma-
tion of cuprous oxide is excluded. 

5th. Complete control of the temperature, so that the can be de- 
composed without affecting the  
6th. A very careful roasting is essential, commencing at a low tempera-

ture, which is gradually raised and increased, so as to decompose the 
 only. This requires skilled laborers who are trained especially 

for the work. 
When Mr. Russell had discovered the peculiar reactions of his extra-

solution, it became at once evident to me that the Ziervogel process 
could be used to advantage in many cases where it is inapplicable now, 
and also that a less delicate management of the roasting-process might 
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still lead to satisfactory results. To effect this, it would only be neces-
sary, first, to lixiviate with hot water, and then, without removing the 
charge from the tanks, to apply the extra-solution. Any metallic silver, 

 and must then go into solution, and only 
such 

silver-combinations would be lost as are inclosed in sintered and melted 
particles of the charge. 

The experiments so far made are only few, but indicate the proba-
bility of success. Mr. Russell experimented principally on roasted 
matte from Colorado, with the following results: 

The roasted copper-matte contained 511.5 oz. of silver per ton. 

 
Consequently in this case, 6.55 per cent., or 33.5 oz., more silver per 

ton were extracted by a subsequent leaching with extra-solution than by 
lixiviation with acid water alone. 

The same matte was treated raw, with ordinary and extra-solution, 
with the following results : 

 
The fineness to which the matte had been pulverized, is not stated. But 

it is evident that the percentage of silver extracted depends on the surface 
exposed, the copper-matte being a homogeneous and dense product which 
the solution cannot penetrate. Mr. Russell produced some copper-matte by 
melting Ontario bullion-skimmings with sulphur. From this matte 
(silver-value not stated), one sample was pulverized so as to pass through 
a No. 60 screen, and another one through a No. 90 screen, and both were 
lixiviated, with these results: 

 
It seems to me that the experiment of roasting copper-matte in a 
Stetefeldt furnace,  and then  leaching first with  water, and, subse 
VOL. xm.—6 
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quently, with Russell's standard extra-solution, has sufficient proba-
bility of success to attract the attention of metallurgists. 

§ 22. The Extraction of Gold from Silver-ores which have been Sub-
jected to a Chloridizing-roasting. 

We frequently find, on this continent, silver-ores which contain more or 
less gold. Leaving out the famous Comstock, where the sharp practice of 
certain " rings " found it most advantageous, and still does so, never to 
attack any metallurgical problem with intelligence, I will cite examples 
only which have come directly under my personal observation. Such are, 
the mines in Ophir Cañon and Ione, Nevada, and the mines in the 
vicinity of Butte City, Montana. In all these cases the ores were, and 
are at present, reduced by amalgamation after having been subjected to a 
chloridizing-roasting. The Nevada mines mentioned have been 
abandoned long ago, and there are no statistics, to any extent, on hand, 
nor were they ever kept, so far as the percentage of gold extracted was 
concerned. The silver-bars produced were from ½ to 2 thousandths fine in 
gold. In the case of the Murphy mine, Ophir Cañon, I know from 
personal observation, that not more than 25 per cent, of the gold was 
extracted by amalgamation. The ore was roasted in reverberatory furnaces. 
The same ore roasted in the experimental Stetefeldt furnace, erected at 
the Murphy Mill in 1868, yielded by amalgamation 80 per cent, of the 
gold. 

In May, 1870, 48 tons of ore, from the Gould and Curry Mine, 
were worked at the Auburn Mill, Reno, Nevada, by chloridizing-
roasting in a Stetefeldt furnace, and amalgamation. From Mr. J. J. 
Dunne, the superintendent of the mill, I obtained the following statement: 
" The assay value of the ore was §566.56 in silver, and §211.70 in gold 
per ton. The actual yield in the bullion was 90.34 per cent, of the 
silver, and 62.7 per cent, of the gold." The tailings were subsequently 
reworked. 

Prof. W. P. Blake's report on the Alice Mine, Butte, Montana, 
November, 1881, contains statistics about the percentage of gold ex-
tracted in the Alice Mill, from January 1st to August 6th, 1879. 
From an average of 194 assays it appears that the roasted ore contained 
§7.07 gold per ton. The percentage of soluble salts in the roasted ore 
is given in this report, elsewhere, at 11 per cent. This would give to 
the roasted ore, after washing out the soluble salts, a value of §7.94 per 
ton in gold. As the average value of the tailings, we find §3.53 per ton 
in gold. Consequently the percentage of gold left in the tailings is 44.4 
per cent. 
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.   The ore was roasted in a Howell furnace. 
More complete and interesting statistics I have from Mr. A. War-

tenweiler, superintendent of the Lexington Mill, Butte City, Montana. 
The ore from the Lexington mine contains from 42 to 52 oz. silver, 
and from 0.7 to 0.9 oz. gold per ton. It is roasted in Stetefeldt fur-
naces, and amalgamated.    The following table will be of interest: 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

This table shows a somewhat irregular relation between the percent-
age of silver and gold remaining in the tailings, but it seems that, 
with a more perfect extraction of the silver, the yield in gold decreases. 
Summing up all my personal experience in the amalgamation of gold-
bearing silver-ores, I have come to the following conclusions: 

The percentage of gold extracted by amalgamation decreases with 
the increase of temperature at which the roasting is conducted, and 
with the time consumed in roasting, or the time during which the 
charge is kept red-hot after being withdrawn from the roasting fur-
nace. 

If we inquire in what condition the gold is found in the roasted ore, 
and, especially, why it does not amalgamate to a higher percentage, we 
may just as well confess that we do not know. There is a monochlo-
ride of gold, AuCl, which has some stability above a temperature of 
185° C., at which the terchloride decomposes, and which, as a sodium 
double salt, is said to exist at a dark red heat, according to Plattner 
and Kiss. We know that the monochloride of gold is insoluble in 
water, and the sodium double salt formed in roasting may share the 
same property. It is further asserted that this monochloride of gold is 
not decomposed by quicksilver, but I can not find a record of any 
experiments to prove this fact.  Finally, we know that the monochlo- 
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ride of gold is soluble in sodium and calcium hyposulphite solutions, 
while metallic gold is comparatively little affected by sodium hyposul-
phite, as we have seen in § 2. 
According to the above statements, the gold, present as a monochlo-* 

ride, would be lost in amalgamation, but extracted by lixiviation with a 
hyposulphite solution. Hence, if the same ore should be treated by 
amalgamation, and show an extraction of the gold of 60 per cent., for 
instance, we should expect to obtain not much more than 40 per cent, by 
lixiviation. But this does not agree with the facts, as will be seen later 
on. Indeed, there is a large field open for investigation, and it seems 
that our best metallurgists are either disinclined to publish their researches, 
or they consider work of this kind financially unprofitable. The shameful 
fact must be recorded that men of Mr. Russell's type are not 
sufficiently appreciated by the class of men generally in charge of mining 
operations in this country. 

Any attempts to improve the extraction of the gold, in pan-amalga-
mation, by chemicals, for instance, chloride of lime, and mercuric 
chloride, have utterly failed to produce better results. The Designolle 
process pure, however, has not yet been tried, and it may be that by 'barrel-
amalgamation, and addition of mercuric chloride, after the silver has been 
reduced, a better yield of gold can be obtained. 

We will now critically review the principal lixiviation-processes which 
have been successfully used for beneficiating gold-bearing silver-ores. 
In all cases the ore is first roasted with salt, and then washed with 
water. 

The Kiss Process.—The ore is lixiviated with calcium hyposulphite. 
The percentage of gold extracted depends upon the temperature at 
which the roasting is conducted. A dark-red heat must only be used, 
so that the formation of monochloride is favored, and that of metallic 
gold, as much as possible, avoided. 

We here run the risk of effecting an incomplete chlorination of the 
silver, and if the ore contains copper, so much cuprous chloride may be 
formed and left undecomposed, that bullion of very low fineness will 
result. 

The Patera and Roeszner Process.—The ore is lixiviated with a 
cold solution of brine which has been saturated with chlorine gas. G. 
Kuestel states, that ores, treated by this process in Hungary, yielded 
98.9 per cent, of the silver, and nearly all the gold. Even with such a 
good record the method seems to me inapplicable on a large scale, and 
for ores rich in silver. The solubility of silver chloride, in cold brine, 
is slight, and  the handling of large quantities of solutions, saturated 
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with chlorine, must be an insufferable annoyance. Roeszner modifies 
the process by first lixiviating with hot brine, to dissolve the silver 
chloride, and then extracts the gold with a cold solution of salt, satu-
rated with chlorine. 

Hofmann's Process.—O. Hofmann first extracts the silver chlo-
ride and a part of the gold with a hyposulphite solution, and then the 
rest of the gold by the Plattner process. Results with concentrations 
from the Tarshish Mine, California, showed a saving of 96 percent, of 
the silver, and 95 per cent, of the gold. 

The value of the concentrations was from $250 to $1700 per ton, 
over 40 per cent, of it being gold. The operations were conducted on 
a small scale and with great care and skill. 

There is one great objection to this method, namely, the drying of 
.the residues after the silver has been extracted, which is imperative, 
because the chlorine gas cannot penetrate the charge if it is wet. For 
ores low in gold-value, so much additional handling would be too expen-
sive. The Mears process could, in such a case, be used to much better 
advantage, as no drying of the residues is needed. Why is it, I may 
ask, that we hear very little about this process, so excellent on theo-
retical grounds? Have its technical difficulties been found unsur-
mountable, or has it died from sheer inanity? If we inquire as to 
other combinations of known methods, which are feasible, and deserve 
to be tried, we may state them as follows: 

After lixiviation with hyposulphite solution the residues are to be 
treated for gold. 

1st. By the Designolle Process.—The experience with this process is, 
however, that it requires as delicate a roasting as the Plattner. 

2d. By the Hears Process.—This has been already indicated. A 
great advantage of the Mears process is that it succeeds where the old 
method of Plattner has failed to give satisfactory results. 

3d. By Lixiviating with Bromine Water.—With the present low price 
of bromine, the last named combination is deserving of special considera-
tion. 

For the sake of completeness we will extend the discussion to copper-
matte, containing silver and gold. The smelting-works in the vicinity 
of Butte City, Montana, are producing very large quantities of such 
mattes, and the out-put is constantly increasing and throwing the pro-
duction of the Colorado works entirely in the shade. To separate the 
precious metals from such mattes by the sulphuric acid process, and 
manufacture copper sulphate from the solution, as is done on a compar- 
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atively small scale, in Freiberg, Germany, and elsewhere, is not to be 
thought of, the copper-vitriol not being salable in large quantities. 

In Schemnitz, Hungary, the residues from the Ziervogel process have 
been treated by the Plattner chlorination process, but I am not aware 
that this has been repeated in other localities. 

The Swansea Process.—It is to be presumed that such a skilled metal-
lurgist as Mr. Richard Pearce went carefully over the whole field, when 
he introduced this method of separating the gold from copper-matte, at 
the works of the Boston and Colorado Smelting Company, at Argo, 
Colorado. This process is based upon the fact that gold has a much 
greater affinity for copper than silver, which was already known at 
Oker, at the time when the precious metals were extracted from copper, 
by the old-fashioned " Saiger" process. The mode of operation is 
as follows : The residues from the Ziervogel process are melted in a re-
verberatory furnace, with pyritic ores. The concentrated copper matte 
so produced, is roasted for " black copper," which, in falling to the 
bottom of the hearth, collects the gold, and also precipitates impurities 
of the matte, such as Sb,As and Pb. At a certain stage of the process, 
and after the charge has been brought to a high temperature, the fur-
nace is tapped, and the metallic bottoms are separated from the matte. 
By repeating the operation, more gold can be extracted from the matte. It 
lies in the nature of this process that the separation of the gold can not be 
complete, and the concentrated copper matte, after a second treatment, 
contains about ¼ oz. gold per ton. 

Considering the richness of the Argo matte, the percentage of gold 
extracted is extremely high. The disadvantages of this method are, 
that it is expensive in fuel and repairs of furnaces, and that the furnace-
hearth is liable to absorb considerable quantities of the precious metal. 
Formerly in use at Vivian's works, Swansea, it has been replaced there 
by Hartmann's process, to which reference is made below. 

The Electrolytic Process.—In Europe the tendency is, at present, very 
much in favor of the electrolytic process. The complete separation of 
the precious metals, and the great purity of the electrolytic copper, pro-
vided the process is conducted with the necessary precautions, are strong 
arguments in its favor. First successfully introduced in England, it has 
been in operation for several years, on the continent, especially in Ger-
many. The principal works there are those at Hamburg, Oker, and near 
Eisleben. The details of the process are everywhere guarded with the 
utmost secrecy, and admission to the works is generally refused. No lit-
erature of any value, from a technical standpoint, exists. Professor 
Hampe, of Clausthal, so well known to metallurgists through   his 
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researches on copper, after investigating the electrolytic process in a most 
thorough manner, bad written an exhaustive treatise, bearing on all prac-
tical questions. Its publication was officially suppressed. Such bureau-
cratic folly still exists in Prussia! If officers of the Government are 
allowed to act in such a mysterious way—this takes us back to the times 
of the alchemists—we cannot expect that a firm in Hamburg should be 
more liberal. This spirit of narrow-minded illiberality is fast gaining 
ground in the metallurgical works of Germany, and wherever the student 
goes he is no more received with the cordial frankness of former times. 
Even the Ziervogel extraction-works of the Mansfeld company are now 
closed to visitors, simply because the general manager was, at some time, 
refused admittance to silver extraction-works in Swansea. But are 
there, in fact, such awful secrets about the electrolytic process as this policy 
would indicate? And is it surrounded with such enormous technical 
difficulties as all the managers of European works seem to imply? My 
answer is in the negative. That these gentlemen have finally achieved  
a great success, after a long series of blunders, nobody will deny. But   
it seems to me they would have reached their goal much sooner, if they 
had paid a little more attention to well-established laws of electricity. 
That the working of copper-matte, by this process, proved to be a failure 
might have been anticipated beforehand. The notion that any copper, 
no matter how impure, could be treated by it with economy might also 
have been condemned in advance. The electrolytic process permits the  
use of currents of low intensity only. With increased differences in the 
composition of the electrodes, the difference in their electric potential also 
increases, and a marked polarization of the current must be the result. 
But perhaps of still greater importance is the durability of the copper 
solution into which the electrodes are immersed. Certain impurities 
concentrate in this solution more and more, and are finally precipitated 
on the cathode. The peculiarity of arsenic to precipitate the sooner on  
the cathode, the lower the electric current is in intensity, was also known       
to physicists before it made itself felt in electrolytic works. That the 
process does not offer great technical difficulties, or require an experience of 
several years, has been demonstrated by its successful introduction at                  
the metallurgical works of Mr. Balbach, Newark, N. J. The plant, of 
800 pounds daily capacity, is by no means a model of construction, but   
it works well and with profit. Mr. Balbach claims no secrets, and 
admits with pleasure everybody belonging to the profession. 

There is no doubt that the electrolytic process offers many advantages 
compared with other processes, both in economy and perfection, but the 
large capital required for the plant and buildings, the extensive area 
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covered by the latter, and the enormous quantities of metal in rotation 
are a bar to its introduction on a' large scale. In this country, especially, 
capitalists are not inclined to invest so much money for such purposes. 
Hence, it is a question if it can compete with those processes which are 
based upon the regeneration of sulphuric acid, and require a compara-
tively inexpensive plant. 

To those who are interested in electro-metallurgy, I recommend the 
reading of Martin Kiliani's papers, published in the Berg- und Hütten-
manmsche Zeitung, Nos. 21, 22, 32, 34, and 36 of 1883. Although Kil-
iani's experiments were all carried out on a small scale, they have great 
practical value, and his original researches give more information than 
all the books taken together that pretend to treat the subject of electro-
metallurgy. 

An important patent application has recently been filed by Dr. 
Moebius. His improvements apply especially to the parting and re-
fining of high grade bullion. By ingenious devices he has completely 
overcome the influence of polarization. 

We have still to consider two processes in which sulphuric acid is 
regenerated: 

The Hunt and Douglas Process.—The Hunt and Douglas process 
has been described in the Transactions of the Institute, 1881. The 
matte is roasted, and the oxide of copper dissolved by dilute sulphuric 
acid in the presence of a soluble chloride. Gold, silver chloride, lead 
sulphate, and oxide of iron and antimony, remain as insoluble residues. 
The copper is precipitated from the warm solution as cuprous chloride by 
sulphurous acid, and the sulphuric acid regenerated. In decomposing 
the cuprous chloride, after separating it from the acid solution, by iron, 
ferrous chloride is formed, to be used again for chloridizing the copper 
of subsequent charges.       

In conducting the sulphurous acid through the copper-solution, care 
must be taken to have the gas practically free from an excess of air. 
Otherwise more sulphuric acid will be formed than cuprous chloride, 
the latter absorbing oxygen rapidly, and becoming reconverted to cupric 
chloride. 

This process has, so far, not been introduced to work copper-matte 
on a large scale, and nothing has been published about its technical 
difficulties, or its economy. From a theoretical stand-point it is very 
promising, especially for mattes containing antimony and arsenic. The 
cuprous chloride produced by this process is perfectly pure. 

Hartmann's Process.—Another process for treating copper-matte, 
based upon the regeneration of sulphuric acid, is in operation at Vivian's 



IMPROVED   PROCESS  FOR  THE  LIXIVIATION  OF  SILVER-ORES.      89 

works, Swansea. The roasted matte is dissolved in sulphuric acid, as is 
done in Freiberg, the gold and silver remaining in the insoluble residue. 
From the solution copper is precipitated by sulphuretted hydrogen, and 
the sulphuric acid regenerated. Sulphuretted hydrogen is gained by 
passing sulphurous acid from a roasting-kiln, together with steam, 
through a column of hot coal. The gas ascends a tower through which 
the copper-solution is showered. Any loss in sulphuric acid is made 
good by copper sulphate contained in the roasted matte. The precipi-
tate of copper sulphide is oxidized by a patented process—details not 
known to me—said to dispense with the use of fuel, and then reduced 
to copper in a reverberatory furnace. It is claimed that from very im-
pure matte a copper of superior quality is obtained. This seems to me 
somewhat doubtful. To remove all arsenic from a copper-matte by 
roasting is not possible. Arsenates, formed in roasting, are soluble in 
sulphuric acid. It is true, arsenic is precipitated from a solution by 
sulphuretted hydrogen before copper. But a separation in this way 
seems to me, practically, difficult to accomplish. 

This and the former process have very much in common in their 
manipulations. The principal difference consists in the final treatment 
of the copper precipitate. It would be premature to give a decided 
opinion as to which of them deserves preference. 

After writing the above I received the following information from 
Mr. John Williams regarding Hartmann's process : " This process has 
been in operation at least two years. Thousands of tons of matte from 
Montana, and all parts of the world, have been treated, and ' best 
selected' copper made therefrom. Mr. Hartmann states that as to im-
purities, namely, arsenic, antimony, and bismuth, the two latter do not 
go into solution with the dilute sulphuric acid used; and that any 
arsenic is easily removed in the final melting and refining. For one 
ton of copper about three tons of coal are consumed, including the 
refining of the precious metals." 

EXPERIMENTS ON THE EXTRACTION OF GOLD FROM SILVER-ORES 
WHICH  HAVE  BEEN   SUBJECTED TO  A  CHLORIDIZING-ROASTING. 

a. Extraction of the Gold by Lixixiation with Hyposulphite Solutions. 
—Considering the comparatively low percentage of gold extracted by 
amalgamation, it was of practical importance to ascertain, in the first 
place, if Russell's process would yield a larger amount of gold, and if 
it could enter, successfully, into competition with amalgamation also in 
this respect. 
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We find it stated in treatises on metallurgy that calcium hyposulphite 
is a more energetic solvent for gold than the sodium salt, and, in copy-
ing this statement, metallurgical writers have gone so far as to assert 
that sodium hyposulphite does not extract any gold at all. Professor 
T. Egleston, in his paper, "Leaching of Gold and Silver Ores in the 
West," Transactions, 1883, vol. xii., p. 41, says, the use of hyposulphite 
of calcium "has a great advantage in the treatment of ores containing 
even a very small quantity of gold, as the hyposulphite of lime dissolves 
nearly the whole of the gold, and allows of its being extracted, while the 
hyposulphite of' soda does not." That there is no possibility of 
misunderstanding this sentence, becomes evident in quoting another 
passage from the same paper. " The leaching process is also applicable 
to ores containing both gold and silver, for when hyposulphite of 
soda is used, after the ores have been leached for silver, the tails can be 
treated by Plattner's process, and the gold and silver both recovered in 
a state of high bullion, so that a parting process would not be 
necessary, and when hyposulphite of lime is used, they are recovered 
together." Professor Egleston's authority for this statement is not 
given. Nor does it seem to me that there is any scientific foundation 
for it, the double salt of 4aq., being as easily 
soluble as the cal- 
cium double-salt. To settle this question I induced Mr. Russell to 
carry out some comparative experiments with ore from the Lexington, 
Montana, and from the Custer, Idaho. For the sake of completeness 
Mr. Russell also used solutions of potassium and magnesium hyposul-
phites. In all cases the solutions were of 2 per cent, concentration, 
and the figures below represent the averages of six tests. 

 
These figures prove conclusively that the superiority of a calcium 

hyposulphite solution for the extraction of gold from roasted silver ores 
is a fable. 

As far as the percentage of gold is concerned, which is extracted by 
lixiviation with hyposulphite solutions, Mr. Russell made a great 
number of tests with ore from the Lexington Mill. The results varied 
between 60 and 70 per cent, of the gold extracted. The statistics of 
the Lexington Mill show that by amalgamation the yield is only from 
53.5 to 63.1 per cent.   Hence, lixiviation is also in this respect superior 
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to amalgamation. Mr. Clark worked ore from the Alice Mine, Mon-
tana, at the Bertrand Mill, and reports a larger yield in gold than that 
obtained by amalgamation at the Alice Mill. 

In lixiviating Custer ore the results were less favorable compared 
with amalgamation. I have no doubt, however, that in this instance 
also superior results may be obtained by modifying the treatment of the 
ore in roasting. 

b. Extraction of Gold by the Sulphides of the Alkaline Metals, and by 
Extra-solution.—The solubility of gold sulphide in extra-solution, and 
the fact that it is also dissolved by the sulphides of the alkaline metals, 
led to experiments in extracting gold by these reagents. My idea was 
to treat the residues of gold-bearing silver-ores, after the extraction of the 
silver, and a part of the gold, by Russell's process, with sodium sulphide 
solution (or with CaS5), and convert the gold into a sulphide, and then 
react upon it with extra-solution. A part of the gold would be dis-
solved by sodium sulphide, and another part by sodium hyposulphite. 

Mr. Russell's first object was to ascertain the solubility of metallic 
gold in a sodium sulphide solution. For this purpose he utilized the 
solution prepared for the precipitation of silver in his lixiviation pro-
cess. It contains about 24 per cent, of sodium polysulphide, and also 
sodium hyposulphite, resulting from its preparation by boiling caustic 
soda with sulphur. In carrying out the experiments, 25 milligrammes of 
pure gold-leaf were left in contact with solutions of different concen-
tration for three and a half hours on the sand-bath, and the gold dis-
solved was determined. 

 
The more dilute solutions dissolved only fractions of a milligramme of 

gold. In experiments 1 and 2 the solutions had become very concen-
trated by evaporation on the sand-bath. The whole series shows that 
the solvent energy of the solution is principally a function of concen-
tration. 

In treating, by the method indicated above, samples of roasted ore 
from the Lexington Mill, which contained 0.8 ounce gold per ton, Mr. 
Russell succeeded in producing tailings with only from 0.09 to 0.05 
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ounce gold per ton. This sample had an unusually low chlorination 
of the silver, and in repeating the experiment with ore of normal 
chlorination the results were less favorable, but still much better than 
by amalgamation. A sample of roasted copper-matte from Argo was 
also tested by this process. It contained 5.4 ounces gold per ton. Of 
this 3.65 ounces were extracted, namely, 2.55 ounces by sodium sulphide, 
and 1.1 ounce by extra-solution. Further experiments established the 
fact that the sodium sulphide solution has to be rather concentrated, 
and must be used warm to be effective. For this reason, and on ac-
count of the difficulty of separating the gold from the sodium sulphide 
solution, I do not consider this method of practical value, and it has 
not received further attention. The idea of extracting gold by a solution 
of an alkaline polysulphide is not claimed to be new. 

IV. WORKING OX A LARGE SCALE. 

Mr. Russell has not been content with mere laboratory-experiments, 
but has tested his process on a large scale. The experimental plant at 
the Ontario Mill is capable of lixiviating a charge of 3 tons in one 
tank. More than 100 charges of Ontario ore have been worked up 
to date. In these experiments the following facts have been ascer-
tained. 

§ 23. Preliminary Leaching with Water. 

It is just as effective and more judicious to leach the roasted ore with 
cold, and not with hot water, prior to turning on the hyposulphite solu-
tion. Hot water will dissolve a larger percentage of AgCl, this being 
more soluble in hot than in cold brine. The first wash-water which 
contains copper, and some silver, is conducted to tanks filled with scrap-
iron, where the copper, and with it most of the silver, is precipitated. 
Mr. Russell has determined in ten charges (of 2 tons each) the total 
amount of silver dissolved by the wash-water, and the amount recov-
ered with cement-copper. 

 
These figures will, no doubt, vary in other localities, where more or 

less salt remains undecomposed in the roasted ore, and acts as the 
principal solvent for the chloride of silver. 
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§ 24. The Extra-solution. 
After leaching with water the AgCl in the charge is first extracted 

with an ordinary hyposulphite solution, containing from 1¼ to 1½ per 
I cent, of the commercial 5aq.   This solution is made slightly 
acid with sulphuric acid, provided it contains caustic soda. After 
most of the silver chloride is dissolved the extra-solution is turned 
on, to act upon the silver not present as chloride. This method of 
lixiviating has the best effect. Mr. Russell found that the extra-
solution is a much poorer solvent for silver chloride than ordinary 
hyposulphite solution. The solubility of silver chloride rapidly 
decreases with an increase of copper sulphate added to the solution. 
That this should be the case follows from the reactions taking place in 
the formation of cuprous hyposulphite. 

The extra-solution is made up by adding to a measured quantity of 
ordinary solution so much copper sulphate dissolved in the smallest 
quantity of water, that a standard extra-solution is formed. By allow-
ing the extra-solution to sink through the charge, and pumping it up 
again, all particles of ore are brought in contact with it. 

The peculiarity of the extra-solution, if prepared as indicated above, 
to part with a precipitate of a cuprous hyposulphite double-salt after 
some time, makes it desirable to obtain this solution in a more perma-
nent form. This can be done by dissolving 18 parts sodium hyposul-
phite and 10 parts copper sulphate, each in a small quantity of water, 
mixing the solutions, allowing the precipitate of  
6aq. to separate completely, decanting the clear solution of sodium 
sulphate and tetrathionate, and redissolving the precipitate, after wash-
ing it, in a pure sodium hyposulphite solution of from 1 per cent, to 1½ 
per cent, concentration. This extra-solution of constant strength is 
used for several ore-charges in succession, until the cuprous hyposul-
phite is nearly exhausted, before it is turned into the precipitating 
tanks. Here the silver is best precipitated by sodium sulphide from 
which any sodium sulphate, which this reagent may contain, has been 
removed by calcium sulphide. (As to the reaction here taking place, I 
refer to § 26.) The pure regenerated solution of sodium hyposulphite is 
then utilized again for dissolving a fresh charge of  
+ 5aq. By this method a much better effect from the same quantity 
of copper sulphate is obtained than by the one first described. 

It will be seen in § 28 that, in working on a large scale, a larger 
percentage of silver is extracted than is shown to be soluble by labora-
tory tests. This is undoubtedly due to the prolonged time of the re-
action, and to the use of ordinary and extra-solution in succession. 
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§ 25. The Precipitation of  
An extra series of tanks has to be provided for the precipitation of 

the lead. The soda-ash solution is purified as stated in § 11. The 

 settles in less than one hour, leaving a perfectly clear solution 
to be decanted into the silver precipitating-tanks. Whenever the pre-
cipitate has accumulated in sufficient quantity, it is collected by means 
of a filter-press. The value of the lead carbonate will, in many local-
ities, pay for the soda-ash used in precipitating it. Besides, we should 
consider that the lead would otherwise have to be precipitated as sul-
phide by sodium sulphide. As this reagent is more costly than soda-
ash, whatever is realized for the lead is clear profit. The great advan-
tage, however, is the absence of lead in the sulphides of silver and cop-
per precipitated from the lixiviation-solution. 

§ 26.  §26. The Precipitation of Ag2S and CuS. 
In Russell's process silver and copper have to be precipitated from 

the hyposulphite solution by a sodium sulphide. Calcium sulphide 
cannot be used, because any lime entering the lixiviation-solution would 
be precipitated with lead as carbonate in effecting the separation of 
the lead, as shown in § 25. Calcium sulphide having been gen-
erally introduced in lixiviation-works as a precipitant for silver, it 
might be argued that the necessity of abandoning this practice is a 
point not in favor of Russell's process for separating lead. Hence, it 
is a question of importance, to which hitherto metallurgists have paid 
l i t t le  attention, to examine carefully if there are any tenable reasons 
for this preference, or if the practice is merely based upon a prejudice. 
In fact, the issue is a double one: 1st. Is calcium sulphide preferable 
as a precipitant for silver? 2d. Is a calcium hyposulphite lixiviation-
solution superior to one of the sodium salt? The continual use of 
calcium sulphide gradually converts the original sodium hyposulphite 
solution into one of calcium hyposulphite. 

In considering the first question the following points are involved : 
A. The preparation of the sulphide solutions, and their composition. 
B. Their action and value as precipitants. 

A. Preparation of Calcium and Sodium Sulphide Solutions, and their 
Composition. 

In preparing calcium sulphide, caustic lime is boiled in water with 
an excess of sulphur, so that the polysulphides and are 
formed.    This excess of sulphur is necessary, because the lower calcium 
sulphides are not easily soluble in water, and this solution must be used 
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rather concentrated. From the slight solubility of calcium hydrate in 
water it follows that this process must require considerable time. So-
dium hydrate, on the contrary, is very easily soluble in water, and the 
sodium monosulphide, and all of the polysulphides being equally so, 
the process must be completed very rapidly. In preparing, for instance, 
both solutions with the same amount of sulphur, and under otherwise 
equal conditions, the sodium solution precipitated, after six hours' boil-
ing, seven and one-half times as much silver as the calcium solution. 
Continuing the boiling for seventy-two hours, the calcium solution had 
reached its maximum of precipitating energy, but precipitated only 
0.76 as much silver as the sodium solution after six hours' boiling. 
This demonstrates the wastefulness of the calcium-process in sulphur 
and time. 

Another question, however, is of equal, if not of greater importance. 
The reactions taking place in boiling a caustic alkali with sulphur are 
expressed by the formula: 

 
That is to say: For two equivalents of the alkaline sulphide, one equiv-
alent of a hyposulphite salt is formed. Now, let us consider the pecu-
liarities of solutions at boiling-point, containing calcium or sodium 
hyposulphite. A solution of sodium hyposulphite can be heated to 
100° C. without much injury—it decomposes very slowly. A solution of 
calcium hyposulphite, on the contrary, decomposes rapidly into 
gypsum and sulphur if heated above 60° C From this it follows that 
in preparing the calcium-solution most of the calcium- hyposulphite 
formed is again decomposed, and that in its place calcium sulphate is 
obtained. In order to test the correctness of this reasoning, Mr. Rus- 
sell determined the quantity of calcium hyposulphite formed in the 
preparation of calcium sulphide. The method used was the follow-
ing: To the solution of calcium sulphide freshly precipitated silver 
chloride was gradually added, until the former was completely de-
composed, and the silver chloride ceased to be discolored. Then 
more silver chloride was added, and the solution left for twenty-four 
hours. Its filtrate, upon being tested with sodium sulphide, showed a 
very small quantity only, and in some cases no silver at all dissolved, 
depending on the time of boiling in preparing the calcium sulphide 
solution. A large quantity of calcium sulphate, however, was found 
in the residue of the original solution. It will be seen that here again a 
portion of the sulphur is completely wasted, which, with sodium 
sulphide, appears as hyposulphite.    The calcium sulphide solution can 
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only contain the hyposulphite salt after it has been exposed to the oxi-
dizing influence of the air. For an exact determination of the hypo-
sulphite a volumetric method with iodine must be used. The one 
selected by Mr. Russell is, however, sufficient for practical purposes as 
it copies the conditions of the process on a large scale.. 

It is evident that in the lixiviation-process, a certain quantity of hy-
posulphite must be lost, namely in the wash-water, which has to be 
precipitated by itself, and is too dilute to be mixed with the normal solu-
tion, and also by decomposition in contact with the atmosphere. This 
loss has to be made good, otherwise the solution would get weaker, and 
finally refuse to dissolve any silver. If a sodium sulphide solution, to 
be used for precipitating the silver, has been prepared as stated 
above, it contains a considerable quantity of sodium hyposulphite. For 
each part of silver precipitated, 0.574 parts 5aq., and for 
each part of copper, 1.968 parts 5aq., are added to the lixivia- 
tion-solution. Hence, in working high-grade ores, and especially if 
much copper is present, the lixiviation-solution actually becomes more 
concentrated with continued use. The same reasoning does not hold 
good if freshly prepared calcium sulphide is used as the precipitant, 
according to what is stated below. 

That a solution of calcium sulphide oxidizes rapidly at ordinary 
temperature, with formation of hyposulphite, is established by practical 
experience. Mr. Ottokar Hofmann, who used calcium sulphide as 
precipitant, at the Silver King mill, Arizona, states to me that the origi-
nal sodium hyposulphite solution was used over a year and a half, and 
that it increased in strength and volume, making it necessary to run a 
part of it to waste. In this case a large amount of copper and lead was 
precipitated with the silver. 

At La Dura, Sonora, Mexico, the lixiviation-solution was allowed 
to flow into the river by the stupidity of a laborer. A new supply of 
sodium hyposulphite could not have been obtained in less than ninety 
days, and in this dilemma, Mr. Hofmann proceeded to manufacture a new 
solution from the calcium hyposulphite contained in the sulphide. The 
lixiviation wash-water, containing the base metals, was precipitated 
with calcium sulphide, and the operation repeated until a calcium hypo-
sulphite solution of sufficient strength had been obtained to resume 
operations. I am sure this process would not have been successful with 
freshly prepared calcium sulphide, and that sodium sulphide would 
have answered the purpose much better. 

While these facts show that a calcium sulphide solution, unless freshly 
prepared, is by no means deficient in hyposulphite, they do not contra- 
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diet any of the arguments offered in favor of the sodium sulphide. 
Sodium sulphide, proving to be superior in  many respects, can  be 
economically prepared by several methods, namely: 

1st. By reducing sodium sulphate, at a high temperature, with carbon. 

 
The disadvantages of this method are that the solution contains no 

hyposulphite, and that Na2S in contact with air changes to hyposul-
phite with formation of caustic soda. The latter finally absorbs car-
bonic acid, and changes to a carbonate. 

 
In order to utilize such a solution in the lixiviation-process it would  

be desirable to boil it with sulphur, and then expose it to the air. The 
oxidation of a solution of produces only, while the higher 
polysulphides decompose in the same manner, but with precipitation of 
free sulphur. 

2d. By melting sodium carbonate with sulphur. 
Carbonic acid is liberated, and sodium polysulphides and hyposul-

phite are formed. If the temperature is raised too high, the hyposul-
phite is changed to sulphate. 

3d. By boiling a solution of caustic soda with sulphur. 
The reactions which take place in this case are expressed by the gene- 

ral formula introduced previously. 
The choice of method will depend on local circumstances, namely, 

cost of chemicals, freight, etc. As the most simple in execution, the 
third method recommends itself, and where freights are high, it will 
also be the most economical. Regarding such a solution, it becomes a 
question of importance to have it so constituted that it produces a maxi-
mum effect with the smallest quantity of reagents consumed in its prep-
aration. Mr. Russell has investigated the subject, and his results are 
very interesting and surprising. 

If one of the heavy metals is precipitated by an alkaline polysulphide, 
 one equivalent of the latter precipitates not more than one equiva-

lent of the former, (x—1)S being liberated as free sulphur. It seems, 
however, that there are exceptions to this rule, if the heavy metal exists 
in the form of a hyposulphite salt, and the alkaline polysulphide has 
been prepared in a certain way, and is of a peculiar molecular consti-
tution. 

VOL. XIII.—7 
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If sodium polysulphide is obtained by boiling caustic soda with sul-
phur, the equation: 

 
 

shows that for 100 parts of caustic soda used, the sodium polysulphide 
solution can not precipitate more than 180 parts of silver as ac- 
cording to the theory stated first above. Hence 100 parts of commercial 
caustic soda, containing, say, 87 per cent. the remainder being 
sodium carbonate and sulphate, would have a maximum precipitating 
energy of 156.6. parts of silver only. In preparing sodium sulphide 
from caustic soda of such quality, Mr. Russell found that its precipita-
ting energy for silver out of a hyposulphite solution was in many cases 
far in excess of the theoretical limit, depending upon the original con-
centration of the solution in caustic soda. I will illustrate this by 
selecting a few examples from numerous experiments. 

 

The commercial caustic soda here used contains 87 per cent. NaHO. 
For a better understanding regarding consumption and effect of sul-

phur, I will state that for the formation of different polysulphides, the 
following quantities of sulphur would be required : 

 
The results of experiments No. 4 to_ No. 8 show that a great deal 

more silver has been precipitated than the generally accepted theory 
demands. This fact can only be explained by assuming the following 
reaction to take place: 



IMPROVED  PROCESS  FOR THE LIXIVIATION  OF SILVER-ORES.     99 

 

The free sulphuric acid formed produces a secondary effect, which 
may be:  

1st. To neutralize sodium carbonate, or free caustic soda, if such be 
present. 

2d. To decompose sodium polysulphide with formation of and 
 

The former would precipitate more silver from . and set  
free. This acid, however, does not exist in a free state, and unless it 
combines in statu nascendi with caustic soda, provided such be present,    
it will decompose into  The following equation will illustrate 
the final result for x = 3: 

 

In such cases the effect would be 261 silver precipitated per 100 
caustic soda of 87 per cent. If, however, we assume that a part of the 
free sulphuric acid was consumed in neutralizing sodium carbonate or 
caustic soda, then the precipitating coefficient of the solution would be 
very much increased. 

The question presents itself: Is there any economy in using a sodium 
sulphide solution of this character ? 

A considerable loss in hyposulphite is indicated by the reaction which,  
in this case, decomposes more hyposulphite than it regenerates. If this 
loss had to be made good by adding fresh quantities of the salt to the 
lixiviation-solution, then there would be no economy at all in using 
such a precipitant. Even by allowing hyposulphite to be formed, pur-
posely, by oxidation of the sodium sulphide solution, no advantage 
would be gained. The new reaction could be utilized in part, with a 
profit, only in cases where the character of the ore is such, that the 
lixiviation-solution gains considerably in hyposulphite with an ordinary 
precipitant. 

Mr. Russell preserved a number of sodium sulphide solutions, ob-
tained in his experiments, for five weeks in glass bottles, excluded from 
contact with air. Upon testing their precipitating-capacity again, he 
found that a decided change had taken place. Some of the solutions 
had increased in strength, others had decreased in a more or less marked 
degree. The increase was noted with the concentrated solutions, the 
decrease with the more diluted ones.    This shows that a molecular 
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change must have taken place in the composition of the sodium poly-
sulphides. 

Solutions of calcium polysulphides of different concentration, and 
prepared in different ways, kept five weeks as noted above, had degene-
rated in every instance to such an extent that the old solutions precipi-
tated only ½ to 1/3 as much silver as they did originally when fresh. 
Here again we meet with another proof of the superiority of the sodium 
sulphide solution. 

Since writing the above Mr. Russell has sent me a tabular statement 
containing the results of 238 experiments on the preparation of sodium 
and calcium sulphide, of which 188 refer to the former, and 50 to the 
latter. These experiments have demonstrated, beyond doubt, the best 
modus operandi for sodium sulphide to be as follows, namely : The 
caustic soda is dissolved in an iron tank, in its own weight of water. 
The solution should not fill more than one-fourth of the tank. Con-
siderable heat is evolved, and in case the solution has not by itself 
reached a temperature of about 80 degrees C. (this can easily be effected 
by using warm water), it is brought to 80 or 90 degrees C. by a fire 
underneath the tank. For 100 parts of caustic soda, 66 parts of pul-
verized sulphur are now gradually added. The temperature of the 
solution soon rises to about 145 degrees C, and it foams up to two or 
three times its volume. In about five minutes the sulphur has dis-
solved, and the reaction is completed. Upon cooling the mass solidifies; 
hence it is necessary to ladle it out, and either dissolve it at once or cast 
it into moulds, and preserve the cakes. If the sodium sulphide is dis-
solved, not in water, but in lixiviation-solution, no dilution of the latter 
takes place in precipitating the silver. From the consumption of sul-
phur it follows that the sodium sulphide is principally Na2S2 a combi-
nation to be considered as the most desirable one. Solutions so pre-
pared show remarkably high precipitating coefficients, both for caustic 
soda and sulphur, ranging from 184 to 230 parts of silver for 100 parts 
of caustic soda, and from 275 to 345 parts of silver for 100 parts of 
sulphur. In the preparation of calcium polysulphide, the best coeffi-
cients were from' 98 to 132 parts of silver precipitated by 100 parts of 
sulphur consumed, and that with freshly made solutions. Considering 
how much the latter deteriorate, after some time, it is safe to assume that 
the precipitation of silver by calcium polysulphide requires about three 
times as much sulphur as is needed with properly prepared sodium sul-
phide. This item, the convenience of making sodium sulphide, and the 
loss in hyposulphite caused by boiling caustic lime with sulphur, more 
than compensate the extra expense for caustic soda. 
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B. Calcium and Sodium Sulphides compared as Precipitants for Silver. 

G. Kuestel states—and this has been copied by others—that in using 
calcium polysulphide, the sulphides precipitate quicker, and settle 
better than with a sodium polysulphide. This statement is not con-
firmed, but contradicted by Russell's experiments. In working on a 
large scale, the sulphides precipitated by sodium monosulphide, or 
polysulphide, settled without difficulty, and in a short time, and the 
effect of calcium sulphide did not show itself to be superior in any 
respect. On the contrary, sodium monosulphide proved to be infinitely 
better than calcium pentasulphide. Indeed it is not possible to advance 
theoretical reasons to support the superiority of calcium polysulphide. 
Using the pentasulphide, which is mostly obtained, four equivalents 
of sulphur are wasted, and appear as free sulphur in precipitating the 
lixiviation-solution. To regain this free sulphur either by distilling 
the sulphides in an iron retort, or by boiling them with caustic lime, 
as has been proposed, seems to me objectionable, and not profitable. 
The distilling process would leave the sulphides in a condition requiring 
pulverizing for subsequent treatment, and the operation needs an expen-
sive plant, and is costly. In boiling the sulphides with caustic lime, 
we run the risk of having impurities of the lime, and insoluble calcium 
monosulphide, and sulphate, with the sulphides, whereby their treat-
ment becomes more difficult. A much better method would be to boil 
the sulphides with an excess of caustic soda. The solution, so obtained, 
could be treated with more sulphur, and converted into a normal solu-
tion for precipitating. 

Another point against the use of calcium sulphide is the fact that 
gypsum is precipitated with the sulphides, whereby their subsequent 
treatment becomes more troublesome. 

Mr. Russell found that calcium sulphate is, practically, "insoluble in 
a solution of calcium sulphide." (And also in sodium sulphide.) Hence 
no gypsum can enter the lixiviation-solution from this source directly. 
If to a calcium sulphide solution a soluble sulphate is added, for instance 
that of sodium, a precipitate of gypsum appears immediately; and if to 
a sodium hyposulphite solution, containing sodium sulphate, or any 
other sulphate, calcium sulphide is added, gypsum is formed which, in 
part, remains in solution, and, in part, is thrown down with the sul-
phides. 

The fact that calcium sulphate is insoluble in a sodium sulphide solu-
tion can be turned to a practical account in removing from the latter 
any sodium sulphate it may contain. It is only necessary to add gradu-
ally a solution of calcium sulphide, as long as a precipitate appears.    In 
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preparing sodium sulphide from caustic soda, the amount of sulphate 
formed is trifling; but the commercial caustic soda may contain an 
appreciable percentage of sulphate beforehand. 

I now turn to the question: In what respect, if in any, differ the cal-
cium and sodium hyposulphite solutions regarding their efficiency in 
lixiviation? The points to be considered are: a. The deterioration of the 
solutions after prolonged use. b. Their dissolving energy for extracting 
silver. c. Their dissolving energy for extracting gold, in case gold-
bearing silver-ores are lixiviated. 

The last subject has already been treated in a former paragraph on 
gold-extraction especially. 

a. The Deterioration of the Lixiviation-solution after Prolonged Use. 

If a hyposulphite solution is left to itself for a longtime, it deteriorates 
in a marked degree. It takes up oxygen from the air, and sulphates are 
formed. Mr. Russell interrupted on two occasions his lixiviation-
experiments, on a large scale, for some time, and determined the deterio-
ration of the sodium hyposulphite solution. 

Solution not used for twenty-six days. 
100 c.c. dissolved, ........................................ 0.485 gm. silver as AgCl. 
After twenty-six days, .....................………...0.458 gm.     "       " 

Deterioration,..................................………….5.5 per cent. 

Solution not used for thirty-five days. 
100 e.e. dissolved, ...........................…………….. 0.447 gm. silver as AgCl. 

After thirty-five days,……………………………..0.369 gm.     "       " 

Deterioration,………………………………………17.4 per cent. 

This result is interesting, because it shows that the decomposition of 
the solution is not merely a function of time. I  am  inclined to believe 
that, outside of difference in temperature, the  condition  of the atmos-
phere has a marked influence, most likely its contents in ozone. 

In order to test the relative deterioration of solutions of calcium and 
sodium hyposulphite, Mr. Russell has carried out the following experi-
ments. 

Hyposulphite solutions of different concentration were exposed in 
soup-plates to  the  atmosphere  for seven days at a temperature of from 
20 to 22 degrees C, and the  solutions  brought  to  their original volume 
at  the  expiration of  that  time.  The  relation  of  the  depth of the solu-
tion  to  the  diameter of  the  plate  was  about 1 to 8.   A re-determination 
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of the solvent energy of these solutions for silver chloride gave the fol-
lowing  average  results,  namely:  The  sodium hyposulphite solutions 
had deteriorated 1 4/10 per cent. The calcium hyposulphite solutions had 
deteriorated 16 1/19 per cent. 

About the deterioration of a calcium hyposulphite lixiviation-solution, 
Mr. G. Kuestel says: "If the solution of hyposulphite of lime is not 
properly managed, for instance, by introducing the solution on the ore 
without leaching it first  with  water,  augmenting  by  these means salt 
and sulphate of soda in the solution of  hyposulphite  of  lime, this solu-
tion refuses to dissolve the silver as well as it did in the beginning, and 
requires then to be renewed, which is expensive and troublesome. To 
revive a solution of this description, it is sufficient, when the vat is 
charged, to spread wood-ashes over the entire surface of the ore, two or 
three inches deep, and then  admit the  solution.  It  will then act like a 
new solution." 

No explanation  is  given  of the reactions taking place, and effecting 
the regeneration of the solution. The only effective agent in the wood-
ashes must be potassium carbonate. 

 How can this remove "salt and sulphate of soda"? The potassium 
carbonate would cause a precipitate of calcium carbonate, and change 
calcium  hyposulphite,  and  gypsum  dissolved  in the latter, to the respec-
tive potassium salts. How is this to improve the  'solution  when, as we 
will see further on, potassium hyposulphite is a much poorer solvent for 
silver chloride than the calcium salt? That a solution of calcium 
hyposulphite, if saturated  with gypsum, is  not  thereby  materially 
affected in solvent energy, we have noted before. 

If the wood-ashes really have the beneficial effect which Mr. Kuestel 
claims (I have had no occasion to verify his statement), then the reaction 
still lacks explanation. 

b. The  Solvent  Energy   of   various   Hyposulphite   Solutions   for  Silver 

Chloride. 

Mr. Russell prepared solutions of 1½ per cent. concentration from the 
hyposulphites of sodium, potassium and calcium, and treated with them 
freshly precipitated silver chloride under equal conditions. I present the 
results of these experiments as follows, calling the solvent energy of 
sodium hyposulphite 100. 

Name of salt:         Solvent energy for silver chloride: 
Sodium hyposulphite,......................................................... 100 
Potassium             "     …...................................................... 70 
Calcium                "     .......................................... ……….91.5 
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This shows plainly the inferior effect of the calcium-salt. That of 
potassium hyposulphite is comparatively low, and does not seem to have 
been investigated before. It finds a parallel in  the inferior  solubility 
of silver chloride in potassium  chloride  solutions as  compared with those 
of sodium chloride. 

§ 27.  Treatment of the Sulphides. 
Samples of sulphides, obtained from Ontario ore by  Russell's  process, if 

treated by the ordinary method (namely, roasting and  melting), yielded, in 
one case, bullion 874 fine, and, for 100 parts of bullion, 62 parts matte, 
assaying 2720 oz. silver per ton, and 24 per cent. copper. In another 
case, bullion 876 fine was produced, and, for 100 parts bullion, 76 parts 
matte were obtained, assaying 3308 oz. silver per ton, and 27 per cent. 
copper. A more complete roasting would have diminished the percentage 
of matte, but produced bullion of inferior fineness. It can not be denied 
that the handling of the sulphides is a weak point in the lixiviation-process. 
In roasting such rich products, a mechanical loss, and a loss in silver by  
volatilization,  cannot  be  avoided. The by-pro-duct of rich copper-matte, 
even if reduced in value by melting with scrap-iron, is also a very 
undesirable feature. If oxidizing-roasting is carried too far,  the  material  
becomes more difficult to fuse, and the loss in silver, by volatilization,  
increases. In case the sulphides contain lead the bullion has to be 
cupelled, and if much copper is present, more lead must be added to 
produce fine bullion. That also in this   process a loss of silver occurs 
is well   known.  Besides, litharge with copper is not a desirable by-
product. Finally it should be taken into consideration that the hearth of the 
reverberatory furnace, in which the sulphides are roasted, gradually 
absorbs a large amount of silver. Mr. Clark, superintendent of the 
Bertrand mill, informs me that he recovered from the hearth of such a 
furnace over §6000 in silver, but that this by no means accounted for all 
the silver lost. To avoid all these difficulties, and to produce at the same 
time fine silver, gain the copper as a valuable by-product, and part the 
gold, if it be present, I have proposed the following process.* 

The sulphides, collected by means of a filter-press,—Dehne's or Johnson's 
construction,—are dissolved,  without previous drying, in sulphuric acid 
with addition of sodium nitrate. No heating is necessary, the reaction 
being quite violent. If any gold is present it remains un-dissolved, together 
with some silver chloride, the chlorine being derived from impure 
sulphuric acid and nitrc.    The lead having been 

* United States patent granted to C. A. Stetefeldt. 
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previously  separated  by  the  method  described  in  § 25, no lead 
sulphate can be formed. The sulphur gathers mostly in globules, and 
can be used again in the preparation of sodium sulphide.  After com-
plete decomposition has taken place, the solution is drawn into a tank, 
and the silver precipitated by metallic copper. The cement-copper 
gained from the wash-water (see § 23) can be utilized for this 
purpose, and its silver extracted at the same time. It is preferable 
first to melt this copper, refine it, and cast it into plates of proper form. 
From the solution copper sulphate is obtained. The  acid  mother-solu-
tion is used again for dissolving sulphides. A portion of the copper 
sulphate is utilized in preparing the extra-solution. 

In effecting the oxidation of the sulphides by nitric acid, set free 
from nitre by sulphuric acid, nitric oxide escapes. When the latter 
comes in contact with air and moisture, nitrous and nitric acid are re-
generated, which are again ready to part with oxygen. This reaction, 
upon which the manufacture of sulphuric acid is based, can be utilized 
also in this case. It is only necessary to dissolve the sulphides in a 
closed vessel, and conduct the escaping nitric oxide to a coke-tower, 
into* which air is admitted below, and a spray of water or sulphuric 
acid from above. The nitrated solution, thus obtained, is passed 
through the tower again until it attains a proper concentration, and is 
then used for dissolving fresh charges of  sulphides.  Of  course, a por-
tion of the nitric acid will be lost, and has to be made good by fresh 
supplies of nitre. 

In case the process of regenerating nitric acid is used, the best 
modus operands will be as follows : 

The first charges are dissolved with sulphuric acid of 66° B. and 
nitre, and the  escaping  nitric oxide, with a surplus of air, is conducted 
to a coke-tower in which concentrated sulphuric acid is nitrated. In 
working with concentrated  acids iron vessels can be used throughout, 
the nitric acid having the tendency to make the iron more passive. 
The solution is drawn into a tank No. 1, where it is diluted to 
58° B., and heated to about 110° C. It is kept at this temperature 
until perfectly clear, and is  then drawn into a tank No. 2, surrounded 
by cold water, where it is cooled rapidly. Here the silver sulphate 
crystallizes, and  also  copper  sulphate, whenever the solution has reached 
a sufficient concentration in the latter salt. The residue in tank No. 1 
will consist, principally, of gold (if such is present in the ore), some 
silver chloride, lead sulphate (if the lead has not been completely pre-
cipitated previously),  and  sulphur  globules,  and  may also contain some 
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undecomposed sulphides. It is allowed to accumulate, and is worked by 
itself. After the  sulphates  in  tank  No. 2 have been completely 
strained from the acid mother-solution,  they are taken to a lead tank 
No. 3. Sufficient water is added to dissolve  the  copper sulphate, and 
the solution is boiled with metallic copper until the silver sulphate is 
reduced. The reduction of silver sulphate is better accomplished by 
scrap sheet-iron (Lautenthal, Germany), or by ferrous sulphate (San 
Francisco, Cal.). I propose to use metallic copper in order to gain a 
maximum of copper sulphate.  The  copper-solution is crystallized in 
tank No. 4, and the cement-silver is  washed   until  it is sweet. The 
mother-solution from tank No. 4 is used, in place of  water,  for boiling 
and dissolving the sulphates in tank No. 3. We now return to the acid 
solution from tank No. 2. This is mixed with  sufficient  sulphuric acid of 
66° B. to make good the loss incurred in the  formation  of the sulphates, 
and after passing through thecoke-tower  to be  nitrated, is  used for dissolv-
ing a fresh charge of sulphides.  In  order  to avoid a loss of nitric acid 
as much as possible it is best to charge the dissolving-vessel with more 
sulphides than the nitrated acid is able to  oxidize.  The excess of sul-
phuric acid will keep the silver sulphate dissolved, if the solution is 
sufficiently hot, and the latter can be clarified in part, in the dissolving-
vessel, before it is drawn into tank No. 1. Operating  in  the way indi-
cated no further dilution of the solution in tank No. 1 is necessary or 
desirable. Whenever the residue in the clarifying tank No. 1 has 
accumulated in sufficient quantity, it is returned to the  dissolving-vessel, 
and treated with an excess of nitrated  sulphuric  acid.  It  will then con-
sist, principally, of gold, silver chloride, and perhaps of lead sulphate. 
Both of the latter can be extracted  by a  solution of sodium hyposulphite, 
and the gold can be refined by cupellation with lead. 

It will be seen that this process, if successfully executed, is not any 
more complicated or expensive than that of  refining silver bullion in 
bars. On the contrary, the solution of the sulphides is more easily and 
rapidly effected, and no sulphuric acid is wasted. 

A boiling of the sulphides with caustic soda,  prior  to their treatment 
by the process described, might be  advantageous. The  largest  portion 
of the sulphur would, in this way,  be  extracted  as sodium sulphide. 
It would not be necessary to filter or wash the  sulphides  before this 
first treatment—more or less lixiviation-solution in  the  sodium sulphide 
not being detrimental. Filtering and washing would  take  place after 
the boiling with caustic soda. Where freight is high it may be more 
economical to use concentrated nitric acid in place of nitre. 
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§ 28. The practical Results obtained at the Ontario Mill. 
I give below the results of 20 working-tests with the   Russell pro-

cess, made with ore-charges of two tons each. 
 

Lixiviation-test with:    Silver extracted 
ordinary solution,                      extra-solution,                 from the charge, 
  per cent.                           per cent.                       per cent. 
  89.5  91.8   92.1  
  91.9                                92.7                            94.8 
  88.8                                93.1                            94.6 
  87.4                                92.6                            92.6 
  88.5                                92.4                            91.9 
  90.3                                92.6                            93.5 
  91.1                                93.1                            94.1 
  89.4                                92.8                            92.9 
  85.3                                91.9                            91.8 
  86.2                              91.3                             91.5 
  90.3                                91.9                            91.9 
  93.7                                94.7                            94.5 
  89.3                                92.7                            92.4 
  83.1                                91.8                            91.1 
  89.4                                90.9                            91.3 
  86.4                                 90.3                            91.5 
  887                                 93.1                            93.6 
  87.6                                91.5                            92.2 
  88.6                                92.2                            92.5 

 
Averages:  88.6                                92.2                            92.6 

Seven   charges  of   Ontario  ore, lixiviated  subsequently,  gave results 
as follows, viz.: 

  Lixiviation-test with:                                      Silver extracted 
ordinary solution,                        extra-solution,                   from the charge, 

per cent.                                  per cent.                          per cent. 
  91.2                                       93.7                                94.4 
  88.4                                       91.4                                92.6 
  86.9                                       94.9                                95.3 
  88.4                                       93.7                                93.7 
  90.1                                       93.7                                93.9 
  93.6                                       95.2                                95.1 
  91.4                                       95.0                                95.7 

 
Averages: 90.0    93.9       94.4  

From charges lixiviated recently as high as 97 per cent. of the silver has 
been extracted. 

Mr. Russell further states : "I have made 12 working-testsduring the 
past winter with the temperature of the hyposulphite solution near the 
freezing-point of water, in order to determine whether the solution 
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would require to  be  warmed in  cold  weather.  For these tests I selected 
ore which had a  comparatively   low  chlorination. The results of these 
tests averaged 7 per cent. above the chlorination-assay with ordinary 
solution. These experiments, with a cold  solution,  constitute a very 
severe test of the process." 

It is more advantageous, however, to  use  solutions  which  are mod-
erately warm. 

§ 29.  The By-Products. 

From one ton of Ontario ore about 5 to 8 pounds of PbCOs were 
obtained, if a 1 1/4 per cent. hyposulphite solution was used. The wash-
water (see § 23) yielded about  3 ½ pounds of cement-copper per ton of 
ore.    It contained 130 oz. silver per ton, more or less. 

If the sulphides are  treated  by  the wet process, more than one-half of 
this copper could be used in the  precipitation of cement-silver. The 
remainder may be treated in different ways. It could, for instance, be 
dissolved by the same process as  proposed   for   the  sulphides in § 27, 
or it could be oxidized by heating in a  reverberatory  furnace, and the 
oxide of   copper  extracted by  dilute sulphuric  acid, leaving  the silver as 
au  insoluble  residue.  About  3  pounds  more  copper, or its equivalent 
in  CuSO4 + 5aq.,  would  result  from  the sulphides per ton of Ontario 
ore. 

A part of this copper comes  from  the   copper in the extra-solution, 
and is thus kept in constant circulation. 

§ 30. Economy of the Process. 

To my professional colleagues it is hardly necessary to point out the 
economy of Russell's  process.  Without  entering  into detailed calcu-
lations, I will only point out the principal items which are in favor of 
lixiviation, as compared with amalgamation. 

1st. In amalgamation the fineness to which  the  ore  has  to  be crushed 
is determined by the capacity of the settler to  work off coarse sands 
without loss of quicksilver. It is not practicable  to   use a coarser screen 
than No. 30 if the crushing is  done  by  stamps.  This  is almost equiva-
lent to sifting through a No. 40  revolving  screen  if the crushing is 
done by rolls. In lixiviation, pulverizing as coarse as possible is desirable. 
The  limit  of    coarseness    is   determined  by  the  roasting process. 
It depends upon the character of  the ore, and, principally, upon the 
manner in which the silver-bearing  minerals are distributed in the 
gangue. 
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2d. The original cost of the lixiviation-plant is  much  lower  than 
that of   pans and settlers. A  further  saving  is  effected by a reduction 
in size of the engine and boilers. 

3d. In amalgamation the pans and settlers consume not less than 1⅓ 
horse-power per  ton  of  ore. The power for  pumping  solutions, etc., in 
the lixiviation-process, is merely nominal. 

4th. In large mills   the  quantity  of  quicksilver  in rotation  represents 
a capital of from §30,000 to $40,000, while   the  stock  of  chemicals re-
quired  for  lixiviation  does   not   cost  more  than  one-tenth of this amount. 

5th. With Russell's   improvements  the  percentage of silver extracted 
by lixiviation is much higher than by amalgamation. 

6th: Lixiviation by Russell's process requires  a  less  careful chlori-
dizing-roasting. That in many cases the  salt  may  be  dispensed with, is 
indicated by Ontario experiments. 

7th. The value of the lost quicksilver, and cost in wear and tear of the 
pans  and  settlers,  amounts   to more than that of the chemicals con-
sumed in the lixiviation-process. 

8th. The lixiviation-process permits the extraction of copper and lead 
as valuable by-products. 

9th.  The  sulphides  from the lixiviation-process can be much more 
easily converted into fine bars, and the  gold   parted,  than  this can be 
done with the bullion obtained in amalgamation. 

10th.   Amalgamation   is   invariably   injurious to the laborer's health. 
11th. In case gold-bearing silver-ores have been roasted with salt, 

lixiviation extracts, in most cases, more gold than amalgamation. 
If  we  take,  finally,  into  consideration: first, the great reduction 

in the cost of crushing silver-ores dry by the successful  introduction of 
Krom's steel rolls in place of   stamps;   second, the   possibility of lixivi-
ating with profit some classes  of   silver-ores   after   they have been sub-
jected to an oxidizing-roasting only; third, the   possibility of lixiviating 
many so-called "free-milling" ores without previous roasting, including 
tailings   resulting   from  amalgamation of roasted or raw silver-ores; we 
may expect a revolution in  the   reduction   of   silver-ores,   and a cheapen-
ing of the process, rarely witnessed in the history of metallurgy. 

Mr. Russell's researches are not yet   ended.   Much  ground, still a 
" terra incognita," remains to be explored.   What has* been accomplished 
is of  such  importance,  and  so  interesting, that it is expedient no longer 
to withhold it from publication. 

In conclusion I will state that this paper conveys no idea of the 
amount of work  performed by Mr. Russell. Many of his   experiments 
failed to produce results  of  practical   importance,    and are  ignored  here 
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so as  not to  overload  this  essay with too much detail. If I have suc-
ceeded in presenting the ample  material  at  my  disposal in a compre-
hensive and intelligible form, I shall feel gratified. 

APPENDIX No. 1.  

NOTES ON THE CONSTRUCTION OF THE LIXIVIATION-PLANT. 

1. Lixiviation-Tanks. 
Where a sharp quartz-sand  is  obtainable,  and  Portland cement is not 

too expensive, I would suggest to build up the  lixiviation-tanks of 
béton, reinforced with wrought-T  iron, such as architects use in the 
construction  of  floors in buildings. Such tanks could be made very 
large and rectangular,  and,  if  placed on a solid foundation, would never 
leak, wear out, or absorb any  solution.  They could be protected against 
wear in shoveling out the tailings, by a lattice-work of wood. If 
common bricks, taken hot from the kilns,  are  immersed  in coal-tar, 
they also form a suitable material for the construction  of  lixiviation-
tanks. Asphaltum-mortar is used  for  building  up  the  walls. Finally, 
I propose the use of asphaltic  concrete  for building up bottom and 
sides of the tanks. Besides, all floors of the  lixiviation-building 
should be covered with asphaltic concrete. 

2.  Pipes for Conducting Solutions. 
By heating iron gas-pipes, and  immersing them in asphaltum-varnish, 

they  receive  a  hard  coating,  which  resists for a long time even the ac-
tion  of  acid  copper  solutions. All joints are made with the aid of 
asphaltum-varnish. Cocks are to be as much as possible avoided. 
Solutions from tanks are drawn by  a  piece  of  rubber hose, entering the 
tank at the bottom, and ending below the level of the solution, kept in 
position by a swimmer. By raising  the  hose out of the solution the 
flow of the liquid ceases at once. Any  precipiate  accumulated at the 
bottom of the tank is thus left  undisturbed.  The  solution  is   admitted 
to any lixi.viation-tank by a rubber hose connected with the solution pipe. 
By  raising   the  end  of  the  hose  above  the  level  of  the  solution 
in the supply-tank,  the flow is at once stopped. Pinch-cocks are used 
merely to regulate the quantity of the solution running out. 
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3. Rassing of the Solution to a Higher Level. 
For this purpose  plunger-pumps,  lined  with  hard lead, are recom-

mended. They should be driven  by  steam-power,  be  provided with a 
loose pulley, and  either  with   cone-pulleys,  or   with  movable eccentrics, 
to regulate the number or length of  strokes,  and  thus the quantity of 
solution pumped.  It  is  of great advantage to allow the lixiviation-
solutions especially the extra-solution,  to   sink constantly through the 
charge. 

4. Precipitation of Lead Carbonate and of the Sulphides. 
In works  of  large  capacity,  stirring of  the  solutions  by  hand is labori-

ous and imperfect. Mechanical   stirrers,  with   up-and-down  movement, 
can easily be arranged. 

5. Heating of the Solutions. 
We have seen that the   extra-solution,  and  also the ordinary solution, 

acts with greater energy   at   an   elevated temperature. Hence, during 
cold weather, heating of the   solutions   may   become  necessary in order 
to shorten the time of lixiviation and obtain   maximum  results. A 
worm of lead pipe, through which steam circulates, would be the most 
convenient apparatus for this purpose. The  distilled   water could be 
returned to the boilers, and no steam need to be wasted by escaping 
uncondensed. 

6. Filtering of the Lead Carbonate and of the Sulphides. 
Centrifugal machines have been   proposed,   but   since   the  introduction 

of the filter-press, the latter  most   decidedly   deserves   the   preference. 
The precipitates can be completely   washed  out,   and are obtained as 
slightly moist cakes. The solutions in which   the   precipitates are sus-
pended, can enter the press in any condition whatsoever. 

7. Plant for the Treatment of the Sulphides. 
If the humid process is used, the plant required   has already been 

outlined. The cement-silver, after being compressed   into   cakes, is 
melted in a small reverberatory furnace with   gas-producer. I have in-
traduced such a furnace at the Lexington Mill,   Montana,  for melting 
retort-bullion. Mr, A. Wartenweiler, the  superintendent  of  the mill, 
writes as follows: "When we are ready to melt, the furnace is fired up at 
4 o'clock  A. M. Ten   bars   (of about  1800  oz.   each)  are    run  out  at 
9 A.M., when the furnace is   immediately   recharged,   and  about   11   A.M. 
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the second batch of bars is cast. For the first lot we consume one-half of 
a cord of wood, and the second takes only one-quarter of a cord, the 
furnace being already heated. It was originally intended to burn charcoal 
in the gas-producer, but I found that wood did the work just as well, in 
fact, better, and much cheaper. 

"If the metal is hot, and has been well stirred before tapping the 
furnace, the bars are very uniform in fineness, and samples taken in 
various ways seldom differ any in fineness from the granulated sample 
obtained while the metal runs into the moulds." 

8. System of Continuous Lixiviation. 

In conclusion, I wish to propose a system of lixiviation which may be 
of value in some instances. If low-grade ores are treated, the hyposulphite 
solution has not taken up as much silver as it is capable of dissolving, and 
the work of precipitating the sulphides is thereby unnecessarily 
augmented. By passing the solution from tank to tank it could be 
completely saturated, and, in my opinion, a charge could be finished in 
lass time, and with better results. I will further illustrate this by an 
example. Suppose the plant consists of six tanks, one being charged every 
six hours, which gives a working-time for each charge of thirty-six hours. 
One tank of the six is always in the act of being discharged and recharged, 
and the lixiviation-solution circulates only through five tanks. The fresh 
hyposulphite solution enters the tank which is to be discharged next, 
and runs, saturated with silver, from the tank charged last, to the 
precipitating vats. In case the ore is very coarse, and filters freely, the tanks 
can be placed on a platform of steps with a drop from 6 inches to a foot, 
and one pump will suffice to raise the solution from the lowest to the 
highest tank. With fine ores, requiring filtering by the suction of a water-
column, a pump has to be provided for each tank. The water-column, 
however, may be dispensed with, the pump itself creating the suction. In 
this manner the solution is kept in constant motion and circulation, sinking 
through the ore-charges, and leaving the last tank ready for precipitation. 
As the tank to be discharged next receives the fresh solution, the action of 
the latter, on the remaining portion of soluble silver in the ore, must be 
most energetic. 
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APPENDIX No.  2.  

HISTORICAL, NOTES. 
Mr. Ottokar Hofmann deserves the credit of having been the first  

to introduce the lixiviation-process on this continent. He has fur-
nished me with the following data.    The process was introduced : 

 1868. La Dura, Sonora, Mexico. 
1869. Trinidad, Sonora, Mexico. 
1869. San Marcial, Sonora, Mexico. 
1871. Las Bronzas, Sonora, Mexico. 
In all these places Mr. Hofniann was active himself. 
Other localities in Mexico where the process has been or is still in 

operation are: 
La Barranca, Sonora. 
Promontorio, near Alamos, Sonora. 
Cosihuiriachic, Chihuahua, 
Mines near Parral, Durango. 
Triunfo, Lower California. 
Las Yedras, Sinaloa. 
Alameda and Tirito, Sonora. 
In the United States lixiviation was first introduced by Mr. G. 

Kuestel, in 1874, at Melrose, near Alameda, California. The works 
were built to do custom-work, and the supply of ore being limited and 
irregular, they did not prove a financial success, and had to be aban-
doned. 

 1877. At Galena, Nevada, ores containing zinc-blende and galena 
 were concentrated by Krom's dry system.    The galena-concentrations 
 were sold to smelting-works, and the silver-bearing zinc-blende treated 
 by lixiviation.    The mine has been abandoned. 

 1878. O. Hofmann works concentrations containing $250 silver and 
 §25 gold per ton at the Advance Mill, Monitor, California, where 85 
 per cent. of the gold has been extracted by simple lixiviation. 

1879. Introduced at the Tarshish Mine, Monitor, California, by O. 
Hofmann.    The results have been already stated.    Both of the last-
named works had only a short existence. 

1880. First successful introduction, on a large scale, at the Silver 
King Mill, Arizona, by 0. Hofmann.    Average of ore $196.92 per 
ton ; percentage of silver extracted 89.2 per cent. 

1882. Lixiviation-works of 60-ton capacity are constructed at the 
Bertrand Mine, Geddcs, Nevada.    Krom's rolls are successfully intro- 
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duced for pulverizing the ore. For results I refer to Professor Egles-
ton's paper quoted previously. 

1883. A lixiviation-mill has been built for the Mt. Cory Mine, 
Nevada, with Krom's rolls. 

At the Old Telegraph Mine, Utah, chloride of silver has been ex-
tracted by lixiviation from oxidized lead-ores without roasting. The 
residues' were subsequently concentrated for lead-minerals. 

APPENDIX No. 3.  

A COMPARISON BETWEEN KROM'S ROLLS AND THE STAMP-
BATTERY. 

The successful introduction of Krom's rolls in the Bertrand lixiviation-
mill, Nevada, is of such importance that it deserves notice here. In 
comparing stamps and rolls we have to consider : 1st. The physical 
difference of the pulp produced. 2d. The question of economy, namely : a. 
In regard to original cost of constructing the plant. b. The wear and 
tear of each machine, and consumption of fuel. 

1. The Physical Difference of the Pulp Produced. 
I refer here to the well-known fact, that if pulp produced by rolls or 

by stamps is sifted through the same size of screen, the ore-particles from 
the former are more uniform in size, and contain much less impalpable 
dust than those from the latter. It has been found that for chloridizing-
roasting great fineness of the ore is entirely unnecessary— provided the 
silver minerals are not too finely impregnated in the gangue. In the 
lixiviation-process great fineness of the ore interferes with rapid filtration. 
From this it follows that ore pulverized by rolls is in the most favorable 
condition as far as the mechanical part of lixiviation is concerned. 

2. The Question of Economy. 
A discussion of this subject, which is complete and thorough, and 

compares the efficiency of rolls and stamps under varying conditions, is 
not possible at present, because the available statistics concerning Krom's 
rolls are confined to those from the Bertrand Mill. Sufficient evidence, 
however, has accumulated to prove the superiority of the rolls 
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beyond any doubt. Their introduction in the Mt. Cory Mill, Nevada, 
will soon bring additional proof. It seems to me that the application 
of rolls is most favorable in cases where silver is extracted by 
lixiviation, and the character of the ore permits comparatively coarse 
crushing without interfering with good roasting. 

A comparison between rolls and stamps will be made from the fol-
lowing premises: I assume that the crushing capacity of two sets of 
Krom's 26-inch rolls is equal to that of a 30-stamp battery with stamps 
of 850 pounds, dropping from 7 inches to 8 inches ninety-four times 
per minute. Mr. Clark, superintendent of the Bertrand Mill, states 
that he can crush, with two sets of rolls, 100 tons of ore in twenty-
four hours to such a fineness that all will pass through a No. 16 wire-
screen, consuming not over 4 cords of wood for power. The ore has a 
quartz gangue, and is by no means an easy crushing ore. The fuel 
required for running 30 stamps is about 6 cords of wood in twenty-
four hours. For some remote locality in the West the following prices 
are assumed, namely : Freight at 3 cents per pound; lumber at §50 per 
thousand feet; wood at $6 per cord; wages of carpenters at §4.50, and of 
millwrights at $6. Certain items of construction will be about equal, 
namely : conveyors, elevators, revolving screens, and dust-chambers. 
Revolving screens are also used in connection with a well-appointed 
battery in order to separate coarse material resulting from the breakage of 
battery-screens. The building, however, for rolls will be much smaller 
than that for the battery, and a saving of not less than §1500 will be 
effected in its construction. Finally, the rolls requiring less power, a 
saving of at least $1250 will be made in providing and setting up engine 
and boilers in a mill with rolls. 

Cod of Erecting a 30-stamp Battery.—The plant, including hard-
wood screen-frames and guides, wooden pulleys on cam-shafts, Tul-
lock's feeders with iron hoppers, and all necessary bolts, weighs 
90,(500 pounds, and costs in Chicago §5850, according to a statement 
of Messrs. Fraser and Chalmers. The framework takes about 36,000 
feet of lumber, and the expense of setting up the battery is estimated at 
$4000.    Hence, total cost of constructing a 30-stamp battery is: 
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Cost of Erecting two sets of Krom's 26-inch Rolls.—The amount of 

lumber required for setting up the rolls alone is merely nominal. 
From this it follows that also the labor of placing the rolls must be 
trifling. The weight of one set of 26-inch rolls is 12,000 pounds, and 
the cost in New York is $2250. There is only one self-feeder required, 
and its weight is estimated at 2000 pounds, cost $200. 

From these figures we deduce the following: 

 

Wear and Tear of Stamps and Krom's Rolls.—In comparing the 
wear and tear of stamps and rolls we cannot very well express 
it per ton of ore crushed, because the capacity of the pulverizing 
machinery is a function of the hardness of the ore, and of the fine-
ness of the pulp produced. A much correcter method will be to 
take the figures per running time of twenty-four hours. Making esti-
mates from this standpoint it is supposed that the wear and tear in run-
ning the machinery at full capacity is a nearly constant quantity, while 
the capacity is variable as stated above. That this assumption is cor-
rect for practical purposes has become evident to me by a comparison 
of the battery-statistics from the Manhattan and Ontario mills. The 
conditions in these mills are by no means the same. There is a differ-
ence in the character of the ore; the Manhattan uses No. 50, and the 
Ontario No. 30 screens; the Manhattan stamps weigh 1000 pounds, 
those at the Ontario 850 pounds; Ontario stamps drop 92 times per 
minute, those at the Manhattan about 100 times; still, in comparing 
the wear and tear per actual horse-power expended, the figures are very 
nearly the same. Hence, my argument does not lack the support of 
practical experience. The wear of rolls is principally confined to the 
steel tires, that of the batten' to a great number of parts.    With rolls 

* In both estimates elevators, conveyors, and revolving screens are not included, 
as stated previously. 
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the steel tires can be consumed to within less than ½ inch of their 
thickness, while with stamps, the shoes and dies have to be exchanged after 
only two-thirds, or less, of their weight has been worn, leaving other parts 
out of consideration. Another point should not be overlooked. The 
complicated construction of the battery causes considerable expense in 
skilled labor for repairs, which, in the case of rolls, is merely nominal. 
Advocates of the battery have argued that its great advantage is the 
continuance of its operation if one battery of five stamps gets out of order, 
while both sets, or three sets of rolls, as the case may be, have to be stopped 
it" repairs are needed for one set. But it is just the solid construction of 
Krom's rolls which reduces stoppages from this cause to a minimum. The 
system of elevators, screens, hoppers and conveyors, if properly 
constructed, will get out of order very rarely. How often it is necessary to 
hang up stamps for repairs is too well known to require any statistical 
proof. 

Wear and Tear of Krom's Rolls.--As to statistics of wear and tear of 
Krom's rolls I am confined, at present, to those from the Bertrand Mill. Mr. 
R. D. Clark states that two sets of steel tires crushed in round figures 
20,000 tons of ore. 

As stated previously, the full capacity of the rolls is, in twenty-four hours, 
100 tons, the ore being sifted through a No. 16 screen. In the beginning, 
however, the ore was crushed much finer, namely, so as to pass a No. 20 
screen, and the daily capacity of the rolls was much less. Taking this into 
consideration, the actual wearing capacity of the tires cannot be estimated at 
less than 250 working days. The cost of this wear is as follows : 

 
Wear and Tear of Stamps.--I have been favored with correct statistics 

from three of the most prominent mills in the West, namely, the 
Manhattan, Nevada; the Ontario, Utah ; the Lexington, Montana. Taking 
into consideration the somewhat abnormal conditions at the 

* These figures will, no doubt, be considered too high by Mr. Krom and 
Mr. Clark. I consider it safer, however, to provide a limit for accidents. 
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Manhattan Mill, in so far as the weight of stamps there is 1000 pounds, 
and the number of drops is greater than in either of the other mills, causing a 
more frequent breakage of stems and cam-shafts; further, that the statistics 
from the Lexington Mill are those from the first year's run, where certain 
breakages are reduced to a minimum ; finally, that freight in these localities, 
on account of direct railroad-communications, is slightly less than I have 
assumed in my premises, I arrive, by making such allowances, at the 
following figures for wear and tear of a 30-stamp battery per twenty-four 
hours running time: 

 
Interest and Amortisation.--In comparing the expense of running rolls 

and stamps, interest and amortisation on the excess of capital required in the 
original construction of the plant for stamps cannot be neglected. 
Considering the short life of most silver-mines in this country, this item 
should not be taken at a lower rate than 15 per cent. per annum. If we 
take the running time of a mill at three hundred and fifty days in the year, 
and consider that a mill with stamps will cost $10,938 more than one with 
rolls, the interest and amortisation amount to $4.68 per day. 

Summary.--From the above we find the following daily saving in a mill 
with two sets of Krom's 26-inch rolls as compared with 30 stamps: 

 
If no great accuracy can be claimed for this estimate, it is the best winch 

can be given at present. 
Mr. Krom, supported by Mr. Clark, claims that two sets of rolls will crush 

more ore than 30 stamps. Others will consider my estimate too much in 
favor of the rolls. Time will establish the correctness or fallacy of these 
views. 

* Of this amount, the wear and tear of shoes and dies represents only 40 
per cent.: tappets, bosses, cams, stems, cam-shafts, flanges, and boxes, 3S 
per cent.; and screens, lubricants, screen-frames, battery-guides, and 
carpenters' and machinists' supplies, 22 per cent. 
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MOLLING STEEL INGOTS WITH THEIR OWN INITIAL 
HEAT. 

BY JOHN GJERS, MIDDLESBROUGH, ENGLAND, MEMBER 
OF THE BRITISH IRON AND STEEL INSTITUTE. 

BEING on a visit to your great and prosperous country, and having been 
favored with an invitation to attend this meeting of your Institute, the author 
has been requested by your Secretary to give a short account of his 
invention of the "soaking-pit," which he has great pleasure in doing. 

The object of the soaking-pit is the rolling of steel ingots with their 
own initial heat, that is, to supply the missing link in that chain of 
metallurgical operations which Sir Henry Bessemer began in 1857, when he 
proved how it was possible to produce malleable iron or steel direct from the 
fluid cast-iron out of the blast-furnace, without any further direct use of 
fuel. 

The great Bessemer invention has revolutionized iron and steel-making 
throughout the world; but it stopped short at producing the ingot, which, 
it was found, had afterwards to be heated in a furnace to enable it to be rolled 
or hammered; and it is only lately, twenty-five years after Mr. Bessemer's 
announcement, that the author of this paper has been able to show that 
furnacing can be dispensed with, and that it is practicable to roll a steel 
ingot into say a bloom, a rail, or a billet, with its own initial heat. 

It has no doubt suggested itself to many that there ought to be heat 
enough in the ingot just cast, for the purpose of rolling; and from time to 
time attempts have been made to utilize this heat; but such attempts always 
ending in failure, it became a settled opinion in the trade that it could not 
be done--an opinion which the author is aware that your late lamented 
countryman, Mr. Holley, than whom there was none more conversant with 
Bessemer steel-making, also entertained. 

But settled opinions sometimes prove to be great fallacies. As an instance, 
it is not many years since the opinion prevailed in the trade that steel 
ingots could not be rolled successfully, that is, so as to make good rails, 
unless they were first allowed to get quite cold, and afterwards heated.   No 
greater boon was ever conferred on the 
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steel-maker, than when the custom began to take the ingots as hot as 
possible to the furnaces. The fact is, steel does not improve by strong or 
repeated heating. On the contrary, the less heating it has the better. A steel 
ingot is often permanently injured in the heating-furnace ; and many of the 
defects in steel rails are traceable to that cause. 

You are aware that the present practice of Bessemer steel-making is to take 
the fluid cast-iron direct from the blast-furnace, or to take remelted metal from 
the cupola, and blow it in the converter into steel. The steel is cast into 
moulds, and the ingots produced are either very strongly heated in a 
furnace and rolled direct into maybe several lengths of rails; or the ingot, 
somewhat less heated in a first heating-furnace, is rolled into a bloom 7 or 8 
inches square, which is cut up in lengths for single rails, such cut-up pieces 
being afterwards given a second slight heat, or what is called wash-heat, and 
then rolled out into rails. Without going into the merits of the two modes of 
operation, the author will only point out that the latter is the mode most in 
favor in this country. In this case, the soaking-pits would supersede the first 
heating only; but wherever the machinery is strong enough to roll off several 
lengths of rails from one heat in a furnace, it is also capable of rolling off 
from the soaking-pits (if properly arranged) with no heating at all. . 

It has been ascertained by direct experiment made for the author by the 
well-known analytical chemist, Mr. Stead, of Middlesbrough, England, that 
the margin of heat is ample; that is, if the heat-units in an ingot brought 
in a furnace to the highest heat for rolling be represented by 100, then the 
heat in fluid steel is 150; so that one-third of the total heat in the fluid steel, as 
it is poured into the ingot-mould, may be lost, and yet there would be sufficient 
left for rolling purposes. 

Some of this heat passes into the mould and some is lost by radiation on its 
passage from the mould to the soaking-pit; but in actual practice there is no 
need to lose so much as one-third. Hence, the soaking-pit system, by 
observing certain conditions, can be made almost universally applicable. 
The operation of soaking is carried out by placing the ingot, as early as 
possible after it has been stripped of its mould, in previously heated cells of 
brickwork, or other heat-absorbing sufficiently refractory material, arranged 
so that the least possible amount of heat shall be able to escape. The plan 
most easily carried out, and the one which gives by far the best results in 
practice, is that of underground single vertical soaking- 
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pits, arranged in nests of any required number of pits. After the brickwork 
in these pits has once got thoroughly heated, the operation of preparing 
ingots for rolling can go on continuously. 

Three main conditions for success, which must be as far as possible 
attended to, are: 

1. To strip the ingot as early as possible. 
2. To remove the ingot with the least possible delay into the 

soaking-pit. 
3. To carry on the operation of placing fresh ingots in the pits 

at a sufficient rate of speed. 
In this country, where the blows of the Bessemer converter succeed' 

each other very rapidly, the first two conditions need be less strictly 
complied with ; since, if the ingots come on faster, there is less margin of 
heat required in each ingot. But if the margin be sufficient, then this 
excess of heat from each ingot, after the brickwork is once thoroughly 
heated, continuously passes into the brickwork constituting and 
surrounding the pits, and tends to keep the pits always at a high 
temperature. The brickwork surrounding the ingot being as hot as the 
ingot itself, or nearly so, it follows that very little heat can escape from 
the surface of the ingot, and that the excessive internal heat will work to 
the surface and heat it, thus tending to distribute the heat equally through 
the ingot. As soon as the ingot on the surface becomes hot enough (and HO 
longer time should be allowed in the pits than is necessary), it should be 
taken to the rolls. There is always the assurance in favor of the ma-
chinery, that whatever the surface-heat, the ingot is always hotter inside, 
which is the reverse of what happens when an ingot is heated from a 
comparatively cold state in a furnace. 

Thus continually every ingot brings into the pits some excess of heat, 
which tends to keep them always at a high temperature, such heat 
dissipating but slowly in the underground arrangement, since, after the 
ground gets saturated with heat, it can only escape principally upwards. 
After a time no inconvenience is felt from occasional stoppages; and if 
the top-plate be covered with 3 or 4 inches of sand or ashes on Saturday, 
there will be no difficulty in starting with the first blow on Monday 
morning. 

In the accompanying Plate, Fig. 1 shows the sectional elevation, and 
Pig. 2 the plan of a set of four soaking-pits. These pits are built in a 
mass of brickwork ion a concrete foundation B. The ingots C C stand 
upright in the pits. Each pit is provided with a separate lining, D, which 
should be of the best hard-burnt firebrick, 
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the remainder of the brickwork being of an inferior kind. F is a cast-iron 
plate to cover each pit, fitting loosely within the large plate E which is 
held down by foundation bolts. 

One pit is shown with an arrangement of double covers, G G, which 
may be lifted by hand; the other pit shows an arrangement of brick cover, 
H, which must be lifted by the crane or by a lever on a pair of wheels. 
This brick cover is preferable whenever rolling off direct into rails is 
intended, or the margin of heat from the Bessemer operation is small. The 
cast-iron or steel covers, as shown, have, however, proved themselves 
sufficient whenever blooming only was intended. 

The ingots are placed in the pits and taken out by an ordinary hydraulic 
ingot-crane and suitable tongs. One such crane, and a set of four men 
and a boy on each shift, can readily deal with say two hundred 20-cwt. 
ingots per twelve hours, or, say 2000 tons a week. In the case of heavier 
ingots, a considerably larger, and in case of very small ingots a smaller, 
tonnage would be put through. For such standard output, about eight pits 
would do the work. 

The author's paper on this subject, read at the Vienna meeting of the 
British Iron and Steel Institute, in September, 1882 (Journal Iron and 
Steel Institute, 1882, ii., p. 565), was accompanied with a diagram, showing 
an outline plan and elevation of a Bessemer plant conveniently arranged for 
working on the soaking-pit system. Referring to that paper for details, I 
will simply say here that the ingots are taken from the casting-pit by 
means of two ingot-cranes, and delivered to a third crane, which transfers 
them from the ingot-cranes to the soaking-pits. The latter are commanded 
also by a fourth crane, which transfers the prepared ingots to the blooming-
mill. By thus placing the blooming-mill near the Bessemer plaint, and 
handling the ingots with the cranes only, a good deal of labor would be 
saved; and there would be no difficulty in getting the ingots from the 
soaking-pits hot enough to roll off straight into rails. 

But, besides the saving of coal, labor, and cost of repairs to furnaces, 
there is another economy in the soaking-pits, viz., the saving of steel. The 
loss of steel by absolute waste in the heating-furnace varies very much in 
different works. In England and on the continent of Europe, the loss in 
first heating is seldom leas than 2 ½ per cent. in the ingot after it has left 
the blooming-rolls, and 1 ½ per cent. on the bloom in wash-heating after 
it has left the finishing-rolls. 
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Numerous experiments have been made by actually weighing the ingot 
after it left the mould, and the bloom after it left the blooming-rolls; and it 
has been proved that the loss with the pits is ½ per cent., or a saving 
of about 2 per cent. in yield of blooms. This may not hold good in all 
cases in this country, where the ingots always are of large size; but the 
saving will be an important one. It arises from the fact that the ingot, 
when in the pit, is entirely excluded from free oxygen. Not only does the 
cover exclude the atmosphere, but during the soaking operation a 
considerable quantity of gas exudes from the steel and fills the pit, 
completely protecting the ingot. By analysis this gas has been shown to 
be composed entirely of hydrogen, nitrogen, and carbonic oxide, so that 
the ingot soaks in a perfectly non-oxidizing medium. 

In cases where rails have been rolled off direct from the soaking-pit, the 
loss has been something less than 1 per cent., under favorable 
circumstances as low as ¾ per cent; while in England it has been 
shown that the loss in rolling off in one heat from the furnace is often 3 
per cent., and never less than 2 ½ per cent. 

The soaking pit process has long since passed the experimental stage, 
and is now in continuous operation in four Bessemer works in England, 
two of which roll off direct without any furnacing whatever. The system 
is just about being started at the largest open-hearth works in Scotland. 
It has also been in continuous work for some months at two large 
Bessemer works on the continent; and a third is just starting, as also an 
open-hearth plant. The author wishes to point out that smaller open-
hearth works cannot make use of the process to the full extent of rolling 
or hammering direct from the pits, on account of the long space of time 
between their casts; but they may derive great advantage from allowing 
one cast of ingots to remain in pits well covered until the next cast 
follows, thus gaining ample time for the chemical and other tests. 

Although the ingot, in such a case, may not come out hot enough to go 
into the rolls, still it will come out at a red heat; and a comparatively slight 
heating in a furnace, with corresponding smaller waste, will make it fit 
for rolling. This applies especially to hard steel. 

To the Bessemer plants of this country the system is peculiarly adapted, 
on account of the fast and regular working which prevails. In starting new 
pits, the author prefers first to dry them thoroughly, and expel all steam 
from the brickwork by inserting moderately hot ingots. When the pits are 
dry  the insertion of very hot ingots 
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should begin, and be repeated, say, every half hour until the brickwork in 
the pits gets up to a red heat. After a few hours, the ingots will come out 
hot enough to roll. Until the pits get very hot, the ingots may not have to 
remain in them more than fifteen to twenty minutes; afterwards, when the 
pits get hotter, they will have to stay a longer time, depending upon the 
initial heat of the ingot. 

RECENT IMPROVEMENTS IN COPPER-SMELTING. 

BY FREDERICK H.   MODOWELL, NEW YORK CITY. 

NOTWITHSTANDING the rapidly increasing use of copper, due to the 
extension of its applications within the last few years, the fact of its 
continued steady decline in price stands prominently forward. Nor have we 
far to look for the cause. The opening up of the vast copper-deposits of our 
Western States and territories is the metallurgical event of the last five 
years. 

We must not forget, in looking at the new field, the changed conditions 
under which the metallurgist must work, as compared with the previous 
history of copper-smelting. Until quite recently, the copper-plants of the 
country were few in number; and the concentration of industry implied in 
this circumstance, allowed many practices which must be considered as 
inapplicable to the conditions offered at the many mines which have of late 
become such important factors in our copper-production. Thus the old 
style of smelting the ore for matte in brick furnaces, involving great 
expense and time in their construction, while deservedly losing repute even 
in its old strongholds, in comparison with water-jacketed smelters, is still in 
some cases adhered to. But to put up such furnaces at Western mines 
would be out of the question. The large and continual need of brick for 
relining and repairs acts as an effectual bar, when such furnaces come into 
competition' with the light, portable, and easily managed water-jacketed 
smelters of improved types. 

It is owing to the present unusual activity, manifested in the opening 
up of new copper-properties and the erection of plants for working them, 
that any improvement in furnace-construction is of especial interest and 
importance. The method in which processes are copied without variation 
in the rapid growth of metallurgical interests, has already been strikingly 
exemplified in the history of 
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our gold and silver extraction-works; and it is desirable that, in what 
may be considered the inception of copper-smelting at the West, no false 
practice or unimproved plant should be allowed to "set the fashion " for 
succeeding usage. 

It is in this spirit that we draw the attention of the Institute to an 
improvement in water-jacketed smelting-furnaees, which has not as yet 
been brought definitely before its notice. 

This improvement, which we owe to Mr. J. B. F. Herreshoff, the 
superintendent of the works of Messrs. G. H. Nichols & Co., of New York, is 
the subject of a patent granted to him, and concerns what has long been a 
troublesome feature of furnaces with removable wells, namely, the cutting 
away by the molten slag of the connection between the furnace and the well. 
By a simple device this is here entirely obviated; and while, we believe, no 
claim is made of originality in connection with the rest of the furnace, still 
the selection of the details has been made with such care, and the results 
obtained have been so encouraging, that where so many works are in 
process of construction, and so many questions are showered on metallurgists 
as to the plant best fitted for the work in view, we think it best to describe 
the furnace as a whole, paying, however, special attention to the slag-
connection, when we come to speak of it in its order. 

The furnace described is known as a 100-ton smelter, and is of the 
pattern used during the last three years at the Laurel Hill Works of 
Messrs. Nichols & Co., for smelting the cinders resulting from the burning 
of low-grade copper-bearing iron pyrites. With such material, it has 
smelted as high as -17,000 pounds of charge per day, exclusive of coke, 
which latter bore the ratio of 1: 7 to the charge itself. In looking at such a 
figure, however, the adverse conditions, as regards ordinary copper-
smelting, under which the run was made, must be remembered. Thus, the 
copper-smelting being subsidiary to the manufacture of sulphuric acid, for 
which the pyrites is used, no chance is afforded of mixing different qualities 
of copper-bearing materials together for the purpose of making a fusible slag, 
since but one kind of ore is used for making the acid. The only addition 
found practicable was the addition of sand, to supply the deficiency of silica 
in the ore. When it is remembered that the fusibility of polybasic silicates is 
much greater than that of ferrous silicate alone, the effect of being able to 
utilize a varied mixture of ore is at once apparent, as increasing the 
amount we are able to charge in a given time. 

Another point of even greater influence in determining capacity 
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is the mechanical condition of the cinder as used at the works. It is 
broken to small lumps (the size of an egg, for instance) in order thoroughly 
to burn out the sulphur in the kilns ; and, being exceedingly friable, by the 
time it is put in the furnace, after much handling, both in and out of the 
kilns, it is in much too fine a condition for the best results as regards 
rapidity of fusion, since by filling the spaces between the lumps, the fine 
material causes the blast to seek passages of least resistance and thus to be 
imperfectly utilized. We are therefore safe in saying that the run above cited 
can be exceeded under the more favorable conditions of ordinary smelting. 

The drawings designed to accompany this paper are so clear as to details, 
that it has been thought best to allow them to explain themselves, while the 
leading features of the furnace are enumerated without much alphabetical or 
numerical reference to the plates. 

The furnace proper consists of a double shell of boiler-plate steel, circular 
in section, and 10 feet in height; the iuner diameter of the shell at the base 
being 4 feet, while at the top the diameter is 5 feet and 6 inches. The water 
space between the shells is 2 inches. They are connected at the bottom by 
rivets passing through a ring of wrought iron, 4 inches in diameter and 
placed between them. The connection at the top is made by turning over 
the inner shell for about 4 inches, where it laps over a similar but not so 
deep turn of the outer shell.    These are then riveted together. 

The furnace-bottom is in the form of a very shallow basin of cast-iron, 
bolted on to the ring connecting the inner and outer shells of the water-
jacket. 

This water-jacket rests on columns 2 feet, 6 inches high, and is thus 
raised sufficiently from the floor to allow easy manipulation of the well, 
without placing anything below the level of the ground; while all danger 
due to overheating of the bottom-plate is overcome by the free radiation 
thus allowed from its surface. 

The columns are four in number, and so spaced that they do not interfere 
with the removal of the well or its subsequent adjustment. 

By a glance at the drawings, it will be seen that the columns are placed, 
not directly underneath the jacket, but with their inner margin touching 
the outer shell of the jacket, to which they are secured by strong irons, of 
the requisite angle for giving a broad bearing both on the head of the 
column and on the wall of the shell. By this means, the bottom is entirely 
removable. The center of the bottom-basin is thickened and flattened on the 
outside, to allow of a support which can at any time be removed.  The air is 
supplied to 
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the tuyeres by means of an air-box reaching around the furnace, except for 
about one-sixth of its circumference, where its jutting over the well would be 
inconvenient. This air-box is 20 inches high and 4 inches through, and 
receives its own air from a No, 5 Root's Positive Blower. The tuyeres are in 
reality water-jacketed ; since they are formed by a ring of 2 inches internal 
diameter, bolted between the shells of the jacket, and are not prolonged 
within the interior. The passage for air thus formed, communicates directly on 
the one hand with the interior of the furnace, and on the other with the air-
box. Opposite each tuyere, in the outer wall of the air-box, is placed a 
removable cover, furnished with a glass for inspecting the interior of the 
furnace. When necessary, the cover can be taken off and a bar inserted in 
the opening. The interior diameter of the furnace at the tuyeres is 4 feet, 3 
inches. A small opening, which can easily be made water-tight, is 
conveniently placed near the bottom of the outside shell, for the removal of 
sediment from bad waters. The feature of the furnace, however, is the ease 
with which an old well can be removed, repaired and run back, or if, as may 
be advisable, two wells are used, a new one can be immediately substituted 
for the old. The principle upon which this is done, consists in making the 
slag, which has been of great trouble in cutting out connections through its 
corrosive and mechanical action, itself form the connection between the 
well and the furnace. It can readily be seen that if the slag-hole in the 
furnace be made to correspond to the opening through which the slag flows 
into the well, and the well, which is placed on wheels, be run up so as to 
touch the furnace, the bulk of the slag will run into the well while a part will 
trickle down between the furnace-front and the back of the well. If this be 
solidified while trickling through, and can be kept cool enough to resist 
penetration by the molten slag continually flowing, it is evident that we have 
made a tight connection by means of the slag, which heretofore has been the 
great destroyer of connections between the furnace and removable wells. This 
cooling of the slag is effectually done by means of a water-jacketed back to 
the part of the well in the immediate vicinity of the slag-hole. The slag is thus 
brought into contact with two surfaces kept constantly cool, and any tendency 
to leak between the walls is prevented. 

It is believed that the manner of using movable wells is tolerably familiar 
to the members of the Institute. If not, a look at the elevation of the furnace 
will sufficiently explain the mode. Apart from the preservation of the 
connection between the furnace and the well, 
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the water-jacketed slag-inlet is the best preventive of the cutting-out and 
enlargement of the inlet itself. 

The lower front of the furnace, where the well comes into contact with it, 
is flattened to correspond with the back of the well, which is itself provided 
with a wedge-shaped iron, to make the small water-jacket parallel to the furnace-
front, which, owing to its conical shape,-recedes towards the base of the 
shell. The well is of such height that the slag before flowing out rises above 
the inlet-hole in the well, and thus cuts off any fumes which might be blown out 
by the blast-pressure. The lip, over which the slag is constantly flowing, and 
which, formed at first from a mixture prepared to withstand its action, was 
rapidly worn away, is now made of iron with a small stream of water 
constantly flowing through. The arrangement gives no trouble, while the 
lip itself shows no wear after many months. The matte is tapped from the 
side of the well, when nearly filled, and allowed to run into a series of iron 
moulds. 

The charging-door is situated just above the shell, where the flue, as 
shown in the drawing, bends over the furnace. For works where the ore can 
be charged free from dust, such a flue and dust-chambers can be dispensed 
with. They are necessary at the works of Messrs. Nichols & Co., for reasons 
given above. In case no flue is required, the furnace can be finished off by 
simply placing above the water-jacket a continuation of thin iron plate with 
a lining sufficiently thick to prevent the burning-out of the iron. 

The furnace, as thus made, forms in our opinion a cheap, convenient and 
compact type of furnace for copper-smelting; while, as is apparent, its use is 
not restricted to that metal. Indeed, it is especially applicable to lead; and 
its use in that direction will probably be not behind its advantages as a 
copper-smelter for treating our western ores. 

The old style of lead-furnace, with the pocket for the reception of the 
molten metal communicating directly with the hearth of the furnace, which is 
sunk far below the level of the tuyeres, is familiar to all. In such a furnace, 
the slag must be tapped intermittently, since no provision is made for 
trapping the blast in case the slag-opening be not closed. In any case of 
irregular working, with formation of deposits in the bed of the furnace, it is 
practically impossible to get at them without removal of the water-jacket 
above, since they are far below the level of the blast and cannot be fused out. 
Recognizing this, it has been the practice to make the water-jacket in sections 
or removable. 
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Such difficulties are, however, overcome by a modification of the furnace 
already described for copper-smelting. To use it as a lead-smelter, it is only 
necessary to make the water-jacket 5 feet, 6 inches in height, and continue 
the furnace above in brick, and also to provide the, pocket, fitting it to the 
side of the well, instead of directly to the furnace. The advantages of 
this arrangement are obvious. The flow of slag is constant, since the 
deleterious lead-fumes are stopped as soon as the slag-level reaehes above 
the slag-outlet of the furnace. The hearth of the furnace is but a small 
distance below the tuyeres, rendering easy the removal of any 
obstruction by using more fuel and blast. Such obstructions are, 
however, not so likely to occur as where the molten materials get below 
the zone of burning fuel. 

The well in this case takes the place of the deep basin in the furnace ; 
and when any trouble occurs, the difference between changing a well 
which, with this furnace, is the work of a few minutes, and removing the 
water-jacket and then working out an obstruction sunk in a deep basin, 
can be appreciated. 

These points may be considered of sufficient importance without 
enumerating minor advantages. As a combination-furnace, applicable to 
lead and copper-smelting, it seems to possess some advantages over any 
furnace designed for either purpose. I am indebted to Mr. J. B. F. 
Herreshoff, Superintendent, and to Mr. Lucius Pitkin, chemist of 
Messrs. G. H. Nichols & Co.'s Works, for opportunities to thoroughly 
investigate the subject of this paper, and I desire, in this connection, to 
thank them for their courtesy. 

THE WOLF SAFETY-LAMP. 

BY EUGENE B. WILSON, DRIFTON, PA. 

THE development of coal-mines has kept pace with the facilities at 
command for ventilating and lighting. In fact, it was formerly customary 
to leave unworked those mines, or portions of mines, in which naked 
lights could not be used without danger. Attention was then turned to 
the ventilation ; but even with improved ventilation, the naked light was 
often unsafe. The new era in coal-mining dates, we may say, as far back 
as 1815, when Sir H. Davy and Mr. George Stephenson discovered the 
principle of the safety-lamp. Since then many improvements have been 
added to their lamps, but 
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until recently, none can be said to have given entire satisfaction; and 
even now the question of more light is being agitated. 

The difficulties to be overcome by improvers were many. Attention 
was first directed to the locks, with the view of making them more 
secure, and of preventing the miners from picking them to light their 
pipes, or from relighting the lamps in the mines in case they had been 
extinguished—such a proceeding being, of course, highly perilous in 
fiery mines. The improvement of locks was not found, however, to be 
perfectly effectual, since the miner could, by the aid of his picker, raise 
the wick of the lamp to such a height as to draw the flame through the 
gauze and thus light his pipe. Legislation then made the act of smoking 
in fiery mines a criminal offense; but even this did not put an entire 
stop to it, nor could it be guarded against, since the pickers were 
indispensable in order to raise and trim the wicks. On the other hand, 
could all the miners have been convinced that in drawing the flame 
through the gauze, they put in jeopardy their own as well as the lives of 
others in the colliery, and thus persuaded to cease from the practice 
voluntarily, still the danger would not be entirely removed ; for we have it 
from no less an authority than Mr. Darlington, that sparks may fly off 
from the lamp when the picker is used, and that one spark would be 
sufficient to cause an explosion. 

The next attempt was to invent a lamp which would not pass the flame 
through the gauze when moved rapidly. The Boty lamp, on being 
immersed in an atmosphere highly charged with fire-damp, becomes 
extinguished. But the miner thus finds himself in an unenviable position, 
since he cannot relight his lamp, and must, consequently, remain in the 
dark or grope his way back to the fire-boss to have his light unlocked 
and relighted—a dangerous undertaking at best. 

What was needed was a lamp, the lock of which could not be 
tampered with; the wick of which could not be raised ; one which did 
not require a picker, and could be extinguished or lighted at pleasure 
without opening. 

Such a lamp is the invention of Mr. Wolf, of Zwickau, Saxony. A 
friend of the writer brought one of them from Germany last fall, and it 
has been greatly admired for its simplicity, efficiency and safety. The 
accompanying drawing shows Wolf's improvement as attached to the 
Mueseler lamp, which was considered by the Belgium Commission of 1868 
to be the best, and the use of which was again made obligatory by a royal 
decree in Belgium in 1876, as it had been 
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also in 1864, before the Commission reëxamined the question. The Mueseler 
lamp is, like the Clanny, a modification of the Davy in which a glass 
cylinder is interposed between the wire-gauze cylinder and the body of the 
lamp, so that the light of the flame is not diminished by the wire. The 
Mueseler lamp has, however, also a sheet-iron chimney inside the gauze, 
which is said to cause the light to be extinguished when placed in a strong 
draft or an oblique position. The Mueseler lamp burns vegetable oil. The 
Wolf lamp, on the other hand, burns benzine, which is less expensive, 
gives a brighter and more uniform light, and does not deposit soot. The 
consequence is, that a much finer wire-gauze can be used, with great increase 
in safety; and the miner does not need to pick his flame or clean his lamp 
during the shift, the wick being made of mineral wool. The opening of 
the lamp is prevented by a lock which is operated by a magnet; and as it 
is not necessary to open the lamp to relight it, all legitimate occasion for 
doing so in the mine is removed. 

The body of the lamp, W, which contains the benzine, is packed with 
mineral wool, to prevent spilling. Thus held, the benzine is itself no 
source of danger. The flame may be made larger or smaller, to a limited and 
not dangerous extent, by the screw S, working in the collar M. The 
arrangement for lighting is not clearly shown in the drawing. It is similar 
to that which is so commonly sold by tobacconists for lighting cigars, 
consisting of a tape, carrying at intervals small percussion-wafers. The dotted 
lines between A and B indicate, in a general way, the position in the lamp of 
this arrangement. The button B operates both the feed of the tape upward 
(bringing a fresh percussion-cap to the point of ignition A) and, by means of 
a spring not shown, the tripping of the lever which explodes the cap. This 
lever is shown in the drawing in contact with the tape-holder at A, as it 
would be just after the explosion of the cap. 

In the latest edition of Serlo's Leitfaden zur Bergbaukunde (Berlin, 1884), 
vol. ii., p. 453, the above-mentioned advantages of the Wolf lamp are 
enumerated (but no drawing is given); and it is added that the lamp is said 
to go out when dangerous proportions of fire-damp are present, and also to 
burn in "bad air," long after oil-lamps have gone out It certainly seems to 
the writer to be the nearest approach to a perfect safety-lamp which we 
have at present. There is, of course, yet room for invention. We want more 
light, and better instrumental means of warning when fire-damp is present. 
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THE CAUCA MINING DISTRICT, U. S. OF COLOMBIA, S. A. 

BY JOHN HAYS HAMMOND, NEW YORK CITY. 

THE following notes are descriptive of a country as yet in its infancy 
as regards the advancement made in mining operations. Its inaccessibility 
and other militating circumstances have retarded progress in that direction. 
With the completion of the railroad, how under construction, having the 
city of Cali as its objective point, with the concomitant civilizing and 
developing consequences, it is certain that the slopes of the Cordilleras 
will prove to be a South American Eldorado. Deposits of coal, copper, and 
minerals other than those of the precious metals are known to exist in quan-
tities which, under more favorable conditions of accessibility, etc., could be 
profitably mined. The Government of the United States of Colombia, I 
think, is disposed to encourage and foster mining enterprises. Articles 
designed for mining are admitted free of duty; the permanency of the 
government is, at least, as well assured as that of Mexico (which is not 
noted for its immutability), and a more sincerely friendly sentiment 
towards Americans prevails in the United States of Colombia than in 
Mexico. This paper is confined to a description of the property of the 
Cauca company's mines, and is intended rather as a preliminary notice 
than as an exhaustive report. The Cauca mining district is reached by 
the following route: New York to Aspinwall; to Panama; to 
Buenaventura, a port on the west coast of the United States of Colombia, 
distant thirty-six hours from Panama by steamer; to Cali in the State of 
Cauca. The State of Cauca is bounded on the north by the Atlantic Ocean, 
on the northwest by the State of Panama, on the northeast by the States of 
Bolivar and Antioquia, on the east by Brazil and Venzuela, on the south 
by the Republic of Ecuador, and on the west by the Pacific Ocean. It 
has a territory of 41,443 square miles, which is about one-tenth of the 
entire territory of the United States of Colombia. Its population, including 
the 50,000 savage Indians of the Caquetá (some of whom are cannibals), 
is nearly 450,000 souls, or about one-sixth of the population of the Colom-
bian republic.    Of these, one-fifth are whites (Spanish South Amer- 
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icans), two-fifths mixed, two-fifths negroes and Indians. The climate of 
the country varies in its different parts. Along the coast are fevers of 
the most malignant types, but the interior and more elevated portions are 
exceptionally healthful. There are two dry and two wet seasons, 
alternating, designated respectively verano and vierno. To the dry 
season or verano, belong the months of January, February, March, July, 
August, and September, while the other months are included in the 
vierno or the wet season. 

Cali is a city of some 13,000 inhabitants, situated in the beautiful, 
fertile, and salubrious valley of the Canca, a valley included between the 
western and middle ranges of the Cordilleras of the Andes. It is about 70 
miles distant in a southeasterly direction from the port of Buenaventura, 
and at an altitude of 3400 feet above the sea-level. The city of Cali is 
reached by means of a railroad to its present terminus, Cordova, twelve 
miles from Buenaventura, and from there by an excellent horseback-road to 
the foot of the Western Cordilleras, whence a good but somewhat steep road, 
crossing the mountains at an altitude of 6000 feet, leads to Cali. The 
mines of the Cauca Mining Company are embraced in a large tract of land, 
covering some 400 square miles, and situated about 40 miles to the south of 
Cali. The situation of the company's mining property is in many 
respects most favorable. The climate in that section is one of rare 
salubrity; the heat Hue to the close proximity—about two degrees north 
latitude-—-to the equator, is tempered by the high altitude of some 4500 
to 5000 feet above sea-level. Water and fuel are everywhere abundant; 
provisions are plentiful and cheap; and labor, though at present somewhat 
scarce, could, in the event of the inauguration of mining, be obtained from 
neighboring districts. Experienced Spanish-American miners from the 
adjoining mining States of Antioqua and Tolima, at from one to two 
dollars per day, with negroes, or preferably Indians, for from 50 to 75 
cents per day, could make up the complement of mining laborers, were an 
enterprise to be initiated upon this property. 

At present mining is carried on in a most primitive manner. Negro 
women are the miners of the country; their implements of mining are 
restricted to the crowbar and the almocqfré. The almocafré is the vade-
mecum of the prospectors of the Cauca country. It is to them what the 
pick and shovel are to the prospectors of our country. This tool is a blade 
of steel from 8 to 20 inches in length and from 4 to 8 inches wide. The 
blade is bent and the end pointed, somewhat resembling in form  a 
pruning-knife.    It has a handle 



  THE CAUCA  MINING DISTRICT, U. S. OF COLOMBIA, S. A. 135 

about a foot long. Picks, shovels, and powder are almost entirely unknown. 
Parahuelas of the Mexican pattern take the place of wheelbarrows. The 
batea replaces the miner's pan of our own country, and, in fact, is the only 
method known to the people for extracting gold.    Mercury is rarely used. 

With reference to its geographical position, the property may be divided 
into the "Ensalvado" and the "Cauca" mines. 

ENSALVADO MINING PROPERTY. 

The Ensalvado property, lying to the west of the River Cauca, consists 
of two classes of mining property, different with respect to their geological 
character. To the first class belong the auriferous quartz-veins, having an 
approximately parallel easterly and westerly trend through the granite, 
which almost invariably constitutes the country-rock of this district. 
The developments upon these veins, consisting of but a few feet of shafts 
or tunnels, are too small to permit any predication as to the persistency of 
the gold-tenor of the ore in its distribution along the strike and dip of the 
veins. That the fissures are "permanent," or that the veins are what are 
generally designated " true fissure-veins," is well evidenced by abundant 
indications, characteristic of that class of deposits. But it must be 
observed that the continuity of the fissures is not to be confounded with the 
continuity of the gold-tenor. The latter can only be ascertained by actual 
explorations on the veins, especially in a mineral district of undetermined 
character in this regard. 

Attending the working of the veins are many economical advantages. 
Water and wood are everywhere abundant; the topographical features of 
the country admit in many places the exploitation of the mines by means 
of tunnels, whereby is obviated the erection or maintenance of an 
expensive plant for the extraction of the ore; and whereby also, water under 
high pressure may be utilized for mill-power, effecting a saving in the cost 
of milling-plant and in the subsequent treatment of the ore. Unfortunately, 
the veins are narrow, and the extraction of the ore would, in most instances, 
necessitate the removal of a large volume of the inclosing non-metalliferous 
granite country-rock. This rock, though more or less soft near the surface, 
owing to the superficial decomposition, will be found compact and hard 
when but little depth shall have been attained; and the expense incurred in its 
removal must needs be very considerable. The ore of the veins consists of a 
quartz gangue, carrying free gold and 
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chiefly auriferous iron and arsenical pyrites. In some of the veins the 
ore is much decomposed, while in others the matrix is hard and the ore 
but little altered. 

The following description of the Mamindomingo and Felipe veins, 
extracted from my report to the Cauca Mining Company, will suffice as a 
description of the character of the ore of the veins of the Ensalvado 
property. The Mamindomingo vein lies about a third of a mile to 
the east of the company's house. The vein has an easterly and westerly 
course, namely, bearing eight degrees only south of west—and a dip to 
the south. The fissure is well defined, and is 5 feet in width from wall 
to wall. The central portion of the fissure is filled by "horse" matter 
(caballo), while nearer the foot-wall and hanging-wall occur 
lenticular bunches of ore. A tunnel running upon the vein a distance of 
24 feet is the extent of developments upon this vein, as, indeed, it is the 
most expensive work as yet made upon any of the veins. The 
aggregate width of the bunches of ore (assaying about §25 gold per 
ton) is 18 to 24 inches, chiefly auriferous arsenical pyrites, iron pyrites, 
occasionally copper pyrites, and some free gold. There is but very 
little gangue in the ore; the auriferous mineral portions being in a highly 
concentrated state. Were the ore susceptible of any considerable further 
artificial concentration,—with its present gold-tenor,—the vein would 
have a very different aspect as regards its prospective value. This ore 
cannot be beneficiated by free milling, but must be treated in part by the 
so-called chlorination process. This process involves the preliminary 
roasting of the ore and its subsequent treatment by chlorine gas—
expensive operations where salt and other chemicals employed have to 
be transported any great distance. The vein may be worthy of more 
extensive explorations, such as the continuance of the present tunnel 
some 50 feet further (and more if the vein improve), and the sinking of 
two or three winzes, at points along the tunnel, to a depth of from 20 
to 100 feet, depending upon the character assumed by the vein as work 
progresses. 

The Felipé vein lies about a hundred yards to the west of the 
company's house, and is probably a continuation of the Mamindomingo 
vein above described ; the vein has an easterly and westerly strike or 
course, and is exposed by a small shaft about 10 feet deep. The vein in 
the shaft varies from 7 to 13 inches, all of which is mineralized quartz.    
Assays show §33.91 in gold per ton. 

A large part of the gold-tenor of this ore is contained in the 
auriferous sulphurets.   This ore is susceptible of considerable further 
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concentration; and in the event of the favorable development of the vein 
justifying the erection of a milling-plant for the treatment of this ore, 
such portion of the gold as is free could be obtained by amalgamation, 
while the sulphurets containing the other portion of the gold could be 
concentrated, and the concentrates beneficiated by Plattner's chlorination 
process above referred to. Where the determining-conditions make 
smelting possible, this process may be more economical than is the 
chlorination process. The scarcity of lead, as far as my observations 
extended, would, under the existing conditions, make the smelting of 
these concentrates impracticable. 

The Lomas belong to the second geological division of the Ensol-vado 
gold deposits. The genesis of this class of deposits is one not less of 
economical importance than of scientific interest. In a few parts of 
California I have examined deposits of this character, though of a 
very limited extent as compared with those of the En-solvado property. 
These Lomas show evidences of past great activity in mining, many 
hundred of acres having been washed away during the years prior to the 
emancipation of the negro slaves. Ditches in some instances many 
miles in length were made by the "ancients" —the old Spaniards and 
their descendants—to convey water to the different points for the 
washing (not hydraulicking in the present comprehension of the term) 
of the auriferous material. This fact, coupled with the extensive 
excavations made, has been adduced as a proof of the feasibility of the 
application of the hydraulic process for the working of these deposits. 

This is an opinion widely entertained throughout that section ; but the 
fallacy of this argument may be shown by a consideration of the 
economical conditions prevalent at the time this work was accom-
plished. Under the regime of the ancients it was customary to 
compel the slaves to devote five days per week in mining for the 
benefit of their masters, and one day to obtain gold to pay for their own 
maintenance. In this way labor was obtained almost absolutely gratis. 
And as this was the sole item of expense incurred, the fact that this 
system of working did pay the slave owners, is no criterion of the 
profitable character of an enterprise conducted upon a system rendered 
far more expensive by the changed conditions now existing between the 
employer and employed. 

The consideration of the geological features of the Lomas will 
facilitate the comprehension of the economical aspects of the subject. 
Traversing the granite formation in a general easterly and westerly 
direction are numerous hilos or small veins of gold-bearing quartz. 
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Owing to the energetic action of atmospheric agencies there has not only 
been a decomposition of the gangue of the veins but a liberation, through 
a well-known chemical reaction, of the gold from its mineral combinations. 
Along the outeroppings of these decomposed veins (called veneros) rich 
prospects are often found ; and from these points, and in close proximity 
thereto, by far the greater portion of the gold-bearing product has been 
derived. The same process of decomposition has effected the disaggregation 
of the country-rock. Along the planes of jointing and other crevices in the 
weathered granite, gold is sometimes found in considerable quantities. 
This gold has been unquestionably derived from the neighboring gold-
veins, and has been transported from this source by means of water. Nothing 
of the nature of fluviatile deposition was anywhere discernible, as far as 
my investigation extended. On the contrary, unequivocal evidence of the 
origin of the formation, as above indicated, was observed. Obviously the 
hydraulic process would not be applicable to such points as these. The 
gold is almost entirely limited in its distribution, economically 
considered, at least, to points not many feet remote from the 
decomposed veins. The veins are not numerous enough along any 
possible line of attack of the deposits, nor are they decomposed to 
sufficient depth, to admit of the profitable hydraulicking of the hills in 
their entirety. Below the zone of decomposition in the veins, the quartz 
is too compact to permit the use of this process. Likewise, where the 
process of weathering has not been penetrated, the granite will, of course, 
be found hard and compact. I have made many careful tests by means of 
the well-known California cradle (one of which I constructed for that 
purpose), and also by the pan and batea. The resulting gold from each 
separate experiment was cleaned and weighed, and the yield per cubic 
yard was estimated. The yield of the Lomas examined by me was from a 
small part of a cent to 6 and 8 cents per cubic yard, depending upon the 
points from which samples were selected as above explained. Knowing 
the raison d'etre of the rich spots, it was not difficult to predict with 
considerable accuracy the result of the tests. There are some advantageous 
circumstances that would attend the hydraulicking of these deposits, where 
other conditions allow of its working. Water could be brought under 
sufficient pressure for hydraulicking by the construction of a few miles 
of ditches. There is abundant dump for the piping-off of the tailings; 
and the question, how to dispose of the debris, so perplexing at our 
California hydraulic mines, would never, or not for many 
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years at least, affect the prosecution of the enterprise here. The 
Lamas cover many square miles (some 250 or more), and there may be 
some points where there exists a more favorable occurrence of the gold, 
which, combined with the advantageous considerations just referred to, 
would admit of the successful prosecution of the hydraulic industry, 
perhaps in an appropriately modified form. As far as my observations 
extended, such a site was not encountered. 

THE CAUCA RIVER MINES 

belong to the second geographical division of the mining property 
considered in this report.   These mines lie immediately in and along the 
banks of the Cauca River.    Much gold has been obtained and is still 
extracted from this source.    The deposits in question belong to the 
Playas, or alluvion deposits of the River Cauca.    These are the 
results of the deposition by the River Cauca during a period when it 
assumed larger proportions than at present.    The Playas are 
contiguous to the present channel of the Cauca.    The deposits are 
obscured to a great extent by vegetation, and as yet are opened up for 
inspection at but a few points.    There are many square miles of these 
auriferous alluvions, but owing to the very limited period of my visit 
to this  property, I made an examination of but one point, which 
was represented to have yielded a large quantity of gold when 
worked in former years.    The inundation of the excavations prevented 
the further working of these deposits.    With the cradle I tested  
considerable quantities of gravel   from   different points about  the 
old  pits.     My tests showed  the top-gravel  to carry from 10 to 50 
cents per cubic yard.    These rasults were obtained from points 
several feet above the bed-rock.    Unfortunately the bottom of the pit 
was covered by water, which prevented the sampling of points  
nearer the bed-rock.    Careful  sampling and tests made by Messrs. 
Rahmer and Masse, who carried on the work after my departure, gave 
much better results than those obtained by me as above indicated.   
They were enabled to obtain samples within a few feet of the bed-rock.    
The gravel from the depth reached by them gave from four to ten 
dollars per cubic yard, showing very great richness at that level.    I 
have no doubt as to the accuracy of these results; but their sampling 
was unfortunately necessarily confined to a very limited area.    The 
great disadvantages accompanying the working of these deposits are 
their flat character and the inferior position of the bed-rock with 
reference to the water level
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of the Cauca River. This unfavorable location necessitates the 
draining of the pits or excavations by means of pumps, and also 
requires considerable manual labor in the extraction and washing of 
the auriferous gravel; but there is very little superincumbent material 
that would not defray a considerable portion of the expense incurred in its 
removal; and this is a feature of considerable economical importance. 

Notwithstanding these disadvantages, if the above experiments made 
by Messrs. Rahmer and Masse for the determination of the gold-tenor of 
the gravel are not misleading, these Playas are certainly worthy of a 
thorough exploration. The bed-rock has never been explored; and it is 
from points immediately overlying the bed-rock that the best yield of 
the gravel is to be anticipated. 

NOTE ON PATCHING PLATINUM CRUCIBLES. 

BY H.  J.   SEAMAN,  CATASAUQUA, PA. 

THE cost of keeping platinum ware in repair becomes such an 
important item in laboratories where much fusion-work is done, that a 
method of saving in this direction may not prove unacceptable to at 
least some of the members of the Institute. 

Some two years since I had the misfortune to puncture an almost new 
Bishop crucible. As an experiment I endeavored to patch it, and with 
such success that it is still in constant use. 

This may be accomplished in the following manner : The crucible and 
patch, which should be of stout foil, are rubbed bright with silica, or 
rotten-stone; a light platinum wire, welded to a corner of the patch, 
and the whole treated for several hours with hot concentrated 
hydrochloric acid; after which they are thoroughly washed with 
distilled water and dried. 

The head of an ordinary iron rivet, 4 inches by 5/8 inches, is 
rounded off by hammering to somewhat the shape of the crucible. This 
is sunk 2 inches in a block of hard wood, and firmly wedged in place. 
This serves for an anvil. The hammer is an ordinary cast-iron toy, 1 
½ inches long, and 3/8 inches in face, mounted on a 1/4 inch iron rod, 
10 inches long. 
A gas-blowpipe is fixed in a horizontal position, and the strongest heat 
obtainable with it directed upon the rivet head; this soon at- 
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tains a bright-red heat, and the crucible is now dropped over it. 
The patch, by means of the thin platinum wire, is now held over 
the point of operation ; a few taps of the hammer serve to fix it to 
the crucible. The wire is now nipped off, and the patch firmly 
united to the crucible by continued tapping with the hammer, 
steadying the crucible with a platinum spatula or wire. The metal 
should be maintained at as nearly a white heat as possible through- 
out the operation. With care the metal may be so perfectly united 
as scarcely to show the outline of the patch. After the operation 
the crucible will be found very much out of shape, but it may easily 
be brought, back by tapping with a hammer over the rounded horn 
of a small anvil. 

I am at present using three patched crucibles; one, previously 
mentioned, has been in use about two years; has served for at least 
two hundred fusions since patching, and is still in good order. An- 
other, which developed an extensive crack in the bottom, was re- 
paired by a circular patch a trifle smaller than the bottom. The 
third has a patch on the side near the bottom. These have all done 
good work. 

I am in the habit also of welding my platinum triangles, thereby 
making them light, strong, and durable. 

DISCUSSION OF MR. P. G. SALOM’S PAPER ON "PHYSICAL 
AND CHEMICAL TESTS OF STEEL FOB BOILER AND 

SHIP-PLATE FOR THE UNITED STATES 
GOVERNMENT CRUISERS," 

           (Paper read at the Cincinnati Meeting, February, 1884.  See vol. xii.) 

WILLIAM KENT, New York City: I  regret that I have not 
had the time since the Cincinnati meeting to make as complete a 
study of Mr. Salom's paper as I wished. I regard it as one of the 
most important papers that have been presented on this subject, and 
worthy of complete study. I started out, on the limited time I 
had, on a system of study which I would recommend to any one 
else who has leisure to complete the investigation. I took the 
original report presented at the Cincinnati meeting, and selected 
from it such tests as had the analyses reported along with the 
physical tests, giving the amounts of carbon, phosphorus, man- 
ganese, etc., taking only those in which all these elements are given.. 
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Whenever there were two or three of these tests, I took the average 
of them. I. thus made a new table, from which I attempted to 
learn the influence of carbon, phosphorus, silicon, and manganese. 
I have failed so far to learn the influence of either of these elements, 
with the exception of carbon. 

A new table was formed, in which these steels are divided into 
several classes, based on the percentages of carbon from .10 to .20, 
and for each class the maximum and minimum tensile strength and 
the average tensile strength was shown. The variation between the 
maximum and minimum is greatest at .20 carbon, where it is 14,000 
lbs. tensile strength per square inch on the same carbon, one steel 
having 59,000 lbs., the other 73,000 Ibs. There is a large variation 
also at .15 carbon, nearly 12,000 Ibs. The following is the table 
thus prepared from Mr. Salom's data : 

 
The figures in the last column are obtained by plotting those in 

the fifth column, and drawing a regular curve through their posi- 
tions as plotted. They may be considered as the most probable 
average tensile strengths of boiler-plate steels of .10 to .20 carbon 
when tested in eight-inch parallel specimens. 

Referring to these figures, it will be seen that there is a gradual 
increase of tensile strength with increase of carbon. This, of course, 
is nothing new; it has long been known. 

When we come to study the effect of manganese and phosphorus, 
the figures would lead to the same conclusion as that reached by 
Mr. Salom, viz.: that the strength does not seem to greatly depend 
on the percentage of phosphorus and manganese within the limits 
of the analyses of the paper, although, of course, it would if these 
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limits were widened. In order to study the effect of these other 
elements, I took a sheet of cross-section paper and plotted the re- 
sults ; but, from a study of the plotted figures, I have not been 
able, so far, to find out what relation phosphorus, silicon, and man- 
ganese have to tensile strength. 

Mr. Salom expresses his opinion on page 665, that "phosphorus is 
not the terrible bête noir it has been considered; it has had to bear 
the burden of many sins wrongfully ascribed to it." I would hesi- 
tate to take this strong position in regard to phosphorus, in view of 
the general consent of those who have investigated its effects during 
the last twenty years, that phosphorus is the bête noir of steel. 
While employed a few years ago in the steel-business, my duty was 
to learn all I could about steel. While, in tests with the testing- 
machine, some of the figures I got would lead to the same conclusion 
as Mr. Salom's, that phosphorus is not bad, others showed the con- 
trary; and we never would sell a piece of steel as locomotive fire- 
box steel if it contained more than .04 of 1 per cent. of phosphorus, 
while some of his contains .075. And the reason we came, to that 
conclusion was this: that, getting all the information we could from 
railroads and other consumers who used steel in locomotive fire- 
boxes, we found that one or two brands, which had the preference 
from the fact that they lasted longer in such service,—not being apt 
to crack while being riveted, or while the boiler was cooling in the 
round-house,—were invariably found to be low in phosphorus; also, 
that the steels which had a bad reputation were high in phosphorus. 
And I consider that the final and crucial test of steel is actual ser- 
vice, and there is no more severe service than in locomotive fire- 
boxes. ' The ordinary tests, chemical, physical, testing by a black- 
smith or on a machine,—tests of a few minutes,—fail to tell us all 
that there is in the steel. The final test is putting that steel in a 
locomotive fire-box, and running it over a long period of years, as 
the Pennsylvania Railroad Company has done (fifteen or twenty). 

As far as I can learn, the reason of a great, many bad reports 
concerning steel, especially reports from Europe, where the German 
locomotive engineers abandoned the use of steel on account of its 
unreliability, was that the steel was irregular, and that was due 
chiefly to its being too variable in phosphorus. As far as I have 
yet been able to find, phosphorus is a very injurious element in steel 
and should be kept down. This is very important commercially to 
the steel-manufacturers, because the lower they make the phosphorus 
in the steel the more expensive it is. It is to their interest, in view 
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of the first cost of manufacture, not to try to get the phosphorus 
too low. But the experience of the best firms has been that it paid 
to get the phosphorus as low as possible, and then charge a higher 
price for the steel, and get a reputation for general satisfaction given 
by the steel in use. 

Mr. Salom says also: "The average amount of carbon is .15, 
which I regard as being from .03 to .05 too high for the best boiler- 
plate." My own experience is different. I prefer .15 to .18 carbon, 
provided it is low in phosphorus, very low,—.04 per cent or less,— 
so that its tensile strength and ductility would be about the same as 
.10 carbon with about .08 phosphorus. This is to be preferred on 
account of facility of manufacture. When you are trying to make 
.10 carbon steel, you run the risk of making a considerable propor- 
tion of .07 carbon, which frequently causes trouble on account of 
red-shortness and a great deal of waste; but if you make .18 or .15 
your percentage, you may vary from .15 down to .12, and yet all 
the steel can go into service somewhere, and none of it need be red- 
short. 

I recently had occasion to make the specifications for a large con- 
tract for steel boiler-plate. It was to go into a service which was 
not as severe as that of locomotive fire-boxes, and in which a second 
quality of steel would answer. I specified that it should not have 
over .08 per cent, phosphorus, and should have between 55,000 and 
65,000 lbs. tensile strength and 20 per cent, elongation in 8 inches. 
I considered the 25 per cent, elongation of the government specifi- 
cations rather too severe, causing the rejection of good steel, and I 
believe that 20 per cent, is all that is necessary. I also specified 
that the steel should stand a bending test both before and after being 
plunged in water. 

There is perhaps one reason why I have not been able to deduce 
from Mr. Salom's tests the real effect of phosphorus, silicon, and 
manganese, and that is because the pieces of steel were not annealed. 
Of course, in practice and commerce we do not want the steel 
annealed. It should be ready to go into boiler-plate as it conies 
from the rolls, but for scientific investigation it would have been 
well to bring all these steels to a uniform condition. The steels as 
rolled are not in a uniform condition. Some are finished hotter 
than others. It is possible easily with a given piece of steel to make 
a difference of 10,000 lbs. tensile strength by a little delay during 
rolling, which prevents the steel being finished quite as hot in one 
case as another. I would suggest that in future investigations of 
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the influence of carbon, silicon, phosphorus, and manganese upon 
the physical qualities of boiler-plate and other steels, duplicates of 
all the test-specimens be brought as nearly as possible to the same 
physical condition by uniform annealing. 

ALBERT F. HILL, New York City: There is one point in Mr. 
Salom's paper to which I want to call the attention of the In- 
stitute, and it is a point which is very important to a large number 
of our members. It is the fact that "The original specifications, as 
regards the manner of testing, were so impracticable (when their 
severity was taken into consideration)," that . . . ” in order 
to simplify and expedite the amount of testing that had to be done, 
the Naval Advisory Board was induced, after considerable discus- 
sion, to alter the specifications, so as to test each heat, instead of 
each lot of twenty plates," etc. Now this is a very serious matter. 
The specifications form the basis upon which the steel-manufacturer 
makes his bid. To make later specifications after the letting, and 
for the benefit of the contractor, is a manifest injustice. It is unjust 
to the bidders who are not successful. It is unjust to those who 
stayed away from the competition on account of the immense ex- 
pense involved in the testing. 

There is at this time a committee of this Institute engaged in 
devising means to unite the different engineering societies upon uni- 
form standards of test-pieces. I have no idea of foreshadowing the 
work of that committee (in fact I have no means of doing so); but 
I believe that it will ultimately result in establishing standard 
specifications for the mode of testing. It is a well-known fact that 
government specifications especially are not only unnecessarily and 
unreasonably severe, but that they are unreasonably enforced. Any 
steel-manufacturer who has had occasion to fill government contracts 
well knows that the inspection is not only unreasonably and unneces- 
sarily severe, but that it results, in nine cases out of ten, in the 
government getting worse steel than the maker would have dared 
to offer, and in the rejection of material that it would have been 
advantageous to accept, in many cases. For instance, in a bridge- 
works not a hundred miles from Pittsburgh, some government work 
was to be inspected, and the inspector that was sent there was abso- 
lutely the laughing-stock of the whole mill; nevertheless he did the 
inspection and occasioned about an equal amount of damage to the 
makers and to the government. [Laughter.] 

I do not know any way out of this except by uniting upon a 
standard mode of testing. It is impossible to unite upon a standard 

VOL. XIII.—10 
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form of test-piece that shall cover all the requirements of the con- 
structing engineer. But it is not impossible to prescribe a mode 
of testing which shall give a very fair indication of the material 
which has been furnished to the constructing engineer. 

I have been very strongly impressed with some of the apparent 
anomalies in the results of the tests in this paper. Mr. Salom has 
endeavored to explain them entirely upon the basis of the chemical 
composition of the steel. I think that not sufficient attention was 
paid in the paper or in the investigation of the steel to the changes 
that may have resulted from the treatment the steel received after 
it left the casting-department, namely, in the mill and in the shop. 
I am satisfied that chemical changes take effect in the rolling and in 
the heating; and in order to decide whether the change was entirely 
due to the original composition of the steel or to the treatment of 
the steel subsequent to its being cast in the ingot, it would have 
been necessary to make a further analysis of the finished plates. 
And that brings me to the last point in Mr. Salom's paper, in which 
he expresses the hope that the chemical test will ultimately super- 
sede entirely the physical test. I hope the day is very far distant 
when the constructing engineer will be bold enough to accept mate- 
rial on the indorsement of the chemist. I think it would be very 
unfortunate. I do not think that the chemical analysis of a piece 
of steel will give either to the constructor or to the general public 
the confidence in the quality of the materialin its physical quali- 
tiesthat the physical test will give. A statement of the amount of 
creatine contained in a beefsteak may be correct and a proper amount; 
but if the steak is tough, to know the exact amount of creatine it 
contains is no satisfaction. [Laughter.] On the other hand, if too 
much weight is given to the chemical composition, it will induce the 
constructing engineer to prescribe formulæ for the steel-maker. 
Now, I admit that the constructing engineer has got a perfect right 
to say what he wants; but it is the prerogative of the manufacturer 
to say how he will make it. The manufacturer ought not to be in- 
fluenced by any formula that is contained in the specifications. It 
is not fair. The engineer has no right to say " you must make steel 
by a certain formula, and then it must have certain physical quali- 
ties ;" because this is impossible. The constructing engineer has 
nothing to do with the chemical composition. All he wants to 
know is that the steel possesses certain physical qualities, and these 
qualities are to be determined by physical testing. A good bending- 
test would be better than all the chemical tests that the manufac- 
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turer coùld furnish him. And it is unfair to expect the manfacturer 
to make steel according to a formula of which he does not approve, 
and then insist that it shall be satisfactory. The manufacturer 
knows by experience what chemical formula to take for his own 
works, for the stock he is using, and for his method of manufacture, 
in order to meet the requirements of the constructing engineer; and 
it will be a very serious matter if any attempts are made on the part 
of these constructing engineers, whether in the Ordnance Depart- 
ment, or in the Naval Department, or in civil practice, to prescribe 
formulæ to the steel-maker. It would be not only a dangerous 
precedent, but at the same time would make the manufacture of 
metal for structural purposes much more difficult. 

CHARLES A. MARSHALL, Johnstown, Pa.: I wish, first of all, 
to disclaim any intention of criticizing the steel Mr. Salom has 
made. He has given us tests of first- class steel, and shows a good 
record as regards both grade and quality. I make this disclaimer 
because I am connected with another steel-works which has also 
furnished a large quantity (over 1200 tons) of steel which was rolled 
into angles, bars, and bulb-beams for the same steel cruisers. By 
the courtesy of Mr. P. E. Chapin, General Manager of the Cambria 
Iron Company, I am enabled to present test-records of this steel for 
the examination of such as are interested to see them. 

I cannot present such interesting chemical records as the paper 
under discussion contains, for the reason that such continuous and 
extended analyzing of the product is not at our works deemed neces- 
sary for the working of the furnaces; yet I need handly say the 
amount of chemical work done at the Cambria Works is probably 
not exceeded at any other steel-works laboratory in the country. 
Should the management of our works adopt Mr. Salom's proposed 
plan of dealing with consumers on a basis of chemical specifications 
and guaranteed analyses of material (which would have to be made 
even if not always called for), it is certain that a large increase of 
laboratory-force would be needed. But before finishing with this 
part of the subject, upon which I have more to say, let me take up 
the specifications for steel for cruisers as originally put forth. I 
shall endeavor to point out two features which have been proved 
by experience to be wrong or unnecessary. 

First, the testing of a plate taken at random from every lot of 
twenty is both wrong and needless. By arrangement of the Phœnix 
Iron Company (which rolled the steel into finished shapes) and the 
Cambria Iron Company with the Naval Advisory Board, it was 
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fixed that each heat should be tested at the Cambria Works, and 
this arrangement has given satisfaction to all parties. Mr. Salom 
has pointed out that it is wrong to condemn nineteen possibly good 
plates for one bad one. To make so many tensile tests is needless, 
first, since by marking heat-numbers upon blooms and finished 
pieces, as is our practice, if at any time a heat should be thrown out 
after being rolled, through haste to fill order or delays in testing, it 
can all readily be selected and laid aside; and secondly (basing the 
assertion on experience at the Cambria Works, where Pernot fur- 
naces are used), there is not nearly so much range in physical quali- 
ties in different parts of the same heat of good open-hearth steel as 
there is in the qualities of test-pieces of absolutely the same compo- 
sition and original quality, caused by the variations in their prepara- 
tion, unless great care be taken and a uniform standard adopted. 

This requirement for tensile testing of one plate in a lot, or every 
plate, is a relic of the ancient and barbarous English custom of 
testing plates at the ship-yard. I believe it stands, in one shape or 
another, on underwriters' and admiralty specifications to-day; but 
it is to be hoped, for the peace and prosperity of both the steel- 
makers and the ship-builders of Great Britain, that it is a dead letter. 
In taking advantage of what is good that our English friends can 
show us, by all means let us abandon what is bad ; and this cnstom, 
with its related requirements, is unquestionably bad. 

The next feature in the specifications which is needless, is the 
great amount of time required to make tests. From seventeen to 
twenty-three minutes is taken for a single test where one-half or 
one-third of this time would be ample. I have never been able to 
discover any useful purpose in the five minutes that "initial strain" 
is kept on the specimen. I am inclined to think, also, that applying 
straius by increments at stated intervals, as required, will not give 
so uniform results as applying strain gradually at stated speed of 
ram or screw, which can generally be regulated with sufficient accu- 
racy. This may account partly for the Variable relation between 
elongation and reduction of area spoken of by Mr. Salom. Upon 
•the point of time, I present tests of two heats of our steel, similar 
to that made for cruisers, with statement of speed and times from 
passing elastic limit to breaking. Specimens are alike throughout, 
being thick and planed to1¼”width.  
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The speed of screw was throughout about f inch per minute. In 
the first four tests, the pulling was continuous after passing the 
elastic limit; the last four were tested in accordance with the re- 
quirements of the Naval Advisory Board. A strain of 30,000 
pounds per square inch was left on for five minutes, elastic limit 
taken, and subsequent strain applied in increments at half-minute 
intervals. 

I would also quote the mean results of some experiments presented 
by Mr. William Denny to the Institution of Naval Architects in 
1880.: 

 
It will be seen that the variations are exceedingly small, and my 

tests seem to contradict the English ones. I think the speed of the 
first four tests given was slower than necessary for such soft mate- 
rial ; the harder the material, the slower the speed should be; but 
I have had good results with this speed on spring-steels of 140,000 
pounds per square inch ultimate strength. 

Regarding the conditions of acceptance and quenching-tests re- 
quired by the government specifications, I would only say that they 
were rigidly carried out at our works and also at the Phœnix Works- 
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by officers of the navy; and that, while the requirements are strin- 
gent and leave little or nothing to judgment, that is characteristic of 
all government work. They who call for closely inspected se- 
lected material must pay a little extra for it; and that ends the 
matter. Quenching-tests, as I am informed by one of the naval 
officers who inspected our steel, were an efficient check upon burnt 
material, an appreciable though small percentage of finished material 
being thrown out for this cause. This is a point which chemical 
specifications would not reach. No heat was ever wholly or in large 
part lost after passing tests at our works. 

It is true, as Mr. Salom says, that an error in measurement of  
inch affects results two per cent, on a piece ½ inch thick.    The rem- 
edy is not to make such errors.    The one-thousandth part of an 
inch is not difficult to measure with a micrometer-screw. 

MR. SALOM : My remark had reference to the variations of thick- 
ness in the same plate. 

MR. HILL : I have never seen a half-inch plate rolled correct to 
the one-thousandth of an inch. 

MR. MARSHALL : No; not to the one-thousandth ; but you must 
Lave seen them rolled to the one-hundredth and better. 

MR. HILL : There might be, even then, differences amounting to 
five-thousandths. 

MR. MARSHALL : I should consider a specimen varying one- 
hundredth of an inch in thickness as a defective one, which should 
not be. tested. 

Further, as to the bold prophecy that chemical specifications and 
tests are going to supersede physical ones, I would respectfully sub- 
mit that the tendency is in the opposite direction, and for excellent 
reasons. First, steel-buyers are not steel-makers, as a rule. The 
steel-maker must have the chemical and metallurgical knowledge to 
produce steel that will answer certain physical ends. The engineer 
can readily trace the analogy between his requirements in practice 
and the behavior of a test-piece under a simple and known strain, 
but he cannot, or at least certainly ought not to be expected to, 
translate from the science of statics or dynamics into that of chem- 
istry or the still more complex science of metallurgy. The pro- 
jectors of a structure or buyers of boilers and machinery are, gene- 
rally speaking, men who could still less than engineers be expected 
to say from looking at the analysis of a piece of steel what its quali- 
ties should be. And when I say should be I have said all that any 
one can say. What the qualities are can be determined only by 
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putting the material to actual test. By Mr. Salom's proposed plan, 
it would be first put to the test in the completed structure—a some- 
what costly experiment in case of failure. 

Secondly, it is extremely doubtful if the completest analyses of 
steel will ever alone account for the differences in behavior of steels 
made by even the same process. To illustrate, I note in Mr. Salom's 
table of tests the following : 

 

With almost identical analyses, the very slight differences all in 
favor of No. 637 being the harder, it has ultimate strength 10½ to 
11 per cent, below the others. It would not be difficult to find 
other similar cases, but this is a point which has been repeatedly 
discussed; and I do not wish to consume the time of the Institute 
needlessly. 

It is gratifying to note from Mr. Salom's remarks about rails that he 
has set his face towards homogeneous steel. Homogeneous, uniform 
steel is what the steel-user and the engineer want to be assured of 
every time. Homogeneity is the quality which the testing-machine 
will not show without an excessive amount of testing. To produce 
such steel is alike to the advantage of consumer and producer. Let 
the engineering and manufacturing public become convinced that 
only homogeneous heats are produced, and the very simple process of 
testing a sample or two from each heat will serve to grade the steel, 
insure its quality and put the whole matter of adaptability and uni- 
formity in the largest lot of steel beyond question, and this without 
requiring every one who has to buy a few tons of steel to study 
up the whole subject of metallurgy in order to know whether the 
chemical guarantee offered him by the steel-maker accords with the 
requirements he has in mind. 

I should like to say a word with regard to the question of hard 
vs. soft structural steel. Mr. Salom has given us his opinion—that 
the steel which was rejected for being too soft is better material than 
that accepted. I would suggest that he allow those more directly 
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interested in the structures to be made of his steel to say what grade 
of steel they want. The first users of steel for structural purposes 
very generally chose steel of a high strength, thinking thereby to 
effect greater economy of material, and, in some cases at least, partial 
failures resulted, owing principally to two causes. First, in the 
state of the art of steel-manufacture and the lack of efficient testing 
and inspection in those times, the steel was faulty in spots and 
irregular in its qualities, comparing one heat with another. This 
increased the dangers arising from the second cause, namely, that 
builders did not know how to treat the new material properly. 
Nevertheless, high steel had to bear the burden of blame for failures; 
and a reaction set in, as the result of which the strength of steel used 
is considerably less than at first. The superb ductility and reliability 
of mild steel attracted engineers; and many adopted grades, the duc- 
tility of which is greatly in excess of that of the iron formerly used 
for the same purposes. To illustrate, I quote figures given by Mr. 
Kirkaldy (having no suitable American tests at hand) of average 
results from three grades of iron plate, and, in comparison with them, 
the average of the steel made by the Cambria Iron Company for 
cruisers: 

 
These figures speak loudly. The steel plates have fully one-third 

greater strength than the best English iron (not to speak of the 
ordinary "boiler" and "ship" plates), one-half more ultimate 
elongation, and over twice as much reduction of area at fracture. 

Now, if elongation and reduction of area represent the reliability 
of the material under strain, or its capability of passing safely 
through trying circumstances, as I take it they do (except for the 
fact that nicks, bruises, or surface-cracks injure the mild steel 
slightly more than they do the iron), why do we need such a vast 
excess of these qualities? Factors of safety, so called, remain about 
the same. Have not our iron bridges and ships, when carefully and 
honestly built, been safe structures? 
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If the great difference is really required, it must be to allow for 
ignorant working; and at this day shops ought not to be ignorant 
about the treatment of steel. Bridge-builders in this country have 
 not yielded to the downward pressure toward mild steel so much as 
 ship-builders, who seem to have followed pretty closely foreign 
practice.   The bridge engineers seem latterly to have required about 
the same ultimate elongation in steel as in iron, and then have taken 
advantage of the higher strength thus obtained, which seems to me 
logical, though I am not yet clear that higher steel might not be 
safely used in many cases. And in justice to steel and steel-makers, 
it must be allowed, that with and by reason of the system of sub- 
mitting steel to tests, uniform and satisfactory material  has been 
and can always be obtained, whereas when specifications for an 
elongation equal to that now deemed desirable in steel are attempted 
with iron trouble is very likely to follow. In this I speak only of 
equal percentages of elongation; in the qualities indicated by free 
bending and reduction of area at fracture, the steel still has a large 
advantage. 

I do not agree with Mr. Hill, if I understand him correctly, that 
a standard form and size of test-piece is impracticable or unneces- 
sary. It seems to me that a standard can be devised for the pur- 
pose of grading steel by its physical characteristics, and that when 
such a standard shall have been adopted, to speak of steel of a cer- 
tain tensile strength and certain elongation, etc., will have a definite 
meaning, and these points can be guaranteed without circumlocution 
or evasion. 

I can speak with certainty of the Cambria Works; and it is 
probably within the mark to say that at any steel-works where test- 
ing is carried on regularly, as with us, the difficulties arising from 
differing ideas of buyers are recognized; and that a standard form 
and size of test-specimen for grading steel will be welcomed by all, 
if it be practical and cheap. 

With regard to size and form of test-specimens, I am making a 
few tests for our own benefit in comparison of plain-rolled round 
and square test-pieces, and regret they are not far enough advanced 
to present results. I find but small differences in elastic limit and 
ultimate strength between rounds and squares of the same sectional 
area. The rounds generally have the advantage over squares in 
elongation and reduction of area, both in point of amount and uni- 
formity with the same material; but the advantage is more marked 
in the case of hard material. Thus, while a rolled square test-piece 
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might answer well as a standard for soft materials, I at present favor 
a round of not too small size, since with hard materials squares give 
results less uniform, and sometimes misleading. 

MR. HILL : In defence of what I have said, I will take the case 
of an engineer testing steel eye-bars, whether they be round bars or 
flat bars. The tendency of bridge-constructing engineers of late 
years has been to reduce the thickness of eye-bars and widen them 
out correspondingly. If we have two eye-bars made from the same 
material, one an inch thick and four inches wide, and the other one- 
half inch thick and eight inches wide (both eye-bars thus having 
the same section), the results of testing will be inevitably very dif- 
ferent. To establish, therefore, a bar-test of any standard size would 
not contribute very much to the assurance that the material is ex- 
actly what you want. 

It is the same also in boiler-plate tests. Make a boiler-plate test 
standard, and apply it to steels ¼, 5/16, 3/8 inch thick, and you 
will find that your specimens will not be reliable as to the quality 
of the material that you have. But if instead of prescribing a 
uniform shape or size of test-piece, you say it shall bear a certain 
ratio between thickness of plate and width of plate, then you can 
always get the same result. And that is what I mean by saying 
that it is better to establish a mode of specifying or a mode of test- 
ing rather than a design for a test-piece. 

MR. MARSHALL: I fully agree with Mr. Hill in the idea that 
the mode of testing should be specified more clearly than it has 
been. I think we ought to have a standard mode. The point I 
was making was, that we want a standard size for grading steel,— 
not for grading plates only, or bars only, or any other shapes only, 
but for the steel. We want to be able to know what results an 
ingot has given in one form ; then we will be able to calculate from 
that up to every variety of such forms as we may want to use, by 
a system of test which each works can make for itself, or which 
might be made by committees. 

MR. KENT: I think great confusion will result if too many 
different forms of test-pieces are selected. As Mr. Marshall said, 
what is wanted in the steel-works is some method of grading the 
quality of steel itself, and not of a particular shape, whether 12 
inches wide or half an inch wide, which the bridge-engineer may 
need in construction. It is the business of the engineer who designs 
the bridge to know what change will occur in the strength of steel 
by changing its dimensions. But we should have some standard 
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form of test-piece for the grading of steel at the works.    I think it is the 
practice now in some works—and a very good practice—to cast with 
each heat a 4-inch ingot, or, better, a 5-inch ingot, and draw that 
down to a ¾-inch round bar as the standard test-piece for 
grading the steel.    If the steel is to be used for boilers, the test- 
ingot may be rolled to a certain thickness of plate, from which the 
standard test-piece for boiler-plate may be made.    By casting such test-
ingots, and rolling them to standard shapes for tests, we would 
obtain a regular test-record as well as a chemical record of every 
heat,—so much carbon, phosphorus, manganese, etc., and what the 
standard test specimen of steel showed in tensile strength, in elonga- 
tion, reduction of area, etc.   If the engineer buys a steel that shows, 
say 60,000 lbs. tensile strength and 28 per cent, elongation in the 
test-piece of standard form, and then puts it into eye-bars of various 
dimensions, it is his look-out to know how the steel will be changed 
by being put into that form.    Engineers who design various forms 
of eye-bars are taking the risk of the changes in tensile strength 
due to changes of shape from the standard. 

W. F. DURFEE, Bridgeport, Conn.: I desire to call attention 
to possible structural defects in high-carbon steel not to be de- 
tected by chemical analysis. If you take an ingot, say fourteen 
inches square, of pretty high-carbon steel, put it in a very hot fur- 
nace and then stand close to the furnace, you will very likely hear 
in a few minutes or seconds a sound much like the striking of that 
steel with another body of iron. If you know what that sound in- 
dicates, you will know that there is trouble ahead. If you do not 
know, when you take the ingot out and attempt to either forge or 
roll it, the character of the trouble will usually become manifest. 
That sound indicates that the too rapid superficial healing has 
actually ruptured that ingot-, and ruptures of that kind do not often 
show themselves upon the outside of the ingot while it is being 
heated. I have seen ingots worked with such defects, and some 
ingots actually put into finished shape and the defects not seen. 
Fortunately they were discovered by subsequent tests. 

Now it does not make any difference how much knowledge you 
have of the carbon in such a piece of steel as that; yon are going to 
get a bad result inevitably. Nor does it make any difference how 
many ingot-tests you have taken of steel subsequently submitted to 
that kind of heating. That particular steel that has suffered such 
careless work is bound to fail when it comes into use. 

It has been my fortune to witness some so-called testing opera- 
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tions upon long bars, which were conducted as follows: A heavy 
cylindrical bar, somewhat more than thirty feet long, was subjected 
to tensile strain in a powerful testing-machine. This bar was not 
supported at its center, but only at its ends by the clamps which 
secured it in the machine; consequently the bar was subject to a 
cross-strain from its own weight, which in this case acted precisely 
as though the bar were built into a wall at each end, the metal on 
the top of the bar at its ends being elongated, and that at the bottom 
compressed, while at the middle point of the bar the reverse action 
took place. Bars subjected to longitudinal strain under the above con- 
ditions may fail, whereas if they had been properly supported and 
the strain applied fairly the test would have told a different story. 

MR. HILL : In testing heavy bars horizontally for tension, we 
counterweight them in the center ; but where they are not counter- 
weighted, the strain is one of shearing and not of tension. 

MR. DURFEE : I do not say that the proper precaution is univer- 
sally neglected, but I have seen exactly what I have described. 

MR. HILL : It was certainly not a fair test. 
WILLIAM H. MOERIS, Philadelphia, Pa.:  In a paragraph  on 

page 669, which perhaps is the key to a considerable part of the . 
regular manipulation of testing steel-plates, Mr. Salom says: 

"It is to be regretted that we could not anneal the test-pieces without 
annealing the plates, as this would have removed all variations in the 
results, due to differences of mechanical treatment, and perhaps would have 
prevented anomalous results. So much has been written on the treatment 
of steel, that it would be out of place for me in this paper to do more than 
mention, in a general way, that many of the failures which manufacturers 
experience with steel plates are due to the improper manner in which they 
handle them. Moreover, it is certain that steel plates, after having been 
flanged and punched, ought to be annealed." 

It seems to me that the tendency has been a step backward, that 
plates, after being rolled, ought to be annealed before they are 
tested, as, if I mistake not, was the practice when we first com- 
menced rolling steel plates in this country. The rolling of plates is 
a much severer test of the quality of the metal than the rolling of 
any other section of iron that has been devised, because there is no 
edging possible. On the contrary, the tendency is to widen out the 
plate, and, besides that, it is necessary to widen out the ingot to get 
it to the proper width that you are to make the plate, so that the 
spreading of the grain or fibre is both ways; whereas, in the rolling 
of a bar or a bloom, or any other section, there is a tendency to edge 
it up. Now this widening is a great strain on the quality of the 
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material. Moreover, it is alrnqst impossible that the large mass 
of which the plate is composed should be uniformly heated; and 
even if you start with a uniformly hot ingot, before the plate is 
finished it will be colder on the end, and perhaps colder on one side 
or both sides, than it is in the middle. 

It seems to me that plates ought to be annealed before they are 
worked to insure uniformity. And I think that this would correct 
a considerable part of the irregularity we find in the testing. 
P. G. SALOM, Thurlow, Pa.: I would like to say a few words 
in regard to the criticisms passed on my paper. 

Mr. Kent's method of analysis would be, if completed, very in- 
teresting; but I doubt whether we would ever arrive at the exact 
truth by such a method. Some years ago I had occasion to study 
Dr. Dudley's tables, by the laborious method of least squares, on the 
effect of phosphorus, silicon, manganese, and carbon. The results I 
give below ; but, since we do not have all the chemical reasons for 
the physical results, the values are not correct. 

Consider of 1 per cent, of each of the five substances, iron, 
carbon, phosphorus, manganese, and silicon, respectively, as a unit 
of that substance, and let 

 

 
Then, by making 64 equations only of Dr. Dudley's analyses (taking 
iron by difference), and physical tests of the steel, and solving 
these 64 equations for the five unknown quantities by the method 
of least squares, in three different series of equations, we get the fol- 
lowing values for u, v, x, y, and z; 

The only values we can place much reliance upon in this table are 
the two strongly negative values of carbon and phosphorus on 
elongation. 

Now, as regards the influence of phosphorus, I think I am per- 
fectly justified in taking the position that phosphorus, up to the 
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amount of 0.075 per cent., is not injurious to the physical qualities 
of soft steel. I have seen a piece of boiler-plate, containing 0.3 per 
cent, of phosphorus, that not only flanged well, but bent double 
when cold. 

MR. KENT: Would you put it into the fire-box of a locomotive? 
MR. SALOM : I am not speaking of that. I cannot say how it 

would act there, and do not think any one can, as it has not been 
tried. But the effects most people attribute to phosphorus are cer- 
tainly absent in that case. 

DR, RAYMOND : How much carbon did the piece contain ? 
MR. SALOM : I do not know. It was a piece of basic steel, made 

by the Pennsylvania Steel Company, and on exhibition at their office 
in Philadelphia. I did not analyze it myself, but was told that their 
chemist said it was remarkable, because it contained 0.3 per cent, of 
phosphorus. He had made repeated analyses to be sure he was 
right, being himself as much surprised as others. 

In regard to the proper amount of carbon, Mr. Kent is certainly 
wrong. He falls into the error that you can have high carbon if 
the phosphorus is low, and get the same effect as low carbon and 
higher phosphorus. 

MR. KENT : I have found that very strongly. 
MR. SALOM : I do not, in my tests ; and, further, I have made a 

very careful examination of Dr. Dudley's tables in this respect, and 
find no-such relation. On the contrary, some of his highest phos- 
phorus rails are lowest in tensile strength, which is what I should 
expect. The difference of phosphorus in Dr. Dudley's tests, taking 
both good and bad rails, or fast-wearing and slow-wearing rails, is 
only a little over 0.02 per cent. The slow-wearing rails were .07, 
and the fast-wearing .09. Now, it is absolutely incomprehensible 
that that small amount of phosphorus should influence in a marked 
degree the wear of those rails, and especially when we find a large 
number of individual cases where the phosphorus is double, and the 
results are good. And yet Dr. Dudley regarded phosphorus as the 
most potent factor in the law of wear. 

In reply to Mr. Hill's remarks, that not sufficient attention was 
paid in the paper or in the investigation of the steel to the changes 
that may have resulted from the treatment the steel received after it 
left the casting department, namely, in the mill and in the shop, I 
would say, that the greater part of the paper and investigation has 
been devoted entirely to these points. Heating and rolling have 
little or no influence on chemical composition. The carbon some- 
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times changes a few points (two or three hundredths at the most), 
but there would not be any other chemical changes, except super- 
ficial oxidation. 

I knew that my remarks on chemical specifications would be the 
 subject of criticism, especially from constructing engineers, whose 
 prerogative it sometimes is to build gigantic structures, to show how 
they will not work. Now it seems to me the most rational method 
would be to find, if possible, the reason of the matter before begin- 
ning operations. Chemistry will do this. It tells us why a certain 
metal has so much tensile strength and elongation,--that is, if all 
the conditions are known,--which proviso I was careful to insert. 

In regard to Mr. Hill's beefsteak metaphor I would say, that his 
knowledge of organic chemistry must be very limited if he does not 
know that it is just as possible to recognize tough and tender steak 
without using his teeth as it is to recognize good and bad steel with- 
out a testing-machine. To argue that we cannot depend on the 
physical properties of steel from its chemical composition, owing to 
the injuries it may receive from mechanical treatment, is equivalent 
to saying a thing is bad when it is spoiled. Of course it is quite 
possible to spoil the best steel that was ever made in heating and 
rolling, just as it is possible to spoil anything else; but it does not 
take a testing-machine to tell us when this has been done. No one 
is better acquainted with the facts than the workmen in the mill. 

Moreover, the physical test is open to the same objections as the 
chemical test; since no matter how many tests you may make from 
the same metal, as the plate, angle, or bar, those tests are necessarily 
local; and the conclusion as to physical properties of such a plate, 
angle, or bar is based on the assumption that it is without flaws or 
defects of any kind. I repeat, therefore, that, given a good method 
for determining oxide of iron, we can predict with certainty the 
physical properties of ordinary steel. 

This controversy arose some years ago when Dr. Dudley was bold 
enough to prescribe a chemical formula for steel rails, and although 
there was a great storm at the time, rail-men have generally come 
to the conclusion that steel rails of about the composition that he 
suggested are the best that can be made. If we should make a 
chemical specification for boiler-plate we certainly could not go very 
far wrong. I have analyzed samples of most of the boiler-plate 
made in this country (the celebrated Otis steel which is generally 
acknowledged to be the best, and others); and I find in the best of 
them an astonishing degree of uniformity in their chemical com- 
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position. They are all about the same in carbon--from .10 to .15, 
rarely over .15--low in phosphorus, and with as little manganese 
as possible, to permit of working well in the mill. 

I have a few more tests that I would like to present, that have 
been made since my paper was written. 

1. The Effect of Annealing. 
There was a little trouble in working some of the boiler-plates 
which had passed inspection. This we had anticipated, owing to 
the fact that the specifications called for the tensile strength, 60,000 
lbs. on an 8-inch section, whereas 60,000 and below is generally 
required on a 1-inch section; and we had discovered that this 
involved a difference of from 5,000 to 10,000 lbs. to the square inch. 
The Advisory Board permitted the plates to be annealed; and the 
result was that after annealing none of the plates would stand the 
requirements, all being too low in tensile strength. I give the results 
below. 

The letters refer to  plates from the same heat. 
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2. The Effect of Different Sections. 
 To show the influence of different sections of test-pieces on elon- 
gation and tensile strength, the Advisory Board purchased one of the 
annealed plates, and at their request the following tests were made, the 
test-pieces being cut from the plate according to the annexed 
diagram. 

 

The second and third columns show tensile strength and elongation 
in an 8-inch section and the 4th and 5th columns show the same in 
a 1-inch section, all tests being made with the usual intervals 
between application of loads. The 6th, 7th and 8th columns show 
tensile strength, elongation and reduction of area on a 1-inch sec- 
tion, with continuous application of loads. 

 
      VOL. XIII-11 
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3. The Influence of Time. 
Some further tests in regard to the influence of time gave the fol- 

lowing results: 

 
 

4. The Effect of Different Lengths. 

To show the effect on test-pieces of different lengths between the 
shoulders the following tests were made, all taken from the same 
plate (No. 678, W.), 24 pieces being cut longitudinally in section of 
plate marked 10 (see diagram), the approximate size of test-pieces 
being 1 X 0.65 inch. 

 
 

These results show that the lengths between shoulders have but 
little influence on tensile strength, except in the 1-inch section, and 
this is owing to the shape of the test-piece, which was reamed out 
with curves, thus, X, instead of angular shoulders. 
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THE ESTIMATION, OF PHOSPHORUS IN IRON AND STEEL. 
 

BY BYRON W. CHEEVER, UNIVERSITY OF MICHI0AN,ANN ARBOR. 

WHILE engaged in experimenting with the usual methods for 
estimating phosphorus in iron and steel, it occurred to me that po- 
tassium chlorate might be used to oxidize the carbon, and thus 
avoid the tedious and vexatious evaporations necessary for success- 
fully carrying out the usual methods. 

After many trials, the following plan was adopted : 
Take, for analysis, of Bessemer or other low-carbon steels, from 

3 to 5 grammes; of crucible steel, 10 grammes; of pig-iron, 1 to 5 
grammes, according to the percentage of phosphorus supposed to be 
present. • Of iron, high in phosphorus (1 per cent.), take 1 gramme. 

Place in a No. 4 evaporating dish the amount of iron or steel 
decided upon, cover with a funnel which will just fit inside the dish, 
and then add gradually HNO3 (1.20 specific gravity), using 12 c.c. 
of acid for each gramme of steel or iron taken. (A larger quantity 
of acid will be required for small samples.) When the full amount 
of acid has been added, and the violent action has ceased, place the 
evaporating dish on a sand-bath, add 10 c.c. HNO3 (1.40 specific 
gravity), and boil till the bulk of the solution is reduced about one- 
half. Then add 10 c.c. HNO3 (1.40 specific gravity), continue the 
boiling, and add from time to time, during the next 15 minutes, 
small portions of pulverized KC1O3 till about 2 grammes have been 
added. (If the solution shows signs of going dry, more strong acid 
must be added.) This will precipitate the manganese, with some 
iron. Sometimes it happens that the manganese does not come down 
readily, and more KC1O3 or further concentration, or both, will be 
required. 

The process is not complete till the manganese is precipitated, 
which may be known by the appearance of a dark, mirror-like de- 
posit on the dish, at the edge of the solution. 

Boil the solution 5 minutes after the last addition of KG1O3, and 
then add cautiously (to prevent sudden explosions) 5 c.c. strong 
HC1. This will dissolve the precipitated manganese and iron. 

Continue the boiling till the chlorine is all expelled, adding from 
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time to time HNO3 (1.40 specific gravity) to prevent the solution 
from evaporating to dryness. 

Now, add an equal bulk of water to the solution, and boil from 5 
to 10 minutes, cool, and filter into a flask. This filtration may be 
omitted, if, as is generally the case with low-silicon steels, there is 
no residue. Place the flask under the hydrant, till the solution is 
perfectly cold; then add gradually strong ammonia, with constant 
stirring, till the solution is changed into a pasty mass, and the am- 
monia is in slight excess; cool ; add cautiously HNO3 (1.40specific 
gravity.) till this mass is nearly dissolved; boil moderately, and add 
HNO3, a little at a time, till the solution has a straw-color. If the 
solution has a red tinge, iron will be thrown down with the phos- 
pho-molybdate precipitate, which can only be removed by re-pre- 
cipitation, and with a loss of phosphorus. 

Cool the solution to 60° C., and add 60 c.c. of molybdate solu- 
tion ; place the flask on an iron plate heated to 60° C. (not more), 
and let it stand one hour. 

By cooling the solution, before adding the molybdate solution, and 
not raising the heat above 60° C., the phospho-molybdate precipi- 
tate is obtained free from molybdic acid, and also, if the above pre- 
cautions have been observed, from iron, and will contain only a part 
of the silica, the whole of the silica being thrown down only by high 
heat and long standing. Filter and wash the precipitate (keeping 
as much of it in the flask as possible) with an acid solution of am- 
monium nitrate (made as follows: water, 1 litre; NH4NO3, 100 
grammes; HXO3, of 1.40 specific gravity, 15 c.c.); wash till the 
wash-water will not give a red color with potassium thiocyan- 
ate. 

Place the flask, which contains the bulk of the precipitate, under 
the funnel, and dissolve the precipitate of phospho-molybdate on 
the filter with a 3 per cent. solution of ammonia. The filter should 
remain perfectly white, or only slightly tinged with red on the up- 
per edge. If much colored with iron, run through the filter into 
the ammoniacal solution enough dilute nitric acid to dissolve this 
oxide of iron, and render the solution slightly acid ; then add 5 c.c. 
molybdate solution, heat the flask to 80° C., let it stand 15 minutes, 
or till the precipitate subsides ; filter and wash as before. This will 
give a phospho-molybdate precipitate free from iron. Dissolve this 
precipitate with a 3 per cent, solution of ammonia, as above. 

To the ammoniacal solution of phospho-molybdate add 5 e.c. 
strong HC1, or enough to render the solution decidedly acid ; dis- 



THE  ESTIMATION  OF PHOSPHORUS  IN IRON AND  STEEL.      165 

 
solve the precipitate thus formed with ammonia, adding it gradually, 
so that the last drop-will just disperse the yellow color, leaving the 
solution cloudy, and with a peculiar sweet smell. Boil the solution 
10 minutes; then set it aside till the silica becomes flocculent (about 
10 minutes); remove the separated silica by filtering through a 
small close filter--or better, through the filter from which the phos- 
pho-molybdate precipitate has been dissolved, for the silica is not so 
liable to pass through that as through a new filter. 

By repeated tests I have been unable to find phosphorus in the 
separated silica when iron was not present, but have always found it 
when the silica contained iron. To the filtrate add 5 c.c. of am- 
monia; cool; and then add gradually 15 c.c. of magnesia mixture, 
keeping the solution in constant motion ; cork the flask and shake 
violently for two or three minutes; set it aside for three hours; 
filter and wash with ammonia-water (3 parts of water, 1 part of 
ammonia) till the wash-water, acidulated with nitric acid, gives no 
precipitate with silver nitrate. 

Place the moist filter with its precipitate in a platinum crucible; 
cover, and apply a strong heat till the filter is thoroughly charred; 
remove the cover; turn the crucible on its side, and ignite till the 
filter is white; then place the crucible in the upright position ; cover, 
and heat five minutes with the blast. This will volatilize the greater 
part of the molybdic acid, which is nearly always present with the 
ammonio-magnesium phosphate. The determination may be made 
in six hours. The results in Table No. 1 were obtained by stu- 
dents working in the laboratory, and by myself. A., B., C. and 
D. are students. E. is myself. 

The sample was a piece of steel rail, about 8 inches long; and 
the drillings were made from time to time as wanted : which may 
account in part for the rather wide difference in some of the results. 
The amount taken for each determination was either 3 or 5 grammes. 

The sulphuric acid and nitric acid processes, socalled, are de- 
scribed in the Transactions of the Institute, vol. page 330. The 
nitric acid and potassium chlorate process, mentioned in the table, is 
the one just described. 
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Table No. 1. 

 
The following table gives results obtained from another sample: 

The attempt was made to estimate manganese in the same sam- 
ple and at the same time with the phosphorus; but the manganese 
precipitated by the potassium chlorate was found to carry phospho- 
rus, which necessitated its re-solution, as above described, by adding 
HC1. 
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On testing the magnesium pyrophosphate for impurities, I ob- 
tained a reaction which, if other tests are not made for iron, may 
lead to the conclusion that iron is present when it is not. This 
reaction was obtained by dissolving the magnesium pyrophosphate 
with HC1, and then adding thiocyanate, which gave a red color, 
resembling in every respect that produced by iron. This color I 
have found to be due to the molybdic acid, which has been reduced 
by the ignition, and which is always present in greater or less quan- 
tity in the magnesium precipitate. 

THE SEGREGATION OF IMPUBITIES IN BESSEMER STEEL 
INGOTS ON COOLING. 

 
BY PROFESSOR  BYRON W. CHEEVER, UNIVERSITY OF ICHIGAN 

ANN 
ARBOR, MICHIGAN. 

IN the Journal of the Iron and Steel Institute for 1881 (vol. ii., 
page 379), will be found an article upon this subject. The analyses 
there reported were of samples taken from an ingot made especially 
rich in impurities and then cast in a sand-mould in order to give 
the elements a better chance to redistribute themselves, on account 
of the steel solidifying more slowly than when cast in an iron mould. 
Wishing to ascertain how much, if any, segregation takes place 
when the steel is cast in the ordinary way, I placed the subject in 
the hands of Mr. W. J. Olcott, a graduate of the Michigan Univer- 
sity, who has carefully collected and analyzed samples taken from 
different parts of ingots and billets. 

In this undertaking he found himself somewhat embarrassed on 
account of being distant from steel-works, and therefore unable to 
supervise the selection of samples. 

He found, however, a competent and willing aid in the person of 
E. F. Wood, M.E., chemist of the Pittsburgh Bessemer Steel Com- 
pany, Limited, who has spared no pains in collecting the desired 
samples and furnishing drawings and descriptions of the ingots from 
which the samples were taken. 

The following are the results obtained: 

Ingot No. 1. 
This ingot was about 5 feet long and 13 X'13¼ inches at the point 

of fracture, which was 2 feet from the bottom. The samples 
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were taken from points 1, 2, 3, and 4, as shown by the following 
cat: 

 
The holes were 1¼ inches in diameter, drilled with a twist-drill. 
The ingot was badly honeycombed. 

 

Ingot No. 2. 

This ingot was 4 feet 6 inches long and 13 X 13 inches at the 
point of fracture, which was 2 feet 6 inches from the bottom. It 
was a soft ingot. The sample holes, 1, 2, 3, and 4, as shown by the 
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following cut, were 1¼ inches in diameter.    All measurements are to 
the edge of the hole, and not the centre. 
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On examining the foregoing analyses it will be seen that there is 

a tendency on the part of some of the impurities to separate from 
the cooling mass and concentrate in that part of the ingot which 
remains fluid the longest. 

This concentration, however, is so slight, in the ordinary ingot, as 
not to be manifest in the billet. 

The fact that segregation does take place calls for some atten- 
tion on the part of the manufacturer of large steel castings, on 
account of the large percentage of silicon present and the slow cool- 
ing of such castings, which gives the impurities a better chance to 
concentrate. 

It is evident that the more rapidly the fluid steel is cooled the less 
the segregation. Therefore the steel should be cooled as rapidly as 
is consistent with good work, in order to secure in the casting as per- 
fect uniformity as possible. 
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THE HYDRAULIC CEMENT WORKS OF THE UTICA 
CEMENT COMPANY, LA SALLE, ILL. 

BY HENRY C. FREEMAN, C.E., E.M., ALTO PASS, ILL. 

DURING the early period of the construction of the Illinois and 
Michigan Canal, about 1838, in excavating for the canal, where the 
present town of Utica stands, hydraulic limestone was discovered, 
and its value was recognized. A kiln for calcining and a mill for 
grinding were erected, and the cement was used in the construction 
of the locks of the canal. 

This property was subsequently bought by the present owner, Mr. 
James Clark, and the work has been contiuned to the present time 
in much the same primitive manner as it was begun. The bed is 
exposed in the Illinois River valley by stripping off a few feet of the 
covering rock. It is from 4 feet to 6 feet 9 inches thick, and nearly 
level, dipping gently to the northeast. 

The Utica Cement Company's establishment, which is two miles 
west of Utica and two miles east of La Salle, was an outgrowth of 
the Illinois geological survey. The writer was in charge of the 
district which included La Salle county, and, in working out the 
details of the geology of that county, discovered, below the Utica 
bed, another workable hydraulic limestone, which makes its appear- 
ance in the northern bluff of the Illinois River valley, rising above 
the water level at the point where the company's works are estab- 
lished. This cement group, of which there are several thin beds, 
lies just below the St. Peter's sandstone, with a few feet intermediate 
of trausition-rock, which appears to represent the Calciferous, and is 
exhibited in place, in concretionary form, at the top of the bluff. 
The hydraulic beds are very regular, and the one worked by the 
company is 10 feet thick; or, speaking more definitely, there are 
two beds, separated by 18 inches of sandstone, lying about two feet 
above the bottom, and the two beds are worked as one, the sand- 
stone being first cut out and removed, to prevent mixture. 

In 1869 I was invited to join with a company, and to take charge 
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of and develop the property.    The Utica Cement Company was 
organized, and work was commenced in the autumn of that year. , 
The entire plant was constructed under my personal supervision, 
and from original designs of my own. 
 A canyon 100 feet deep, with nearly vertical walls, very narrow 
where it opened to the canal and railroad in the Illinois valley, 
afforded the best place for opening the mine; and by building very 
"compactly, with careful planning, there was sufficient room for the 
plant, close to the mine-entrance. 

The rock is obtained entirely by mining underground. Tunnels 
are driven in the cement-rock, and the interior plan is much the 
same as a coal-mine, laid off in rooms with walls between, connected 
with the main tunnels or entrances by cross-entries. The rooms 
are worked 45 feet wide, with 15-feet walls between, the main 
tunnel having side-walls 25 feet thick. The mining has all been 
done with pneumatic drills, and I understand the set of drills in 
use are the same with which the work was started, excepting one, 
which has been worn out and broken up. My connection with the 
work terminated five years after its commencement, the work being 
then complete. 

After some experimental work, the plan settled upon for mining 
was to cut out the sandstone and remove it; then blow down the 
upper or main mass of the cement-rock; and, lastly, raise the two 
feet of cement-rock below the sandstone. But all the drilling for 
the face of either a tunnel or a room was done before a shot was 
fired. The method of working a room and tunnel was the same, 
and by preference the tunnel was driven wide—about 20 feet—as a 
Matter of economy, excepting at the entrance, which was kept nar- 
row, that it might be readily closed against severe winter weather, 
and also to lessen the action of frost on the roof. 

The drilling commenced anywhere in the face, after the drillers 
became skillful; but the system indicated a beginning always in the 
center of the face, a few inches above the sandstone,—one, two, or 
three drills occupying the face of a room together. Usually it was 
divided between two. Two holes were drilled, 2½ feet apart, about 
2½ feet deep, and directed obliquely downward and forward, con- 
verging so that the two holes would be about 4 to 6 inches apart at 
the bottom, and terminate in the sandstone near the base. Two 
more holes, 4½ or 5 feet deep, were drilled like the first pair, start- 
ing 3 inches horizontally from them, and converging as before, A 
third pair of holes, 3 inches from the second pair, went in 7 feet, and 
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sometimes a fourth pair were put in 9 feet in the same manner. These 
.holes were always blasted in pairs, and in the order given, the first 
pair making a wedge-shaped opening, which the second and third 
pair deepened to the regular depth of breast, which was usually 7 
feet for the standard. Occasionally 9 feet, and in a few instances 11 
feet depth of breast, was taken out by having extra long drill-points. 
The rest of the drilling was one hole for each 2½ or 3 feet of hori- 
zontal distance of sandstone, until the side-walls were reached. A 
few holes, properly distributed, to bring down the mass above, and 
a few to tear up the bottom bed to the floor, completed the drilling. 
As it was necessary to have a clean parting at the floor and roof, the 
bottom and top holes were drilled with special reference to this 
object. 

In the early period of the work, the men at the drills were paid 
by the day; but, as soon as safe data had been collected upon which 
to base contracts, the drillers were brought under that system, and 
paid for the actual measure of the holes drilled, provided they were 
properly drilled as to depth, position, direction, and number. Any 
excess, deficiency, or error of direction for the holes, was charged 
against the driller's credit, and became his loss. The result of a 
few months' judicious discipline of this kind, together with careful 
instruction, was, that the drillers learned to do their work so that 
no failures followed in blasting, no hand-drilling was required, and 
the walls were kept to a line. 

As the result of this systematic training, I was enabled, in a few 
months, to dispense with steam-engineers for the drills—who at that 
time were paid S3 per day often hours, and had helpers at §1.75— 
and gradually brought in a new set who had never run engines, 
selected from the ambitious and careful men among the better class 
of laborers. During the employment of the steam-engineers, who 
were generally railroad men, of unsettled habits and fixed prejudices, 
it was rare to get 100 feet of holes per day per drill, the general dis- 
tance ranging down to 80 feet; but, soon after the new trained men 
came in, this was increased to 160 feet and upwards, occasionally 
reaching 200 feet. By paying, during a few mouths, a bonus for the 
best and largest amount of work done per month, we were greatly 
assisted in bringing the monthly average to a standard maximum. 
All dill-sharpening was at the driller's cost. In order to insure 
carefulness, all breakages were charged to the driller; and, to prevent 
waste, all the oil was charged. To insure regularity of time, half the 
cost of the power used to compress the air was charged to the drillers, 
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of whom there were six. Thus, if one drill was idle, the five had to 
pay the share of the idle one. By this arrangement the drillers were 
kept from dropping out at will, and disarranging the order of work; 
and when one or more wanted to stop, it was arranged beforehand 
among themselves, and permission was obtained from the office. In 
this way an orderly system of work was introduced, permitting a 
complete control. The important men in the system learned by ex- 
perience how much the cost of work was increased by disturbance of 
its regularity; and the gradual reduction of cost at last considerably 
exceeded 50 per cent. 

Every day, record was made of each division of labor throughout 
the establishment, charging each classification of work with its 
quota of labor, even to the fractions of a day per man ; and the 
aggregation of the daily details balanced the gross amount of labor. 
The foreman of each gang furnished daily the distribution of labor 
under his charge. Once a month, this was consolidated on one sheet. 
The cost of each division of labor and of each kind of material con- 
sumed was thus known each month; and if any essential variation 
was observed, it was immediately investigated, whether it increased 
or lessened cost. To make this complete, involved taking a monthly 
account of stock of finished and unfinished work, which was easily 
done. This system was established at a period when labor was 
very difficult to handle, and made especially so at that place by 
local surroundings and circumstances. 

The blasting was all done by a set of men who did nothing else. 
The common laborers followed, broke the rock to proper size, loaded 
the cars and run them out to the nearest main entry. As already 
remarked, the sandstone was blasted out and removed before the 
cement-rock was disturbed. Black powder was used. Nitroglycerine 
and dualin were both tried without success. It was an essential 
condition that the rock should not be broken too small for proper 
calcining, as the draft of the kilns would be obstructed by too large 
a percentage of fine rock. These stronger explosives shattered the 
rock too much, producing excessive waste. 

The Burleigh drill was used. In the beginning of the work, the 
"tunnel carriage" which the manufacturers sent out with the drill 
was employed. It was an unwieldy affair, requiring nine men to 
move it about, though two (the driller and his helper) were suffi- 
cient to use it. The unsuitableness of this carriage led me to design 
a totally different one adapted to our work. The accompanying 
drawings and description exhibit this carriage, which is still in use. 
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As it was not patented, it is free for public use. This carriage suited 
the work perfectly. • It is also adapted for any tunnel-work of or- 
dinary width for a railroad, and down to seven or eight feet wide, 
by making the carriage specially for narrow work. This carriage, 
with its drill (weighing together one ton), was handled very easily, 
either on or off the tracks, by the two men who did the drilling, a 
pinch-bar being used to shift it into position. 

In the accompanying plate, Fig. 1 is a side view, with one end 
shown partly in section. The drill (not shown in the drawing) is 
clamped to the long horizontal bar in the usual way. This bar 
moves up and down freely between the guide-posts of the carriage, 
being suspended at each end by a chain. A lever working in the 
ratchet winds or unwinds the chain at each end. The two stanchions 
shown in position support the drill when in action, and are them- 
selves supported against the floor and roof, and made secure by the 
long jackscrews in the bottom. A wooden cap is usually laid on 
top next the roof. On the floor is an iron plate for the screw-head. 

Sets of clamps at each end of the drill-bar inclose the two 
stanchions; and a short jackscrew in each end of the drill-bar is 
forced out against the stanchion. The drill-bar is then independent 
of the carriage, and the chain may be slackened. 

A is an end view of the drill-bar looking downward. It shows 
the lugs that serve as guides on the posts, and the attachment of the 
clamps, bolted on. A short jackscrew is omitted in the figure. 

B exhibits half of the bottom-frame, showing method of framing 
and attachment of the posts. 

The frame is of seasoned white oak, the stanchions of Norway 
pine. For a ten-feet ceiling an eight-feet stanchion is a convenient 
length. They are eight inches square. 

Fig. 2 is an end view of the carriage, with the stanchions omitted 
and the clamps thrown open. 

T rails were used; but as it was inexpedient to have a track close 
to the face, the flange of the wheel was broadened, so that the wheel 
had two treads, the lesser diameter to run on the rail, and the 
greater to run on the rock-floor. The construction of the track was 
unlike the common practice. Four by six-inch oak scantling, 14 
feet long, was framed together by tongue and mortise, the six-inch 
face flat, with three cross-pieces secured with wooden pins. These 
14-feet sections were kept in stock, with a few half-lengths. It is a 
very convenient method for mine-tracks with light rail. The rail 
has a full bearing its whole length, and a lighter rail can be used. 
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The high price of iron at that time made this an important piece of 
economy. 

The plant consisted, besides the drills referred to, of the necessary 
yard and mine-tracks and a railroad-connection ; a house containing 
a sixty horse-power Babcock & Wilcox boiler and two Burleigh 
compressors, each of power to drive three tunnel-drills, and con- 
nected with the necessary air and water-pipes distributed through 
the mine; a blacksmith shop; four kilns for ealcining the rock, two 
of 1000 barrels capacity each, and two of 500 barrels capacity each ; 
a mill-building of stone, three stories high (total height, 65 feet), 
with a one-story wing, also of stone, for boilers and engine; a re- 
ceiving-house, which is an open building, to which the calcined rock 
is transferred from the kilns; a warehouse for storage, one story 
high, 37 by 100 feet, with cellar for empty barrels; a house for the 
superintendent, and a village on the bluff, with an artesian well for 
water-supply; and the machinery, referred to more in detail below. 

The large kilns are oval, and the smaller ones round,—all are 
perpetual kilns. The large ones have eight furnaces, four on each 
side, and below each furnace is a gate for drawing at the lower level, 
high enough above the ground to draw into a car. The round kilns 
have four furnaces each, but only one gate to each kiln for drawing. 
The kilns are 45½ feet high, finished on the top with T rail tracks, 
so that the mine-cars deliver their load of two tons each into the 
kiln. These reach the top of the kiln by an inclined plane. The 
space between the draw-gates and the bottom of the furnace is a 
chamber sufficiently large to cool the calcined rock to a proper 
degree for handling in wooden cars. Drawing is done usually every 
two hours,—filling with fresh rock once in twenty-four hours. The 
time required for calcining is about four days, or ninety-six hours. 
When and how much to draw, is determined by the fireman from 
the apparent condition of the rock at the back of the furnace. 
Firing is done in shifts of twelve hours, one fireman attending one 
large kiln or two small ones. Another man does the drawing. 

The kilns are lined with fire-brick, backed with common rubble 
masonry. The outside is an iron shell of No. 12 to No. 16 iron, 
the space between being filled with sand or ashes. This is the con- 
struction from the top of the furnace to top of kiln. Below the iron 
shell is solid brick-work, 7 feet high, containing the furnaces. This 
is banded with four sheet-iron bands. All below is heavy stone 
masonry, including the cooling chambers. 

From the kilns the calcined rock goes into the receiving-house, 
VOL. XIII.—12 
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about 100 feet long, at an elevation, reached by an inclined plane, 
sufficient to draw from it through side-gates on each side into a car. 
From this car the rock is dumped into a hopper over a crusher in 
the yard at the ground-level. As the calcined rock runs into the 
car it is inspected, and if any is imperfectly calcined, it is picked 
out. From the crusher a belt-elevator with cups takes it to the 
level of the roof of the mill, the upper story of which is a receiv- 
ing-room. A screw-conveyer passes it from the elevator into this 
room. 

The middle floor is occupied with five run of stones for grinding. 
The mills are self-feeding by spouts from above. Instead of hori- 
zontal stones, they are set on horizontal spindles. The stones are 
of the best French burr, each stone a single piece, 30 inches in 
diameter ; and the runner has a speed of 500 revolutions per minute. 
Each mill, if kept in good trim, will grind 15 barrels per hour of 
the standard fineness, which is finer than the general practice. The 
wear of the stones is so rapid that they must be sharpened or dressed 
for each 1000 barrels ground per mill; and it is better to sharpen 
for each 500 barrels. 

From the mills the cement is spouted to the first or packing-floor. 
Two shakers pack it either in sacks or barrels. Cement has to be 
packed by gravity, with a vertical shaking motion. It does not 
pack like flour. 

Railroad-tracks at the door have cars standing to load for imme- 
diate shipment. If a surplus is being made, the large warehouse at 
the same level receives it, from which it can go direct into cars. The 
arrangement is such that six or seven cars can be loaded at the same 
time. At the beginning of winter, when demand falls off, this ware- 
house is filled to its capacity with cement in bulk, and by Christmas 
the works are able to shut down for a few weeks for the annual 
overhauling. The necessities of the work will not permit of stop- 
pages long enough for repairs in the busy season ; hence everything 
is done to insure uninterrupted work during that period. 

The one-story wing of the mill contains an engine of 210 horse- 
power, with two tubular boilers. This furnishes the power for 
grinding in the mill, crushing in the yard, elevating into the mill, 
elevating the calcined rock into the receiving-house by the incline, 
and elevating the raw rock to the top of the kilns by another in- 
cline. To avoid the necessity of two additional engines outside the 
mill, wire-rope connections are made for the transmission of power 
across the yard ; and, by bevel-gearing, this arrangement is turned at 
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right angles, and connected with friction-gear machinery under the 
floor at the head of the incline for supplying the kilns. A lever 
throws it into gear with friction-pulleys; and when the car is de- 
livered at the proper point at the head of the plane, the friction-pul- 
leys are thrown out of gear automatically. It would not be safe to 
trust a man's promptness to do this. 

The rope that does the hauling on the incline winds on a drum 
under the floor at the head of the plane, the other end being attached 
to the " traveller"—a l i t t l e  car with weight enough to carry the rope 
down. This traveller runs on a narrow track inside of the main 
track and sinks into a pit at the foot of the plane. Over this pit the 
loaded cars are run; and as the traveller comes out of the pit it 
pushes the loaded car ahead of it. 

Empty cars are let down by pushing them against the traveller; 
and a man regulates the speed with a lever operating a friction-band 
on the rope-drum. The crushing and elevating machinery of the 
receiving-house and mill is run in a somewhat similar manner by 
another rope across the yard. 

The wire ropes for the transmission of the power run constantly 
at a speed of about 2,400 feet per minute. The strain on them is 
intermittent and severe. The ropes are f inch in diameter, iron 
wire, hemp centre and travelling over pulleys 5 feet in diameter 
fitted with rubber filling. I tried steel wire ropes for comparison, 
and found that under the conditions it was not as economical as iron. 
Under the severe intermittent strain, the wires, whether steel or iron, 
harden and become brittle; and then single wires begin to crack. 
When the surface-wires show much fracture, it is time to remove the 
rope ; and when a steel wire rope begins to fracture, it is less reliable, 
because it is more brittle, than an iron wire under such conditions 
of intermittent strain. 

To complete the plant, a village had to be built on the bluff, as 
the localit was isolated; and the problem of a water supply (there 
could be no wells), which could have been met by pumping from a 
spring stream half a mile distant, was solved in a better way by bor- 
ing an artesian well, 6 inches in diameter, about 160 feet, which 
penetrated an open water-bearing sandstone. It is the lower sand- 
stone in the Chicago artesiau wells. A 4-inch iron tube put in 
caused the water to rise 30 feet above the surface, with some flow. It 
was allowed to rise 13 feet and run into a tank. From this, with 
75 feet of drive-pipe to each of two hydraulic rams of the largest 
size, the water was driven by the one 125 feet high for the use of the 
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village, and by the other, 90 feet high into a reservoir. This second 
supply furnished the quantity and head of water necessary to meet 
the requirements of the drills. The drill-helper, with a -inch iron 
pipe connected by rubber hose to the leading-pipe could with the 
greatest ease keep the drill holes free, no matter how rapidly they 
were sunk. The end of the iron nozzle was closed, and a small hole 
less than 1-16 inch was drilled for the stream. 

It was known at the start that fierce competition was to be en- 
countered in the cement market, and every appliance for success 
must be used in the production. Hence every arrangement was 
planned with reference to large and economical production, and at 
the same time in shape for enlargement without any destruction or 
disarrangement of plant, and to dispense as far as practicable with 
manual labor. The work has been a success and profitable from the 
time of its completion. 

The quality of the cement ranks with the highest grade of the 
natural cements. It is slow-setting, and is largely used in the public 
works of Chicago. 

The standard of quality was placed high in the beginning and has 
constantly been maintained. The cost of production was then re- 
duced as early as practicable, and by the methods indicated in this 
paper. 

The only analyses I know of are the following, and are given in 
the form in which they were furnished. 

1. Analysis of the rock as determined by the late Professor 
Blaney of Chicago in 1870, being an average of three analyses: 
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This cement-rock is a member of the lower magnesian series, 
Potsdam period. It is the oldest rock exposed in Illinois, and 
occurs at this place only in the State. The same beds may be seen 
about fifty miles southwest of St. Louis, in Missouri, and they 
probably outcrop along the Mississippi River in the vicinity of the 
Wisconsin River. 

POSTSCRIPT. 

I have learned since this paper was written that a slight change 
has been made in the name of the company. It is now known as 
"The Utica Cement Manufacturing Company." I learn also that 
within the last year some changes have been made. They have 
succeeded in using dualin satisfactorily, and by a new method of 
crushing with heavy roller in a pan, screening the product, the duty 
of the mills is lessened to about one-half. The Babcock & Wilcox 
boiler has also in the past year given way to a common flue-boiler, 
the change, as I understand, being due to a great reduction in the 
price of fuel, and the common boiler being served with cheaper 
labor. 

THE MINERS' FUND OF NEW ALMA DEN. 

BY SAMUEL B. CHRISTY, UNIVERSITY OF CALIFORNIA, 
BERKELEY, CAL. 

AT the last meeting of the Institute, several contributions were 
made to the subject of miners' aid funds. Such matters will always 
form- important factors in the administration of large industrial 
enterprises. From the frequently remote and isolated position of 
mining properties, it is a subject that often forces itself upon the 
attention of the mining engineer. Local conditions are usually so 
variable that no single method can be found equally well adapted to 
all localities. At the same time, a study of different types is often 
suggestive and valuable, and it is with this in view that these notes 
are presented. 

The Miners' Fund of New Almaden is a remarkably successful 
ex-ample of what may be done for miners by a wise and at the same 
time firm management, by simply directing their own efforts and 
without incurring any great expense to the stockholders,—a practi- 
cal consideration not without importance in most cases. 
The quicksilver mines of New Almaden are situated at a distance-
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of fifteen miles by wagon-road from San Jose, the nearest town from 
which medical and surgical aid can be summoned. The great delay 
in case of accident and the expense in cases of long illness naturally 
gave rise to much difficulty in the early history of the mine. Physi- 
cians would charge a fee of twenty-five dollars for each visit; so 
that as a matter of mere economy, it was cheaper to die than to fall 
ill. 

In order better to understand the conditions of the problem, a 
word as to the number and nature of the population will be necessary. 
The total number of men on the Company's pay-roll at the mine 
and hacienda (reduction works) varies from 400 to 700. The total 
population is estimated to vary from 1400 to 1600. The last school- 
census showed: 

316 children between 5 and 17 years at the mine. 
105 children between 5 and 17 years at the hacienda. 
The total number of minors was estimated at 600. By far the 

larger part of this population resides at the mine in the so-called 
" English Camp" and "Spanish Town," the rest live at the hacienda, 
all on the Company's property. This population is largely Spanish- 
American. Nearly seventy-five per cent, are of this origin. Most 
of these are Mexicans; a few are South and Central Americans. 
About twenty per cent, are Cornish miners and their families; the 
other five per cent, are Germans, Swedes, and other foreigners, with 
a few Americans. 

Two unsuccessful attempts were made to furnish efficient medical 
and surgical aid to the mine. The first attempt was made by the 
management as early as the Fall of 1864, to secure the services of a 
competent physician. Each male adult at the mine was required to 
pay one dollar per month, in consideration of which he and his 
family were furnished with medical attendance and medicine. The 
whole sum collected was paid over to the physician, who gave his 
whole time and furnished the medical supplies. Of course this in- 
novation led to much opposition, complaints being made against the 
compulsory nature of the contributions; so that the scheme was 
abandoned after a trial of three months. 

From that time till the Spring of 1870, the people were left to the 
tender mercies of local quacks, or were compelled to send to San 
Jose as before. At the period named the need of a change was so 
strongly felt by the miners themselves, that a system of voluntary 
subscriptions was started among them. The plan this time was to 
pay .over the whole sum to two competent physicians of San Jose, 
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who agreed to visit the mine every other day, alternating with each 
other; they also agreed to furnish all necessary medicines and to 
come on odd days without extra charge in cases of emergency. This 
plan worked well at first; but dissatisfaction arose from the fact 
that many of the miners who were non-contributors still received 
nearly as much benefit as those who paid. By degrees, therefore, 
the number of contributors decreased until the fund became insuffi- 
cient to pay the physicians; and so the second plan, that of voluntary 
subscriptions, failed. 

The result of this experiment did much to convince the miners 
that compulsory contributions were necessary to make such a scheme 
a success; so that in the latter part of 1870, soon after the direction 
of the mine was assumed by the present manager, Mr. J. B. Randol, 
the miners were ready to petition that he assume control of the Fund, 
and that contributions be made compulsory. After convincing him- 
self that this was the wish of a large majority of the employees and 
residents, Mr. Randol established what is now known as the Miners' 
Fund, and assumed entire control as Trustee. He has occupied this 
position for over thirteen years, without salary ; and to his skillful 
management is due the high state of practical usefulness which the 
Fund has reached, in spite of previous failures. 

At the time he began, the apparent future of the mine did not 
justify any additional expense on the part of the Company; while on 
the other haud, it was equally evident that the Fund should be in 
such a position that it could offer sufficient permanent inducement 
to a competent physician for him to abandon his regular practice 
and become a resident at the mine. 

With these things in mind, the organization was effected, the rules 
and regulations of which have since been modified from time to time, 
as experience under the peculiar conditions suggested. 

The rules and regulations now in force may be gathered from the 
following notice posted at the mine: 

MINERS' FUND. 
This Fund, instituted for the benefit of the residents of New Almaden, is established 

upon the following basis: 

Employees of The Quicksilver Mining Company, heads of families and all other 
adults residing at New Almaden, each pay monthly into said Fund, One Dollar. 
The money so contributed is held by J. B. Randol, Trustee, to be paid out for the 
following purposes: 

1. The salaries of a resident Physician, and of a Druggist, and for the purchase of 
medical supplies. 
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2. For relief of contributors whom circumstances may entitle to the same, and for 
other contingent expenses. 

II. 
Contributors are entitled, without further payment, to the attendance of the resi- 

dent Physician for themselves and their immediate families (except that cases of 
confinement will be charged five dollars), and will be furnished with medicines pre- 
scribed by him on payment of cost. 

III. 
When the Fund is subject to any expense for relief of persons indigent, or other- 

wise—say for medicines, nurses or supplies—it will be regarded in the nature of 
a gift, or as an advance to be repaid, as the Trustee may decide to be just, considering 
the circumstances of each case. 

IV. 
It is expressly agreed that when the resident Physician is called to attend any 

person not a contributor to the Fund there shall be a charge of not less than Five 
Dollars for each visit, to be paid into the Fund, and to be charged against and col- 
lected from the head of the house where such non-contributor may be living. 

V. 
The Trustee serves without pay, and in consideration thereof it is understood that 

the foregoing rules and regulations will be observed by all persons interested 
therein; and it is expressly agreed that all sums due, or to become due, to the Fund 
by the contributors, or any of them, shall be a lien upon any property of the con- 
tributors at New Almaden, and upon any money due, or to become due, them for 
wages from The Quicksilver Mining Company, which money said Company is 
authorized to pay over to said Fund without further notice. 

J. B. RASDOL, 
NEW ALMADEN, February, 1883. Trustee. 

The peculiarities of the large Mexican element in the population 
necessitated many of the changes which were made in the rules of 

 
the Fund as it was first established. ' For instance, at first, no charge 
was made for medicines furnished. But it was soon found that the 
Mexicans would often draw medicine to double the value of their 
contributions whether they needed it or not. A friend of mine, re- 
cently physician on a Mexican railroad, where the government re- 
quires that medical aid shall be furnished by the Company, says that 
the same difficulty is met with there and has occasioned him much 
perplexity, as it was frequently impossible to determine whether the 
men were really ailing or not. At New Almaden the difficulty was 
met by charging the medicines at cost price, as stated in Rule II. 

Another difficulty arose from the fact that, in addition to the 
numerous blood-relatives of a Mexican, he has numerous other con- 
nections, such as compadres, commadres, etc. All of these god- 
fathers, god-mothers and god-children he regards as members of his 



                             THE MINERS' FOND OF NEW ALMADEN.              185 

own family. As a result, when these non-residents fell sick, they were 
often imported for treatment at the hands of the resident physician 
as members of the family of a contributor to the Fund. This soon 
gave the physician more than he could do; and the place was turned 
into a health-resort with free medicine and attendance for the vicinity. 
This was the cause of Rule IV., which, prescribing the fee of five 
dollars for each visit to a non-resident, at once put a stop to this 
abuse. 

On account of national prejudices, it was found necessary to main- 
tain two separate hospitals, one at " Spanish Town," the other at 
the "English Camp." Nurses are paid from the Fund as required. 

Whenever an employee is injured while at his work for the Com- 
pany, no charge is made for any medical or surgical supplies fur- 
nished him; and if the needs of the case require it, he is furnished 
with nurses and boarded at the expense of the Fund. When solely 
dependent on his support, his family is provided for during his ill- 
ness in the same manner. The same is done for ordinary illness in 
deserving cases of destitution; and the advance is regarded as a gift 
or a loan, as the Trustee may decide to be just. 

In cases of fatal accident or the death of indigent persons, the 
burial-expense is sustained by the Fund. It maintains a burial-plot 
at the San Jose cemetery and also one at the hacienda, and another 
on a sandstone hill near the mine, which latter is not very popular 
among the miners for obvious reasons, although no ore as yet has 
been discovered there. 

The physician is paid a regular salary of three hundred and fifty 
dollars a month, and is required to make a monthly report to the 
Trustee of: 

The number of visits made each month. 
The number of office prescriptions. 
The number of vaccinations. 
The number of obstetric cases. 
The number of cases of salivation. 
A professional druggist is employed at the mine to attend to pre- 

scriptions; but, as he also acts as clerk for the mine, only the time 
he is actually engaged as druggist is charged to the Fund, at the rate 
of twenty-five dollars per month. 

The collections are made and the accounts kept by the regular 
bookkeeper of the mine, who receives a salary of twenty dollars per 
month from the Fund. 

A complete record of the fatal accidents during the last thirteen 
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years has not been kept. During the last four and a half years there 
have been just nine, or an average of two per year. During this 
time there have been on an average 440 men employed ; this would 
make an average of less than half of one per cent, of fatal accidents 
per annum. It is a remarkable fact that in none of these fatal cases 
did the patients live long enough for treatment. In seven cases 
death occurred instantaneously, and in the other two, within half 
an hour. Three of these accidents happened at the surface and six 
under ground. 

During the last four and a half years the highest annual mortality 
from all causes was 15 per 1000 inhabitants; the lowest, 11 per 
1000; the average about 13 per 1000. 

Cases of salivation never occur at the furnaces at present, except 
through extreme carelessness. The chief trouble of this sort at the 
hacienda is from cleaning the condensers and working the soot. 
During 1883 there was no salivation at all at the hacienda. In pre- 
vious years, there has been more or less from the cause stated. 

Formerly there was very little salivation in the mines, the einna- 
bar-ores never giving any trouble of that kind. But at present, in 
working the rich labores, or stopes, of the 1600 and 1700-foot levels 
of the Randol shaft, which contain a great deal of native quicksilver, 
there-has been some trouble from this cause. This ground is in- 
places thoroughly impregnated with native quicksilver, a fragment of 
ore showing drops all the way from the size of a pea to microscopic 
globules disseminated through it. 

Of course the air in such labores is pretty thoroughly saturated 
with quicksilver-vapor, in spite of all attempts at thorough ventila- 
tion. The chief source of absorption seems, however, to have been 
the skin. As the labores are rather warm, the men work by prefer- 
ence stripped to the waist. As a consequence, the dust and probably 
the vapor also, is attacked by the saline matter in the perspiration, 
and introduced into the system through the skin. At least this is 
the theory of Dr. S. E. Winn, the resident physician ; and that this 
is one important cause is substantiated by the fact that since he has 
insisted that the men be compelled to wear their shirts in the labores 
while at work, the number of cases has diminished. Of course, every 
attention is paid to bathing; and the use of tobacco in any form is 
forbidden in these labores. No deaths have been known to occur 
from salivation. The treatment follows the iodide of potassium 
method. Men disabled by salivation get half-pay. 

A remarkable fact is the facility with which the Mexicans recover 
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from wounds resulting from accidents or quarrels, while at the same 
time they succumb very readily to the attacks of disease. Their 
chief difficulty is with lung-troubles, pneumonia, consumption and 
the like. This seems partly due to constitutional predisposition, but 
largely to their careless, reckless life. They will frequently come 
out of the hot labores after a day's work, and without change of 
clothes expose themselves to the weather or a night of dissipation. 
The Mexican miners, although occasionally very well developed, do 
not as a rule last as long as the Cornishmen. The latter, being more 
particular about wearing dry clothes at the surface, and not exposing 
themselves recklessly, suffer much less from lung troubles. 

The average age of the miners employed is 35 to 40 years, although 
some of them are 60 to 70 years old. A few boys and no women are 
employed in the mine. 

The following summary of the monthly reports of physicians will 
give an idea of the amount of work done. 

 
The following is a list of receipts and disbursements for the whole 

period during which the Fund has been in existence: 

New Almaden Miners' Fund.    Receipts and disbursements for the 
13 years ending December 31, 1883. 

RECEIPTS. 
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Hospital nurses,------------------------------------------------------------- $2,748 82 
Consultations (fees), ---------------------------------------------------------1,648 00 
Livery, -------------------------------------------------------------------------1,425 78 
Funeral expenses,---------------------------------------------------------------865 90 
Board for patients,--------------------------------------------------------------736 65 
Furniture, ------------------------------------------------------------------------532 84 
Surgical instruments,-----------------------------------------------------------501 42 
Office boy, ----------------------------------------------------------------------418 75 
Incidental expenses,------------------------------------------------------------486 97 
Loans-----------------------------------------------------------------------------345 00 
Subscriptions to medical journals and works, ------------------------------312 40 
Disinfectants, -------------------------------------------------------------------252 92 
Small-pox hospital,-------------------------------------------------------------- 55 25 
Collections refunded, ----------------------------------------------------------- 27 50 
Taxes, ----------------------------------------------------------------------------- 18 00 
Fuel, ------------------------------------------------------------------------------- 15 22 
Apothecary’s salary, -----------------------------------------------------------275 00 
          

Total disbursements,----------------------------------------------$79,522 11 
Deposits in banks, ------------------------------------------------------------7,544 32 
Cash at mine,--------------------------------------------------------------------290 62 
 

$87,357 05 $87,357 05 

The Company furnishes to the Fund at the present time stabling 
for a horse, and all the necessary buildings for offices, hospitals and 
dispensary and dwelling for physician, free of expense. 

If we assume the same rate for the whole thirteen years as for the 
last ten, as shown by the monthly reports during that period, it 
would make the total number of visits made or received by the phy- 
sicians, 109,665. The salary of physicians during this period was 
$47,711. This would make the actual cost to the members of the 
Fund less than 44 cents per visit. This, compared with twenty-five 
dollars a visit, the original cost, or even with the price that the in- 
habitants of large cities pay for similar service, is a very satisfactory 
showing. Now if we divide the total disbursements $79,522.11 by 
the total number of visits during the thirteen years, we have an aver- 
age cost of 72½ cents per visit, including all expenses incurred by 
the Fund, such as medicine, nurses, loans, hospital-expenses, physi- 
cians' salary and administration. All this has been secured practi- 
cally without cost to the Company. 

To the naturally improvident Mexican, the establishment of the 
Fund has been of great value. The present arrangement saves both 
the miner and his family from considerable suffering in case of sick- 
ness or inability to work. The Cornish miners are usually more 
frugal; but they mostly have large families and get the full value 
of their contributions in the way of attendance during the year. 
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The Fund as now arranged seems well adapted to meet the pecu- 
liar conditions under which it operates with apparent general satis- 
faction. Dr. Winn, to whose kindness I am indebted for most of 
this information, tells me that during the four and a half years of 
his services at the mine, he has heard of only two complaints. These 
were from two laborers who worked a couple of months on the roads, 
and did not happen to be sick while they were engaged. Consider- 
ing the large and varied population, this absence of dissatisfaction 
is high praise for the manner in which the Fund has been adminis- 
tered. 

THE CERRO DE MERCADO (IRON MOUNTAIN) AT 
DURANGO, MEXICO. 

BY JOHN BIRKINBINE, PHILADELPHIA, PA. 

AMONG the notable deposits of iron-ore, the Iron Mountain at 
Durango, Mexico, is prominent. But, although it has been noticed 
in records of travel and official reports for three centuries, the state- 
ments made concerning it have been so largely alloyed with im- 
probabilities that general credence has not been given to data re- 
lating to the Cerro de Mercado, that being the name by which this 
remarkable mountain of ore is known. 

LOCATION. 

Geographically, the mountain is centrally located, being situated 
immediately at the City of Durango, which is distant in direct lines 
(as the crow flies) as follows: 

From the Rio Grande River at El Paso, Texas, in the north, 510 
miles; from the same stream at Laredo, Texas, in the northeast, 410 
miles; from Tampico in the east, 475 miles; from the City of 
Mexico in the southeast, 520 miles; from Mazatlan in the west, 110 
miles. 

At El Paso, the standard gauge Mexican Central Railroad, and 
at Laredo, the narrow-gauge Mexican National Railroad, enter 
Mexico. Tampico is a prominent Mexican port on the Gulf of 
Mexico, and Mazatlan occupies a similar position on the Gulf of 
California. To reach Durango from Laredo or Tampico, spurs of 
the Sierra Madre Mountains must be crossed, and between Mazatlan 
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and Durango the main range stands as a barrier, so that long detours 
must be made and steep gradients overcome; therefore for practical 
transportation Durango may be considered as approximately equi- 
distant from all the points named. 

Durango is a city of over 30,000 inhabitants, situated in latitude 
24° 4' north, and longitude 105° 9' west of Greenwich, at an ele- 
vation of 6893 feet above the sea, on the great plateau of Central 
Mexico. The prominent features of the topography in the immedi- 
ate vicinity of the city are two hills which appear like mountain-tops 
projecting from the sandy plain; the lesser bounds the city on the 
west, and is known as the Cerro de Remedios; the greater adjoins 
the corporate limits on the north and is recognized as the Cerro de 
Mercado, or as the Iron Mountain, 

THE IRON MOUNTAIN. 
In approaching Durango from the east or north, the Cerro de 

Mere ado is a landmark for long distances--its dimensions are approxi- 
mately one mile long, one-third of a mile wide, and its turrets of 
specular ore rise from 400 to 650 feet above the surrounding plain. 

Plate I gives a correct view of the Cerro de Mercado, looking 
northeast from the road leading out of Durango, the city being behind 
the observer. The cut is copied from a large photograph brought 
from Durango. The turret B surmounted by a cross, to the right in 
the plate, is the most elevated portion of the mountain, and is, as far 
as can be determined, an immense mass of solid ore. The same may 
be said of the neighboring pinnacle H, and of all the abrupt faces 
which project from the general slopes of the mountain. These slopes 
are quite steep, and are apparently a talus formed by the detrital ore 
falling from the projecting ore-masses. Scattered over these slopes 
there is a sparse growth of prickly pear and other cacti. What the 
depth of this talus is, could not be determined from the various ex- 
cavations which have been made from time to time, chiefly with ex- 
pectations of discovering more precious metals. Some of these 
openings have caused large expenditures. On the north side of the 
mountain, we examined one shaft (now partly filled with debris) 
made through solid ore for probably 70 feet, and were informed that 
drifts extended from its bottom,* 

* The finding of numerous specimens, which for the greater part are of 
extraordinary colors and metallic luster, has produced upon ignorant 
people the illusion that the Cerro de Mercado must conceal in its bowels 
treasures of gold and silver, and, with a view of unearthing them, they have 
made numerous futile excavations; 
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The wall in the foreground of the plate bounds the roadway on 
the east, and opposite its end, at A, is the only portion of the moun- 
tain from which ore has been taken,--as far as could be learned, to 
supply the Piedras Azules iron works, of which mention will be made 
hereafter. But no blasting or quarrying has been done at this point, 
there being ample detrital ore available. In fact, close observation 
is necessary to indicate that any ore has been removed. 

HISTORY. 
The unusual magnitude of the deposit, the specular character of 

the ore of the Iron Mountain, and the ignorance of those who saw it, 
led to many exaggerations ; and as most of the information concern- 
ing it passed verbally from one to another, it was amplified and em- 
bellished. It is therefore not remarkable that, in 1551, the statement 
should have been published that the Cerro de Mercado was a mountain 
exposing on its surface immense masses of gold and silver in the 
native state, and that Mercado, from whom it is named, died in 
efforts to obtain possession of it and own its great treasures. 

Even the renowned Humboldt is credited with the belief that this 
deposit was an immense aerolite, basing his assumption upon the 
similarity in appearance and composition between alleged specimens 
from the Cerro de Mercado and aerolites. The number of large 
meteorites found in Mexico may, however, permit of great license as 
to possibilities of finding others of magnitude. The writer saw a 
meteorite at Conception, Chihuahua, about five feet high, two feet 
wide and two feet thick, and he has a photograph of one found near 
Parral, Chihuahua, on which four men are standing comfortably. 

In a report upon the Cerro de Mercado, made by Frederico Weid- 
ner to the Mexican Minister of the Interior in 1858, the author says: 

"Baron Humboldt, in his Political Essays on the Kingdom of New Spain 
(book 3, chapter 3, paragraph 2, Spanish edition of 1827), speaks of some 
enormous massesof malleable iron and nickel that are said to be found in the 
neighborhood of Durango, the composition of which, according to the 
analysis of Vanquelin and Klaproth, is  

but in no instance have they succeeded in finding any other dominant 
power than that of iron. I can at least assert positively, in reference to the 
foregoing, that from the date of the finding this mountain I believe that 
every attempt made with the expectation of finding gold and silver has 
proved abortive, and that only the ingratitude and covetousness inherent in 
the human species could induce men to search for gold and silver in a spot 
where Divine Providence, with a lavish hand, has liberally accorded us a 
treasury of iron, that properly worked will ensure prosperity and 
aggrandizement to Durango far greater than all the silver mines of the 
States together. Translation from F. Weidner's Report on Cerro de Mercado, 
1858. 
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identical with that of the aerolites that fell in Hraschina, near Agran, in 
Hungary, in 1751, and the weight of which is four hundred times greater 
than that of the aerolite that Sir Rubin de Celis describes in Otumba in 
Tucuman. 

 

"This remark, emanating from so respectable an author as Baron 
Humboldt, has caused the erroneous supposition that the Cerro de 
Mercado was also an aerolite, which in some remote period had fallen 
from the planetary sphere to our earth; but a treatise on the Cerro de 
Mercado and the Iron Works of Durango, published 

VOL. XIII.—13 



194 THE  CERRO   DE  MECCANO  AT  CUBANGO,   MEXICO. 

in 1843, very rationally combats this error, by asserting that those stones 
which bore conviction to the illustrious Baron in all probability had not 
even come from Durango, but instead were found in Zacatecas, in which 
city an aerolite has lodged from time immemorial, and was discovered in 
1792; and that Baron Humboldt, never having visited Durango, was not in a 
position to form a correct idea of the Cerro de Mercado. 

"I am of the same opinion ; because, to suppose that scientific men could 
confound the meteoric iron of Zacatecas with the metallic stones of 
Mercado borders on the absurd and impossible, and only goes to prove that 
the nuggets or masses of malleable iron exhibited to Sr. Humboldt could 
possibly have been sent from Durango, but that, most likely, they had 
been dug up at a farm in Guadalupe, an estate contiguous to that city, or 
from one of the farms to be found on the River Florido y 
Conception, on the road between that place and Chihuahua; because, in 
these last two places, I have actually seen plainly by the side of the road, 
two knolls of malleable iron that looked like aerolites; while I cannot 
hesitate to attribute the Cerro de Mercado to terrestrial origin, or telurico, 
for the reasons explained. 

"The bulk of the aerolites known up to the present time is very small 
(insignificant), and though one which fell in Otumba, Peru, weighed as an 
exceptional thing 300 quintals (30,000 lbs.), the greater portion of them do 
not exceed from two to six pounds, and it is not hazarding much in saying 
that all the aerolites on our globe united would not compose the thousandth 
part of the mass of the Cerro de Mercado. 

"The chemical composition of the aerolites is principally cobalt and 
nickel and iron, that are found in a natural or malleable state, but in the 
mass of iron in the Cerro de Mercado, nickel and cobalt are not found at all, 
and the iron is not in a malleable but in an oxide state. I have not had a 
moment's doubt in considering the Cerro de Mercado a volcanic eruption, 
denying thus the meteoric origin that has been so freely attributed to it." 
[Translation.] 

Ward's History of Mexico, 1829, refers repeatedly to the Cerro de 
Mercado ; and it is claimed that the expedition which set out in 1558 
to examine the mountain was the initial cause of the settlement of 
Northern Mexico. 

During the three subsequent centuries of Spanish viceroyship the 
Cerro de Mercado was searched to find toros de oro (possibly pigs or 
bars of gold), bancos de plata (literally, benches of silver), buried 
treasures, and in short, for every sort of extravagance, except the iron 
that abounds in it, and makes it important, until in 1828 the Gov- 
ernor of the State of Durango contracted with an English mining 
company to establish iron-works on the right bank of the Tunal 
River. Concerning these works, Weidner in his report, the first 
edition of which bears date 1858, remarks: 

"In 1828 an English mining company, under the patronage of the 
Governor, constructed on the bank of the Rio Tunal, on a site known as 
Piedras Azules, the iron works, which though renovated and modified at 
different periods, are the same and the only ones that are now in existence—
under the name of the Iron Works of San Francisco.   Prior to this, some 
planters, owners of farms, succeeded in fabri- 
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eating with the mineral of the Cerro de Mercado. in Catalonian furnaces, 
the simple iron which they needed to cultivate their lands in the vicinity of 
the said mountain; and others built furnaces of the same class without 
obtaining any satisfactory results from them." [Translation.] 

In 1855 Julio Guillemin, M.E., mentions eight other iron-works 
in Mexico in addition to the above, of which he says: " A Catalonian 
furnace, established in the neighborhood of the Cerro de Mercado, 
has produced an excellent iron from the stones taken in their crude 
state from the mountain. This forge has running water and abundant 
fuel." 

EXTENT OF THE DEPOSIT. 

The general topography of the Cerro de Mercado is shown in 
Plate II., in which the letters indicate the following: 

A. The point in the foreground of Plate I. from which the ore- 
supply for the Piedras Azules iron-works has been obtained. 

B. The large pinnacle or turret of ore shown on the right of Plate 
I, surmounted by a cross. 

C. A portion of the talus, abounding in apatite crystals. 
D. Location of the deep shaft above referred to. 
A, B, D, E, F, G and H, represent turrets and masses of ore cor- 

responding with points indicated by similar letters on the margin of 
Plate I. 

Concerning the dimensions of the mountain and its quantity, Sr. 
Weidner makes the following statement:  

" The natural appearance of the Cerro de Mercado is exactly similar to 
other volcanic hills, its body forming a series of single cones with its 
summit crowned with elevations and peaks and that must be considered as 
so many centers of eruption closely connected and inclosed at the base by 
the rocks which surround it. 

"To estimate in the first place the immense mass of iron that this hill 
contains, situated as it is about half a league from the city of Durango on 
the north, let us now take its longitude from east to west, which is about 
1750 varas,* its width 400 varas, and its elevation above the level of San 
Antonio† 234 varas. We have as the result that the bulk of the hill is 
60,000,000 of cubic varas. Also, as the specific weight of the mountain 
is five times greater than that of water, I found, as a second result, that the 
quantity of metal amounts to 5000 millions of quintals (250,000,000 
net tons), which melted will produce at the rate of 50 per cent the quantity 
of 2500 millions of quintals (125,000,000 net tons) of metallic iron ; and 
by selling this at the rate of $10 a quintal ($200 per net ton), it represents a 
total value of 25,000 millions of dollars. 

* A vara = 33.3 inches, or 2;784 feet. 
† San Antonio is the plaza in the center of the city of Durango, nearly 

two miles distant. 
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"This refers only to the metal visible to the eye upon the surface; but we 
must believe that the quantity concealed beneath must be much greater 
than that which we find above, because this is always the case in metallic 
deposits of this class; and it is also proved by a little hill of a similar nature, 
that is about a quarter of a league to the east, rising some ten yards above 
the plain which extends to the rancho of San Ignacio. This little hill has 
probably a subterranean connection with the principal mountain, and the 
channels of each must penetrate into the bowels and depths of the earth in a 
manner similar to the roots of a tree, meeting there a great deposit 
of metal, of which the two hills contribute only a small portion, which, 
yielding at some remote period to the expulsion of subterranean gases, has 
burst forth in a state of fusion to the surface of the earth, cutting through 
the earthy crust and flowing out over it." [Translation.] 

Sr. Weidner's method of estimating the quantity and value of the 
deposit is interesting, although not entirely novel to those who have 
read some reports made in this country upon deposits of the more 
precious metals. 

It is hardly necessary to discuss the estimate, as defects are so 
prominent in it. Admitting (for it does not seem improbable) that 
there are 250,000,000 net tons of ore in the Cerro de Mercado, it 
could not be immediately mined, for on the basis he gives, the metal 
produced would amount to 125,000,000 net tons of iron, equal to six 
years' product of the world. And to pay interest at 5 per cent, on 
the fabulous valuation he gives would require the mountain to earn 
§1,250,000,000 annually, for which, even at the extravagant selling 
price he names, of $200 per ton (estimating one-half of this as profit), 
12,500,000 tons of iron must be made each year, a quantity nearly 
equal to the combined output of pig-iron in Great Britain and the 
United States in 1883. At more modest profits, the quantity annually 
won must be correspondingly augmented. 

Although the writer cannot indorse the above enthusiastic esti- 
mates, there is no question as to the immensity and value of this 
deposit of iron-ore, and his opinion of it can best be expressed by the 
following extract from a report he made in March, 1882, upon the 
Cerro de Mercado.* 

"I am free to say, that, after visiting most of the larger iron-ore mines 
of the United States, I have as yet found nothing to compare as to quantity 
in sight' with the Cerro de Mercado at Durango. I am fully aware what such 
a statement means, appreciating from personal inspection the immense 
quantity and great purity of the magnetic ores of the Adirondack and Lake 
Champlain regions of New York State, the incalculable wealth of 
magnetic ore stored in the Cornwall deposit in Pennsylvania, the extent of 
the hematites of Virginia, Alabama, Tennessee and Kentucky, 

* Report made to Hon. W. L. Helfenstein, President of the Iron Mountain 
Company of Durango, Mexico, by John Birkinbine. 
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the large output and superior quality of the specular ores from Missouri, 
and the enormous shipments of rich iron-ores annually made from the upper 
peninsula of Michigan. Unless the physical and geological indications fail, 
I have no hesitation in pronouncing the Cerro de Mercado the most 
extensive known single deposit of iron-ore on the American continent, or, 
possibly, in the world. 

" As the visible ore exists above ground-level, the facilities for mining 
will admit of obtaining it at remarkably low cost, and large quantities of it 
will require nothing more than shovelling into receptacles for conveyance 
to an iron-works. 

"Just beyond the limits of the city, and less than two miles from its 
center, the Cerro de Mercado rises from the great plateau, a hill nearly 
one mile long, a third of a mile wide, and from four hundred to six 
hundred feet in height. The surface of the mountain exposing ore, so as to 
be classified as good mining lands, aggregates over. 10,000,000 square feet; 
but there are indications that the deposit is not all above ground, but 
extends beneath the plain from which its top projects. 

"Considerable time was spent in examining the mountain, clambering over 
its steep escarpments and collecting samples from its surface. I am not 
prepared to verify some authorities by pronouncing the deposit a solid 
mass of iron-ore, although almost the entire surface exposes ore to view. 
I incline to the belief that the Cerro de Mercado is formed of one or more 
immense veins or lenses of specular iron-ore, standing nearly vertical, the 
fragments of which have, by the action of the elements for ages, been 
thrown down to form the slopes of the mountain as a talus; but the extent 
of this detrital ore is too great to permit of locating any foot or hanging 
walls. While the study of the formation is of great interest, it is 
unimportant for your present consideration; for the amount of ore ' in 
sight' is practically inexhaustible, and the question whether the mountain is 
a mass of solid ore, or whether the projecting turrets and precipitous 
battlements which arise from its slopes are parts of great veins or lenses, 
will not affect its value as a source of supply for generations to come. I 
have therefore not attempted to form an estimate whether the calcula- 
tions made by others as to the number of hundreds of millions of tons of ore 
in the deposit could be verified or not. 

"Not only was the surface examined, but old shafts and drifts, ant-hills 
in the talus, and every possible method of determining the contents of the 
mountain, were investigated, all showing the deposit to be one of great 
immensity." 

An interval of two years has not lessened the favorable opinion 
formed of this remarkable mountain, which presents to the eye only 
masses of solid iron-ore or slopes of detrital ore relieved by no vege- 
tation save occasional cacti, which exist everywhere. 

CHEMICAL COMPOSITION. 

A large number of samples were taken from various parts of the 
mountain to indicate the peculiarities of the formation. These 
were several hundred in number, and owing to their weight, the ex- 
pense and difficulties of transportation, it became necessary to reduce 
the number and size of the pieces; but an effort was made to have 
representatives of all the peculiarities of the deposit and also of the 
various topographical   sections.  Twenty-seven   typical specimens 
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were forwarded to Mr. A. S. McCreath, Chemist of the Second 
Geological Survey of Pennsylvania, with a request to make an 
analysis to represent the average. 

In the anxiety to obtain samples which could not be considered 
as show specimens, an average was selected which indicates what will 
certainly be below the practical mining yield in metallic iron. 

On Plate II. apatite crystals are mentioned as abounding at C; 
and in the samples analyzed there were some of these crystals im- 
bedded with ore-crystals. 

Mr. McCreath's analysis of an average of all the samples collected 
from about 10,000,000 square feet of the surface is: 

Magnetic oxide of iron, .........................................................................2.071 
Ferric oxide, ....................................................................................  77.571 
Manganic oxide, .......................................................................................113 
Titanic acid, ............................................................................................... 71 
Lime,........................................................................................... 5.050 
Magnesia,.................................................................................................. 364 
Sulphuric acid ...........................................................................................212 
Phosphoric acid......................................................................................3.041 
Loss of ignition—water, etc...................................................................1 984 
Silica, ......................................................................................................7.760 
Alumina, etc., undetermined, ...............................................................1.124 
                                                                                                                                   100.000 
Metallic iron ........................................................................................55.800 
Manganese,............................................................................................... 079 
Sulphur,.................................................................................................... 085 
Phosphorus, ............................................................................................1.328 
Phosphorus in 100 parts iron, ..............................................................2.379 

A second analysis of the average of samples from about 7,000,000 
square feet of surface showed the following: 

Metallic iron, .............................................................62.775 per cent. 
Phosphorus, ................................................................…..288       " 
Silicious matter, including a little titanic acid,……..5.240      " 
Phosphorus in 100 parts of iron,………………………..458      " 

In collecting specimens, the mountain was divided arbitrarily, and 
each sample lettered to indicate the topographical section from which 
it was procured ; the second analysis was made from ores from all 
the sections except three, in which the apatite crystals were abundant 
and prominent. 

In addition to the samples of ore collected, a piece of pig-iron from 
the furnace, and a piece of bar-iron from the mill of the Piedras 
Azules iron-works, were also brought by the writer from Durango. 
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These were  submitted to Mr. McCreath, and   his  report was  as 
follows: 

“ The samples of pig- and bar-iron yield respectively the following results: 

                                                                            Pig Iron. Bar Iron. 

Silicium ............................................................ ….771    .105  
Phosphorus,………………………………………….428     .193   

“The pig-iron contains less phosphorus than the average of our mill- or forge-irons. 
Although the percentage of phosphorus in the bar-iron is considerable, yet 
it is by no means excessive.   Analyses by me of standard English and American 
wrought-irons show the following : 

No. 1       No. 2 
Phosphorus .............................................................................248       .197 

"No. 1.—Sir William G.Armstrong's Ridsdale iron, coil-bar, for gun-tube; best 
iron, four times worked. No. 2.—Ulster-iron, coil-bar, for gun-tube; extra best iron, 
four times worked. 

" The small percentage of titanic acid shown by the analyses, will not be sufficient 
to materially affect the working of the ore in the blast-furnace. 

"The phosphorus in the pig-iron seems to be about the average of what the pieces 
of ore would produce—ore containing .288 per cent, phosphorus, or .458 in 100 
parts iron. Assuming that the pig-iron would contain 95 per cent, metallic iron, 
said pig-iron would contain .435 per cent, phosphorus, an amount agreeing closely 
with the percentage actually found in the sample analyzed, namely, .428 per cent." 

The deposit is such that there would be no difficulty in selecting 
large areas where ore of a quality much superior to that shown in 
the second analysis could be mined. Mr. C. Gilbert Wheeler, of 
Chicago, examined some selected specimens of the ore, and reports 
their composition as follows:  

Silicic acid, .......................................................................................... ….2.133 
Titanic acid.................................................................................................. 475 
Alumina ....................................................................................................... 890 
Lime, .........................................................................................................1.325 
Magnesia ...................................................................................................... 650 
Sulphuric acid.............................................................................................. 062 
Sulphur ........................................................................................................ 122 
Phosphoric acid,.......................................................................................... 008 
Ferric oxide, ........................................................................................... 94.335 

Total ...............................................................................................100.000 
Sulphur,.............................................................................……..147 per cent. 
Phosphorus,……………………………………………………003        " 
Metallic iron…………………………………………………6.035          " 

It is not to be expected that a deposit of such magnitude would 
present a uniform composition, nor does it seem improbable that 
large quantities of ore suitable for Bessemer purposes could be won.  
It should be remembered that Mr. McCreath's analyses are averages 
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of samples of ore collected from 7,000,000 and 10,000,000 square 
feet respectively, while Mr. Wheeler's determination represents ore 
from a single locality. 

As noted in the description of the Piedras Azules Iron Works, the 
ore as won yields 60 per cent, of metallic iron in the blast-furnace. 

In connection with these later investigations, the composition of 
the ore as reported by Mr. Weidner will be of interest, and his state- 
ment is given below. 

It will be noted that the analyst evidently sought for but five 
components, and made their proportions aggregate 100 in each case. 

. "Five specimens of ore from the Cerro de Mercado, that the new director of the 
iron-works carried to the United States of the North, were analyzed by M. H. Boye, 
in Philadelphia, on the 25th of May of last year (1857), and they give in accordance 
with that attempt the following results: 

 

 In a hundred parts of Metal are— 

 Oxide of iron, ...........................

 Silica..........................................
   Alumina………………..
   Carbonate of lime,……………...

 Water, ......................................

96.3 

2.6 

0.1 

0.3 

0.7 

93.8 

3.4

1.2

0.0

1.6 

93.2

0.6

0.5

0.0

0.7 

71.0

28.1 

0.2

0.0

0.7 

67.1 

25.5 

0.5 

0.5 

6.4 
                  Total, ......................... 100.0 100.0 100.0 100.0 100.0 

Produce of pure iron,   .    .    . 66.77 65.3 68.8 49.23 50.55 

"The ferruginous ores that are very common in other places, and almost entirely 
lacking in the Cerro de Mercado, are hydrate or yellow ochre of iron, and the car- 
bonate or spar of iron. Equally and fortunately, we meet there very little of the 
sulphurous iron, that is commonly called bronce blanco, nor of the phosphate of iron, 
because the sulphur and phosphorus are not totally destroyed in melting, and al- 
ways partially mingle with the iron, the sulphur producing red-shortness and the 
phosphorus cold-shortness. 

"The Cerro de Mercado has also other advantages very essential to the working 
of iron, in having all the iron in an oxide state, as that is the class of ores most 
easy to reduce to metallic iron ; in having its ore almost entirely pure, and not 
mingled with rocks, stones, or other metals, that in other countries make a pre- 
vious preparation unavoidable before they can be melted; and in containing a great 
variety of ferruginous ores, the mixture of which facilitates the smelting ; also v. 
g., the pure oxide of iron that needs earthy substances to form grease, is found here 
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to cooperate with the other ores that abound in it. Aluminous ores, melted alone, 
attack the silica of the stones of the furnace, by forming silicate of alumina; on the 
other hand, metals overcharged with silica injure and destroy the iron, and the 
silicate so formed is lost in the dross, while, by mixing both ores, such annoyances 
are avoided; the silica of one ore becomes saturated with the alumina of the other, 
the grease melts, and the entire mass runs out clear and light, without any lumps, 
and with a good rendition of iron."    [Translated.] 

There is considerable interest in the above description, and the 
blast-furnace managers may look well to the liberal formation of 
"grease," so as to obtain good results. The word "grasa" in the 
original may be defined as grease or fat, but in this case should be 
rendered " slag." It is proper to remember that the first report of 
Sr, Weidner was made in 1858, that the chemical knowledge of ores 
and of furnace-operation was then limited, that the author was liv- 
ing in a country away from any actual metallurgical operations, and 
that the translation may be incorrect in details. 

In actual developments most of the apatite crystals above men- 
tioned could, if necessary, be mechanically separated, but there is 
little probability that the demands on the deposit will be such as to 
require any such attention for several generations, as these crystals 
appear in quantity on but a limited area of the mountain. 

The appearance of the ore varies considerably, but the great masses 
are of compact specular character. Numerous specimens are covered 
with octahedral crystals, which would indicate a magnetite; but the 
ore gives the typical red streak of the specular ores. Professor B. 
Silliman, of New Haven, examined specimens of the ore, and wrote 
a monograph entitled, Martite of the Cerro de Mercado or Iron 
Mountain, Durango, Mexico, and certain other ores of Sinaloa.* 

From this article the following is extracted : 

"At first sight the octahedral crystals of very various sizes suggested only mag- 
netite, but the magnet failed to attract the ore, while the streak immediately indi- 
cated hematite, and left no reasonable doubt that the whole mass was martite. In 
the collection I find the crystals of martite of all sizes, from those measuring more 
than one inch on the side to druses of two to three millimeters. They are all 
simple crystals, the larger ones dull, sometimes iridescent, the smaller lustrous and 
quite black. There are no isolated crystals, like those found in the original locality 
described by Spix and Martins, and mentioned, with other Brazilian localities, by 
Mr. Derby, in his paper published in May of this year. All are firmly attached to 
the massive ore, some masses of which, in my hands, weigh ten to twenty pounds. 
There is nothing in the mode of occurrence of this ore, or in the chemical constitu- 
tion, which lends any support to the opinion of Gorceix that martite is derived from 

* American Journal of Science, vol. xxiv., p. 375, November, 1SS2, art. xiii. 
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the transformation of pyrite. In support of this statement I am permitted to cite 
the analysis of an average sample made up from twenty-seven pieces of the Durango 
ore collected by Mr. Birkinbine.* 

" The powder of this ore is attracted by the magnet, but fragments of the size of 
grains of wheat are not affected by a magnet of moderate power. 

" This enormous mass of valuable iron-ore, thanks to the near approach of the 
railway system of Mexico, is now likely to become of commercial importance." 

A large specimen which has been in the writer's possession for 
over two years has been examined by many experts, some of whom 
pronounce it a superior specimen of martite. Mr. Theodore D. 
Rand, in examining it, called attention to what had been considered 
a fracture, and pointed out that it was evidently a decomposition- 
crack. Subsequent examination showed this to be the case, and the 
opinion that the slopes of the Cerro de Mercado are detrital ore, is 
strengthened. 

OTHER MEXICAN IRON-ORES. 

The existence of iron-ore in Mexico is not confined to the Cerro 
de Mercado, although that is undoubtedly the largest deposit of 
which we have any knowledge in the country. 

In describing the Tula iron-works, a plant first erected in 1850, 
in the State of Jalisco, Mexico, and, in 1876, consisting of two blast- 
furnaces, four bloomary-fires, a rolling-mill, foundry, etc., Mr. J. 
P. Carson† gives analyses of a number of ores from the State of 
Jalisco. These are principally specular and brown hematite ores, 
and analyses of ten of them show the following: 

Iron, 46.68 44.36 67.18 67.18 66.44 66.36 62.73 60.67 65.09 65.72 
Phosphorus,   0.092   0.20     0.17     0.026   0.092   0.06   ------      0.20     0.092   0.16 

Dr. Persifor Frazer‡ has lately presented analyses of ores from 
the State of Coahuila, near Monclova, showing : Metallic iron from 
54 to 63 per cent.; sulphur, 1.5 to 4.5 per cent., and no phosphorus. 

The writer examined also a deposit of magnetic ore known as 
Piedra Yman or the Carissal Mountain, in the State of Coahuila, 
which presented the following composition as determined by Mr. 
C. P. Williams, of Pottsville, Pa.: 

* See McCreath's report, above quoted. 
† Vide Transactions, vol. vi., pages 398-415. 
‡  Vide Transactions, vol. xii., p. 537. 
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 Metallic iron, ...................................................................... 57.75 
 Sulphur, ..........................................................................  0.027 
 Phosphorus, ..........................................................................  0.0349 
 Silica,....................................................................................  10.5C0 

A determination made for the writer by Mr. A. S. MoCreath from 
a large number of specimens of the Piedra Yman ore shows the fol- 
lowing composition : 

 Metallic iron, ...............................................................  64.025 
 Sulphur, ...........................................................................  .004 
 Phosphorus,......................................................................  .042 
 Lime,.............................................................................  .4.320 
 Silica, .............................................................................  4.240 
 Phosphorus in 100 parts of iron, ....................................  0.065 
  

Specimens were also obtained from deposits near Rio Florido, in 
the State of Chihuahua, and from near Culiacan, in the State of 
Sinaloa. These last were analyzed by direction of Mr. E. P. North, 
C.E., of the Sinaloa and Durango Railroad, by Mr. J. Blodget 
Britton, of Philadelphia, and were found to have the following 
composition : 

 

   Other iron-ores than those above-mentioned exist in Mexico; but 
it is only in the southern portion of the republic that any attempt 
to work them is made, and there crude methods only are employed. 

FUEL. 
There is ample evidence, therefore, of an abundance of mineral, 

and it would be contrary to natural laws not to find accessible some 
fuel for smelting it. Coal is reported to have been found in 
various parts of Mexico, but the deposits have not been sufficiently 
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opened to prove their quantity, or tested to determine their quality. 
Late advices say that coal has been found 40 miles from Durango, 
but no definite information as to quality or quantity is obtainable 
at present writing. But an industry of moderate size can find at 
Durango ample vegetable fuel convenient; for the Sierra Madre 
Mountains, which form the backbone of the republic, have numerous 
foot-hills and spurs which are generally well timbered with woods 
similar to those which are indigenous to our country. On table- 
lands and plateaus moderately watered the mesquite and huysachic 
woods abound. These are both hard woods, making a dense heavy 
charcoal, equal to that produced from hickory. The trees are low 
and spreading, the trunks and limbs being gnarled and twisted. A 
growth of either mesquite or huysachic resembles, in appearance and 
in the spaces between the trees, a mature apple orchard. 

Wood is sold by weight or by the stick, and the universal custom 
is to buy or sell charcoal by weight, the prices ranging from six to 
twenty cents per arrova (25 pounds). Either of these fuels is ordi- 
narily carried on the backs of burros (donkeys), 175 to 275 pounds 
at a load, although they sometimes are conveyed in two-wheeled 
vehicles. There are few instances where the charcoal is made in 
large quantities; the great bulk of it being the work of peons and 
Indians, who pursue this as a means of gaining a living. Conse- 
quently the yield is very low, and will not exceed 22 bushels per 
cord on the average, because small pits of 12 to 15 cords only are 
made. Again, there is a great waste of wood, it being cut a vara 
(33 inches) long. As the cord or bushel is not in use, no absolute 
data concerning the yield could be obtained. Charcoal can be ob- 
tained sufficient for any industry which can be maintained in opera- 
tion until the railroad (now 150 miles distant) is completed to 
Durango, and this method of cheaper transportation can be em- 
ploved ; or, if mineral fuel is required, an iron-works at Durango 
will have to bring well-tested metallurgical fuels no further than 
some blast furnaces and iron-works in the United States now trans- 
port coke and coal. There seems to be, therefore, ample inducement 
to encourage the development of the Cerro de Mercado. 

In the absence of mineral fuel, the gas-producer would permit the 
utilization of saw-dust, chips and waste wood, as in Sweden, or might 
possibly prove an economical method of using the grasses which 
abound in the neighborhood. 
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 DEVELOPMENT. 

It is difficult to realize that the citizens of Durango, living under 
the shadow of this great deposit of iron-ore, pay 25 cents per pound 
for nails, or 10 to 15 cents per pound for ordinary bar-iron and 
castings, or that rails, spikes, bolts, etc., for the street-railway now 
being constructed for the city of Durango, are purchased abroad, 
and brought at heavy transportation charges almost to the foot of 
this mountain of rich iron-ore. Yet such is the case, and no local 
efforts have been made to work the ore except, as above stated, on a 
small scale, at the Piedras Azules iron-works, the following interest- 
ing history of which is taken from Sr. Weidner's report (1858): 

" The English company possessed the requisite capital, and constructed a 
dam on the river Tunal (which has secured them a motive power much 
stronger and more equally distributed than that of forty horses), and a blast 
furnace. 

"By the time they commenced making metal their outlay had amounted 
to $250,000, and when they unfortunately failed in their first melting 
(because the stack of the blast-furnace had not been secured by bands of 
iron), they could not afford to make any new trials, and were compelled to 
abandon the undertaking, throwing no little discredit on a branch of 
industry that the people of Durango had built such sanguine hopes on in 
the future. 

" In 1834 a new company successfully reformed all the metallurgical 
operations, adding to the blast-furnace Catalonian forges, constructing a 
machine for blowing moved by a great water-wheel, and other necessary 
apparatus, which increased the expense about $50,000. The result was, that 
they produced weekly from 50 to 80 quintals (5000 to 8000 pounds) of iron, 
with a consumption of from 1500 to 2000 arrobas (37,500 to 50,000 pounds) 
of charcoal, at a total cost of from 5500 to $800. The Catalonian furnaces 
were replaced in 1847 by Castilian furnaces, the owner pursuing the 
method of the previous years with some, though little profit, working 
in the same manner that his ancestors had worked, which in reality is that 
pursued in Vizcaya and the other side of the Pyrenees. 

" During all this last period of ten years they have produced about 
25,000 quintals (1250 net tons) of hammered and forged iron, which they 
sold in part as plates at the rate of $12 a quintal (12 cents per pound), and 
part as horseshoes and articles of agriculture and mining, at the rate of 
§20 per quintal (20 cents per pound). In 1857 the owner brought from 
England some intelligent metallurgists, and established at a cost of $50,000 
more the method of working iron that is in vogue in civilized 
Europe. 

"To the blast furnace then he has returned its reputation: the want of 
mineral coal he supplied with pine coal mixed with wood of green oak ; 
the blowing machinery that used to be so ponderous and slow he has 
replaced with a double-action cylinder. Formerly they worked the modest 
Catalonian furnace in the heart of a field full of brambles and briars of 
prickly Indian pear and cochineal fig-trees; at present, in the midst of 
smiling tracts of arable land the new edifices and offices of 
the iron works of San Francisco rise like castles, and the whirlwind of 
flame and smoke escaping from the high chimneys and furnaces of the 
establishment, proclaim that below them skill and industry dispute the palm. 
The problem of the successful attempt of working the iron of the Cerro de 
Mercado is solved. 
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"At the date of this article (1S58), having completed the first compaign 
in the blast furnace, which, for a period of seventy-five consecutive days, 
has produced in each twenty-four hours from 50 to 120 quintals (2} to 6 net 
tons) of iron, they have now a considerable store of pig-iron that in a little 
time, by means of the cupola, and by refining-furnaces now building, can 
be fabricated and converted into malleable iron. It is well known that the 
pig or cast-iron produced by the blast-furnace, on account of containing 
three to four per cent, of carbon is brittle, and consequently has a very 
limited use, but by destroying this mixture of carbon wholly or in part by a 
process of refining they obtain the steel, and all classes of iron of the quality 
that the intended use of each requires. Among the various large pieces of 
machinery that they have cast in this blast, I must mention a pair of 
cylinders (rolls), that after being turned and polished in a lathe of great size 
and elegant construction, brought from the United States of the North, are 
used in the said establishment for stretching and rolling the iron. 

"The cast-iron that is obtained even from this first experiment is in part 
of the best quality, and of that gray color that according to the analysis of 
Bromeis indicates that it is mixed with 0.930 per cent, and mingled with 
2.340 per cent, of carbon in a manner that makes the forged iron of this 
establishment fully equal to the best class of it in England and Sweden. 

" By this particular system of melting they have dispensed with much of 
the work done by hand, and have reduced the consumption of coal from 40 
arrohas to 20 per quintal of iron (from 1000 to 500 pounds of fuel per 100 
pounds of iron)." 

Twenty years later (1878) he writes that: 

"During the twenty years which have elapsed since the first and second 
edition of this work, the ways of communication connecting Durango with 
the oilier States of the republic have not greatly improved, nor did the 
production of iron in those iron-works called San Francisco have any very 
notable increase. The actual owner would be willing to supply the State 
with the iron it consumes yearly, at the price of $15 per quintal (10 to 15 
cents per pound), all ready fabricated; that is to say, at a price so low that 
competition of the imported iron in any other part of the country, or in 
any districts of the said State, would be impossible. 

"In the iron-works at Mazatlan they receive from $6 to $10 per quintal (6 
to 10 cents per pound) for castings, and sometimes $12 or $16 when they are 
refined and worked ; but, on an average, ordinarily only $8 a quintal ($180 
per gross ton). In Durango, the lowest price is $15 per quintal ($336 per 
gross ton), which, with the cost of freight to Mazatlan, raises the cost to 
near $20 per quintal ($448 per grosston)." 

Concerning these iron-works the writer made the following ob- 
servations, in March, 1882, shortly after visiting them :* 

" Five miles south of Durango, on the bank of the Rio Tunal, is the plant 
of the Piedras Azules (Blue Stones) iron-works, consisting of a blast 
furnace, 35' x 8'; a heating furnace, a puddling furnace, one train of rolls, 
two sinking-fires, one wooden helve-hammer, and three smith-fires. 

"Power is obtained from a masonry dam across the Rio Tunal,giving a 
head and 

* Journal of the United States Association of Charcoal Iron Workers, 
vol. iii., p. 8. 
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fall of seventeen feet. There are four water-wheels—two over-shot, one 
under-shot and one turbine; but the water-power cannot be depended upon 
all the year; and the practice at the Piedras Azules iron-works is to run the 
blast-furnace until a stock of pig iron accumulates, and then use the water-
power to operate the mill, forge, etc., so as to work up the crude material. 

"The blast-furnace is built of stone. The bottom of the crucible is 24 
inches square; the top, which is 5 feet 6 inches higher, is 32 inches square. 
The bosh then slopes at an angle of 55° from the vertical, to 96 inches 
diameter. The crucible and bosh are built of sandstone, brought by 
wagons 200 miles. The shaft of the furnace is constructed of a silica 
firebrick, made from clay and crushed quartz. It runs nearly straight for the 
first 10 feet above the bosh, and is then drawn in by curved lines to the 
open top, 32 inches in diameter. 

"Blast is delivered cold from two 2½-nch open tuyeres, the air being 
supplied by two iron blast cylinders, 60 inches diameter and 5 feet stroke, 
placed horizontally, and operated by an over-shot wheel. The charge is 
raised by hand-winch, on an inclined plane, to the tunnel-head, and 
consists of one buggy of oak charcoal, 7 to 10 bateas of ore, 2 bale's of a 
rotten limestone, and ½ batea of clay. These bateas are wooden dishes, 
and each contain two arrovas (50 pounds of ore). 

"The charge may, therefore, be considered at from 350 to 500 pounds 
ore, 50 pounds limestone, and 15 pounds clay to 20 bushels of charcoal. 

" The average daily product of the furnace is 60 quintals (6000 pounds) 
pig iron, the ore yielding 60 per cent, in the furnace, and requiring 1¾ 
quintals of charcoal to 1 of iron, equal to 175 bushels of 20 pounds to 1 ton 
(2000 pounds) of pig iron. 

"Connected with the furnace-plant there is a puddling-furnace and a 
heating furnace, in both of which pine wood is used for fuel. There are 
also two sinking-fires, in which pig iron and scrap can be converted into 
blooms. 

"A short wooden-helve trip-hammer, raised by four cams on a wheel 
revolving at right angles to the hammer-helve, is used for shingling the 
loupes and puddle- balls. The cams strike the helve back of the hammer-
head, and a spring-piece assists in intensifying the force of the blow. 

"The smith-fires use pine charcoal for fuel." 

This plant makes less than 1000 tons of pig-iron per annum ; and 
its forge, rolling-mill, and foundry are the only local means of con- 
verting this pig-iron into merchantable products. The power is in- 
sufficient for continuous operation of all branches of the works, and 
the blast-furnace and mill work practically alternately. 

It is not surprising that, in view of the advantages the deposit 
possesses, and the opportunity for disposing of manufactured iron 
at liberal figures, this mountain has become the property of a com- 
pany of American and Mexican capitalists, who are taking active 
measures to develop it. A temporary blast-furnace is now in course 
of erection, and the equipment for a foundry and machine-shop has 
been sent to Durango, so that the company can convert its ore as far 
as possible into castings, etc., for a more complete blast-furnace 
plant, which is then to take the place of the temporary structure, 
thus saving a large outlay in transporting material.   The immediate 
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purpose is to complete a stone blast-furnace stack, which has been 
partially constructed, line it with refractory material, making a mono- 
lithic hearth, and place blowing-machinery in the machine-shop 
convenient to the boilers. The gases will be conveyed by iron flues 
to the boilers, and wrought-iron blast-pipe will connect the blowing- 
engine with the bustle-pipe of the blast-furnace. 

The furnace will be operated with cold-blast until sufficient pig- 
iron is produced to supply the foundry and machine-shop for com- 
pany purposes and general trade. A rolling-mill and nail-works, 
and other industries, are also contemplated by the Iron Mountain 
Company, to use the metal made from the ore of the Cerro de Mer- 
cado. 

These works are located on the plain at the western end of the 
mountain, between it and a stream from which water for the plant 
will be taken, as shown on Plate II. A large tract of land has 
been purchased, from which a supply of wood is to be obtained to 
tatisfy for the immediate future the requirements of the plant in the 
matter of charcoal. 

In Mexico iron has heretofore been a precious metal. To-day 
carts are there in daily use, into the construction of which no iron 
whatever has entered; and Mexican farmers employ a sharpened 
tree-knee in lieu of a plow. The construction of 3000 miles of 
railroad in Mexico within the last three years has awakened the 
people to a better knowledge of iron and its uses. Any effort, there- 
fore, which places iron manufactures accessible to all classes of the 
people will be welcomed; and, when once its value is appreciated, 
iron will become indispensable. The small quantities which have 
heretofore been produced, and sold at extravagant prices, have made 
iron or steel in almost any form a luxury ; and when it can be ob- 
tained by the poorer people it will soon be recognized as a necessity. 

The immediate uses for manufactured iron are as castings for 
household or other purposes; round and flat bar-iron for gratings 
to protect the unglazed windows of houses and prevent thieving ; 
for wheel-tires and running-gear of vehicles; for mining-bars and 
general smithing, nails, horseshoes, screws, wire, light mine-rail, 
skip-buckets and cars. The prospective requirements will embrace 
all classes of iron and steel manufactures for which the development 
of the country will produce a market. 

Senor Romero, Minister Plenipotentiary of Mexico to the United 
States, estimates that the present population of Mexico is 12,000,000. 
Of this number about one-eighth live north of the Tropic of Cancer, 
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which crosses the republic about 40 miles south of the city of 
Durango. Mr. Joseph Nimmo, Jr., says that the area of Mexico is 
741,791 square miles,* and that the value of iron and steel manu- 
factures imported from the United States into Mexico, in the year 
ending June 30th, 1883, was $3,395,528—this did not include rails, 
but it did include 1,503,990 pounds of nails and spikes. Many. of 
the rails and much of the iron and steel used in Mexico are im- 
ported from European countries, so that the aggregate consumption 
of iron in Mexico is sufficient to encourage the belief that any 
judicious development of the native wealth of iron-ore in the Cerro 
de Mercado will prove profitable. It is not to be expected that the 
immediate demands for manufactured iron will be equal to what they 
would be for the same number of people in the United States; but 
the rapid increase of mining, the extension of railroads, the invest- 
ment of foreign capital and the influx of Americans will soon change 
the character of the people and make all kinds of iron or steel manu- 
facture necessary. 

The large importations demonstrate that already there is an ex- 
tended market; and as the country is developed this will be yearly 
increased. 

Much of this paper is devoted to extracts and quotations. Some of 
the former are from previous publications by the writer, and it was 
considered advisable to present them in this shape, rather than to 
republish them with slight variations of phraseology as new mat- 
ter. Most of the quotations are from a report which contained so 
much of what was believed interesting and worthy of preservation 
that liberal use was made of it. The writer is not responsible for 
the translations; but they have been compared with the original 
Spanish report, and prominent inaccuracies which were discovered 
have been corrected. Sr. Frederico Weidner embodies in his report 
a lengthy geological treatise, accompanied by a map indicating the 
supposed formations; but it has not been considered advisable to 
incorporate it in this paper, because of its length ; the writer being 
unwilling to assume the responsibility of abridging it. The various 
extracts given from Sr. Weidner's report do not occur in the order 
in which they appear in the original; and hence asterisks have not 
been employed to indicate omissions. 

* Commerce between the United States and Mexico, 3884, pp. 8 and 26. 
VOL. XIII.—14 
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THE BLAKE SYSTEM OF FINE CRUSHING. 

BY THEODORE A. BLAKE, M. E., NEW HAVEN, CONN. 

MORE than a quarter of a century has passed since the introduc- 
tion of the machine known as the Blake crusher, the invention of 
Eli W. Blake, of New Haven, Conn. 

Although originally designed for breaking stone for road-metal, 
its importance for crushing ores of the precious metals, and those of 
iron, copper, and zinc, as well as emery, phosphates, plaster, etc., 
was soon recognized, and for many years its use has been world-wide, 
and its construction so well known that no special description of it 
is deemed necessary. 

Following its introduction, many different machines for the same 
purpose, containing the same essential features of upright conver- 
gent jaws, one of which is movable with respect to the other, but 
having some slight modification of such movement (generally a rub- 
bing motion) or of the non-essential method of imparting motion to 
one or both of the jaws, have been offered to the public for sale and 
use, but have, as a rule, in time disappeared from the market. 

If we seek for the reason of the success of the Blake crusher, aside 
from its simplicity of construction, we shall find it in the adherence 
to the principle of crushing by simple pressure and careful avoidance 
of attrition. In this lies the economy of power and of wearing- 
surfaces. 

To reduce any hard and brittle material to a fine powder by many 
different methods—by attrition, impact, or percussion—is a com- 
paratively easy matter; but to accomplish this by the employment 
of either of the above-mentioned principles involves such a consump- 
tion of wearing-surfaces (generally iron) or of power, that the nu- 
merous devices that have hitherto been presented to the public as 
solutions of the problem of fine crushing have proved utter and 
complete failures when tested with reference to the power employed 
and the wear of iron in doing their work. 

Aside from the use of crushers with the harder ores, the only two 
methods of fine crushing in general use, and, in the writer's opinion, 
worthy of consideration, are by means of stamps and rolls; the for- 
mer doing their work by percussion, the latter by pressure, provided 
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they are properly run and fed, but generally by pressure and attri- 
tion combined. 

It is not proposed, within the limits of the present paper, to enter 
on a detailed analysis of the comparative economy of stamps and 
rolls. Of the greater economy of crushing with rolls, as compared 
with stamps, the writer has no doubt, provided the material to be 
crushed by the rolls is already broken to a small and tolerably uni- 
form size before being fed to them, and the feed is uniformly dis- 
tributed in such a manner as to avoid any accumulation of material 
between them. If fed with such materials their tendency will be to 
wear evenly, and if accumulations of material between them are 
avoided they will not be thrust apart, their product vitiated, and 
unnecessary power consumed. 

In crushing, either by stamps or rolls, efficiency largely depends 
upon the preliminary work with the crusher. To reduce any mate- 
rial fine enough to be fed to rolls, to secure the best economical 
results, it is necessary that it should be crushed to about corn-grain 
size, or say a quarter of an inch in diameter. When ore is reduced 
to this size by a crusher it is safe to say that from twenty to thirty 
per cent, of it will pass a fifty or sixty-mesh screen ; that is, a screen 
with from 2500 to 3600 holes to the square inch. If, then, so large 
a percentage of the material can, in a preliminary operation with 
crushers, be brought to such a fineness, why cannot the whole be 
reduced to the same degree of fineness? 

The great difficulties, however, in crushing fine with an ordinary 
Blake crusher have been the liability of the material to pack in the 
jaws, and the greatly diminished product of the machine when the 
jaws are set so as to yield a fine product. 

The solution of the problem of fine crushing will be found in 
making the discharging capacity of a Blake crusher, when set to 
crush fine, sufficiently great to permit the rapid discharge of the 
material as it is crushed. This requirement is fully satisfied by the 
writer's invention of the Blake fine or multiple-jaw crusher—a ma- 
chine the value of which, when fine crushing is required, will, in 
the writer's opinion, prove to be as much greater than that of the 
ordinary Blake crusher as fine crushing is more difficult than coarse 
crushing. 

In the Blake fine or multiple-jaw crusher, while the principle of 
crushing is the same—that is, simple pressure between upright con- 
vergent jaws—the discharging capacity may be increased to almost 
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any reasonable limit, even if the crusher is set to crush to a great 
degree of fineness. 

The Blake system of fine crushing, then, consists in nothing more 
than the use of a series of crushers, beginning with one sufficiently 
large to receive the largest fragments and to give the required hourly 
or daily product, and ending with a fine or multiple-jaw crusher, 
from the product of which that which is sufficiently fine is with- 
drawn by screening or other methods of separation, and the coarse 
returned to the same machine to be still further crushed. 

The following illustrations will serve to show the machines em- 
ployed and the system: 

Fig. 1 shows the latest and best form of Improved Blake Chal- 
lenge Breaker—a construction that has proved of great and sub- 

 
A A, lower timber-frame; B, upper timber frame; C, clamps; D, fly-

wheel; E, pulley; HE, pitman; 1, cheeks; ,J, swing-jaw; K, swing-jaw 
shaft; N N, main tension-rods; O O, toggles.; P P, jaw-plates; R, pitman-
rod nuts for adjustment of stroke of swing-jaw; S, eccentric shaft. 

stantial value, not only on account of its sectional character, but also 
by its power of resisting the enormous and sudden strains to which 
it is often subjected. 

Fig. 2 represents a Blake fine or multiple-jaw crusher, with seven 
jaw-openings, each twenty-four inches by half an inch, equivalent to 
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a single crusher with jaw-opening or receiving capacity of one hun- 
dred and sixty-eight inches by half an inch. 

 

Fig. 3 shows a full-size cross-section of one of the series of sliding- 
jaws in a 24-inch fine crusher, with plates of 1½ by ¼ inch tool-steel 
for wearing-surfaces. 

 

Fig. 4 is a longitudinal elevation of one of the series of sliding- 
jaws in the same machine--one-eighth full size. 
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It will be seen that the crushing is done between a scries, in this 
instance, of sliding-jaws supported by and sliding upon the main 

 

tension-rods. These jaws are separated and held by rubber rings 
placed between them on the tension-rods. 

The method of imparting motion adopted is the same as in the 
regular Blake crusher, by means of the toggle-joint, pitman, and 
eccentric shaft. 

The revolution of the shaft, bringing the toggles more nearly into 
line, throws the main sliding-jaw forward, thus compressing the 
whole series of sliding-jaws, the crushing pressure being transmitted 
through the material to be crushed, with which the jaws are sup- 
posed to be filled. 

It is evident, that, if a piece of iron or steel should by accident get 
into one or more of the jaws, the only result would be to render that 

 

jaw for the time inoperative, the motion that it would have with 
respect to the next succeeding one being taken up and distributed 
through the other jaw-openings. 

Fig. 5 is a sketch illustrating the Blake system of fine crushing. 
In this series the first or single jaw-crusher is a 10 by 7 improved 
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Challenge. The second machine, to which the product of the 10 by 
7 goes by gravity, is a multiple jaw-crusher with three openings, 
each twenty by two inches. The product of the second crusher, 
reduced to corn-grain size and dust, is elevated to a screen with 
holes of required fineness, and then screened, the coarse going by 
gravity to a (24 by ½) 7 fine crusher. The product of the fine 
crusher goes by gravity to the same pit, and is elevated and screened, 
the coarse returning to the fine crusher to be again crushed. In this 
way the entire mass of material may be reduced to almost any de- 
gree of fineness, the services of but one man to feed the first machine 
being necessary.    The crushing may be either wet or dry. 

It will be seen that, in the above-described plant, as the fineness of 
the ore increases we increase the discharging capacity. Beginning 
in the series with a discharge width of ten inches, we jump, in the 
second machine, to sixty inches, and in the third to one hundred and 
sixty-eight inches. 

The number of single-jaw crushers to be employed in a series 
may, in some cases, of course be increased with advantage. The 
product of a 20 by 15 may pass to a 30 by 5, and so on, the dis- 
charge capacity rapidly increasing; and any number of Fife and 
multiple-jaw crushers may be employed. 

We have in the Blake system, then, a system of crushing with 
crushers alone, and in the new multiple-jaw or fine crusher the old 
Blake crusher over again, so far as the principle of crushing is con- 
cerned, with an entirely new and completely effectual provision 
against breakage, due to the multiplicity of its jaws. 

The results already attained have been so remarkable that the 
writer thinks it perfectly safe to assert that the problem of fine 
crushing has been, by this invention, completely solved; that the 
days of the old stamp-mill for ores of the metals, and the burr-stone 
for phosphates and cements, are practically numbered, and that they 
will shortly be replaced by a machine quite as simple and even more 
durable than the original Blake crusher, which was intended and is 
invaluable for spalling or reducing ores to a size suitable for further 
reduction by other means.   

The first example of the Blake system is to be found at the works 
of the Chateaugay Ore and Iron Company, near Plattsburg, New 
York, of which Mr. A. L. Inman is the general manager, where the 
writer designed and placed a crushing-plant of the capacity of two 
hundred tons a day, from 10 inches to a size to pass a ¼-inch round 
hole.    The works were run continuously, day and night, for six 



216 A  NEW  METHOD  OF SHAFT-SINKING. 

months, giving even an excess of the daily product required, but are 
now idle on account of the dullness of the iron market. The ore is 
magnetic iron in grains disseminated through a tough feldspathic 
gangue. Works for the same company, of a capacity of 1500 tons 
a day, are in contemplation. 

The second example is at the works of Messrs. George H. Nichols 
& Co., or Laurel Hill Chemical Works, of which Mr. J. B. F. 
Herreshof is the manager, where a small plant, consisting of one 10 
by 4 improved Challenge and one (24 by ½) 7 multiple-jaw crusher, 
was put in to crush copper matte. The requirements were one ton 
an hour to twenty fine. The machines replaced an 8 by 12 Dodge 
crusher and a pair of 24 by 12 Cornish rolls, of which the product 
was but about 500 pounds an hour to twenty fine, while the product 
of the Blake system, with machinery about one-third the weight, 
was 3000 pounds an hour, with an expenditure of less than one-third 
of the power required by the crusher and rolls. 

The third example is at the works of the Orford Copper and Sul- 
phur Company, Bergen Point, New Jersey, where a duplicate plant 
to that of No. 2 has just been installed. Other plants for gold-ores, 
phosphates, etc., are now on the way to destination for installation. 

The results attained have already assumed such importance that I 
have deemed it desirable to announce to the members of the Insti- 
tute the introduction of this new machine. I hope before long to 
give them the results in a more complete form, with comparisons of 
other methods of crushing based on actual and accurate statistics. 

A NEW METHOD OF SHAFT-SINKING THROUGH WATER- 
BEARING LOOSE MATERIALS. 

BY JAMES E.  MILLS, B.S.,   QUINCY,  CALIFORNIA. 

IN the work of exploring certain gold-bearing gravels in the 
American Valley, Plumas Co., California, entrusted to my charge 
by Prof. A. Agassiz, of Cambridge, and Q. A. Shaw, Esq., of Boston, 
it became necessary to sink a shaft through loose materials contain- 
ing in some layers large quantities of water, and I have been com- 
pelled to devise a new method which has proved successful and may 
be of service elsewhere. 



A  NEW METHOD OF SHAFT-SINKING.                   217 

The American Valley is a comparatively level tract of about 
4500 acres, surrounded with steep mountain-slopes, which rise on the 
east, south and west to peaks of an elevation about 3600 feet greater 
than that of the valley. The floor of the valley is of loose materials, 
--gravels, sands, clays, etc. and these rest in a rocky basin. The 
lip of the basin at the lowest point of its rim, where the waters leave 
the valley, is 165 feet higher than the bottom of it where the shaft 
struck the bed-rock, and the surface of the loose materials at the 
shaft is 45 feet higher than the lip. There is, therefore, at the shaft 
a thickness of 210 feet of gravels, sands and clays, resting in a bowl 
which receives water from a large area of mountain-slopes. The 
shaft was sunk by the method to be described 20.7 feet further into 
the underlying bed-rock, making its whole depth 230.7 feet. 

On geological grounds it was probable that the lower portions of 
the basin were filled with a mixture containing so much clay, that 
water would pass through it slowly; and I tried to reach this compar- 
atively compact material by the ordinary process of excavating and 
pumping out the water;* but at 14 feet below the surface the inflow 
of water became 67 cubic feet per minute, and was fast increasing, and 
the material was fine and was running in under the shoe and caving 
down outside of the shaft. It was evidently impracticable to sink 
to any considerable depth through such material, under the pressure 
existing when the water was pumped out of the shaft, even if the 
water should not exceed the practicable limits of pumping. 

Exploration with drill was then made and showed that for 60 feet 
the materials to be passed through were sands and gravels of a kind 
to run badly in places, and that below that depth, although the ma- 
terial as a whole was more clayey, there were at intervals strata of 
loose open sands and gravels as far as the drill went, which was to 
170 feet.† 

The depth was too great to permit the use of compressed air to 
balance the pressure of the water, and there was no way left but to 
sink the shaft without taking out the water. The Kind-Chaudron 
process was not available, for the material would not stand unsup- 
ported for more than a few feet, in places not more than a few inches, 

* The shaft started for this purpose is shown at A Fig. 1 of the 
accompanying drawings. It was rectangular, and had an iron shoe, Aa 
Fig. 1, which was pressed down with jack-screws as the excavation 
proceeded, and plank " cribbing " was built in as the shoe descended. 

† There were geological data for concluding that the depth to bed-
rock was not more than 250 feet. 
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much less for the whole depth.    A caisson must be carried  down 
with the excavation, and be kept pressed against the bottom. 

The caisson adopted (B, Fig. 1 of the accompanying drawings) is 
a cylinder of 55 inches outside diameter, of wrought-iron one-half 
inch thick, leaving inside diameter 4½ feet. It is made of rings four 
feet long, and the rings come together edge to edge, with edges ac- 
curately planned, and are joined together by butt-straps placed on the 
inside five inches wide and one-half inch thick, to which the two ad- 
joining rings are rivetted. Each ring is of one sheet, the ends of which 
are accurately planed and brought together edge to edge, and con- 
nected at the vertical joint thus formed by a vertical butt-strap of the 
same width and thickness as the horizontal one, and, like it, placed on 
the inside. The caisson is therefore a smooth cylinder on the outside, 
but on the inside the butt-straps project inward one-half inch. The 
lower edges of the horizontal straps are chamfered, the upper edges left 
horizontal. The vertical straps are thinned at the ends to pass under 
the horizontal ones, so as to add to the projection of the latter not more 
than three-eighths inch. The rivets are three-quarters inch in di- 
ameter, countersunk at both ends, and 2½ inches apart from centre to 
centre in the rows, and the two rows at each joint are the same distance 
apart. The caulking was all done at the edges of the butt-straps. 
The lower part of the cylinder which was to withstand the greatest 
pressure was tested under a pressure, applied to the outside, of 150 
pounds to the square inch. 

The rings were put together in pairs where they were manufac- 
tured, making sections 8 feet long, so that there remained one horizon- 
tal row of rivets to be driven and one horizontal seam to be caulked, 
to each eight feet in length of caisson, at the shaft. 

At the lower end of the caisson is a shoe (Ba, Fig. 1) of rolled 
steel one inch thick, welded at the ends of the sheet so as to make a 
continuous ring without vertical seam. Its lower edge is not quite 
horizontal, but bevelled so that the outer surface of the ring is one- 
quarter inch longer than the inner surface, making a cutting edge. 
It is scarfed to the ring next above; one half of its thickness being 
cut away all around for a length of three and a quarter inches, and the 
ring above lapping by for the same length, so as to rest on the 
shoulder of the scarf, and have its outside surface flush with that of 
the ring. 

At the upper edge of the caisson there was always a butt-strap, 
projecting half its width. It would not do to bring to bear on this 
butt-strap the pressure necessary to force down the caisson; and a 
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wrought-iron band (Bb, Fig. 1), an inch thick and four incheswide, 
was put there, resting on the edge of the main sheet, and surround- 
ing the butt-strap, and projecting 1½ inches above the upper edge of 
the latter. The band was in halves, joined by bolts with nuts, as 
shown in the figure. 

When the ground had been excavated, and the caisson pressed 
down until its upper edge was 8 feet below the working-floor, the 
band was taken off, another section rivetted on, and the band put on 
top of the latter. 

As the excavation proceeded, the caisson was forced down by hand 
with screws, reinforced toward the last by a falling weight. 

The screws acted directly upon timbers 14 inches square on the 
end, resting on the band above mentioned. The bottom of the tim- 
bers, which rested directly on the band, was shod with 9 inches 
wide of wrought-iron 1 inch thick. As the thread extended for only 
about 5 feet in length of the screws, blocking was put in between 
them and the lower timbers as the caisson went down, and removed 
when a new section was put on. 

The screws, with their nuts and steps, are shown at C, Ca, Cb, 
Fig. 1, and need no further description, except that they were of 
strong cast-iron, called "gun-metal" in Boston where they were made, 
and there were anti-friction buttons of hard steel in the steps. They 
were six in number, arranged, as shown in Fig. 1, in two sets of three 
each ; but for the greatest part of the time only four were used, in 
two sets of two each. The nuts of each set were fixed into a timber 
14 inches square on the end (D, Fig. 1), and this was held down 
against the thrust of the screws by four rods (E, Fig. 1) of round- 
iron, 1½ inches in diameter, which passed through it and a similar 
timber (F, Fig. 1) placed under the main shaft-head timbers; the 
rods having nuts at both ends, and cast-iron washers, a foot square, 
between the nuts and the surface of the timbers. The shaft-head 
timbers bore the weight of the hoisting-frame, and of a part of the 
building, and a load of gravel and clay, which was increased from 
time to time as became necessary. 

One or more hydraulic presses, driven by the engine, would do 
the work much better, and at much less expense, than these screws. 
The pressure could then be kept even and constant while the exca- 
vation was going on. 

The excavating was almost wholly done by a modification of the 
sand-pump used in sinking artesian wells, which I will call the drill- 
pump.    It is shown at G, Fig. 1, and in Figs. 2, 3, 4.   It is es- 
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sentially a cylinder or barrel, with an annular drill at its lower edge, 
and a valve seated just above. It will be more fully described be- 
low. The flat-drill, shown in Fig. 10, was made to be used in 
ground too hard for the drill-pump, and to break up large boulders, 
and was tried for these purposes a few times, but to little or no per- 
ceptible advantage. The drill-pump itself loosened the ground, 
broke up the boulders when too large to pass through the valve, and 
raised the material efficiently, 

The auger-stem (H, Fig. 1 and Fig. 5), jars (I, Fig. 1 and Fig. 
6), sinker-bar (J, Fig. 1 and Fig. 7), rope-socket (K, Fig. 1 and 
Fig. 8), temper-screw and clamp (L, Fig. 1 and Fig. 9) and wrenches 
(Fig. 11) were the same as are used in the oil-regions of Pennsylva- 
nia, where the tools were made, except that the auger-stem and 
sinker-bar were made shorter, and the necessary weight was secured 
by increased diameter, because the distance between the floor and 
the sheave (M, Fig. 1) was too short for tools of ordinary length. 

The drill-pump could not have a diameter near that of the shaft, 
like the sand-pump of artesian wells, nor could it extend (like the 
drills used in artesian well-boring, and in the Kind-Chaudron pro- 
cess) across the shaft, so as to be brought to bear on the whole area of 
the bottom by being turned around. It was, therefore, hung from 
a movable point, so that its position could be shifted, and it could be 
placed over and dropped on to any part of the bottom of the shaft. 
This could hardly be accomplished with the walking-beam ordi- 
narily in use in artesian well-boring; and the drill-rope, therefore, 
instead of being suspended from such a beam, was connected through 
the clamp and temper-screw with another rope (N, Fig. 1), which was 
attached by a loose wooden eye (O, Fig. 1) to the wrist-pin of the 
gear-wheel through which the drilling motion was imparted to the 
tools.* 

This latter rope, on its way to the gear-wheel, passed over a rolling 
horizontal drum (P, Fig. 1, and A, Figs. 12, 13, 14), and between 
two vertical rollers (B, Figs. 12 and 13). The drum could be 
moved forward by a winch (Q, Fig. 1), and run back by a weight 
(R, Fig. 1), and the vertical rollers could be moved to right or left 
by a screw (C, Figs. 12, 13, and 14), and so the point of suspension 
of the tools could be placed over any part of the floor of the shaft, 
where the drill-pump was to work. 

The hoisting-frame and machinery were the same that were put 

* Such a connecting-rope is in common use in sinking small artesian 
wells by horse-power, but it passes over a sheave fixed in position. 
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in and are now used for ordinary hoisting and pumping, except that 
for pumping, a larger gear-wheel has been put in the place of the 
one which imparted drill-motion to the tools. The winding-reel 
(S, Fig. 1) was operated by friction-gear in raising the tools and 
load, and controlled by brake in lowering them. 

The tools were let down, and the connecting rope attached by the 

 
clamp La, Fig. 1, and put into place by moving the drum and 
rollers ; the main rope slackened above the clamp, and the machinery 
started, giving the lift-and-drop motion to the tools. When the 
drill-pump was loaded, the connecting rope was unclamped from the 
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main rope and disconnected with its driving-wheel by slipping the 

 
wooden eye from the wrist-pin, the drum moved back, the tools 
raised and the drill-pump emptied. 
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The drill-pump and its parts are shown at G, Fig. 1, and in Figs. 
2, 3, 4. The whole length of the pump is 7 feet and 7 inches besides 
the connecting pin (D, Figs. 2, 3, 4), which extends 10½ inches above 
the head. The main barrel (A, Figs. 2, 3) is of wrought-iron, ¼ 
inch thick, with welded vertical seam; is 7 feet 1 inch long, and its 
inside diameter is 1 foot. The shoe (B, Figs. 2, 3, 4) screws on to 
the barrel at its lower end. Its cutting edge is formed by a bevelled 
steel ring (Ba, Figs. 2, 3, 4) which is fastened with set-screws to the 
iron of the shoe. The valve-seat (E) is held in place by a projection 
(Ea, Fig. 3) at its lower edge, placed between the shoe and the lower 
edge of the main barrel. The head (C, Fig. 3) consists of a wrought- 
iron plate, 3 inches thick, held to the barrel by a band (F, Fig. 3) 
screwed on to it and on to the outside of the barrel. The joint was 
made more firm by shrinking an iron ring (G, Figs. 2, 3, 4) on to 
the band over the edge of the plate of wronght-iron ; and to make 
the joint more secure, a similar wrought-iron plate should be put into 
the upper end of the barrel, and a ring shrunk on to the band over 
its edge. The pin (D), Figs. 2, 3, 4) by which the drill-pump is 
attached to the auger-stem, is screwed into the iron plate of the head 
as shown in Fig. 3. An opening (H, Figs. 2, 4) below the head let 
out the air as the drill-pump descended into the shaft, and the water 
above the load during the drilling. The load was taken out of the 
barrel through the opening (I, Fig. 4) just over the shoe, with a 
small hoe made for the purpose. The opening was closed by the 
gate (J, Figs. 2, 3, 4). To prevent hitting the butt-straps of the 
caisson with the sharp edge of the shoe and the upper edge of the 
pump, the guard of wood and iron (K, Fig. 4) was put on. 

The weight of the tools as suspended was : 

Pump,..............................................................  872½ lbs. 
Auger-stem, .........................................................  692     " 
Jars, ............................................................  385$   " 
Sinker-bar.........................................................  436     " 

Bole-socket, .......................................................    54     " 

Total, ..................................................................   2440 lbs. 

To this is to be added the weight of the rope, which increased with 
the depth. But the weight of the rope, rope-socket, sinker-bar and 
upper link of the jars added nothing directly to the force of the 
downward blow, and aided it only by overcoming the friction of the 
rope in passing through the water. In fact the sinker-bar was 
omitted for the greater part of the distance, but toward the last 
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seemed to be of some service, especially when the water was thick 
with mud. The wood of the pump-guard weighed about 72½ pounds 
when water-soaked, not far from the weight of the water it displaced, 
and neither increased nor lessened the force of the blow materially. 
There remained of the pump 800 pounds of iron, which with the 
   692 pounds of the auger-stem and the 193 pounds of the lower link 
of the jars made a weight of iron 1690 pounds. This, falling through 
water, is equal to 1472 pounds falling through air, with some de- 
duction to be made for the difference between the frictional resist- 
ance of air and water, and some further deduction for the greater 
weight and frictional resistance of the water when heavily charged 
with mud in suspension. The weight and consequent force of the 
blow increased as the pump became loaded, and at times the weight 
reached nearly the equivalent of a ton falling through air. 

The lift and drop of the tools when drilling which was found best 
fitted for safe and efficient working of the machinery, was 2 feet, and 
the number of drops 32 per minute. 

When the drilling was going on, a man stood with his hand at 
the temper-screw to let down the tools by turning the screw as the 
drill-pump excavated, fast enough to render the blow effective, but 
not enough to permit the tools to topple over against the caisson. 
He could judge of the blow by the jar at his hand. 

The length of time required to load the drill-pump varied with the 
character and compactness of the material; but it was generally kept 
in motion at the bottom 20 minutes. The raising and lowering, 
connecting and disconnecting at the clamp and wrist-pin, taking out 
the gate and the load, and replacing the gate took about 10 minutes 
more, making 30 minutes to each charge, or two charges to the hour. 

The area of the cross-section of the caisson, including its wall, is 
16.5 square feet, and the area of cross-section of the drill-pump 0.785 
of a foot, or about 1/21st of that of the caisson. The material in the 
drill-pump was less compact than in place at the bottom of the shaft. 
A load of 1 foot in depth in the drill-pump would lower the bottom 
of the shaft about ½ inch, and a load—quite often attained—of 4 feet 
in depth of the drill-pump would lower the bottom of the shaft 2 
inches, and 20 such loads in a day of 10 hours would lower it 40 
inches. The latter rate of sinking was sometimes attained, but the 
average rate was much lower. 
The caisson was put into the rectangular shaft A, Fig. 1, which 
had already been sunk 14 feet, and the space outside of the caisson 
and within the rectangular shaft filled with clay.    The only settling 
VOL. XIII.—15 
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about the shaft observable at the surface was within the rectangular 
shaft. It was but little, and as it took place, clay was added at the 
top. 

Before the work was fairly started, some days had been spent in 
becoming accustomed to the work and making needed alterations in 
the tools; and during this time the caisson had been sunk 5 feet, or 
to 19 feet from the surface. The shaft and caisson were sunk the 
next 59.6 feet, or to 78.6 feet below the surface, in 41 working-days 
often hours each, or at the rate of 1.45 feet per day. This included 
the time spent in putting on new sections to the caisson, which was 
13.6 days. 

At this depth (78.6 feet below surface), the water was taken out 
of the shaft. The material passed through had become more com- 
pact from about 60 feet downward, and I had expected to sink from 
here by ordinary methods; but the inflow of water at the bottom, 
which was at first 3.2 cubic feet a minute, increased in about four 
hours to 5.3 cubic feet per minute, and it was plainly best to con- 
tinue on with the method that had succeeded so well thus far. The 
caisson was in good condition, whole and water-tight; but slightly 
curved from end to end, so that the centre at the bottom was about 
45/8 inches from a plumb-line dropped from the centre at the top. 

After a delay of some months in getting more sections of caisson, 
work was resumed, and the shaft was excavated and the caisson sunk 
102.4 feet further, or to 181 feet below natural surface, in 91 days 
of ten hours each, actually spent upon the work. This included 
221/3 days spent in putting on new sections of caisson. 

To this point the working force consisted of one skilled man to 
tend the engine, and two skilled drillers, and one or two laborers a 
portion of the time to aid at the screws, besides the engineer in charge. 
The working time was limited to ten hours a day, because the work 
was novel and it seemed hardly safe to have it go on in my absence, 
and also because I wished to observe carefully the character of the 
deposits passed through. The principal danger was that the excava- 
tions might be carried too far ahead of the caisson, and so cause cav- 
ing and loosening of the material about the caisson. This would be 
obviated if hydraulic presses were substituted for screws as above 
suggested. 

At the depth now reached (181 feet), the effect of the curve in the 
shaft began to be seriously felt; for the drill-pump hanging verti- 
cally from the top could not be made to drop on to all parts of the 
floor, and left untouched a crescent-shaped area under the over-hang- 
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ing portion of the cylinders. The material thus left had to be partly 
caved in and partly crowded in by increased pressure on the caisson. 
The force at the screws was increased and consisted at times of six 
men ; and a few weeks later the pressure of the screws was reinforced 
by blows of a ram consisting of a stick of timber 21 inches square 
and 22½ feet long, weighing, with eye-bolt, nut and washer by which 
it was suspended, 2280 pounds. This was dropped two feet, thirty 
times a minute, on to a timber placed between the timbers on which 
the screws acted directly and the upper edge of the caisson. 

Including the time consumed in putting on the ram, and putting 
on new sections, it took 23.5 days to sink the caisson the next 15.5 
feet, to the depth of 196.5 feet below the surface. The excavation 
was 5.7 feet deeper. 

The water was then again bailed out of the shaft. The curve of 
the shaft now left nearly half of the floor outside of the direct blow 
of the drill-pump, and in the area thus out of reach were bowlders of 
hard material and flattened shape, one of which was 0.44 cubic foot 
in bulk. These materials on the higher part of the floor were cut 
down by hand and thrown to the other side where the drill-pump 
could reach them, and then taken out by the drill-pump. In all, 
about four hours of time was spent in excavating by hand, and this 
was all the excavating done by hand in sinking the shaft. 

At the lower edge, the shoe showed a slight bulge extending over 
about nine square inches of area, and projecting inwards about one- 
half inch at the middle of the bulge. Otherwise the caisson was 
unimpaired. 

The inflow of water was varying, but at first averaged about 1.21 
cubic feet per minute, and increased to about 2.34 cubic feet. 

The next 13.5 feet brought the caisson to the surface of the bed- 
rock, at 210 feet below the natural surface. It took 23 days, 
including the time (4 days) spent in putting on two sections of 
caisson. 

The bed-rook was a friable and rather soft clay slate, and was 
easily excavated with the drill-pump. The caisson was sunk 20.7 
feet in the bed-rock, to the depth of 230.7 feet below natural surface. 
To sink this 20.7 feet in bed-rock took 46 working days, including 
all the time of excavating, pressing caisson and putting on the sec- 
tions of caisson. 

After a month's delay, the water was bailed out of the shaft. The 
caisson was in good condition, but somewhat deformed at its lower 
edge, not enough, however, to materially impair its usefulness.    I 
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think this deformation was caused  by the bed-rock swelling and 
pressing against it unevenly. 

The inflow of water varied, but averaged about 3.6 cubic feet per 

 

minute, or less than 5½ per cent, of the inflow at 14 feet from the 
surface. It came through the bed-rock clear, and was therefore not 
enlarging its channels. 
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The shaft had not only been sunk successfully through 210 feet 
of loose materials, and 20.7 feet of rock, but the caisson had shut 
out the water of the upper loose gravels and sands and of the lower 
layers of similar materials, had prevented the running in of sand, 
and left, to be contended with at the bottom, only a small inflow of 
clear water coming through rock. 

A partition with ladder attached was put in as shown in Fig. 15, 
dividing the shaft into hoisting and pumping compartments, and a 
common "jackhead" pump, of 5 inches diameter and 4 feet stroke, 
was carried down at the same time with the partition. 

A portion of the bed-rock was found loose and running; and where 
it was so, rods of round iron one inch in diameter, and three feet long, 
pointed at the outer end, were driven out into the bed-rock through 
holes drilled through the shoe, 2 inches above its lower edge, and 
2 inches apart from centre to centre, and into the bed-rock as far as 
the rods were to go. 

The shaft was then sunk by hand four feet below the lower edge 
of the shoe, for a sump, and secured by slaves driven around iron 
hoops. The staves were started about a temporary hoop of outside 
diameter 3 inches less than the inside diameter of the shoe, but the 
other hoops have the same inside diameter as the caisson, and when 
the staves were all in they were pushed outward and upward by the 
outer surface of the shoe so as to rest against it at their upper ends. 

A row of iron rods like those before mentioned, were driven over 
the space where the opening for the drift or gallery was to be made, 
and just above the second butt-strap counting from the bottom. 
The opening was cut out through the caisson between the lower 
edge of this butt-strap and the upper edge of the shoe. The plan 
of the opening and the timbers at the beginning of the drift are 
given in Fig. 16. 

As long as the work is one of exploration, kibbles will answer for 
hoisting; but when necessary, a cage can be used to occupy the whole 
cross-section of the hoisting apartment, and when still more hoist- 
ing room is needed, another shaft can be sunk near by, and one of 
the two given up wholly to hoisting, and the other left for pump, 
ladder way and ventilating pipes; and indeed the capacity can be 
increased to any required extent by sinking a group of such shafts 
near one another, but with space enough between them to prevent 
breaking down or disturbing the ground between them while sink- 
ing. Shafts much larger than the one here described, indeed, of any 
ordinary size, could be sunk by the same method. 
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All the serious difficulty which this method of sinking encoun- 
tered was caused by the curve of the caisson; and this is an avoid- 
able difficulty. The use of hydraulic presses, as above suggested, 
would obviate the danger of excavating too far below the foot of 
the caisson, and would reduce the working force to three skilled 
hands. 

 
The method is not only an efficient one where ordinary methods 

would fail, but it is also an economical, rapid and safe method of 
sinking through water-bearing loose materials, and could be applied 
to sinking caissons for bridge piers and other foundations, as well as 
to mining shafts and large artesian wells. 

I have given above the time actually spent in sinking. The work 
was not, however, done continuously, but in intervals of time spent 
partly in waiting for new sections of caisson to be made and trans- 
ported to the ground, but principally caused by delay in ordering 
them. The drilling began August 21, 1882, and ended November 
29, 1883.    The tools were contracted for in March, 1882, and at 
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the same time 80 feet in length of the caisson, with shoe, screws, 
etc. The remaining sections of caisson were ordered in several lots. 
The reason for not obtaining enough to go to the bottom after the 
experience of a few feet had proved the efficiency of the excavating 
tools, was the lack of data for judging of the friction to be encoun- 
tered. If the caisson had been perfectly vertical, I could now pre- 
sent definite data for determining the friction to be overcome under 
similar conditions ; but on account of the curve in the shaft the neces- 
sary friction on the outer surface of the caisson cannot be separated 
from the added resistance of the materials at the bottom which were 
not reached directly by the drill-pump; and I can therefore add little 
on the subject to what is above shown, namely, that to the depth of 
230 feet the friction on the outer surface of such a caisson carried 
through such materials is overcome with a pressure easily applied 
and safely within the endurance of a wroughtiron cylinder, having 
the thickness of iron proportioned to area of its cross-section as in 
the one above described, and having a shoe of rolled steel, propor- 
tioned as the one described. 

NOTE.--In Fig. 1, the engraver has not reduced the ropes to scale. 
Their diameters should be as follows: Ropes N and M--S, 2 inches; 
P--Q, and P--R, 1 inch; and the rope passing up from Q,, over a 
small sheave, and down to pawl of ratchet of P, ½ inch. 

NOTE ON TANTALITE AND OTHER MINERALS, ACCOM- 
PANYING THE TIN-ORE IN THE BLACK HILLS. 

BY PROFESSOR CHARLES A.  SCHAEFFER, CORNELL UNIVERSITY, 
ITHACA, N. Y. 

SEVERAL months ago, some specimens of the minerals occurring 
at the Etta tin mine, Dakota, were received at the laboratory of the 
Cornell University. On examining the heavy brownish-black por- 
tion, which I presumed was the tin-stone, I was surprised to find 
only a faint indication of tin. Further investigation showed the 
mineral to be tantalite. On searching carefully all the fragments 
received, a considerable quantity of that mineral was found, and 
only a single streak of cassiterite, which was attached to a mass of 
spodumene. 

Another lot of specimens, from the same locality, consisted of 
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samples of the greisen, some garnets, and a quantity of "stream- 
tin." The latter sample weighed about 500 grammes, of which 
about one-fourth consisted of small, pinkish garnets, averaging 
about the size of a grain of mustard-seed. The remainder comprised 
a lot of rounded brown pebbles, averaging in diameter ¼ inch. 
These were carefully examined with the blowpipe, and of thirty 
pieces six proved to be tin-stone; one, the largest of the lot, was 
hematite; and the rest were tantalite. Bo wolfram was found in 
any of the specimens, and I think it is a fair inference that the 
heavy black mineral to which Professor Blake alluded in his paper* 
as "apparently wolfram," is tantalite. 

An analysis of the tantalite gave the following results: 
 

Specific gravity, 7.72. 

So far, I have been unable to find the least trace of columbic or 
tungstic acids, or of any of the rarer metals. The Dakota tanta- 
lite is thus much simpler in composition than the mineral from 
Alabama, which, according to the late J. Lawrence Smith,† contains 
tungstic acid, as also oxides of zinc and copper in small amounts. 

Pressure of other work has prevented me from analyzing ad- 
ditional specimens of the mineral; but I think it highly probable, 
from the fact that the color of the powder differs more or less in 
the different specimens, that they would give results varying some- 
what from the above figures. 

A third lot of minerals, from the same locality, received from a 
friend who obtained them at the office of the Harney Peak Mining 
Company, in New York city, presented precisely the same appear- 
ance as the specimens that I had received directly from the Etta 
mine, except that in the massive specimens the tin-stone was present 
to a very encouraging degree, though the tantalite was by no means 
absent. 

In a report made to the above-named company, by Professor Gil- 
bert E.  Bailey, the following passage occurs: "No titanic acid, 

* Eng. and Min. Journ., N. Y., vol. xxxvi., No. 11, p. 164, Sept. 15th, 
1883. 
     † See Professor Smith's analysis, Transactions, vol. xii., p. 161. 
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wolfram, sulphur, arsenic, or other injurious substances were found 
in the ore." 

So far as my knowledge goes, there may be no wolfram present, 
but there must be, instead, a very considerable amount of tantalite 
accompanying the tin-ore. As to arsenic, the first lot contained two 
large lumps of scorodite,--remarkably good specimens, with here 
and there kernels of leucopyrite. Further, one of the massive 
specimens of tantalite contained two little cavities which were filled 
with olivenite. From this it seems that arsenic does occur in at 
least three of the minerals which accompany the tin-ore. By proper 
concentration, however, it will be a very simple matter to remove 
the most of these arsenical minerals from the ore. But how to 
separate the apparently large amount of tantalite from the tin-stone 
is a matter which will, I believe, prove puzzling to the wisest met- 
allurgist. 

HADFIELD'S PATENT MANGANESE STEEL. 

BY JOSEPH D. WEEKS, PITTSBURGH, PA. 

MANGANESE has, until recently, been most highly esteemed as a 
good thing to keep out of steel. Its value in the process of manu- 
facture has been fully recognized, but after it has played its part in 
the crucible or the converter, then the less of it the better. It is 
true that the mission of this metal and its influence upon the char- 
acter of steel has been a source of much controversy. Our own 
Holley, in one of his special reports on ferromanganese, states that 
" it has been suspected by some, and believed by a few, while it is 
still denied by many, that manganese as an ingredient in steel has 
not only a body-giving and toughening influence, but a positive 
neutralizing influence upon any excess of hardening or cold-shorten- 
ing substances, as phosphorus." In another paper on the same 
subject he states that " it should appear from such facts as we have 
that manganese toughens" the structural steels, " increases their 
soundness and prevents red-shortness." Notwithstanding these 
rather guarded assertions as to its value, the general belief, it will 
be found, is with Dr. Siemens, that manganese is " merely a cloak 
to hide impurities," and its presence in steel has been endured, not 
welcomed. 

But whatever may have been the difference in opinion as to the 
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effect upon steel of a small percentage of manganese, not to exceed, 
say, 1½ per cent., there has been a general agreement among metal- 
lurgists that any amount in excess of this would produce metal rotten 
and utterly worthless. In the Terre Noire experiments, referred to 
in Mr. Holley's report before quoted, 1 per cent, is the highest given 
as found in the steels reported upon. In a paper read by M. Gautier, 
of Terre Noire, before the British Iron and Steel Institute, on the 
" Uses of Ferromanganese," this same percentage is given as the 
proper amount to be used in the manufacture of what this dis- 
tinguished metallurgist terms "manganese steels," while in all three 
of the papers the analyses of the steel show the usual percentage of 
manganese to be much below this. Indeed, from 1 per cent, to 1½ 
per cent, has been regarded universally as " high manganese," and 
the published testimony is that more than this renders steel worth- 
less. 

In opposition to these views, Mr. Robert Hadfield, of the Hadfield 
Steel Foundry Company, Sheffield, England, has demonstrated that 
a steel containing from 7 to 30 per cent, of manganese is not only 
not a rotten and worthless product, but that in the ingot as cast, it 
is harder, stronger, denser and tougher than most steel now manu- 
factured, even when forged and rolled, and in addition it possesses 
curious and remarkable properties, which, it is believed, will make 
this steel exceedingly valuable for many purposes for which the ordi- 
nary steels are not now used. 

In the samples of steel which, through the kindness of Mr. Had- 
field, I am permitted to exhibit to the Institute, the manganese is 
from 9 per cent, in ingot No. 10 to 19 per cent, in the ax. No 
samples of the higher percentage have reached me. The bent flat 
piece contains 9½ per cent.; ingot 180 and the pit car-wheel which 
has been so badly hammered with so little effect, 11½ per cent.; the 
adze, 13¾ per cent.; and ingots Nos. 20 and 21,14½ per cent. The 
ax and adze are castings just as they come from the sand, neither 
forged nor hardened, and have been ground since I received them. 
These are rough specimens, the Hadfield Foundry not being adapted 
to this class of work, but with proper care in moulding and manu- 
facture, such articles can be made as smooth and clean as cast-iron. 
Indeed, some of the most valuable characteristics of this steel are 
shown in casting. It possesses great thinness and fluidity, casts 
without misrunning, does not settle as much as ordinary castings, 
and does not draw, particularly at the junction of the thick and thin 
parts.    It is also free from honeycomb and other similar defects. 

It is evident that a metal that casts in this manner, and that needs 
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no hardening nor tempering, must be especially adapted not only to 
the manufacture of most articles that are now cast, but for a wide 
range of articles that are now forged, rolled or hammered, such as 
the larger edged tools, hammers, picks, etc., guns; armor-plate, shell 
and other projectiles, car-wheels in place of chilled wheels, imple-
ments and parts of machinery, especially bearing parts, safes, steel 
toys, plow-steel, etc. A razor has been cast from this steel and used 
without hardening. It was not equal to the best steel razor, but it 
was a fair implement. 

But perhaps the most remarkable and valuable of the properties 
of Hadfield's steel is its great toughness, combined with its extreme 
hardness—two properties that are generally regarded as incompatible. 
The toughness will be evident upon an inspection of the fracture of 
the ingots. The little steel needles scattered all over the face of the 
fracture, forming an acute angle with the face, show the character of 
the rupture to be entirely different from that of ordinary steel. These 
needles are very tough, and, small as they are, do not break off when 
struck, but bend almost like native copper. It also requires a blow 
of considerable force to bend them. It was exceedingly difficult 
to break these ingots, a number of blows of a steam-hammer being 
required, sledges having no effect. Ingot No. 10, with 9 per cent, 
of manganese, was broken from a piece 2 feet 6 inches long, sup-
ported at both ends. It bent 1 1/2 inches before breaking, though 
it had not been forged. Hammered samples from this ingot gave 
42 tons (94,080 pounds) tensile strength, and 20.85 per cent, 
elongation in 8 inches. The flat piece—No. 180 (9 1/2 per 
cent.)—which has been hammered, was bent cold, and does not 
show the least crack. This piece has been drilled. The bulging of 
the steel under the drill-point is quite noticeable. This piece of 
wire was also bent cold after drawing. The small colliery-wheel 
(11 1/2 per cent.) was struck 50 blows with a heavy sledge, and 
bent as will be seen. 

Notwithstanding this toughness, the steel is extremely hard. The 
lower percentages—say 9 per cent, to 10 per cent.—which are the 
toughest, can be drilled and machined, but not as readily as the ordi-
nary steels; those somewhat higher with difficulty, while it is prac-
tically impossible to drill, turn or otherwise machine the higher 
percentages. The colliery-wheel, which bent so under the sledge 
blows, shows on the head and hub the results of attempts made in 
this country, at my request, to drill and turn them. The edges were 
taken off the tools instantly, hardly scratching the wheel. The ax 
(19 per cent.) and the daze (13| per cent.), as has been already stated, 
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were sent me rough as they came from the sand, and were ground by 
Messrs. Hubbard, Bakewell & Co., Pittsburgh. Regarding the steel, 
Mr. Charles W. Hubbard writes me: 

" The steel ax and adze we ground for you were extremely hard. 
There seems to be a peculiar close, hard, greasy nature about the 
material that resists the action of the grindstone and emery-wheel, 
as they have less effect on them than anything we have ever seen in 
the line of steel or iron. I would say the material has the very 
essence of anti-friction. A journal made of such material would run 
to an extreme number of revolutions in a sand-box without friction 
or heat." 

I have not tested this ax, but one made in a similar way cut 
through 3/8 iron. I have already intimated that this steel can be 
rolled and forged. The lower percentages are more easily worked, but 
steel with as much as 18 per cent, has been hammered. The 
higher percentages require great care, however. One of the most 
remarkable properties of this steel exhibits itself in connection with 
hammering or drawing it. When thus manipulated, it becomes ex-
ceedingly hard and loses some of its toughness. If now the steel is 
heated to a hot heat, yellow or nearly welding, and allowed to cool 
in the air, or is cooled in water or oil, it becomes exceedingly tough. 
The flat piece, No. 140, was so heated and cooled before being bent. 
The wire was similarly treated after drawing, which made it ex-
tremely hard. This is virtually annealing, but it will be noticed 
that it has an effect upon Hadfield's opposite to that upon carbon 
steel. It should be noted that this steel is non-magnetic in bulk and 
a poor conductor, though fine drillings and scrapings are attracted 
by the magnet. 

The process of manufacturing this steel is exceedingly simple. 
Melted ferromanganese high in manganese (Mr. Hadfield suggests 80 
per cent.) and as low as possible in carbon, silicon and other foreign 
bodies, is added to iron that has been nearly or quite decarburized, 
or to molten steel. The manganese is thoroughly incorporated by 
stirring, and the steel poured into ingots or other suitable molds. 
The percentage of ferro to be used, and consequently the amount of 
manganese in the steel, must be raised according to the use to which 
it is to be put. No absolutely exact proportions can be given. To 
produce a steel suitable for armor-plates, sufficient ferro to give, say, 
10 per cent, manganese in the steel should be added ; for car-wheels, 
axles or railway-plant, say 11 per cent.; edge tools and steel toys, 
12 per cent. 
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THE POCAHONTAS MINE-EXPLOSION. 

BY J.  H.   BRADIWELL,  ROANOKE, VA. ;   STUART M.   BUCK,  COALBURG, 
W.  VA.; AND EDWARD H.  WILLIAMS, JR.,  BETHLEHEM, PA. 

(A Committee Appointed by the President of the Institute.) 

THE Southwest Virginia Improvement Company began operations 
in the Bluestone Flat-Top coal-field, situated in Tazewell County, 
Virginia, in the fall of 1881. In May, 1883, the company had 
built 200 coke-ovens, and by March, 1884, had 9000 feet of entries, 
exclusive of air-ways, in the Nelson or Big coal-bed of this district 
(which here averages eleven feet in thickness), and had extracted 
200,000 tons of coal, representing an area of about twenty acres. 
About this opening has grown the recently incorporated city of 
Pocahontas, and the completion of the New River branch of the 
Norfolk and Western Railroad to this point enabled the company to 
make large contracts for supplying coal and coke, so that it was 
deemed necessary, on account of the limited area developed, to work 
the mine day and night to fill orders. 

At 1.30 Thursday morning, March 13th, the inhabitants of Poca-
hontas were awakened by a violent shock, and within a few minutes 
all knew that the East mine had been the scene of an explosion of 
so general a nature that, of the 114 men at work, not one had 
escaped. The daily papers gave more or less distorted accounts of 
the number of victims, the scenes in and about the mine, and the 
probable cause of the disaster. 

At the request of the company, the President of the American In-
stitute of Mining Engineers appointed the undersigned a committee 
of three to investigate the matter, and the committee thus constituted 
presents the following report, accompanied by a copy of the testimony 
taken during the investigation, for preservation in the archives of 
the Institute. 

Pocahontas was reached on Thursday, April 24th, and left on 
Friday, May 2d. During this interval the committee made repeated 
visits to the mine, especially to the points of most importance, ex-
amining it carefully in every part, and summoned a number of wit-
nesses, twenty-six of whom appeared and testified. 

The mine had been left in the same state as when the bodies were 
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removed, in order that tests for gas might be made as well as that 
the traces of the explosion might not be destroyed. 

On the part of the miners, and especially of the mine-boss, lately 
discharged, there was a determination to withhold all information, 
as they thought the investigation to be a company affair, and did not 
wish to neutralize whatever effect their testimony might have should 
legal proceedings be begun by the relatives of those lost in the ex-
plosion. Much valuable time was consumed in removing this 
impression. In addition to this, a great number of the men who 
worked in the East mine on the day-shift had gone to other districts, 
and much valuable testimony was lost. In fine, had a thorough 
investigation been undertaken at once, when all interested were on 
the spot, and before there could have been any collusion on the part 
of those interested in withholding and distorting the facts of the case, 
a much greater value would attach to the direct testimony in regard 
to points now at issue. The best method now remaining, of solving 
the questions involved, will be tests made at the mines for the 
presence of gas after the mine is again in full operation. 

After viewing the effects of the explosion as exhibited at the en-
trance to the mine, it is almost incredible that so little damage has 
been done to the mine itself. In undertaking this investigation the 
committee had regarded themselves in the light of possible martyrs 
to science, and take pleasure in reporting that, while in some places 
the timbers are raked out and the wooden track torn up, with here 
and there a local resultant fall of fire-clay, on the whole the mine is 
little the worse for the explosion, and two or three weeks' work will 
remove all traces. 

The accompanying map will facilitate the comprehension of the 
committee's observations and conclusions. In explanation of it, we 
may remark that the course of the main entry from the mouth at the 
lower right-hand corner of the plate to the face near H is nearly 
north. The letters "1 E," "1 N," etc., indicate the various entries 
and cross-entries hereafter referred to. The positions of doors are 
shown by D, D. The heavy arrows indicate the normal course of 
the ventilating currents, and the light arrows the course of the ex-
plosion-currents, while the places where bodies were found are 
marked with crosses. The robbing of pillars in progress in the area 
F, is shown by shading the portions removed. 

The explosion probably originated in the north branch of the 
third east entry (near D), and spread in all directions. One portion 
of the current went westward and northward to the headings of Nos. 
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1 and 2 north off No. 3 east, to those of the main entry and air-way 
(near H), and of 4 and No. 5 west (near K); another part went south 
through the region C, where the dust was deep and dry, and here 
its power was increased by this agent, while throughout this area its 
greatest effect is exhibited. At the second east entry, part went west 
to the main entry, turned northward to the third west, went along this 
and traversed the area G, while the remainder continued south through 
the area B, and received further increase of force. On reaching No. 1 
east, a part turned eastward, extending to the headings of this entry 
and its air-way and traversing the area A, while the rest turned 
west, tearing up the track, raking out the props, and blowing track, 
props and cars out of the main and intake openings. 

The rebound from the area G crossed the third west in part and 
traversed the area F, while the remainder went west and out of the 
fan-opening, wrecking the fan. Part of the westward current along 
No. 1 east was deflected northward in the main entry, and went 
partly through No, 1 west and the area E, while the rest went out 
No. 2 west with the part that came south from G. 

The current carried a burning body of gas and dust, the latter in 
all states of coking; and all the bodies, with a few exceptions, were 
found badly burned. Owing to the length of time between the death 
of the men and the removal of their bodies, the latter were in such a 
state as to make an examination as to the amount of asphyxiation an 
unpleasant if not absolutely impossible task. In some cases the 
evidences of burning had been destroyed by the submergence of the 
bodies in water. The evidences, therefore, of the relative amounts of 
fire in the areas mentioned have been gathered from the mine itself; 
but it may be well to state that conclusive evidence has been adduced 
that within five minutes after the first explosion there was not a man 
alive of those in the mine; so sudden and so general had been the 
catastrophe. The attempts to enter the mine immediately after the 
explosion have been described in the daily papers and will not be 
narrated here, as all were fruitless from the fact that there were 
practically no experienced men on the spot. It was not as if the 
disaster had occurred in a thickly-settled mining region, with 
numerous collieries to contribute their quota of men experienced in 
similar cases. In this little town, cut off from the world, with so 
large a percentage of its population killed at an instant, the leadership 
among the miners fell upon a boss who knew nothing of gas and its 
workings, and who, after making one or two aimless attempts to enter 
the mine, retired to bed and remained there for a fortnight, 
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while a feeling of horror pervaded all and disposed everyone to magnify 
whatever was seen. When, therefore, the parties returned with practically the 
same story, it was accepted as proven that the mine was a mass of fire; and 
it was decided to close the openings until experts from abroad could give 
needful advice. These experts counselled sealing the mine and smothering the 
fire. Under the circumstances perhaps this course was wise, as, had the 
ventilation been restored while any of the coal-dust was still glowing and fire 
lingering among fragments of smouldering timber, a serious conflagration 
might have been started and the mine ruined. 

The mine was closed by building double dams with clay stoppings, and 
an attempt was made to flood the workings. As they were toward the rise, 
this was impossible from the compression of the air in the upper workings, 
which brought such a pressure upon the clams as to cause large crevices 
and a corresponding leakage. To remove the air and relieve the pressure, a 
bore-hole was sunk to strike the extremity of No. 3 north off No. 1 east, and so 
accurately had the mine-surveys been kept up that the entry-center was struck 
within a few inches. This allowed the water to flood about one-eighth of 
the mine, while the air, as it escaped through the hole, showed that the fire 
was extinct. After draining the workings and removing the clams the 
bodies were removed, and only such changes made as were absolutely 
necessary, the position of the bodies being noted and marked on the mine-map. 

SYSTEM OF VENTILATION. 

Previous to the explosion the Pocahontas Mine was divided, for purposes 
of ventilation, into two distinct districts. The first embraced the areas E, F, 
G, with the intake at the crop-openings of Nos. 1 and 2 west. The air then 
crossed the fan-entry No. 3 west by a bridge, passed up No. 2 north and 
returned by No. 1 north to the fan-entry, where it joined the main return-
current and was drawn out by the fan. 

The second and larger district consisted of that portion of the mine east of 
the main entry, together with the main headings and those of Nos. 4 and 5 
west. The intake was by the air-course at the side of the main entrance. The 
air passed to the head of No. 1 east, and, returning, was led up No. 4 north 
and back on No. 3 north, then to Nos. 1 and 2 north, the division between 
them depending on the drag. The current was deflected by canvas doors up 
the first room on each 
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side, and passed through the areas B and C in succession ; then, as there 
was no door to force it up to the headings of No. 3 east, it passed to the main 
air-course, and thence to the head of the main entry, by which it returned to 
No. 3 west, and, being joined by the current from the west district, passed 
direct to the fan.    The doors were all single. 

There was no provision for measuring the division of the air between the 
two districts or the total amount passing through the mine, but from the 
speed and capacity of the fan the average amount of air was estimated at 
70,000 cubic feet per minute. 

A coal-hurning locomotive was run to the head of the main entry and for 
short distances inside of the doors leading to the cross-entries ; but no 
provision was made for keeping the smoke on No. 1 east cross-entry from 
mingling with the general ventilating current. 

All the impurities of the mine were thus led around the workings and 
concentrated in their course, while, to increase the difficulty, the work was 
pushed day and night with a force of inexperienced men, using at least 
twice the quantity of powder properly required. 

The door-service on the night-shift was imperfectly performed; and the 
committee has been able to show, by concurrent testimony, not only that 
doors were frequently left open, but that on the night of the explosion and 
for a part of the time during the fortnight previous, the two most important 
doors--at the junction of the main entry and No. 1 east--were left open, 
untended and hooked back. 

SYSTEM OF MINING. 

This is clearly shown on the accompanying map, and may be described as 
pillar-and-stall worked out in panels or blocks. 

The mine has been opened by a main-level gangway, No. 1 E., with 
parallel air-way along the strike of the seam, off of which a system of 
double cross-headings are driven at right angles up the "rise," intersected at 
intervals by double cross-entries parallel to the main-level gangway, thus 
dividing the coal into blocks or panels of 500 feet X 1500 feet (bisected in 
length by extra cross-heading, e. g., No. 2 E.), with rooms turned off to the 
right and left of the double cross-entries. 

The main gangway and cross-headings are driven 10 feet wide and 8 
feet high; pillars are left standing, 100 feet in thickness, on either side of 
the main gangway ; and pillars of 30 feet are left between entries and air-
courses. These pillars are broken through every 100 feet for ventilation. 

VOL. XIII.--16 
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The rooms are started 9 feet wide, and at about 7 yards are widened 
out to 18 feet. Pillars between rooms are 15 feet thick; from 2 to 3 feet of 
coal is left in the top to keep up the friable shale overlying the coal; two 
parallel rows of single props are set in the rooms, the lines of the rows being 
6 feet apart, and the props in the rows stand 10 feet center to center; wooden 
tracks are used in the rooms, and laid next to the upper pillar, and ballasted 
with coal-slack. The top coal is drawn when the pillars are robbed. This 
takes place in each panel or block as soon as the rooms are worked out to 
their boundary and simultaneously with the general advance work "in the 
mine. By this system the extent of workings to be kept up is greatly 
reduced and concentrated and the coal won from the pillars still firm and in 
good condition. The coal won in the advance, exclusive of robbing pillars, 
is estimated to be 30 per cent, of the entire bed. The final work will leave 
20 per cent, in the mine. 

The coal is collected in cars of two tons capacity and brought by mules to 
sidings on the east and west headings, near their junction with the main 
gangway. From these sidings the coal is taken by a mine-locotBotive to the 
tipple, and the empties are returned. 

GENERAL CONDITION OF THE MINE, APRIL 24TH, 1884. 

On the 9th of April, nearly one month after the explosion, the mine was 
relieved of the water-dams, and on that day it was entered by Mr. William 
Moody, the mine-superintendent now in charge, with a party of 
experienced miners from the Wilkesbarre District of Pennsylvania, to 
recover the bodies of the dead miners. His narrative of exploration and 
recovery in the accompanying testimony is a clear and graphic recital of the 
appearance, condition and attitude in which all the bodies recovered were 
found. 

His opinion as to the probable position and action of the miners in the 
different sections of the mine at the moment of the explosion is well drawn, 
and has been valuable in assisting to form some conclusions relating to the 
possible condition of the mine and miners at the moment of the explosion. 
On the afternoon of the 24th of April the committee, accompanied by Mr. 
Moody, made their first entrance into the mine. The first general impression, 
on passing through, was caused by the apparently small amount of serious 
damage done to the workings.  Notwithstanding extensive areas had 
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been completely swept of their timbers and props, very few falls were 
encountered. 

Strikingly noticeable, in the second place, was the large accumulation of 
coal-dust and soot, similar in appearance to lamp-black, distributed 
throughout the different sections of the mine. The bodies had already been 
removed, but otherwise the mine was apparently in the same condition as it 
had been left immediately after the explosion, except in the small flooded 
area. 

The superintendent had given instructions that nothing should be 
disturbed, except where it was necessary to remove obstructions in the 
gangways in order to carry out the bodies. This greatly facilitated the 
work of the committee, and its correctness in minor details, relating to the 
spread and direction of currents, intensity and direction of the explosive 
force, and the possibility of determining the locality of the origin of the 
explosion. Near the point D on the map, or more precisely at the 
north and south branches of No. 3 east, the committee found the most 
destructive and violent action in the whole mine unmistakably to have 
taken place. Here the explosion originated, and extended southward and 
westward through all sections of the mine. 

The complete destruction of the mine-cars and the badly-burned and 
mutilated condition of the men's bodies found in the headings of the north 
and south branches of No. 3 east present conclusive evidence of the 
tremendous force which had its origin at this point. 

Only small pieces of the miners' boxes and powder-kegs were to be 
found. Fragments of flesh were scen adhering to the breast of the 
headings. The appearance of the wrecked cars and position of the bodies 
would indicate a force tending towards the face of the headings, but by far 
the greater and more violent action was in a westward direction until it 
reached the main entry of No. 2 north • here the current split, one part 
being deflected southwards through the district C, sweeping with an 
irresistible force through the face of the rooms, destroying everything in its 
course. 

In all of the seven or eight rooms in the northeast corner of the district 
marked C the powder kept in the miners' boxes seems to have exploded ; 
but, excepting here and in a number of the rooms north of the fan-entry, 
no powder was exploded, although the cartridge-paper at the side of the 
powder-kegs was in many instances charred,, and in Nos. 3 and 4 north off 
No. 1 east, the kegs themselves were charred. That no warning was given 
is evident in the position of the bodies, as all were found lying close to 
their work, mangled 
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and badly burned.    Timbers and track were swept out of place, and 
cars wrecked. 

Evidence of an intense flame, in strong incrustations of coke on the 
roof and ribs of the room, was everywhere observed throughout the 
northeast area of C. The, general appearance of the other portions of this 
district is hardly less marked. On the left side of C the men appear to 
have had some slight warning, as a few were found in their rooms, 
stricken down while running to the entry. The mangled body of the night-
foreman, Hampton, was found dismembered in the gangway in the lower 
part of No. 1 north, a short distance off of No. 2 east; the fragments of 
another body were found in close proximity to that of Hampton. These had 
evidently been struck by the cars, which were blown with great force down 
No. 1 north, as we found the cars jammed and wrecked in No. 2 east, and 
upon the axle of the first, on the under part of the frame, were pieces 
of clothing, as if the cars had passed over the bodies. 

The main body of the explosion undoubtedly had its center of action 
in the lower half of the district B, throughout which large accumulations of 
coal-dust and soot were everywhere visible. 

In B, east of No. 2 north, portions of track are swept out from the face of 
the rooms toward the entry, whilst in B, west of No. 1 north, this action appears 
to have confined itself more within the line of the second " break through," 
back from the face of the rooms. From B the explosive force tends south ward 
towards No. 1 east, and thence up No. 3 and No. 4 north. This section of the 
mine, A, had the purest air, and the action of a strongly-heated current of gas 
surcharged with the finest particles of coal-dust, coming with great velocity 
into an atmosphere of fresher air, naturally created intense combustion and 
generated the highest temperature in the mine. Charred timbers and a 
strong coating of coked dust adhering to the face, sides, and roof of almost 
every room and through the entry, with occasional sections of coal coked on 
the solid pillar, furnish conclusive evidence to substantiate this, apart from 
the fact that the bodies found here were more badly burned than in any other 
portion of the mine, and in almost every instance had their hands held 
before their faces as if to shield them from a flame which they must have 
seen coming towards them. Throughout this area A, the men in all of the 
rooms which were being worked had some warning, the bodies being 
found on their faces with their arms extended and hands opened, as if 
they had fallen whilst running; none, however, had run more than fifty 
feet. In the upper rooms of A the men were caught in the working-faces. 
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Some had been sitting down talking, and had only time to jump up before 
they were killed. Others had seen the flame coming, and, putting up their 
hands to shield their faces, had fallen in this position and were found on 
their faces. 

The man found at the face of No. 4 north heading had probably been 
sitting on a pile of coal smoking, and, seeing the flame coming up the entry, 
had jumped down, and was found lying at the foot of the pile, on his back, 
with his arms above his head, with clenched fists. 

Of those instantly killed without warning, some were at work making 
their undercuts, and were found, pick in hand, in the act of striking. One, 
sitting on the floor with his dinner-can between his legs, was evidently 
killed while eating. All the bodies in A were badly burned and charred. 
The action of any violent explosion in this district was not noticed, as 
all the timbers were standing, and the tracks in the rooms were intact, and 
none of the bodies were mangled. 

When the current from the explosion in the lower half of B entered 
the entry No. 1 east, it broke through the stopping of the air-way 
immediately opposite, and divided, the greater portion going westward to 
daylight, and the remaining portion turning east. A part of this easterly 
current passed up into Nos. 3 and 4 north, but the strongest force was 
directed towards the face of the air-courses and the headings of No. 1 east. 

The man found in the air-course had been decapitated and his body cut in 
two parts, possibly by flying timbers. The man found in No. 1 east 
heading had been thrown violently against the face, where small portions 
of the flesh and clothing were still adhering to the coal. 

Returning westward on No. 1 east towards the main entry, and passing the 
district B, we encountered evidences of a great force in wrecked care and the 
dislodgment of heavy sets of timber, caused in part by the cars being thrown 
against them. The air-course parallel to No. 1 east, which was the main 
intake, was swept clear and scored with deep furrows by the cross-ties and 
timbers which were hurled out to daylight. Returning to No. 3 east at the 
spot D, we noticed in the close headings of Nos. 1 and 2 north, the loaded cars 
forced off the track towards the face. The bodies of the men at work had 
been thrown forward and badly burned and lacerated. 

The main currents, rushing from the face of the north and south branch 
headings of No. 3 east, met at the air-way and the main gang- 
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way, part going north and part going south. The four men at work in the 
main headings showed only slight signs of being burned, but were badly 
contused from the severity of the concussion. The same fact was noticeable on 
the bodies of the men at work in the close headings of Nos. 4 and 5 west; the 
cars were also wrecked by the direct action of the current. The reaction forced 
some loaded cars down the main entry, and these, jumping the track, knocked 
out a few props, occasioning a small fall of roof. Proceeding southwards, 
down the main entry and air-way, the currents were not very strong, as they 
were neutralized by the opposing currents from No. 2 east, as shown by the 
fact that the trip of loaded cars standing in this part of the main entry had been 
stopped by the front car leaving the track; the others, ten or twelve in number, 
were wholly uninjured, not even the coal on the surface being disturbed. 
Taking up now the course of the current issuing west out of No. 2 east, we 
find that it divided, a part going north as described, and the stronger and greater 
force rushing through the main entry into No. 3 west, projecting the empty- 
cars standing on the track at that point to the junction of the same with No. 1 
west piling them up in an inextricable mass and sweeping out timbers the 
entire length of No. 3 west entry, allowing the roof to fall for a distance of 
about 200 feet. This, as far as we could judge, was the greatest material 
damage done to the mine proper. 

In G, where the current was next deflected, about thirty colored hands 
were working. These men had congregated in an entry, talking and 
playing whilst waiting for cars, as was testified by one of their number who 
had come out of the mine, not feeling well about half an hour previous to 
the explosion. At such a distance from the origin of the explosion it is 
quite natural to presume that they must have had some little warning, and 
this was evident from the manner in which their bodies were distributed 
along the entry. They must have made a rush to escape, but none had proceeded 
more than 50 feet before being struck down by the force of the explosion and 
killed. There are evidences of a quick, intense flame sweeping through this 
area, from the charring on the timber and finely-coked dust covering the sides 
and roof of the rooms, in some instances extending close up to the face. The 
bodies were all more or less burned and almost stripped of their clothing. An 
explosion must have occurred in the lower half of G, as we found props 
down and track twisted out of place in some of the rooms. 

All the powder kept in the rooms was uninjured with the exception of 
two or three kegs in the lower half of G, where evidences 
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of explosion were strongest. Passing southward into F, a body of gas 
coming from G entered the better-ventilated portion of F and exploded. 
The force shows itself again in a southeasterly direction, coating roof and 
sides, and filling it with coked dust and wrecking a few cars in entry No. 2 
west. There were only a few men engaged at work in F, and some of these 
met an instantaneous death in the heavy slate-fall, which crushed them 
while in the act of robbing, this being the only portion of the mine where 
pillars were being drawn. 

CONCLUSION. 

The conditions leading to the explosion were the following: 
1. The unusual dryness of the mine. 
2. The very large quantity of dust in an extremely fine state of 

division. 
3. The constant working of the mine day and night, allowing no 

time for clearing the air. 
4. The use of excessive quantities of powder, largely increasing 

the amount of dust. 
5. The probable existence of small quantities of fire-damp slowly 

given off from the coal. 
6. The employment of incompetent and inexperienced men. 
7. The almost complete stagnation of the air on the east side of 

the main entry, owing to the fact that the main doors were untended 
and fastened open, allowing the air to pass up the main entry direct 
to the fan. 

8. The failure to recognize and appreciate the previous warnings 
of danger given by occasional flashings of unusual extent when 
shots were fired, indicating the need of special precautions. 

The existence of fire-damp in the Pocahontas Mine is the disputed point. 
This committee is not satisfied on the subject, and meanwhile submits the 
following evidences bearing on the case: 

The superintendent and the mine-boss unite in declaring that they had seen 
no evidence of gas, and that no complaint of gas had been made to them 
previous to the explosion. The same is true of the timber-man and of the 
man employed to keep the rooms on their true course. In this connection 
may be stated the explanation given by the superintendent regarding the 
mention of gas and blowers in the mine-regulations. The rules were copied 
from a set used in eastern Pennsylvania, and the intention was to omit all 
references to gas, but one paragraph was inadvertently retained. 
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On opening the mine after the explosion and flooding, no trace of fire-damp 
was discovered. 

On visiting and thoroughly inspecting the mine, the committee found no 
traces of fire-damp, though ventilation had been only partially restored, 
especially in the workings to the rise. 

On the other hand, there is testimony, although from men generally 
inexperienced with gas, leading to the belief that when the mine was strongly 
worked there was a slight but general escape of firedamp, too slight to admit 
of detection except in rare cases, and probably in all cases too slight to 
occasion danger if unmixed with coal-dust and if diluted by proper 
ventilation. 

We would mention : 
1st. The burning of the Ray brothers by a powder-explosion, their 

powder-keg being fired, as was supposed, by a blown-out shot from a distance 
of 120 feet, and not in direct line, being at the time protected by the angle of 
a break-through. 

2d. The burning of George Britten, described by himself as having been 
done by a flash following a shot fired in the face of his room, he being 
about 35 feet distant and protected by an angle of the coal. 

3d. One insfance related of a flickering blue flame seen in the undercut near 
a miner's lamp, and attributed by him to fire-damp issuing from the shaly 
slate left in the floor and overlying the lower bench of coal remaining 
unworked. 

4th. The general practice of flashing the powder-smoke after a standing 
shot by holding the lamp at the face of the coal in the hot smoke, and 
occasional instances when a similar effect has been produced by the shot 
itself. 

The flashing of the smoke seems to have been almost wholly unknown to the 
management, and, while not unusual in other mines, the practice seems to 
have been so general here and the flame so persistent as to lead to the 
supposition that the products of imperfect combustion of the powder may 
have been reinforced and quickened by a small amount of fire-damp. 

5th. Two instances in which a body of flame has been described as 
flashing back 60 to 100 feet from the head of an entry, following the firing 
of a shot, without injury to the men. 

In conclusion: We believe that the explosion was due mainly to dust, and 
that it originated either in the east headings at D, or very possibly in one of 
the rooms south of D, the evidence of a short northward current being 
obliterated in the latter case by the stronger 



 



 



reaction from the close headings. We cannot determine the initial cause, 
whether a blast or the accidental ignition of a small accumulation of fire-
damp, but we have obtained no direct proof of any past occurrence of 
fire-damp sufficient of itself to account for even a slight explosion, and are 
forced to believe that the explosion was due either to dust alone or to 
dust quickened by an admixture of firedamp too slight for detection by 
ordinary means. 

At the time of our examination the mine was in no condition for 
determining these points, and we were not prepared to conduct such 
experiments; but as soon as the mine is again in full working-order a 
course of experiments should be undertaken, both in the interest of 
science and for the better preservation of life and property. Repeated 
tests should be made on the spot, of air from different parts of the 
mine, and trials made with suitable apparatus to explode the dust 
alone, especially where the finely-divided mineral charcoal or mother-
coal abounds. 

POSTSCRIPT. 

The necessity for full tests and systematic experiments, as above 
mentioned, is emphasized by the occurrence of a slight and harmless 
explosion which has taken place since the resumption of work, not-
withstanding the employment of experienced men, the cleaning and 
wetting down of the mine, and the improved condition of ventilation. 

A NEW BOCK-DRILL WITHOUT CUSHION. 

BY A. C. BAND, NEW YORK CITY. 

THE invention to be described in this paper is the work of Frederic A. 
Halsey, Engineer for the Rand Drill Company, of New York, and its 
use will abridge the notable wastefulness of power of the striking rock-
drill, and, at the same time, increase its capacity for work. 

That the older type of rock-drill is wasteful in power, is generally 
admitted, the cause being the use of steam* without expansion, and 
the "cushion " of the blow, by the incoming steam upon the lower+ 
end of the piston before the cutting tool strikes the rock. 

* Compressed air may be substituted for steam. 
† Throughout this paper, the machine will be spoken of as if in a position to drill 

a vertical hole downwards. 
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In the old type of machines in general use, there is full pressure of 
steam upon the lower side of the piston at the time the blow is given, 
and the power utilized is only that due to the difference between the 
driving-steam behind the piston and the cushion-steam in front of it. 
Iu the new type, there is no pressure upon the lower side of the 
piston when the blow is given, and the full power of the steam is 
utilized. 

The necessity for a variation of stroke, to permit the passage of the 
cutting tool through seams, and to prevent the cutting tool from glancing 
in starting a hole, is the cause of the design, which causes the 
wastefulness of the old type. The new design permits any variation of 
stroke, without its loss of power due to the cushion, and without 
decrease in the number of blows given per minute. 

Another important feature of the invention is the use of steam 
expansively. The cut-off may be arranged, when the machine is 
designed, to operate at any given point in its stroke, so that in localities 
where labor is cheap and fuel expensive, a considerable degree of 
expansion can be practiced to advantage. Still another new feature is 
to be noticed in the use of the exhaust-steam cushion to stop the 
piston at a predetermined point on the upward stroke of the piston, 
instead of the live-steam cushion ordinarily used. This change of 
practice, it is estimated, will make good the ordinary port-loss. 

The machine is illustrated in section in the figure. 
Steam enters the machine at the nozzle a, and, flowing through the 

passage b, fills the annular groove c in the piston. This annular groove 
answers the purpose of a steam-chest, and from it the steam flows 
through the passages e,f, g, and i, n, k, I, to one or other end of the 
cylinder as needed. 

The piston is shown in the position where it has just reached the point 
marking the end of the shortest possible striking stroke,—it having just 
uncovered the hole d, leading from the steam-chest to the lower end of 
the valve-chest, and thereby established the condition which will 
reverse the valve. If we suppose the piston still moving downward in 
order to complete a stroke of normal length, it will be seen that an 
arrangement is desired which, in spite of the hole d being open, shall yet 
delay the movement of the valve until the instant of striking the blow. 
This is accomplished by simply constricting a portion of the hole d, 
making it of such small size that the steam necessary to move the valve 
shall not be able to get through the hole until the piston has had time to 
pass on and complete its c 
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stroke. If the piston be stopped in its course, at the point shown 
in the drawing, by the cutting tool coming in contact with the rock, 
the reversal of the valve is insured in the same manner and in the 
same time as if a long stroke were made. 

 
  The cut-off is effected by using the piston itself as a cut-off valve. 

   The steam, in order to reach the ends of the cylinder, must pass 
through the ports e, i, and these are so located as to be closed at the 
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proper-time by the piston passing over them. Their position, length-
wise the cylinder, can be varied at will in the design, and thus an 
early or late cut-off be obtained as desired. In practice, it has been 
found in some machines made, that a cut-off at half stroke gave— 
with the uncushioned blow—a drilling capacity about equal to the 
old type of full stroke cushioned-blow machine, and with a later cut-
off, an average increase of drilling capacity which may be safely 
stated to be not less than twenty per cent, has been obtained. 

The exhaust-steam cushion, for arresting the upward motion of 
the piston, is obtained by making the piston act as an exhaust-valve 
for the upper part of the cylinder; A is the only exhaust-opening 
from the upper end of the cylinder. It is opened near the end of 
the down-stroke by the piston uncovering it, and is closed again near 
the commencement of the return-stroke by the piston covering it. 

Various changes in point of cut-off can be readily made in de-
signing this machine, according to the relative cost of labor and fuel 
in different localities. It is more than likely that operators in Chili, 
South America, where fuel is extravagantly high and labor cheap, 
and, perhaps, in Nevada, where both fuel and labor are high in 
price, will choose the early cut-off called the "Economizer;" 
while, on the other hand, with the price of fuel near the seaboard, 
the increased duty of twenty per cent, in drilling in the late cut-off 
called the "'Slugger" drill, may be considered the better economy, 
inasmuch as the cost for labor is not increased. 

It is just possible that in some localities, where the rock is excess-
ively hard to drill, the "Slugger" machine may give so hard a 
blow as to dull the steel too quickly, in which case, a larger cutting 
tool may be advantageously used, or one with a shorter stroke, a 
smaller machine or an "Economizer" machine chosen. For tunnel 
driving, with a moderate price for fuel, there is but l i t t l e  doubt 
that the ultimate economy is in the use of the machine doing the 
greatest amount of work consistent with portable weight over the 
bench or débris; and just here the "Slugger" inarks a new era in tunnel-
driving, where the drilling-machine is to be used on a portable 
column, carried over the broken rock and set to work immediately 
after the blast. The limit of convenient weight for thus handling is 
reached at about 3 1/8" diameter cylinder (No. 3), and the 
"Slugger" does the work of the next larger size of the old type. 

As one of the results of the invention, it is to be noted that a still 
further economy is effected in the cost of compressor used to drive 
the drills, and in turn the cost for boiler to drive the compressor. 
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The writer is aware that a drill without a cushion has been pro-
posed before Mr. Halsey's invention, and on the testimony of 
Drinker's Tunnelling it is condemned, and probably with justice, if 
made with any device which would materially reduce the number of 
blows given; for it is plain that any advantage derived from an 
increase in weight of blow might readily be overbalanced by a de-
crease in the number of blows given, or by any complication arising 
from the devices used. 

The expansion-principle applied to rock-drills is likewise discussed 
unfavorably in Drinker's Tunnelling. It is creditable to the in-
ventor of this machine, that by bringing new factors to his aid and 
by making new combinations, he has wrought out so successful a 
system as the actual trials in mines and tunnels indicate; the fact 
being that not a single machine yet sent out has failed to perform 
as claimed, except in one case where the blow was too heavy for the 
cutting tool used (and the remedy for that has been stated), and in a 
year's performance not even the first machine has missed a stroke. 

MOTES ON COAL-DUST IN COLLIERY EXPLOSIONS. 

BY E. S. HUTCHINSON, NEWTOWN, PA. 

THE subject of the influence of coal-dust in mine-explosions has 
received considerable attention both in England and on the conti-
nent of Europe, but until the recent disaster at Pocahontas, Va., it 
seems not to have been of special interest to engineers in this country. 

The reason, perhaps, is that most of our bituminous mines are 
worked by short shafts, slopes and drifts; few have been specially 
dry; and the explosions that have occurred could readily be traced 
to fire-damp with no complicated circumstances. The object of the 
present paper is to bring together, for the convenience of members 
of the Institute, the principal English opinions upon this important 
subject. 

Messrs. Lyell and Faraday, in their report to the Home Secretary,* 
in England, on the Haswell Colliery explosion in 1844, seem to have 
been the first to point out that dust fed the flame originating in a 

* Philosophical Magazine, 1845. 
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fire-damp explosion, and that much of the carbon of this dust re-
mains unburnt only for want of air. 

The influence of coal dust has been briefly referred to in some of 
the annual reports of the English mine-inspectors; but general 
attention was first attracted to the question by the reading before the 
Royal Society of a paper "On the Influence of Coal-dust in Colliery 
Explosions," by William Galloway.* In it, he describes an appara- 
tus he had erected at Llwynpia Colliery in the Rhondda Valley, 
Wales, which had been used for testing safety-lamps, and which he 
had adapted for his coal-dust experiments. Fresh air was allowed 
to enter into one end of a box and pass out at the other end into 
the up-cast shaft. A lighted lamp had also been placed in the box, 
and coal-dust was introduced from a hopper. The air was charged 
with coal-dust in various degrees, from a scarcely visible cloud to 
one which extinguished the flame of the lamp. Dust from steam- 
coal and also from highly bituminous coal was used—the finest 
and dryest of each that could be obtained. Mr. Galloway con 
cluded, after repeating his experiments many times, that while the 
flame of the lamp seemed to be lengthened by the dust, "a mixture 
of air and coal-dust is not inflammable at ordinary pressure and 
temperature."  

He then disconnected his apparatus from the up-cast, and intro-
duced, by means of a small fan at one end, fire-damp from a blower, 
and air, which thus became thoroughly mixed; and found "that a 
mixture of 1 volume of fire-damp, and 15 volumes of air was in-
flammable, and that, with 16 volumes of air, it was not inflammable 
at 57° F.;" also, " that a mixture of fire-damp and air, in the pro-
portion by volume of 1 of the former to 112 of the latter, becomes 
inflammable at ordinary pressure and temperature, when charged 
with fine dry coal-dust." (This represents 0.892 per cent, of fire-
damp.) He therefore considered it reasonable to conclude, "that 
an explosion, originated in any way whatever, in a mine of this 
class, may extend itself to remote parts of the workings, when the 
presence of fire-damp is unsuspected." 

In June, 1876, a paper by Messrs, Henry Hall and George Clark, 
was read before the North of England Institute of Mining Engi-
neers† on the " Mechanical Effects of 'Blown-Out' Shots on Venti-
lation."    Their attention seems to have been called to the matter 

* Proc. Roy. Soc, March 2d, 1S76, vol. xxiv., p. 239. 
† Trans. N. of Eng. Inst. of Min. and Mech. Eng., vol. xxv., p. 239. 
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by an accident at Wynnstay Colliery, near Raubon, North Wales, 
April 24th, 1873, by which two men lost their lives from the effects 
of a blown-out shot at the distance of 47 and 180 yards, respectively, 
from the initial point. It appeared in evidence at the inquest, that 
the mine was inspected by the fire-boss and one of the managers 
daily, and that no fire-damp had been discovered before the accident 
or since. 

The authors fired several shots from a strong iron tube with vary-
ing charges from the face of a brick-lined adit, 45 yards in length, 
with a sectional area of 30 feet. Gauze sheets were hung at intervals 
of 15 feet, and powder was distributed in the adit, but in no case 
was the gauze or powder burned beyond 5 yards from the face. The 
flame, travelled no further even when the explosion burst the tube. 
When the floor was thinly covered with dry coal-dust for 8 or 9 
yards from the face, gauze sheets and powder placed as before, 
and a 2 1/2 pound shot fired, the sheets and powder to 60 feet 
distance were all burnt, and the blast at mouth of adit—45 yards 
distant— was very fierce, lifting and driving for 15 yards a metal 
pipe weighing about 50 pounds, and moving a coal-car on the pit-
heap, 75 yards distant. 

For the last shot, with 2 1/2  pounds of powder, dust was 
scattered on planks, the whole length of the adit. In this case, 
the flame issued strongly at the mouth of the adit and the blast 
was fatally fierce. The floor and roof were very wet, and the 
temperature was 50°. 

These gentlemen concluded, as the result of their experiments, 
that if coal-dust be present, even in a comparatively damp mine, the 
flame from a blown-out shot may travel 50 yards; and that in a 
dry mine of a high temperature, this distance would be greatly ex-
ceeded. 

In April, 1878, Messrs. D. P. Morison and A. Freire Marreco 
read a paper before the Chesterfield and Derbyshire Institute of 
Mining, Civil, and Mechanical Engineers,* entitled "Results of 
Some Experiments on the Effect of Coal-dust in Colliery Explo-
sions," in which they gave an account of experiments they had made 
at Elswick Colliery, in August, 1876. They used a box about 8 
feet long and of proportionate width, with a brattice running up the 
middle, so constructed as to represent a working-place. Two mini-
ature cannon were fitted into the end of the box, from which charges 

* Trans. Chest, and Derb. Inst. Mm,, Civ, and Meek. Eng'rs, vol. v., p. 267. 
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of powder of different sizes were fired, to represent blown-out shots. The first 
experiments were with a clean box, and without coal-dust. No effect was 
produced beyond the report and smoke. 

They nest experimented with coal-dust sprinkled on the floor and blown 
against the sides, brattice, door and props. Sixteen trials were made 
with shots varying in weight from 30 to 120 grains. In several of these, 
props and brattice were blown down, the dust was fired, and flame 
projected from the windows. (It will be remembered that this was a mixture 
of air and coal-dust and no firedamp or gas) The writers concluded as the 
result of their labors, that not only was coal-dust inflammable under such 
circumstances, but that, with the double shot, one following the other before 
dust raised by the first had time to subside, the effects of the explosion were 
much more intense. They inferred, also, that the danger of shot-firing was 
greatly increased in a dry and dusty mine, in the atmosphere of which was 
an infinitesimal quantity of fire-damp. So far as their knowledge extended, 
the heavier disasters had invariably occurred in dry and dusty mines, while 
in those in which the dust had been laid by dampness, the explosions had 
been only local. 

The authors then describe the explosion in 1866 at the Pelton Colliery, 
at which Mr. Morison was resident engineer. The seam had been worked 
a comparatively short time, and was unusually dry. The air, during 
working-hours, was charged with fine coaldust, presenting almost the 
appearance of a fog. Though known as a " fiery " seam, it was well 
ventilated, and gas was seldom observed. Some traces of fire-damp had been 
observed following a heavy fall of roof, and the miner in that place was 
warned to withdraw his Davy lamp carefully. Another miner, in a heading 
not far distant, had also seen indications of gas in his lamp. An explosion 
occurred by which 24 lives were lost. Some of the bodies were charred, 
most such cases occurring far away from the central point of the explosion, 
and in places where gas could not have entered. In nearly every portion of 
the seat of the disaster, the sides and roof of the galleries and rooms, as well 
as the props, were coated with fine coke, 1/8 to 3/8 inch thick, The initial 
cause was undoubtedly an explosion of fire-damp, which appeared to be 
aggravated and extended by the ubiquitous coal-dust. 

In the discussion which followed, Mr. Thomas Evans (Chief Inspector of 
Mines for the Midland District), said he had always found that gas was the 
cause of explosions, and  he never knew of one 
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caused by a spent shot; and that he had no doubt that coal-dust aggravated 
the results of explosions. 

In Iron, in June, 1878,* Mr. William Galloway began the description of 
an accident at Llan Colliery, near Cardiff, Wales, December 6th, 1877, by 
which 17 men lost their lives. He entered the workings about 2½ hours 
after the explosion, and made a careful study during that day and the four 
succeeding days. Three 5-foot seams were worked with 24 feet of rock and 
shale between the upper and the middle, and 41 feet of fire-clay and shale 
between the middle and the lower seam. 

No powder was used in the workings, owing to the extreme friability of 
the coal and intervening strata. All the testimony adduced showed that there 
was no accumulation of fire-damp in the workings within an hour before the 
explosion. On the two days next ensuing, Mr. Galloway found fire-damp in 
two cavities in the roof at points not readily accessible, and at a point in 
the upper seam approached by a chimney from the middle one. He 
assumes the initial cause of the disaster to have been a local explosion of 
fire-damp, caused by a naked light in one of the rooms in the middle seam. 
The deposits of coked coal-dust were well marked, extending through the 
middle seam level and along the cross-measure drift into the upper seam, 
into which they extended about 50 yards. Mr. Galloway finally concludes 
that the various phenomena are inexplicable except on the supposition that a 
feebly explosive mixture of air and fire-damp and dust exploded, and the 
flame feeding on the dust filled the greater part of the workings in which 
the coked coal-dust was found. The coal of the middle seam contained 30 
per cent, of volatile matter. 

Mr. Galloway considered also, that the weather being unusually cold, the 
air, having a low percentage of hygroscopic moisture, would, on attaining the 
higher temperature of the mine, absorb moisture and thus render the dust 
abnormally dry and inflammable, This> however, is not an unusual state 
of things, as it must take place every winter in dry mines. 

Mr. Galloway describes also an accident which occurred at Fowler's Steam 
Coal Colliery, Pontypridd, near Cardiff, October 21st, 1876.† Two colliers 
and a fireman were burned in the mine simultaneously with the firing of a 
shot which blew out. He visited the scene of the accident the same day, 
and on October 23d, 28th and 29th, and 

* Iron, June 8th, 1878, vol. xi., p. 708. 
† Iron July 13th 1878 voll. xii., p. 34. 
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November 1st, and made a careful inquiry into all the attending 
circumstances. The coal is very hard and compact and cannot be ad-
vantageously worked without the aid of powder. It emits a good deal of 
fire-damp, so that locked safety-lamps are used, and special men are 
appointed to fire shots. Two miners were driving a cross-heading up an 
18° slope, so as to connect a lower level with a sloping road driven in 
the solid. They made a side-cut, bored a shot-hole 3 feet, 2 inches deep 
and sloping upward at a sharp angle, and charged it with 1 1/2  lbs. of 
powder. The fireman made the usual examination at the face, and all 
retired. The shot blew out; and two of the men, 50 feet distant, around a 
corner, were knocked down and severely burned, one being permanently 
injured. The third, distant 60 yards, was also knocked down, but was 
only slightly burned. The brattice running up the middle of the heading 
was not disturbed. About 50 yards of the main heading were covered with 
coked coal-dust, but in the cross-heading tills was found only at its foot. 
The flame extended about 7 yards further from the origin than the last 
trace of coked coal-dust. The floor in front of the shot was covered with a 
quantity of small coal and dust to the depth of 1 foot to 18 inches ; and 
the theory is that the incandescent gas from the blown-out shot, impinging 
against this combustible mass, fired it, with the results described. Mr. 
Galloway adds that, although there was no accumulation of fire-damp in 
any part of the workings, there must have been more or less of it constantly 
given off by the coal. Subsequent experiment showed that not less than 
34 cubic feet per minute of fire-damp was entering the place when 
the shot blew out. This quantity, when the furnace was in full operation, 
would be at least 0.54 per cent, of the total atmosphere, and might reach 
to 0.75 per cent. 

On November 2d, 1878, Professor A. Freire Marreco and D. P. Morison 
read before the North of England Institute of Mining and Mechanical 
Engineers, a paper entitled " An Account of Some Recent Experiments 
with Coal-Dust."* These were carried on at Harton Colliery; the 
apparatus consisting of two boxes, one of which, about 12 feet long and 6 
inches square inside, was fitted with two miniature cannon at one end and 
communicated at the other with an air-passage that could be regulated 
by a slide. The other box was about 10 feet long, communicated with the 
first at one end, and was open to the air at the other.    Each side had 3 
windows 

* Trans. N. of Eng. Ind. of Min. and Mech. Eng., vol. xxviii., p. 85, 
November 2d, 1878. 
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through which the length of flame could be observed. The boxes were so 
arranged that the current of air passed along the 12-foot box close to the 
cannon-face and thence through the 10-foot box to the open air. One shot 
would be against the current of air and the other with it. 

At the outset of their work, the authors were met by the inquiry, What is 
an "explosion"? And this led them to seek for a dust, to use in their 
apparatus, the result obtained with which should serve as a basis of 
comparison with other dusts under precisely similar conditions. Knowing the 
destructive results from the explosion of flour-dust, they adopted this as a 
standard of comparison. Forty-three experiments were made with 30-grain 
charges of powder, and two with 15-grain charges. The dust used was from 
various English, Scotch and Welsh coals, from roadways and screens, and 
four kinds of flour-dust. In conducting these experiments, they soon found 
that it was perfectly easy to fire shots in the immediate neighborhood of coal-
dust without producing any perceptible effect. They were also led to think 
that while, strictly speaking, they had not got, on this scale, what could be 
called absolutely an explosion, they had demonstrated, not only that coal-dust 
was capable of lengthening indefinitely the flame from a blown-out shot, but 
also that such a mixture might be made of air and dust as would not require 
for its explosion the initial flame of the burning gases from such a shot. 
Professor Marreco observed also that as finely powdered charcoal readily 
fires at an open flame, the volatile portions of the coal-dust might not be the 
only means of propagating an explosion. 

In the discussion which followed the reading of this paper, Mr. 
Stephenson stated that in North Staffordshire, where a mine was dry, 
ventilation good and no gas present, sufficient dust was produced, when 
the miners were at work, to show a "cap" on the flame of the safety-
lamp, which was not the case after work had ceased for an hour or so. 

Mr. William Galloway read a second paper before the Royal Society, in 
March, 1879,* in which he described a series of experiments at Llwynpia 
Colliery, with the return-air from the mine containing less than 2 per cent, of 
fire-damp, which, he considered he had demonstrated, was rendered 
inflammable by coal-dust. His apparatus was placed close to the fan, in 
such a way that a current of air from the up-cast could be made to pass 
through it.    An oil-lamp 

* Proc. Roy. Soc, vol. xxviii., p. 410, March 13, 1879. 
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with a large flame was placed in the box, raising the temperature to about 
74.5° F., and coal-dust was introduced through a hopper. The immediate 
result was the appearance of a large and very hot flame, the length of the 
visible part of which was 6 to 8 feet, and it was accompanied by large 
volumes of black smoke and dust. 

Other experiments were made with a specially constructed apparatus, to 
illustrate the effects of an explosion of fire-damp in a dry mine containing 
coal-dust. This apparatus consisted mainly of a box or gallery 79½  feet 
long and 14 inches square on the inside, and fitted up with a fan and other 
necessary appliances for introducing measured amounts of fire-damp and 
dust. The mixture of firedamp and air was fired by the spark from a 
powerful magneto-electric machine. The temperature of the air-current 
within the gallery varied from 74° at the firing end to 60° at the other. 

When there was no coal-dust in the gallery the flame of the firedamp 
explosion did not extend further than 7 to 9 feet; but when it contained 
coal-dust, scattered along the floor and on a few shelves, the flame of the 
explosion traversed its whole length and shot out into the air to a distance 
varying from 4 to 15 feet. Mr. Galloway found as the results of his labors 
"that a mixture of coal-dust and air will be inflammable, if it contain a larger 
proportion of fire-damp than 0.892 per cent.;" that "if it contain more than 
0.892 per cent, of fire-damp, it will be more and more explosive, according as 
the proportion of fire-damp is greater, until a maximum point is reached, 
beyond which its explosiveness will again begin to decline." Again, "if it 
contain less than 0.892 per cent, of fire-damp, or even if it consist only of 
coal-dust and pure air, it will still be so nearly inflammable that it will 
probably become so when it undergoes the compression and consequent 
heating which an explosion must produce."* 

On the 8th of September, 1880, an explosion 'occurred at the Seaham 
Colliery in the County of Durham, England, by which 164 miners and others 
lost their lives. Professor F. A. Abel, Chemist to the War Department, was 
instructed by the Secretary of State for the Home Department to make 
examination of the dusts of the colliery with a view to ascertain what 
effect, if any, they had on the 

* The apparatus was described by Professor Abel to be very ingenious, but 
he questioned whether the means of preventing the escape of minute 
quantities of firedamp into the channel where the dust was raised, were 
effective or not. In his subsequent paper, No. IV., Mr. Galloway estimates 
that this leakage would not amount to over one volume of gas to 7000 of 
air. 
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late explosion. Thirteen samples of carefully selected dusts were sent him, 
which, after having dried at 100° F., he passed through a screen of 50 
meshes to the inch, to remove the coarser particles. The experiments were 
carried on at Garswood Hall Colliery, Brynn, near Wigan, in Lancashire.* 
The apparatus used was very similar to that employed by Mr. Galloway and 
Professor Marreco already described, although considerably shorter, being 28 
feet from the dust-hopper to the end. The general fittings were of a 
simple nature, but great pains were taken to secure accuracy and uniformity 
in the velocity of the air-currents employed, in the proportions of gas used 
with the air, and in the intimacy of their mixture. The temperature of the air-
current was maintained at 75° to 85° F., by first passing it through the tubes 
of a steam-boiler. 

The sources of heat and flame were an uncovered Davy or Mueseler lamp, a 
wide gas-jet supplied with fire-damp from the colliery, and a small cannon 
fitted with electric fuse and charged with 80 grains of fine powder. The 
dusts were collected in different parts of the mine, from roadways, props, 
stones, screens, etc., and contained from 54 to 96 per cent, of actual coal-dust, 
after being sifted -and dried at 100° F. 

These experiments were, without doubt, conducted with all that 
conscientious skill for which the distinguished author of this Report is 
celebrated.    Professor Abel summarizes as follows: 

That it appears to be demonstrated: 
1. " That coal-dust in mines, not only, much promotes and extends 

explosions in  mines, by reason of the rapid inflammability of the 
finely divided combustible, and of the readiness with which  it be 
comes and remains suspended in air-currents; but 

2. "That it may also itself be readily brought into operation as a 
fiercely-burning agent, which will carry flame rapidly as far as its 
mixture with air extends, and will operate even  as an exploding 
agent, through the medium of a proportion of fire-damp in the air 
of the mine, the existence of which, in the absence of the dust, would 
not be attended by any danger. 

3. "That dust from coal-mines, quite apart from any inflamma 
bility which it may possess, can operate in a distinct manner, as a 
finely divided solid, in determining the ignition of mixtures of only 
small proportions of fire-damp and air, and consequently in develop 
ing explosive effects. 

* Blue-Book, March  23d, 1881, Appendix. 
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4. " That a particular dust in a mine may, therefore, be a source 
of danger, even though it contain only a small portion  of coal or 
combustible matter.     Although the explosion, which   may occur 
through the agency even of a non-combustible powder, in the man 
ner described, may be of very mild or feeble character in the first 
instance, it may be almost at once increased in magnitude and vio 
lence by coal-dust, which the first ignition will raise and bring into 
action. 

5. " The proportion of fire-damp required to bring dust in a mine 
into operation as a rapidly burning or an exploding agent, even upon 
a small scale, and with the application of a small source of heat or 
flame, is below the smallest amount which can be detected in the 
air of a mine, even by the most experienced observer, with the means 
at present in use. 

6. " With dusts of a highly sensitive or dangerous character, in 
the presence of a source of considerable heat and flame, such as a 
blown-out shot or an overcharged hole would constitute, a small 
proportion of fire-damp, the possible existence of which, in the mine, 
might not be in the least suspected, may serve as the inciting cause 
to the development of an explosion of coal-dust. 

7. " In air containing 2 to 2.75 per cent, of fire-damp, and travel 
ling with a velocity of 600 feet per minute, different coal-dusts 
suspended in the air produced explosions. Air containing 2.75 per 
cent, of fire-damp, and travelling at the same velocity, was ignited 
through the agency of a perfectly non-combustible powder.    The 
same result was obtained by dust in an air-current of 100 feet per 
minute, and containing only 1.5 per cent of fire-damp. 

8. "In the complete absence of fire-damp, coal-dust exhibits some 
tendency to become inflamed when passing a very large lamp-flame 
at a high velocity ; if exposed to the action of a large volume of 
flame, such as produced by the explosion of freely-exposed gunpowder 
or gun-cotton, it exhibits in addition, a decided tendency to carry or 
propagate flame. But so far as can be determined by experiments 
on a moderate scale, this tendency is of limited nature, and very dif 
ferent indeed, from the property of carrying or propagating flame, 
which even comparatively non-sensitive dusts possess in the presence 
of a very small quantity of fire-damp. 

9. " It may be admitted as possible, that with the large volume 
of flame and the great disturbing effect of a blown-out shot, as the 
initiatory cause of the ignition of dust, and  its suspension in the 
surrounding air, such inflammation may, in the complete absence of 
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fire-damp, be propagated to a greater distance than the results of small 
experiments would warrant one in assuming. But it can scarcely be 
maintained that the air of a mine in which the coal gives off gas at all, can 
be at any time, free from fire-damp; and as the existence of very small and 
unsuspected quantities of that gas in the air of a mine, may suffice to bring 
about the ready propagation of flame by coal-dust, and thus to develop 
violent explosive effects, it would appear needless to assume that coal-dust 
may, in the entire absence of fire-damp, give rise to explosions, even of 
only limited character, in coal-mines, in order to account for casualties 
which cannot be ascribed to the existence of accumulations or sudden 
outbursts of fire-damp." 

By way of explanation of the peculiar phenomena exhibited by some 
dusts examined by him, Professor Abel states that while the richness of a 
dust in coal, influences the rapidity and consequent violence of the 
explosion of dust and fire-damp, the physical character and mechanical 
condition evidently contribute more than the richness in coal of the dust-
sample, to determine the comparative readiness with which it brings about 
the inflammation of a gas-mixture, not susceptible of ignition per se under 
otherwise similar conditions. The ignition of a dust-and-gas mixture is most 
probably ascribable to the influence of a few small dust particles which 
having been instantaneously raised to incandescence by the flame, must have 
the effect of localizing and consequently intensifying the heat at those points. 

" From certain phenomena observed in the experiment with non-
combustible powders, it appears not improbable, however, that another 
quite distinct mode of action of the finely-divided and heated solid may 
operate very importantly, and at any rate, contribute in determining the 
ignition of gas-mixtures which are not susceptible of inflammation by the 
application of flame alone." 

He concludes, " This subject will receive, at the hands of the Royal 
Commission on Accidents in Mines, the further investigation which it 
demands." 

At the Seaham Colliery inquest, April 12, 1881, Professor Abel gave 
testimony * which is, perhaps, more specific than some of the general 
statements of his report just cited. 

Air containing 3 ½ per cent, of fire-damp was just explosive in currents 
ranging from 600 to 1000 feet per minute.  Air containing 

* Blue-Book—" Seaham Colliery Explosion," p. 146 et seq. 
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4 ½ per cent, of fire-damp just bordered on the explosive when the current 
had a velocity of 100 feet per minute. He could not obtain any indication 
of either the enlargement or taking up of the flame from exploded 
gunpowder or guncotton by coal-dust alone, even in considerable quantities 
in an air-current with a velocity of 100 feet per minute ; but when the 
velocity was increased to 1000 feet per minute, a considerable flame was 
produced. 

Coal-dust, in the absence of fire-damp mixed with air, will carry flame to 
a very limited extent only. He was confident that in all his experiments 
in which he obtained the carrying along of flame by coal-dust to a 
considerable distance, the quantity of gas present was considerably below 1 
per cent. 

If the dust were always exactly of the same character, and the conditions 
were always the same, he was of the opinion that the conclusion that if coal-
dust alone would have exploded, every colliery would have been wrecked long 
ago, would be quite correct; but the dusts vary very greatly with regard to 
sensitiveness, and to the tendency they have to promote the ignition of these 
explosive mixtures; so that the result, after all, is comparatively 
exceptional. 

With regard to the manner in which the dusts for these experiments 
were collected, he thought that perhaps the importance of merely 
skimming the dust had not been sufficiently realized; that he could only 
speak of the samples as they arrived; that the results furnished by them were 
put forward with the greatest reserve, and that he did not consider that the 
indications of burning afforded anything like a decided evidence as to the 
extent to which the dust took part or entered into the action of this 
explosion. 

The verdict of the jury neither gave an opinion as to the point of origin 
of the explosion, nor as to its cause. It should be added that this colliery 
was exceptionally dry and dusty, and especially so immediately before the 
explosion. Considerable blowers had been known to occur, and small issues 
of fire-damp were not uncommon in many places. 

In a third paper read by Mr. Galloway before the Royal Society, June 16, 
1881, and revised by him February 10, 1882,* he describes a new series of 
coal-dust experiments, began by him at Llwynpia Colliery in September, 
1880, with a larger apparatus than he had formerly used. In this the 
explosion-chamber was 6 feet long and 2 feet in diameter, and the 
gallery 126  feet long by 2 feet square 

Proc. Roy. Sac., 1881, vol. xxxiii., p. 490. 
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inside, divided into seven section?, one side of each of which could 
be opened like a door. He showed that in the absence of coal-dust, 
"the flame of the fire-damp explosion travels along the gallery to an 
average distance of 12 feet." 

In the presence of coal-dust, however, it is important to note 
"that if the whole of the sections are closed, making the gallery 
continuous throughout its whole length of 126 feet, the flame of the coal- 
dust arising from the fire-damp explosion, does not reach farther than 
50 or 60 feel from the origin; but if the sides of the fourth and fifth 
sections are open, making the closed portion only 54 feet long, and 
leaving 36 feet with only three sides" (allowing plenty of air) "the 
flame will, as a rule, be 70 feet and sometimes 80 and 90 feet long. 
The flame of the coal-dust appears to be self-supporting in pure air, 
but it cannot get much beyond the point to which the more ener- 
getic action of the fire-damp explosion has extended." 

This conclusion, it will be observed, does not appear to be quite 
in harmony with Mr. Galloway's previous statement that coal-dust 
is capable of extending indefinitely throughout a mine a local explo- 
sion of fire-damp. 

He also says that he "does not find that heating the air to a tem- 
perature of 70° or 80°, makes any difference," which is in opposition 
to the conclusion of Professor Abel from his Seaham experiments. 

Mr. Galloway refers also to the accident at Penygraig, which 
took place December 10,1880, three months after the one at Seaham. 
Having been intrusted with the exploring operations connected with 
the opening of the mine, he had an excellent opportunity of ac- 
quainting himself with the details of that disaster. He noted that 
" the flame of the explosion had passed through or penetrated into 
every part of the workings except one wet heading at the foot of the 
down-cast shaft," and that " there were deposits or crusts of coked 
coal-dust in every working place where the coal-dust was compara- 
tively free from impurities, while, on the other hand, the same kind 
of deposits were very rare in the main road-ways, where the coal-dust 
was largely mixed with shale-dust and other impurities;" and he 
concludes that as a very large amount of fire-damp was being con- 
stantly given off along the face of the solid coal, so that the air as it 
passed into the up-cast shaft always contained rather more than 2 
per cent, of fire-damp, this fire-damp acting in conjunction with the 
coal-dust, was a most important factor in promoting and intensifying 
the explosion. 

Mr. Galloway's next paper was read before the British Association 
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at York, September 7, 1881; but as it refers to a series of experiments 
more particularly described in a communication to the Royal Society 
five months later, it will require no further notice here. 

In his paper No. 4, read before the Royal Society December 29, 
1881,* he gives the details of 63 experiments made during the 
warm weather between the 14th and 21st of the preceding July, and 
with the apparatus mentioned in his paper No. 3. About 10 per cent, 
of fire-damp was introduced into the explosion-chamber, and the 
fresh-air current passing through the gallery had a velocity of 1000 
feet per minute. The coal-dust used had been deposited in a sti l l  
atmosphere within a building in which coal had been ground for 
coke-making. He states that he could not obtain the results that he 
had previously obtained with dust taken from screens, nor from mine 
road-ways, thus showing a marked difference between his determinations 
and those of Professor Abel. 

In his previous experiments, the longest flame was obtained from coal-
dust when the doors of the gallery were open, free access of fresh air 
being permitted; but his present experience was that the more nearly 
air-tight the gallery, the greater prolongation of flame. The results of 
34 experiments rnay be summarized as follows : 

1. The. average length  of 14 fire-damp flames was  12 feet, 6 
inches. 

2. The average length of 15 flames of coal-dust, fire-damp and air 
was 118 feet, 5 inches. 

3. The average length of 5 flames of coal-dust, fire-damp and air, 
augmented by the explosion of heaps of 2 to 4 ounces of gunpowder, 
placed on shelves and on floor of gallery, was 145 feet. 

In the first series, the 15th experiment gave no tabulated  result. 
In the second series, 15 were omitted from the computation (though all 

but 3 gave tabulated results) by reason of the seams in the gallery being 
open ; and 8 others of the series gave no tabulated results. 

Of the third series, 6 only gave tabulated results, one of which, 
showing the shortest flame, was not taken into account, for the reason 
that the flame came out of the open section before reaching the end of 
the gallery. 

The experiments with coal-dust, and closed or open boxes showed: 
Average length of flame in 5 experiments, closed box, 140 feet, 7 

inches. 
Average length of flame in 4 experiments, one section open, 132 

feet, 9 inches. 

* Proc. Boy. Soc, 1881, vol. xxxiii., p. 437. 
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Average length of flame in 10 experiments, two sections open, 114 feet, 
6 inches. 

Average length of flame in 1 experiment, three sections open, 122 feet. 
'Which seem to warrant Mr. Galloway's statement, given above, that 

the more nearly air-tight the gallery the longer the flame. It should be 
noted, however, that in all the four experiments with closed galleries, 
except one, heaps of gunpowder were placed on shelves and on the 
floor. The single experiment without powder gave a flame only 108 
feet long. In the experiment giving the next to the longest flame, two 
of the three heaps of powder were not burned. 

No table is given in this paper showing the results of either 
chemical or microscopical examination of the dust used, from which we 
may infer that Mr. Galloway did not consider this important— which 
agrees with his testimony given before the Royal Commission. 

Mr. Galloway considers that the experiments described in his first paper 
seemed to show that a mixture of air and coal-dust was not inflammable 
at ordinary pressure and temperature, without the presence of a small 
proportion of fire-damp; but those described in the fourth paper showed 
conclusively, he thought, that fire-damp is altogether unnecessary, when 
the scale on which the experiments are made is large enough, and when 
the fineness and dryness of the dust are unquestionable. This is somewhat 
different from his reply to Professor Abel, one of the Royal Commission, 
that his experiments in coal-dust, of one and the same description, but of 
different degrees of dryness, seemed to give very much the same results. 

The Royal Commission on Accidents in Mines * was sitting in 1879 and 
1880, and much of its work was contemporaneous with that of Messrs. 
Galloway and Abel, and also of the Committee of the Chesterfield and 
Derbyshire Institute of Engineers, whose labors will receive attention 
further on. 

The Report of the Commission, presented in 1881, was a preliminary 
one; the Commissioners stating that as some time must necessarily elapse 
before the experimental inquiries were in a sufficiently complete condition 
to allow of the results, and the conclusions to be derived therefrom, being 
reported, they had deemed it desirable to present the whole of the evidence 
given before the Commission. In submitting their summary of the 
evidence, they pointed out that it had been framed only with the object of 
presenting a concise review 

* Preliminary Report Royal Accidents Commission, 1881. 
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of the information elicited, and not with the object of conveying any 
definite conclusions arrived at by themselves upon any of the numerous 
subjects included in their inquiry, desiring to reserve the expression of 
such conclusions until the completion of the experimental and other 
investigations upon which, as already stated, they were still engaged. 

The Report in itself is brief; but the evidence is voluminous, consisting 
of about 15,000 answers to questions, and several pages in which the 
testimony of each of the witnesses was collated for easy reference. The 
final report, though anxiously looked for, is not expected for some time 
to come. 

The Report treats of the subject under sixteen different heads on which 
information has been elicited. With regard to the influence of coal-dust, 
they say: 

"The proportion of fire-damp required to bring dust in a mine into 
operation as a rapidly burning or an exploding agent, even on a small 
scale, and with the application of a small source of heat or flame, is below 
the smallest amount which can be detected in the air of a mine, by the 
most experienced observer, with the means at present in use. In air 
travelling at a velocity of 600 feet per minute, different coal-dusts 
suspended in the air, containing from 2 to 2.75 per cent, of fire-damp, 
produce explosions. At a velocity of 100 feet per minute, the same 
result was obtained with air containing only 1.5 per cent, of gas; and 
ignitions of dust approaching explosions, and extending to considerable 
distances, were obtained with dust in air containing much smaller 
proportions of gas. Mixtures of fire-damp and air bordering on those 
which will ignite on the approach of flame, were instantaneously 
inflamed by a lamp when they contained only a few particles of dust in 
suspension, and it was found that these need not be combustible, but that 
some perfectly non-combustible dusts possessed the property of bringing 
about the ignition of mixtures of air and gas by a lamp-flame, which were 
otherwise not inflammable." 

It is interesting in this connection to give the individual views of a 
few witnesses before the Commission on the effect of coal-dust. 

Mr. Joseph Dickiuson (Inspector of Mines) states that hundreds of 
explosions had come under his observation, but he never knew of an 
instance where the explosion could be attributed to coal-dust alone. 

Mr. Thomas Wynne (Inspector of Mines) says, "there must have been 
gas before the coal-dust ignited.    I have never known a case, 
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nor do I think there has ever one occurred, in which an explosion has 
been traced to coal-dust alone." 
Mr. Frank Wardell (Inspector of Mines), while considering that  an 

explosion  is carried further through the  mines by coal-dust, thinks it is 
doubtful whether its force is increased by the dust. 

Mr. James Willis (Inspector of Mines) thinks dust may largely increase 
the damage done by an explosion of gas. 

Mr. Thomas E. Wales (Inspector of Mines) considers that only in 
extensive explosions of gas would coal-dust add very much to the intensity, 
and he would not look upon coal-dust as being inflammable to any serious 
extent. He instanced a recent disaster, in which the gas-flame extended over 
150 yards, yet in which the coal-dust had not been touched, though it was 
very dry and 4 or 5 inches deep in the place. 

Mr. Thomas Cadman (Inspector of Mines) stated that while instances 
had come to his knowledge when dust had contributed to the violence of 
an explosion, he had never had an accident which could be ascribed to 
dust independently of gas. 

Mr. Richard Foster (Manager of Hilton Collieries) had never seen a 
case in which the dust was fired by a blown-out shot. He believed dust 
would add to an explosion, but could not cause it. 

Mr. William Lishman (Mining Engineer) could conceive that coal-dust 
might intensify an explosion, but it would not cause one without the 
presence of gas; and he thought a great deal more had been made of coal-
dust than was warranted. 

Mr. Alfred Hewlett (Manager Wigan Coal and Iron Company) had no 
doubt that coal-dust greatly aggravates an explosion of gas or with a 
blown-out shot. But there is not much fear from dust if gas has not been 
ignited. 

Mr. William Pickard (Wigan) did not think it possible for a blown-out 
shot, without the presence of gas, to explode or ignite the coal-dust itself. 

Mr..Bryam (Manager of Rosebridge Colliery, Wigan) considered, from 
his experience, that dust simply extends the flame and does not add much to 
its force. 

Mr. Richard Bedlington (Past-President of the South Wales Institute of 
Engineers) was of the opinion that the effects of an ex-plosiou might be 
extended to great distances by fine dust, more or less incandescent, but 
could not believe that a continuous flame had been carried so far. 

Mr.-Thomas Joseph (Merthyr Collieries, South Wales) thought 
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that coal-dust would  never produce an explosion; but as there is a 
good deal of gas lodged in dust, it would add. to the .explosion. 

Mr. John Nixon (Navigation Collieries) believed that dust adds to 
the inflammability of the atmosphere, when present with gas. 

All those whose testimony has been cited appear to be in accord that 
while dust is not in itself explosive, it is abundantly able to intensify an 
explosion initiated by gas. 

The most complete series of experiments, the results of which have yet 
been published in England, are those made by a Committee of the 
Chesterfield and Derbyshire Institute of Engineers, appointed in April, 
1879 ; their very extensive report appearing in vol. x. of their 
Transactions for 1882. 

The Committee numbered eighteen, all of whom were distinguished for 
their knowledge of and interest in the subject, and two—Professor Freire 
Marreco and Mr. D. P. Morison—had previously made and reported on 
extensive experiments of their own, already noticed in this paper. 

The apparatus, similar to that used by Galloway, was a wooden tube 
82 feet long, in sections generally of 12 feet in length, and 18 inches by 
14 inches on the inside. Connections and fittings were provided for a 
blowing-fan, a heating-coil and a gas-jet. A hopper for introducing: 
coal-dust, rests for pistols and other explosive agents, force- and recoil-
indicators, hygrometer, thermometer, a fan underneath the hopper to 
effect a thorough mixture of coal-dust, gas and air, as well as other 
appliances necessary for the convenience and safety of the observers, 
were parts of the apparatus. 

As the gas used was from the town mains of Chesterfield, it was 
necessary to determine the equivalent explosive proportions of coal-and 
pit-gas in air; and as a preliminary step, Mr. Jones, General Manager of 
the Chesterfield Gas Light Company, ascertained, by experiment, the 
most explosive proportion of coal-gas in air to be 1 in 7, or 14.28 per 
cent. 

Atkinson gives the most explosive mixture of pit-gas in air as 1 

 
The terms "explosion " and " inflammation," having hitherto been 

often used somewhat indiscriminately, were defined as follows: 
An "explosion," to be anything which caused a sudden increase of 

pressure in the surrounding air or gases from the sudden and violent 
expansion of any substance in their neighborhood ; and an " 
inflammation," to be the quiet production of flame, unaccompanied by 
any sudden or violent changes of pressure in the surrounding gases. 
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 Dusts were taken from various districts, mines and seams in England 
and Wales. Most of them were the finest particles that could be obtained 
with a feather-brush, from roads, screens, props, etc. Others were sifted 
through fine muslin, after reduction in a mortar. Microscopical examinations, 
but not chemical analyses, were specially made for the purposes of the 
experiments. 

There were made in all, 211 experiments, of which 31 were excluded for 
reasons given, leaving 134 made with dust only, and 46 with gas and dust, 
for analysis and comparison. Generally the air-current was 300 feet per 
minute. The table below gives number and percentage of ignitions under 
different conditions both with and without gas. 

 
No one of the 36 ignitions without gas was caused by a single pistol-shot 

with 60 grains of powder. 
The following table gives, in a condensed form, the proportions of dust 

and gas in the different ignitions. 
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With 8.06 per cent, of gas, the flame was forced through the joints of the 
tube, a result which was to be expected. 

The next table shows the length of longest, shortest, and average flames, 
with percentages of dust, gas, etc. 

 

The force- and recoil-indications it was not deemed necessary to present 
in tabular form, but the committee generally were of the opinion that they 
bore out and confirmed the observation that the ignited dust travelled 
along the tube at a rate certainly-not much, if at all, exceeding the velocity 
of the air-current. 

They state that some of the experiments, in which the coal-dust ignited, 
were made under circumstances not especially favorable to such a result as 
regards the hygrometric condition and temperature of the air-current, and 
cite experiment 106 as giving an ignition when "the dry and wet bulb 
stood respectively outside 60° and 61° and inside 69° and 65°." This is 
presumably a misprint, as in all the accompanying tables the outside 
observation is given dry bulb 61°, wet 60°. The difference is material; in 
one case the relative humidity is 94.1, while in the other it would indicate 
that water was suspended in the air as a clearly observable mist, an 
especially unfavorable condition for ignition. 

By referring to the tabular statements, I think it will appear, however, 
that not only was ignition No. 106 anomalous and probably attributable to 
other causes, but that generally the length of flame seemed to vary 
inversely as the amount of hygroscopic moisture in the air of the box. 

We have as follows: 

* The extreme lowness of this figure suggests that it may be a clerical or typo-
graphical error. 
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From the above it will appear that, without gas, the longest flame resulted 

when the relative humidity inside was below the mean from 6.2 to 9.75 per 
cent; and when gas was used the humidity was still below the average of the 
series 2.7 per cent. If we group the experiments more closely together we 
shall have: 

 
* The extreme lowness of this figure suggests that it may be a clerical 

or typographical error. 
VOL. XIII.—18 
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In order that we may get a clearer view of the peculiar atmospheric 
conditions that seemed to environ No. 106, we can tabulate with them the 
barometric and hygrometric observations made during the five preceding 
experiments, in which there were no ignitions, all being made on the same 
day, June 19th, 1880. 

 

We see from the above that in the first five of the series, there being no 
ignition, the outside air was 94.1, and the inside 62.4 per cent, saturated ; 
and in No. 105, when the percentage of hygroscopic moisture in the box-air 
had increased to 79.6, there was no ignition, and yet, under precisely similar 
conditions to the latter, the flame in 106 was 14 feet long. In experiments 
Nos. 107 and 108, made on the same day, and excluded from the 
computation, as the dust was fired by the explosive mixture H2 + O, the 
relative humidity inside the tube was in the former 75.1, and in the latter 
67.2 per cent. 

From this unlooked-for result the question might naturally arise whether 
or not experiment No. 106 should be taken into account when considering 
what relation, if any, exists between the hygroscopic condition of the air-
current within the apparatus and the extent of the ignition. It is possible, 
also, that there may have been attendant and unobserved circumstances that 
would have explained the great length of flame in this particular instance. 

The conclusions of the committee were summarized as follows: 
They were unanimous that no explosion, only ignition of dust, occurred 

without gas. Special circumstances must combine to insure ignition of dust 
without gas. 

It appears that almost any coal-dust can be inflamed under 
specially arranged conditions, such  as may never occur in a mine. 
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The same dust is more readily inflammable under some conditions than 
others. 

Dust from floors and roadways of dusty mines did not inflame, but the 
finest and dryest particles, swept off props and bars, and Such as had 
floated upward through the atmosphere, and settled above screens, were 
found to be not less inflammable, if not more so, than pure coal-dust 
pounded and sifted. 

In a very dry and dusty mine only is the dust-flame capable of extending 
the effect of a small explosion of gas (by which, more likely than by any 
other means, it may have been itself originated, and which might be 
confined to one spot if there were no dust) to other gas-laden spots. 
 The finest, freshest and most inflammable coal-dust floating in the air-

current of a mine in its ordinary working condition, and free from fire-damp, 
could not, they believe, be ignited by the direct action of any blown-out 
shot; the great quantity of dust required for such an ignition being sufficient 
to make the current an intensely black cloud surcharged with dust. 

The dust-flame that might result from the projecting of a blown-out shot 
flame into a deposit of dust, even though augmented by passing dust, 
would not continue far from its origin. 

There appears to be little, if any danger of the ignition of dust from the 
ordinary lights of miners. 

The indications are that in a dry and dusty mine, the air-current of which 
is charged with such a low percentage of fire-damp—½ to 3 per cent.—that 
the most careful observer would fail to detect it by the ordinary safety-
lamp, a heavily charged blown-out shot, or violent concussion, might raise 
a cloud of dust, and at once convert the air-current into an inflammable 
mixture. 

Generally, the experiments may be taken to show that the purer the 
atmosphere of a mine the greater proportion of dust required to render it 
inflammable; and conversely, the higher percentage of dust the less fire-
damp required to bring about the same dangerous condition. 

In a lecture on "Some of the Dangerous Properties of Dusts," delivered 
before the Royal Institution of Great Britain, April 28th, 1882,* Professor 
Abel deals with the whole subject of the influence of cotton, flour, rice, coal 
and other dusts on explosions. He reviews at considerable length the 
observations of English and Continental 

* Proc Roy. Inst. of Great Britain, vol. x., Part I., 1882. 



276 NOTES   ON COAL-DUST  IN  COLLIERY  EXPLOSIONS. 

investigators, as well as his own work in connection with the Seaham 
disaster and the Royal Accidents Commission. With regard to his 
experiments with non-combustible dusts, he favors the view that "a dust 
possessing particular physical characteristics exerts a contact or catalytic 
action upon gas-mixtures, similar to that known to be possessed by 
platinum and some other substances under particular conditions." 

In many of the experiments with calcined magnesia, he distinctly 
noticed that a dark space intervened between the gas-flame, used as a 
source of heat, and the flame produced by the ignition of the gas-
mixture through the influence of the dust-cloud suspended in it; which 
would seem to indicate that the dust-particles, immediately upon passing 
through the flame, established some amount of oxidation of the fire-damp, 
which proceeded with increased rapidity as the dust became more highly 
heated through the chemical action developed, so that within a short 
distance from the point where the heating commenced, the dust became 
incandescent, and the ignition of the gas-mixture followed. Further 
experiments which he contemplates may elucidate the precise nature of 
this action of non-combwstible dust. 

Professor Abel made particular reference to special experiments made 
at his suggestion in masonry galleries in some old fortifications at 
Chatham, for the purpose of determining the influence of dust in 
extending the flame from a blown-out charge of powder. The result 
was that in one instance the flame, from a 1 1/2  lb. charge, was 
projected with sufficient force to burn gun-cotton at a distance of 20 feet, 
and in another case 32 feet, in the absence of dust and gas. With 
clouds of fine dust blown into the gallery and suspended in the air, 
tufts of gun-cotton were fired about 39 feet from the initial point. 

He concludes, finally, that while admitting that the results of certain 
experiments seem to favor the conclusion of Mr. Galloway that the 
presence of fire damp is altogether unnecessary to bring about a coal-mine 
explosion, its realization necessitates the fulfilment of conditions which 
cannot but be very exceptional. 

In a paper entitled, "The Explosive Properties of Coal-dust, Coal-
gas, and Atmospheric Air, with Special Reference to Mines," read before 
the Manchester District Institution of Gas Engineers, February 15th, 
1883,* Mr. Charles E. Jones, General Manager of 

* Lond. Journ. of Gas Lighting, February 27th, 18S3, vol. xli, p. 358. 
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the Chesterfield Water Works and Gas Light Company, describes his 
experiments with mixtures of different proportions of coal-gas and air. 
He had been the member of the Chesterfield and Derbyshire 
committee to whom had been intrusted the experimental determination of 
the most explosive mixture of coal-gas and atmospheric air ; a work 
already alluded to. 

Among other results, Mr. Jones demonstrated that the time required 
to insure perfect diffusion, without artificial agitation, of coal-gas and 
air, was one hour to each cubic foot of mixture. He also points out 
that, if there should be a trace of bisulphide of carbon in the air of a 
mine containing a low percentage of fire-damp, the mixture would 
readily explode, the inflaming point of that compound being about 
300° F. 

Mr. Jones considers that coal-dust may act as a finely-divided solid, 
and would also be subjected to destructive distillation, and thus, in 
two ways, contribute to the force of an explosion. He concludes that 
coal-dust would not, of itself, explode, except it be in a cloud so dense 
that the particles would be able to communicate, almost by contact, 
ignition to each other ; that the temperature must be higher than that 
usual in a mine; and that, assuming all the above conditions to be 
fulfilled, and the dust ignited, coal-gas would be generated so rapidly 
that the supply of oxygen would soon become exhausted, and the 
inflammation or explosion terminate. 

In his paper, No. V., read before the Royal Society, May 15th, 
1884,* Mr. William Galloway remarks, that since his previous 
comunications he has had unusual opportunities for studying the causes 
of several remarkable explosions, with the result that he is more than 
ever confirmed in his hitherto-expressed views regarding the influence 
of dust. He claims, also, that no earlier author than himself had credited 
coal-dust with being the principal factor in mine-explosions, relegating 
fire-damp to a secondary place. 

Mr. Galloway says that his reasons for feeling it incumbent upon him 
to prove that a mixture of air and coal-dust is inflammable, are that in 
some great explosions it was found that the flame had passed through 
very long galleries containing, presumably, pure air and coal-dust, but 
no fire-damp ; and that certain other explosions could not be accounted 
for except on the supposition that they had been originated by the firing 
of a shot, the galleries containing only pure air and coal-dust, but no 
fire-damp, as before. 

* Proc. Roy. Soc, vol. xxxvii,, p. 42. 
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Mr. Galloway is manager of the Dinas and Adare Collieries, in South 
Wales, and has had exceptional opportunities to examine the phenomena 
due to the explosion which occurred at the former mine, January 13th, 
1879. He had frequently inspected the workings previous to that time, 
and had done the same at intervals of less than a month since then, so 
that he has been entirely familiar for several years with all the 
conditions of the mine. No sudden outbursts of fire-damp had ever been 
known; the temperature had ranged from 75° to 82° F.; the floor was 
covered with dry coal-dust, and shot-firing had been carried on at night. 
The damage done to the workings by the explosion was so extensive as 
to lead to their temporary abandonment; and it was only near the close 
of 1883, and early in the present year, that certain remote workings 
could be examined. He saw no traces of burning, nor deposits of coked 
coal-dust in any one of the main roadways, but did find well-marked 
deposits of coked coal-dust in all the working-places in the two districts 
particularly indicated. These districts were independently ventilated, 
so that he thought it impossible that any outburst of fire-damp in one 
district should affect the quality of air in the other. He considers, 
therefore, that he is compelled to fall back on the coal-dust hypothesis as 
furnishing the only satisfactory explanation of this and similar 
disasters. 

Neither assent nor dissent with regard to the views that have been 
quoted is intended to be expressed in this paper. But the facts, 
nevertheless, remain, that there are dusts and dusts, and that the ratio 
of the number of serious mine explosions to the total number of blown-
out or overcharged shots and local explosions of fire-damp, in dry and 
dusty mines, is a small one; whereas, if the coal-dust theory be true to 
the extent insisted upon by its most strenuous advocates, every such 
local occurrence, in a mine of this description, should be followed by the 
more or less complete wreck of the colliery. 

In France, the dust question has been written upon by Du Souich, 
Verpilleux, Burat, Vital, Chansselle and Desbief, Dornbre, Jamin, 
Goupillière, Mallard and Le Chatelier, Pernolet and Aguillon and others. 

The general conclusion of the French Commission is quite different 
from that of the English. 

They consider it established that the inflammability of coal-dust is 
in proportion to the amount of volatile matter it contains; that the 
quantity of dust to be mingled with the air, to cause ignition 
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and transmit it, is such that it can only be placed in suspension by very 
active mechanical means, and that it can only be kept in sus-pension 
for a very short time after this mechanical action has ceased; that the dust 
in suspension can only be ignited by very large flames such as can 
result only from a blown-out shot or an explosion of fire-damp; and 
that the rapidity of transmission of the ignition is practically nil. From 
which they finally conclude that coal-dust with air can give rise to 
local explosions, only, of very limited extent. 

A COMBINED VACUUM-PUMP AND TABLE-BLOWPIPE. 

BY  W.   F.   DURFEE,  BRIDGEPORT,   CONN. 

THE apparatus described in this paper was designed by the writer, in 
the year 1869, for use in the laboratory of the " American Silver Steel 
Works," at Bridgeport, Conn., where only the vacuum-pump was 
erected ; but on two subsequent occasions I have had the combined 
vacuum-pump and table-blowpipe constructed as represented in the 
drawings, in which Fig. 1 is a general elevation of the apparatus, the 
air-chamber being sectioned vertically; Fig. 2, a plan of the air-
chamber; Fig. 3, a vertical sectional elevation of the vacuum-pump, the 
section being on line C D, of Fig. 4, which is a horizontal section on 
line A B, of Fig. 3. 

The vacuum-pump is constructed of copper, and consists of a 
vacuum-chamber, E, supported upon the upper expanded end of a 
vertical pipe, Q. The vacuum-chamber is provided with four 
nozzles, C, F, I, D (Fig. 4), two of which are shown in section at A, 
B (Fig. 3). 

Passing vertically through the centre of the vacuum-chamber E, is 
seen the water-supply pipe P, whose lower extremity incloses an internal 
pipe p, which is supported, and placed in communication with the 
vacuum-chamber E, by means of the two elliptical nozzles n, n. The 
upper part of the pipe p is closed by a conical cap, and its lower end 
is in the same plane with the extremity of the water-supply pipe P, 
within which it is placed. 

The relative sizes of the pipes P and p are such that an annular 
adjutage, one-sixteenth of an inch in thickness, is formed between 
their lower extremities, through which the water from the supply-
pipe P passes into the pipe Q, drawing any air that may be in the 
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vacuum-chamber E, and the upper .conical part of the pipe Q, along 

 
with it, the air in the vacuum-chamber E having free access to the 
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interior of the hollow cylindrical jet through the nozzles n, n, and the 
internal pipe p. 

When the apparatus is used to facilitate the operation of filtering, 
either or all of the nozzles C, F, I, D are connected by rubber tubes 
to the vessel which is to receive the filtrate. In Fig. 1, two kinds of 
receiving-vessels are shown. That on the right consists of a common two-
necked bottle N, to whose right-hand • neck is fitted a cork, through 
which is passed the stem of a glass funnel V, containing the filter-paper, 
and the solution to be filtered ; the left-hand neck is provided with a cork 
through which is passed the lower end of a bent glass tube, t, to whose 
outer extremity is attached the right-hand end of the rubber tube T, the 
other end being connected by a short glass tube to a perforated cork 
adapted to the nozzle D of the vacuum-pump. The form of receiving 
apparatus shown on the left of Fig. 1, consists of a beaker, N, of 
common form, having its lip ground to an air-tight contact with a glass 
cover-plate, g, provided with two holes to which are fitted corks for the re-
ception of the filter-funnel V and the bent glass tube t', which last is 
connected to the nozzle C of the vacuum-pump by the rubber tube T' . 
Whenever the apparatus is employed as a vacuum-pump, such of the 
nozzles C, F, I, D(Fig. 1) as are not connected with filtrate-receivers 
must be closed with cork stoppers, as are the nozzles F, I; the cork stopper 
in the upper end of the discharge-pipe for air must be removed, and the 
valve X, in the discharge-pipe for water, must be kept wide open. This 
adjustment of the apparatus allows the mixture of air and water, 
which is discharged from the vacuum-pump through the pipe Q into the 
air-chamber R, to separate and pass away without resistance through the 
respective discharge-pipes for air and water. The rapidity and power of 
the action of the vacuum-pump may be readily adjusted at will by means 
of the valve H (Fig. 1), which controls the amount of water admitted to 
it in a unit of time. 

Having thus described the action of the apparatus when used to hasten 
the process of filtering, I will now ask your attention to its use as a 
means of furnishing blast to a table-blowpipe. 

In Fig. 1, the apparatus is represented (for the purpose of com- 
pactness of illustration) as acting, at the same time, as an exhauster and 
compresser of air, though in practice it is never used in this way. 
When it is desired to use it for the latter purpose, it is adjusted as 
follows: 

The cork stoppers are removed from each of the nozzles C, F, I, D, 



282        A  COMBINED  VACUUM-PUMP  AND  TABLE-BLOWPIPE. 

thus allowing the air free access to the vacuum-chamber E (Figs. 3 and 
4); the valve X, in the discharge-pipe for water, is partly closed, and 
a cork having a bent, tapered glass tube Y (Fig. 1), to serve as a 
blowpipe-tuyere, adapted to it, is inserted in the upper end of the 
discharge-pipe for air. This tuyere-pipe Y can be adjusted vertically, by 
moving it up or down in the cork through which it tightly passes, so as 
to adapt it to the height of the blowpipe-lamp L. In case it is necessary 
to use the blast at a distance from the upper end of the discharge-pipe 
for air, one end of a rubber tube of any convenient length may be attached 
to this pipe, its other end being provided with a tuyere, which may be 
held in any suitable support, and thus the blast may be carried to any 
form of lamp or other heat-generator. 

The apparatus being adjusted as described, all that is required to put 
the blast in action is to turn on the water to the vacuum-pump by 
means of the hand-wheel  H (Fig. 1).    The water, as it passes 

 

through the hollow cylindrical adjutage j j (Fig. 3), draws the air 
through the four open nuzzles C, F, I, D, and carries it through the pipe 
Q, (Fig. 1) into the air-chamber R, in which the air and water separate, 
the former finding an escape through the discharge-pipe for air and its 
attached tuyere, and the latter passing off through the discharge-pipe for 
water. It is desirable that the air-chamber R should be located ten or 
twelve feet below the point of discharge of the blast, whose intensity is 
influenced to a great degree by the distance from the vacuum-chamber 
to the bottom of the air-chamber, 
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as also by the pressure of the water supply through the valve H. The 
volume of blast may be regulated within its maximum limit by means of 
the valve H, and its pressure within the same limit by properly adjusting 
the valve X by means of the hand-wheel W. 

Another form of blowpipe-apparatus, dependent for its action on similar 
principles to that already described, is illustrated by Fig. 5. It was first 
constructed by me in the year 1863, for use in the laboratory of the Steel 
Works at Wyandotte, Mich. It has the advantage that it can be readily 
arranged with the means usually at hand in any well-regulated 
laboratory. It consists of an ordinary Woolf bottle, A (Fig. 5), to whose 
central neck is tightly fitted (by means of a cork through which it passes) 
a funnel-tube, B, extending nearly to the bottom of the bottle. To the 
right-hand neck is fitted, in a similar way, a siphon, C, whose inner end 
nearly touches the bottom of the bottle. (In case a two-necked bottle 
having a tabulation on one side is available, a small cock, as shown at D, 
may be substituted for this siphon.) The left-hand neck of the bottle A 
has adapted to its cork a curved pipe E, to which may be attached a 
rubber tube for conveying the air delivered by it in any desired direction, 
for use in a blowpipe or other apparatus. 

When it is desired to put the apparatus described in action, it is placed 
under a hydrant-cock, O, which is provided with a glass tube, T, slightly 
smaller in diameter than the funnel-tube B, and through the tube T a 
regulated stream of water is discharged into the funnel-tube. This stream 
will draw down with it into the bottle A a large volume of air, which, 
separating from the water, is discharged through the pipe E, while the 
water finds its escape either through the siphon C, or the cock D, as the 
one or the other is used in the construction of the apparatus. 

In the course of my practice I have had occasion to construct several 
of the vacuum-pumps described, and they have given entire satisfaction 
in use. At the time when the first one was made (the summer of 1869) I 
had never heard of anything of the kind, though I have since been 
informed that what is known as the " Bunsen filter-pump" was then in use 
in a few laboratories; but as that did not furnish a blast, and could only 
be employed with one filter, I am disposed to believe that the idea of the 
combined apparatus I have described, as well as its realization in 
practice, was original. 
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from the lecture-room of the Exposition to the grand galleries of 
the main building; prayer by Rev. J. S. Macintosh, D.D., of Phila-
delphia; address by William P. Tatham, Esq., President of the 
Franklin Institute of Philadelphia; address and declaration of 
opening, by His Excellency, Hon. Robert E. Pattison, Governor of 
Pennsylvania. 

At the opening session on Tuesday evening, Mr. John Birkinbine, 
Chairman of the Executive Committee, after a few words of greeting 
in behalf of the members residing in and near Philadelphia, 
introduced Hon. William B. Smith, Mayor of Philadelphia, who 
delivered a cordial address of welcome to the Institute in the name 
of the city. 

President J. C. Bayles responded briefly for the Institute to the 
sentiments expressed by the mayor, and continued as follows : 

Gentlemen of the American Institute of Mining Engineers, Ladies and 
Gentlemen: Neither the example of those who have preceded me in 
the honors and responsibilities of the Presidency of the Institute, nor 
the expectation of the membership, imposes upon me the duty of 
delivering a technical address from the chair at this meeting. 
Moreover, it is probable that the attention of the membership has of 
late been fixed, as mine has been, more upon economic than upon 
technical questions. The extreme industrial depression through which 
the country is passing, and of which we have not yet seen the end, 
invites consideration as one of the phenomena of civilization, resulting, 
curiously enough, from conditions eagerly sought, enthusiastically 
promoted by the engineering profession, and, when attained, regarded 
as in the highest degree promotive of the general welfare. The higher 
and more complex our social organization, the more certain, I think, 
will be the periodical recurrence of these seasons of depression, which 
a wise foresight keeps ever in view. Whether they would occur as 
frequently, if at a l l ,  under that absolute freedom of trade among 
nations of which the political economists dream, I do not know and it 
is idle to speculate. The tendency of nations is steadily in the 
opposite direction, and the efforts which are now made in the 
principal countries of the world to dispense with such of the products 
of other nations as can be produced at home, even at the sacrifice 
which is assumed to attend the diversion of labor from pursuits 
yielding the largest return for the least effort, are attended with such 
congestions of the markets of the world that the impulse of progress 
is, as we know, intermit- 
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tent, 'and capital becomes sensitive to even slight encouragements and 
discouragements. We cannot, however, be sure that even the Utopia of 
the economists would be exempt from alternations of prosperity and 
depression. We are taught, as fundamental truths of economic 
science, that the end and aim of all human endeavor is abundance; 
also, that all commercial relations necessarily rest upon the basis of 
mutually advantageous exchanges. Taking these two elementary truths 
together, we find that the producing nations of the world are, at the 
moment, possessed of a greater supply of products than can be 
exchanged for other products with advantage. We know as a matter of 
fact, that the condition of abundance has not been reached, and yet we 
are suffering from a partial paralysis of our national energies because of 
what is popularly known as "over-production." If a manufacturer in 
any line is asked what is the cause of the present depression in 
business, he will promptly reply, "over-production." The thoughtful 
student of social science will answer that it cannot be, for the reason 
that there are millions of people whose wants are only partially 
supplied, and who need more of everything than they are able to 
procure. The manufacturer will in turn reply that, while this is 
undoubtedly true, as an abstract proposition, it is none the less a fact that 
the people whose wants are unsupplied have nothing to give in 
exchange for what they need except labor, and that if this labor were 
employed in extending production, the supply would be still further 
increased, so that a greater distribution on this basis of exchange would 
still further aggravate the evil. This seeming paradox can, of course, 
be explained, but for all practical purposes we may assume that over-
production is an economic fact, though perhaps called by the wrong 
name; and that as a fact it must be recognized. At the present time 
the demand (by which we mean the desire and ability to purchase) is 
much less than the actual or possible supply; and while this condition 
of affairs continues, the manufacturer who can produce at least cost is 
master of the situation, and the fittest to survive. 
It is only natural that these convulsions in trade should occur Wore 
frequently as civilization advances. In a state of barbarism they would 
be impossible; in countries possessing a low grade of civilization they 
could occur only in modified form and wholly as the result of external 
influences. They were practically unknown— save in such phenomenal 
forms as resulted from the Tulip Mania and the South Sea Bubble—at 
the time when every household wove VOL. xiii.—19 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



290         PROCEEDINGS  OF  THE  PHILADELPHIA  MEETING. 

its own textile fabrics and made its own clothing; when carpets were made 
on hand-looms and were only seen in the houses of the wealthy; when iron 
was scarce and articles made from it were cherished as family 
heirlooms; when travelers journeyed from place to place at an average 
speed of four or five miles an hour; when money was seldom handled in 
large amounts and trade was carried on by means of merchandise 
exchanges; when banks were few and their deposits unimportant. The 
progress of a century has changed all this. The steam-motor; the 
improvements in machinery and the concentration of production in the 
great industrial centers, where the large factories are crowding out the 
small ones; the introduction of railways and steam-vessels, and the rapid 
and cheap conveyance of food and manufactured goods through their 
instrumentality ; the multiplication of banks and financial institutions, 
and the tremendous power of the large accumulations of money thus 
secured—all these, as well as other powerful agencies not so obvious, 
have had their influence in shaping our present splendid, but evidently 
unbalanced, industrial development. Railroads, banks and workshops 
depend so closely on one another, that whatever affects one interest is felt 
by the others. They work hand in hand in extending civilization, in 
providing what we now believe to be the necessaries of life, and in 
sustaining the great exchanges which perform, nationally, functions 
similar to those performed by the circulation of the blood in the human 
system. But as the net result of all this progress we find the sensitive 
organism of the body politic subject to influences previously unknown or 
unfelt, and which produce the successive phenomena of health, 
languor, debility, fever, delirium, sleep and convalescence. 

The depression through which our iron and steel trades are now passing, 
was not unexpected, nor did it come abruptly. Prices have declined 
steadily since they touched the highest point, but it has taken two and 
a half years to come down to present figures. There has, therefore, been 
ample warning of impending trouble, and the absence of widespread 
failure among iron and steel-manufacturers shows that the warning has 
been heeded. Probably no industry in the United States is to-day on so 
solid a basis of financial strength as the manufacture of iron and steel. 
An occasional failure does not contradict this statement; for there are 
always some establishments improperly equipped or managed which are 
doomed to fail even in prosperous times. In this condition of affairs 
there is no use in mourning over the departure of high prices and 
praying that they will soon again return.    Rather is it the part of 
wisdom to do all iu 



PROCEEDINGS  OF THE PHILADELPHIA  MEETING. 291 

our power to prevent their return. Continuous business at reasonable 
prices with moderate profits is far better than the spasmodic activity 
and sharp reactions to which the American iron-trade has so long 
been subject. It would be better to sell foundry pig-iron at $20 a ton, 
bar-iron at 2 cents a pound and steel rails at $30 a ton,  and have a 
regular demand, year in and year out, which could be depended upon, 
than to get $40 for pig-iron, 4 cents a pound for bar-iron and $70 a ton 
for steel rails for six months, to be followed by years of declining 
prices and shrinking demand. 

From the earliest dates in the world's statistical history, the ten-
dency, with temporary exceptions, has been steadily in the direction of 
lower prices for the products which are in general demand. On the 
settlement of a new country, while there is a scarcity of labor, wages 
will be very high and prices of all sorts of products will consequently be 
high; but with the increase of population comes a competition for 
employment and for business which results in lower wages and lower 
prices. From time to time there are disturbances of the industrial 
equilibrium which cause prices to advance immoderately; but as lead 
expands when heated and stretches when cooled, growing longer or 
sagging lower in either case, so a decline in  prices, when once 
established, is never  fully recovered.    The average of the next ten 
years will undoubtedly be lower than that of the past ten years. 
Probably, $35 will be above the average for steel rails, §20 for foundry 
pig-iron and 2 cents for refined bar-iron. There are other causes at work 
to bring about this result than are usually counted among those 
contributing to the average decline in prices. Among these, the most 
important is the increasing use of steel in competition with iron. 
Probably the severity of this competition is not generally appreciated. 
Mr. Isaac Lowthian Bell, in his address at the opening of the August 
meeting of the British Institution of Mechanical Engineers, shows by 
figures, which cannot be disputed, that the time consumed in the 
conversion of a ton of pig-iron into pneumatic steel ready for rolling, is 
one-sixth of that required for puddling the same quantity of iron and 
rolling into muck-bar; and that the steel in the ingot costs in British 
works $4 per ton less than the muck-bar. We need no better reason 
than this, and we need it on no better authority, to explain why 
steel rails are now selling for less than the commonest iron rails were 
ever sold for in this market. We all know very well that the high 
average price of steel rails in this country has not been due to the fact 
that their cost was high in proportion, but to special advantages 
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enjoyed by the earliest established works during the life of the basis 
patents. 

The increase of competition since the expiration of those patents, has 
materially changed the conditions of profit in the business. We also know 
that the causes which have made iron-manufacture relatively more 
expensive in this than in other countries, have been materially modified, 
and that the competition among domestic manufacturers has had a more 
marked influence upon prices than foreign competition has ever had or 
would have now, even under a revenue tariff. Considering the present 
development of iron and steel-manufacture in this country, particularly 
the latter, I am impressed with the fact that we must face the inevitable 
conditions of low prices and small profits to manufacturers, and that, in our 
seasons of speculation and excitement, the high-water mark of prices 
will, in each instance, be lower than that last recorded; and that the low 
prices of one decade will be the high prices of the next. For those of us 
who cannot adapt our manufacturing costs to the average price of the 
market in which we have to sell, there is very little chance. 

The trouble with the iron trades to-day, is not so much over-production 
as the capacity for over-production. It is not because too many furnaces 
are in blast, but because there are a great many proprietors of furnaces, 
that have outlived their usefulness, who are standing, match in hand, 
ready to light their fires the moment prices advance to a point at which 
they can afford to make iron. If we could insure the maintenance of 
prices at or near the present level, the race would, indeed, be to the 
swift, and the battle to the strong, as in the end it must be. It is this 
inexorable law of nature which renders futile all attempts to artificially 
advance prices or induce a scarcity of products. It is this which makes 
so. hopelessly impracticable, the efforts now in progress to secure a six 
weeks' suspension of pig-iron production by the banking of furnaces, 
between now and the end of December. Such expedients are 
concessions from the strong to the weak. The weak are not permanently 
benefited, while the strong are deprived of the advantages which their 
strength should secure to them. When we seek to protect from nature's 
penalties, those who disregard or violate nature's laws, we enter the 
domain of benevolence, which lies wholly outside the domain of 
business. Benevolence is often misdirected and usually mistaken, always 
when it shapes a business policy and seeks to adjust the conditions of 
competition on such a basis that those who cannot stand alone, are held 
up by those who have strength and to 
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spare. If the natural laws of trade are left to work out their own 
legitimate and proper results, we shall fare better in the end than if we 
try to enforce laws of our own making. If it is possible to keep the 
price of iron fairly steady, at or about the figure at which it is fairly 
remunerative to those who can produce it to the best advantage, we 
shall not be troubled by an over-supply of metal. At no time since 
1873, have the number of blast-furnaces in operation in the United 
States, equalled 64 per cent. of those on the active list. It will, 
doubtless, be a matter of surprise to many, that, at no time, within eleven 
years, have we seen two-thirds of our furnaces in blast, and at present, 
about three-fifths of our furnaces, or to be accurate, 61 per cent, are 
idle. The average activity of our blast-furnaces is scarcely 50 per cent. 
of the capacity, and has never reached 66| per cent. since accurate 
statistics were compiled. 

But it is scarcely worth while to further consider the economic 
aspects of the industrial situation, as the most important of the many 
practical questions growing out of it invites attention. It is a deplorable 
fact that the steady decline of prices during the past two and a half 
years, has encouraged a disposition to cheapen the cost of production by 
the use of inferior materials. This is, perhaps, an inevitable result of low 
prices, but it is none the less mortifying, and however regarded, it is well 
calculated to excite grave apprehensions. If the membership of this 
Institute standing in controlling or advisory relations to our great 
metallurgical industries could be instrumental in checking this tendency, 
the existence of which cannot be denied or doubted, we should do more 
to promote the best interests of the country than by any other service 
we could render. Americans have, in the past, had good reason to be 
proud of the high reputation of their manufactures. 

But with low range of prices for iron and steel, dangerous practices 
have crept into many branches of the trade. The meanest stuff ever 
run through a furnace is furnished as pig-iron, and commands a market 
where good iron is refused. The most inferior grades of wrought 
scrap are made to do duty in mills which once proclaimed with pride 
the quality of their best refined bars. Much of this stuff has sunk so 
low in the scale of quality that manufacturers are ashamed to put their 
brands upon it, and so-called private brands, frequently changed to 
mislead the purchaser, are substituted by dealers. The standards of steel 
have also suffered deterioration, and steel plates, which should be 
thoroughly honest considering the uses to which they are put, are in 
many cases made 
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from materials of which those using them have good reason to be 
ashamed. In the cheap railroad-axles and car-wheels now going into 
service the travelling public have grounds for grave uneasiness • and there 
is reason to suspect that if the railroads were a little less particular than 
they are in the matter of rail inspection, twenty-eight dollar steel rails 
would be worth very l i t t le  more than they cost. 

When we seek to fix the responsibility for this tendency we find it 
shifted from shoulder to shoulder. Naturally, the manufacturer blames 
the consumer, and assures us that, as the demand is for cheapness and 
quality is made a secondary consideration, he must produce cheaply, 
even if quality suffers. This is, at best, an unworthy plea. There are 
scores of manufacturers who refuse to stoop to disreputable methods of 
earning a profit on their goods, and, in spite of a competition without 
honor or principle, they maintain their standards of quality, demanding 
and receiving higher prices than those expect who have debased their 
goods. I do not know that the tendency to lower quality-standards as 
prices decline can be checked save by an appeal to self-interest. It is a 
business mistake, and will do more injury to our manufacturing interests 
than can be corrected in years of effort in the opposite direction. Let us 
hope that, before the evil shall have gone too far, conditions favoring 
reform will have succeeded those which have induced so many to adopt 
the short-sighted policy of encouraging the downward tendency of 
prices by debasing their products. 

Gentlemen of the Institute, in opening this session for the business 
which is to engage your attention, I congratulate you upon the promise of 
a delightful and instructive meeting. I congratulate you on the 
opportunity of again assembling in Philadelphia, and especially at a time 
when so many gentlemen eminent in different departments of science in 
this and other countries are attracted-here by the meeting of the 
American Association. I congratulate you on a record of thirteen years 
of honest, earnest work, which warrants us in feeling that the American 
Institute of Mining Engineers, with nearly fifteen hundred members, 
including those most eminent in many fields of abstract and applied 
science, may meet even in this good company without apologizing for 
its presence. I congratulate you upon eleven volumes of Transactions, 
which compare favorably with those of any technical society of the 
world. I especially congratulate you on the fortunate chance which 
permits us to meet so many gentlemen eminent in various departments of 
learning, representing the most important scientific societies of the 
world.    To 
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members of foreign societies who may honor us by participating in our 
work or our recreations, we extend a cordial welcome. 

Mr. C. Henry Roney, of Philadelphia, Pa., then gave a verbal 
account of a method of laying subterranean electrical conductors, 
which the members would find illustrated at the Electrical Exposition ; 
and R. W. Raymond, of New York City, made some “ Further 
Comments on the Law of the Apex ” (an appendix to a previous paper, 
prepared for publication together with that paper, in volume xii. of the 
Transactions). 

The papers read at the second session, on Wednesday morning, 
were: 

The Desilverization of Lead by Electrolysis, by N. S. Keith, of 
New York City. 

An Experiment in Coal-Washing, by Dr. T. M. Drown, of Easton, 
Pa. 

A New Charging-Bell, by Frank Firmstone, of Easton, Pa. 
At the afternoon session on Wednesday, A. E. Lehmann, of 

Philadelphia, Pa., exhibited and explained an improved protractor, after 
which the following papers were read : 

Coal-Mining in the Connellsville Coke Region, by John Fulton, of 
Johnstown, Pa. 

Fire-Clays and Fire-Bricks in Sweden, by N. Lilienberg, of New 
York City. 

Quicksilver-Reduction at New Almaden, by S. B. Christy, Uni-
versity of California, Berkeley, Cal. (Read by the Secretary in the 
absence of the author.) 

On Thursday morning the members and associates of the Institute 
attended the opening general session of the American Association for the 
Advancement of Science. 

At the fourth session of the Institute, held on Thursday afternoon, 
the following papers were read : 

The Spence Automatic Desulphurizing Furnace, by W. H. 
Adams, of New York City. 

Notes on the Patio Process, by Charles A. Stetefeldt, of New 
York City. 

The Siemens Patents for Improvements in Glass-Furnaces, with 
Suggestions for their Use with Natural Gas, by Professor B. Silli-»>an, 
of New Haven, Conn. 

A New Pressure-Filter, by R. P. Rothwell, of New York City, 
(Read by the Secretary in the absence of the author.) 
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The Deep River Coal-field of North Carolina, by H. Martyn 
Chance, of Greensboro, N. C. 

On Thursday evening the Institute attended, by invitation, a lecture 
on The Geological Evolution of the North American Continent, given 
at the Academy of Music before the American Association for the 
Advancement of Science, by Professor J. S. Newberry, of Columbia 
College, New York City. 

The fifth and final session was held on Friday morning, when 
the following gentlemen were elected members and associates of the 
Institute: 
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The status of associate W. S. Humbert was changed to member-

ship. 

The following papers were then read : 
Experiments with a Straight or No-Bosh Blast Furnace, by Wil-

liam J. Taylor, of Chester, N. J. (Read in the absence of the author 
by John M. Hartman, of Philadelphia.) 

The Vallecillo Mines, Mexico, by Richard E. Chism, of Mon-
terey, Mexico.  (Read by the Secretary in the absence of the 
author.) 

Prospects of the Ammonia Process for the Manufacture of 
Soda, by O. J. Heinrich, of Drifton, Pa. 

The following papers were read by title : 
The Separation of Strata in Folding, by Frederick G. 

Bulkley, of Leadville, Col. 
The Electrical Activity of Ore-Bodies, by Carl Barus, of New 

Haven, Conn. 
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Geology and Mineral Resources of the Rio Grande Region in Texas 
and Mexico, by E. J. Schmitz, of New York city. 

The Iron-Ores of Putnam County, N. Y., by Arthur F. Wendt, of 
New York city. 

the Determination of Phosphorus, by Josef Westesson, of Thur-low, 
Pa. 

American Mining Machinery in Mexico and Central America, by 
F. H. McDowell, of New York city. 

Note on a Fire-Bulkhead, by Charles M. Rolker, of New York city. 
Notes on Rhode Island and Massachusetts Coals (a communication to 

the Secretary from Dr. Arthur B. Emmons, of Newport, R. I.). 

The President read a letter received by the Secretary from Mrs. Mary 
H. Holley, acknowledging the receipt of a presentation-copy of the 
volume issued by the Institute in memory of her late husband, Mr. 
Alexander L. Holley. 

On motion of W. F. Durfee, duly seconded, the following resolution 
was unanimously adopted : 

Resolved, That the Secretary be and is hereby directed to express to the corporations, 
societies, firms, and individual citizens of Philadelphia and vicinity, to whom such 
acknowledgment is due, the thanks of the Institute for the courtesies so cordially 
extended to visiting members; and that the thanks of the Institute are hereby 
tendered to the Local Committee, and its efficient Executive Committee, for the careful 
and judicious arrangements which have contributed so much to the pleasure and profit 
of this meeting. 

The President then declared the meeting adjourned, and announced 
that the next meeting of the Institute, in February, 1885, would be held 
in New York city. 

EXCURSIONS. 

On Wednesday afternoon at 5 o'clock, the members and associates of 
the Institute, with ladies and friends, as the guests of the Local Committee, 
left the wharf at the foot of Arch street on the steamer Edwin Forrest, for 
a river-excursion. Through the courtesy of the U. S. Coast Survey, 
beautiful and minutely accurate maps of the Delaware river from 
Philadelphia to Wilmington had been prepared by the Local 
Committee, and were distributed throughout the party.    The cruise 
extended first to Port Richmond, then back, 



PROCEEDINGS  OF THE PHILADELPHIA  MEETING.                299 

past the city water-front and indefinitely towards Wilmington, Del.—
the time of return being so chosen as to bring the steamer back to the 
wharf at about 10 P.M. Supper was served on board, and an excellent 
military band enlivened the occasion. The refreshing air of the balmy 
evening, the radiance of the harvest-moon, and the opportunity offered 
by this excursion for the social intercourse of new and of old friends, 
conspired to render it a delightful episode. 
. On Friday afternoon, numerous minor excursions were organized in 

response to cordial invitations from John McArthur Jr., architect in 
charge of the new City Hall; Messrs. Burnham, Parry, Williams & 
Co., proprietors of the Baldwin Locomotive Works; Henry Disston & 
Sons, of the Keystone Saw, Tool, Steel, and File Works at Tacony; the 
Trustees of the Girard College, and others. The rooms of the Engineers' 
Club of Philadelphia, generously placed by the Club at the disposal of 
the Institute, were the headquarters and starting-point for the various 
parties. Among the objects of interest at the rooms was a fine suite of 
rock-specimens, illustrating the geology of Philadelphia and vicinity, 
exhibited for the information of members by Mr. Theodore D. Rand. 

A considerable number of members availed themselves of the op-
portunity to revisit and study more closely, under the guidance of Mr. 
N. S. Keith, the International Electrical Exhibition. Others attended the 
sessions of the various sections of the American Association for the 
Advancement of Science. 

On Saturday occurred the great joint excursion given to the Institute 
and the American Association, through the anthracite regions, by the 
Philadelphia & Reading R.R. Co. To the liberal cooperation also of 
the Philadelphia and Reading Coal and Iron Co., the Lehigh Valley 
R.R. Co., the Lehigh Coal and Navigation Co., Mr. H. J. Mumford, 
lessee of the Switchback R.R., and the citizens of the region, 
represented by the Citizens' Reception Committee, as well as to the great 
zeal and ability displayed by the special joint committee having the 
excursion in charge, must be ascribed the remarkable success with which 
all its details were carried out. 

The party, numbering between four hundred and five hundred, left 
the Thirteenth Street depot of the Reading R.R. in a special train at 8 
A.M. and proceeded up the Schuylkill valley, via Pottstown, Phœnixville, 
Reading and Mt. Carbon (where it was joined by additional guests from 
Pottsville) to Trackville on Broad Monntain, at the head of the Mahony 
Plane.    Here lunch was provided by the 
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Citizens' Committee. The cars were subsequently let down the plane, 
and the train was formed again at the foot, and proceeded to the Indian 
Ridge Colliery of the Philadelphia and Reading Coal and Iron Co. Here 
the entire company, in parties of nine, was rapidly, comfortably, and 
safely lowered in cages to the bottom of the main shaft, and conducted 
through a gangway to a large breast, illuminated for the occasion with 
electric lights, so as to display some 25 or 30 feet of the Mammoth bed 
(the total thickness of which at this place is 50 feet). After viewing also 
the underground pumping-machinery, returning to the surface and 
inspecting the coal-breaker, the party proceeded via Mahony City, 
Tamaqua and Lausford, to Summit Hill, where it was transferred to the 
cars of the Switch-back R.R., and descended swiftly and delightfully 
along that famous and romantic way to Mauch Chunk. At this place 
supper had been provided by the Philadelphia Local Committees of 
the two societies; and after supper the members of the excursion party 
divided—the larger part returning to Philadelphia by the special train, 
while many remained at Mauch Chunk, to see more of its picturesque 
neighborhood, and others accepted the courtesy tendered by the Lehigh 
Valley R.R. Co., which conveyed them to such points on their 
homeward route as suited their convenience. 

The interest and instructiveness of this excursion was enhanced by 
excellent maps of the region posted in the cars, and an illustrated 
description freely distributed in pamphlet form among the guests. For 
these timely and valuable helps to a comprehension of the geographical 
relations and geological structure of the anthracite region, the party was 
indebted to Mr. Charles A. Ashburner, geologist in charge of the 
Pennsylvania Anthracite Survey. 

MEMBERS  AND  ASSOCIATES PRESENT. 

The following members and associates registered their names at the 
headquarters of the Local Executive Committee : 
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A NEW PRESSURE-FILTER. 

BY R. P. ROTHWELL, NEW YORK. 

A YEAR ago I commenced experiments in precipitating and saving gold 
from chloride solution, in the course of which I found H2S (made from 
paraffine and sulphur) the most convenient and inexpensive precipitant. The 
gold is thrown down as gold sulphide; and a considerable time is required 
for this precipitate to settle. Even after it appears to have settled, we find 
by experience that there is a notable loss of gold, if the clear liquor be 
decanted off in the usual way. 

To remedy this evil, I made a small and very cheap pressure-filter, which 
has now been used for nearly nine months, and has given the utmost 
satisfaction.    This filter is constructed as follows: 

Three frames, about 4 feet by 2 feet, are made of 2-inch by 3-inch pine. 
Two of" these frames are filled in with ½-inch slats leaving about 1/8-
inch spaces between the slats, as shown in Fig. 1. 

 

These slats are covered with cloth or drugget, and Swedish filter-paper is 
laid on the top of the cloth. The notches shown in the figure receive 
bolts of § or ¼-inch iron, to hold the frames together. 

The third frame, shown in Fig. 2, is of the same size and thickness as the 
others, but has, instead of slats, only one or more cross-bars. When the filter 
is put together, the third frame is placed between the other two, and the 
cross-bars serve to press on the joints of the filter-paper and keep the sheets 
together. The cross-bars are perforated, to permit the passage of the 
liquid, which enters through a pipe at the end provided with a faucet, 
and fills the whole filter. 
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Fig. 3 shows in perspective the filter complete.    It will be seen that the 
middle frame, keeping the other two apart, furnishes a space 

 

between them to be filled with liquor.    This is brought through a rubber 
or iron pipe from the precipitating-tank.    Since the filter is 

 
set on a lower level, any desired head or pressure can be obtained. About five 
or six feet is generally enough. The liquor passes out through the filter-paper, 
which collects the gold ; through the cloth, which is merely a support for the 
filter-paper, and then between the slats forming the sides of the filter. 

Fig. 4 is an enlarged view of one of the malleable iron castings screwed on 
the outside frames, to receive the bolts. These, when loosened a little, may 
easily be lifted out of the notches, and thus the filter is very quickly 
opened. Before opening, it is laid on a sheet-iron tray. After the filter  has 
been opened, the gold precipitate is rolled up in the filter-paper, fresh 
sheets are put in, the frames are again bolted together, and the apparatus 
is ready for further use. 
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We strengthen the filter still further by a couple of cross-bars of hard 
wood, as shown in Fig. 5.    This is required by the swelling of 

 

the frames, held around their edges by bolts, which tends to loosen the 
joints of the frames. 

The total cost of the filter will not exceed five dollars. It requires no 
attendance; the cloth lasts indefinitely (since the liquor is necessarily 
neutral before the gold will precipitate); and we have still the original 
cloth of one of our filters. Such a filter, 4 feet by 2 feet in size (giving an 
area of two sheets of filter-paper and hence containing, on the two sides, 
four sheets), will filter from fifty to one hundred and fifty gallons per hour, 
according to the amount of precipitate on the paper. The liquor passes very 
rapidly through it at first, and more slowly as the precipitate accumulates; 
but the filtrate is always perfectly clear. When the filtering becomes 
slow, the faucet is closed, the hose is disconnected, and the chemist and his 
assistant carry the whole apparatus into the assay-office, where it is laid in a 
sheet-iron tray, and opened as already described. 

No one but the chemist has anything to do with it; and, standing in a 
closed box, it attracts no attention. 

DISCUSSION. 

C. A. STETEFELDT, New York City : In European works, where 
solutions with precipitates have to be filtered, the filter-press is now in 
general use, and there are quite a number of good constructions. I have 
myself seen those of Dehne and of Johnson. Johnson's are of English 
construction and can be bought in New York. No doubt Mr. Rothwell's 
press is quite an ingenions one and has been got up for this special 
purpose at slight expense; but perhaps it would be 
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preferable, where large quantities of solutions have to be filtered to buy a 
filter-press of more perfect construction. They are exceedingly convenient 
and filter almost anything, leaving the precipitate in the form of a dry 
cake. In Oker, Germany, they are used, for instance, in Claudet's process. 
The filter-press has largely taken the place of the centrifugal machine. 

THE BESILVERIZATION OF LEAD BY ELECTROLYSIS. 

BY N.   S.  KEITH, NEW YORK  CITY. 

IT seems proper, before describing the plant which has been erected in 
Rome, N. Y., for the purpose of demonstrating the practicability of my 
process of refining and desilverizing lead by electrolysis, to state in a few 
words the principles that govern the process. They are well known to 
those who have studied electrical science, and to the practical electro-
platers of the country, and are briefly these: 

If we take a plate, or other form, of metal (impure lead in this case), 
and immerse it in a bath consisting of a solution of the main metal (that 
which contains the impurities), and also immerse another plate, which shall 
be a conductor of electricity, in the bath, but separated from the first by the 
solution, and connect the former plate with the positive pole of the source of 
electricity, and the other plate with the negative pole, an action will go on 
in this bath which is called electrolysis. There is first a decomposition of the 
solution constituting the bath; then a solution of the metal at the positive 
pole (called the anode), and a deposition upon the other plate connected 
with the negative pole, which plate is technically called the cathode. If the 
bath is properly constituted, and the current of electricity  which is 
passed through the bath is of the proper strength and electro-motive force, 
the dissolution of the anode and the deposition of the metal upon the 
cathode will be exactly equivalent. The analysis and synthesis are 
opposite and equal. If, on the other hand, this solution (called an 
electrolyte) be not properly constituted, decomposition will go on, but there 
will be these effects: a super-oxidation at the anode and a liberation of 
free hydrogen at the cathode, which free hydrogen escapes finally in bubbles 
through the liquid to the surface, and into the atmosphere. In the electrolytic 
treatment of metals simply for their purification and recovery, it is 
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important that the electrolyte should be so constituted that nothing will be 
dissolved from the anode but that which is to be deposited upon the 
cathode; and the action should take place in exactly equivalent quantities. In 
this case, for a given weight of lead dissolved from the anode, a given 
weight of lead should be deposited upon the cathode. If not so, there will 
be a waste of electrical energy in the liberation of the hydrogen which 
escapes to the atmosphere. There is a decomposition of the electrolyte; 
oxygen is freed at the anode, and sub-oxides and sub-salts are then formed, 
which finally act to cut down the current of electricity, or, in other words, 
act contrary to the electrical energy. This action is, therefore, not only 
uneconomical, in the way of the production of the metal, but uneconomical 
also by reason of the decomposition of the electrolyte, which should remain 
permanent in its constitution to avoid expense, to say the least. 

With these principles in view, I commenced, several years ago, a series of 
experiments, as is probably familiar to the most of our members, through 
articles published from time to time in various journals, and papers in the 
Transactions of the Institute. These experiments were undertaken for the 
purpose of demonstrating the practicability of treating a material which is 
produced in abundance in this country--work-lead, or " base bullion." 

In the pursuit of this investigation I tested many solutions as 
electrolytes, and finally settled upon a solution of acetate of soda, in 
which is dissolved sulphate of lead. The chemical reasons I need not enter 
into here. Suffice it to say, in the use of this bath, the dissolution of the 
lead from the anode and its deposition upon the cathode are exactly 
equivalent. This condition was secured after trying many solutions which, 
after a time, were found to suffer decomposition. The acetate solution above 
mentioned has shown itself, in many months, amounting to years, of trial, 
to maintain perfectly its integrity of constitution. 

A few months ago, the erection of an experimental plant was commenced 
at Rome, N. Y., on a considerably larger scale than anything I had 
undertaken before, for the demonstration to capitalists of the feasibility 
of this process. When I commenced the experiment years ago, electrical 
science and appliances for the economical production of electricity had not 
reached the present advanced stage. Now we seem to have approached 
very nearly to perfection, since we are able to convert mechanical energy 
into that form which we call electrical energy with very slight loss.    
Dynamo-electric 
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machines are used which return in electrical energy 84 to 96 per cent, of 
the actual mechanical energy applied to them by the belt of the steam-
engine. 

I will now describe the steps of the process to which the base bullion is 
submitted at this establishment in Rome, giving merely a short account 
of the main apparatus, and leaving to some future paper the electrical and 
chemical considerations involved in the process. 

The metal is brought in pigs to the works, and is taken to a reverberatory 
furnace having a bowl-shaped hearth. At the bottom of the hearth is an iron 
pipe leading through the outer wall of the furnace. At the end of this iron 
pipe, within the bowl, there is a valve which opens inward by means of a 
rod passing through the pipe. The metal melted in this hearth is 
submitted to the action of a reducing flame produced with wood. About 
one-third of a cord of hard wood is burned in ten hours, and ten tons of 
bullion are melted in that time. Alongside the furnace is a frame which 
carries twelve moulds. These moulds are made to cast plates of bullion of 
the size 24 x 6 x  inches. The frame is annular, and revolves upon rollers 
along the side of the furnace so as to bring the moulds (which are placed 
vertically on the ring) successively under the pipe from the furnace. As 
each mould is brought to the place, an attendant moves the valve to draw 
enough of the metal to fill it, and so on in succession. 

As the frame is rotated, other workmen open the moulds, by turning 
clown one side of each, and remove the plates; but before closing the 
moulds they put in each some pieces of perforated copper ribbon, which, 
being subsequently surrounded by the metal of the next cast, serve for the 
suspension of the plate. The moulds are then closed, and pass on to be 
again filled in due succession. 

After some practice, the workmen cast five of these plates per minute. 
The average weight is 7.6 pounds, so that we get 38 pounds of metal cast 
per minute, or a little over a ton per hour. 

The plates are then taken by other workmen and hung temporarily by 
the copper strips on hooks, while a muslin bag is drawn over each plate 
from the bottom upward. In the following operation, as the lead is 
dissolved from the plate, there remains a residue, consisting of the 
impurities of the lead, viz., antimony, arsenic, copper, iron, silver, gold, 
and other metals. This residue would naturally drop to the bottom of the 
vat and become mixed with the lead.    The office of the bag is simply to 
retain the residue. 
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After the bag has been drawn.upon the plate it is hung upon what is 
called the anode-frame. 

This frame consists of six radial wooden arms fastened to a central cast-
iron plate. Upon the outer ends of these arms there are roller's. The whole 
frame is a little over six feet in diameter. On the under-side of these 
wooden arms are copper conductors placed radially, so that their inner ends 
are in close contiguity. To these conductors on the under-side of the anode-
frame are fastened twelve concentric rings, two inches apart; and upon these 
rings are metal hooks for the purpose of receiving the plates of bullion 
hung by the copper strips. The anode-frame holds two hundred and seventy-
six of the plates, which hang on the twelve concentric rings from the 
frame above. The anode-frame is lifted from its place of rest by a 
travelling crane, carried and lowered into a vat containing the electrolyte 
which I have described. These vats, of which there are thirty in this plant, 
holding each a little over a ton of the metal, are 6 feet 1 inch in internal 
diameter, and are constructed of an asphaltic cement upon an asphaltic floor, 
so as to make them water-tight. 

There is a system of pipes or conduits for the electrolyte, so that it may 
be conducted to each vat as desired. Thence it continually overflows the 
edge of the vat into gutters between the vats, and returns to an underground 
cistern, whence it is pumped to an overhead cistern which supplies a head to 
force the solution to enter the vats. In that way we obtain a continual 
circulation of the solution, which is necessary both electrically and 
chemically. 

Within each vat there is also placed what is called a cathode-frame. 
This is built up of thirteen sheet-brass cylinders, placed concentrically, two 
inches apart. When the anodes are lowered into the vat they pass between 
the separate cathode plates, so that a cathode is upon either side of each 
anode-plate, at the distance of about 1 inch. The vats are so connected with 
the source of electricity that the current passes from a dynamo into vat No. 1 
and up through the center of a core, 2 feet in diameter, built within the 
vat. This is built within the vat for two purposes: first, to sustain the 
copper conductor which passes up in its center; and second, for the purpose 
of occupying (instead of the solution) the central part of the vat, since it 
would not be practicable to bring the plates in annular arrangement around 
the center any closer than 2 feet. 

Each one of these vats holds six hundred gallons of the electrolyte. The 
conductors leading to the vats are of 11/8 inch diameter round copper.    
From the inner periphery of each vat a copper con- 
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ductor passes through the side and down underneath to the center of the 
succeeding vat, and so on over the whole series of thirty. The dynamo 
used is one made by Mr. Edison for the purpose. It furnishes an electric 
current having a difference of potential, or an electro-motive force at its 
binding-posts capable of rising to 6 or 7 volts; but in practice we use the 
current up to 2½ or 3 volts. The current which it supplies can be varied to 
suit the requirements of the case, but has been made as great as 1400 
amperes, and from that to a thousand, and below; but the production of 
lead is in exact proportion to the ampéres of current. One thousand amperes 
of current passed through these vats enable us to dissolve this lead and 
deposit it upon the cathodes at the rate of 8.5 pounds per hour in each vat; 
so that we succeed in treating 1 ton of base bullion in each vat in ten days 
of twenty-four hours. The bullion requires no attention after being 
immersed in the vat, except that it is occasionally turned. This turning is to 
prevent " short-circuits," and can be done by means of the anode-frame 
having rollers upon the outer ends of the arms as described, which rollers 
rest upon the edges of the vat. 

The lead is deposited upon the cathode in feather-like crystals, which 
build out from the cathode towards the anode, and in a short time, if not 
disturbed, would build across, so that the current of electricity, in 
preference to taking a path through the electrolyte, would pass directly by 
the metal, and we would cease to gain any dissolution, or deposition. Hence 
the operation of turning, which is now done by means of a lever; but it is 
in contemplation to have the movement take place continuously by 
mechanical power. After the lead is nearly all dissolved (some 5 per cent, is 
left) the anode-frame is lifted out, the bags are removed, and the residues are 
washed out into a vat. 

After these residues settle to the bottom the water is drawn off by means of 
a siphon, and they are mixed with nitrate of soda in proper proportions 
and fused. As a result the gold and silver are found at the bottom of the 
crucible and the other metals are retained in the slag. The economical 
separation of these other metals, such as antimony and arsenic, will be 
pursued. The residues when dried appear as a black, impalpable powder, but at 
the same time of sufficient coarseness not to pass through the muslin bag. 
They can be readily filtered from the solution through coarse twilled muslin. 

This plant, as laid down, has demonstrated the feasibility of the plan. It 
has been found somewhat imperfect, but has determined 
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all the questions which have risen relating to the economic treatment. 
Other vats will be built to avoid the mechanical difficulties which we have 
encountered. The main difficulty is one of leakage. Unfortunately the vats 
were placed upon imperfect foundations, and from' the weight of the 
solution, the metal, etc., they have settled somewhat unequally, and cracked, 
so that we unavoidably lose considerable solution through the ground 
below. It is contemplated hereafter to place the vats upon a substructure of 
timber that will enable us to get at the bottom and remedy any leakage if 
such arise. Perhaps no leakage would have occurred in this case if the 
foundation had been properly constructed. 

DISCUSSION. 

C. HENRY HONEY, Philadelphia, Pa.: I would like to propound to Mr. 
Keith at least one or two inquiries. These are: whether he finds there is 
any perceptible leakage of the residue through the cotton or muslin bags 
into the bottom of the vat; whether any of that residue is carried over 
mechanically in pumping up his liquid to the over-head system in order to 
keep up a constant circulation, for the object I suppose he means to 
secure, of obtaining solution of the same density throughout; and, further, 
whether, in the leakage of the vat, of which he speaks, any loss of electrical 
energy is transmitted to the earth. 

MR. KEITH : The question of the mixing of the residues by passing 
through the bag has been thoroughly worked out, and we find that 
practically there is none. If those plates with their bags over them had to 
be handled in any manner there would be some of the residue forced 
through the bags, but they are not handled ; they are simply moved around 
through the solution, and we find no wash of any kind. What is rather 
remarkable is that the residues remain upon the plate until it is 
completely dissolved. By carefully removing the bag (cutting it so as not 
to drag it off) when the plate has been reduced nearly to the thinness of 
fine writing-paper, it still apparently retains its original thickness and 
almost its original external appearance; but when touched, the finger (or 
whatever it is that applies the touch) sinks into it. This black, pasty-like 
material can be easily drawn off, so that the lead will remain underneath 
without any other coating. The motion of these anodes is through the solu-
tion, and they have no handling. The movement of the solution 
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does not carry anything over the top of the bag, because the bag is drawn 
somewhat higher than its surface. It conies just above the edge of the 
solution. 

There is one additional point which I have omitted to state, hav-ing 
reference to the collection of the lead. There are scrapers which hang from 
the frames down between the cathodes; and, when the anodes are moved 
around in the vat, these scrapers scrape off the  lead-crystal deposit, and 
this deposit drops into the bottom of the vat. When cleaning-up time 
conies, we withdraw the solution by means of a siphon over the top, 
and at the same time lift out the anodes. The cathodes are then lifted 
out, and, after that, we get into the bottom and shovel out the deposit 
of lead. This lot of crystalline lead remains, while under the solution, in 
a perfectly metallic form, utterly unaffected by oxidation or any other 
apparent action for an indefinite length of time. Some of it now in my 
possession has been kept in a bottle, under the solution, for a period of 
over six years, and is as bright to-day as it was at the beginning. This 
demonstrates that there is no chemical action going on in the solution 
which would affect the lead. 

With reference to the other question, as to a leakage of current, I 
would say that we found on an electrical test, at the commencement, 
before the vats were filled with liquid, that there was practically no 
leakage of current with the electro-motive force which was used. 
Since that time there has been a slight leakage, but none of any account. 

The amount of horse-power which is consumed in the separation of 
this material is, we may say, merely nominal. The difference of potential at 
the binding-posts or electrodes of the vats is scarcely   one-quarter of a 
volt. The current passing through is one thousand ampéres. This one-
fourth of a volt and these one thousand ampéres are produced at less than 
one-half of one horse-power. The main consumption of energy is in 
overcoming the resistance of the conductors between the source of 
electricity and the vats themselves, and the conductors between the 
vats. For instance, the longest single piece of conductor is twenty-eight 
feet of one and one-eighth inches round copper between the dynamo and 
the first vat; and my measurements show that one-sixth of the energy 
which is passed into this circuit is consumed in that particular copper 
conductor. So small is the electrical resistance of this conductor that in 
the ordinary electrical measurements such as prevailed two or three 
years ago it would have been set down as nothing; but it should be 
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recollected that while in those clays we were accustomed to deal with one 
million ohms of resistance, we may now be obliged, in some electrical 
measurements, to treat of the millionth part of an ohm of resistance, 
and of all amounts of resistance within these extremes. 

R W. RAYMOND, New York city : The merits of this process, as 
concerns the purity of the lead produced, are, of course, unquestioned and 
unquestionable. The drawbacks of the process, economically, appear to 
fall under two heads, namely : first, the slowness with which it proceeds; 
thus causing an accumulation at one time of a large quantity of 
valuable material in the works, which in turn requires the constant use 
of a very large floating capital, where this material is high-grade 
bullion; the number of tons in the works at, any one time 
representing a sum averaging probably $200 per ton, in gold and 
silver values alone, to say nothing of the lead, or of all that the 
extensive plant requires. On the other hand, the declaration of Mr. 
Keith that the product of lead is in precise proportion to the number of 
amperes, or proportional to the quantity, of current, raises the question 
at once whether, with a given plant, the rapidity of production may not 
be increased simply by increasing the quantity of current. If Mr. 
Keith's works, using a thousand ampéres, produce for each vat a ton 
in ten days, then would it be possible for him, by doubling that quantity 
of electrical current, to produce double that amount of lead, i.e., treat 
double that amount of bullion in the same time? 

The second objection to this process is also, more or less, an eco-
nomical one. It is this, that the process furnishes us with pure lead, but 
it also furnishes us, in the residues, with the worst sort of material for 
further treatment. I wish to inquire what has been Mr. Keith's 
experience so far, in the matter of the extraction of gold and silver 
from the residue. The fact that he gets all the lead, and that he makes 
it pure or nearly pure, is excellent so far as it goes. Possibly it may be 
done with such great cheapness and regularity, and so little skilled 
labor, as to make it compare favorably with the ordinary processes of 
calcination and desilverization. But on the other hand, there is the 
question whether there is loss on the gold or the silver, whether the 
slag which comes from the crucible in which the nitrate of soda has 
been used is itself worth anything, and whether we are obliged to 
follow remnants of gold and silver down through that waste 
material for further treatment; all of which questions will have to 
be further considered before we can sum up the advantages or 
disadvantages which this process, like 
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every other, must possess, and decide upon which side the balance of 
advantage inclines. I fancy, though I have not had any personal 
experience of the advantages of the process, that it will turn out, like 
most other processes of acknowledged merit, to be economical under 
some conditions and in some localities, whereas in other localities 
and under other conditions it could not, perhaps, compare economically 
with the present processes. 

ME. KEITH: The impression which I desire to convey is this, that 
this plant is an experimental one, but an experiment upon a large 
scale. Every point which we have met has been favorably decided. 
The question of the separation of the residues to their ultimate 
constituents has not been fully determined, but the slags which are 
produced are very fluid ones, and the separation of the gold and silver, as 
far as our tests have gone, seems to be complete. The chemical 
separation of antimony has been thoroughly considered, but not yet 
carried into practical effect. There seems, so far, to be very little, if 
anything, against it upon theoretical consideration. 

As to the economy of plant, considering the amount of material 
which must be placed under treatment, I will say this, that the process 
has been carried on at the rate of dissolving these plates in two and a 
half days or sixty hours, and the action was still as effectual as at the 
slower rate. It may be considered as settled that, with the proper 
means for the increase of our "quantity," the time could be at least 
reduced from seven days or one hundred and sixty-eight hours to sixty 
hours. That decreases the necessary size of the plant for a given output 
very materially. 

It was not thought necessary, in this plant, to go to that extent, but 
the experiments which have been carried on, and to which no practical 
objection has been urged by those who are experienced in such matters, 
settle that point. At the time of the first publication of this process, it 
was considered by myself impracticable to dissolve these plates 
with a greater rapidity than in about eight days, for this reason: If the 
solution is not properly circulated, it does not enter the bag and filter 
through it, so that the sulphate of lead which is formed within the bag 
by the electrolytic action can be dissolved by the acetate solution and 
carried from the bag into contact with the cathode. There would thus be, 
in the case of an imperfect circulation, a formation of a crust of 
sulphate of lead, which would not be dissolved, and would interrupt 
the process. But I am now satisfied that the time can be reduced, as I 
have said, to sixty hours, without impairing the efficiency of the 
operation in that way. 
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Now, as to the cost of production of these plates, the putting of the 
bags upon them, and hanging them upon the anodes, it is somewhere 
between 90 cents and $1 per ton under the arrangements which I have 
described. The power applied is about 12 horse-power, and, as I have said, 
fully three-fourths of this is absorbed by the conductors themselves, which 
it was thought were made large enough. They are large enough if we 
consent to expend energy day by day in overcoming their resistance. If 
we conclude it is better to increase their size, and therefore decrease 
the daily consumption of energy and its attendant expense, we will also 
decrease the expense of the production of the current. 

M. B. PATCH, Houghton, Mich.: I would like to ask Mr. Keith 
whether there is any difference in the amount of lead deposited resulting 
from any difference in the speed with which the solution is allowed to 
flow in and out of the vat. For instance, it makes a great difference 
in blast-furnaces what force of air goes in to make your combustion 
perfect. 

MR. KEITH : The amount of lead deposited is exactly the same in 
all the vats. If there is any obstruction in the circulation of any vat, it 
cuts down the production of lead in all the vats. We have overcome all 
such obstructious due to defective circulation. This solution is replaced 
at the rate of 600 gallons each hour and a half. It can be done a little 
more rapidly. We find by electrical tests that if it is done more slowly 
there is a greater tendency to the production of counter electromotive 
force or resistance to the passage of the current and the consequent 
cutting down of the product. 

Somewhat as we bring oxygen in immediate contact with fuel as fast 
as the carbon may absorb it, so we want to bring the lead which is in the 
solution in contact with the cathode so that it may be deposited. If no 
lead is there present, no lead will be deposited, and the current is 
resisted at that point. The tendency is to take the material which is 
present rather than the one which should be present. It takes more 
energy to deposit certain constituents of the solution than it does the 
lead constituent. If lead be not present, it requires more energy to 
deposit hydrogen, that being the only other material. If zinc happened 
to be in the solution, it would require more energy to deposit that 
zinc. If there be a proper amount of the lead, no zinc will be deposited; 
and, conversely at the anode, as long as lead is present, no other metal is 
dissolved, with the exception of zinc, if it be present. 
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FIRE-CLAYS AND FIRE-BRICKS IN SWEDEN. 

BY N. LILIENBERG, NEW YORK CITY. 

REFRACTORY materials play much the same part in the produc-ion of 
metals as houses and shelter for men, and it therefore seems useful to 
discuss sometimes the ways of manufacturing them. In fact, it appears 
to me that too little has been said on this important matter, probably 
because the manufacturers of fire-brick do not care to publish details for 
the benefit of competitors, but perhaps, also, by reason of the indulgent 
indifference of consumers. Judging from the revolutions in the 
manufacture of iron and steel caused by using calcareous materials for the 
furnace-bottoms, it does not seem improbable that in the future basic 
bricks may be produced sufficiently strong for building also side-walls 
and arches, and perhaps, also, for use in blast-furnaces. But the existence 
of the present difficulties of great shrinkage in burning and small strength 
against compression, which limit the possibility of using basic bricks to 
Bessemer converters and such open-hearth furnaces as permit the bottom 
to be separated from the superstructure, seems to indicate still a long and 
extensive use of silica fire-bricks. 

I am not prepared to say anything about American fire-brick making, 
but knowing that industries abroad are watched with increasing interest 
by American manufacturers, I have imagined that this association would 
like to hear some facts about the way firebricks are made in my 
country—Sweden. Well-known as it is that Sweden produces a high 
quality of iron, it is perhaps not so universally known that the same 
country produces a very high grade of silica fire-brick, whereby most of 
its own wants are supplied. 

In giving the following sketch I can, of course, not claim that all the 
facts are entirely new, but shall consider my object attained if American 
manufacturers can derive some benefit from the comparison of the 
following methods with their own, and if some discussion on this 
important subject can be aroused which will contribute to further 
progress. 

In order to show the extensive use of domestic fire-bricks in Sweden, 
where English bricks are easily obtainable, I mention the fact that 
about twelve millions of all kinds of fire-bricks (reduced to 
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nine-inch size) are yearly produced iu that country of about four 
million inhabitants, waking yearly about 750,000 tons of all 
kinds of iron, and that about 1500 tons of Swedish fire-clay are 
yearly consumed by the four porcelain and earthenware works in 
Scandi-navie, being mostly used for saggers, in which the 
products are burnt. 

The only fire-clay district in Sweden is located in the northwest 
corner of the southern peninsula, where the material is associated 
with the only existing Swedish mineral coals. The distance of 
about three hundred miles from the centers of iron-making 
within the country is a great obstacle to the development of this 
coal and clay deposit. The first discovery of this deposit dates 
as far back as about two centuries, when the coals were first used 
for household purposes, being especially adapted for this on 
account of being easily burnt. The clay was at that time mixed 
together with the coal and laid aside unused in heaps around 
the mines. It was only after about one generation that the 
excellent qualities of these clays began to be appreciated, and the 
further extension of their use has been so slow that only within 
the last ten years the Swedish metallurgical works have come to a 
general employment of domestic fire-bricks. The Swedish coal and 
clay deposit belongs to a younger geological period than the 
English coal-beds, and, judging from the abundant fossil 
vegetation, geologists have identified the formation as the 
Rhætian.* A noticeable feature is the very small amount of 
pyrites in the coals, while these, as well as the clays, are 
sometimes intersected by mica, gypsum, and carbonate of lime. 
The clay-beds vary considerably in thickness, from a few inches 
to several feet, while they follow the coal-strata in their much-
varying and broken course. Most of the days belong to the 
shales, being sometimes charged with so much sand as to form 
real hard sandstone, while pipe-clays are only seldom to be 
found, and then in isolated beds. The clays are divided into three 
principal classes, each requiring special treatment and serving a 
different purpose, viz.: 

Clays free from sand and coal. 
Clays containing sand and no coal. 
Clays saturated with coal and containing very little sand. 
Where the amount of coal is more than fifty per cent, the 

mixture is termed and used as coal. 

* The Swedish official catalogue at the Vienna Exposition (1873) says the 
age of this formation is not perfectly determined, but it is generally accepted as 
belonging to the Trias and Jura. 

VOL- XIII—21 
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As the clay-strata lie at depths of from fifty to four hundred feet 
the mining must be carried on entirely by shafts. These have a cir-
cular section ten to fifteen feet in diameter. The raising of solid 
materials is effected by double elevators, and that of water, 
which is very troublesome in these mines, by pumps nine to 
twelve inches in diameter, while the water from the lower parts is 
forced by pulso-meters to the bottoms of the pump-shafts. 

A peculiar difficulty is the very loose structure of the rock, espe-
cially its upper part, which makes it necessary to line the shafts 
with wood all the way up. The old method of taking out and rais-
ing the entire thickness of coal and clay and separating them above 
ground, only leaving so much in the mine as was necessary for sup-
porting the roof, was of course long ago replaced by the more eco-
nomical way of making the separation underground and filling the 
empty spaces up to the roof with waste rock, thus creating a sup-
port. The blasting-materials mostly used are Sebastine and dyna-
mite, which, besides the advantage of more rapid and economical 
work, cause, in the small drifts (only three feet high), less inconve-
nience from smoke than gunpowder. 

The three classes of clay above mentioned are in practice subdi-
vided so that there are, in all, ten classes, of which five are of supe-
rior quality. The best of these clays have, in the calcined state, 
about the following composition : 

Per cent. 

Per cent. 
Silica...............................................................       .       .       .   52 to 59 
Alumina .................................................................................. 42 to 37 
Flux, ........................................................................................ 6 to   4 

100    100 

Silica...............................................................       .       .       .   52 to 59 
Alumina .................................................................................. 42 to 37 
Flux, ........................................................................................ 6 to   4 

100    100 

About one-half of the flux is iron and the remainder lime, mag-
nesia, and alkalies. It will be seen from these analyses that the 
bricks may be termed alumina-bricks as well as silica-bricks. The 
colors of the crude clays vary from white to entirely black, 
depending on the amount of coal they contain. When burnt, they 
are all light or dark yellow. 

The density in the natural state is so great that the shrinkage in 
burning only amounts to abont eight per cent, of longitudinal mea 
sure. The power of absorbing water in the burnt clays is so vari 
able that some absorb five times as much as others. The 
strength 
of the nine-inch bricks against compression is 1600 to 2600 pounds 
per square inch.  
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The clays containing more than twenty-five per cent, of coal 
are laid up at some distance from the shaft-building in order to 
prevent danger daring their spontaneous combustion. These 
clays are intended for the so-called chamotte. All clays 
containing less than twenty-five per cent, of coal, but still too 
much coal for directly forming the main substance of the bricks, 
are transported direct from the shafts to the ehamotte-kilns in 
buggies containing each about six cubic feet. The yellow, 
white, and light gray clays, intended for the main substance of 
the bricks, are heaped radially around the shaft-openings and left 
exposed to the open air during a whole year, thus facilitating the 
subsequent grinding and oxidizing several impurities, which are 
thus made soluble in the rain. Pyrite and car-bonateof lime are 
thereby changed to sulphates of iron and of lime, which are 
dissolved by the water. The crude clays, having originally the 
hardness of granite, are, by the cold of one winter, the rain of one 
spring, and the heat of one summer, reduced from large blocks into 
fine-grained powder, ready for further treatment. The trans-
portation to the brick-works is then effected in railroad cars 
holding about one hundred cubic feet each, and moved by 
locomotives or horses. 

By the grinding process, the fibrous structure of the clay is 
destroyed, a perfect homogeneity obtained, and facility given for 
introducing additions of sand or chamotte, As it is necessary 
that the clay should be dry before grinding, in order to obtain a 
perfectly homogeneous and floury product, it can, during the 
summer time, only be taken direct from the shaft-heaps to 
the mills. In winter it needs to be dried before use. This is 
effected in large sheds heated by steam, or by underground 
flues through which the waste heat from boilers and kilns is 
passing. 

The grinding is done by the three following machines: 
1. The perforated-bottom day-pan, having the same shape as 

the well-known English mortar-mills, although much larger and 
more solid, the diameter being about 9 feet. The exterior part 
of the bottom is composed of sectional cast-iron slabs, 
perforated with inch holes about ¾| inch apart. On the 
average, the bottom makes 24 revolutions per minute. The 
rollers working on this bottom are provided with chilled cast-
iron rings about 3 inches thick and fixed . to the cast center 
with wedges of Norway pine. One iron scraper before each 
roller shoves the clay under them, after which the centrifugal 
force throws the powder to the perforated part of the bottom, 
where the dusfc slips  through, and the coarse grains are 
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As the clay-strata lie at depths of from fifty to four hundred feet 
the mining must be carried on entirely by shafts. These have a cir-
cular section ten to fifteen feet in diameter. The raising of solid 
materials is effected by double elevators, and that of water, 
which is very troublesome in these mines, by pumps nine to 
twelve inches in diameter, while the water from the lower parts is 
forced by pulso-meters to the bottoms of the pump-shafts. 

A peculiar difficulty is the very loose structure of the rock, espe-
cially its upper part, which makes it necessary to line the shafts 
with wood all the way up. The old method of taking out and rais-
ing the entire thickness of coal and clay and separating them above 
ground, only leaving so much in the mine as was necessary for sup-
porting the roof, was of course long ago replaced by the more eco-
nomical way of making the separation underground and filling the 
empty spaces up to the roof with waste rock, thus creating a sup-
port. The blasting-materials mostly used are Sebastine and dyna-
mite, which, besides the advantage of more rapid and economical 
work, cause, in the small drifts (only three feet high), less inconve-
nience from smoke than gunpowder. 

The three classes of clay above mentioned are in practice subdi-
vided so that there are, in all, ten classes, of which five are of supe-
rior quality. The best of these clays have, in the calcined state, 
about the following composition : 

Per cent. 

Per cent. 
Silica...............................................................       .       .       .   52 to 59 
Alumina .................................................................................. 42 to 37 
Flux, ........................................................................................ 6 to   4 

100    100 

Silica...............................................................       .       .       .   52 to 59 
Alumina .................................................................................. 42 to 37 
Flux, ........................................................................................ 6 to   4 

100    100 

About one-half of the flux is iron and the remainder lime, mag-
nesia, and alkalies. It will be seen from these analyses that the 
bricks may be termed alumina-bricks as well as silica-bricks. The 
colors of the crude clays vary from white to entirely black, 
depending on the amount of coal they contain. When burnt, they 
are all light or dark yellow. 

The density in the natural state is so great that the shrinkage in 
burning only amounts to abont eight per cent, of longitudinal mea 
sure. The power of absorbing water in the burnt clays is so vari 
able that some absorb five times as much as others. The 
strength 
of the nine-inch bricks against compression is 1600 to 2600 pounds 
per square inch.  
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clays are piled up in extended heaps and set on fire as soon as dry 
enough. The heaps burn for weeks, months or even a whole year, 
according to their size. . The burnt clay is gradually carried 
away to the mills while the remainder is still burning. 

The black clays containing less than 25 per cent, of coal are 
burnt in kilns, much in the same way as limestone. The best 
shape of these kilns is that of a half-egg, point downward, the 
height being double the diameter, which is generally 12 feet. A 
chimney-stack of about 36 feet stands on the edges of the kiln. 
Coal and clay are charged alternately into the kiln in proportion of 
1 to 6, the working being continuous. Such a kiln holds about 1000 
cubic feet and gives about 200 cubic feet chamotte in 24 hours. 

As the chamotie-c\&y has not been broken by exposure to the 
air, like the light-colored clays, it must pass through a special 
crusher, which is of the generally-known Blake construction. 

The chamotte is ground also in the above-named granite mill 
and in a special so-called rolling-mill. The latter has two pairs of 
horizontal rollers, placed above each other. The upper pair is made 
of granite, leaving about § inch space; the lower of cast-steel, 
with about T

3
B inch opening. As the granite mill produces pure dust 

and the rolling mill coarser grains of flat and sharp-edged form, 
these two products have to be mixed. The dust alone would 
make the clay too dense, and the grain alone would make it too 
"short," and liable to cracks. 

The proportions between clay and chamotte are about 4 to 1 for 
ordinary fire-bricks, and 1 to 1 for special bricks, such as 
converter-bottoms, tuyeres, gas-retorts, etc., the amount of 
chamotte being increased with the size. 

The first mixing of clay and chamotte is made partly on the 
above-named perforated pan, partly in heaps on a wooden floor, the 
heaps containing, about 100 cubic feet each and shovelled by hand. 
When duly mixed, the mass, or so-called pulp, is laid up in 
rectangular shape, sprinkled with water and left in this state for 
some hours. The pulp is then charged into the pug-milk, which 
are constructed in a way similar to the ordinary clay-mills, that 
is with a vertical iron or wooden drum about 6 feet high and 2 
feet in diameter, in which revolves an axle provided with steel 
blades, placed spirally. When pressed out through the opening 
below, the pulp intended for common-sized firebricks goes direct 
to the moulding,- but for gas-and iron-works special bricks, it 
passes the pug-mills twice, and 
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is then clubbed together into troughs to the height of about 1 foot 
and left during one night. 

There are several methods used in Sweden for moulding the fire-
bricks. During the summer-time the most simple moulding is done 
by hand, two bricks being formed at the same time, much in the 
same way as red bricks, the moulded bricks being left to dry in long 
rows on a brick-floor, until they have the hardness of leather, when 
they are put into hand-presses worked by eccentrics on a shaft. In 
the season when exterior heat does not serve for evaporation, the 
pulp is made stiff in the pug-mills, cut into squares about filling the 
moulds and then forced down into the moulds by oak clubs, or some-
times, by lifting the mould with its contents some inches and allow-
ing them to drop on the table; this being repeated 2 or 3 times. 
Whenever steam-presses replace hand-moulding, the passing through 
the pug-mills is omitted, and the pulp or the sandy clays are mixed 
in the perforated pan with so little water as to form a semi-dry 
mass. The bricks made from this mass direct by the steam-press 
are so dry that they can be immediately carried to the kilns. One 
"semi-dry" brick-machine turns out from 8000 to 10,000 nine-inch 
bricks per day. 

The drying of the pressed, ordinary fire-bricks is effected during 
the summer in large open sheds, provided with a roof, so much pro-
jecting as to keep out the rain. Ordinary fire-bricks, in the rainy 
and the cold seasons, as well as extra shapes in any season, are 
dried on long floors heated by underground flues, through which the 
waste heat from the kilns passes. 

When sufficiently dried, the bricks are carried to the kilns for 
burning. These kilns are fired with solid fuel or with gas. Of the 
first class there are three kinds; one for continuous use, burning all 
ordinary sizes, and two working periodically, in which extra sizes 
and shapes are burnt. The continuous or so-called Hoffman kiln 
has a chamber 7 feet high and 9 feet wide provided with vertical 
projections on the insides, whereby a division into from 10 to 24 
compartments can be effected. This chamber forms a tunnel, ex-
tending into an elliptical shape. The compartments are separated 
by iron plates or (of late years) by specially prepared paper. In 
filling the compartments with bricks, openings are left under the 
charging-hoppers in the roofs, through which the fuel is dropped. 
Iron doors on the outside serve for entering the chambers at the 
time of filling and emptying. The firing is done in one 
compartment after the other, and the air for combustion is 
admitted through the 
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last-burnt chambers, thereby contributing to a more rapid cooling 
of these, while itself entering upon the fire in a pre-heated state. 

The periodical kilns have either a rectangular or a circular shape. 
The former are about 24 feet long, 14 feet wide, and 12 feet high. 
On the long side are built fireplaces with grates, from which the 
flame rises through the bricks to the roof, and escapes through flues 
in the floor. In order to protect the nearest bricks against the 
strongest heat near the fire, there are walls about 4 feet high sur-
rounding three sides of the fireplaces. The bricks are charged and 
emptied through one door located on the end of the kiln. 

The circular or so called cupola-kilns are 12 to 16 feet high, and 
16 feet in inside diameter, with fireplaces 18 to 24 inches wide, lo-
cated in the circumference, the circulation of the flame being the 
same as in the rectangular kilns. 

When only one kiln is used, the escaping gases are led through a 
flue of clay pipe in the centre, and by flues connecting with holes in 
the bottom, from which they run to a chimney about 25 feet high, 
built either on the side-wall or on the top of the kiln. In using 
several kilns, a single separate chimney-stack is built, serving them 
all. 

The periodical kilns hold from 15 to 20,000 nine-inch bricks. 
The fuel for direct firing is mineral coals, mostly Swedish, but also, 
in order to obtain the last white heat, English so-called "pottery-
coal." 

Of the gas-kilns, use is made in Sweden of the so-called Mend-
heim chamber-kiln only; aud this is employed, notwithstanding its 
great cost of erection, because it gives invariably a good product, 
which is not always the case with the circulating gas-kilns working 
in a way similar to that of the Hoffman kiln already named. The 
Mendheim kiln has a rectangular shape, and contains from 16 to 18 
compartments in two parallel rooms. The separating-walls are built 
of fire-bricks, each wall containing 5 vertical flues leading the gases 
from one compartment to another, the inlets being near the floor, 
and the outlets near the roof. Air for combustion is admitted 
through about 60 small holes in the floor, having passed an already 
burnt chamber, thus accumulating some heat. The gases, before 
escaping to the chimney-flue, circulate through all the filled com-
partments, thus effecting a gradual pre-heating. Gas-producers are 
placed before one end of the kiln, while the chimney-stack is erected 
at some distance from the opposite end, leaving a space so as not to 
bar possible enlargements. 
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The period for burning bricks varies of course, according to the 
dryness and size, depending also on the construction of the kiln, 
but is generally from 60 to 80 hours. All bricks ought to be ex-
posed in the kilns to such a heat as is to be actually applied after-
wards in their practical use. The consumption of mineral coal per 
1000 nine-inch bricks varies from 20 to 40 cubic feet. 

In giving this outline sketch of Swedish fire-brick making, I have 
obtained valuable information from Mr. C. Matton, a Swedish engi-
neer of considerable experience in this line, who will willingly 
answer further questions from any one who likes to pursue the matter 
into further details. 

The extraction of the Swedish clay costs at one prominent fire-brick 
works, about 2¼ cents per cubic foot, and the average cost for 1000 
nine-inch bricks about $11.50. 

The need of something more refractory than ordinary fire-bricks 
in the construction of certain parts of steel-melting furnaces, has 
called into existence in Sweden a successful fabrication of bricks 
made from coarse-grained pure quartz and fire-clay, which of course, 
stands very little mechanical strain, but resists excessive heat as well 
as the renowned English Dinas bricks. I am not prepared at pres-
ent to give details of this process, but will probably be able to do so 
at some future time. 

The Swedish fire-bricks compare favorably with the best English 
ones, according to numerous testimonies from the most prominent 
iron-works. 

In comparing different kinds of fire-bricks, due consideration 
should be given to the chemical action of matters brought into con-
tact with them. In a blast-furnace, the lime, manganese, alumina 
and oxides of iron attack the silica-bricks at a heat much below 
what these wonld stand if simply exposed to an elevated temperature. 
In an open-hearth steel-furnace, the addition of iron-ore, as practiced 
in some places, does much to shorten the duration of the lining 
(which, therefore, by the by, should be made of basic materials.) 

In judging the quality of fire-bricks, it would also be fair to 
consider the great damage to a lining by frequent cooling-down of 
the furnace. Finally, I beg to point out that fire-brick makers have 
often received the blame for bad results actually due to great care-
lessness in brick-laying. As brick-moulds are so easily made, it 
ought not to be too much trouble to obtain furnace-bricks of such 
shapes as to avoid nearly all cutting. This operation is not only a 
very expensive one, but the surfaces can never, in that way, be made. 
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so smooth as to give sufficiently thin joints. The use of briek-frag-
nients and mortar to fill up cavities between defective bricks, should 
of conrse never be allowed. In building arches of re-heating and 
steel-melting furnaces, it seems that due consideration should be 
given to the fact that the flame eats the joints more rapidly length-
wise, and that the arch-bricks should, therefore, be shaped and laid 
so as to break joints in the longitudinal direction. The arch-bricks 
should never be used to turn the flame down on the metal, but the 
direction of the gas and air ought to be broken before they meet. I 
say this, knowing that a number of open-hearth furnaces have been 
built without observing this precaution. 

In connection with this subject, I can hardly omit to mention 
that the bottoms in the Swedish Bessemer converters are built of 
whole bricks, so large as to contain one tuyere each, the spaces being 
filled with exactly-fitting blocks; and that these bottoms have been 
found to show great resistance as well as to be easily changed. 

In regard to blast-furnaces, I beg to say, that the bricks in the 
part below the bosh are in most cases laid horizontally. The edges 
in the conical surface thus project, forming regular scaffolds, thereby 
increasing the resistance for the descending materials. In many cases 
these are allowed to wear off, causing the surface to take a more or 
less irregular shape; but in other blast-furnaces these edges are cut 
before filling, which cutting amounts to at least 400 square feet in 
an ordinary coke-furnace. I beg leave to ask, why all this is not 
avoided by cutting the upper surface of the first layer of brick at a 
right angle with the conical surface, and then laying the following 
bricks sloping in the same direction. 

In the Swedish blast-furnaces the lower cone is made of a stamped 
mass of quartz and fire-clay in the proportion of about 10 to 1 in 
the lower part and about 8 to 1 in the upper part, thus forming a 
lining without joints, perfectly smooth and of great resistance. 

Allow me, in conclusion, to mention the unnecessarily liberal use 
of fire-brick, shown in many furnace constructions, where they ap-
pear in flues hardly exposed to a dull red heat. 

DISCUSSION. 

W. F. DURFEE, Bridgeport, Conn.: In connection with this 
subject, I will describe the construction of the roof of a reverberatory 
furnace, which I erected some ten years since. The roof was made 
of crushed fire-brick combined with a very little fire-clay.    These 
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two substances were intimately mixed dry, and then the whole 
was wetted with a saturated solution of common salt. This mass 
was then rammed one foot in thickness upon a rudely formed 
wooden center in the furnace. It was then allowed to stand a day 
or two to dry in the air. Then the gas was turned on in the fur-
nace, and a low heat kept for a number of days until the moisture 
was expelled from the roof. Of course, the center was burned out 
immediately. Then a more intense heat was applied, and finally 
the whole interior surface of the roof was baked into one entire fire-
brick mass, so to speak. That furnace was used under my supervision 
for over a year, in some cases with a temperature as high as that of 
the welding heat of iron, and the roof was a great success in every 
way. I have no doubt that, when it is possible to give time 
enough for a furnace-roof to dry before it is burned, the plan I 
have described will be found much more satisfactory than the 
ordinary construction composed of small pieces or masses of fire-
brick. 

ANDREW S. MCCREATH, Harrisburg, Pa.: I would ask Mr. 
Lilienberg, whether this Swedish fire-clay has ever been tested for 
titanic acid, and whether the effect of that ingredient has been 
noted? 

MR. LILIENBERG : It contains very l i t t le  titanic acid. I think 
that has no practical effect. 

COAL-MINING IN TEE CONNELLSVILLE COKE REGION OF 
PENNSYLVANIA. 

BY JOHN FULTON, E.M., JOHNSTOWN, PA. 

THE Connellsville coal-field is a separate strip of the upper coal 
measures, flanking the Chestnut Ridge along its western side. It 
extends from a point a few miles sonth of Uuiontown, in Fayette 
County, following a northeasterly course parallel to the trend of 
Chestnut Ridge, through Fayette and Westmoreland counties, with 
its terminal prongs resting on the southern portion of Indiana 
County, north of the town of Blairsville. 

This belt of coking coal will average about three miles in width 
and over sixty miles in length, affording nearly, if not quite, two 
hundred square miles of this large coal-bed. 
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The accompanying cross-section of the Connellsville field (see 
plate) will show its geological structure. It is a shallow synclinal, with 
slopes of 7° to 3°, moderating downwards towards the middle of the 
basin. Sufficient levelling has not been done to ascertain the position of 
the axis-line of this large basin. The indications are, from what is 
known," that its structure will harmonize with the general law of the 
Appalachian region, i. e., will show a rise along its axis-line 
northeastward. But this law is never uniform over long distances, 
as the bottoms of all basins are interrupted by "swamps" and 
"summits," resulting mainly from the variableness of dips along 
their course, or rather from the forces that formed these dips. 

The mine-workings of this region are confined to the one principal 
seam, the Connellsville or Pittsburgh coal-bed, which is found here in 
its best development as regards size, while its quality of coal is 
peculiarly adapted to the great industry of the region—coke-making. 

This large coal-bed preserves a remarkable uniformity of thickness 
over the whole field, generally affording from eight to nine feet of 
coal, and seldom falling below seven feet in thickness. The typical 
sections, a, b, c, d, and e, on the accompanying plate, exhibit the 
condition of this bed in several widely separated localities of the field. 

The coal-bed is underlaid with fire-clay, and has a roof of car-
bonaceous slates and shales. This roof, for a height of 8 to 16 feet 
above the coal, is sliced into blocks by cleavage-planes, rendering it 
quite brittle and easy to let drop in short sections. This condition of 
the roof governs the width of adits, headings, and rooms. A portion 
of the upper bench of the coal-bed, from 6 to 12 inches, is usually left 
attached to the roof, for the purpose of stiffening it, and also to prevent 
its ravelling down in the mine-ways and room-workings. 

The coal is quite soft and easily hewn down, as the bed is slashed 
with planes into thin plates nearly at right angles to the bedding-
plane. No "bearing-in" or undercutting is required—merely a 
cutting down or excavating process. The coal is bright, and mines into 
small pieces or "fine coal." 

The following analyses, from very careful sampling, will show its 
general character: 
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I .  
Analyses of Connellsville Coal. 

T. T. Morrell, chemist. 

 
In comparing the composition of coals across the Appalachian 

field, in the western section of Pennsylvania, it will be noted that 
the Connellsville variety occupies a peculiar position between the 
rather dry semi-bituminous coals eastward of it and the fat bitu-
minous coals flanking it on the west. 

II .  
Analyses from Hie Upper Coal Measures, in a Westward Order. 
A. S. McCreath, chemist 

 
III. 

Analyses from the Lower Coal Measures, in a Westward Order. 
Messrs. Morrell and McCreath, chemists. 
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This special position and condition of the Connellsville coal-bed for 
coking has made this region famous. It is, in fact, the Durham of 
America. 

Beneath this Connellsville or Pittsburgh coal-bed, occurs an interval 
of from 400 to 600 feet of "barren measures," separating it from the 
lower productive coal-measures of Western Pennsylvania. 

Tables II. and III. show the great similarity in composition in the 
coals of these upper and lower coal-measures in the same geographical 
belt or basin. This should afford the Connellsville coke producers a 
large additional supply of coal from the beds in the lower coal-
measures. 

From the geological cross-section given in the plate it will be seen 
that along the flanks of the basin, the Connellsville bed comes to the 
light in places along the hillsides, forming steep escarpments. These 
massive outcrops early invited attention to the presence of this coal. 
A large number of "country-bank" coal mines are still found along 
such outcrop-edges of the basin. These have been, and are now, 
worked in a very primitive way, with appliances of great antiquity. But 
for the discovery that this coal was admirably adapted for coke-making, 
the region might have remained in its normal obscurity. In 1841 
Provence McCormick and James Campbell, two carpenters, learned that 
coke-making might lead to profitable, results. By their enthusiasm they 
interested John Taylor, a worthy stone-mason, who owned a tract of 
coal-land, and who was engaged in coal-mining at the time. These three 
formed an industrial " pool;" Taylor, the stone-mason, was to build the 
coke-ovens, and the carpenters, McCormick and Campbell, were to 
build two "arks" to convey the coke by water to Cincinnati. 

In the spring of 1842 the fleet of two arks, carrying 1000 bushels of 
coke each, or 40 tons in. all, reached Cincinnati safely. But the 
proprietors found to their amazement that this new fuel was almost 
unknown to the iron-founders of that city, who, when canvassed for 
its purchase, regarded it with suspicion, indignantly denominating it 
"cinders." A portion of this cargo was traded for groceries  at 
unprofitable rates, and the remainder was shipped in canal-boats to 
Dayton, Ohio, where Judge Gebhart, the owner of a foundry, used 
the coke, and discovered its superior value in iron-smelting. 

After the completion of the Pittsburgh and Connellsville Railroad, 
Connellsville coke was shipped to Pittsburgh and tested in the blast-
furnace of Graff, Bennet & Co., where its superior value was first 
firmly established in 1859. An attempt at this furnace to sub- 
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stitute coke made- from Pittsburgh coal near the furnace proved 
unsatisfactory, and the Connellsville coke was again used. This test 
gave the first impetus to mining for coke-making in the Connellsville 
region, so much so that thirty new ovens were built in 1860. 

The following statement exhibits the progress of coal-mining and 
coke-making: 

 
The amount of coal mined and used for coke-making in 1879 was 

3,222,306 net tons, from which 2,013,941 net tons of coke was made. 
This was 73.17 per cent, of all the coke made that year in the United 
States. 

If all the ovens of this region could be kept in use during the 
present year, 1884, the consumption of coal would be 8,102,880 net tons, 
yielding 5,064,300 net tons of coke. 

In addition to the coal used for coke-making, from 100,000 to 
150,000 tons are now annually shipped for other purposes, making the 
total coal required from the mines, when all the ovens are in operation, 
8,500,000 tons, nearly. 

Taking the product of an acre of coal at 13,500 tons net, the 
present annual requirement of full work would exhaust the coal from 
a square mile of this territory each year. 

The early methods of coal-mining for coking consisted mainly in 
slopes, following the coal-bed down its dip towards the bottom of the 
basin. The main headings were usually driven at right angles to the 
slope. "Butt"-headings were driven from the adits at angles    to insure 
moderate gradients across the floor of the coal-bed; from these the 
rooms were laid off mainly parallel to the main headings. The rooms 
were made of a width to suit the tenacity of the roof, usually 10 to 14 
feet, the "ribs" or pillars being 8 to 12 feet thick (see Fig. 3). 

From the beginning of mining operations until the year 1882, little 
attention was given to exhaustive mining. The coal-pillars or "ribs" 
were left as narrow as possible in the direct working of rooms. When 
these rooms had been driven to their full length, 
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then in coming back the ribs were further reduced by cutting along 
their flanks or by cross-cuts through these pillars, the remainder 
gradually splintering down, with the entire loss of from 20 to 40 
per cent, of the coal. A very large area of this fine coal-bed has 
been lost in this way. In the sections of the coal-field where the 
covering is light, the presence of these lost coal-pillars can be plainly 
seen on the surface in ridges, between the greater depressions caused 
by the full sinking of the room-workings. 
During the year 1882, a revision of the previous wasteful methods       
of mining was carefully considered, and some of the companies 
Flg.1. 

                                Floor 
  Section scale 10 feet to1 inch 

adopted the plan of exhaustive mining, by withdrawing the coal-pillars 
between rooms, when the latter reached their full length of 300 feet, 
more or less (see Fig. 3). 

Taking the available coal in this bed at 7½ feet thick, an acre 
will yield, in round numbers, 13,500 net tons. By the old system 
of mining, under its most favorable conditions, about 33 per cent, 
of 
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the coal was lost in ribs or pillars. This loss would be 4,455 net tons 
per acre. Estimating the coal at a royalty of 9 cents per net tou, this 
is a loss of $400.95 per acre. 

On the other hand, the owners of coal rights generally do not own 
the surface of the land. The land is quite valuable for agricultural 
purposes, selling for $100 per acre. Any mining operations displacing 
this surface or injuring it for farming purposes would incur damages. 

Where 100 feet or upwards of covering is found over the coal-bed, 
very little, if any, disturbance of the surface follows, since the enlarged 
space occupied by the breaking up of the roof-slates and sandstones 
compensates for the coal-space made vacant.    But antici- 

 
pating the worst condition of shallow covering and breaking np of the 
land surface at $30 per acre, a balance of $370 per acre would remain to 
reward exhaustive mining. 
When other sources of economy are considered, such as the hauling out 
of the pillar-coal over the room-tracks previously laid down, 
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the saving of props, and the improved condition of air by confining it to the 
actual workings, it is safe to say that at least §100 per acre should be 
saved by exhaustive mining. 

Two general methods are now in use in the work of drawing coal-pillars. 
The first consists in hewing the coal on the face of the pillar (see Fig. 
1), the miners being protected by a double row of props, which arrest the 
falling of the roof, and also prevent the talus, of falls of roof from 
encumbering the mining-face. As the mining advances, the line of props 
next to the roof is moved to the front rank, and this work of alternating 
the two lines of props is continued until the pillar has been withdrawn. 
The props of each line are placed from 2 to 3 feet apart, and the two hues 
are about 3 feet apart. This double set of protecting props is extended a 
sufficient distance across the room-working to prevent the roof from coming 
down so far in advance of the line of mining-face of the pillar-working as to 
encumber the loading of coal in cars near the end of the track. 

The second method consists in protecting the miners by a single row of 
props placed 6 inches to 1 foot apart, near the working-face of the coal-
pillar (see Fig. 2). This not only arrests the breaking down of the roof in 
its usual plates and blocks, but holds back the talus of these from 
interrupting any of the mining operations. Under this system the miners 
attack the coal-pillar on the flank instead of the end, removing it in 
sections of from 5 to 8 feet in length. When each section has been 
removed, and the track has been lifted, these fender-props are moved to a 
new line close to the coal-face or end of pillar. The superior safety of 
this plan is apparent. The props hold the roof steadily at one fixed line 
until the section of pillar in advance of it has been removed. 

In both these operations, involving the breaking down of the roof, it has 
been found expedient to require the miners to use safety-lamps to guard 
against explosions from sudden outgushes of fire-damp from the breaking 
roof. The character of the roof-slates in the Connellsville field is such as to 
assure the easy execution of this method, and involve no additional danger 
to the miners. No accident has yet occurred in drawing pillars in the large 
mines of the Cambria Iron Company. 

The same system of removing coal-pillars between the rooms in a mine 
can readily be applied, at the proper time, to the withdrawing the coal-
pillars alongside the levels or main headings, the butt-headings, or other 
ways of the mine. 

VOL. XIII.—22 
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As the safety and economy of this system of exhaustive raining have been 
fully established during the past two years, it is to be hoped that all 
mining in this valuable bed of coking coal will in the future participate in 
the benefits arising from this system of drawing of coal-pillars, and its related 
economies. 

Fig. 3, already referred to, needs no further explanation for mining 
engineers. It illustrates the old and new systems, in a plan, assuming that 
the same bed, with a dip of 6 degrees toward the bottom of the plan, has 
been worked on the left of the slope by the old system, and on the right by 
the new. 

Fig 4 shows a section of the bore-hole indicated in the geological cross-
section of the plate. 

DISCUSSION. 

R. W. RAYMOND, New York city : Why is it, considering the 
comparatively low pitch of the vein, as shown on the diagram before us, that 
the simple system of long-wall has not been adopted? It seems as if some 
trouble and expense in opening chambers might be saved by putting the 
whole thing in long-wall. An objection to the long-wall advancing system 
might be that it would leave an area of goaf between the men and the 
slope, in which there might be danger of the accumulation of fire-damp; 
but the retreating system would be free from this objection, and would, 
apparently, effect some saving, though I do not think that the saving would 
be large in comparison with the main economy that Mr. Fulton has already 
effected. 

MR. FULTON : The same thought has occurred to us over there, but it has 
not been acted on, as we are only just getting out of the old rut. But the 
roof is so friable, so feeble, that we have to leave a foot of coal overhead 
to keep it up in the ways. I think we had better extend our main ways in 
and then pull it back. It would be worth while for those who are mining in 
this peculiar field to try the long-wall system. As to fire-damp, it is a 
strange thing that in this mine, which has been open for several years, we 
never found any gas until last year. We have also a mine at Johnstown, 
in which no gas was found until last year. It seems as if a wave, 
beginning in Colorado, swept across the continent eastward, and when it 
reached us here, we had serious trouble with fire-damp. Strange to say, 
since that time we have had no men burned and have found no gas. 
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H. M. CHANCE, Greensboro, N. C.: What is the size of your props ? 
MR. FULTON: From 6 to 8 inches, seldom over 8 inches. When we 

have the single row the props are put about half a foot apart. This keeps 
the slate back from the miner. We use no caps, but leave a little piece 
of the coal to make a shield against the soft slates. The roof comes 
down in blocks of about eighteen inches, or two feet square. The miners 
find no trouble or danger in that. In fact, we are often obliged to caution 
our men to be a little careful, as they seem to be utterly regardless of the 
rolling down of the roof.    They regard it as they would the rolling down of 
a sand-hill. 

As to the matter of economy, we studied that carefully before we proposed 
to go into this method. Our superintendent has figured up a saving of 
five cents per ton, but I think that that is too much. A saving of about two 
or three cents a ton, I think, would be the economy in the matter. Perhaps 
if it were long-work, the saving would be greater. 

AN EXPERIMENT IN COAL-WASHING. 

BY THOMAS M. DROWN, EASTON, PA. 

THE following description of an attempt to separate bituminous coal from 
its slaty and mineral admixtures without the aid of jigging, was suggested by 
the successful use of dense solutions (such as the double iodide of mercury 
and potassium and cadmium borotungstate) in the separation of the mineral 
components of igneous rocks.* 

In the case of coal it is essential that we have a solution of a specific 
gravity greater than the coal, and less than the mineral or slate associated 
with it. Further, in order that such a solution should be practically 
admissible, it must be cheap and readily obtainable. Calcium chloride 
fulfils all these conditions, although it is not intended to be affirmed, in the 
absence of actual trial, that its use on a large scale would be economically 
successful. 

The records of experiments on several samples of bituminous coal 

* The idea is not in itself new. Rittinger gives calculations of the rate 
of the fall of spheres of varying specific gravity in a solution of zinc vitriol 
of 1.5 specific gravity, but I do not know that dense solutions have been 
actually tried in ore-dressing or coal-washing. 
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go to show, that, on a small scale in the laboratory, the separation is 
easily effected and is thoroughly satisfactory. 

A sample of coal was crushed so that it all passed through a twenty-
mesh sieve, and it was then treated with a calcium-chloride solution of a 
specific gravity of 1.40. After stirring, the greater part of the 
fragments rose to the surface of the liquid, and a portion settled to the 
bottom. 

The results were: 

 
It was found that the presence of fine dust interfered with the process 

and prevented a prompt separation of the lighter and heavier particles. 
Another sample was then put on a sixty-mesh sieve, after having passed 
the twenty-mesh sieve. This coal, freed from dust, gave a prompt 
separation when treated with the calcium chloride solution of a specific 
gravity of 1.30. 

The results were: 

 
The use in this case of a solution of less specific gravity than in the 

first instance, gives a larger proportion of the heavier particles and a 
consequent greater purity of the lighter coal. The strength of the 
solution in practice would have to be regulated according to the 
composition of the coal. 

The next table gives results still more in detail: 

 
It will be noted from the above that the fine dust is much purer 
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than the original coal, and could in practice be directly added to 
the purified coal before coking. Another series of analyses gave: 

 
The process tried on a sample of coal of great purity gave: 

 
The influence of very slight differences in the specific gravity 

of the calcium chloride solution is shown in the treatment of 
another sample of coal-of the following composition: 
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This broken coal was separated on a 20-mesh sieve, and treated with 
a solution of 1.35 specific gravity.    The products were: 

 
Similar treatment of the same coal with a solution of 1.38 specific 

gravity gave : 

]  

In practice the advantages of this method of purifying coal would be 
its promptness, and the cheapness and simplicity of the plant required 
for the separation. As an offset to these advantages niust be put the loss 
of calcium chloride in the liquid adhering to the coal and slate. 

To determine how thoroughly this could be removed by washing, the 
following experiments were tried : 
611 grammes of purified coal were allowed to drain 15 minutes, and 
were then washed six times wilh 350 c.c. of water, 5 minutes in each 
case being allowed for draining. 

From the 1st 
washing 21.90 grammes were recovered. 
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This last amount, remaining in the coal after the 5th washing, is 
equivalent to about 5½ ounces of calcium chloride to the ton of 
coal. The washing would, therefore, be a somewhat tedious process, 
and would require a series of large tanks. The dilute wash-waters could 
be nsed for subsequent lixiviation, until they became sufficiently 
saturated to be still further concentrated by heat to the original density. 
The heat need not be here considered as an item of expense, for there is 
always plenty going to waste about coke-works. 

The effect on the quality of the coke of the small amount of calcium 
chloride, which would always remain in the coal, would be inappreciable. 
The ash would be slightly increased, and, perhaps, there might be 
some sulphur volatilized; but this is not worth consideration. 

All the above determinations were made by Mr. P. W. Shimer. 

THE SPENOE AUTOMATIC DESULPHURIZING FURNACE 

BY  W.  H. ADAMS, NEW YORK CITY. 

AMONG the persistent experimenters of the present century no one 
man is more widely and favorably known in the metallurgical world 
than the late Peter Spence of Manchester, England, to whom we are 
indebted for many of the successful processes in the manufacture of acids 
and alkalies, and for much of that perfection in mechanical detail which 
goes so far towards insuring success. 

For the past twenty-five years—a period covering the greatest 
changes in soda-processes and a revolution in acid-manufactures effected 
by the substitution ofpyrit.es for brimstone—Mr. Spence was constantly 
engaged in perfecting the plant for the economical treatment of pyritous 
ores; and no text-book has been complete without reference to his many 
inventions, patented or otherwise. 

The results of his labors for the past six years were not given to the 
public, by reason of the active competition existing among man-
ufacturers on the continent of Europe and in Great Britain ; but it was 
well known and conceded that the crowning triumph of his life had 
been achieved in the successful working of his automatic desulphurizing 
furnace, which mechanically calcined "smalls" or finely crushed 
pyrites—the bugbear of all chemical  

That he was met by many delays and disappointments, and that 
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many difficulties were overcome by him personally, goes without 
saying, when we remember the wrecks of so many attempts in this 
direction; but the systematic workings of these furnaces, at the 
several factories under his control, attest the correctness of his plans 
and the careful attention he paid to details, giving him as a reward 
unquestioned advantage over all competitors, an advantage held  
for several years already, against all opposition or new devices. 

Although negotiations have been in progress for two years past, 
it was not until after the death of Mr. Spence that patents for this 
furnace could be secured outside of England, or that the study of its 
mechanism could be made; but now that Americans have the con-
trol of the invention in this country, and since, without doubt, this 
perfected mechanical furnace will play an important part in the 
future treatment of all classes of ores containing sulphur, I deem it 
worthy of early mention before the Institute. 

Fig. 1 shows the double furnace in perspective; the space occu-
pied by it being 34 feet x 18 feet. When two double furnaces are 
coupled together and run by one engine (as preferred in all cases), 
the space required is 34 feet x 32 feet. A building 40 feet x 40 
feet is therefore necessary to accommodate this plant, with a shed-roof, 
if connection is made to towers and chambers, or an ordinary flat-
roof building with supporting posts placed between the furnaces, 
when connected direct with the chimney, as in the process of desul-
phurizing gold ores. 

Figs. 2 and 3 are longitudinal sections which explain themselves. 
A striking feature to the observer, however skilled he may be in 

mechanics or furnace-working, is the simplicity of the parts, the cer-
tainty of the action, and the absence of all the complications atten-
dant upon such operations generally. All the parts might be thrown 
together in a heap, yet so obvious are their forms and uses, that any 
man of intelligence could put them together from drawings here given. 
The same may be remarked as to the furnace, which is simply a mul-
tiple-shelf type of the hearth-furnace, used from time immemorial 
in every prominent mining center of the world. 

Mr. Spence exemplified his well-known good judgment and prac-
tical mechanical sense in working from tried and satisfactory models: 
and whether he ever was led into experiments with any of the types 
connected with so much sorrowful experience to most metallurgists, 
cannot be seen in any one part of this, his finished production, which   
is built from common forms of brick and tile, operated in a positive 
manner with little gearing, and adapted in all respects to every-day 
service. 
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There are several practical points of excellence about the furnace 
(which has been in operation near New York for past three months), 

 
which entitle it to careful examination by engineers. I do not think         
it necessary to enter into details connected with its working, further     
than to state generally the method of handling ores and the results 
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obtained, leaving to those most interested the study of separate parts 
or special features. 

The action of the furnace will be understood to be automatic, the 
ores being elevated from the furnace-floor, brought in from the floor 
aboye, or by other means supplied in quantities as required to keep the 
hoppers full. This matter of detail will readily be understood by 
those practiced in handling of ores from different levels, and the 
drying of the ores (if wet) will also be understood to be a simple 
matter when small quantities are regularly fed. 

The hoppers being filled, a small auxiliary engine is started, and 
by means of a changeable gear, properly connected, opens the valves 
to start the pair of engines shown in the foreground of Fig. 1. 

These engines, having 7 in. x 12 in.-cylinders, and running at 
40 revolutions per minute (giving a minimum of wear and tear for 
the service performed), quietly and positively operate by means of 
geared wheels the rods to which, in the furnace, are attached 
toothed rakes (Fig. 2). 

The rods are very firmly held in place and position by the rack, 
which, supported at its rear end by wheels, travels along a railway. 

The movement of the rack (with rakes inside the furnace) opens 
the ports for the admission of fresh ore from the hoppers to the first 
shelf, and the discharge of finished or calcined ore from the lower 
shelf into cars. When the rakes have finished the forward stroke, 
the engines reverse automatically, and the rack returns to and stops 
in position. 

The auxiliary engine continues running, and at stated times (de-
termined by the manager) again starts the large engines, another 
operation of stirring and raking with feed and discharge of ores 
taking place. 

This automatic and regular method of feed and treatment of the 
ore on the bed of the furnace is the result of years of study and 
practice, directed to the object of replacing by a uniform mechani-
cal procedure the discretionary operation of hand-labor.         

By study of the plant now in operation, the following conclusions 
are reached: 

1. The constituent elements of the ores being first determined, 
the feed and discharge is regulated to exact amounts in pounds, and 
the number of charges fed into the furnace is duly registered. 

2. The auxiliary engine being set to start the motive power, say, 
every five minutes, and the time required for the forward and back 
stroke being, say, one and one-half minutes, it follows  that the 
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interior parts of the rakes are exposed to action of heat and acid 
fumes but one-third of the time, thus approximating manual labor in 
wear and tear of plant. 

3. The draft of air being regulated and controlled by the chemist 
at will, insuring the proper oxidation of the ores, and no more, less 
chamber-space must be required than by any other process of burn 
ing pyrites, and, moreover, no special care need be given to location 
of plant, since strong winds or variable currents can have no effect 
in causing " blow-outs " of gas at the doors. 

4. The movement of the ores from the hoppers to the discharge- 
opening is accomplished by a system of reversed  teeth, which are 
positive in action. 
   The deterioration or destruction of cast-iron rakes and teeth has 

 
been reduced to a minimum by the simple but novel idea of burying 
the parts in ore, which accumulates at the front of the furnace-beds 
when the rakes are at the position of rest (Fig. 3). 

5. Pyrites " smalls," such as are found in Virginia, at the Milan 
or Capelton mines, carrying 47, 45, and 40 per cent. of sulphur, re 
spectively, can be calcined with two double Spence furnaces, run by 
one engine at the rate of 15,000 to 20,000 pounds per day of 24 
hours, the cinders containing from 1½ to 2½ per cent, of sulphur. 

It is claimed that larger amounts of "smalls" containing copper, 
blende, etc., can be put through, and double the above quantity, 
where sulphur fumes are passed directly into the air—as would be 
the case in working auriferous concentrates. 

6. Where necessity exists for bringing the sulphur-contents of 
cinders from iron-pyrites (FeS,) down to ¼ to ½ per cent, to utilize 
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the iron, or, for the like treatment of rich gold-bearing sulphurets, 
the result is accomplished by the addition of a fireplace to the lower 
hearth.    This is shown in Fig. 1, although not ordinarily used. 

By this means the proper heat is kept in the ores until they are 
discharged into iron cars, but in general working the ores are " 
dead " on the lower shelf. 

7. The average cost of calcining ores by this automatic furnace 
is not greater than by any other method at present in use. 

The cost of the furnace, complete, with power, is about the same 
as that of the equivalent grate-bar space in kilns, or equal burning 
space in the present type of shelf-furnaces. 

THE VALLEOILLO MINES, MEXICO. 

BY RICHARD E.  CHISM, MONTEREY, MEXICO. 

I HAVE thought it well to lay before the Institute some account of 
the Vallecillo Mines, now, I believe, the only paying ones in 
American hands in northeastern Mexico, including the States of 
Nuevo Leon, Coahuila and Tamaulipas. 

The authentic history of these mines dates from their ownership 
by an American Company in the year 1851, when they were bought 
by the Vallecillo Silver Mining Company of New York. They 
had been worked before by the Spaniards, but had been abandoned 
for many years, on account of the heavy expense of drainage and 
the constant incursions of the Indians. 

The company commenced work with several well-known New 
York capitalists among its stockholders, and had a large fund of 
both money and enthusiasm. 

The first point of attack was at a shaft on a mine known as the 
Jesus Maria, which had the most favorable traditions. Extensive 
buildings were put up, and two sets of pumps were successively 
tried. After the second pump, with a steam-cylinder 5 feet in di-
ameter and 10 feet stroke and a plunger 20 inches in diameter, had 
failed to do more than hold the water, with infinite labor, at the 250 
feet level, and after a thorough exploitation of the whole mine above 
that level had failed to yield more than some $30,000 worth of ore, it 
was resolved to abandon the effort. Operations were accordingly 
transferred to the old Dolores shaft, at a point about 2½ miles to the 



352 THE VALLECILLO  MINES,   MEXICO. 

 eastward, which had been opened originally by the Spaniards. Here 
a new hacienda was built, and the smaller of the two pumps from 
the Jesus Maria shaft was used for the drainage. 

About this time, was begun a series of experiments in metallurgy, 
which extended over many years, and embraced nearly every known 
apparatus and process. The warehouses and yards of the hacienda 
are still crowded with the fragments of many thousands of dollars 
worth of the most costly machinery, from amalgamating-pans to dry 
concentrators, while the monumental ruins of reverberatories and 
upright furnaces have been perfect mines of fire-brick, etc., for some 
years past. All these remains, together with those of boilers, pumps 
and general machinery, make up a scrap-heap, wonderful at first 
sight, and absolutely astounding on closer examination. 

Here was employed, about the year 1870, the famous Dr. Stapff 
of Sweden, since engineer of the San Gothard tunnel; and the plans 
of a jig of his invention, built for the company, are given in the re-
port of the United States Commissioner of Mining Statistics for the 
year 1871 (published 1872). 

Daring the war of the Rebellion, these mines were in charge of 
Major Alfred Lowry, a thorough Union man, who shut them down 
rather than supply lead to the Confederacy. The market, at that 
time, ruled at a pound of cotton for a pound of lead ; and his patri-
otism cost the company a considerable fortune. Major Lowry found 
permanent investment for many thousands of dollars in sinking 
shafts and in prospecting; but made, I am told, no money for the 
company. In 1875, he was succeeded by the present superintendent, 
Mr. John Sutcliffe, in whose hands the property began to pay for 
itself the next year. In May, 1883, the pump-work was moved 
from the old Dolores shaft to the new Santiago shaft, 770 feet further 
east. The whole of this change, including that of the hoisting-ma-
chinery, caused a short stoppage only; and the mine paid better last 
year, and the early part of this, than ever before. 

Situation.*—The Vallecillo Mines are in the northern part of the 
State of Nuevo Leon, Mexico, about 35 miles a little north of east, 
from the Villaldama station of the Mexican National Railroad. 
They are on the eastern side of a range of low, rounded hills, on the 
western edge of a plateau sloping away to the Rio Grande, at an ele-
vation of about 800 feet above the sea-level. 

* See map to Dr. Frazer's paper on Silver Mines in Nuevo Leon and  Coabuila. 
Transactions, vol. xii., p. 537. 
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From the railway to the mines, the road is level and good, except 
for about six miles, where it follows the cañon of the Sabinas River 
through the Iguana mountain-chain. Along this part there are fre- 
quent crossings of the river, and the road is rough and liable to be 
interrupted by freshets. At least 25 miles of the road lies through    
a fair agricultural country, where supplies in the nature of corn, 
fodder, lean beef, tomatoes, onions, red pepper and the national beans, 
are rather abundant. A few hundred yards from the mine is the 
town of Vallecillo with about 1500 inhabitants. It is dependent on  
the mine. 

Old Workings.—The first signs of mining are seen four or five 
miles before reaching the works, in the shape of numerous small 
dumps belonging to prospect-holes in the hillsides. Soon after, we   
get a distant view of the abandoned buildings of the Jesus Maria 
Mine; and then the road follows closely the course of the vein to   
the works, and gives a good chance to inspect the old Spanish 
workings. 

These are a series of pits and galleries, sunk and driven along the 
course of the vein, so that the workings are practically continuous     
for about 2\ miles, and the vein is proved to an average depth of 
100 feet for the whole distance. In the old times, when every inch   
of the vein was taken up, and every claim had' its busy workers, this 
place must have been a small Leadville. The remains of several  
old smelting-furnaces, with quite large trees growing in their ruins,   
are still visible. 

Besides the main vein-diggings, there are at least two extensive  
mines on cross-veins. One of these, the Rosario, had the fame of 
great riches, but was abandoned by the American company years  
ago, as exhausted. The old Spaniards, before leaving it, had cleaned    
up everything. Where the vein pinched, they had cleaned it out for  
some yards by means of rods and wires, until it gave out altogether. 

Formation.—The country-rock of this region is a shaly limestone, 
non-fossiliferous, in nearly horizontal layers, remarkable for the 
almost entire absence of breaks or faults. The folds are long and 
gentle, with a general course from northwest to southeast. Some  
layers of a highly siliceous limestone are found in this region, every-
where conformable to the other variety. I have no doubt that the  
shaly limestone is much older than that farther to the westward at 
Villaldama; it dates probably, from about the middle of the Silu-   
rian period. 

The main Vallecillo vein is undoubtedly a true fissure.    It cuts  
VOL. XIII.—23. 
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the strata of limestone with a strike of north 40° east (magnetic) 
and a dip of 56° to the northwest, with an average thickness of 
about one yard, having a pay-streak of from 6 to 18 inches. In 
structure, it is irregularly banded, though the upper part is so de-
composed that this can not be easily seen : it is, however, quite plain 
in some of the lower levels. In sinking on this vein, fresh water is 
met with at a short distance below the surface and down to 150 feet. 
From that point on, the water is salt, and is met in large quantity. 
Five hundred grammes of this salt water, evaporated to dryness, 
gave a residue of about 20 grammes of deliquescent salts. 

Mineralogy.—The minerals found are galena, ziucblende, and 
copper and iron pyrites, the latter in small quantity. The gangue is 
calcspar, feldspar and some fluor-spar. As the work progresses on the 
vein, curious alternations are observed in the amount of zinc-     
blende and galena. The last is present at some points in large bodies, 
nearly pure. These bodies begin to taper off in each direction to an 
edge, and a body of zinc-blende appears alongside, growing as the 
body of galena diminishes, with a layer of a mixture of the two 
minerals between. Then the blende in its turn diminishes, and the 
galena increases in quantity ; and so on. Near the surface, the sul-
phides are changed to carbonates of the two metals ; and these are, at 
present, left standing, being unsuited to the process now in use      
for the extraction of the lead. 

Fluor-spar replaces the calcspar as a gangue in some parts of the 
vein, but no amount of heavy spar has yet been found. This is a 
striking difference from the mines of the Iguana range, farther west, 
where the gangue is in some places entirely heavy spar. 

One of the peculiarities of this mine is the large amount of car-
bonic acid gas which fills all the abandoned workings, and, in muggy 
weather, encroaches so upon the drifts and stopes in work, as to 
necessitate the use of a fan for artificial ventilation. 

Workings.—The main working on this vein is the Santiago shaft, 
This shaft is about 450 feet deep (May, 1884), 8 by 12 feet inside 
measurement, and has three compartments for pumping, hoisting 
and the ladder-way. There are three other shafts within the limits   
of the hacienda, namely, the San Juan air-shaft, 370 feet west of the 
Santiago shaft, the old Dolores shaft, 770 feet west of the Santiago, 
and the San Vicente shaft, the old main working and draining-shaft 
of the Spaniards, 1370 feet west of the Santiago. The bottom of the 
San Vincente shaft is its point of intersection with an incline, heavily 
and well timbered, which follows down the dip of the vein from a 
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point on the surface near the mouth of the San Vincente shaft. It 
is difficult to see the motive for opening this incline: it was the 
work of Major Lowry. We thus have four deep shafts and an in-
cline within a distance of 1400 feet along the vein. Two of these 
shafts and the incline are of no use, and represent so much lost 
capital. 

Besides the above, there are two deep and well-timbered working-
shafts in good order, still further westward along the vein. The  
ore is Paid to be in sight in each of these, so that they only need a 
force of men and a hoister to commence the output. 

The ground worked by the old Spaniards, has its eastern limit 
about midway between the Dolores and the air-shaft, and extends    
to a depth of about 160 feet. At the lower edge of this, the moderns 
have commenced work, and now have five levels, of which the deepest    
is some 400 feet below the surface. Work has been done on these   
to a distance of about 1800 feet westward, and 850 feet eastward of  
the Santiago shaft. The heads of the three lower drifts to the east 
were considerably ahead of the stoping in May last and were all in   
ore. 

This leaves developed a reserve which, counting from where the 
Spaniards left off work, and the surface of the ground, is 1700 feet 
long and on an average 300 feet in depth, and which, therefore, covers 
some 510,000 square feet of vein. Referring to a map of the mine, 
now in my hands, which contains data of the production, I find that 
about 320,000 square feet of vein have produced a little over 200,000 
pigs of lead of 62½ pounds each; so that the present reserve should 
turn out the same rate 320,000 pigs. Making all due allowance for 
barren ground, etc., it would probably be safe to count on 200,000  
pigs from the reserve in sight. 

Mining.—The vein-matter in these mines may be characterized as 
moderately soft and fragile, so that there is not a great use of pow-  
der, and the tools do not need much sharpening. Much country-rock 
has to be taken away, as the vein is nearly everywhere not wide 
enough for the necessary workings. Constant timbering is required;  
and the older drifts are much diminished in size by the imperceptible 
movements of the wall-rock. As there is more or less water all    
through, the mine is a very dirty one to visit, the passage down the 
Santiago shaft being especially disagreeable. 

The mining captain is a Cornishman, very intelligent, and a master   
of his business. He was secured by natural selection from the an-
swers to an advertisement in the New York Herald asking for 
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"a practical miner, who understands timbering and pump-work." 
He has his son for assistant. They speak only a few words of Span-
ish, but get along well, with occasional aid from an interpreter. The 
working miners are all Mexicans. They do all their work by con-
tract, at prices which the mining captain fixes every two weeks. 

The contractors for running the levels get from $22 to $30 
Mexican, per yard, 8 by 7 feet high and wide, the price varying 
according to the amount of limestone to be cut through in following 
the vein. The contractors cut, trim and put in their own timber, 
carry all ore to the shaft and dispose of the rubbish. They also find 
their powder, fuse and candles; the mine supplies rough timber at 
the shaft-mouth, steel and hammers. The drills are given to the 
miners sharpened. The average progress in drifting is 3 yards a 
week, for six men twelve hours per day. They can earn, at this 
rate, a little over $1.25 per day. 

For stoping, the prices range from $4 to $6 per yard in length 
and height, and the full width of the vein. The miners must make  
a clean separation of the ore from the rubbish, or they are fined. 
The same conditions as to supplies, moving ore, etc., obtain as in 
drifting. The rock and ore are brought to the shaft on iron cars 
which run on a 15-inch gauge road laid with 10-pound iron rails. 

Pumping Machinery.—The water is principally handled by a 
Cornish pump with a 10-inch plunger and 6-foot stroke, capable of 
throwing out 9,000 gallons per hour at a speed of 6 strokes per 
minute. The H-piece and valve of this pump are large enough to 
admit a 20-inch plunger whenever necessary. 

Besides the large pump at the bottom of the shaft, there is another 
and smaller one at about 150 feet down. At this point, the fresh 
water is caught as it streams from the more superficial strata, pre-
vented from going down the shaft, and transferred by the auxiliary 
pump to the surface for boiler-feeding, etc. The saltwater from the 
lower levels is unfit for these purposes, and caused the loss of several 
boilers before the separation of the waters was made. 

At the third level there is another pump which intercepts a large 
amount of water there, prevents it from going down below, and 
relieves the main pump of much hard work. 

The mine-water is the drainage of the whole country; and when 
the pumps are at work no water can be obtained within a radius of 
several miles, except from the Jesus Maria shaft. This latter is, 
however, too deep for general use. 

The pump-engine is horizontal, with  18-inch cylinder and 36- 
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inches stroke. The fly-wheel weighs at present 10 tons; but its 
weight can be increased to 20 tons by loading the hollow rim with 
lead. The cut-off is a variable one, so as to allow the highest range 
of elasticity in overcoming any sudden resistance. The engine is 
geared to the pump-crank at the rate of five to one. All the pump- 
ing at present is done with about one-fourth the power of the engine; 
and from 4 to 10 pump-strokes per minute are sufficient to hold the 
water, or to gain on it rapidly. 

Hoisting Machinery.—The hoister at the Santiago shaft was made 
by Lidgerwood. It has two cylinders, reversing gear and a 5-foot 
drum with a spiral groove, which will hold 600 feet of 1-inch round 
wire rope without doubling up. The hoister is run by a little 
Mexican boy, thirteen years old, who appears to understand the 
machine thoroughly, and to handle it well. 

Boilers.—The steam for pumping and hoisting and also for the 
jigging and smelting, is supplied from two 70-horse-power boilers, 
each 12 feet long and 56 inches in diameter, with 46 tubes to each, 3 1/2 
inches in diameter. There is also a Babcock and Wilcox boiler of 
70 horse-power, as a relay. 
, The water used in the boilers passes through a feed-water heater 
and lime-separator, and the exhaust steam from all sources goes 
through a condenser, of tubes from an old boiler. The condensed 
water is used for culinary and drinking-purposes. 

Steam-pumps.—Two of these are in use. One is a boiler-feeder, 
made by Knowles, size 1. The other is size 5 of the same maker, 
and is used to raise the waste water from the slime-pits, after it has 
passed through the jigs, and to return it to the tanks at the mouth 
of the shaft, to be used over again. 

Machine Shop.—This part of the establishment is provided with a 
full outfit of hand-tools, and also a bolt-cutter, a long lathe, a short 
lathe, a small planer, and a power-drill. All of this machinery is un- 
worn, having been set up only a short time; but it is all old in style. 
It was sent out here some twenty years ago, and has none of the modern 
improvements. 

Treatment of the Ore.—The ore, as found in the mine and delivered 
at the mouth of the shaft, may be classified into five kinds, as fol- 
lows : pure galena; galena and blende; galena, blende and gangue; 
pure blende; nodules of galena in clay. From one-half to two- 
thirds of all the ore is lump-galena, which requires no treatment 
except hand-separation and breaking, to fit it for smelting. The 
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finer portions of this class of ore receive only a slight washing in a 
circular buddle, and thence go direct to the smelting-hearths. 

The mixed ores are roughly sorted at the pit's mouth, and then 
are removed to the jigging-floor below. The removal is accom- 
plished by piling the ore at the mouths of three pipes, 20 inches in 
diameter, which radiate from the top of the dump behind the shaft. 
The ore-piles are then flooded with a body of water, which flushes 
them through the pipes down to the jigging-floor, and the ore arrives 
partially washed on a grating at the lower end of each pipe. 

On these gratings, the ore undergoes some separation by hand- 
picking. Large lumps of gangue are picked out and thrown away ; 
the large pieces of ore are laid aside for crushing, and the fine stuff, 
up to egg-size, goes to the jigs. 

Principles of Separation.—By reference to the list of minerals 
found in the ore, it will be seen that the problem of separation here 
presented is a remarkably easy one. The heavy mixture of galena 
and zineblende is to be first cleaned from the gangue of calc- or 
fluorspar (both minerals of low specific gravity); then we have to 
separate the blende and galena, with a fair difference in specific 
gravity to work upon. The presence of heavy spar would compli- 
cate matters more; but, as already noted, this mineral is seldom 
found with the ores of Vallecillo. 

Jigs.—The separation is accomplished at Vallecillo by four inter- 
mittent jigs, two fine and two coarse, without any preliminary sizing 
except the rough hand-picking before mentioned. The results seem 
to be fairly satisfactory; but a conical sizer, like those used in 
Pennsylvania for sizing iron-ore, was being erected at the time of 
my visit. 

The coarse jigs separate the gangue from the metallic minerals. 
They have No. 8 screens, and a stroke of 2½ inches. The fine jigs 
clean the galena from the blende. They have No. 50 screens, and 
2-inch stroke. Each jig is attended by two boys, who get from 18 
to 25 cents a day, and a man, who gets 75 cents. They have a task 
set them which is supposed to be the equivalent of a day's work. 

The Stapff jig had originally three pistons, and was designed to 
be continuous. It was found, however, to use too much water, and 
was, therefore, altered to a two-piston jig, with a continuous circu- 
lation of the water and intermittent action. The water, after pass- 
ing the screens, is received in an iron pan at one end of the jig. 
Here it deposits any slime it may carry, and then runs back into 
the side-box of the jig. From the side-box it is raised by the action 
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of the piston (which has valves like a pump and works underneath 
the screens), and is made to pass through a second time. 

The other jigs have side-pistons. Two of them were built in the 
machine-shop at the mine. The boxes of these are of boiler-iron. 
The action of these jigs is about as follows : The jig-box being filled 
with water, a quantity of stuff is fed in at one end, and distributed 
evenly over the screens. A number of strokes are then made, at the 
conclusion of which the finest stuff has fallen through the screen to 
the bottom of the jig-box. On the screens the minerals are found 
in. layers, with the galena below, galena and blende next, nearly 
pure blende above, and particles of gangue above all. The machine 
is then stopped, and the workman separates the layers with an iron 
scraper. The gangue is thrown away, the blende goes to its pile, 
the middlings of galena and blende are reserved for further concen- 
tration, and the clean galena is piled away. 

The coarse two-piston jigs have the bed divided into two parts, 
each about 8 feet long by 1½ feet in width, and with the part next 
the feed-end 2 inches higher than the other, from which it is divided 
by a partition 2 inches high. The most of the gangue and the 
larger part of the impure middlings are found in the lowest division. 

The finer jigs with three pistons have the bed divided into three 
parts, of about the same dimensions as the above, and with the same 
difference in level. Naturally the pure galena is predominant at 
the feed-end ; the second division receives more middlings, and the 
third division has the zinc-blende in larger quantity. In these jigs 
the galena is taken out, the middlings from the second compartment 
are moved to the first, those from the third to the second, and the 
zinc-blende is reserved. 

Buddle.—The fine stuff which falls through the screens of the 
fine jigs is removed and washed in a circular buddle. This is a 
circular pan of iron, 6 feet in diameter, with a rim 6 inches high. 
It is raised up at one side so as to have a fall of about 6 inches 
across it, and at the highest point is supplied with a jet of water, 
which falls a foot or so from the mouth of a 1-inch pipe with a cloth 
tied over it. 

A heap of fine stuff is placed under the jet; the water is turned 
on, and a boy with brush keeps the heap from guttering, as it slowly 
spreads out and is borne toward the lower side of the buddle. The 
action of the water, with careful attendance, effects a partial separa- 
tion of the galena from the zineblende and whatever small amount 
of gangue there may be left in the middlings. 
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Slime-pools.—The slimes from the buddle and jigs are run off to 
pools, made on the surface of the ground, the bottoms and sides of 
which are the deposited slimes themselves. As soon as the solid 
particles settle, the clear water is allowed to run to a sump, whence 
it is pumped back to the tank above the jigs. 

Zinc-blende.—The zinc-blende is dumped in the grounds of the 
hacienda, and has accumulated, during years of working, to an im- 
mense extent. The blende in this mine makes up, on a rough esti- 
mate, about one-third of the metallic mineral, and will be of great 
commercial importance as soon as capital can be obtained for the 
necessary plant for working it. 

Amount and Value of Ore-Output.—As neither the total amount 
of material raised nor the cleaned ore is ever weighed at this mine, 
it is almost impossible to estimate closely the proportion of cleaned 
ore to total output. In May, 1884, they were raising some 50 tons 
of material per day, from which about 10 tons of ore were cleaned 
up. This ore contains about 72 per cent, of pure lead, and from 25 
to 43 ounces of silver per ton. No assays have been made for 
several years; hence this estimate is more or less guesswork, founded 
on back-calculations from the market-returns of the lead bullion. 

Metallurgy.—The smelting of the galena is accomplished by the 
American modification of the Scotch hearth-process, the practice 
being similar to that followed at Joplin, Missouri. The special 
reason for adopting this process at Vallecillo is that it requires but 
little fuel. It is, moreover, fairly well-adapted to the ores, and the 
residues, though apparently rich, are of small amount. The process 
is not suitable except for pure, or nearly pure, galena ores, and 
would fail in any place where this fact was not taken into account. 
At Vallecillo large quantities of carbonate ores have been left stand- 
ing near the surface, because not suitable to this process, while fuel 
is said to be at present too scarce for any other. 

The heat required is largely furnished by the combustion of the 
sulphur in the ore. The usual fuel is charcoal; but at Vallecillo 
this is replaced by wood, with good success. 

A disadvantage of the process is the great quantity of fumes, rich 
in lead and silver, which are continually going off. This loss can 
be obviated to a great extent by the use of fume-chambers; but at 
Vallecillo these have not yet been adopted. Another strong objec- 
tion is that that the residues must always be handled a second time, 
as they are never poor enough to be thrown away. 

Smelting-Plant.—At the time of my visit to Vallecillo, the smelt- 
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ing-plant in use consisted of three "North-American hearths," lo- 
cated near the mouth of the Dolores shaft, some 800 feet from the 
shaft in present use. A new plant of four hearths was in course of 
erection at the mouth of the present hoisting-shaft, and is now in 
operation. 

The hearths are like a box about 24 inches square, without a top, 
and with one side taken away. The walls of the box are of half- 
inch iron, inclosing a hollow space, in which circulates air or water. 
The bottom of each box is a lead-bath, holding 900 to 1000 pounds 
of melted lead, and over the open top of each is a canopy, leading 
to the stack. Each hearth has three tuyeres, 2 inches in diameter, 
placed 6 inches above the lead-bath. As the Vallecillo hearths are 
"air-backs," the blast circulates in the hollow walls before going to 
the tuyeres, and thus arrives hot at the point where fusion takes 
place. 

The charge floats on the lead-bath, which facilitates the work by 
making more easy the introduction of the stirring-bars. 

The lead which runs from the charge is received on an iron plate 
or fore-hearth, 3½ feet square, with a groove, 1 inch deep and wide, 
crossing it diagonally, from the upper to the lower side, and so 
much inclined that the lead will run off easily into a pot, placed at 
one of the lower corners, at the end of the groove. A fire is main- 
tained under the pot to keep the lead liquid, and the surface of the 
molten metal is covered with ashes to prevent oxidation. , 

The three hearths first mentioned are provided with blast at a 
pressure of about three-fourths of a pound by a No. 4 Baker blower 
which is run by a separate engine. They use from 10 to 15 horse- 
power to run the blower for the three hearths; but it could easily 
supply several more hearths with the same power. 

Took.—The hearths are supplied with light, pointed bars for 
cleaning out the groove of the fore-hearth; heavy bars, 8 feet long, 
for poking the charge; hoes and shovels, to handle the charge and 
to pull it out on the fore-hearth when necessary; a perforated ladle, 
to skim the lead-pot; a ladle, to run the lead from the pot into the 
moulds, and hooks to pull the bars from the latter. The moulds 
used hold 62½ pounds each, and have the name of the company at 
the bottom. They are set in groups of five. 

The Working of the Process.—In the working of this process it is 
easy to distinguish three periods at which the charge undergoes 
notable changes: 

1st. The preliminary or heating-up stage, in which the water 
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goes off, the whole mass becomes red-hot, and the sulphur commences 
to burn. 

2d. The burning sulphur raises the heat to the melting-point of 
lead; the greater part of the lead finds itself in a reducing atmo- 
sphere, and runs out in metallic form, while the rest is oxidized, 
carbonated, or volatilized with the remaining metals of that kind, 
that are by this time passing off. It is evidently best at this stage 
to use as little blast as possible, so as not to blow away the reducing 
atmosphere, and oxidize or volatilize the lead. It is also necessary 
to retain the charge at this stage as long as possible. 

3d. After the second stage has lasted some time, the heat of the 
mass has so increased that the ferruginous and earthy impurities of 
the ore, combining with the litharge formed, commence to sinter 
and agglomerate to a slag, inclosing the particles of lead as they 
run out, and finally cementing the whole charge to a mass which 
sticks to the walls of the hearth. Before this period fairly sets in, 
the charge should be considerably reduced in bulk by the burning 
of the sulphur, melting of the lead, etc., and its further progress 
must be prevented by proper manipulation and by adding a new 
charge. 

Practical Operations.—At the commencement of a heat on one of 
these hearths, with the hearth cold, some lighted fire-brands are 
piled against the back-wall, in front of the tuyeres, and a gentle 
blast is put on. When the lead in the well has been thoroughly 
melted, and the hearth has attained a red heat, a charge of ore, 
mixed with the richer slag from the last heat, is put upon the wood 
and allowed to heat up, being carefully watched and stirred, so as 
to allow the blast free passage and prevent agglomeration. Soon 
the lead will be seen to stand out in minute drops all over the pieces 
of the charge; then the drops slowly join and fall, and the lead com- 
mences to roll down the gutter of the fore-hearth in a fiery stream 
into the pot below. With the first charge, this must be allowed to 
continue only a short time; almost immediately after the first drops 
begin to form, the charge must be raked out on the fore-hearth and 
allowed to cool down. Fresh brands are then placed over the 
tuyeres, a charge of ore is placed upon them, and the first charge, 
also mixed with fresh ore, is piled on top of the second. The pro- 
cess goes on as before; the fresh ore seems to swell up and assumes 
a loose, spongy, earthy look; then the dense white, red, and black 
fumes commence to roll off; the drops and streams of lead appear; 
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and the same attention and stirring are necessary to avoid the ag- 
glomeration of the charge. 

In working with an impure ore, the slag formed must be picked 
out from time to time and thrown aside, otherwise the burden will 
get too heavy. With any ore, indeed, this must be avoided ; since 
otherwise the work is made much harder, more stirring must be done 
to keep the charge open, and more lead is volatilized or goes into 
the slag. 

Too high a heat will also retard the process by the rapid agglom- 
eration it causes in the charge. When the heat is at the proper 
point the lead runs out in a brisk silvery stream, and there is no 
sticking of the charge to the walls of the hearth; but when the 
heat is too high the lead flows sluggishly; the charge, especially 
if of impure ore, clings tenaciously to the walls of the hearth, and 
the constant use of the bar is required to get it off. 

Slags.—As already noted, the slags from impure ore will accumu- 
late on the hearth, so as to need removal several times in the course 
of a heat of some hours. In working pure galena, on the other 
hand, nearly all the slag stays on the hearth until the end of the 
heat. What is left at this time is sintered to a mass, which is then 
broken up and picked over, the rawest parts being saved for re- 
smelting in the next heat. 

After cooling, the slags are examined for shots of lead, and are 
then thrown on the dump. They are heavy, earthy-looking, puffy 
and porous—in some pieces, sub-vitreous. They seem to contain a 
notable amount of iron, and are rich in lead and silver. No assays 
of them have been lately made, and their exact contents are not 
known. The slag-bank back of the hearth is small for the time 
they have been at work, showing that the ore has been of fair 
purity. Some attempt has been made to work up the slags in a 
small upright furnace, but the matter has been laid aside for the 
present. 

Lead.—The lead made by this process is of great purity, and 
very soft; and the brand of this company is favorably known in 
the English market. 

Labor.—The smelting is overlooked by a head-smelter, who gets 
§3 per day. Each hearth is attended to by two men and a boy. 
Only one shift is run per day; and a task is given which lasts from 
four to six hours, according to the ability of the workmen and the 
class of ore. Each hearth is expected to produce 35 pigs of lead of 
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62½ pounds each, from 3500 pounds of ore.    The ore is not weighed 
but guessed at from long experience. 

The superintendent estimates the cost of smelting each 35 pigs of 
lead at about $6, subdivided as follows: 

 
Production, Values, and Profits.—At the time of my visit there 

were three hearths running, and turning out 105 pigs per day. A 
considerable reserve of ore was accumulating, as the consumption 
was less than half the daily product, which would have sufficed for 
six hearths. With six hearths the production should be 210 pigs 
per day. The returns from Liverpool give, as I am informed, the 
silver value of the bullion as from 58 to 75 ounces per ton of 2240 
pounds. Allowing an average value of C5 ounces per ton of 2000 
pounds, of which only 45 ounces are paid for by the smelters, and 
pricing the lead at 3 cts per pound, we have the following as the 
market value of the daily product if six hearths were in operation: 

 

For four hearths, with a product of 140 pigs per day, the return 
at above rates would be $438. 

From these returns must be deducted the cost of mining, concen- 
trating, smelting, and marketing, which I will now proceed to esti- 
mate approximately. The expenses per day are calculated as follows: 

General staff: 
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Mining : 
Labor. 

Underground captain, ............................................  $4 00 
Captain's assistant...................................................  2 50 
2 pump engineers, at $1 each (Mexican), . 2 00 
4 firemen and helpers,at 75 cts. each (Mexican), . 3 00 
2 hoist-boys, at 30 cents each (Mexican),   .       . 60 
6 surface-men, at 75 cents each (Mexican),        . 4 50 
50 miners, at $1.25 each (Mexican), .       .       . 62 50 

------- $79 10

Materials. 
7 loads of wood for pumping,     .       .       .       . $8 40 
Oil, packing, etc ...................................................... 3 50 
Powder and fuse...................................................... 5 00 
Hammers, steel, and charcoal................................ 3 00 
Candles ...................................................................  5 00 
Wear  and   tear of machinery (estimated  at 

$21,000 to wear out in five years), .       .       .   11 75 
Timber, prospecting, and dead-work,.       .       .   20 00 

-------  $56 65 

Total for mining, ...........................................................$135 75 
(This amounts to $13.57 per ton of cleaned ore.) 

Concentration : 
Labor. 

1 jig-boss, at $1 (Mexican),        .       .       .       .   $1 00 
4 ore-washers, at 75 cents each (Mexican),        .      3 00 
8 jiggers, at 25 cents each (Mexican),        .              2 00 
6 carriers and extra hands at 75 cents each (Mexican),   4 50 

-------  $10 50 

Materials. 

Wood, 4 loads, at $1.20 a load, .       .       .       . $4 80 
Oil, packing, etc .....................................................  2 00 
Tools, barrows, etc..................................................  2 50 
Dumping waste....................................................... 8 00 
Wear and tear of machinery ($3000 to be worn 

out in five years), ...............................................  1 70 
-----  $19 00 

Total for concentration .................................................$29 50 
(Per ton of cleaned ore, $2.95.) 
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Smelting : 
Details as before for 1 hearth ; for six hearths,  . $36 00 
Wear and tear of plant, machinery, and tools 

($4000 to be worn out in five years),      . 2 25 

Total for smelting,.................................................... $38 25 

•Total for general expenses, mining, concentrating, 
and smelting ..........................................................$227 50 

(This in Mexican money is equivalent to $193.37 U. S. currency.) 

Marke t ing :  
Freight on 6½ tons from mine to Liverpool,     . $130 00 
Commissions, etc., at $3 per ton,       .       .       .     24 00 

Total for marketing ...............................$154 00 U. S. 

The total expense for mining, concentrating, melting, and 
marketing would therefore be,......................................$347 37 U. S. 

If we assume the net value of mine, plant, reserves, and rights 
to be $100,000 U. S., which should earn as a business investment 
20 per cent per annum, on account of risks of mining, etc., we 
should add to the above $55 per day, and the result will be $402.37 
U. S., which is the true total daily expense of mine and works. 

Subtracting §402.37 from the daily market returns ($657) we 
have a remainder of §254.63, which represents the net daily profits 
on a production of 210 pigs per day. This is equivalent to $7600 
per month, which would pay off the capital of $100,000 in thirteen 
months. 

According to the above estimates, the net cost of 1 ton of 2000 
pounds of lead, laid down in the Liverpool market, is $61.90, or, 
less the interest on the capital invested, $53.42. 

The cost of 1 ton of cleaned ore is as follows : 

Mining, .........................................................$13 57 
Jigging .........................................................2 95 
Charging to mining and concentration one- 

half of the general staff charges, or $12, we 
shall have per ton, .................................... 1 20 

Total per ton,      .       .       .       .   $17 72 Mex. or $15 06 U. S. 

Reserves.—I have already touched upon the question of the re- 
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serves on the eastern side of the Santiago shaft, and estimated their 
amount, as developed up to May, 1884, as perhaps 200,000 pigs of 
lead. 

More important than the actual money-value of this reserve is 
the assurance, from the appearance of the three eastern headings, of 
an indefinite extension of the vein on that side. 

Turning to the western side, and admitting that the explorations 
of the Spaniards show the vein to be continuous for at least 2½ miles 
(of which there is scarcely any doubt), and supposing that the yield 
of that portion should be even much inferior to the part of which 
we have data, we would have a calculation leading into the millions 
as to the value of the extension on that side. 

There is, in fact, every reason to suppose that the working of this 
property on the large scale for both lead and zinc would be exceed- 
ingly profitable. I believe, however, that the plans of the present 
management are quite limited for want of capital. 

Water.—The only supply of this necessity at Vallecillo, in quan- 
tity sufficient for the uses of the works, is from the mine itself, 
which, indeed, would be immensely less valuable, or without value 
at all, if it were a dry one. It is not likely that the present supply 
of water will be sufficient for works on a large scale. In this case, 
the abandoned mine of Jesus Maria would furnish about 2,500,000 
gallons per day, at an expense of some $50,000 in fitting up the old 
large pump and constructions necessary, which supply would be 
enough for an output of many hundred tons daily, and leave a 
quantity over, which would be very valuable for irrigation. 

Or, perhaps, some system of dry concentration might be used, 
which would do away with the necessity for water altogether. 

Fuel.—The present price of a load of wood (about half a cord), 
at the works, is $1.50, and charcoal, if that were in use, could be 
had at from $8 to 10 per ton. The supply would be irregular, and 
not to be depended on for a large production, unless a regular char- 
coal camp were organized and hauling were done with the mine's 
own team. 

The coke from the Rio Pecos coal, now being opened up along 
the Rio Grande, would furnish an excellent fuel, but it is to be 
feared that wagon transportation from the Villaldama station would 
be too slow, limited, and dear, to allow of work at these mines on a 
large scale, especially for the zinc industry. 

A railroad has been thought to be too expensive, and it has been 
suggested by one of the parties in interest, that a thorough repair 
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of the wagon-road and the use of a traction-engine, would be the 
best and cheapest mode of moving the product and bringing in 
fuel. It is to be hoped that this experiment will be tried in the 
near future. 

Conclusion.—The history and present position of this company 
forms the best answer to the question so often asked as to the secu- 
rity of American investments in mines in Mexico. This company 
commenced to mine only a few years after the American invasion of 
1847, has remained in full and undisturbed possession through all the 
changes that have followed, and has met no difficulties from govern- 
ment or people, not easily overcome by good judgment and sense, 
aided by a knowledge of the peculiarities of the country. 

Now, since the railroads have come in, no one need feel afraid to 
come here and invest in mines, provided the ordinary precautions 
are taken, which cannot safely be omitted in the United States. 

DISCUSSION. 

C. KIRCHHOFF, JR., New York City: I understand from Mr. 
Chism's paper that it is an effort to estimate the possible profits of 
working the Vallecillo mines, when producing double the quantity of 
metal actually turned out now, based upon the extremely meagre 
data obtainable on the spot. Mr. Chism probably does not claim 
his figures to be anything but an approximation, and they should be 
criticised only with a full appreciation of their character as a tenta- 
tive effort. Mr. Chism, however, makes an error in his computa- 
tions, which is quite independent of the extremely crude manner in 
which, apparently, metallurgical accounts are kept in Vallecillo. 

Mr. Chism estimates the price obtainable for lead at three cents. 
Since with the quotations of lead in the United States and in Eng- 
land, with the duty on lead in this country, and with the low 
freights on base bullion from cotton ports to England, the only mar- 
ket open to the Mexican lead is Great Britain, returns must be 
governed by quotations there. For the greater part of this year 
soft English pig has been quoted at £11, while soft Spanish has 
fluctuated between £10 10s. and £11 17s. 6d. Taking the highest 
figure, since the Vallecillo lead is one of the purest brands of bullion 
known to desilverizers, here or abroad, the lead is worth a little less 
than 2.4 cents per pound. This difference of 0.6 cent between Mr. 
Chism's estimate of 3 cents and the actual return of about 2.4 cents 
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per pound would reduce the profits per day on a production of 
13,125 pounds by $78.74 per day. 

Mr. Chism intimates that he believes it possible that a profitable 
zinc industry could be established were the capita] forthcoming, with 
the large accumulations of blende at the mines as a basis. Mexico 
itself would not furnish a market for the product, and the duty on 
spelter would exclude it from this country. The English market 
alone would be left, where the Mexican metal would have to com- 
pete with Silesian at £14 15s. to £15 per ton, or §3.25 United States 
currency per 100 pounds. With such questions as the supply of 
good fuel, of suitable refractory materials, of cheap transportation, 
and of skilled labor, unsolved (and not likely to be solved, in so 
remote a locality, except by the most exceptional coincidence of cir- 
cumstances), the blende will remain a waste product, unless it can be 
exported as such. The highest price recently paid at Swansea ticket- 
ings was £5 5s. for a special lot of Minera blende, equivalent to 
§25 per ton, or about 1.1 cent per pound. 

NOTES ON THE PATIO PROCESS. 

BY C. A. STETEFBLDT, NEW YORK CITT. 

THE hacienda Sauceda is one of the largest and finest haciendas 
in the vicinity of the City of Zacatecas, Mexico, and is said to re- 
duce ores by the Patio process more cheaply than any other estab- 
lishment. It receives its supply of ore from the San Acacio mine. 
This mine has been for some time, like most of the Zacatecas mines, 
out of bonanza, and yields, at present, ore of rather low grade. The 
silver occurs principally as silver-glance, ruby-silver and native 
silver, associated with pyrites of iron and copper, and some galena 
and zinc-blende, in a gangue of pure quartz, which takes the form 
of amythyst whenever the ore is of high grade. All the ore, as it 
comes from the mine, is broken by hand into small pieces, and 
sorted before it is delivered to the hacienda. Here it is first crushed 
dry in Chili mills, and then ground wet in arrastras to an impalpable 
powder. The sulphurets not decomposed in the patio process are 
separated in the settlers from the tailings and concentrated by hand. 
By roasting them in a reverberatory furnace with carbonate copper- 
ores, "magistral" is obtained. All machinery is driven by mule- 
power. 

VOL. XIII.---- 24  
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In the year 1883, the hacienda Sauceda reduced 17.726 tons of 
ore. The average value of the ore was 17.11 oz. silver per ton. Of 
this, 4.37 oz. or 25.5 per cent, were lost. The loss in quicksilver 
was 1 pound per 7.4 oz. silver extracted. The total expenses of 
reduction were $8.12, Mexican money, per ton of ore distributed as 
follows, viz.: 

Pulverizing in Chili mills, ............................................................. $1.03 
Grinding in arrastras,.....................................................................  2.06 
Salt, from 5 to 6 per cent., ..............................................................  1.13 
Magistral,....................................................................................... 0.80 
Quicksilver, 1.71 pounds,................................................................  0.96 
Other items and general expenses, .................................................  2.14 

Total   $8.12 

In considering these results by themselves, as far as the percentage 
of silver extracted is concerned, one would get an entirely wrong 
view regarding the perfection of the patio process. It seems that 
the loss in silver is a more or less constant quantity per ton of ore; 
i. e. it is about the same for poor and for rich ores, whereby the 
percentage of silver extracted from the latter becomes remarkably 
high. The following statistics, taken from the books, will illustrate 
this. 

Assay-value of ore. • Percentage of 
Oz. silver per ton. silver lost. 

32.22 ...........................................................................................  10.0 per cent. 
.37.00 ..........................................................................................  10.0   "     " 
42.60..........................................................................................  6 . 1    " "  
47.60 ..........................................................................................  5 . 6    " "  
99.60 ....................................................................................  7.0   "     " 

These figures are rather a disappointment to those who believe 
that they can improve the reduction of certain ores in Mexico by the 
introduction of modern methods. Of course there are many ores 
that will not yield a high percentage of silver in the patio process. 

The same is to be said about the cost of reduction. Modern 
methods mean the replacing of mule-power by steam-power. In 
districts void of fuel, like Zacatecas, this is a serious question. So 
far, the Mexican Central R.R. has not established freight-rates suf- 
ficiently low to permit the importation of coal, and it would be a 
risky undertaking for any mining company to rely upon a temporary 
concession as long as there is no competition. On the other hand, 
the cost of the patio process depends largely upon the price of corn. 
When, in dry years, the crops fail, the price of corn may be four 
times as high as in normal years. The estimates above are based 
upon normal prices of corn. 
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PROGRESS OF THE MANUFACTURE OF SODA BY THE 
 AMMONIA-SODA PROCESS. 

BY OSWALD J. HEINRICH, DRIFTON, PA. 

SlNCE my communication to the Institute at the Baltimore meet- 
ing in 1879,* in which I took the lead in emphasizing the importance 
of a new method in the manufacture of soda, already practiced to 
some extent in England and on the Continent of Europe, five years 
have passed. I then referred particularly to the advantages offered in 
the United States for this peculiar method, by the ammonia process, 
namely : 

1. At the present time, at least, we have but one mine in this 
country where rock-salt is mined, namely, at New Iberia, La.   On 
the other hand, we have many localities where brine of various 
degrees of strength, up to that of cold saturation, is obtained in 
large quantities. 

2. We have excellent fuel, in close proximity to most of the brine- 
centers. 

3. Our supplies of pyrites, to use in the manufacture of sulphuric 
acid, for use in the manufacture of soda by the Leblanc process, are 
mostly too far from the brine-centers to permit competition in that 
line with the more favorable conditions existing in England, 

4. Unlike our foreign rivals, we have no large and costly plants, 
erected on the Leblanc plan, which must be abandoned and exchanged 
for new but cheaper plants, before the ammonia-soda process can be 
adopted. 

5. We have a constantly increasing demand for soda, which is 
almost entirely supplied by importation. 

If slow progress has been made hitherto in this country in the 
extension of this manufacture (only one plant at Syracuse, erected 
under the Solvay patent, having as yet been placed in operation), 
I still feel gratified in saying that developments in England, and 
particularly on the Continent of Europe, give ample proof of the 

* Transactions, vol. vii, p. 294. 
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correctness of my statements, as recorded in my former paper. At 
that time, as I then observed, the most adverse criticisms originated 
with English writers, though Professor Roscoe already admitted that 
there was doubtless a future for this process, under peculiar condi- 
tions. A rapid change has since taken place in that quarter. John 
Lomas, in his valuable book, A Manual of the Alkali Trade (London, 
1880, p. 233), closes his remarks by saying, "and yet, to sum up the 
whole, in all probability the ammonia-soda, will gradually supersede 
refined alkali. Its quality cannot be improved, but its cost will be 
somewhat lowered by the introduction of more perfect mechanical appli- 
ances. But soda-ash, crystals and caustic soda will hold their own 
against the new-comer." 

Agreeing fully with him in the first sentences quoted, I venture 
to say now, with regard to his latter remark, that the original pro- 
duct manufactured, i.e., an almost chemically pure, anhydrous mono- 
carbonate, is the best material for the manufacture of the bicarbonate. 
Soda-crystals, and a caustic soda of the greatest strength as well as 
purity, are thus manufactured from an article originally free from 
impurities. 

Early in 1883, Walter Weldon, an acknowledged authority of the 
highest rank on questions of practical chemistry, the manufacture of 
alkalies and kindred branches, renders his opinion in a paper, read 
before the Society of Chemical Industry.* 

"The manufacturers of soda by the Leblanc process have fallen upon evil times. 
For some time past, their profits have been steadily declining, until now they have dis- 
appeared and have been replaced, in many cases, by actual loss. Of twenty-five 
alkali-works, which were in operation in the neighborhood of Newcastle-on-Tyne, 
a very few years ago, twelve have been closed ; and of these, no fewer than eight 
actually dismantled, in despair of it ever again being possible to manufacture soda 
in them by the Leblanc process, except at a loss, etc. 

"In Belgium, the production of Leblanc soda has died out, while in France, Ger- 
many and Austria it is only maintained by the aid of import duties and the large 
demand for the by-product, hydrochloric acid. This deplorable condition of the 
trade is mainly due to the great increase of the out-put of soda manufactured by the 
ammonia process, an increase which, though rapid in the past, bids fair to proceed 
by leaps and bounds in the immediate future." 

My personal observations, in 1877, through the districts of the 
alkaline manufacture of England, and statements then made to me 
by one of the great industrial leaders of Newcastle, a man whose 
opinions command the respect of all that know him, confirmed 

* Engineering and Mining Journal, vol. xxxv., p. 118. 
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already the above reports, my informant himself being one of those 
who had closed their Leblanc works. Being the owners of rich salt- 
deposits already developed by boring in Durham districts, his firm 
has now erected new works, to manufacture soda by the ammonia 
process. 

To follow up this inquiry to the latest date, I refer again to Mr. 
Weldon. In his address as retiring president of the above society 
in 1884,* he comes to the following conclusion: 

"The Leblanc process is not destined to remain the only means of obtaining hy- 
drochloric acid. Modern industrial chemistry is revolutionizing the methods by 
which chlorine is obtained from hydrochloric acid, the raw material furnished by 
and now so vital to the future of the Leblanc process, etc. There seems, therefore, 
little doubt but that the old soda-process is doomed to a further restriction." 

It being now the acknowledged fact, that the soda alone can be 
manufactured more cheaply by the ammonia process, and with less 
capital for investment, this restriction must be in favor of the am- 
monia-soda manufacture, because the soda so made is in general 
demand. 

The annual production of soda throughout the world, during the 
last eight years, has been, according to Wagner's Jahresbericht, as 
shown below (calculated to Na2CO3, produced from common salt). 
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This rapid increase must be credited to the enterprising firms of 
Brunner, Mond & Co., near Norwich, England, E. Solvay, at Couil- 
let, Belgium and Varangeville, Dombasle, France, all working ac- 
cording to the Solvay plan. The first increased their production 
from 2500 tons in 1875, to 52,000 in 1883; the second, from 179 
tons in 1867, to 4678 in 1875 and to 65,125 in 1883. 

Such a rapid increase in the product of a single manufacture of 
twenty-fold, in the course of eight years, is sufficient proof of the 
advantages of the system, especially when at the same time the 
product by a former process has decreased during the same period 
ten per cent in countries where, as in Great Britain, both systems 
operate in the same neighborhood, while in other countries it has 
even been entirely obliterated. 

About one-fifth of the soda produced in Great Britain is exported 
to the United States. The increase of importation to this country 
during the last eight years has been, according to the reports of the 
Bureau of Statistics in Washington (in tons of 2000 pounds), as 
shown below: 

1875. Tons. Value. 
Bicarbonate of soda,     . . . .  3,404.841 $  234,845 
Carbonate (including soda ash), .       . 97,875.159 3,860,119 
Caustic soda,............................................. 19,289.590 1,445,734 

Total for 1875,      . . . .    120,569.590 5,540,698 
1883. 

Bicarbonate of soda,     . . . .  999.466 $    49,632 
Carbonate (including soda-ash),  .       . 173,627.010 4,221,899 
Caustic soda,.............................................  28,865.984 1,255,213 

Total for 1883,      . . . .    203,492.460 5,526,744 

If we now turn our attention to another vital objection formerly 
raised against the manufacture of soda by the ammonia process, 
namely, the consumption of ammonia and the loss of the chlorine, 
we shall be able to satisfy ourselves that in this respect progress has 
been made. 

1. With regard to the loss of ammonia, and the fear of a defi- 
ciency of supply at reasonable prices to cover such loss, it may be 
said that if ammonia-soda-works are constructed after a rational plan, 
with the skill now applied to the making of machinery in a good 
machine-shop, no greater loss than 1 per cent of ammonia should 
occur. The loss can only happen by waste or leakage, the ammonia 
being the intermediate agent for conversion, and being regained from 
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the mother-lye. Taking 3.8 pounds of sulphate of ammonia, at 3 
cents per pound, to replace 1 pound of ammonia, the cost will be 
8.2 cents or about $1.25 per ton of soda. 

To produce the same amount of soda by the Leblanc plan would 
require 110 pounds of 48 per cent, pyrites at 40 cents per 100 
' pounds (including freight and wastage), or 44 cents per 100 pounds 
of anhydrous monocarbonate. Suppose 80 per cent of this is re- 
gained by working up the soda-waste, according to the very improved 
methods of Schaffner and Helbig, involving an expense of about 40 
per cent of its value. The net result will be a loss of 19 cents; 
whereas the loss of ammonia for an equal final product made by the 
ammonia process amounts to only 6¼ cents, or about one-third as 
much. To recover in Leblanc works the sulphur of the pyrites 
requires an extensive additional plant, and according to some 
methods involved even a loss of chlorine. 

During the last few years extensive experiments have been made, 
to furnish a new source of ammonia by utilizing the waste products 
from coke-ovens and iron-furnaces. These have already been 
crowned to some extent with success. Large coke-producers have 
erected plants to collect the ammonia at remunerative prices. Con- 
sidering the very large amount of coke produced, it is evident that 
no fear need be entertained but that a constant supply of ammonia 
can be secured at reasonable rates from the above source. Ammonia- 
soda-works, which may be so favorably situated as to have their coal 
supplies near at hand (and such places are fortunately found, partic- 
ularly in the United States, in close proximity to salt-brine), may 
even find it advantageous to produce their own ammonia and supply 
the waste at minimum cost. 

2. With regard to the obvious defect in the ammonia-soda manu- 
facture, that it does not utilize the chlorine contained in the brine, 
we have, at least, this consolation, that experiments, even upon a 
large scale, have proved that the chlorine may be saved, though it 
has not yet been done with commercial profit. Seeing such able 
men in the line of industrial chemistry as Weldon, Gossage, Solvay, 
Honigmann, Hasenclever, Lunge and others persistently following 
up this important subject, we may confidently expect an eventual 
success. 

Meanwhile, new subordinate applications for calcium-chloride may 
come into use, when it can be obtained cheaply. Only lately such 
has been the case in Italy, where it is now used profitably to extract 
sulphur, almost pure, and at reduced cost as compared with former 
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methods. The price paid for the calcium-chloride is said to be 9 
francs per 100 kilogrammes, or nearly $20 per ton—a very handsome 
price for a waste-product. When magnesite can be obtained at 
reasonable prices and cheap fuel is commanded also, a large portion 
of the chlorine may be obtained and converted into hydrochloric 
acid. By means of a double reaction, this may also be accomplished 
if a pure dolomite can be used instead of common limestone. 

While it must be confessed that this problem is not yet sufficiently 
solved, still so able an authority as Professor G. Lunge, admits the 
possibility of its solution, although, so far, it has not been done with 
commercial profit. In this respect, local advantages will have some 
influence, particularly as to the cost of raw materials. But we must 
not lose sight of the important fact that the source of chlorine, from 
common salt, natural brines and sea-water, is inexhaustible; and, 
therefore, its loss is certainly less deplorable than that of sulphur, 
the sources of which are far more limited. Beside this, the waste 
calcium-chloride is not obnoxious and detrimental to a neighborhood 
as soda-waste unquestionably is. 

While we are indebted to E. Solvay for having opened the path 
to success (the enormous increase of his personal manufacture in 
Europe, amounting to 179 tons in 1866, but 53,400 tons in 1882, 
being ample proof), other able practical chemists have entered the 
field also, so that we have now a variety of apparatus, described in 
foreign journals, as used in Europe to accomplish the same object. 
It is due to M. Solvay that the first manufacture of this kind has 
finally been erected in the United States, at Syracuse, N. Y. A 
man of means himself, he offers sufficient encouragement for other 
capitalists to invest in this new enterprise, when he ventures to risk 
his capital in this country, as he had done already in Belgium, 
France and Germany. 

To make clear the peculiar advantages due to this process, I give 
in Figs. 1 and 2 a sketch of works designed to use the apparatus of 
M. Gerstenhoefer, patented in the United States, May 3d, 1881. 

Fig. 1 represents the ground-plan, its exterior dimensions being 
248 by 50 feet, including a mill and packing-room at the lower end, 
not represented in the figure. Fig. 2 is a longitudinal section. The 
design represents one "block," which is the smallest works which 
can be put up to make the manufacture profitable. For larger 
works, the blocks are grouped together, and by the centralization of 
the work expenditures in erection and general management will be 
reduced. One block is capable of producing 8¼ tons in 24 hours. 
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A block consists of 5 separate departments. In the first, we find 
the brine-tank A, from which the purified brine is forced over to a 
coke-tower B, supplied with a shower-apparatus. The wasted am- 
monia gas, if any should leave the next apparatus, passing upwards 
in this tower, is absorbed entirely by the descending brine. The 
latter is collected in a reservoir C, and pumped into the universal 
apparatus D for conversion into bicarbonate of soda. Five of them 
are used in rotation as described below. Each consists of an air- 
tight cylindrical sheet-iron vessel D. It is supplied with a three- 
way pipe, the top branch of which passes through the center to the 
bottom of the cylinder and connects there with a wider cylinder. 
The latter is supplied with a large number of perforated pipes for 
the distribution of the gases. 

These converters Dr, D2, etc., as well as the ammonia-stills E and 
agitators I, are all placed in the second or converter-department. 

The apparatus Dl ,t D2, etc., operates in successive periods, thus: 
1. Cylinder DB being charged with brine, receives ammonia gas 

and sufficient carbonic acid gas to form monocarbonate of ammonia. 
Cylinders D2 and D3 meanwhile act as absorbers of waste gases, be- 
ing also charged with brine, which has already taken up some of the 
waste gases.    D4 contains fresh brine. 

2. D1 receives now the remaining carbonic acid gas necessary to 
produce bicarbonate of ammonia, and, by reaction upon the brine, 
bicarbonate of soda and chloride of ammonia.    Meanwhile, D2 re- 
ceives ammonia gas, and Ds and D4 act as absorbers. 

3. The first cylinder D, is emptied and cleaned out by means of a 
steam-pipe, while the reaction and absorption take place in the suc- 
ceeding apparatus. 

4. D3 receives its balance of carbonic acid gas, while D, is charged 
again with fresh brine, ending the rotation of the apparatus. 

From the converters, the contents are discharged by a line of pipes 
into the agitators I, of a peculiar construction and closed air-tight. 
Their purpose is to incorporate the materials still further. Each 
converter can be brought into communication independently with 
the brine-pump, the ammonia-still, the lime-kiln F, the calcining 
apparatus G, or the agitator I. From the agitator the product is 
transported to the centrifugal machines L, in the third or separating 
department. Here, by means of centrifugal force, the chloride of 
ammonia liquor is separated from the precipitated bicarbonate of 
soda, to a maximum degree. The liquor is collected in closed tanks 
and forced through a line of pipes to the primary heater H in which 
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bicarbonate of ammonia, to some extent mixed with the chloride, is 
first expelled. Now, the chloride of ammonia in the still E is con- 
verted, by means of caustic lime, into ammonia gas, which is rectified 
and dephlegmated in suitable apparatus, N and O, whence the am- 
monia gas reenters the converters D,, etc., to be used again. 

The contents of the centrifugal machines are transported to the 
calcining cylinders G, in the fourth department. They are supplied 
with proper stirring and transporting tools, attached to a rotary 
shaft. The cylinders being heated, the small amount of ammonia 
chloride and half of the carbonic acid is expelled, to enter always 
the first of the converters in the respective circuit, while anhydrous 
monocarbonate of 99 per cent, purity remains in the calcining cyl- 
inder. 

This is transported into a fifth department, the mill-room, and 
received by the soda-mill, pulverized and packed into barrels ready 
for shipment. 

All vessels and connections being air-tight, so far as a good manu- 
facturer can effect it, the loss of ammonia is prevented. By means 
of splitting the operation, and first producing monocarbonate of am- 
monia, the evolution of heat is reduced, the temperature in the con- 
verters being further decreased to its minimum by means of refrig- 
erating coils placed within them. 

All transportation of brine and gases being effected by pumps or 
compressor, the chemical reactions are controlled as near as it can 
be done within the converters. The brine entering the first depart- 
ment will leave the last, six hours afterwards, in the form of anhy- 
drous monocarbonate, ready for packing and almost chemically 
pure. 

To persons familiar with the manufacture of soda by the Leblanc 
process, it must be evident that the ammonia-soda process requires 
less manual labor, and that of a less skillful nature, while, at the 
same time, the raw material, brine, is converted into a marketable 
product in a minimum period of time. 

To compare the financial results of both manufactures, for a like 
investment of capital, the following estimates are offered, assuming 
the same locality for the erection of both. The estimates have been 
worked out in detail, but, for the sake of brevity, only final state- 
ments are given. 

The Leblanc plant being complicated in its nature, and by its va- 
riety of products accommodating itself to the immediate wants of 
the market to some extent, it is difficult to make a definite calculation 
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as to how this process will be operated, because it may sometimes be 
of advantage in practice, to force one department according to the 
temporary demand. As far as possible, impartial statements of 
average conditions have been aimed at in the following estimates. 

The, Leblanc Plant.—Designed to consist of: 
One sulphuric-acid works, chamber-capacity 160,000 cubic feet, 

capable of producing 16,500 pounds sulphuric acid 66° B., with 
furnaces, condensers and pans, all complete. 

Three salt-cake furnaces, 3 tons capacity each, capable of produc- 
ing 9 tons of dry sulphate, including all apparatus to make hydro- 
chloric acid, to be used for the manufacture of bleaching-powder. 

Two soda-furnaces, 4 tons capacity each, heated by regenerators 
to produce soda-ash. 

Six boiling-pans, 6 soda-kettles and 4 lixiviation-tanks for the 
production of caustic soda. 

Two calcining-furnaces, 3 lixiviation-pans, settlers, crystallizing- 
tanks and all apparatus for making calcined soda and soda-crystals. 

Ten stills and converting chambers, for making bleaching powder. 
The total, including all buildings, machinery, engines, boilers, 

furnaces, tracks, pumps, compressors and all other fixtures to manu- 
facture soda by the Leblanc method, all put up in a good and sub- 
stantial manner, including cooper-shop and other shops for maintain- 
ing the works costing the sum of §300,000, exclusive of 5 acres 
ground necessary for plant and storage-room. 

The daily consumption of raw materials for such works would be: 
2.8 tons, brimstone           @ $25............................................ $ 70.00 
0.2C6   "   Chili saltpetre, @   44 ............................................ 11.70 
3.7       "    salt                    @     3.70 ...................................... 28.67 
2.44     "    manganese         @   22 ............................................  53.68 

14.5       "    limestone           @     1.50 ...................................... 21.75 
42.        "    coal                   @     1.00 .....................................  42.CO 

Total for materials per day, ....................................$227.80 

For labor and other expenditures I estimate: 
Labor in total for all work,        . . . .  $104. 
Repairs, .................................................................... 50. 
Salaries and general management,    . . .  32. 
Casks, carboys and incidental expenditures,      . 60. 

Total for labor, etc., per day,     .       .       .   $246. 246.00 
$473.80 

Regained by regeneration of sulphur,     ,   $32.80 
Regained by manganese,          .     22.00 54.80 
After deducting the cost of regeneration,  ---------- . 

Total cost of manufacturing products per day, $419.00 
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We assume the work to produce 

  

For 300.working days per annum this small profit would only pay 
3.6 per cent. interest, and leave no surplus for redeeming the invested 
capital or renewing the plant. 

Ammonia-soda plant.—We propose here a four-block work on the 
plan formerly described, capable of producing 33 tons (2000 lbs.) of 
anhydrous monocarbonate of soda of 99 per cent. purity. The erection 
of such a work shall also cost §300,000, exclusive of the site, which 
would require about 2½ acres. 

The daily consumption of materials will be: 
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Even if the calcium chloride is altogether disregarded, a net profit 
of $126.72 is still available. Of this, a proper percentage will be 
required as royalty for the use of the patent. The above sum yield- 
ing a profit of nearly 13 per cent. for dividends, a reasonable royalty 
can still be afforded, after allowing fully for the redemption of capital 
and for interest. 

This comparison confirms statements so often heard of the de- 
plorable conditions under which the Leblanc process now suffers. 
Only old works, which have redeemed their capital in former years, 
may yet weather the rough sea beating against it. New works upon 
that plan could not prosper, at least in this country, where the cost 
of the erection of a Leblanc plant is so much higher than in Europe, 
and where capital demands greater profits. If we desire to manu- 
facture our own soda from salt, we are forced to adopt the ammonia 
process. 

In regard to localities in the United States, we find rock-salt in 
the States of New York, Virginia, Louisiana, Texas, Nevada and 
Oregon; strong brine in New York, Virginia and Michigan; weaker 
brines in the central basin of the United States, Ohio, West Virginia, 
Kentucky, Pennsylvania, Mississippi, Missouri, Illinois, Indiana, 
Kansas and Arkansas. It is particularly those weaker brines, in the 
central basin, with cheap fuel close at hand, which would furnish a 
favorable opportunity for the ammonia-soda process, where the Le- 
blanc process would find it difficult to meet the higher price of solid 
salt, indispensable for the latter, while the former can use concentrated 
brine directly. 

A few words may be appropriately said in conclusion to refute the 
assertion of Mr. Lomas, that monocarbonate of soda, produced by the 
ammonia process, can not hold its own against crystals and caustic 
soda produced by the Leblanc plan. 

The bicarbonate of soda which leaves the centrifugal machines 
is not quite free from ammonium-chloride. It is therefore necessary 
to recarbonate the pure anhydrous monocarbonate. To do so it 
requires a peculiar treatment, previous to carbonization, which 
will add no serious expense to the manufacture. It then can be 
crystallized to produce a perfectly pure bicarbonate. 

The same may be said of the caustic soda. It is true that the lye 
of the bicarbonate produced in the ammonia process cannot be used 
directly. But the monocarbonate produced can be reduced to caustic 
soda as well as pure crystallized carbonate of soda produced by the 
Leblanc process, and used for the production of the purer caustic 
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soda. The raw material used from the ammonia process is not only 
produced cheaper, but it also furnishes caustic soda of the highest 
grades and purity, such as is particularly sought for in the manufac- 
ture of anilin colors and the finer articles of toilette soap, and this 
can be manufactured at prices capable of competing with other 
caustics in the market. 

THE SEPARATION OF STRATA IN FOLDING. 

    BY FRED.   G.  BULKLEY,   LEADVILLE,   COLORADO. 

THAT portion of the geological structure of the Leadville district 
which rests upon the Archæan is made up of sedimentary beds of 
Silurian and Carboniferous formation, consisting of many conform- 
able strata of limestones, quartzites, and shales, which have a total 
present thickness of about five thousand feet. Interbedded with 
these strata are found, under somewhat fixed laws of regularity, 
sheets of intrusive igneous rock, varying in thickness from a foot or 
two to several hundred feet. These consist for the most part of 
various types of felsite rocks, classed, by the sanction of common 
and long-continued usage, under the general term of porphyries. 
Mr. S. F. Emmons, in the abstract of his "Report upon the Geology 
and Mining Industry of Leadville," says in this connection: 

"In their mode of occurrence the type-feature is that of intrusive 
masses, which are developed on a scale of unprecedented magnitude, 
and follow certain horizons with remarkable regularity. . . .  It is 
probable that this mode of occurrence of eruptive rocks, viz., as in- 
trusive masses which originally did not reach the surface but were 
forced up to a certain horizon and then spread out between the beds, 
is far more common than has hitherto been suspected by geologists. 
It is difficult to conceive of the conditions under which a fused mass 
could pry open strata to a width of one thousand feet or more, 
overcoming the weight of ten thousand feet of superincumbent rocks, 
and spread itself out in a continuous sheet between the beds to a dis- 
tance of ten miles beyond the point or line of eruption. That they 
did exist, however, can be clearly demonstrated in this region. . . . 
In one single section over fifteen sheets, many several hundred feet 
thick, were counted between the Blue Limestone and the top of the 
Carboniferous." 

The region here under discussion  is made up of a series of great 
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geological folds, the result of dynamic force applied "tangentially to 
the surface of the earth and in a direction at right angles with the 
axes of folding," as explained by the generally accepted theory of 
contraction advanced by Descartes, De la Beche, and others, and 
discussed by more recent writers on geology. 

 In a study of this feature of the formation, together with the fact             
that the intrusive igneous sheets are found interbedded with the pre- 
existent stratified rocks, may be found the material for a theory 
which will perhaps explain the conditions under which the fused 
stream of porphyry might have found its place, without discussing 
the possibility of an upward pressure in the mass itself, sufficiently 
great to pry open or lift the weight of the superincumbent beds. A 
formulation of this theory is: 

The result of the application of tangential pressure upon rock-beds 
mill be not only a folding or plication of the beds, but also a 
tendency 
to separation in places of the strata composing them. 

This may be nicely illustrated by the experiment of pressing to- 
gether longitudinally one hundred pages of any volume, or as many 
sheets of paper laid flatly one upon another. In geological folding 
the principle remains the same, and its application is attended by a 
like result. In the latter case, however, gravity becomes an im- 
portant factor. 

 
In Fig. 1 an ideal anticlinal fold is represented, produced by the 

horizontal pressure P P, which force is exerted longitudinally 
throughout the anticlinal, and its direction is everywhere tangent to 
the curve of the fold. Thus the resultant P' P" of this force, as ap- 
plied at O and O', shows an uplift equally applied to all the strata, 
which is cousequently exerted with increasing effect upon the upper- 
most sheets, thus causing a tendency to separation of the strata, 
The force of gravity is represented by G O, G O"; and it is evident that at 
the summit and at the foot of the anticlinal, as at O O, this 
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whole force is exerted in a direction at right angles with the bedding- 
planes of the structure, its whole effect being exerted to prevent a 
separation of the strata, while at other points, as midway between 
the foot and summit, at O", the force thus exerted is much less. A 
mathematical analysis of the force of gravity at this point shows that 
the force exerted at right angles to the planes of stratification is directly 
proportional to the cosine of the angle of dip, and is represented by 
G' O". This, of course, remains true for all points between the foot 
and summit of the fold. Thus the weight of a thickness of ten 
thousand feet of sedimentary rock may be estimated at about 875 
tons per square foot, which pressure will be exerted at the summit 
and foot of the anticlinal to prevent a separation of the strata, while 
if the angle of dip at O" be 60°, the force thus exerted at that point 
will be but 437.5 tons, so that at the point or line of greatest dip 
will be the greatest separation of the strata. As a result there will 
be created fissures or cavities, widest at the point of greatest dip and 
thinning gradually towards the foot and summit, whose extent, ver- 

 
FIG.2 

P, White porphyry; d, Dyke; I, Limestone; m, Fault. 

tically and laterally, will depend upon the extent of the folding and 
upon the thickness of the superposed beds. That the eruption of 
porphyry at Leadville occurred contemporaneously with and inci- 
dental upon the folding is altogether possible (such a theory being 
borne out by the absence of intrusive sheets in untilted strata); and 
in the presence of such pre-existent fissures it would naturally fill 
the latter with its fused mass, and probably, to a great extent, en- 
large them, as any upward pressure in the mass itself would most 
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avail where the pressure of gravity is least. This theory gains 
strength from some corroborative facts revealed by an examination 
of certain beds of limestone in this region which have been greatly 
involved in the general folding. In one locality a dyke of gray 
porphyry, having a thickness of about ten feet, cuts up nearly verti- 
cally through lime-strata into an overlying sheet of older white por- 
phyry. Near the point where the dyke passes up through the plane 
of contact of the two rocks a fault of about ten feet in the lime strata 
is observed, which extends neither up into the porphyry nor for any 
considerable depth into the limestone below, where occur several 
bedded sheets of gray porphyry from one to five feet thick and of 
considerable lateral extent, injected from and forming a part of the 
mass of the dyke as shown in Fig. 2. 
That the intrusion of the dyke material could have occurred under 
a sufficient pressure in the mass itself to render possible the creation 
of the crevices containing these thin lateral sheets is rendered alto- 
gether improbable from a consideration of the small size of the 
dyke; and that the slight local fault existed before its intrusion is 
proven by the fact that the flow of the older white porphyry con- 
forms precisely with the faulted surface. These crevices must then 
have existed previous to the dyke, and were naturally filled at the 
time of its injection. In another locality, on the slope of an anti- 
clinal, successive crevices in limestone exist, from one to six feet 
thick, lying parallel with the bedding-planes, and filled with ochre- 
ous clay and limonite, carried in by and deposited from percolating 
waters. Here no connection exists with the vent or place of erup- 
tion of any igneous rock. 

There exists but little room for doubt that the origin of the en- 
closing crevice of many metalliferous bed-veins, properly so called 
(in contradistinction from those ore-beds contemporaneous in their 
epoch with and forming an integral part of the enclosing rocks), may 
be referred to a separation of the strata in anticlinal folding. 

The Spar lode of Pitkin County, Colorado, is a bed-vein occurring 
at the plane of contact between a bed of calcite (CaO, CO2 95 per cent.) 
above and a bed of dolomite (CaO, CO2 50 per cent., MgO, CO2 35 per 
cent.) below. Here, also, the formation consists of conformable sedi- 
mentary beds of the lower Silurian, lower, middle, and upper Car- 
boniferous, and Cretaceous epochs, with interbedded, intrusive 
igneous sheets; and the vein in question is situated upon the west- 
erly slope of a great anticlinal. It varies in thickness from four to 
twelve feet, and evidence that it forms the filling of a pre-existent 
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crevice is found in the conditions illustrated by Fig. 3, viz., that, 
where they are not disintegrated, the uppermost strata of the dolo- 
mite are found contorted and folded in short, deep flexures, in local 
unconformity (d'), which could only have occurred within the space 
of a pre-existent fissure or crevice.    The Monarch vein, of Chaffee 

 

 

County, and the Combined Discovery vein, of Eagle County, Colorado, 
present examples of similarly folds. In each of these cases, parts of the 
crevice remain entirely empty of vein material or other matter, while 
in the latter instance, a band of aragonite, now about eight inches 
thick, it still in process of formation upon the hanging wall. 

 

GEOLOGY AND MINERAL RESOURCES OF THE BIO 
GRANDE REGION IN TEXAS AND COAHUILA. 

BY E. J. SCHMITZ, NEW YORK CITY. 

COMING from San Antonio, Texas, and following the Galveston, 
Harrisburg and San Antonio Railroad westwards, one enters soon 
the Cretaceous formation, which forms a belt of several hundred 
miles, extending westwards to the boundary of Arizona and across 
the Rio Grande into the State of Coahuila, Mexico. The members 
of this formation are very numerous and in petrographical character 
very diverse—from a whitish or bluish, slaty, impure limestone to a 
hard, beautiful blue-and-red striped, and a compact heavy-bedded, 
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yellow-gray calcareous sandstone; from yellow and brownish-yellow 
calcareous soapstones or marlstones to crystalline limestones full of 
fossils; from argillaceous to calcareous dolomitic and bituminous 
marls, slates and bituminous slates, shales and whitish, yellow, blue, 
and dark sandstones. In regard to the superposition of these mem- 
bers and their classification in groups, it would be very difficult to 
give a correct opinion, after a short and hasty examination ; but I 
may name with some certainty the heavy-bedded yellow-gray calca- 
reous sandstones as representing the oldest of the observed Cretaceous 
strata, while the yellow and brownish-yellow marlstones, the crystal- 
line limestone, the blue and red striped siliceous limestone or calca- 
reous sandstone, and certain dolomitic and bituminous marls belong 
to the middle Cretaceous. The thickness of these rocks is, in the 
east part of this formation, about 2000 feet; but further west it is 
greater. 

While the country west of San Antonio is mostly level or slightly 
hilly and has an elevation of from 400 to 900 feet above the sea, we 
reach west of Del Rio and Devil's River (stations on the G. H. & 
S. A. extension) the slope of the Big mountain plateau, which ex- 
tends in a south-southeast direction through New Mexico, Western 
Texas and Mexico, the continuation of the Rocky Mountains. A 
few knobs or mountains are known east of Del Rio. They are of 
eruptive or volcanic origin, as demonstrated by the basaltic debris 
along their edges. 

Mounting the plateau and following the railroad, which runs for 
about 50 miles alongside of the Rio Grande, we find the elevation 
increasing by degrees to 3000 and 4000 feet, until we reach the 
highest point along the road, in Presidio county, 4800 feet above the 
sea. The rocks of the country have been flat or slightly inclined 
all the way up to the plateau, and the first disturbance is noticed 
west of Maxon Springs station, where a yellow-brown, hard sand- 
stone comes up to the surface, bearing a number of coal-seams. 
This sandstone resembles very much the sandstones found in the 
Sabinas coal-field, Coahuila, Mexico, of which I shall speak further 
on. Whether this sandstone is true Cretaceous or not, could not be 
ascertained either here or in the Sabinas field, since no fossils have 
been procured; but it may be that it is in both places older than 
that. 

Near Maxon Springs and north of the railroad, one can observe 
a peculiar profile of the rocks (Fig. 1), highly inclined sandstones 
and shales being covered by horizontal calcareous rocks, doubtless 
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of Cretaceous age. This profile demonstrates that the country must 
have been under sea-level after the tilting of the strata mentioned. 
It is very probable that the elevation of the whole plateau  took 

FIG. 1. 

 

place in the time defined by the deposition of these sandstones and 
of the calcareous rocks. 

From Maxon Springs westwards to the next station, one can 
observe these sandstones in less inclined position, or even level 
while they can also be seen occasionally cropping out between the 
stations of Marathon and Strobel. Here we enter the southern por- 
tion of the Apache Mountains, which has (with the whole plateau) 
a south-southeast course. Some fair samples of anthracite, reported 
to come from near the Rio Grande and east of this mountain range, 
were shown to me at the last station. 

The rocks of this range, which is composed of a number of distinct 
mountains and knobs, are principally sandstones, etc., of Triassic and 
Jurassic age, and crystalline and eruptive rocks. The occurrences of 
coal on the plateau, east and west of the Apache Mountains, or in 
those mountains, are quite numerous; and the character of the coal 
varies from a lignite to anthracite. Besides the above-mentioned 
localities, where the existence of coal-beds has been noticed, I may 
mention the Los Chisos mountains, a district about 60 miles south 
of Marathon station (these mountains, together with the Sierra de 
Santiago and Los Corazones, form the extreme southern part of the 
Apache Mountains); also the coal at Van Horn's Well, north of 
the G. H. & S. A. R.R., and the Eagle Mountains coal field—the 
Eagle Mountains being located in El Paso county and the other 
localities named in Presidio county. 

All these coal-occurrences on the high plateau in Presidio and El 
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Paso county, Texas, and certain others east of the plateau-land in 
Texas and Coahuila, Mexico—to be mentioned below—represent, 
apparently, two separate horizons of beds. The upper horizon be- 
longs to the middle and upper Cretaceous, while the lower horizon 
is older, and is characterized by the yellow-brown, hard sandstones 
referred to above. 

In the present paper I shall treat of such coal-fields only as I have 
had opportunity to examine with some thoroughness, taking two 
coal-fields, that of the Eagle Mountains in El Paso county, Texas, 
and that of the Sabinas in Coahuila, Mexico, as representatives of 
the lower horizon, and the coal-field near Eagle Pass, Texas, and 
Piedras Negras, Coahuila, as representative of the upper one. 

THE COAL-MEASURES OF THE EAGLE MOUNTAINS. 

The Eagle Mines, located on the Eagle Mountains, are about 4½ 
miles south of Torbet's Station on the G. H. & S. A. extension. 
The strata at the foot of the mountains dip about 10° east-south- 
east. Towards the mountains, the dip increases more and more, 
becomes vertical, and, at the point where the coal-measures come in, 
inclines towards the west-northwest, as shown in Fig. 2.    Near the 

FIG. 2. 
APPROXIMATE PROFILE OF THE EAGLE MOUNTAINS FROM S.E TO N.W. 

 

mines the strike is from northeast to southwest, and the dip from 
55° to 80°. 

The coal-bearing rocks, roughly estimated, are about 3000 feet 
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thick, and could be observed for about 1 to 1½ miles in length. The 
relations of the different coal-outcrops, from the sandstones and shales 
geologically downwards, are as follows: 

 
1. Outcrops, No. I. = Thickness not known. 
2. Measures = 40 feet. 
3. Big seam, No. II. = From 20 inches to 7 feet (average 3½ feet). 
4. Measures = About 400 feet. 
5. Outcrops, No. III. = Thickness not known. 
6. Measures = 100 feet. 
7. Outcrops, No. IV. = Thickness not known  

           Measures. 

Of the four veins above mentioned, only No. II. has been de- 
veloped--namely, by a shaft to the depth of 230 feet. The dip of 
the vein in the mine ranges from 60° to 80°. In the upper part 
of the shaft (which could be examined to a depth of 130 feet) the 
vein shows from 3 to 5 feet of coal and is said to thin out, in some 
places below, to but 20 inches of coal. The lower 100 feet of the 
mine was filled with water at the time of my visit, as it had not 
been worked for about a year. The coal of No. II. is a bitu- 
minous coal of fair quality and excellent for cooking purposes. 
It has a conchoidal fracture. Samples of coal taken about 70 feet 
below the mouth of the shaft gave the following analysis: 

The coals of the other outcrops are similar to those of No. II. 
The limestones which underlie the coal-bearing rocks of the Eagle 

Mountains resemble in petrographical character one of the two lime- 
stone groups which form the bulk of the mountain range of the 
Sierra de Santa Rosa near the towns Santa Rosa and Monclova in 
Coahuila, Mexico. The limestone group to which I refer is a drab- 
blue limestone, the strata being irregular in thickness and thinly 
bedded. It breaks with conchoidal fracture and sharp edges and is 
exposed at the Eagle Mountains in a thickness of about 2000 feet. 
Not having succeeded in procuring any fossils from this limestone at 
the Eagle Mountains, I can only say that the corresponding lime- 
stone in the Santa Rosa district is classed as subearboniferous. 

The only well-preserved fossil of this limestone was obtained by 
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the writer at the Cerro Mercado (a branch of the Santa Rosa Mount-ain 
range) near Monclova.    This fossil seems to belong to the Blastoideæ 
and to be identical with the Pentremites. 

THE SABINAS COAL-FIELD. 
The Sabinas coal-field, which derives its name from the Rio Sa- 

binas, is situated in the state of Coahuila, Mexico. Its area is 
approximately 2400 square miles, being 40 miles wide and 60 miles 
long. In width it extends about 30 miles south from the river 
along the Sierra de Santa Rosa, and about 10 miles north from the 
river, and in length for about 40 miles west and 20 miles east of the 
line of the Mexican International Railroad. The position of the 
strata of coal-field is shown in Fig 3, which gives a profile from 

        FIG.3. APPROXIMATE PROFILE OF THE SABINAS COALFIELD FROM S.W.TO N.E. 
  

 

southwest to northeast. It will be seen that the strata on the north- 
ern side of the Sabinas river are nearly horizontal, having a slight 
dip of 2° to 4° towards the south and southwest. On the southern 
side of the river the strata are also nearly horizontal for about 8 
miles or more, with a slight dip towards the north, that is, towards 
the river. This gives us a basin, the synclinal axis of which is fol- 
lowed more or less nearly by the river. Further south, and every- 
where southwest towards the Sierra de Santa Rosa, one can observe 
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the strata of the field more and more inclined towards the river from 
15° to 30°, until the lowest strata come up vertical on the lower 
terrace of the Sierra de Santa Rosa, near the town of that name. 

There exist in the coal-measures of the Sabinas field a number of 
faults, consisting in vertical dislocations of the measures, and form- 
ing generally narrow plateaus or mesas, which are elevated from 50 
to 100 feet above the plain. One of these is indicated to the left of 
the Sabinas in Fig. 3. The debris covering the breaks of the mesas 
is basalt or more or less altered sandstones of the measures. Such 
faults or mesas can be seen south of the Sabinas river on both sides 
of the Mexican International Railroad following the river westwards 
for over 10 miles nearly to Sau Juan Sabinas, and from there turning 
off in a still more western course towards the Sierra de Santa Rosa. 
In the southeastern portion of the field, south of the river and east 
of the railroad, such a mesa runs for more than 20 miles parallel 
with the line of the railroad, and follows the river for over 10 miles 
eastwards, thus rendering the greater portion of this part of the 
field one large plateau. Besides these vertical dislocations of the 
measures, there are several eruptive knobs and mountains to be 
noticed in the southeastern portion of the field, which are several 
hundred feet high, and which dislocate the strata. 

The rocks of the Sabinas field consist of sandstones and shales. 
The sandstones are generally pretty hard to very hard, and both 
heavy- and thin-bedded, and have mostly the characteristic yellow- 
brown color already mentioned. The surface of the thin layers has 
often a rippled appearance. The shales are grey and yellowish- 
white, and show sometimes a thickness of fifty feet. The surface 
of the field is in many places covered with a thick-bedded conglome- 
rate, consisting mostly of hard limestone and dolomite fragments, of 
the size and shape of goose eggs, cemented together with a whitish 
and reddish calcareous matter. Such drift-conglomerate covers the 
greater portion of the northern field, north of the Sabinas, and it 
is also noticed to overlie the vertical measures on the first terrace of 
the Sierra Santa Rosa, near the Cedral mines. 

 
General Profile of the Salinas Coal-field. 

 
This is shown in Fig. 3, and is, in greater detail, as follows: 

Whitish, compact limestone of great  thickness, forming 
         the Sierra de Santa Rosa, near Cedral mines. 
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Vein No. IV. was opened at the Cedral mines about four years 

ago by means of a shaft and slope. Three other openings, re- 
spectively one, two, and three miles distant, and northwest of the 
Cedral mines, have been made on a vein of coal, considered to be 
identical with vein No. IV. which is thus traced for more than three 
miles along the side of the mountains. This vein is, as I have 
already pointed out in the general profile, very irregular in thick- 
ness, as is usually the case with vertical or highly inclined coal- 
seams. 

Vein No. III. shows about 2½ feet of coal, its dip being, at the 
outcrop, 15° N. N.W. 

Vein No. II. consists of four different layers, showing together 
from 3½ feet to 4 feet of coal.    They occur as follows: 
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The dip of No. II. is, at its outcrop, 10° to the north. 
Vein No. I has been opened at the Sabinas mines, about a 

quarter of a mile north of the river, and about 8 to 9 miles east 
of Sabinas station on the Mexican International Railroad. A num- 
ber of shafts have been sunk here to prove the extent of this vein, 
and have explored it more or less for an area about 4 miles in length, 
and one-half to three-quarters of a mile in width. Mining, which 
was carried on here during the years 1883 and 1884, will be con- 
tinued on a large scale, since the mines and adjoining territory have 
been bought by the Southern Pacific Railroad system. A branch 
road, running from the Mexican International Railroad at Sabinas 
station to the Sabinas mines, was finished the first of August, 1884. 

The following are the sections of vein No. I., shown in two differ- 
ent shafts.    At shaft No. I.: 

 

The smaller vein which overlies No. I. seems to be very irregular 
in its thickness. It is found in some places 2 feet thick, while in 
other places only 3 to 4 inches of a dirty coal is noticed in its posi- 
tion, or it has given out entirely. 
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The coals of the Sabinas field are bituminous coals of from fair to 
very good quality. They are of medium hardness, more or less 
friable, break in square particles or cubes (block-coal), often show- 
ing calcspar on the surfaces of fracture. The coal of No. IV. has a 
conchoidal fracture, and is very high in ash. It has been tried for 
coking purposes, and has given satisfaction (except as to ash), and 
the coal of No. I. will also doubtless make good coke. 

I append the following table of the coals of the Sabinas field: 

 
Coke from  coal of Vein No.  IV., made at the Cedral Mines, 

yielded, according to analysis made at the mines: 

Moisture,..........................................................................................  1,43 
Fixed carbon, ..................................................................................  65.13 
Asli,.       .       .       . .....................................................................  31.40 
Sulphur, ..........................................................................................  2.05 

THE COAL-FIELD OF EAGLE PASS AND PIEDRAS NEGRAS. 

The coal-bearing strata near Eagle Pass, on both sides of the Rio 
Grande, are known in length for nearly 20 miles, about 12 miles 
on the American side and 8 miles on the Mexican side, and in 
breadth along the river for nearly 10 miles. They strike northeast 
and southwest, and dip under a slight angle(from l°to4°) towards 
the southeast, so that, northwest and west of Eagle Pass, the coal- 
seams come up to the surface, while, to the southeast and east, they 
are covered by a series of rocks about 200 feet thick. Where the 
coal-seams come to the surface, they are mostly covered by a calca- 
reous drift-conglomerate, exactly like that of the Sabinas coal-field. 
The higher members of the above-mentioned series of overlying 
rocks form a low ridge, east of Eagle Pass. Northwest from the out- 
crop-line of the principal coal-vein of the field (that is, northwest 
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and west of Eagle Pass) the coal-bearing rocks are covered by a 
series of rocks, similar to that noticed on the east and near Eagle 
Pass.  
The following is a general section of the rocks exposed near Eagle 
Pass, the coal-measures, so far as developed in the so-called Breck- 
enridge shaft, and the overlying series of rocks capping the hills 
and the country generally, near and east of Eagle Pass. 

FIG. 4. 
 

 Vicinity of Eagle Pass. 

The letters refer to the outline map, Fig. 4, on which similar 
letters show the localities where the different strata are exposed. 
On this map the arrow marked 1 indicates the direction of Brecken- 
ridge shaft, which is about five miles from Eagle Pass; the crossed 
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hammers marked 2 and 3, indicate respectively the localities of the 
Riddle and Hart mine, and of the Eagle mine.

General Profile Near Eagle Pass. 
Thickness in feet. 

A, Limestone (thick, but thickness not known) 
B. Sandstones, the soft variety is reddish and can be quarried 
in large plates, the hard variety is greyish blue,   .       , 35 
C. Marl (reddish) .........................................................................5 
D. Bony dirty coal............................................................... .  4  
E. Clay, impregnated with salt, ..................................................4 
F. Marl .........................................................................................6 

Sandstone, slaty with gypsum, ...............................................3 to 4 
Limestone with fossil shells (Amomites), bard,         .       1.5 
Clay slate with fossil shells,....................................................3 
Limestone with fossil shells....................................................2 
Marl, dolomite,........................................................................     7 
Marl, calcareous, .....................................................................4 
Limestone, rippled ..................................................................3 
Limestone, hard silicious, ....................................................  3 

H.   Variegated calcareous sandstones (resembling somewhat 

G 

Buntsandstein), ............................................................................. 6 
 Marl ,  calcareous,  containing one stratum l imestone with 

shells one inch thick, .................................................................  1 
Dolomitic limestone containing brown spar,     . . .      1 
Marl, dolomitic, ................................................................................ 3 to 4 
Porous clay sandstone, ....................................................................  1 
Marl with magnesia knolls ............................................................ 20 to 25 
Shales containing plant fossils ...................................................... 0.5 
Yellow-brown marlstone not striped (somewhat resembling 

Zechstein), ....................................................................................... 3 
Bituminous slate .....................................................................        . 6 

K.   Yellow-brown marlstone, striped, ................................................ 3 
  Bituminous slate, ................................................................................ 6 

L.   Yellow and white sandstones, ......................................................... 40 

I 

 Slate containing one inch of coal,.................................................  5 
Bluish sandstone, .............................................................................. 30 
Blue slate, ........................................................................................... 10 
Sandstone, ..........................................................................................  25 
Black slate and bituminous slate,      . . . . .  20 
Blue sandstone, .................................................................................. 10 
Slate and bituminous slate,       .       .       .       .       .       . 1 9  
Blue slate and sandstone, . . . . . . .  6 
Hard grey sandstone with fine quartz pebbles, containing 

a ledge of oolithic iron ore several inches thick,   .       . 1 
Sandstone, slate and fire clay, ......................................................  7 
Slate and one foot of coal (dip S.W.) .......................................... 2 
Slate, sand, and shales (black) ...................................................... 8 

M 
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The section below K was obtained from the Breckenridge shaft, 
mentioned above, which is about 260 feet deep. 
The writer thought at first, after superficial examination of the 
fossils of this series of rocks, that he could recognize certain fossils 
of the Triassic and Jurassic period, as Ceratites nodosus Han, Posi- 
doniae, etc., and as also some of the members of this series of rocks 
have some resemblance to members of the German Trias (Muschel- 
kalk and Buntsandstein), he was inclined to accept these rocks as 
belonging to the said periods, in which case the underlying coal 
measures also would have been of these or earlier periods. But 
Prof. Newberry of Columbia College, who was kind enough to look 
the fossils over, pronounced them middle Cretaceous. 

But one seam of workable thickness has been developed as yet in 
the Eagle Pass field, namely, the so-called Big seam. This was 
first opened at the Riddle & Hart Mine, about 3 miles northwest of 
Eagle Pass. It has also been developed on the other side of the 
Rio Grande, and about 5 miles west of Piedras Negras, on the bank 
of the Rio Escondido, at the Eagle Mine. This seam is known to 
cross the Rio Grande about two miles above Eagle Pass. 

The Big seam shows, at the Riddle & Hart Mine, the following 
section : 

Feet. Inches. 
Slaty coal (about), .......................................................... 3 
Coal ,                      3 1/4 
B l a c k  s l a t e ......................................................................  - 2 
C o a l  ( b r e a k i n g  i n  b l o c k s ) , ............................................  - 8 
C l a y  s l a t e , .......................................................................  -     2 ½  
C o a l  ( h a r d ,  c o n c h o i d a l  f r a c t u r e ) ,        . . . .  - 5 
C l a y  s l a t e , .......................................................................  -     1 ½  
C o a l  ( v e r y  h a r d ,  c o n c h o i d a l  f r a c t u r e ) ,        . . .  3     1 ½  
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At the Eagle Mine, on the bank of the Rio Escondido, the seam 
shows the following relations: 

Feet.      Inches. 
Bony coal, with several partings ............................................ 3  
Coal (of medium hardness, and breaking in cubes or 

blocks, sometimes having little partings),      .       , 1            6 
Soapstone, ......................................................................  2            3 
Coal................................................................................. -            3 
Parting ............................................................................-           1½-2 
Coal (hard, dull black, beat in seam, conchoidal frac-ture), 2           3 
Bituminous slate. 

The character of the coals of this field is very peculiar. The color 
of the different layers is from gray to dull black, without luster, to 
the common black of bituminous coals and the pitch-black of cer- 
tain brown-coals. Some of the coals of the dull colors, as well as 
of the pitch-black varieties, have partly conchoidal fracture, and 
partly break in cubes. The coals with the dull color and con- 
choidal fracture resemble very much the cannel coals. Some of 
the coals—with the common black color—break in cubes, and re- 
semble somewhat the variety of bituminous coals, known as block- 
coal. Resin has been observed in most of these coals, but not in the 
small seams above the Big seam, in the Breckenridge shaft. It may be, 
however, that the writer overlooked it in those seams. Practical 
miners claim that resin is the only characteristic mark for the sepa- 
ration of brown coal, or lignite, from the true coal. All coals 
found in Breckenridge's shaft, which have a cubic fracture, expose 
occasionally on the fracture-surface crystals of calespar. 

The gravity of the different varieties varies greatly. 

SILVER AND OTHER MINES. 
I have already spoken of the limestone groups of the Sierra de 

Santa Rosa and other mountain-chains near Monclova, Coahuila, 
which chains, notwithstanding their distinct names, may be accepted 
as branches or continuations of the main mountain-stem, that is, 
may be connected with the Sierra de Santa Rosa to one large 
range. The longitudinal axis of these Sierras and Cerros is nearly 
uniform from N. N. W. to S. S. E., the same course noticed on 
the high plateau in Presidio and El Paso County, Texas, and its 
mountain chain. 
Besides the first limestone group above referred to (the drab-blue 
limestone), there exists a second group of a more whitish and whitish- 
blue color, heavy-bedded and of great thickness, which has been 
VOL. XIII.—26 
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noticed principally on the north face of the Sierra de Santa Rosa 
near the town of the same name. This limestone, which has great 
resemblance to certain limestones of the lower Silurian is known to 
be Sub-carboniferous and is very probably identical with the first 
group, the latter being only in a more metamorphosed state. The 
ore-deposits of the Santa Rosa district belong to this limestone group. 

As it was not the writer's object, when in this region, to report on 
the silver-mining properties in the Santa Rosa and Monclova 
district, they will be passed here with slight mention. There are 
five mines on the northeast side of the Santa Rosa Mountain, the San 
Juan, San Pedro, Pavilion, San Gertrudis, and Cedral mines, which 
are only short distances from each other and from the town of Santa 
Rosa, the Cedral mine being the farthest away—about 8 miles. 
The ores of these mines are galena, antimonial ores and red and dark 
carbonates. 

Coming from the town of Santa Rosa ( Villa de Musquiz is the 
official Mexican name) we reach the San Juan mine by travelling 
about 2½ miles southwards. The mine and smelting-works are lo- 
cated on a slight descent at the lower portion of the foot of the 
mountain. This mine, which, like all others of this district, has been 
worked by the old Spaniards, was abandoned by them on account of 
the heavy amount of water, which they were unable to control. An 
old and deep open-cut can be seen on the lower part of the declivity, 
which it is said was commenced by the Spaniards to drain the mine, 
but which never has been finished; and a lively little stream of water 
flows several hundred yards west from the shaft of the mine down 
from the mountain. This property was bought several years ago 
by a company from the Southern United States. They removed the 
water from the mine, built smelting-works and were ready with their 
preparations, when experience taught them, that it will not do "to 
sell the skin before the bear is caught." A heavy breakage of water 
into the mine found the engine and pump too light to do the work. 
A desperate struggle with the enemy ended with the total ruin of 
the pump, and being not able to secure stronger machinery, the cap- 
ital having been expended on the smelting-works and buildings, the 
company was forced to cease operations. 

The other mines are located to the south-southeast along the 
mountains in the following succession : San Pedro, San Gertrudis, 
Pavilion, and (several miles distant from the latter) the Cedral Mine. 
None of these mines are worked to-day except the last. San Gertru- 
dis, Pavilion, and Cedral are owned by Americans.    The openings 
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of San Gertrudis and Pavilion are in such ruined condition, and the 
grounds are so thickly covered with brush and thorn, that it would 
be nearly impossible to examine them in the present state of affairs. 
The principal object of raining at the Pavilion is said to have been 
a blue clay-slate, containing thin leaves of native silver between the 
layers. This slate seems to belong in position between the rocks of 
the Sabinas field and the limestones of the mountains. 

A vein of coal in vertical position has been opened near the San 
Gertrudis and Pavilion, in both locations short distances north of 
the mines. These veins are exactly in similar position as the vein 
No. IV. at the Cedral Mines and are, therefore, with great proba- 
bility, considered identical with No. IV. 

The ores of the Cedral mine are mostly low-grade carbonate ores 
with some galena. The vein is somewhat irregular, and has been 
developed in the old Mexican way, by an irregular slope or shaft 
following the vein to a depth of one or two hundred feet. A new 
vertical shaft, which was in course of construction at the time of my 
visit, is doubtless finished by this time. The smelting-works are 
located about 1/4 of a mile from the mine, and the coal-mine is only a 
few hundred yards from the works. A tram-road is running from 
the foot of a terrace of the mountains, where the mine-opening is lo- 
cated, to the works, which are connected in the same way with the 
coal-mine. Mines and works have been in operation for over five 
years, and have met for some years past with good success. 

Among other mining properties belonging in these limestone 
groups, to which the writer paid a brief visit, are to be noticed the 
Paloma iron-mine and the Potrallios and San Raphael silver-mines. 
The Paloma mine is about 7 miles southwest of Monclova, located 
on a spur of the mountains called Cerro Mercado, 3 miles west of 
the line of the Mexican International Railroad. The ore is a mass 
of hematite and magnetite of excellent quality. The outcrop on top 
of the mountain-spur is very thick, but the property has not been 
developed enough to test its practical value. In case this bed of 
ore, by further development, proves to be so thick as the outcrop 
promises it will be of great value as the basis of an iron industry, 
there being no question as to the ready demand. The Mexican In- 
ternational Railroad connects this property with the coal-mining 
enterprise near Sabinas Station, in the Sabinas coal-field, bringing 
coal and iron-ore within a distance of about 60 miles. I may add 
here, that similar ore is reported to occur on the Sierra de la Gloria, 
a mountain range opposite Cerro Mercado and a little further south ; 
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but as I could not visit this locality, I do not know if these reports 
are correct. 
The Potrallios silver-mine is located on the Sierra Potrallios, 
18 miles southwest of Castano, and the San Raphael is 2 miles 
further south. The ore appears in a heavy mass of gneiss, which 
intersects the limestone of the mountains. The vein matter in both 
is formed of a weathered whitish mass, containing streaks of quartz 
and feldspar. The shaft of the Potrallios mine is filled up. From 
a disinterested source, I received the information that the vein varies 
from 1½ to 4 feet in thickness. The vein at the San Raphael could 
be examined in one shaft, and shows a thickness of about 2 feet. 

RECAPITULATION. 
Recapitulating the results which this little paper has brought for- 

ward with regard to the geological periods represented in the region 
described, we have the Cretaceons, the sandstones, etc. of the lower 
coal-bearing horizons (Eagle Mountain and Sabinas coal-fields), the 
Triassic and Jurassic, the Sub-carboniferous and the Azoic formation. 
Members of the Triassic and Jurassic age can be observed in the 
southern portion of the Apache Mountains in Presidio County, 
Texas, where they form a narrow belt in the middle portion of this 
range of mountains, being bordered by rocks of Azoic age. On the 
southern side of the Rio Grande, the writer did not meet with any 
rocks of these periods, but as his examination did not reach any 
further west than the Los Arboles mountains, he did not enter the 
continuation of the mountains in which they could be expected. 
Certain it is that no rocks of these periods or of the Permian can be 
discovered at the contact of the Sub-carboniferous limestones of the 
Santa Rosa mountains and the rocks of the Sabinas coal-field (taking 
it for granted that the rocks of the Sabinas field do not belong in one 
of these periods). 

The formations of this region and their probable thickness, ar- 
ranged in form of a schedule, will read thus: 

1. Cretaceous (commences west of San Antonio) forms the high plateau of 
Presidio and El Paso County in Texas, and the country on the other 
side of the Rio Grande to the Sabinas coal-field and the Santa Rosa 
mountain chain—being the continuation of the Cretaceous belt in 
Texas and having a south-southeast course. Its thickness being es- 
timated at,.................................................................................2000-3000 feet. 

The sandstones and shales of the Sabinas coal-measures and similar 
rocks in Presidio and El Paso County, Texas, showing a thickness of 
about 3000 feet, will increase—if Cretaceous—the Cretaceous rocks to, 

5000-6000 feet. 
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2. Triassic and Jurassic of the Apache Mountains can be estimated at, 
1500-2000 feet. 

3. Sub-carboniferous limestones of the Santa Rosa mountain range have a 
thickness of, .................................................................................................5000-6000feet. 

4. Azoic rocks intersect in Texas on the Plateau, the Cretaceous, and in 
 the Santa Rosa mountains in Coahuila, the Sub-carboniferous lime- 
 stones. 

  NOTE.—The coal-field of the Eagle mountains, described in the 
foregoing pages, is not shown on the accompanying sketch-map. It 
lies in the northwest corner of the area covered by that map, fur- 
ther south than Van Horn's Well, and on the opposite side of the 
railroad. 

 
THE DETERMINATION OF PHOSPHORUS. 

BY JOSEF WESTESSON, CHEMIST OF THE CHESTER ROLLING MILLS, 
THURLOW, PA. 

No question in the metallurgical chemistry of the present day 
seems to be so difficult to agree upon as the determination of phos- 
phorus in iron and steel. To my knowledge, there are at present 
at least three different methods in use in the iron laboratories of the 
United States, viz.: The citric acid method, the molybdate-mag- 
nesia method, and the direct molybdate method,—the last-named 
method having been lately adopted. Each of these methods has its 
advocates, who take every pains to prove its advantages, and the 
incorrectness of the others; and much has been written for the pur- 
pose of securing the use of a standard method—as yet, however, 
without any result. 

There is no doubt, or ought to be none, that each of these methods 
gives correct results, when it is carefully conducted and every pre- 
caution is taken. But it is not only correct results that we want now- 
a-days. The demand is great, also, for getting results in the shortest 
possible time. I think it has been sufficiently proved that the di- 
rect molybdate method, the weighing of the precipitate, answers 
well in both respects. Being a pupil of Prof. Eggertz, I have my- 
self used his method for years until quite recently, as it is described 
by Mr. Troilius in our Transactions, vol. x., p. 166 (but with some 
slight modifications), and I can safely say that the results of this 
method agree well with those of the molybdate-magnesia method. 
I have, moreover, been checked, in a few instances, by some of the 
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leading chemists of the country, and their results have been such as 
to commend the method I use. 
On the European continent, and also in England, the molybdate 
method is almost exclusively in use. Therefore, the question is there 
not so much about the superiority of different methods ; researches 
and experiments tend more to improve the method generally adopted. 
An important step in this direction has been taken by Dr. Adolph 
Tamm of Stockholm, Sweden, whose paper on the subject is published 
in the Jernkontorets Annaler of 1883, under the title "Concerning 
Different Ways of Dissolving Iron for the Determination of Phos- 
phorus by Means of Ammonia-Molybdate." The principal contents 
of this paper are substantially given below. 

When iron is dissolved in nitric acid, the solution acquires a 
brownish color from humic acids, originating from the carbon in the 
iron. These humic acids are not destroyed by evaporating the so- 
lution to dryness at 212°, or on a water-bath, but continue to give 
the brownish color after redissolving in nitric acid. The color 
would, of course, be of no consequence, if experiments had not shown 
that the humic acids, the presence of which it indicates, prevent the 
complete precipitation of phosphorus. That such is the case seems 
to be clearly proved by the facts that the silica and graphite, filtered 
off from the solution, show no presence of phosphorus; that the 
filtrate, after a new addition of molybdate and boiling, remains per- 
fectly clear; and finally, that the method which Dr. Tamm recom- 
mends, gives considerably higher results. This method, which he 
has worked with great satisfaction, and the correctness of which he 
has confirmed by the magnesia method, is the following: 

Dissolve 1 gramme of iron in 12 c.c. of nitric acid (1.2 sp. gr.) 
and boil on a cast-iron plate, down to dryness. Let the beaker 
remain on the hottest part of the plate—usually at least 200° C.— 
an hour. Redissolve in strong hydrochloric acid, boil again down 
to dryness and let the beaker remain another hour on the hottest 
place,—the second evaporation to dryness for complete separation of 
silica. Again dissolve in strong hydrochloric acid and remove the 
excess of acid through evaporation ; add 5 c.c. of water, filter, and 
add the ammonia-molybdate. 

The following table, given by Dr. Tamm, will show the results 
of both methods. It is to be observed that the higher the amount 
of phosphorus in an iron, the greater the difference in the results. 
The old method is marked B, the new method A. 
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 That the results obtained by the molybdale method, as it is gener- 
ally worked, should, according to Dr. Tamm's revelations, be inac- 
curate to so great an extent, is a very discouraging fact; and the 
only thing that can console the practitioners of that method is, that 
 the molybdate-magnesia chemists are making the same errors. 
There are chemists, whom I have made acquainted with Dr. Tamm's 
method, who believe still less in this method than the old one; and, 
I dare say, it will be some time before they become convinced. The 
frequent remark, that the yellow precipitate is soluble in hydrochlo- 
ric acid, will, in this case, be best disposed of by the words of Frese- 
nius: "The presence of molybdate of ammonia alters the precipi- 
tate's deportment to acids ; only large excess of hydrochloric acid pre- 
vents complete precipitation. " Therefore, the excess of said acid 
must be removed before adding molybdate. Some hold that the 
orthophosphoric acid is transformed into pyrophosphoric acid 
through heating to 200° C. That is true, but they forget that boil- 
ing the dried mass in hydrochloric acid brings the pyrophosphoric 
acid back into the orthophosphoric state. Taken altogether, the 
objections do not hold good, even if we admit that a trace of mo- 
lybdic acid sometimes is precipitated along with the yellow precipi- 
tate, which, of course, will not have any influence on the final result, 
this being only 1.63 per cent. of the precipitate. A very essential 
advantage of this method is, that results can be obtained in less than 
five hours. 
 I give below a table of results obtained by myself in the use of 
both methods.    A and B mean the same as in Dr. T.'s table.    The 
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precipitates obtained in method A have been redissolved and precipi- 
tated with magnesia solution. 

 

AMERICAN MINING MACHINERY IN MEXICO AND 
CENTRAL AMERICA. 

BY F. H. MCDOWELL, NEW YORK CITY. 

FOR more than two hundred years Mexico has been enriching the 
world from her inexhaustible wealth of precious metals. From this 
source alone, over three thousand five hundred millions of dollars 
have been poured into the coffers of Europe and America. 
During these centuries the wants of the country in manufactured 
goods have been supplied from the mills and machine-shops of the 
Old World. English, French and German merchants in Mexico 
have vied with each other in their efforts to control the importing 
of these goods from their respective countries. The overthrow of 
Maximilian, the departure of the French and the restoration of the 
Republic, largely influenced by the strong stand taken by the United 
States Government during our own civil war, established a new order 
of things. 
Americans were encouraged to visit the sister republic, examine 
into the needs of the country, as well as its resources, and interest 
themselves in the work of development. More recently, under 
Presidents Diaz and Gonzales, liberal inducements have been ex- 
tended to American capitalists to build railroads, open mines, erect 
reduction-works, raise cattle and improve the crude systems of agri- 
culture. The Mexican Central Railway has been pushed south from 
the Rio Grande to the Capital, and, by its branches and connections, 
makes the whole mineral belt of the country accessible. 
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The Reciprocity Treaty, approved at the last session of Congress, will 
shortly be ratified by the new Mexican Congress, and a fresh impetus 
will be given to American enterprise in Mexico. 

The millions of money which have already been invested are but the 
beginning of that movement, which will not cease until Mexico has 
taken that position among the American republics to which her 
mineral and other resources justly entitle her. 

The relations between the United States and the States of Central 
America are steadily becoming closer; and the Commission, lately 
appointed at Washington to visit the country, examine into its.re-
sources and report a plan to secure a more extended interchange of 
products, is likely to open new channels for the introduction and use of 
American manufactures and the capital necessary to develop Central 
American industries. 

To secure the machinery-trade of these countries, it is necessary, first, 
to make a careful study of the local conditions under which machinery 
must operate, and then see to it that no weak or merely experimental 
devices be allowed to find their way into the new market, to the injury of 
both maker and user. 
As such machinery will be largely used in the mining of ores and the 

extraction of the metals, I propose to discuss briefly in this paper the 
character of the machinery which has been used in the past, as well as 
that which is now being used for these purposes. 

The early drainage of the Mexican mines and the removal of ore to 
the surface was accomplished by cheap peon labor and over pole-ladders, 
until an increased depth and flow of water made mule-whims and raw-
hide ropes and sacks essential to further workings. While these will 
eventually be replaced by steam-hoists and Cornish pumps, many years 
must elapse before a genuine revolution in this direction can be effected. 
Foreign companies have introduced these improved appliances to a 
limited extent; but the native mine-owners will cling to the old system 
as long as possible. 

For the treatment of ores, however, a much greater interest is being 
manifested in the American methods. Those of the old Spaniards 
still in force are crude and laborious, but, as the results have proved, 
very effective. Wherever it was possible to carry on smelting 
operations, either through the lead present in the ore or by the 
addition of litharge, this was the process preferred. 
With the rapid encroachments upon the sources of lead and fuel, 

amalgamation became more generally adopted. 
The native furnaces now in use are very crude in construction and 

limited in capacity, the blast being supplied by man-, mule- or water- 
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power. The resulting lead-bullion is remelted in a vasa, built of the 
same material (adobe) as the shaft-furnaces, and the litharge is broken up 
into a new charge to increase the percentage of lead, the silver being still 
further refined and cast into bars for shipment to the mints. 
The water-jacket furnaces, which have been introduced by American 

companies, are of the type so favorably known throughout our Western 
States and Territories, where they have largely increased the bullion 
out-put. Those giving the best satisfaction are located sufficiently near 
to the railroad to insure a regular supply of coke. 
For amalgamation, the ore is broken by hand to the size of a walnut 

or egg, crushed to powder by the Chilian mill (stone rolls, revolved by 
mule- or water-power) and finally reduced to pulp in arrastras (the 
simplest form of stone grinding-mills). Where the ores are free-
milling, the arrastras are frequently used for amalgamation also. 
Refractory ores go to the patio, and are worked over repeatedly by hand 
or by driving horses through the heaped-up pulp. This operation 
requires from one to five weeks, according to the season of the year; 
chemicals being added with quicksilver from time to time until the 
whole is ripe for washing, when it is removed in regular charges to the 
settlers. These are commonly deep wooden tubs, into which is run a 
stream of water. Natives wade through the pulp, up to their necks in 
mud, gradually separating the earthy matter from the amalgam. The 
former runs off, while the latter is collected and retorted, the distilled 
quicksilver being used over again, and the silver cast into bars. 
Particularly rebellious ores go through the roasting furnace before 
reaching the patio; but this is avoided wherever possible, on account of 
the high price of fuel. 
So much of the labor of treating ores by these processes devolves upon 

mules and horses, that one of our most eminent mining engineers has 
said that the price of corn controlled the cost of all the mining and 
metallurgical operations of the republic. 
To design machinery to accomplish the same results with much greater 

economy and dispatch would appear to be a very simple matter, until 
the complicated conditions under which it must operate are considered. 
Many mining camps are accessible only on foot or horseback; the 

machinery, in such cases, must be made in light sections for mule 
transportation. In some districts fuel cannot be obtained; here we 
are obliged to utilize mule- or water-power. In others, where fuel can 
be obtained and water for steam is abundant, the quantity of mineral 
and organic matter held in mechanical suspen- 
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sion or in solution is so great, that boilers scale and deteriorate very 
rapidly. In still others, owing to the altitude, the difference in 
temperature between the days and nights, the bad water and food and 
the small number of foreigners present in the raining districts, it 
becomes a difficult matter to retain competent mechanics.    Most 

 
of the mines are located so far from the base of supplies in the United States, 
that long delays can only be prevented by carrying a very complete stock 
of supplies. Machine-shops being few and poorly fitted up, a little repair-
room connected with each plant becomes an almost essential feature. 
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It remains, therefore, to study the conditions of each locality before 
selecting or designing the machinery best adapted to the work in hand. 
This should not only be extremely simple in construction and operation, 
but readily repaired in case of wear or accidental breakage. Wherever 
possible, the prominent features of the native appliances should be copied, 
mules, water or steam being simply substituted for hand-power. In this 
connection, it would be well to note the historical fact, that our system 
of amalgamation is largely a natural out-growth of the old Spanish 
system, modified to meet the requirements of our times. 
In no other way can the labor of the country be gradually educated up 

to a full appreciation of the advantages to be conferred by the use of 
modern mechanical devices, and a sudden revolution avoided. It is by 
natural and easy gradients, that the native mill-men can be carried from 
hand-crushing and Chilian mills, to the California stamp, the Cornish rolls 
and the crushing machinery of more recent construction. 
While the latter are gradually encroaching, and with reason, upon the 

domain of the stamp in this country, that device has played so important a 
part in our metallurgical operations, and has become so thoroughly 
established at all our important centers of mining, that we can neither 
expect to drive it out of the United States at short notice, nor prevent its 
introduction upon a considerable scale into neighboring republics. 
There have been shipped into Mexico nearly one thousand of our 

American stamps, more than one-half of which are now at work. These, 
with but few exceptions, have gone into the hands of foreign companies, 
the natives weighing carefully, and at their leisure, the advantages 
claimed, and only purchasing when the results have proved perfectly 
satisfactory. 
As the adoption of American processes and machinery means the 

abandonment of very large and costly reduction works, the Mexicans prefer 
to make their changes very gradually. In some cases, rock-crushers, 
operated by steam or horse-power, have been introduced to aid the 
Chilian mills in reducing the ores; in others, settlers of American 
manufacture have been added to increase the capacity of works, and in 
still others, the crude retorts of home construction have been replaced 
hy our iron barrel-retorts. 
A type of mill which is being received in Mexico with considerable 

favor, is illustrated in Fig. 1. It will be noted that both the crushing 
and amalgamating machinery are driven by horse-power. 
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Fig. 2 shows the construction of the crusher to which the ore is fed dry 
as it comes directly from the mines or after a short exposure to the 
atmosphere. In crushing this to pea- or nut-size, a considerable 
percentage is reduced to a forty-mesh fineness. 
This is removed by a revolving screen, and the remainder is elevated to a 

fine-crusher of similar construction to the first, with much longer jaws. The 
product from this machine passes by the elevator, as before, into the 
same screen, and a small percentage of coarse is returned to the fine-
crusher for a second passage. 

 
The storage-bins are arranged to discharge directly into the amal-

gamating-pans. These are the regular combination-pan, now universally 
adopted throughout the gold and silver districts of the United States. 
The amalgamating process is so familiar to the members of the 
Institute, that it does not require to be dwelt upon here. 
This style of plant goes to districts where, on account of the high price of 

fuel, the absence of water, or the difficulties of transportation, steam-power 
is unavailable. 
At Pinos, in the state of Zacatecas, where one of these mills is located, 

coal can not be delivered for less than thirty dollars per ton; wood is 
worth about one-half cent per pound, and the water carries more or less 
mineral. The cost of working ores in this district by the arrastra 
process, varies from $15 to $25 per ton, and is accompanied by 
considerable loss. The new process effects a saving of about fifty per cent. 
Another type of mill is illustrated by Fig. 3. One of these has been 

sent to the Paraiso Reduction Company of Honduras. Like most of the 
mills which have been sent to Central America, it was 
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sectional in character, the pieces being limited to two hundred and fifty 
pounds in weight.    The mill is a combination-plant to treat 

 
both gold and silver-ores.    For this reason, amalgamation is effected in 
both the revolving barrels and the pan.    The crushing-machinery 
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is of the same style as that previously described. This system insures a 
much finer product than that produced by stamp-mills, and makes pulp 
much more rapidly. The tailings from the settlers pass through the 
Lombard amalgamator and concentrator. This consists of a number of 
revolving disks made slightly conical, and an equal number of stationary 
copper plates of l ike  form, inclosed in an iron shell. The material is 
passed repeatedly from centre to periphery and back again, until it has 
left the last plate, when it is carefully washed in such a manner as to 
save any quicksilver amalgam or precious metal which may have 
escaped in the previous operations. 

Another type of mill is that shown in Fig. 4. Among others, the 
works of the Negociacion de Cerro de San Andreas were built after this 
plan. They are located on the main line of the Mexican Central Railroad 
at the City of Zacatccas. The mill of this company does not differ 
materially from the regular pan-amalgamation mill of the West. Owing 
to the high price of firewood (one-half cent per pound), the mill 
was built with fifteen stamps and only two pans, the greater part of 
the crushed ore. going to the patio. 

Since the completion of the railroad and the shrinkage of the price of 
fuel by fully one-third, the pan-capacity has been increased. 

The results obtained in working refractory ores have been very 
satisfactory, and fully forty per cent. better than those secured by the old 
Mexican methods. Eighty-five per cent. of the assay-value is saved in 
the pans, and some seven per cent. more from the tailings on 
concentrators. 

The value of the latter is also beginning to be appreciated, not only 
in dressing low-grade ores, that have accumulated on the mine-dumps 
for over a century, but in working tailings as they come directly from 
the mill or as they have resulted from the Mexican operations. The 
more refractory ores pass through the same process as free-milling 
ores, after they have been roasted and chloridized. 

Among the most noted machinery-plants in Mexico are those of the 
Sonora Mining Company, the Santa Eulalia Mining Company, the 
Cusihuriachic Mining Company, the Gabilana Mining Company, the 
Jocuistita Mining Company, the Parral Mining and Milling Company, 
the Santa Barbara Mining Company, the Sombrerete Mining Company, 
the Cinco Senores Mining Company, and the El Oro Mining Company. 

These are treating almost every variety of gold and silver-ores, and 
with such success, that they are being copied into the plans for new 
works, which will be erected during the next decade. 
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The saving in time and cost of treatment which will be effected by 
these plants, will increase the demand for American machinery until it 
will be as universally employed as throughout the mining districts of the 
United States. 

TEE ELECTRICAL ACTIVITY OF ORE-BODIES. 

BY CARL BARUS, PH.D., U. S. GEOLOGICAL SURVEY, WASHINGTON, D. C. 

INTRODUCTORY. 
THE present paper is a revision, with changes and additions, of my 

contribution to the "Geology of the Comstock Lode and of the Washoe 
District," G. F. Becker, Geologist-in-charge ; Monographs U. S. 
Geological Survey, III., Washington, 1882, and is communicated to the 
Institute by permission. 

The experiments were made at the instigation and under the general 
direction of Professor Becker, who had for some time given detailed 
attention to the possible electrical activity of ore-bodies. The physical 
work was intrusted to me. 

About a year or more ago, I read in the New York Times that the 
eminent English electrician, C. E. Varley, had patented a new "divining-
rod," by the aid of which the position of ore-bodies is said to be 
discoverable from observations made on the surface of the earth. I have 
not seen since that time any account of this apparatus, or any mention 
of results obtained by means of it. But this may be due to the fact 
that the literature of mining engineering is not conveniently at my 
disposal. The nature of the problem would at first sight seem to 
suggest the voltaic induction-balance. It is to me, however, 
inconceivable that an instrument based on Professor Hughes' balance, one 
of the forms of which is A. G. Bell's apparatus for discovering the 
position of a bullet in the body of a patient, could be, even under 
favorable circumstances, of assistance to the prospector in his search for 
ore. 
There is another method which has been proposed, and in the case 
successfully employed for the discovery of ore-bodies. This is the 
magnetic method due to R. Thalen. It is primarily applicable to 
bodies of iron-ore. Possibly it may admit of an extension to electrically 
active ore-deposits. Thalen made a minute magnetic survey over a 
considerable area, in the Swedish iron-districts. He 

 VOL. XIII.—27 
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found that the lines of equal magnetic intensity, in the vicinity of the 
ore-deposit, contracted to two sets of closed curves, disposed with 
reference to two very satisfactorily indicated foci. 

It was the object of the geologist-in-charge, Professor G. F. Becker, to 
have similar work conducted over the region of the Comstock lode, in 
Nevada. The plan would have been that of making measurements of the 
intensity of terrestrial magnetism at a sufficient number of points of a 
line of survey passing normally across the strike of the lode. From 
the coordination of a number of such series of measurements it was 
hoped that some indication of lode activity might possibly be discernible. 
But the results obtained galvanometrically, from observations made in 
the lode itself, dictated the abandonment of this project. 

A second scheme of investigating the variation of magnetic intensity 
along a vertical passing from the surface downward was also frustrated. 
The Yellow Jacket mine, the shaft of which had reached a depth of 
3012 feet, would have afforded good facilities for this purpose. But 
just at this time a remarkable subterranean reservoir of water was 
struck, the efflux from which filled the available shafts to a height of 
about 600 feet, making them temporarily inaccessible. I was obliged, 
therefore, to abandon the magnetic method of investigation altogether. 

The method which I propose to discuss in the following pages is 
thoroughly different from either of these. As regards age, also, it is by 
far the most venerable, and for this reason comes to us in a form 
incomplete and crude. This method considers the ore-body as a 
source of electrical current, and then from a study of the nature and 
conditions of this flow, endeavors to arrive at certain specific effects, 
referable only to the ore-body. 

In 1830, R. W. Fox communicated to the Royal Society a paper which 
contained the results of a careful experimental study of the possible 
electric activity of ore-bodies. From this time until 1844, the matter 
was discussed with some enthusiasm by Fox and Hen wood, in England, 
von Strombeck and Reich, in Germany. After the publication of Reich's 
second paper (1844), however, further research seems to have been 
altogether abandoned ; at least I have not, with some pains, been able to 
find anything that has a bearing on the subject.*    This is all the more 
remarkable, as the general line of 

* See also, Revue des Pi-ogrès récentes de l' Exploitation des Mines, etc., par M. Haton de la 
Goupillière, Ingen, en chef des Mines, Professeur, etc.," in the Annales des Mines, t. 
xvi., p. 6, 1879. 
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investigation had already assumed a promising course. It, would also 
have been supposed that Thalen’s * work must have given the matter a 
new impetus. 

With the present paper (undertaken at the suggestion of Mr. Becker 
†) the question of a relation between local currents and ore-bodies is, as it 
were, resuscitated, so that a general review of the development which it 
had attained previous to its abandonment seems pertinent. 

BRIEF REVIEW OF THE WORK OF PREVIOUS INVESTIGATORS. 

Fox,‡ in his original experiments, secured electric contact with the 
vein by wedging copper plates against it. These were put in 
connection with a galvanometer by copper wire. Earth-currents, if 
present, entered the wire at one end, passing through the galvanometer 
and finally back into the earth at the other. 

As a general result of his investigation, Fox found that the intensity 
and direction of the currents bore no relation to the cardinal points, but 
could be explained by a consideration of the distribution of ores.§ 
Between two points of a continuous vein on the same level no current 
was observable; but when the points tapped were on different levels, or 
when there intervened between them an area of barren rock (horse), or 
when two apparently distinct veins were connected, the effect was 
invariably decisive. At times the currents were so powerful as to throw 
the needle of his by no means delicate galvanometer (3¼-inch needle in 
twenty-five turns of wire), several times around the circle. After 
enumerating a number of facts with reference to the relative position 
of the veins, Fox remarks that " many of the phenomena referred to, 
bear a striking resemblance to common galvanic combinations, and the 
discovery of electricity in veins seems to complete the resemblance." In 
other parts of this paper, however, he expresses the opinion that "mineral 
veins and internal heat are connected with electric action," and, moreover, 
anticipates greater effects with increasing heat and depth. 

* R. Thalen; v. de la Goupillière, I. c: "On trace des Iignes d'égale intensité, qni 
dans le voisinage d'un gîte prennent une forme caractéristique consistent en deux systémes 
de courbes fermées, concentriques, autour de deux foyers assez nettement indiqués." 

† First Annual Report, U. S. Geological Survey, 1880, p. 46. 
‡ R. W. Fox, On the electro-magnetic properties of metalliferous veins in the mines of 

Cornwall.   Phil. Trans., ii., p. 399, 1S30. 
§ Galena, copper, and iron pyrites were the ores met with. 
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The experiments of von Strombeck* were made at Werlau and 
Holzappel on a large vein, in which quartz, blende, galena, copper-pyrites 
and tetrabedrite occurred in irregular distribution, and are distinguished 
by the care with which all known sources of error were avoided. Contact 
was secured by drilling into the vein holes 2 to 3 inches in depth, into 
which the ends of the wire, spirally wrapped and held in position by a 
cork, were inserted. In other respects the method of experimentation was 
identical with that of Fox. Von Strombeck made a large number of 
experiments, but was unable to detect any traces of electric excitation, 
and, consequently, concludes that Fox's results are not applicable to veins 
generally, and that, even in Cornwall, the matter requires further 
consideration. Strombeck's difficulty is obviously the want of contact. 
Even with the improved galvanometer of the present day, such a device 
would be unsatisfactory. 

In 1834, Fox again resumed his experiments, with special reference to 
the objections which had been raised against the validity of his results. 
† It having been mooted that the currents observed might, in some 
way, owe their origin to the copper contact-plates, he showed that by 
replacing these by plates of zinc the results remain unaltered. This was 
the case even when terminals of copper and zinc were used 
simultaneously. It was, moreover, immaterial whether the contact was 
produced by plates or whether the ends of the wire only were pressed 
against the vein. By inserting a copper-zinc couple into his circuit, Fox 
found that its effect was, in some cases nearly, in others decidedly, 
overbalanced by the lode currents. Finally, in the interval of four years 
which had elapsed between these and his former experiments, the 
direction of the currents had remained unchanged. 

In a subsequent paper, Fox‡ endeavors to classify minerals with 
reference to their electrical properties. A table of conductivities is 
contained in his original paper. 

In the Skeers lead mine, near Middleton, Teasdale, Durham County, 
Fox § obtained but feeble currents; at the Coldberry mine, 

* A. v. Strombeck, Ueber die von Herrn Fox angestellten Untersuchungen in Bezug avf die 
electro-magnetischen Aeusserungen dar Metallgänge. Karsten's Archiv., vi., 431,1833. 

† R. W. Fox, Account of some experiments on the electricity of the copper vein in Huel Jewel 
mine.    Rep. Br. Assoc., 1S34, p. 572. 

‡ R. W. Fox, Note on the electric relations of certain metals and metalliferous minerals.    
Phil. Trans., i., 39, 1835. 

§ R. W. Fox, Report on some experiments on the electricity of metallic veins, etc. Rep. Br. 
Assoc. Adv. Sc, p. 133, 1837. 
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in the same locality, they were absent altogether. Lead mines do not, 
in general, give evidence of electrical action comparable to that of 
copper mines—a circumstance which Fox refers to the positions of their 
ores in his scale. 

Kenwood's* experiments were made on a larger scale (at times as 
much as 600 fathoms of copper wire were employed), but otherwise, in a 
way analogous to that of Fox, and contain a thorough corrob-oration of 
the results of the latter. He, moreover, insists that currents are only 
obtained in the case where the points tapped are in vein matter, being 
most decisive for copper pyrites, vitreous and black copper-ore, galena 
and blende; that between points in barren rock, electrical action is 
altogether absent. After a number of theoretical considerations—to which 
the paper is largely devoted—he concludes that the currents are 
probably of thermo-electric origin, that they are certainly purely local. 
Hen wood's theories are of l i t t le  interest, as they are without a 
quantitative foundation. He knew little about thermo-electrics, and on 
the whole, I fear, rather ran a-slough in the dangers of speculative 
enthusiasm. 

Some time after, all of Fox's experiments were again repeated and the 
results confirmed throughout by Reich.† Although the heating of one 
of the points of contact, in the case where both were applied to the same 
vein, produced a decided thermo-electric effect, quantitatively this was so 
small as to furnish grounds against Henwood's hypothesis. Reich is 
convinced that Fox's currents are hydro-electric phenomena. When 
an ore point was connected with one of rock, the currents were not 
only much smaller—probably on account of the greater resistance in this 
case—but when plates of copper and zinc were used together as 
terminals, a commutation of these invariably produced a corresponding 
change in the direction of the current. 

In Fox's last paper ‡ on the subject, the effect of the contact-
plates is again carefully considered. But even with one terminal of zinc, 
the other of copper, "the current continued to deflect the needle from 50° 
to 60°, notwithstanding that any action between the copper . . . .  and the 
zinc . . . .  if it had existed, would have been in the opposite direction 
and have tended more or less to counteract the 

* W. J. Henwood, Sur lea courants électriques observés dans lea filons des Cornuailles. 
Annales des Mines [3], xi., p. 585, 1837. 

† F. Reich, Notiz über elektrische Ströme auf Erzgängen. Pogg. Ann., xlviii., p. 287, 
1839. 

‡ R. W. Fox, Some experiments on subterranean electricity, made at Pennance mine near 
Falmouth.   Phil. Mag. [3], xxiii., pp. 457 and 491, 1843. 
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influence of the actual current." The galvanometer referred to consisted of 
forty-eight turns of brass wire wrapped around a 2-inch needle, on a 
pivot. The lode-current, in a case observed, was found to remain 
constant for a period of eight months. Toward the end of the paper, 
mention is made of experiments in which one or both terminals were in 
rock. In this case, the results were similar to those of Reich, "there 
being still a tendency to deflection." The exchange of terminals of different 
metals also produced a change in the direction of the current. 

In the next year, Reich * published his second paper, undertaken with 
the especial object of studying more closely the currents probably existing 
in the rocks surrounding the vein. His idea was that lode currents are 
produced by the contact of the different ores in the deposit, that the rock 
which separates them more or less completely one from another, performs 
the function of the liquid of an ordinary galvanic couple. As Fox's method 
of obtaining contacts with the earth was inapplicable, Reich had holes 
(12 inches deep) drilled in the rock, into which dilute sulphuric acid was 
poured. Strips of copper foil plunged into the acid and connected with 
the ends of a copper wire, completed the circuit. Currents were 
obtained when at least one point was near ore; they were completely 
absent when both points were in barren rock. Though the deflections of 
the needle ranged from 2° to 30°, they seemed to obey no general law. 
The results are, moreover, difficult of interpretation, because the needle 
does not discriminate between high and low grade, or between base and 
noble minerals,† the deflection being a function of both the quality and 
the quantity of the electrically active material. Reich's mode of operation 
was derived from a consideration of the currents of a galvanic cell in 
action. The paper ‡ is interesting, and the reader's attention is specially 
called to it. I shall have occasion to consider it again below. The reader is 
finally referred to the Proceedings Roy. Soc. Lond., iii., p. 128, 1832, 
and iv., p. 317, 1841, which were not at my disposal. 

From 1830 until 1844, therefore, the papers in hand offer little more 
than a criticism of Fox's original investigation.    In 1844, with 

* F. Reich, Versuche über die Aufsuchung ron Erzen mittelst des Schweiger'schen 
Multiplicators.   Berg- u. hüttenmänn'sche Ztg. [3], p. 342-346, 386-390,1844. 

† The terra " mineral" wherever used throughout this paper is intended to refer to 
those of the heavy metals only—to those, in short, in which we may expect to find metallic 
properties. 

‡ See, also, B. v. Cotta, Erzlagerstätten, vol. i. 
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the publication of Reich's second paper, in which the idea that if 
local currents due to ore-bodies are present at all,  they must be dis-
coverable in the rocks, was the basis of research, a second step may be 
considered as having been made. It is to be regretted that in none of 
the papers is there even an attempt toward fully describing the 
phenomena quantitatively. Generally, conclusions are drawn from the 
deflection of a galvanometer-needle without sufficient consideration of 
the very probable variation of the resistance of different circuits. The 
experiments are, moreover, made individually, not in series or with 
reference to any definite, pre-organized plan. Insomuch, however; as 
most of the work was done when methods of. electric measurement 
were st i l l  in their infancy, these matters are not to be mentioned to 
the disparagement of the authors. In fact, the reader is surprised at the 
breadth of view usually taken, at the cautiousness with which 
hypotheses are stated, and at the number of details and chances of error 
which are considered. 

HYPOTHESIS UNDERLYING THE PRESENT INVESTIGATION. 

There can be little doubt that the hypothesis which ascribes to ore-
currents a hydro-electric origin is perfectly correct. Fox and Reich 
themselves found, in the case of terminals of copper and zinc used 
together, the points tapped being in rock, that currents resulted, the 
direction of which changed with an exchange of the terminals. I have 
actually measured the electro-motive force in action under these 
circumstances (see pages 432,434), and found it of the same order as 
that produced by combining these metals with a liquid in the form of a 
galvanic element. If, then, there are also ores which possess the 
electric properties of metals—and that this is the case Fox * went to 
some trouble to show—the possibility of ore-currents due to hydro-
electric action follows as an immediate consequence. These currents 
will, in general, have an origin analogous to those technically known as 
"local action " in batteries, while at times, they may even be due to the 
occurrence of a complete natural battery. Thermo-electric hypotheses 
are unnatural, inasmuch as with the temperatures at our disposal, even 
in the Comstock lode, it would be necessary to assume values for thermo-
electric power which, in comparison with those of known substances, 
are abnormally large.    Such a speculation  is, 

* R. W. Fox, Phil. Trans., i., p. 29, 1835. 
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therefore, remote, artificial, and forced, and, in cases where there is 
a better hypothesis, deserves only very secondary consideration. 

 Suppose now, that in connection with an ore-body, with reference 
to which experiments are being conducted, electric action actually 
does occur. In the consideration of these currents; we are at once 
confronted by the important fact, that, inasmuch as electric action 
has been going on for an indefinite period of time, the currents must 
have become constant both in intensity and direction, and that therefore, 
the equipotential surfaces corresponding to this flow, will have fixed 
and probably well-defined positions. 

In view of the fact that, with most geological readers, the consid-
eration of electric phenomena will be merely an incidental matter, it 
may be well to be more explicit than would otherwise be necessary. By 
far the greater number of electrical phenomena can be explained by 
regarding electricity as of the nature of an incompressible fluid. The 
analogy is, in fact, very complete, and extends even into further detail 
than need be noticed here. We speak of a liquid as having a tendency 
to flow from a higher to a lower level; of electricity, as flowing from 
an equipotential of greater to one of lesser value. In the former case, 
the “ levels ” are approximately spheroidal surfaces —“geoids”—
parallel to the 'normal surface of the earth; in the latter they are 
also closed or extend to infinity, may be quite simple or exceedingly 
complex. In order to exhibit the topography of a country in detail, it 
may be represented graphically by the aid of a series of equidistant 
earth-levels. In electricity, the analogous problem is similarly 
solved, those surfaces being chosen for which the potential value 
from surface to surface increases by a definite amount. In other words, 
therefore, the electrical potential at a given point, is its electrical state 
cônsidered with reference to its power of communicating electricity to 
another point. The locus of all points at the same potential, is an 
equipotential surface. Furthermore, neither “ potential ” nor “ level” 
necessarily implies the existence of electricity or matter, 
respectively, at a given point. They merely offer a means by which a 
flow can be conveniently and tersely described. 

If a reservoir, the water in which is constantly at a level, p, be 
joined by a pipe with one in which the water-level is constantly q 
(both p and q being measured vertically upwards from some fixed 
datum, and p>q), the quantity of liquid traversing any right section of 
the pipe in the unit of time would (other things being equal) be 
dependent on the dimensions of the latter and upon p—q.    If a point 
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on an equipotential of the value p be connected by a thin wire with a point 
on one of the value q, analogous remarks may be made with reference to 
the quantity of electricity (1) flowing through any right section of the 
wire in the unit of time. Now it is upon I that the deflection of a 
magnetic needle surrounded by a coil of wire, the plane of the winding 
being vertical and parallel to the needle (other things being equal) 
depends; whence it follows, even if the same arrangement of coil and 
needle were used throughout, that the deflection just mentioned would 
contain an incidental element; in other words, that it depends upon the 
means which have been adopted to effect the connection between the 
equipotentials p and q. 

Returning to the problem in hand, it will be found that the mere 
measurement of deflections would be of but little avail. An effort must 
be made to determine the values of p and q at the points tapped by the 
ends of a wire. These quantities, moreover, are particularly significant, 
inasmuch as the potential at any given point in the vicinity of the ore-
body depends, principally, upon the nature and distribution of the 
electrically active ore-matter, and of the rock-surrounding it, or wholly 
on conditions fixed by nature. Hence, instead of seeking for the ore-
body itself, an attempt will be made to add to 

 
the few clews available to the prospector, by investigating some 
characteristic variation of the potential at consecutive, similarly dis-
posed points, as indicating proximity to it. But what has been said of 
p and q applies equally well t o  p —q, which latter quantity is, 
moreover, easily measurable, either directly (electrometrically, or by 
certain galvanometric methods) or indirectly, by the determination of 
the magnitude of deflection of the needle described above, under known 
conditions.   p—q is technically called electromotive force. 

To an observer, the equipotentials are accessible for measurement 
either on the surface or in those places where drifts penetrate into them. 
Let a, v, u, Fig. 1, be a line lying either upon or within the surface of 
the earth. Suppose the electromotive forces be measured between a point 
a, and consecutive points ß, y, ?, ?, ?, . . . .  ?, T, U, . . , , taken at 
convenient, approximately equal distances apart. The points ?, v, 
?, . . . .  are supposed to be near the ore-body, whereas a, ß, y, . . . . ?, 
T, u, are remote from it.    As I shall frequently have 
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to refer to the point a in contradistinction to the remaining points ,ß, y, 
?, . . . . ?, T, u, it will be well to refer to the former under the name of 
permanent contact (P.C), while to any of the others, the name 
temporary contact (T.C.), will be applied. Then the electromotive force 
(?) between the permanent and any temporary contact . in general, will 
vary with the distance between these points. Supposing this distance to 
increase from zero (in which case the permanent and temporary 
contacts coincide) to the value it has at any remote point, u, then as a 
field of electrical activity is encountered in the neighborhood of ?, v, ?, 
the electromotive force, regarded as a function of distance, must pass 
through a single maximum or a minimum, or a number of them. It is, 
therefore, toward a characteristic variation of this kind, that we must 
look in endeavoring to define a position of greatest proximity to the ore-
body. Analogously, though less generally, we may state that the 
increment of potential due to a given increment of distance will  
increase as we approach 

 
the ore-body. This is probably the idea which Reich had in mind, and 
to which he must have come had he followed his line of argument into 
its consequences. 

I will add here that local circumstances did not permit me to pass 
linearly through an ore-region. I had to content myself with a 
progress from the latter into barren rock. 
The following analogy will give to this topic all desirable perspicuity. 
Let ab represent the surface of the earth. Let 0 be an area (body in 
section) of constant high temperature beneath it.    Suppose 
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this body to have been in place for an indefinite period of time, so that 
the thermal distribution has become stationary. Let the problem 
be that of finding the body from observations made at the surface. 

The mode of operation to be adopted is sufficiently obvious. Com-
mence at some point a and take earth-temperatures at a sufficient 
number of points along a line ab until some point b is reached. If we 
plot the distances traveled over as abscissæ, and the corresponding 
values of earth-temperature as ordinates, we shall obtain a curve 
showing a maximum over the hot body 0. 

Or more generally: Let the given area of the earth's surface under 
which the ore-body is supposed to lie, be surveyed thermally. At each 
point of this surface (supposed for convenience to be level or horizontal) 
let an ordinate be erected of a length proportional to the temperature at 
that point. The upper ends of these ordinates will then make up a 
second (imaginary) surface, coextensive with the first, and expressing 
the thermal distribution over the area surveyed. Then it is obvious that 
the presence and position of the hot body will be indicated by a 
hillock in the imaginary thermal surface, and that a vertical let fall from 
the summit of the same must pierce the body. 

To plot the contours of this imaginary surface topographically, we 
would trace the horizontal projection of its intersection with a series of 
horizontal planes having a fixed distance apart. If we desire to exhibit 
it thermally, we consider its intersection with a series of iso-thermals 
having a fixed interval of temperature apart. If, finally, the body 
were an electrically active ore-deposit, an analogous surface would 
express the electrical state at each point of the territory electrically 
surveyed. To exhibit this in detail as before, we make use of a series 
of equipotentials having a fixed difference of potential apart. In short, 
replace temperature by potential, isothermal by equipotential, and the 
thermal method will apply to the latter instance at once, only that in 
the case of electrical excitation we have to do with circumstances 
vastly more complex; with a body, as it were, in part hot and in part 
cold, or, we may say, a body over which heat is irregularly distributed. 

The remarks just made with reference to the surface of the earth, are 
true also for any imaginary line or any imaginary plane lying in it, 
and sufficiently near the hot body. To make the case general, however, 
we should have to investigate the isothermals as themselves surfaces, in 
their actual position and contour.    In the case of the hot 
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body, for instance, these surfaces would at first completely envelop it, 
beginning with the surface of the body itself; subsequent ones would 
intersect the surface, and finally they would merge into the normal 
isothermals of the earth. From a similar point of view do we regard, 
in the case of a more detailed study, the equipotentials surrounding and 
intersecting an electrically active ore-body. 

Now, practically, the normal isothermals are planes, parallel to the 
surface of the earth. It is not without propriety, therefore, that we 
may call that basin-shaped region, within which the iso-thernials are 
distorted in such a way as finally to envelop the hot body, a region of 
thermal activity or disturbance. The thermometric measurements 
discussed, enable us to discover the position of the hot body readily, in 
so far as we have practically increased its actual size to that of the 
region of sensible thermal disturbance. The analogous remark with 
reference to the electrically active ore-body is this: an electrical survey 
offers facilities for the exploitation of mines by virtually increasing the 
actual size of the ore-body, to the field of sensible electrical excitation,—
more accurately, by increasing the actual size of the ore-body by the field 
of electrical excitation not in coincidence with it. 

EXPERIMENTS MADE IN SOME OF THE MINES OF THE COMSTOCK. 

Experiments were commenced in the Consolidated Virginia and 
California and the Ophir Mines, the line at times extending into 
Union and Mexican ground. 

From the work of the earlier investigation, I was naturally led to 
expect currents due to electromotive forces of considerable magnitude, 
and as a consequence was satisfied with a method of obtaining contact 
with the vein, in which the electromotive force due to the terminals 
alone was not greater than a few hundredths of a volt. Bright steel gads, 
to the tops of which pieces of thick copper wire had been firmly fastened, 
were especially convenient for this purpose, as they could be 
expeditiously driven into the vein or again withdrawn from it. These 
gads were from 8 to 10 inches long and about 1 inch in diameter at the 
head, from which they tapered gradually to a point. As it would 
repeatedly be necessary to use them in places where the earth was 
naturally moist, the question arose whether it might not be desirable 
in all the experiments to moisten the rock around the gads at once.    
Accordingly, two sets of experiments, the results of 
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which are contained  in Tables I. and II., were made, the former 
above the surface, the latter below. 

TABLE I.—Experiments made on the South side of Bullion Bovine. 
 (Gads driven into quartz seams between walls of diorite, about 10 feet apart.   Seams naturally 

somewhat moist.) 

 
TABLE II.—Experiments made in the Consolidated Virginia and 

California Mines, 1750 level. 
(Gads driven into rock, as free from mineral matter as possible, about 8 feet apart.) 

 
Two suitable positions in rock free from mineral* matter having been 

selected, the gads were  driven  and the   circuit completed. 

* See note, page 422. 
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Measurements of resistance and electromotive force were then made. The 
gads were now exchanged and the measurements repeated, and so on. 
The relative position of the gads to an observer facing them is 
indicated in the second column of the tables. Resistance (W) in ohms 
and electromotive force (E) in volts, are given in the third and fourth 
columns, respectively. The last column shows the direction of the 
current, arbitrarily called “ + ” when flowing in one way, and “ — ” 
when flowing in the opposite way. 

The results are highly in favor of wet gads. In this case a very marked 
diminution of resistance is effected without increasing the values of e. 
The direction in which e acts follows no observable law, probably 
being conditioned by the electrical difference of the gads and by effects 
of polarization due to the introduction of a Daniell. 

TABLE III. 

 
Analogous experiments were also made with copper and zinc. These 

metals were used in the form of strips cut from sheets. Each strip was 
bent around the small end of a slightly conical stick of wood about 
one foot in length. The plug was then firmly driven into a hole 
previously drilled for the purpose, in such a way as to force the metal 
into thorough contact with the rock. Table III. gives the results, the 
notation being the same as that used in Table I. 

Steel plugs are therefore not greatly inferior to those of copper or zinc in 
cases where a few hundredths of a volt are believed to be of minor 
importance; whereas, on the other hand, their  use for  the 
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purpose in view is attended with much convenience. It was found, 
however, that great care had to be taken in keeping them bright, as 
otherwise the electrical difference between the gads themselves was apt 
to rise to many times the value given above. It was also necessary to 
maintain a thorough contact between the ends of the metallic circuit and 
the gads. 

Great difficulty was encountered in avoiding leaks in the copper wire 
connecting the plugs with the galvanometer. At first, wire covered 
with a double thickness of cotton and waxed was employed, but proved to 
be wholly inadequate. Even gutta-percha wire scarcely offered as 
complete an insulation as was desired in the hot and damp atmosphere of 
the Comstock, when laid in long lines in the ordinary manner. After 
testing a number of devices, it was finally found sufficient to suspend 
the wire from silk or waxed cotton threads, care being taken to 
prevent it from anywhere touching either rock or timbers. This plan of 
swinging the line was adhered to throughout, in spite of the loss of 
time frequently occasioned thereby. In short, the rule was finally 
adopted of arranging all the connections just as though the experiments 
contemplated were to be made with frictional electricity. 

The galvanometer used in these experiments, was an ordinary in-
strument with an astatic needle, capable of measuring intensities as small 
as 0.0001 in Weber's electromagnetic scale (mg. mm. see.) with certainty. 
Readings were made directly, the needle swinging over a graduated 
arc. 

For the measurement of electromotive forces, a method of com-
pensation was first employed. But in the course of the investigation it 
was found absolutely necessary to abandon all complications and to 
reduce the method of research to the utmost simplicity. This will be 
evident to the reader when he remembers that the heat of the mines is 
such as to cause profuse perspiration, and make the body of the 
operator a conductor; that it was desirable to make the first 
observations near or on the vein—hence in the busiest part of the 
mine—so that expeditious manipulation was extremely important; that, 
finally, the time during which exposure to high temperatures can be 
endured with safety is itself necessarily limited. A simple method, 
analogous to one of consecutive substitution of two elements in the same 
circuit of large resistance, was therefore adopted. If e and E denote the 
lode electromotive force and the electromotive force of a normal 
element, respectively, i and I the intensities due to the 
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action of e and E±e in the same circuit, we shall have, approxi-
mately,* 

Intensities were measured by the aid of the galvanometer above 
described, the instrument having been carefully calibrated at the 
outstart—an operation which was frequently repeated during the course 
of the experiments, i and I could both be determined in the same 
circuit without inserting auxiliary resistances. 

By way of example, some of the results obtained in the mines of the 
Comstock lode will now be cited. The plan has been indicated in a 
foregoing paragraph. It will be remembered that a permanent contact 
placed conveniently in one end of the network of drifts, is successively 
connected with points in positions of sufficient interest to justify 
measurement. In the tables, unless otherwise stated, P. C. is to be 
understood as coinciding with point I. The second column contains the 
distance, in feet, of the points tapped below the level of the mouth of 
the shaft as a datum. "Distance" and "bearing" refer to the imaginary 
lines connecting P. C. (I) with the remaining points of the series. An 
exception is, however, made in Table VI., where the data contained in 
corresponding columns give the horizontal distance and bearing of the 
lines joining consecutive points. e, the lode electromotive force, is 
expressed in volts, and is taken 
as positive when it acts in the direction P. C.—>.    Earth—> 
T. C. 

From a comparison of Tables I. and II. with Tables IV., V. and VI., 
it appears at once that the electromotive forces due purely to chemical 
difference and polarization of the terminals are of the same order as the 
data expressing the electric activity of the Lode. The latter, therefore, 
can serve no other purpose than that of affording information as to the 
magnitude of the forces to be determined. To assure myself as to the 
certainty of this conclusion, I made a measurement of the electromotive 
force (E) obtained by using terminals 

* Approximately, because, in the case when the lode electromotive force acts alone, 
we have not a true circuit, in the ordinary sense. Between the holes, both in the earth 
and in the wire, the direction of the current is the same. But since the resistance of the 
rock, passing from the hole into the earth, diminishes rapidly (see page 469), the former 
may be considered, with a degree of accuracy sufficient for our purpose, as acting 
through the same resistance as does the normal element, subsequently inserted. 
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of copper and zinc conjointly, and found, as a mean of three 
experi. ments, 

e = 0.82. 

In consequence of polarization, the current speedily diminished in 
strength, so that all the phenomena are identical with those which 
would be'obtained in the laboratory. The effect of polarization in 
distorting the true value of the lode currents was frequently noticed 
but it would be superfluous to repeat these data here. 

It is necessary, therefore, in order to obtain satisfactory 
results, to apply all the refinements that have been developed for 
problems of this character. In making an attempt of this kind in 
the mines on the Comstock, however, unusually great difficulties 
would be encountered. At the outstart, the fact that the observer 
is compelled to operate with wet hands must be considered as 
prejudicial to delicate physical experimentation. But there is a 
more fundamental difficulty. 

It will be remembered that the ore of the Comstock lode is argen-
tite accompanied by gold, probably in the metallic state, finely dis-
seminated in quartz. At the time of the experiments the mines, 
without exception, were working in comparatively barren parts of 
the vein, so that there was actually more mineral possibly possessing 
electrical properties (iron pyrites, etc.) in the rocks than ore in the 
ore-stopes. In such a case the term "ore-body" is scarcely appli-
cable at all. 

The result of circumstances of this kind, regarded from an elec-
trical point of view, can be expressed as follows: Either there will 
be no electric action at all, as we may consider each little granule of 
ore or pyrite to be surrounded by an insulating envelope of either 
quartz or country rock—whether the latter be considered as an in-
sulator or an electrolyte is immaterial—or the whole district, vein 
and rock, is to be regarded as the field of electric action; in which 
case an equal difficulty occurs, inasmuch as within the limited space 
open to the observer, the variation of potential will be inappreciable. 
In short, from the peculiar distribution of mineral matter, electric 
excitation is not local in comparison with the space accessible for 
experimentation. 

The unusual difficulty with which a correct interpretation of results 
would be attended, not to mention the loss of time occasioned by the 
fact that, in consequence of the heat, experimentation cannot be long 
continued, finally induced me to abandon the matter at the Comstock 
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altogether—at least until definite results could be obtained in a more 
favorable locality. 

EXPERIMENTS MADE AT THE RICHMOND MINE, EUREKA 
DISTRICT, NEVADA. 

In determining to make the study of local currents a part of the 
programme of the work to be done under his charge, Mr. Becker had 
selected both the Comstock lode and the Eureka district as available 
localities in which to test the applicability of an electrical method as 
an aid to prospecting. The former is a fissure vein, in which the 
ore, comparatively free from base material, is scattered irregularly 
through a quartz gang' e. At Ruby Hill, Eureka, the ore is princi-
pally plumbic carbonate and sulphide, and oxide of iron—the whole 
containing more or less silver and gold—occurring, moreover, in 
huge, apparently isolated masses in limestone. In most of the cases, 
fissures containing vein-matter and connecting the chambers have 
been traced. The facilities offered for the prosecution of the in-
vestigation by the Eureka deposits were therefore, to all appearances, 
unusually great. The immense ore-bodies in sight were furthermore at 
a mean distance of not more than 400 feet from the surface, and a 
series of electric surveys could easily be carried out over, through and 
under them. Finally, it appeared not at all improbable, inasmuch as 
the ore-bodies in places extend to within 100 feet from the surface, and 
are in fact, to some extent, above the mean surface of the 
surrounding country,* that local electrical currents might actually be 
detected on the surface itself. In consideration of this encouraging 
prospect, due pains were taken to work up all the experimental details 
with corresponding care. 

Apparatus.—Above all things, it was necessary to devise some 
method of obtaining electric contact between the ends of the metallic 
circuit and the rocks, which would be free from the difficulties met 
with in the Comstock. Metallic plates, etc., used alone, are objection-
able (see page 468); but it is clear that through the intervention of 
a suitable liquid, effeets.of polarization, etc., can be avoided. The 
following contrivance, based on the well-known excellence of amal-
gamated zinc in a zinc sulphate solution, for the purpose in question, 
was finally adopted. 

* Being in Ruby Hill, an elevation of some hundreds of feet above the extensive 
plain partially surrounding it. 

436 
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     Into a large cork a, 1 to 1½ inches in diameter, Fig. 3 (longitudi- 
nal section), is inserted a strip of amalgamated zinc, ef, about one-half 
inch broad, to the top of which, e, a gutta-percha covered copper wire, 
hik, is soldered.    Throughout the greater part of its length it 

FIG. 3. 

 
Terminal, longitudinal section. 

rests against a stick of wood, cd, cylindrical above at c, which end is to 
be thrust through a perforation in the cork a, but wedge-shaped below, 
d. At i the wire and stick are firmly tied together. A smaller cork, 
b, secures the lower end of both zinc and stick. The whole is 
surrounded by a piece of beef-gut, gg (free from salt), tied to the corks 
a and b, as shown in the cut. 

Into the bag (6 to 10 inches long) thus formed is poured a solution 
of zinc sulphate, the wooden plug I being for this purpose removed and 
a small funnel inserted. On replacing the plug the terminal is ready 
for use. The object of the stick is to obviate accidents due to breakage of 
the zinc, this material becoming very brittle by amalgamation. 
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Fig. 4 represents the terminal in place. A suitable hole, 6 to 9 
inches deep, and 1 to 1½ inches in diameter, is drilled into the 
rock or vein,.at an angle of about 30° with the vertical, and filled 
with a solution of sodic sulphate or water; whereupon the bag 
is introduced as shown in the figure. The dotted line mn 

indicates the level of the outer liquid.* Solution of sodic 
sulphate was at first used, because it increases the 
conductivity and is not acted upon 

FIG. 4. 

 
Terminal in position. 

appreciably by the rock (limestone). It was found, however, that 
ordinary water, which had previously been placed in contact 
with zinc for some time, so as to precipitate all dissolved matter 
which might act upon it, was far preferable (see page 467). 
When not in use, the bags were preserved in a glass vessel 
containing a zinc sul- 

* The solution poured into the hole will be referred to throughout this 
description as the "outer liquid." 
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phate solution; during the observations, however, they were transported 
from place to place in jars containing water.* 

The electromotive force between two similar bags placed in the 
same external liquid was seldom found to be greater than 0.005 volt, 
usually much less and tolerably constant (see page 472); whereas the 
electromotive force of polarization, due to the action of a Daniel] 
under circumstances actually met with in the mines, a number of 
data being in hand, was in no case as large as 0.001 volt, in the ex-
periments cited falling below this limit. Out of curiosity, the bags in 
a particular instance were filled with water instead of zinc sulphate, when 
an electromotive force of polarization of 0.020 volt was obtained. 

Gutta-percha-covered wire No. 19, of excellent quality (Tillotson & 
Co., New York), was used almost exclusively, the whole circuit, 
nevertheless, being suspended in air from threads, as in the Corn-stock. 
In the long circuit on the 600-foot level it was, however, necessary to 
employ cotton-covered wire for part of the liue, the supply of the other 
being insufficient. This could be done without disadvantage, as follows: 
A hollow cylinder of gutta-percha, stripped from the end of wire 
covered with this substance, was bent in the form of a loop, Fig. 5, and 
kept bent in this way by a thread passed through its interior and tied. 
The cotton-covered wire used (a b in 6gure) was passed through this 
loop, suspended by the other end of the thread. 

A case in which gutta-percha-covered wire trailed on the ground a 
distauce of about 1000 feet, was made the subject of measurement. The 
leak was quite perceptible; the insulation offered, however, was 
about 1,000,000 ohms. 

In extending the line from point to point, Reich's plan offers great 
convenience. For this purpose, the wire is wrapped on a light 
wooden reel, but in such a way that the inner end also remains ac-
cessible. The outer end being in connection with the measuring 
apparatus, enough wire is uncoiled to reach the desired hole, and a 
connection (contact-bag) between this and the inner end of the wire is 
then made. In the damp atmosphere, the reel soon became saturated 
with moisture, and, in spite of the insulation of the wire, care had to be 
taken to insulate the reel also. 

For the measurement of intensity, I was fortunate in securing a 
magnificent instrumeut, made for me after the Wiedemann pattern, by 

* It was desirable during the observation to have the outside of the bag as free 
from zinc sulphate solution as possible. 
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Mr. Wm. Grunow, of New York. This instrument is exceedingly 
convenient for the purpose, as by an adjustment of the coils, the 
sensitiveness can be varied over a very wide range. Readings were 
made with telescope, mirror, and scale. In the adjustment adopted, 
currents as small as webers could still be detected with certainty. 

FIG. 5. 

 

Method.—The simple method of consecutive substitution for 
the measurement of electromotive forces                   —inasmuch as 
while there were no reasons for abandoning it there were a great 
many in its favor—was adopted here, as in the Comstock. The 
coils of Gru-now's galvanometer could easily be so placed as to 
enable the observer to measure with sufficient accuracy both the 
lode-current and that due to the latter and the normal 
electromotive force conjointly, without making any change at 
the instrument or inserting auxiliary resistances. By means of an 
inclosed mercury commutator, the current in the galvanometer 
could be reversed and the deflection thus doubled. All 
intensities (i and i) were determined as a mean of five 
consecutive commutations—not that it was desirable or necessary to 
increase the accuracy by such a process, but because it appeared 
essential not to hurry the measurements and to test the constancy 
of the current as appearing in the five data obtained. Errors from 
condensation of moisture on the commutator, were avoided by ex-
cluding the latter entirely from time to time, the measurements 
being made by simply connecting the wires with clamp-screws.* 

As a matter of especial importance, it will be necessary to 
consider a scheme of operations by which  discrepancies, due to 
extraneous 

* The commutator used was made of wood boiled in linseed oil, and 
supported on three conical feet of wood boiled in wax and resin. The holes, 
moreover, were coated with a thick layer of wax (see page 481). Whole sets of 
observations had to be discarded on account of the insufficient insulation of an 
earlier apparatus. 
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causes, can be eliminated as completely as possible. In the experi-
ments, the following order of observations was adopted and rigidly 
adhered to throughout: 

1. Measurement of the apparent intensity of the lode current (i'). 
2. The same, with the terminals exchanged (i"). 
3. Measurement of the current produced by the normal element 

and lode conjointly (I). 
4. With the battery left in place, the circuit is broken at the 

temporary contact; no deflection must ensue (E supposed to be act 
ing with the lode electromotive force). 

If a mean of the intensities derived from the first and second 
operations                       be taken, the intensity of the current (i) due 
to the lode only will be obtained. That due to differences in the 
amalgamated zincs is thus eliminated. In by far the greater number 
of experiments three exchanges were made, so that the first and third 
positions of the terminals were identical. Analogously, then,  

The fourth operation in this scheme insures the perfect insulation of 
the circuit between the T. 6'. and the galvanometer. The part between 
the latter and P. C.—the two being always placed in close proximity, 
this partial circuit, moreover, remaining fixed—is tested once for all 
before commencing the experiments. 

It is often desirable, before inserting the Daniell, to determine 
whether the circuit is in order and without a break. This may be 
easily accomplished by touching with the finger a copper part of it, so 
that a secondary circuit, T. C. wire, galvanometer, wire, body, earth, 
T. C, or P. C. wire . . . .  body, earth, P. C, is produced, respectively. 
The electromotive force acting in this case, is that of zinc-copper, but in 
consequence of the very large resistance of the finger-contact, the 
current, though distinctly perceptible, is too weak to produce any 
appreciable polarization. 

In spite of all these safeguards, however, a close inspection of the 
observations still revealed discrepancies which had not been avoided. 
Accordingly, the method of procedure was still further improved by the 
following additions: To eliminate as much as possible the effect due to 
the terminal bags, a variation was introduced, by which the results 
from different bags could be compared. Four of these, A, B, C, and 
D, were generally employed, which, when combined, two and two, in 
the manner shown in the diagram, gave three separate 
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and distinct, values for the lode electromotive force e. The elec-
tromotive force between any two bags, A and B, is represented by 
A | B, between A and C by A \ C, etc. 

 
After the second exchange, the bags again have their original position 

with reference to the holes. The corresponding measurements, 
therefore, check one another, while from their mean any linear 
variation of their own electromotive force is eliminated. Each series 
gives a value for e. With this method of triple measurement, the 
series was completed by determining all the electromotive forces be-
tween P. C. and each of the T. C's, starting with the one nearest P. 
C. and ending with the most remote. After this the whole set was 
again repeated, starting, however, with the extreme T. C. and finishing 
with the one nearest P. C. The two sets, therefore, form a 
symmetrical series, and from the means of all the values corre-
sponding to a particular T. C, any change which may have taken 
place in the hole P. C. (see page 471), as well as in the electromotive 
force of the Daniell, may be regarded as practically eliminated. A 
comparison of the two sets, moreover, affords a good criterion of the 
constancy of the currents as well as of the trustworthiness of the results 
obtained in general. 

Besides the electromotive force, the resistance of the different cir-
cuits was also measured, being an item of interest. The values usu-
ally ranged between 2000 and 3000 ohms, though at times they went 
as high as 20,000, or as low as 700 ohms. Almost the whole resis-
tance of the circuit is encountered by the current in passing from the 
wire into the rock, and from the latter back again into the former. 
In other words, the resistance of the layers of rock immediately sur-
rounding P. C. and T. C. is so large, that in comparison with it, that 
of the rest of the circuit (never greater than 20 ohms) can be com-
pletely neglected. The total resistance is, therefore, essentially the 
sum of two terms, corresponding to the holes, respectively. Suppose 
now, that in a circuit P. C. (T. C.) these partial resistances are w and 
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These points have been described in considerable detail, being of 
such Importance that without them the results reached would be 
illusory. I was twice obliged to discard whole sets of experiments 
because one or the other of the disturbances set forth had found 
their way into the results in the most insidious manner. It is true that 
Fox actually used uncovered wire; but it must be remembered that the 
currents obtained by him were abnormally large. Moreover, I am 
convinced that the currents found by Fox, when connecting two 
different points in rock, were entirely due to, and that those of Reich 
were largely distorted by, discrepancies of the kind discussed in this 
paragraph. 

Relative Position of the Ore-bodies.—Before proceeding further, it will 
be necessary to give the reader some general notion as to the disposition 
of the ore-bodies of the’ Richmond mine. It will be convenient, and fully 
sufficient for the present purposes, to consider them with reference to a 
horizontal and a vertical projection. The former will be given with the 
different sets of observations which are to follow. For the latter, I am 
indebted to Mr. R. Rickard, superintendent of the Richmond Mining 
Company, without whose cordial cooperation it would have been 
impossible, in the time allotted, to carry out these experiments. To 
Mr. Rickard are also due the following details and sketch. 

In Fig. 6, the horizontals passing across the diagram represent the 
levels in feet below the shaft-mouth as a datum. Different ore-bodies 
are differently shaded, the attached numbers depending upon the date of 
their discovery. The sketch is intended to illustrate the relative 
positions of the ore-bodies one to another only, as seen from the 
extreme north. 

Chamber No. 11 begins on the 200-foot level and continues to the 
500-foot level. 

No. 12 is a continuation of No. 11, beginning on the 500-foot level 
and ending 70 feet below this level. 

No. 16 commences 50 feet above and runs 70 feet below the 200-fbot 
level-bottom of present workings. 
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No. 15 commences on the 300-foot level and continues to 
the 500-foot level. 

 No 14 begins 58 feet above the 400-foot level and continues 
to 

   within 50 feet of the 600-foot level. 
 No. 13 begins at the 500-foot level and continues 50 feet 
below 
         the 600-foot level. 

FIG. 6. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vertical section through ore-bodies. 

Chambers Nos. 13, 14, and 15 are all connected and form 
one ores body. No. 16 will undoubtedly connect also with 
these three, so that in fact Nos. 13, 14,15, and 16 are but 
lobes of one and the same huge deposit. 

The greatest horizontal extent of these bodies is between 
the 400 and 500-foot levels, the plan showing the following 
dimensions: 

 
No. 7 extends from the 400-foot level to 50 feet below this 
level. No. 10 begins 20 feet above and ends 50 feet below 
the 400-foot level, and is exhausted.    No. 13 also is 
partially exhausted. 

East of the clump of ore-bodies of the Richmond Company 
are 
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those of the Eureka Consolidated Company, which are also of unu- 
sually large dimensions, the ore being the same in every respect. 

Experiments on the 500 and 400 Levels.—These series of measure- 
ments were made with the intention of observing the variation of 
potential met with in passing through the ore-body, the line of elec- 
tric survey beginning and terminating in points as far distant from 
it as was practicable. 

The plan of the position of the drifts on the 500 and 400-foot 
levels relative to the ore-chambers, so far as is necessary for the 
present purposes, is given in Fig. 7, on a scale of 1/3000. Starting 
with the shaft at m, the drifts are represented by broad black lines. 
The main drift on the 400-foot level, passing from a point between 
VIII. and IX. on the 400-foot level in an approximately semicir- 
cular path toward the shaft has, as well as others, been partially or 
wholly omitted. Instead of giving an outline of the horizontal 
projection of the ore-bodies themselves, it was thought preferable to 
represent rather the position and extent of the actual workings. On 
the map, chamber No. 11 is designated by ab, No. 12 by CD, Nos. 
13 and 14 by rS, and No. 15 by tg. The position of chambers Nos. 
7 and 10 is only indicated. Smaller patches of ore also occur at n, 
between the 500 and 600-foot levels, and at P, above and below the 
500-foot level. 

The line uv, on the 400-foot level, marks the position of a contact 
between shale and limestone. It may be, moreover, remarked that 
the shale of the west country intersects the 400-foot level on a line 
approximately parallel to the drift between P. C. and No. IV. 

Unfortunately, local circumstances rendered it absolutely impos- 
sible to make this survey in a single continuous series, however de- 
sirable such a method of procedure would have been. But this was 
accomplished indirectly by selecting a permanent contact both on the 
400 and on the 500-foot levels, and carrying the two lines of meas- 
urement onward to the same intermediate point. The differences of 
potential thus obtained from two fixed points, respectively, can then 
be converted by a simple method of reduction into those which would 
have been obtained had all the electromotive forces been measured 
from one and the same P. C. 

1. On the 500-foot level the permanent contact was placed in cham- 
ber No. 12, in calcareous earth stained with iron, its position coinciding 
nearly with the letter C in the plan of this chamber (Fig. 7, C. D.). 
The points selected as T. C.'s are designated on the map by small 
circles, to which Roman numerals are annexed, and extend from I., 
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near the shaft m on the 500-foot level, in a more or less broken line 
to XV., in chamber No. 15, about 30 feet below the 400-foot level. 
The following table will describe them more completely. Column 
2, in Table VII., contains the points, some of which, to prevent 
confusion, were omitted on the map; column 3, the depth of each 
below the mouth of the shaft, taken as zero. . " Distance " refers to 

FIG. 7. 

 
Plan of the 400' and 500' levels.   Scale 1/3000 

the length of the lines joining consecutive points for which data are 
given.*    The figures under " bearing" are to be similarly under- 

* The points for which no data are given are distributed through various 
parts of chambers 12 and 15, in positions for which it was difficult to 
make measurements. 
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stood. (S. 81° W. refers to the line I. III.; S. 26° W., to III V.; 
N. 67° W., to V. IX., etc.) It appeared unnecessary to give more 
than the bearings of the main lines of direction on which the points 
approximately lie. The figures included under " resistances " are 
the means of two determinations of this quantity made for each of 
the points. They express the sum of the resistances of the rock sur- 
rounding P. C. and the T. C. specified. The original results were 
always greater than those made at a subsequent time; this from the 
fact that the rock in the neighborhood of P. C. and T. C. became, 
during the progress of the experiments, gradually more saturated 
with moisture. 

TABLE VII.   

 
The results of the measurements of electromotive force between 

P. C. in chamber 12 and the consecutive T. C.'s are given in Table 
VIII. The general method of obtaining them has already been 
described (see page 440). Intensities (i) are given in absolute elec- 
tromagnetic units (C. G. S.); electromotive forces (e) in volts, and 
are arbitrarily considered positive when the potential of T. C. is the 
greater, or when the lode current flows 

 
It will be remembered that, throughout, four terminal bags, A,B, 

C, D, were used. The results obtained with AB are given in Series 
I., where, moreover, i' is the intensity observed with the bags A and 
B in any particular position (say A in hole P. C, and B in T. C) i", the 
intensity observed when the bags are exchanged {B in hole 
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TABLE VIII. 
First Series. 
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P. C, and A in hole T. C); finally, i", the observed intensity when 
the bags again have their original position. e is the corrected lode 
electromotive force between P. C. and the T. C. specified. Series II, 
contains the corresponding results with the bags A and C; Series 
III., with A and D. 

Finally, Series I., II. and III. were obtained in surveying from 
point I. to XV., series IV., V. and VI., on the other hand; on re- 
turning from XV. back to I. 

In these experiments, a solution of sodic sulphate was used as an outer 
liquid. 

TABLE IX. 

 
2. On the 400-foot level, the permanent contact was placed in a 

ferruginous clay-seam, toward the southern end of the drift, and ob- 
servations were made in a northerly direction from this point. The 
temporary contacts have been designated on the map, Fig. 7, as in 
the previous case. Point X., of the present survey, coincides in 
position with XV. of the line on the 500-foot level. The following 
table (IX.), in which full statements of the position, etc., of the points 
are contained, will be intelligible without further description. As 
before, the bearing of the main linear loci only have been determined, 
the data referring to the lines joining the consecutive points, for which 
figures are given. Resistances, as above, are mean values for the cir- 
cuits P. C., earth, T. C, wire, P. C, and are essentially of the resis- 
tances of the layers of rock surrounding P. C. and T. C. 
. The results of the measurements of electromotive forces between 
P. C. and I.—X. are contained in Table X.    They are given in a 
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way entirely analogous to that adopted for the 500-foot level, and no 
further explanation is necessary. Intensities are expressed in electromagnetic 
measure (C. G. S.), electromotive forces in volts. Water was used as an outer 
liquid. 

 
The values for electromotive force contained in Tables VIII. and X. are 

now to be referred to one and the same origin. For this purpose it will be 
convenient to select a point having an extreme 
 

*In these cases three consecutive exchanges of the terminals were made, their positions 
in Nos. 1 and 3 and in Nos. 2 and 4 being the same. 

VOL. XIII.--29 
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position. Point I., 500-foot level, is of this kind. As there is no means of 
assigning an absolute value to the potential of this point, it may be 
arbitrarily called zero, in which case the electromotive force between it and 
any succeeding point will be identical with the potential of the latter. In the 
following table (XI.) the potentials of all the points on the 400 and 500-foot 
levels have been calculated, that of No. I. (500-foot level) being zero. The 
values obtained from the different series are designated by indices (e', e", e'", 
eiv, ev, evi). e1 is the mean of the first three, e2 of the last three; and e the mean 
of all the series. 

 

Table XII. has been prepared to show the character of e as a function of 
distance (see page 452). In it e has the same signification as in the preceding 
table. Under distance, however, is given the length, in feet, of the 
imaginary line joining Point I. with the point to which the datum refers. 
The data included under bearing also refer to this line. Current numbers 
have been given to the points on the 400-foot level. (See "Points," Table 
XL). 

* To facilitate the construction of Fig. 8, current numbers have been given to the 
points on the 400-foot level.   The new numbers are given with the original ones. 
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Discussion of the Results Obtained in the 400 and 500-Foot Levels. From a 
comparison of the resistances of circuits between different holes, as 
contained in Tables VII. and IX., we find that in cases of fissured, of 
tough and impervious, or of dry rock or earth, this quantity inclines 
toward a maximum ; whereas, on the other hand, whenever the material is 
porous or moist, minimal values are obtained. It is to be remembered that 
under ground, from the exceedingly damp atmosphere, as well as from 
infiltration of water, the rock forming the walls of the drifts is throughout 
very moist, and at the surface of the latter, at least, nearly saturated. 
Hence it follows that the conductivity of the rock is largely, if not 
wholly, due to the presence of moisture in its pores, and is therefore 
electrolytic. This matter, which is of importance, will be repeatedly referred 
to hereafter. 

Intensities.--In Tables VIII. and X. the intensities of the currents 
observed in the different circuits have been very fully given, both because 
the present measurements are the first of the kind made, and because the 
character of the data furnishes an important criterion of the validity of the 
subsequent results derived from them. From an inspection of the tables, it is, 
moreover, obvious that an exchange of terminals in measurements of this 
kind, however tedious and laborious in case of long circuits, is 
indispensable. The intensities V and i"', which are measured with the bags 
in the same position relatively to the holes, are usually very nearly of the 
same value, from which i" generally differs, frequently having even the 
opposite sign. 

Potential.--Between the values of e for the first three, and for the 
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last three series, there is usually a good agreement. The means (e1 and e2) of 
these series, however, often show a lack of accordance which is greater than 
was expected. The discrepancies occur principally in the results obtained on 
the 500-foot level, and it was at first thought that they were largely to be 
referred to the fact that a solution of sodic sulphate was used as an outer 
liquid in the holes. In No. 11, Table XI., for instance, this liquid, instead of 
soaking into the rock, as usual, remained in the hole, gradually becoming 
concentrated by evaporation. In the repetition of the experiment, therefore, 
the exterior liquids in P. 0. and X. were not of the same concentration, so that 
a discrepancy would not seem remarkable. Subsequent experiments, however, 
hardly corroborated this supposition. Another large difference occurs in the 
case of No. 27 of the same table. But for this hole it was impossible to obtain 
constant results, though the experiments were many times repeated. I am 
at a loss to account for this fact. 

 
Earth potential and distance, Richmond mine, 400 and 500-foot levels. The 

horizontal line represents distance, the ordinates represent earth-potentials. 

The actual relation between potential and distance, will, of course, be 
exceedingly complex, and it would be little short of a waste of time to 
endeavor, with the data at command, to arrive at an empirical form for this 
function. On the other hand, a graphic representation of the change of 
potential due to a corresponding change of distance is certainly desirable. 
Accordingly, I have discarded more elaborate mathematical means, and have 
represented the relation in question by the following simple plan : If all 
points of the 400 and 500-foot levels be joined by straight lines with Point I. 
on the 500, the horizontal projections of these will lie within a sector whose 
center is at I. and whose bounding radii subtend an angle of 31° 
approximately. It should be noted (Table XII.) that on passing through the 
ore-bodies the variation of bearing is much smaller; that it is large both 
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for points near I., where the actual length of arc subtended, however, is 
small, and for points on the 400-foot level, where, though the actual 
length of arc subtended is large, as all points are remote from ore, a 
smaller change of potential may be expected. Bearing in mind, therefore, 
that our object is merely to represent in a systematic way the potential of 
consecutive points, a curve may be constructed by representing the linear 
distance of any point from I. as abscissa, the corresponding potential as 
ordinate. In this way, Fig. 8 was obtained. From an inspection of the curve 
it appears that the ore-body is in general at a lower potential than the 
points remote from it. 

Here it must be remarked that only the extreme points on the 400-foot 
level (XXVII., XXVI., etc.) can, so far as known, be considered actually 
distant from ore. In the vicinity of Points I., II.,  etc., 500-foot levels 
there are not only the streaks of ore, n and p (Fig. 7), but also chambers 7 
and 10, and still further east the large ore-bodies of the Eureka Con. 
Mining Company. This has been indicated by the dotted line in Fig. 8. 

The variation of potential is irregular, however--even more so than, 
with the rough method of delineation, we would have anticipated--and its 
amount is small. In fact, it will be seen that certain unavoidable errors might 
conspire to produce an almost equivalent change. From results of such a 
magnitude, in short, no prediction as to the occurrence of ore or electro-
active material would be justified. Not to mention minor matters, the survey 
described suffers from a serious objection, due to the fact that a temporary 
contact in progressing from I. to XXVII. passed through a great number 
of varieties of rock, and therefore, also, probably through a great variety 
of absorbed liquids, holding more or less saline matter in solution. In 
such a case the electromotive force due to the contact of these liquids 
would seem to come into play. As the matter will again be discussed, I will 
add here only that electric effect thus produced cannot, a priori, be 
regarded as negligible. Furthermore, the preference given to Point XV., in 
using it alone as a basis, for the coördination of the results of the surveys 
on the 500 and 400-foot levels, is to be criticized. It was intended to use 
several consecutive points for this purpose; but in each case local 
interferences prevented. As a whole, however, the results are sufficiently 
interesting to justify further and more careful investigation. 

Experiments on the 600-foot level. Results.--This series of measurements 
was made with the intention of observing the variation of potential 
encountered in passing across the ore-body, without actu- 
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ally getting into it. Care was also taken to place all the points, 
so far as practicable, in rock of the same variety, and to 
remove the ends of the line of survey as far from the. ore-body as 
possible. 

The plan of the position of the drifts on the 600-foot level, 
relatively to the ore-chambers, is given in Fig. 9. As before, the 
points tapped are distinguished by little circles, to which Roman 
numerals are annexed. P. C. in this case coincides with Point 
VIII., and is in porous limestone. The great ore-bodies have been 
lettered as in Fig. 7. Ore is also found at G, above and below the 
600-foot level, and at n above it. UV is a line of contact 
between the shale of the west country and limestone. Table 
XIII. exhibits more exactly the disposition, etc., of the points. 
It will be intelligible without further explanation.    (Cf. Table 
IX., p. 448.) 

 
The results of the measurements of electromotive forces between 

VIII. (P. C.) and T. C.'s are contained in Table XIV. The no-
menclature being the same as that used above, the meaning of the 
data will be at once apparent. As before, four terminal bags A, B, 
C, and D, were used. Intensities are given in electromagnetic units 
(C. G. S.), electromotive forces in volts ; and are arbitrarily consid-
ered positive when the potential of T. C. is greater than that of P. 
C. (Point VIII.); or when the current travels 

The experiments were made in continuous series, starting with 
Point I. in the extreme west, in shale, and ending with XXI, 
near the shaft, in limestone. Water, which had previously 
been kept in contact with zinc, was used as an outer liquid. 
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A comparison of the values of e obtained is given in Table 
XV. The plan is analogous to the above. 

 
Table XVI., finally, contains the data necessary for the 

approximate representation of earth potential as a function of 
distance. By arbitrarily assuming the potential of Point VIII. 
as zero, the final means in Table XV. are identical with the 
potential of the points to which the data refer. The third and 
fourth columns of Table XVI. contain the length and bearing 
of the imaginary lines joining I. with the succeeding points. 
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From the results in Table XIII. for the resistance of different 
circuits, similar conclusions to those on page 35 are deducible. 
Wherever the structure of the rock and coexisting circumstances are 
favorable to the absorption of moisture, there we also find minimal values 
for this quantity. Unusually high values were obtained for the holes 
XV. and XVI. But the rock at these points was so tough and tenacious 
that the miners complained of the slow progress made in drilling. 

Remarks analogous to the above are applicable to the present values 
for intensity on this level. 

The results for earth-potential in Table XV. harmonize much better 
than those for the preceding levels. The individual values in the two 
series, as well as the means of the series themselves, are in fair 
accordance. This might be ascribed to the fact that the holes were 
mostly in rock of the same variety, and that strong salt solutions were 
discarded in completing the contact between the terminal hags and the 
earth. 

By a method of procedure similar to that already employed the relation 
between potential and distance may be represented graphically. It will 
also be seen from an inspection of Table XVI., that the considerations 
involved in constructing Fig. 28 are more pertinent in this case, as the 
main drift itself is more nearly linear. Laying off potential as ordinate, 
distance as abscissa (Table XVI.), Fig. 10 is obtained. 

Both Fig. 8 and Fig. 10 demonstrate the remarkable result, that the 
region of ore-bodies coincides with a region of low potential. This is all 
the more striking, as in the first case the ore-bodies are approached from 
barren rock (400' level), taking in general a northerly course. In the 
second, the course of survey, while passing toward the ore-region, was 
mainly in an easterly direction. The two lines of survey may, roughly 
speaking, be said to be at right angles to each other. In one case, 
moreover, the sequence of points tapped intersects the ore-bodies, whereas 
in the other it remains exterior to them throughout its whole extent. 

Comparing the results of the two surveys, the indications on the 600-
foot level are found to be much the more pronounced ; in fact, they 
transcend values which can be accounted for as an aggregate of incidental 
errors. It may be remarked here, that it is a very improbable chance 
which would place the region of greatest electrical disturbance in 
coincidence with the region of ore-bodies, if the latter were without 
influence in producing the former.    There in no reason, 
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apparent, why the part of the main drift on the 600-foot level, be- 
tween Points I. and X., should not be just as active as that between 
Points X. and XXI., unless it be that these points lie nearest to ore, 

 
and, consequently, that we are here rapidly approaching the seat of 
an electromotive force. 
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Chambers No. 14 and No. 15 connected electrically.—In the survey 
on the 400 and 500-foot levels, two ore-bodies, Nos. 12 and 15, were 
indirectly connected, but the indications obtained were much smaller 
than was anticipated. It appeared desirable, therefore, to test this 
matter still more carefully by connecting the huge ore-masses in 
chambers No. 14 and No. 15. Accordingly a P. C in a large breast 
of ore (lead carbonate) in chamber No. 15 was placed successively in 
contact with three different points at a distance of about 100 feet one 
from another in chamber No. 14. Each of these was also in ore, 
the first in lead carbonate, the second, in lead carbonate and earthy 
sulphide, the third, finally, in a mixture of carbonate, sulphide and 
ferruginous earth. Table XVII. contains the results of the electrical 
measurements. A single set of observations, with one exchange for 
each, was made. 

TABLE XVII.  

 

In considering these results, it is strikingly apparent that the evi- 
dences of electric action are almost altogether absent. It is true that 
in all probability, chambers Nos. 14 and 15 are but parts of one and 
the same large ore-mass, but in the place where the experiments were 
made they are to some extent, at least, locally disconnected. The 
results lead to the inference either that the ore of both chambers is 
remarkably similar in character, so as to present no appreciable 
electric difference, or that it is here without electrical properties 
altogether (earthy), the field of electric action being confined to cer- 
tain definite parts of the ore-deposit.    (See also page 474). 

Experiments on the surface.—Encouraged by the results on the 
600-foot level, I thought it not impossible, inasmuch as the ore 
extends in places to within 100 feet from the surface, while vestiges 
of croppings, etc., still remain, that currents might also be observed 
on the surface itself. 

A line of points lying in general in a north-and-south direction, 
and at distances of about 100 feet apart, was chosen, the object being 
to extend the electric survey from shale free from ore, in the north, 
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over Ruby Hill and the large ore-bodies in its interior, to quartzite 
in the south, also more or less free from ore. It was hoped that in 
this way a passage through a field of electrical activity might actually 
be made. Unfortunately, the work was interrupted by a heavy snow- 
storm and accompanying frosts. 

P. C. was placed about half-way up the hill in compact limestone. 
Point I. is the most northerly of the series, and remote from ore; 
Point IX. approximately over the Richmond ore-bodies. The re- 
sults are contained in the following table, e is the mean of a single 
triple set. The potential of P. C. Point VI.) is arbitrarily put equal 
to zero. 

TA B L E  XVIII .  

 

In the table the unusually high values for the resistances of the 
circuits, P. C, earth, T. C, are a striking feature. This may be due 
either to the compact and impervious structure of the rock (the drill 
making very slow progress), or, as the experiments were made in the 
early spring, to the possibility that the moisture in the rock was still 
frozen. In either case, however, the supposition that the conductivity 
of the rocks is principally due to the presence of moisture in their 
pores receives fresh support. 

The values for earth-potential again exhibit a marked variation 
in passing toward the ore-deposit. But unlike former cases, the 
passage from points remote to those nearer the ore-region is one from 
lower to higher potential. As nothing is known about the distribu- 
tion of potential with reference to ore-bodies, this is not to be regarded 
as at variance with former results. Not overmuch reliance, however, 
must be placed on the values of e in this table.    They were obtained 



462 THE   ELECTRICAL,  ACTIVITY  OF  ORE-BODIES. 

under unfavorable circumstances, and not checked, as in the former 
cases. 
 According to Mattenci,* a difference of potential exists between 
points at a different level, in virtue of this fact alone. "Ce courant 
est ascendant dans la partie métallique du circuit; son intensité aug- 
mente à mesure que les lignes sont plus longues, et que la différence 
de niveau entre ces extremités est plus grande." But in the present 
case the direction of the. current is not the only opposite of this, but 
the electromotive force continues to increase even in greater ratio 
after the highest point of the series has been reached. We have, 
therefore, not to do with such effects as Matteuci observed. The 
reader is further referred to page 470. 

REPETITION OF SOME OF THE EXPERIMENTS AFTER AN INTERVAL 
OF ABOUT ONE HUNDRED AND THIRTY DAYS. 

The preceding experiments are to be regarded as incomplete in 
two particulars. In the first place, the data are the results of but a 
single method of measurement, the application of which is not im- 
mediately evident; in the second, no criterion of their constancy in 
point of time has, as yet, been obtained. The additional results now 
to be given were obtained on the 600-foot level of the Richmond 
mine, all the former holes (points tapped), with the single exception 
of No. 1, being used over again. In place of the latter, this having 
become inaccessible, a fresh hole, about 25 feet to the east of the old 
one, but also in shale, was drilled. 

The experiments were made after an interval of more than four 
months from the time at which the original data were obtained. 

From an inspection of the magnitude of the electromotive forces 
contained in the foregoing tables, it will be seen that they fall well 
within the scope of a good electrometer. Such an instrument, prop- 
erly protected against the moisture of the underground air, would 
have been most serviceable for the purpose. Unfortunately, one 
could not be obtained in time for the work. The following methods 
were therefore resorted to: 

In the first place the greater part of the data were checked by the 
old method given above. This, it will be remembered, was chosen 
because of its simplicity and the comparative ease with which any 

* Ann. de Chim. etde de Phys. (4), t. x., p. 148, 1867. 
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fault in the connections could be ascertained. The potential of the 
same holes was also measured by a method in which the electromo- 
tive force is expressed in terms of the increment of the reciprocal 
of intensity of current, and the corresponding increment of the resist- 
ance of the circuit, to which the former is due. In order to vary the 
resistance at pleasure, a rheostat was introduced. If the resistances 
w1 and w2 correspond to the intensities i, and i2, respectively, we have 

 

where e is the electromotive force to be measured. 
Finally, the whole of the experiments formerly made on the 600- 

foot level were again repeated by a zero method. Here great care 
had to be taken to effect the complete insulation of all parts. This 
was accomplished in the manner previously indicated, by suspending 

 
the terminal wires, as well as all the connections, from threads. The 
accompanying diagram, Fig. 11, will show how this was done. A 
and B are clamp screws, suspended from the threads a and d, re- 
spectively, R (rheostat) is the large, r the small resistance, K a 
double key, C a commutator, G the galvanoscope. For a current 
zero in the latter (the effects due to the normal element E and the 
lode electromotive force compensating each other in G), 
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The resistance r was wrapped on  a small piece of wood and the 
whole subsequently boiled in paraffine. The body of the key K, and 

 

that of the commutator C were similarly prepared, being boiled in 
linseed oil, and the mercury cups covered internally with a thick 
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coating of wax. Moreover, the wires of both in passing through the 
wood were additionally insulated from the latter by a covering of 
gutta-percha; the ends only being uncovered and communicating 
with the mercury in the cups. In consequence of these precautions 
it was found that this comparatively complicated method could be 
employed in these wet drifts with complete success, and the adjust- 
ments having once been made, it proved to be nearly as expeditious 
as either of the other methods. 

As the result obtained is derived from an expression which is 
independent of the resistance of the circuit, the method could be used 
with advantage in studying the manner of variation of potential in 
passing, as it were, continuously from any T. C. to the next. But 
the actual observations will be more appropriately cited in connec- 
tion with another topic (see page 472). 

It will be remembered that in the former experiments four contact 
bags were used throughout, which were so combined as to give three 
independent values for the electromotive force to be measured. The 
result thus obtained, however, being usually so nearly identical, it 
was thought that this precaution might be safely dispensed with. 
Two contact bags only, therefore, were employed. In all other 
respects, however, the former plan (see pages 440, 441) was rigidly 
adhered to, with such slight variations, of course, as the different 
methods rendered necessary. 

The following table, containing the potential of the consecutive 
points on the 600-foot level—that of No. VIII. being arbitrarily 
put equal to zero, as before—will be intelligible without much further 
explanation. The results of the different methods are arranged in 
parallel columns, and in the order in which they were described. 
For the sake of comparison those obtained on the former survey are 
also added, and a final column shows the difference between the two. 
 The results obtained by different methods present throughout a 
fair agreement, when it is remembered that errors amounting to a 
few thousandths of a volt are introduced by circumstances beyond 
the observer's control. Between the mean of the new and the mean 
of the former results, there are a number of annoying discrepancies. 
In part, though by no means wholly, these are due to a difference 
in the values of the standard electromotive force employed in the two 
cases. With the knowledge at present available it would be of little 
use, however, to attempt to assign reasons for the remaining varia- 
tions. A matter of greater importance is that the general character 
Vol. xiii.—30 
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of the curves, as derived from the two series of results, is essentially 
the same.* 

TABLE XIX. 

 
 

UNAVOIDABLE ERRORS AND MISCELLANEOUS CRITICISMS. 
 

Moisture in the rocks.---By far the most serious difficulty encoun-       
tered in endeavoring to interpret the results obtained, is that due to         
the difference of potential of two liquids in contact. The conduc-          
tivity of rocks is as has been seen, largely, if not wholly, to be as-    
cribbed to the presence of moisture in their pores. This moisture 
unquestionably holds saline matter in solution. Moreover, it is    
altogether probable that the solution in one rock of a particular     
structure is, in general, different from that in another of different   
structure and many hundred feet distant from the former, even if the 
composition of both is essentially the same. In tapping tow points            
at some distance apart, by the aid of two metals (plates or gads) sup- 
posed identical in every respect, two members of the continuous se- 
quence of solutions contained in the rocks are, in fact, put in metallic 
contact. The difference of potential thus obtained would be that             
due to the resultant action of the series of liquids included between        
the points. This electromotive force is, however, principally de-     
pendent on the extreme members of the series, i.e., those at the points 
tapped; and in the present investigation it was hoped that the dis- 
 
 *Compare Figs. 10 and 12
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crepancy thus arising might be very largely eliminated by putting 
the same liquid in both holes, and by exchanging not only the me- 
tallic terminal—amalgamated zinc—but also the terminal solutions 
(zinc sulphate). Hence the “bag” form of the terminal. 

It was thought not superfluous to test the matter with the aid of 
the contact-bags themselves; all the more as it would thus appear to 
what extent the results obtained with the latter are trustworthy. 
The two liquids, whose electromotive force was to be measured, were 
separated from one another by a porous septum of animal membrane. 
As in the mines, the terminal bags were exchanged. In passing 
them out of the first liquid into the second, care was taken to wipe 
off the liquid adhering to the outside. If now, e be the electromotive 
force of the two solutions in contact, and e, that due to the difference 
between the zincs alone, in the first position of the bags A and B (A 
in water and B in the liquid to be tested), the apparent force would 
be 

in the second position of the bags (B in water and A in the liquid 
to be tested), 

 

the connections themselves remaining unaltered. A mean of both 
measurements gives e; half the difference, e. The following are some 
of the results: 

 
It will be seen that in the different sets e is fairly constant. The 

value of e is small, as anticipated, notwithstanding that nearly con- 
centrated solutions were used. In the case of zinc sulphate e is 
practically zero, as it should be, the bags themselves containing this 
solution. 

The following table contains analogous experiments made in the 
mines. Holes IX. and X., 600-foot level, were put in contact. 
Measurements were made by a zero method: 
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Two other holes similarly treated gave :

 

Apparently, therefore, large discrepancies are not produced in this 
way. 

Of course all these experiments are only intended to furnish esti- 
mates as to the probable magnitude of disturbances of an analogous 
kind, which may possibly have influenced the data given above. 

Mr. E. Kittler * has recently commenced a new study of the 
question of potential difference due to the contact of liquids. From 
a large number of careful experiments he finds electromotive forces 
between them far exceeding, as a rule, those met with in the meas- 
urements of earth currents here described. These forces, however, 
obey the law of Volta's potential series. 

From all these considerations, it seems to follow that in the present 
investigation the discrepancies due to the presence of different liquids 
in the rocks have been eliminated to a great extent. Certainly their 
effect can hardly be estimated as much greater than a few thousandths 
of a volt. It is obvious, moreover, that the use of simple metallic 
contacts (plates and gads) is under all conditions unsafe. To this is 
to be added the fact that metallic plates are never identical in their 
electrical properties, and that their difference (as large effects of po- 
larization are also included therein) cannot be eliminated by such a 
process of commutation as was employed. 

The phenomenon of conduction of rocks being essentially hydro- 
electric, the determination of the thermo-electric power earth-copper, 
for which it was at first thought the high temperature on the lower 

* E. Kittler: Ueber Spannungsdifferenzen, etc. Wied. Ann., xii., p. 572, et seq; 
1881. 
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levels of the Comstock lode, in comparison with those at the surface, 
would offer excellent facilities, has no further interest. No attempt 
of this kind was therefore made. 

If the hole drilled for the reception of the terminals be regarded 
as a cylinder with a hemispherical base, the directrix of the former 
as tangent to the sphere corresponding to the latter, and its axis as normal to 
the plane face of the drift, approximate values may be derived 
for the specific resistance of the rock met with. Let h be the height 
of the cylinder, a the common radius of both the latter and the hem- 
isphere. Let r be the radius of any similar figure, the axis of whose 
cylinder and center of hemisphere coincide with those of the hole. 
Finally, lot a be the specific resistance of the rock, or the resistance 
in ohms between opposite faces of a cubic centimeter. 

The elementary resistance of a shell at the distance r from  the 
. axis and of the thickness dr, is then 

 
and, therefore, the resistance of the layer of rock between coaxial 
and concentric figures, the inner radius being a, the outer r, is 

 
the symbol [ w ]r

a   being used to express the resistance of the layer of rock 
between the similar surfaces just defined. If r is allowed to 
increase to infinity approximate values for a can be determined from 
the data given, above for the resistance of circuits, and the known 
dimensions of the holes. In this way it appears that the mean value 
of this quantity was about 

  

whereas values as high as 500,000 and as low as 20,000 were met 
with. From the invariable presence of moisture, however, these 
figures possess only minor interest. 

If the resistance of layers of rock between consecutive similar sur- 
faces be compared, the same notation being again employed, in round 
numbers: 
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all dimensions being expressed in centimeters, and a being 1.2 cm.;  
whence it follows that the resistance of coaxial and concentric layers 
decreases, though hardly as rapidly as might be desirable. In point 
of fact, however, the convergence is more rapid than this approxi- 
mate calculation indicates. A drift may with greater accuracy be 
regarded as a cylindrical tunnel, into the sides of which the contact 
holes have been drilled, with their axes at right angles to that of the 
drift. Now, it is obvious that as r (in the former signification) in- 
creases, the value of dw will, in this case, decrease more rapidly than 
in the previous one ; this because the superficial area of the infini- 
tesimally thin shell increases much more rapidly. The actual anal- 
ysis, however, is unnecessary here. The points of greatest interest 
have already been sufficiently illustrated by what precedes. 

Earth-currents.—A second important consideration relative to the 
causes which might have produced discrepancies in the present in- 
vestigation is the effect to be described to earth-currents. Although 
numbers of experiments have been made in different parts of the 
world as to the magnitude and direction of such currents, I am 
unable to estimate their effect in this case, especially as the constants 
for the currents probably vary with the position of the field of ob- 
servation on the surface of the earth. Most observers have availed 
themselves of telegraphic connections between points very many 
miles apart. Mattenci,* I believe, was the only one who laid a 
carefully insulated line especially for this purpose, and it is to his 
investigation that we can with greatest ad vantage refer, Yet, though 
his points were at a distance of six kilometers apart, the currents 
obtained, so far as can be seen, were certainly not much larger than 
those here recorded. If, however, the variation of potential in the 
above experiments were due to some normal, non-local cause, it 
would be fair to assume a linear change of potential with distance 
throughout the comparatively small area in which the experiments 
were made. Such is by no means the case. In fact, some of the 
largest variations observed occur within distances of a few hundred 
feet, while elsewhere a range of 1000 feet is without marked altera- 
tion of potential. It is probable, therefore, that earth-currents have 
not perceptibly affected the results.† 

* Ch. Matteuci: Sur les courante électriques de la terre. Ann. d. Chim. et 
de Phys. [4], t. iv., p. 177, 1865; ibid [4], t. x., p. 148, 1867. 

† Temporary disturbances, such, for instance, as are due to atmospheric 
induction, are obviously without influence in the present case. Inductive 
action, moreover, it hardly to be expected from the clear, dry air of 
Nevada. 
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Drill-holes.—The angular and somewhat irregular curves (Figs. 
8, 10, 12) might give rise to a suspicion that the difference of po- 
tential observed is in some way to be ascribed to the accidental con- 
dition of the holes themselves. A priori, therefore, the presence of 
little pieces of steel, worn or broken off from the drill, crystals of 
iron pyrites, particles of ore, etc., in the walls of the hole should not 
be disregarded. That such material is, however, entirely without 
disturbing effect will be seen from the following experiments. 

In a particular case the intensity i1, obtained by connecting two 
 holes in the ordinary rnauner was 

i1 = 101 :108. 

A thin strip of platinum was subsequently introduced into one of the 
 holes and firmly pressed against its sides. The intensity i2 then 
measured proved to be 

i2= 99 :108; 

or, practically, the same as before. An effect due to the platinum 
was therefore absent. 

Two holes, about 18 inches apart, were drilled into solid rock and 
connected as usual. The measurements made for difference of poten- 
tial, by the original method, gave, in four successive experiments, 
different bags being used for each, 

  l ) e = + l : 1 0 3

 2 ) e =  —1:103

3)e=±0:10 3

   4 ) e = ± 0 : 1 0 3 ,  

or zero, as from the proximity of the holes it ought to be. 
Finally, the potential of a number of points lying between Nos. 

V. and VII., on the 600-foot level of the Richmond mine, was de- 
termined. A zero method being used, it was only necessary to put 
the terminal bags in contact with the rock at the points chosen, by 
allowing them to recline against the wall. Care was taken to pre- 
vent any part of the copper wire from touching it. Two points, A 
and B, were thus established between VII. and VI.; three C, D, 
and E, between VI. and V. The following table gives the results, 
the potential of No. VIII. being put equal to zero, as before: 
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TABLE XX. 

 

In Fig. 13 these results are graphically represented. It appears, 
notwithstanding the different kinds of contact at V., VI., VII., and 
at A, B, C, D, that the progress of the curve in passing from VI. 
to V. is continuous.    The experiments, therefore, failed to detect 

 

any specific action due to the holes. Nos. V., VI., and VII. were 
especially chosen, because, as will be seen from a comparison of Figs. 
10 and 12, this part of the curve presents a curious and well-pro- 
nounced anomaly, the newer results differing very remarkably from 
the earlier. It. was natural to suppose that, in the time which had 
elapsed between the two series of measurements, hole No VI. had in 
some way been interfered with. The results just cited, however, 
preclude such a supposition. Even larger masses of metal seem to 
be without marked effect. Between the date of the older and that 
of the newer observations, for instance, a track had been laid from 
the vicinity of the hole No. 1 to No. XV. 

Terminal-bags.—There occur a few cases in my notes in which, though in 
every other respect the behavior was normal, different re- 
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suits were obtained for the same hole at nearly the same time, by 
employing different bags, viz. : 

IV. e = 0 :10³  VI I .  e =2 :1 0 3

                          e =  2:103 e = 6 :1 0 ³  
                 e = 5 : 1 0 ³  

These cases are rare, however, and their effect is of minor import- 
ance. More worthy of consideration are the successive differences 
of potential due to the bags alone when employed for a long period 
of time. The quantity referred to has already been considered on 
page 467, under the symbol e. It may be readily derived from the 
tables for intensity. The following table (XXI.) probably contains 
good examples of its consecutive states, the data given be deduced 
from those for the holes I.-XIV. on the 600-foot level. If the 
bags are called A, B, C, 3D, the electromotive force e between A and 
B may be conveniently represented by A  B, between A and C by 
A | C, etc. The values of e, as derived both from the direct and 
return series, are given in the (able, the latter being primed. Heavy 
black lines across the table indicate either that the bags were refilled 
or that the experiments had to be temporarily discontinued. 

TABLE XXI, containing e x 108. 

 

The successive values of e are not constant, though in the majority of cases 
they are so small as to be immaterial.    At times, however, 
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values sufficiently large to be important are reached. An exchange 
of terminals is therefore indispensable, especially as experiments will 
usually be sufficiently extensive to involve interruptions. The 
gradual variation observed in the value of e can most probably be 
referred to a corresponding change in the concentration, etc, of the 
solution (zinc sulphate) contained in the bags. It is hardly probable 
that it is due to polarization, or a change in the surface of the amal- 
gamated zinc strips. It is interesting that, in spite of the fact that 
for the holes I., II., and III. the electromotive force between the 
bags in the direct and return series differs largely, the load-currents 
deduced from the two sets of data are practically equal. (See Table 
XV). 

Wire.—In the above experiments especial care was taken to prevent 
errors due to leaks in the wire. The galvanometer was sufficiently 
delicate to register a fault of this kind of 5,000,000 ohms resistance 
with certainty. As has been mentioned, every leak introduces an 
electromotive-force zinc-copper ;* hence the great necessity, notwith- 
standing the fact that the latter must act through a very great re- 
sistance, of avoiding them. 

General remark.—The opinion has already been expressed that the 
field of electric excitation is confined to particular parts of the ore- 
body. That this should be the case is not surprising, as the con- 
clusion has already been reached that contact between different kinds 
of material is necessary for the production of currents. In the con- 
nection made between chambers No. 14 and No. 15, as well as in 
the survey on the 400 and 500-foot levels, the ore actually met with 
was principally lead carbonate, at times stained with sulphide and 
ferric oxide. Now, disregarding the sulphide, which is here very 
unfavorably associated, more pronounced electrical properties can 
hardly be ascribed to the remaining constituents of the deposit than 
to the surrounding rock itself. For, judging RDM physical proper- 
ties, cerussite may be regarded as an insulator with as much right as 
calcine, earthy lead-carbonate as limestone. In fact, it seems to 
follow that the feeble, though none the less positive, reaction observed 
on the 600-foot level is already partially obscured when the line of 
points on the 500-foot level is reached, and would, perhaps (other 
things being equal) be equally obscured on the 700-foot level. I am 
also inclined to infer that the currents observed on the surface are not 

* For we have the closed couple: Copper (of wire); liquid (moist earth, etc.); 
zinc (of bag). 
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due, or, rather, not immediately due, to the deeper ore-bodies (Nos. 
11,12, 13,14,15, etc.), but to the deposits, also of considerable size, 
occurring in what are known as the Lizette Tunnel workings. The 
entrance to the latter is on a level with the mouth of the shaft, and 
the ore-masses are distributed in a vertical range from point I. to a level 
even above point X. of the surface survey. These ore-bodies, through- 
out their extent, are comparatively near the line of holes used in the 
surface survey. It is, moreover, quite probable that an intimate 
connection exists between these and the large group of ore-bodies 
below. 

In consideration of the statements made in the foregoing para- 
graph, and allowing as accurately as possible for discrepancies, the 
results thus far reached may be regarded as agreeing well with the 
fundamental hypothesis. 

CONCLUDING REMARKS. 

On reviewing the results described it is strikingly evident that 
the electromotive forces met with are invariably small, very fre- 
quently, indeed, actually at the limit of the accurately measurable. 
It is true that the electrically active material was probably galena, 
which, as Fox long ago observed, is unfavorable for observations 
like the present. It is a question, however, whether results much 
larger than these will generally be obtained. I cannot believe, for 
instance, that Reich's earnest appeal for general research in the 
direction of electric prospecting has been altogether disregarded. 
There is much more to lead one to infer that many undertook the 
study of the question, but disappointed with feeble reactions and 
discordant results abandoned the matter altogether. Reich, at the 
end of his last paper, gives a list of the apparatus desirable, which, 
however, except where the action is so intense as it was found to be 
in Cornwall, and to a lesser extent at Freiberg, would certainly be 
insufficient. 

Nor can my experiments be said to have finally settled the ques- 
tion as to the availability of an electrical method of prospecting. 
But allowing the researches of Fox and Reich proper weight, results 
such as those contained in the above pages, certainly give the highest 
encouragement to further research in this direction. 

The variation of earth-potential encountered along any line of 
electrical survey with distance, when expressed graphically, appears 
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as a broken line possessing certain distinct characteristics. I proved, 
however, that the progress in the values of earth-potential observed 
in passing from one point of a drift to another, is continuous, and 
that therefore the potential-line in the diagram, however sinuous, 
never suffers a break of continuity. It follows that we may regard 
the curves obtained as containing an unknown disturbing effect, 
superimposed on the decidedly larger electrical effect attributed to 
the ore-bodies. I infer that in any extended line of electrical survey, 
besides the large field of excitation due to the ore-bodies, very many 
smaller fields distributed throughout the mine are constantly en- 
countered and intersected. 

The study of the electric activity of ore-bodies should be carried 
out on a broader basis than was possible in the present case, to reach 
the best results. A single line of survey, or the investigation of the 
variation of potential in a single drift, is far from sufficient. The 
endeavor should be made to map the equipotentials as surfaces trav- 
ersing the whole mine, carefully considering their position and con- 
tour relatively to any ore already in sight, and their change of form 
on leaving it. The inferences to be drawn herefrom would certainly 
compare in value with those of a purely geological character, even 
though dependence must be placed on the latter for a complete in- 
terpretation of the results. 

Furthermore, it will be desirable to carry out Fox's original idea, 
namely, of investigating the electrical properties of ores and those 
minerals of the heavy metals which are usually found associated with 
them; not that the results of such an investigation could ever furnish 
a clew as to the kind of material to which an observed electric effect 
is due (it is here that our knowledge of the locality must aid us), but 
that the class of ores, in prospecting for which an electric method 
would be peculiarly applicable, could thus be defined. The knowl- 
edge we possess of the conductivity and the position of ores in the 
electrical scale is largely the result of experiments made a long time 
ago. Recent observers have made but few quantitative additions, 
and even these—probably from improperly chosen methods—are 
frequently discordant. 

The method which has been described seems to me especially 
worthy of consideration from the fact that by means of it an electric 
survey, made on the surface, may detect not only the presence but 
also the approximate position of ore-bodies under ground. With 
such an end in view we have only to repeat an earlier consideration 
with a little more definiteness.    The experiments should be extended 
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over a large area, and the potential at all portions of the surface de- 
termined. Suppose, now, that at each point of the projection of the 
latter on a fixed horizontal plane, a vertical l ine  is erected, of a 
length proportional to the earth-potential at this point. The ends 
of all such lines together make up a second imaginary surface, co- 
extensive with the first, which will represent the electric state graphi- 
cally at each point of the territory over which the survey has been 
carried. 

The effect of normal earth-currents would then express itself in the 
progress and contour of the imaginary surface as a whole, and would 
not destroy its regularity. If its extent is not too large, this surface 
will probably be a more or less inclined plane. As it has been ob- 
served that earth-currents are not constant, even for short periods of 
time, the latter is, moreover, to be regarded as slowly oscillating, 
more or less parallel to itself, about a certain temporarily fixed posi- 
tion of equilibrium. But it is probable that the limiting positions 
of the plane are so near to one another that for this purpose they 
may be regarded as coincident. 

Local action, however, in contrast to the foregoing, would probably 
manifest itself locally in the imaginary surface, as a hillock or de- 
pression. It is to such anomalies that the attention would subse- 
quently be directed, the electric activity of ore-bodies, differences of 
potential of liquids in contact, and Matteuci's effect (mentioned on a 
preceding page) constituting the salient points to be considered. 
In the interest of expeditious work all measurements should be made 
electrometrically, the lines of survey radiating from a central point 
(P. C.) the potential of which is arbitrarily taken as zero. 

The prosecution of the experiments described in this chapter was 
aided by the cordial cooperation of Messrs. Patton, Lamb and Bal- 
lard, of Virginia City, and Messrs. Rickard, Westcott, Harris and 
Bryan, of Eureka, Nevada. The work is also indebted to Professor 
Michie, of West Point, for the loan of a Rowland magnetometer made 
by Mr. William Grunow, of New York. 
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TEE IR0N-M1NES OF PUTNAM COUNTY, N.   T. 

BY ARTHUR F. WENDT, N. Y. CITY. 

IN 1697 King William the Third granted unto his well-beloved 
suhject Adolph Philipse, a certain tract of land, now known as 
Putnam County, N. Y. At the death of Adolph Philipse the land 
descended by inheritance to his nephew, Frederick Philipse. In 
1754 his surviving three children partitioned the surface into nine 
parcels and divided them equally amongst themselves, but reserved 
the mineral rights which they held in common. 

Thus, at this early period in the history of the colonies, the 
existence of valuable deposits of iron-ores in Putnam County seems 
to have been a matter of common knowledge. Yet it is only within 
the last five years that the county has become a prominent producer 
of iron-ore. 

Desultory mining had been carried on before that period at the 
Sump, Croft, and Tilly Foster mines, but only a limited output was 
achieved, and few of our iron-masters suspected the existence of an 
abundance of good ores only forty miles from New York harbor. 

The accompanying map shows the location of those deposits of ore 
which are now generally known, and have been worked to consid- 
erable extent. Without doubt there are many more still awaiting 
the miner's pick, for no systematic exploration has ever been 
attempted within the borders of the county. 

Geologically, the occurrence of the ore is a counterpart of that of 
the New Jersey and Lake Champlain magnetites. The country- 
rock, and even the physical geography, are identical. Many small 
lakes dot the surface of the county. It is from these and their 
tributary springs and streams that the metropolis derives its far- 
famed Croton water. Abrupt hills divide the lakes and ponds. 
Some of the lakes, notably Lake Mahopac, are on the crest of hills, 
and are fed by subterraneous springs. 

The prominent mines of the county, in the order of their produc- 
tiveness, are the Tilly Foster, Mahopac, Croton Magnetic, Sump, 
Croft, and Island mines. Of these, the first two are at present the 
only producers, and are quite exceptional in their nature. In fact 
they are the only ones of their kind in the Appalachian range, if 
not in the world. 
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FIG. 1.--THE TILLY FOSTER ORE-BODIES. 
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The ore-bodies are large chimneys or lenses of magnetite, ap- 
proaching two hundred feet in thickness, and respectively three hun- 
dred and four hundred feet long. 

 

FIG. 2.--THE MAHOPAC ORE-BODIES. 

The strike of both ore-bodies is northeast, conformable to the 
country-rock. The dip of the Tilly Foster is about 60°, and that 
of the Mahopac is somewhat flatter.    The Tilly Foster has a small 



THE IRON-MINES  OF PUTNAM  COUNTY,  N.  Y.         481 

chimney on the northeast, and the Mahopac has one southwest of 
the main ore-body. 
Horizontal sections of these ore-bodies are shown in the accom- 
panying diagrams. 

The Tilly Foster (Fig. 1) assumes its singular shape by reason of 
a fault which has cut the ore-body diagonally, and thrown it about 
ninety feet. Originally, without doubt, the section of the Tilly 
Foster was very similar to that of the Mahopac mine. (Fig. 2.) But 
it is not only in the shape and size of the ore-bodies that these 
mines are remarkable. The ore itself has unusual peculiarities. 
It is a magnetite with a gangue of the rare mineral chondrodite. 
The chondrodite usually occurs in fine yellow or brown grains, 
interspersed throughout the ore.   Perfect crystals are seldom found. 

Some beautiful ruby-red specimens of this rare mineral have been 
'obtained associated with dolomite, enstatite, and sometimes with chlc- 
rite. Magnesia minerals, in fact, form the only gangue of the ore. 
As these are all quite fusible, and there is no free silica present, the 
remarkable effect of the ore in increasing the product of a blast- 
furnace is readily accounted for. 

From a paper by Prof. Dana, on the Tilly Foster chondrodite, I 
extract the following analysis of this mineral, made by Mr. G. W. 
Hawes, of the Sheffield Scientific School. 

 
The mineral is substantially a double silicate and fluoride of 

magnesia and iron.    It melts in the flame of a candle. 
A destructive analysis of an average sample of Tilly Foster ore, 

made by Mr. O. D. Allen, of the Sheffield Scientific School, gave 
the following result: 
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Average samples of shipments to the Bethlehem Iron Company 
gave: 

Average of thirty commercial samples, from sale of the ore, yielded 
47.8 per cent, metallic iron. 

It will be noted that the aggregate amount of the bases is greater 
than the total of silica, and hence the ore is almost self-fluxing. 

Mahopac ore is even more basic, and also richer in iron, as the 
following average analysis of samples just taken from 12,000 tons 
of ore, by Andrew S. McCreath, will show: 

 

An aggregate of nearly 15 per cent, of bases against only 8¾ per 
cent, of silica makes the ore absolutely self-fluxing. Only a lime-ad- 
dition for ash in the fuel is requisite in the burden of a furnace. Ma- 
hopac ore is, without exception, one of the purest mined in the United 
States, and is lower in phosphorus and sulphur than any native ore 
in the market.    Pig-iron made from it alone need contain only .03 
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per cent, of phosphorus, and would permit, in the manufacture of 
steel rails, a considerable addition of pig classed outside of the 
Bessemer limit. 

The question of working the mines and supporting the roof of 
these enormous ore-bodies has proved a very troublesome one. 
Especially is this true of the Tilly Foster mine, where the ore has 
been torn asunder and shattered by the fault already referred to. 
The common method of leaving a floor of ore to support the hang- 
wall resulted in an enormous cave which ruined the mine and 
rendered it unprofitable for over two years. 

Taught by dear experience that such a system of support was 
quite inadequate to the requirements, Mr. A. Cosgriff, the superin- 
tendent of the mine, introduced the present system. Thus far this 
has answered its purpose, and it will, with  proper modifications, 
answer in the future. 

The system in use is to sink the main incline on the dip of the 
foot-wall and cut a station every hundred feet; then to run a wide 
drift along the foot-wall to the ends of the ore-body. From this 
drift rooms twenty-four feet wide, with intervening twenty-foot 
pillars of ore, are turned towards the hanging-wall. A plan and an 
elevation of a level thus arranged are sketched in Fig. 3. 

Each room is raised up to within fifteen or twenty feet of the room 
above, leaving a floor of ore of that thickness extending over the 
whole area of the mine. Enough ore is left in each room to allow the 
miners to stand thereon and reach the solid stope overhead. Only 
the surplus is withdrawn from day to day, as the work progresses. 
When the room has been stoped out, the broken ore lying in it is 
drawn and the room is abandoned. 

All work is done by contract, the breaking of ore being paid by 
the fathom. Each set of contractors is furnished and charged with 
a drill, and the powder, fuse, steel, etc., consumed. A reasonable charge 
is made for compressed air used. No attempt at sorting the ore is 
made underground. The whole of the material broken is hoisted 
to the surface, dumped into cars and there carefully sorted. The 
waste usually exceeds 25 per cent. Owing to the intimate and 
irregular mixture of ore and rock in the vein sorting on the surface 
has been found to be the only feasible system. 

By the method pursued a very large proportion of the vein, esti- 
mated at over one-half, remains to support the mine, as pillars 
and floors. At the time of writing there are supposed to be over a 
million tons of ore thus developed and in sight in the Tilly Foster 
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mine. To recover this enormous quantity of ore, the excavations 
or rooms are now being filled with masonry, laid in cement. Upon 
the completion of these artificial pillars the iron-ore pillars and floors 
will be removed. The cost of this proceeding, although very large, 
will not, it is thought, be prohibitory; and the ease and safety with 
which the ore can subsequently be removed will, in a large measure, 
recoup the outlay. 

In the Mahopac ore-body, the lean ore and vein-rock are fortu- 
nately stratified parallel with the ore-body, and it does not become 
necessary to mine the whole width of the vein. The mine practi- 
cally assumes the shape of four beds of clean ore, from ten to fifty 
feet wide, superimposed the one upon the other. Practically, all the 
rock remains underground and admirably answers the purpose of 
pillars. Overhead stoping is used only in part, the aim being to 
raise up a small stope to the level overhead and then widen out and 
stope downwards. Development work consists, as at the Tilly 
Foster, in an incline; but here the similarity ceases. From the 
foot of the Mahopac incline a cross-cut is run towards the hanging- 
wall, and from this cross-cut low rooms are turned off, both right 
and left, on the different ore-bodies. By this system a very small 
amount of dead work becomes necessary. The breaking of the ore, 
tramming, hoisting, etc., is all done on contract. Sorting is done 
at the surface, but from the nature of the ore-body, there is not 
nearly as much waste as at the Tilly Foster, and consequently the 
sorting is comparatively inexpensive. 

The Tilly Foster mine has produced, in the twenty years of its 
operation, upwards of three-quarters of a million tons of ore, and 
has shipped as much as 60,000 tons in a single year. The Maho- 
pac mine, first opened by the writer a few years ago, has shipped 
over 60,000 tons of ore, notwithstanding all the ore had to be carted 
some four miles to the railroad. This drawback is now on the point 
of being remedied by the completion of the Mahopac Falls Railway, 
 connecting the mine with the New York City & Northern Railway, 
and affording outlets to New York harbor via High Bridge on the 
Harlem River, and via the New York and New England to Fishkill 
on the Hudson. Once at tidewater or on the Hudson, many railways 
are available to transport the ores of Putnam County to the Penn- 
sylvania furnaces. 

The Croton Magnetic Iron Ore Company's property is tributary 
to the Harlem Railway, with which it is connected by a wire-rope 
tramroad. 
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An ore-deposit entirely different from the Tilly Foster or the 
Mahopac has been developed on this property. Magnetic attraction 
extends over an area of one hundred feet wide, and nearly seven thou- 
sand feet long. Over this area the gneiss rock is impregnated with 
particles of magnetite. 

The workable ore is not, however, above ten or fifteen feet wide. 

 
FIG. 3.—METHOD OF WORKING THE TILLY FOSTER STILE. 

Usually it follows a pretty well defined hanging-wall. The ore 
forms an exceptionally long and continuous bed, somewhat resem- 
bling   the noted Chateaugay mines near Plattsburgh.    The vein 
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strikes N. 20° E. and dips very steeply (almost vertical), towards 
the southeast. Openings have proved the ore-body to a length of 
2600 feet. Four levels about 75 feet apart have developed the ore 
to a depth of 160 feet below, and 200 feet above the adit level. 

Regular shipments of the Croton Magnetic Company's ore were first 
made in the summer of 1880. All told, they do not sum up over 
35,0G0 tons. The mine is now idle, owing to the general depression 
in the iron trade. Analysis of the ore shipped in 1883 resulted as 
follows: 

 

The ore makes a strong forge iron and, if used in admixture, a 
good foundry pig. Of course it is outside of the Bessemer limit 
both in phosphorus and sulphur. 

The four levels opened on the vein give extensive faces for 
working the property. 

It has been customary to work these faces or stopes by the ton. 
From 50 cents to 75 cents was the usual contract price per ton of ore 
broken and delivered outside of the mine on the weigh-scales above 
the sorting-floors. The ore as mined is quite lean : about one-half 
has to be wasted to sort it up to a yield of 50 per cent. Much of 
the waste is, however, recovered by passing it first through a large 
crusher, and over a picking-table, and then through a complete con- 
centrating-mill. This mill was described by the author in a paper 
read before the Institute at the late Chicago meeting (Transactions, 
vol. xiii., p. 35). 

Concentrations of the ore contain by analysis : 

Metallic iron, ..............................................................  65. 
Silica .......................................................................... 3. 
Phosphorus, ................................................................ 0.08 

In the paper referred to, the author mentioned the remarkable 
elimination of phosphorus in the concentrating process, undoubtedly 
due to the separation or washing away of the apatite in the gangue. 

The separated or concentrated ore has heretofore been all shipped 
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to the furnaces in admixture with the sorted lump-ore. No attempt 
has been made to work it up into blooms, as is usual in the Lake 
Champlain district. 

The market for Croton ore has been principally in the Lehigh and 
Schuylkill districts of Pennsylvania. With the rates of freight now- 
ruling to these points, via the Harlem Railroad, no sales can be 
made, even were the ore sold for less than two dollars per ton at the 
mines ; and the property is condemned to enforced idleness until 
such time as the Iron market revives, or a demand is created nearer 
to the mines. 

Possibly, in time, the transportation companies may, in their 
wisdom, decide that carrying ore at a low rate of freight is prefera- 
ble to not carrying it at all. But iron miners hardly expect this much 
to-be-desired event to occur a very great while before the arrival of 
, the millenium. 

The Mahopac Island mine is a portion of an irregular and (for 
this country of great ore-bodies), a small bed of ore, extending from 
Petrie Island on Lake Mahopac, under the lake and about a mile in 
a southeast direction. 

A picked sample of the ore showed by analysis : 

 

A fair average of the sorted ore will not yield over 50 per cent, of 
iron. The ore-bed is quite irregular. Practically it must be con- 
sidered a succession of lenticular masses, rarely exceeding 6 feet in 
width. Each mass will have to be mined by itself, as drifts through 
the rock, from ore-body to ore-body, would often be too expensive. 
No large amount of ore has been shipped from the mines. The 
little that has been shipped has gone to Cold Springs via Harlem 
and Hudson River Railroads. The property is idle at present, and 
likely to remain so until iron interests experience a material 
advance. 

The  Croft  mine, connected  by a narrow-gauge  railway  with 
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Peekskill, has been worked many years. The ore occurs as a series 
of lenticular masses, often joined by narrow strings. The vein 
reaches a width of 15 feet in places, and has been explored and ex- 
hausted some 200 feet or more on its dip. While the Peekskill 
furnace was in operation, the ore from the Croft mine formed a large 
portion of its burden. Lately the furnace and mine have been idle. 
An average analysis of a large sample taken by the writer showed 
51.2 per cent, of metallic iron. A complete analysis of a sample rather 
better than the average, made by Dr. T. M. Drown, in November, 
1880, gave the following result: 

 
The ore is, as the analysis indicates, of fair quality, and fit for 

Bessemer purposes if used in admixture. 
Sulphur sometimes varies considerably, and hence it is not possible 

to use a large percentage of the ore in a Bessemer mixture. 
The mines known as the Sump mines are owned by the Philadel- 

phia and Reading Goal and Iron Co. Common report places the 
cost of the property to the company at a very high figure. Work 
has been prosecuted spasmodically at these mines. Whenever a 
boom in iron occurs, some money is spent, but to little advantage, 
as the property has no railway outlet for the ores, and cannot 
possibly be profitable till this is secured. The Croft Mine Railway 
could be extended to the Sump mines at no prohibitory expense, 
and a market on the Hudson would then be open. 
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EXPERIMENTS WITH A STRAIGHT OR NO-BOSH BLAST- 
FURNACE. 

BY W.   J.   TAYLOR, CHESTER, N.  J. 

IT is, perhaps, more important to put on record the particulars of 
experiments that are decided failures than those that are successful, 
as those of the latter class are certain to live, while the former may 
be lost sight of in a short time, and repeated by others. To this 
end, I propose to give the particulars of a straight or no-bosh fur- 
nace just tried at the Chester (New Jersey) works, chichi was such 
a decided failure as to leave no doubt of the plan being wrong, and 
determining the necessity of a bosh of some kind, as of old. 

Some experiences during the past year led me to suppose that the 
bosh or belly of a furnace was unnecessary, and that the contraction 
of the walls toward the bottom for the stock to wedge in, in its de- 
scent, facilitated dirty walls and scaffolding; hence, irregularity and 
high fuel. I concluded, however, that a very shallow bosh for a 
skew-back support to the stock would be necessary, and that the 
proper place for this was in the tuyere-section, beginning just below 
the tuyeres and ending just above them, where there is nothing in 
the solid state but fuel, which is consuming, and no slipping or 
travel of stock takes place. The cubical capacity of a furnace of 
this design would necessarily be much less than in the old style, 
unless it was made very much higher. But I assumed that the loss 
of room for reduction could be overcome by making the size of the 
ore and stone charged much smaller, so that the gases would act 
more quickly. The next point was, what should be the size of the 
shaft, crucible, tuyere-circle, and tunnel-head for a given quantity 
of air? 

My first design was 12 feet diameter of shaft for 7000 feet of air, 
with a 9-foot crucible and 8-foot tuyere-circle. This I soon reduced 
to 8-foot shaft diameter, which I concluded was large enough for 
economical work, if regular travel of the stock on the walls could 
be maintained. I consulted with a number of experienced furnace- 
men and furnace-engineers, and the plan was well thought of by 
many of them; and, as I had also some offers of financial aid from 
them toward the risk of trying the experiment, my firm concluded 
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to make the trial in its Chester furnace, which was 13 feet by GO 
feet, blowing 7000 feet of air maximum. The furnace was lined 
accordingly, the shaft 8 feet for 36 feet up and drawn to 7 feet at 
the stock-line, bell 4 feet, crucible 7 feet, tuyere-circle 6 feet 4 
inches, all as shown in cut. The lines of the lower part of the fur- 
nace for 14 feet above the tuyeres were held by vertical water-pipes 
7 inches apart, with 8 inches of brick inside, and one horizontal 
pipe just underneath the tuyeres. The furnace was filled about in the 
usual way—fuel, half coke and half anthracite—and fired at 8 A.M., 
July 17th. Burned well by fanning with the engine, and blast was 
put on and bell closed at 2 P.M. Commenced blowing with 3400 
feet of air through four 5-inch tuyeres. The oven (Weimer sus- 
pended pipes) had been well fired with wood, and the heat came up 
well, but the gas was thin and cold from the start. Pressure light, 
less than one pound for the first hour, but went up normally, and 
stock settled pretty regularly until about 6 P.M., when very decided 
irregularities commenced. Pressure very high at times, no gas, 
and stock not settling. Temperature of blast at 6.30 P.M was    
600 degrees. From this time, for the next five hours, the furnace 
could only be eased by throwing off the blast, when the pressure 
would tighten, gas come and stock settle occasionally. On throwing 
on blast at 11.16 P.M., burst one of the pipes in oven and stopped 
29 hours for repairs. Oven had been fired, and heat came 
up rapidly on starting Saturday morning, 19th, at forty minutes 
past 3 A.M. Pressure 2 pounds with 3400 feet of air, and a small 
quantity of gas soon made its appearance at boilers and oven. Stock 
did not settle, however, and pressure soon went up, which was again 
relieved by throwing off blast. In this way the furnace was nursed 
until about 11 A.M., when stock settled well, and matters looked 
encouraging. Filled 7 tons coke as blanks, and got first flush of 
cinder at cinder-notch at 3.15 P.M. Continued to work fairly well 
until 3 A.M. Sunday, when we cast five beds poor white iron. Fur- 
nace then tightened up, and gas disappeared. At 7 A.M. exploded 
five cartridges of giant powder in the center of the furnace about 13 
feet above the tuyeres. This, together with throwing off the blast, 
and not filling for a time when the stock settled, gradually brought 
the furnace into working shape again, but only for making a small 
quantity of white iron, even with the low burden of one to one. On 
Monday, 21st, opened four test-holes in walls 3 feet above the tuyeres 
and found stock quite cold—only red-hot—next to walls for about 
2 feet in all round.    This stock, consisting mainly of fuel, was prin- 
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cipally fine, and appeared to be moving, but very slowly compared 
with the center. We also opened holes 13 and 20 feet above the 
tuyeres, and found practically the same conditions—cold stock, but 
not specially fine, next to walls for about 2 feet. This showed only 
4 feet in diameter or one-quarter of the area of the furnace for active 
work, and explained the whole trouble, and also proved that straight 
walls would not prevent accumulations on them, or perhaps scaffold- 
ing. We then blew the furnace down to within 4 feet of the tuyeres 
when the walls cleaned themselves, and test-rods showed greatest 
heat next to walls; but, in filling up again, the old troubles re- 
appeared, stock settled irregularly, and by jumps particularly when 
the furnace was nearly full. The accumulations on walls over 
tuyeres were the same, iron nothing but white, unless blanks or very 
light burden was working, and even then we could make nothing 
better than gray forge. 

After working in this irregular way for a few days, we blew down 
again; and, when a little more than half-way down, found the stock 
active and hot on walls, and we commenced filling up again. First 
12 hours put in 18 tons of blanks with a slag and limestone burden 
only, then 20 tons blanks in next 12 hours with slag and scrap, but 
after putting on a light ore-burden, three-quarters ore to one fuel, 
and before furnace was full, the old troubles came back, and we de- 
cided to blow out. 

The duration of the blast was 16 days, and the product was 30 
tons gray forge, 20 tons mottled, and 76 tons white iron, total 126 tons 
plus the scrap, which was perhaps 20 tons more than was used. Stock 
used was 295 tons coal, 134 tons coke, 365 tons ore, 175 tons stone. 
Of course, much of the cinder was high in iron also, and was saved. 
These results were so decidedly unsatisfactory that they seemed 
almost accidental, and it was, therefore, concluded to make another 
trial before abandoning the plan entirely, by blowing in a little dif- 
ferently. The furnace was again carefully filled, using a little more 
wood and considerable furnace-slag with the blanks and charges. 
No slag had been used in the first filling. Blast was again put on 
August 13th, after burning well for 13½ hours natural draught, 
starting with 3300 feet of air blown through 3-inch instead of 5 
inch nozzles. In 4 hours the furnace was in precisely the same 
conditions as in the first blast at the end of 4 hours' blowing; and, 
as the following 24 hours were only a repetition of the first blast in 
all respects, notwithstanding the changes made in blowing-in, it was 
decided to blow out at once, as there could be no doubt then that 
the plan, at least if not a success, was a successful failure. 
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My thanks are due, for support and assistance in the trial, to 

 
many members of the Institute, among whom I wish to name par- 
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ticularly Mr. Hartman, of Philadelphia, Mr. Rader, of Sheridan, 
Mr. Cook, of Warwick, Mr. Firmstone, of Glendon, and Mr. Boyer, 
of Columbia. 

DISCUSSION. 

JOHN M. HARTMAN, Philadelphia, Pa. (who read the paper, in 
the absence of the author): This experiment was a failure. The 
paper was written by Mr. Taylor at my request, and I told him I 
would like to read it. Of course, we dislike to record our failures, 
but the information communicated in this instance may prove val- 
uable in pointing out that which is to be avoided in the future. 

R. W. RAYMOND, New York City: I did not notice in the pa- 
per itself any attempt to explain the cause of the failure. Mr. Tay- 
lor does not seem to have undertaken to deal with the theory of the 
matter at all, and, before Mr. Hartman considers his duty done, I 
think he ought to give us any ideas that he may have upon the 
cause of the failure. I see nothing in the lines of this furnace a 
priori to prove that it should, in the lapse of such a very short time 
after blowing-in, come into a condition such as is described in Mr. 
Taylor's paper. It has been a great puzzle to me, why this should 
be so. Although the conclusive result of the experiment is plain 
enough, it fails, of itself, to explain not only why it should happen, 
but also why it should happen so quickly, and, we may say, so much 
more quickly than would have been the case in a normal blowing- 
in with the ordinary furnace-lines. 

W. F. DURFEE, of Bridgeport, Conn.: I do not know that the 
suggestion that I am about to make will explain satisfactorily the 
cause of failure of this furnace, but the fact is one that is well known, 
that, if a cylindrical tube of moderate diameter (in fact, if every- 
thing is proportioned to the size of the tube, it may be a very large 
tube) be filled with sand and placed vertically, it will be almost 
impossible to force the sand out of the tube by pressure applied at 
the lower end. The tendency of this dry sand is to pack or, so to 
speak, form inverted arches or domes of the particles of sand, which 
have their abutment on the side of the tube, and the friction there 
is so great under the pressure as to prevent the expulsion of the 
sand. A practical application of that idea is of very frequent occur- 
rence in blasting. It is not unusual to omit the old-fashioned 
method of tamping with brick-dust and clay, and simply pour in 
dry sand above the powder-charge, and, in lieu of any forcible com- 
pression, to compact it by thrusting in a tapered pine stick, as the 
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sand is poured in, thus insuring its settlement upon the charge. In 
this case, it may not be at all impossible, it seems to me, that the 
stock in the furnace should have formed itself into a series of domes, 
in the central or lower part of the furnace, their abutments being 
the sides of the furnace, and the frictional resistance there being 
sufficiently great, under the pressure of the superincumbent mate- 
rials, to prevent the stock descending or coming within the influence 
of the heat below. I do not know that this is a satisfactory expla- 
nation, but it seems to me that such a state of facts might cause the 
failure of such a furnace. 

EDGAR S. COOK, Pottstown, Pa. : During the trial of this ex- 
periment, I visited Chester, at the request of Mr. Taylor. When I 
arrived, the furnace was working very cold; the stock was settling 
regularly, but the iron was not properly separating from the cinder. 
Instead of making pig-iron, the furnace was producing a slag heavily 
charged with iron in chemical combination, that is, similar to mill or 
finery cinder. There was some metallic iron thrown out also, along 
with the slag. All the conditions indicated that the burden of ore was 
being melted, without previous preparation, the oxygen not being 
removed. The reduction-space was probably not sufficient to per- 
mit complete deoxidation of the ore, or the gases were not rich 
enough to do the work in the small space and short time allowed; 
consequently, the iron passed off with the slag. 

While I was there, Mr. Taylor decided to treat the furnace as a 
cupola, and commenced to fill nothing but fuel, furnace-slag and 
scrap-iron. When this mixture came fully to work, the furnace 
became very hot, making a liquid, gray cinder. The furnace soon 
worked full size, settled regularly and evenly, and melted rapidly. 
An experiment was tried of passing rods through the walls a few 
feet above the tuyeres. This showed that the furnace was as hot 
on the walls as in the center. This mixture was filled for about 12 
hours, the proportion of furnace-slag and scrap-iron, however, being 
gradually increased, until to 1 pound fuel there were 2 pounds slag 
and scrap. The ash of the fuel was carefully fluxed with limestone. 
During this time all the conditions appeared to be normal. The 
engine was run with the average number of revolutions, 36 to 40 
per minute ; pressure was regular; tuyeres were bright; stock settled 
regularly; cinder continued fluid, showing no iron beyond that 
usually found in good gray cinder. A cast of gray pig-iron was 
made, and everything seemed favorable enough to permit again fill- 
ing the regular ore-mixture.    It was hoped that the heating-up 



EXPERIMENTS WITH STRAIGHT OR NO-BOSH BLAST-FURNACE.       495 

had removed any remnants of the scaffold that might have pre- 
viously formed on the walls above the tuyeres. 

Shortly after the ore-mixture came fully to work, the cinder 
changed; ore-material settled on the walls, reducing the active 
working-size of the furnace ; the ores were not properly reduced, 
and the furnace soon became cold, making white pig-iron and fining 
cinder. Just previous to the filling of the ore-burden, I was obliged 
to return home. I had had, from the beginning, but little faith in 
the commercial success of the experiment, and was convinced that, 
if the furnace did not work satisfactorily after pursuing the course 
described, it was only a waste of time and money to continue it 
longer. As the after-results showed no improvement on those pre- 
viously obtained, Mr. Taylor decided to blow out. 

It is possible that, with a larger furnace, the results obtained 
from straight lines would not have been so disastrous, since more 
room would have been allowed for reduction, even if there had been 
accumulations on the walls. The furnace, however, was built to 
suit the capacity of the engine and boilers, assuming that the walls 
would work clean, leaving it fully 8 feet in diameter. My expe- 
rience would prove that this diameter above the tuyeres is sufficiently 
large for 7000 cubic feet of air per minute, so far as the melting 
part of the operation of the furnace is concerned. Anything larger 
would probably require an increased consumption of fuel. The ex- 
periment of Mr. Taylor proved that more room was required above 
for the proper reduction of the ore, and that straight boshes, or 
rather no boshes at all, do not offer any guaranty against scaffolding 
or accumulations on walls. It would thus appear that the angle of 
bosh usually adopted, 70° to 80°, does not necessarily incline a 
furnace to form scaffolds. Even as built, I believe Mr. Taylor's 
straight furnace would work, provided from 2 to 3 tons of coal were 
used to 1 ton of iron, but from the result of the two trials it is evi- 
dently a failure, so far as concerns the making of iron with an 
economical consumption of fuel. This may be due not so much to 
shape of furnace, as to the dimensions employed. Here arises the 
seeming necessity for boshes. A comparatively confined space at 
and directly above the tuyeres is required to concentrate and inten- 
sify the temperature, with the least expenditure of fuel; while, still 
higher, a considerable enlargement seems essential to afford room 
for the proper reduction of the ore and free circulation of gases. 

Generally speaking, I think the first six months are the most 
troublesome part of the blast.    After a furnace has been in blast 
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for six months or a year, and has been worked up to its capacity 
the boshes become melted away, and practically we are then work- 
ing furnaces without any boshes, owing to loss of brick-work and 
enlargement of furnace. In such cases, for a distance of 10 to 15 
feet directly above the tuyeres, the boshes are all melted away, so 
that the lines are nearly vertical,--the only slope or inclination being 
beyond the region of intense heat, probably about 5 feet from the 
top of the bosh downwards. For instance, the Warwick Furnace, 
after being in blast 3 years and 9 months, is, today, essentially in 
the shape of Mr. Taylor's furnace. The boshes for 13 feet above 
the tuyeres are practically straight. The next 5 feet, to the top of 
the bosh, show an inclination of probably 80°. 

It was a knowledge of these facts, taken in connection with the 
irregularities that usually attend the commencement of a blast, while 
the bosh is supposed to be in the shape as built, that probably sug- 
gested to Mr. Taylor the idea of building a furnace without any 
bosh at all, in the hope that this would reduce or entirely remove 
the danger of scaffolding. 

One of the most valuable lessons taught by his experiments, is 
that a straight furnace will scaffold, and, therefore, that boshes, as 
ordinarily constructed, are not the cause of scaffolding under other 
conditions. 

I have here a sketch of the shape of the Warwick Furnace as we 
think it is now--after having been in blast three years and nine 
months--making in that time about 77,000 tons of iron, and with 
every prospect of running six months or a year longer. 

To obtain the internal diameter or shape of furnace while in oper- 
ation, we drilled a number of holes through the shell of the furnace. 
A series of holes--one above the other at about equal distances-- 
was drilled and the thicknesses of the walls thus obtained were laid 
off on the original drawing of the furnace. By this method we ap- 
proximated the present working shape. 

In the diagram, the full line shows the furnace as blown in De- 
cember 15th, 1880; the broken line, its size and shape, July, 1883. 
The figure shows also the location of the vertical series of water-pipes 
encircling the furnace. Constant streams of water circulated through 
these coils from December, 1880, to May, 1882, and prevented the 
furnace from enlarging beyond 9½ feet diameter. We were obliged 
to stop using these coils in May, 1882, owing to the breaking of the 
elbows connecting the horizontal feed and discharge-pipes with the 
upright coils. These pipes were of great value to us ; and we re- 
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gretted the necessity of discontinuing their  use.  As soon as the 

 
WARWICK FURNACE. 

pipes were burnt off, the furnace rapidly enlarged to the size shown 
VOL. XIII.--32 
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by the dotted lines. Since about June, 1882, the furnace has been 
working its own repairs, filling up and cutting away. At the level 
of the tuyeres we think the diameter is about 14 feet where, origi- 
nally, it was 6½ feet. A few feet above the tuyeres, we found the 
diameter to be 12½ feet instead of 6½ feet as built. For a distance 
of 13 feet above the tuyere center, the walls are nearly vertical. 
Between tuyere-center and mantle--a distance of 7 feet--we found 
the thickness of bosh-walls to be only six inches. These measure- 
ments were first taken in July, 1883. A second trial made a week 
ago--August, 1884--proved the walls to be of the same thickness 
as the year previous. The economical working of the furnace de- 
pends upon the internal diameter. At the largest diameters the 
work is not economical. It is only when the furnace has filled up 
with finely divided ore, in a state of oxidation most likely, thus re- 
ducing the size of the furnace probably to 10 feet or 11 feet diameter, 
instead of 13 feet or 14 feet, that the furnace does the most econom- 
ical work, producing from 450 to 475 tons of iron per week, and on 
one occasion running as high as 507 tons per week, and with a fuel- 
consumption of 1 ton, 3 cwt., to 1 ton, 5 cwt. per ton of iron. 

This accumulation on the walls is generally in a perfectly unfused 
condition, resembling a heavy red-hot flue-dirt. When it is partially 
cut away, the production is not very much affected, but an increased 
consumption of fuel is required. If, however, the enlargement be- 
comes too great, the furnace loses heat, becomes cold, falls off in yield, 
and can only be restored to economical working again by the process 
of filling up and becoming smaller in size. Our average yield of 
iron per week for the last two years is from 425 to 435 tons. For 
the last year the average is probably 450 tons per week. 

The measurements given, were made when the furnace was doing 
fairly well, but not the best work. 

JOHN BIRKINBINE, Philadelphia, Pa.: When we examine the 
great variety of shapes which have been and are used to determine 
the lines of blast-furnaces, and notice how greatly they differ, and 
yet are informed that almost all of them have given satisfactory re- 
sults, we need not be surprised if success, partial or complete, attends 
very material alterations in the forms of those with which we are 
familiar. When we compare the shape of some of the old charcoal- 
furnaces, having high crucibles and flat boshes, with the shape of some 
of the newer charcoal or coke-furnaces having steep boshes running 
directly from the bottom of the furnace, we find a greater change in 
shape than is noticeable between the form last named and that which 
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was proposed by Mr. Taylor and his associates. The accompanying 

 
sketches will illustrate this point. 
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The various shapes here shown are all those of successful blast- 
furnaces using different fuels. The Warwick and the Edgar-Thom- 
son " A " furnaces have made exceptionally good records, both as to 
output and as to fuel-consumption. 

Data concerning the Warwick furnace will be found in vol. ix., 
page 58, and concerning the Edgar Thomson "A" furnace in vol. 
viii., page 349, of our Transactions. 

It would appear on general principles, that, if we could steepen 
the bosh from 10 inches to the foot, as shown in the charcoal-furnace, 
to say 2 inches to the foot, as shown in the coke-furnace, and secure 

 
improved results, we could also reduce the batter from 2 inches to 
the foot to a vertical line and have corresponding advantage. But 
the boshes of a furnace are important features of the lining. Instead 
of retarding the flow of a stock, they facilitate it. 

Mr. Durfee has probably indicated the fault of straight furnaces 
where the proportionate size of the material bears the relation to the 
height and diameter of the furnace that grains of sand bear to tubes 
of a certain diameter; and it is possible that with a furnace of larger 
diameter better results might have been obtained; but to secure those 
results, additional height of furnace would have been required to 
prepare the stock for smelting and increased activity of combustion 



EXPERIMEXTS WITH STRAIGHT OR NO-BOSH BLAST-URNACE.   501 

would have been necessitated in a larger hearth. Under these cir- 
cumstances it seems doubtful if success will attend the use of straight 
furnaces. But we should certainly recognize the candor and frank- 
ness with which Mr. Taylor and those who are associated with him 
in these experiments, and who have borne the expense of them, 
. have given the Institute the benefit of their experience. We always 
learn more from failure than from success; and the presentation of 
this paper may be the means of saving other gentlemen from invest- 
ing money in what may likewise prove "successful failures." 
 MR. DURFEE : Following out my original suggestion or thought 
in regard to this furnace, I would add that it may not be impossible, 
if a furnace on the principle of this one were constructed on a larger 
scale as regards its diameter, that quite different and more favorable 
results might be obtained. If the diameter were considerably larger, 
that tendency to the packing of stock and consequent resistance to 
its descent would be very much less. I do not think I have faith 
enough in the idea to cause me to spend any money to carry it out; 
but, at the same time, I think I can see that a condition such as I 
have supposed would not be as liable to occur in a furnace of a larger 
diameter in which all conditions would be much more favorable to 
successful working than in the case of the furnace under discussion. 
 JOHN M. HARTMAN, Philadelphia, Pa.: We are limited in the 
size of that furnace, and had not the means to enable us to build a 
new plant, so we did the best we could. The blowing-capacity and 
stove-capacity would not permit a furnace of larger size; that is, I 
mean a tuyere-circle of larger area. It is now a pretty well-estab- 
lished fact that the area of the circle enclosed by the noses of the 
tuyeres governs the production of the furnace. That being the case, 
we were limited. 
 In reply to Dr. Raymond, as to my own views of the matter, I 
will make a brief and plain statement. First, let us take this fur- 
nace with straight walls, with the water-pipes just back 9 inches 
from the face of the walls, and the water circulating up and down 
rapidly. Now a blast-furnace is a curious thing. It will chili and 
nip before you know it. After firing, the wood must be consumed 
before live coals appear at the tuyeres. It takes some little time to 
get the coal down to the tuyeres. On this occasion, about five hours 
after blowing in, the eccentric-pin on the blowing engine slipped and 
caused a shortstop. I noticed on starting up again, that the pressure 
had increased 2 pounds. I watched that closely. A few minutes 
after that, the crank-pin got hot; the engine was stopped; and then 
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the pressure went up to 7 ponnds on starting. Each time, there was 
an addition to the pressure that was quite remarkable. Now let us 
refer to a furnace in its normal condition. As the matter presents 
itself to my mind (and I speak only so far as my observation is con- 
cerned), from the tuyeres up for a certain distance, there is simply a 
bed of l ive coal, nothing else. From the top of this bed of live coal 
for 18 or 20 inches up, is a certain area in which the ore and stone 
that have come down are undergoing transformation from a solid to 
a liquid state. Whenever the furnace is stopped, the weight of the 
mass of stock above this zone settles down on it and squeezes the 
pasty material hard against the walls. The circulating water ab- 
stracts the beat from this pasty material and sets it firmly against 
the walls, for, say, a distance of 12 to 18 inches out from the walls. 

With this water abstracting the beat from the walls, it rapidly 
forms an obstruction. You will understand that I do not say that 
the water-pipe was wrongly placed in the walls; I simply give you 
my observations in the matter. 

For fast driving, some cooling devices must be resorted to to save 
the brick. I prefer thin walls with a bosh-jacket of boiler-plate, and 
rely on the cooling influence of the air. 

DR. RAYMOND: I think Mr. Hartman will agree that a funda- 
mental cause of the production of furnace-accretions in the iron blast- 
furnace, is the irregular passage of the gases and the carrying of the 
heat up along the walls in such a way as to semifuse the stock that 
is not fully reduced, and to carry the smelting zone in an irregular 
way up in the furnace, so that the stock, instead of coming clown and 
melting in the zone of the tuyeres, melts higher up, because channels 
are formed through which the hot gases rise and overheat the stock 
above. If that be, as it has heretofore been accepted to be, the main 
cause of the formation of certain varieties (I may say of the most 
frequent varieties) of scaffolds in blast-furnaces, then Mr. Durfee's 
suggestion seems to be contradicted by it. And certainly it is a 
matter of experience with a great many of us that we do not mind 
the packing of stock against the walls of the furnace if it is kept 
open in the middle and the gases rise through the middle; but we 
do mind very much the formation of channels in the stock, through 
which the hot gases ascend along the walls of the furnace, instead 
of diffusing themselves through the furnace. It seems to me that 
the first thing we have to apprehend is an irregular ascent of gases. 
Anything that prevents the proper diffusion of the gases through the 
furnace and promotes an excessive ascent of gases on the walls so as 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



EXPERIMENTS WITH STRAIGHT OR NO-BOSH BLAST-URNACE.   503 

to carry the heat higher up when we want it below and defeat us in 
our purpose of maintaining what Dr. Wedding once called "a 
normal condition of health for a blast-furnace, as for an individual, 
viz., a cool head and warm feet"—anything that defeats that condi- 
tion is likely to produce these accretions or scaffolds. That they are 
not due to pressure of stock against the walls in blast-furnaces, I am 
very positive; and, in regard to that, I would suggest to Mr. Dur- 
fee that this pressure against the walls is certainly greater in a bosh- 
furnace than in a furnace without a bosh. This friction of anything 
like sand in a tube—that is, the friction due to gravity—is greater 
against the walls of the tube if they are contracted at the bottom than 
it is if the walls are vertical. 

We have here, also, the condition of varying sizes in the stock, so 
that if they roll apart from each other in charging, we have variable 
density in the stock and the clanger of formation of gas-channels. 
Through these, the hot gases rise unequally, burn coal above, and 
increase the difficulty. The unreduced half-melted stock, enclosed 
sometimes in sintered masses of lime and coal that cannot be got at 
by the oxygen of the gases, begins to form these hard rings, and the 
trouble can scarcely be got at afterwards, except by blowing down. 

MR. DURFEE: I am disposed to agree with Dr. Raymond in the 
great body of his remarks. I should not expect any such state of 
facts as that which I first suggested to exist in a furnace of double 
the diameter of the one described in the paper before us. But I 
think that this furnace was so small in diameter, in proportion to its 
height, and that its condition was so nearly that of a perfectly cylin- 
drical tube, that such a state of facts as I have supposed might pos- 
sibly account for its failure. I do not say that the failure is thus 
accounted for; but I think that the conditions I have named had 
something to do with it. If the diameter of that furnace had been 
doubled, I do not think that the conditions experienced would have 
existed at all. 

 MR. HARTMAN: In regard to the passage of air, its getting on 
one side or the other, of which Dr. Raymond speaks, that would not 
form a ring. It would form a scaffold on one side; but the other 
side of the furnace would he clear. 

DR. RAYMOND: A scaffold forming on one side very often extends 
around the furnace. I think I saw one instance of that in one of 
Mr. Fritz's furnaces in Bethlehem, in which a ring formed symmet- 
rically around the whole furnace and bottled it up. If, in this case, 
to avoid the difficulty which Mr. Durfee suggests, the furnace had 
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been made bigger with the same blowing-engine, it would have 
bottled itself up notwithstanding the new conditions. When a fur- 
nace has too large a diameter for the quantity of air supplied by the 
blast, I think the tendency is to contract the working dimensions 
inside. 

Finally, I wish to observe that there is, to my mind, a great diffi- 
culty in regard to all the suggestions that have been made, so far as 
they attempt to explain the failure of a straight furnace. If they 
were correct explanations, why should a furnace run successfully, 
as Mr. Cook has told us (and as we all know from our practical ex- 
perience) after the boshes have been cut away ? The mere fact that 
they were once there, certainly is no reason for supposing that they 
exert, after their destruction, a mysterious wholesome influence. As 
to Mr. Durfee's suggestion, there is an additional argument against 
it. If the packing of stock against the walls had been the cause, 
the trouble would have shown itself as well when fuel, slag and pig 
were charged as when the charge was ore. 

MR. DURFEE: Of course such a result as the one which Dr. Ray- 
mond has suggested would have happened if the furnace had been 
larger and the blast had been made the same. I supposed, of course, 
that the blast would be in proportion to the increased size of the 
furnace; if the furnace had been increased. 

THE PRESIDENT : Is it not possible to exaggerate the practical 
lessons of it, and to mistake the failure of that furnace, under the 
circumstances illustrated and described, for a failure of the principle, 
which, I presume, would never have been experimeutally worked 
out if it had not commended itself theoretically to the gentlemen 
who put their money into the experiment? It is very often a mis- 
take to place too much dependence upon the teachings of crude ex- 
perience. An experiment is tried and fails; and basing one's ideas 
upon that fact, it is very natural to conclude that the experiment 
cannot succeed under the conditions, whereas somebody else, work- 
ing under different conditions, follows the same idea and accomplishes 
it.    Can Mr. Hart man answer whether that is possibly true? 

MR. HARTWAN: After a general talk over the matter, it was 
thought by all hands that we would have met with more success if 
there had been a larger furnace. That was felt. The question 
comes up in this way : When a furnace is driving rapidly, you want 
to get a body of fuel close to the tuyeres, have it well heated up, so 
that it shall always be coming down before the tuyeres intensely hot, 
and thus give the tuyeres no chance to blow cold; because the in- 
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terior heat of a furnace is very high compared with the heat of the 
entering blast, even if it is at the figure at which Mr. Taylor had 
it. It strikes me that one requisite is a good large body of coal in 
close proximity to the tuyeres, and acting as a sort of regenerator, 
so that when it arrives at the tuyeres they can burn it up quickly. 
The larger diameter we have always felt would be more successful; but 
whether it would really prove a commercial success is a question. 

 

NOTE ON A FIRE-BULKHEAD. 

 BY CHARLES M.  ROLKER,  NEW YORK   CITY. 

IT is now three years ago that I wrote a paper on the fire which 
broke out in October, 1880, at the Chrysolite mine, Leadville, Col- 
orado, of which I was at that time manager. The paper was read 
by title at the Harrisburg meeting in 1881, and was accompanied 
by plans and sections fully illustrating it. It was written to invite 
a general discussion of the course pursued in the management of 
that fire, since the various fragmentary and sometimes prejudiced 
or inaccurate newspaper accounts were not suitable to base judg- 
ment on. The paper I offered, gave the facts as they appeared in 
the contemporaneous record which I had kept. At that time, a dif- 
ference of opinion had arisen with an adjoining mine, as to possible 
damages entailed through the fire; and a law suit was talked of. 
In view of these circumstances, the President of the Chrysolite 
Company advised a temporary withdrawal of my paper. Somewhat 
later I withdrew it entirely, because of the unlooked-for delay in 
arranging the controversy referred to. It has now, indeed, been 
amicably settled; but the lapse of time has deprived the matter of 
much of its immediate professional interest. 
 To the urgent request of some of the members, that I should, at 

least, give a description of the fire- and gas-proof bulkheads employed, 
I yield with some hesitation, since I lay no claim whatsoever to orig- 
inality in these devices, and therefore question the value of such a 
paper. 

The fire originated by accident, in the Chrysolite, a mine com- 
prising extensive and more or less irregular workings, containing 
immense quantities of timbering, but partially packed with waste 
rock or earth.    This class of mines is numerously represented at 
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Leadville, Colorado, at many points in Utah, at Eureka and Vir- 
ginia City in Nevada, etc. Moreover, the Chrysolite is connected 
by underground workings, for more than a thousand feet east of the 
seat of the fire, with adjoining properties, which have numerous 
shafts. The neighboring mines are situated on higher ground, the 
hill rising in an easterly direction; but they are worked to practically 
the same underground level. 

The ore-deposits of Fryer Hill occur as shallow and more or less 
flat deposits. The deepest ore-occurrence in the Chrysolite was, at 
the time, one hundred and fifty feet below the collar of the main 
hoisting-shaft, and it varied from that, to 66 feet from the surface, 
where the only covering to the ore consisted of detritus and grass- 
roots. 

The ore-occurrence in the adjoining mines, was very similar, bar- 
ring local synclinals and anticlinals. The felsite, where it overlies 
the ore, is finely fissured. In the Chrysolite, ore had been repeatedly 
mined up to the detritus, and it had been allowed to cave in, thus 
establishing more or less connection between the surface and the un- 
derground workings. 

Considering the rise of the hill to the east, and the fact that the 
fire started near the extreme west workings, at the foot of Fryer 
Hill, it is apparent that an immediate joint action on the part of all 
the connected mines, was not alone desirable, but imperative, in 
order to control the draft. 

Unfortunately, we were not able to agree upon harmonious action. 
As a consequence, the fire was eventually drawn over a stretch of 
400 feet of stoped-out ground, in places 30 to 33 feet high, and 
averaging, probably, 15 to 18 feet in height, by 35 to 40 feet in 
width. The system of timbering in this mine is the square-set, Com- 
stock style, varying, however, from that of the Comstock in having 
no diagonal members. Instead of these, the open square sets are 
filled with "cribbing," the sticks being 8- by 8-inch timbers; and 
according to the pressure and the importance of keeping the ground 
open, we employ solid cribs (each a solid mass of timbers) and open 
cribs (those in which space is left to fill in any waste that may be 
encountered). The stopes through which the fire swept had some 
open sets, partly cribbed and filled solidly with waste; others, solidly 
cribbed; others, partly cribbed and but partially filled; and again, 
others, neither cribbed nor filled. The waste-filling of these timbered 
stopes was not a systematic one in any direction, but was the result 
of the local waste which was encountered in mining the ore.    This 



NOTE ON A FIRE-BULKHEAD.           507 

made the approach to the fire, which, within the first few hours, 
communicated the flame to these cribs, extremely difficult, and even 
impossible, without a proper regulation of draft. 

When it became apparent that harmonious action would not pre- 
vail, the necessity arose for the Chrysolite to isolate the best ore-  
bearing portions of the mine from the fire and from the adjoining 
mines, in such a way as to permit our extracting the ore; moreover, 
this had to be done promptly, since those parts of the mine were 
in imminent danger. I, then, of course, abandoned the plan previ- 
ously tried, of putting up temporary air-stoppings, such as wooden 
doors (the cracks calked with cotton-waste soaked in tallow), plain 
earth-dams, etc. Readily constructed, permanent dams had to be 
built under sorely trying circumstances. Earth-dams packed wet and 
up to 10 feet thick, would let the carbonic acid gas through almost as 
though they did not exist. The stop-doors, calked by an old sailor, 
looked as if they were on fire, so rapidly did the smoke and gas 
work through the calked cracks. In places, on account of the car- 
bonic acid gas and smoke which were drawn through by the eastern 
openings, men could work but five minutes at a time behind these 
temporary barricades, though they were supplied with fresh air by 
a No. 4½ Baker blower. 

Dr. A. Serlo (Bergbaukunde, 3d edition, page 328) quotes from 
the Berggeist, and advises the covering of stoppings, on the side 
facing old works which generate gas, with a coating of asphaltum, 
to prevent the oozing through of gas. 

The stoppings I adopted, were placed in gangways, drifts and 
winzes leading to stopes, either on fire, or in imminent danger of 
fire, but inaccessible, owing to the manner in which they had been 
filled and timbered. These stoppings consisted, first, of a temporary 
stop-door, introduced to weaken the current of smoke and gas. 
This was simply made of inch-boards, cut to proper lengths and nailed 
to the posts and caps of a drift-set, selected as near to the fire 
circumstances would permit. The cracks were calked with cotton- 
waste soaked in tar. Behind this door, earth or clay was filled in 
solidly for say 4 feet, more or less, the drift-timbers being left in. 
It is well to moisten the earth or clay and beat it down. A plain 
board wall was nailed back of this tamped mass against another set 
of timbers, to keep it in place. Tin's formed the complete temporary 
stopping, which, aided by a bountiful supply of fresh air, was gener- 
ally found a sufficient protection to permit the erection of the per- 
manent stopping and bulkhead behind it.    The latter was intended 
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to prevent the spread of the fire itself, as well as the dissemination 
of gas and smoke throughout the remainder of the workings. To 
show the necessity of something more thorough and permanent, I 
may mention that a tamped earth-stopping, 10 feet long, proved in 
 sufficient, even at the distance of a thousand feet from the seat of 
the fire, to exclude the gas from a neighboring mine. 

To effect a safe, permanent stopping, remove all drift-timbers for 
a distance of from 25 to 50 feet. This is done quickly, by cutting 
the posts nearly in two, with an axe; cutting out or loosening the 
blocks and wedges, as far as this can be done; boring in the ends of 
the posts and caps auger-holes of the requisite number and size (ac- 
cording to the size of the timbers and the pressure upon them), to 
admit cartridges of giant-powder, to blast the timbers out. As many 
of the cartridges are fired simultaneously as the nature of the ground 
will allow. Mud-sills and all fragments of timbers are removed, 
and the now untimbered drift is filled in with waste or earth, the 
finer the better. It is well to wet the ground frequently in order to 
pack the fine waste and to keep the drifts cool. Whenever a suffi- 
cient length of drift has thus been freed from its timbers and has 
been filled in with waste, to insure the safety of the adjoining works, 
the final gas-bulkhead is put in. The length of the earth-dam is, 
of course, a matter of judgment, depending on the size and proximity 
of the stopes, as well before as behind the dam, and the combusti- 
ble material in them ; in other words, on the supposed intensity of 
the coming fire and the consequent likelihood of its spreading. 

Preparatory to putting in the gas-bulkhead, the place in the drift 
where it is to be erected is trimmed down to a section as nearly 
rectangular as possible. If the time permits, it is best to cut into 
the sides of the drift, say, from 4 to 6 inches, so as to get a shoulder. 
In the bottom a similar channel is cut, which connects with the 
sides. Should a place be chosen as a site for the bulkhead where a 
drift-set has been standing, part of the bottom-cutting and often 
some side-cutting can be utilized. In case no side-cutting is resorted 
to, the old mud-sill can be utilized, as a bottom-piece, after lagging 
its shoulders. The extended mud-sill or bottom-excavation is then 
partly filled with tar and the foundation or bottom piece of timber 
is laid in it. Proper care, must, of course, be exercised to lay the 
bottom-piece level, and to insure this, whatever piece of timber is 
used for it, its top and bottom should be dressed. On this bottom- 
piece a wall is built up, with such timbers as are at hand, dressed 
on two sides.    I found 4 by 6 inches or 6 by 6 inches, of sawed 
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sticks, a very convenient size. As the binding material for the wall, 
tar is used; and to give additional stability, each stick is spiked to 
the lower one. The top-pieces are simply hammered in, but they 
have similar tar coatings; and the last one may require dressing 
and fitting underground. Holes, due to irregularities of walls or 
roof, can be filled in with clay or cement, if it is at hand. When 
the wall is completed, the entire face, clay and all, is covered with a 
thick coat of tar. 

Instead of these wooden bulkheads, brick or stone walls may, of 
course, be built, and any little openings at the top or ends may be 
filled in with cement. But often, this material may not be on hand 
in sufficient quantities; or it may be much more expensive than the 
wooden bulkhead. Again, it will require longer time underground, 
to build a stone or brickwall, than such a wooden wall; and the 
wooden wall has the further advantage that nearly all pieces can be 
cut and prepared above-ground, with plenty of elbow-room and with 
as much dispatch as desired. Any good miner can prepare for, and 
build, such a wall, while he may not be able to lay a good brick or 
stone wall. The blacksmith shop can turn out the desired spikes. 
 I used eight of these bulkheads, with earth-dams from 25 to 50 
feet long, free of timbers, and a temporary stopping in front of these;  
and in no case did any gas work through, or the fire spread beyond 
the temporary stopping. We mined for months behind the bulk- 
heads, completely cut off from all connecting adjoining mines and 
from the fire, while neighbors, who resorted to other means, could 
not enter their mine on account of gas. 

I may finally remark, that this fire was not put out in the beginning, 
hose in hand (with an upcast away from the attacking force and a 
downcast supplying the fresh air) because the fire originated, as in- 
dicated, in the west workings at the foot of Fryer Hill, while the 
connecting shafts stood east of it and on higher ground; these were 
either not kept continuously sealed or were insufficiently sealed, so 
that they drew the smoke and gas east into the face of any attacking 
party. A southern shaft, on which a stack was built, was used as 
an upcast for a limited period. The mine was not flooded because 
the district did not supply water enough to flood. 

Carbonic acid gas was not used to extinguish the flames, because 
the Chrysolite itself could not be hermetically sealed, owing to the 
surface caves mentioned above, which had caused numerous cracks 
extending from the underground work to the surface. Again, the 
rock itself had numerous cracks and fissures in it, which, the deposit 
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being a shallow one, would admit air and leak gas. Finally, the 
use of carbonic acid would have involved the filling with gas of all 
the connected adjoining mines. 

Steam was injected in the hope of checking the flames, but, where 
used for this purpose, proved of little use except to cool the ground. 
In the immediate neighborhood where the steam had l>een discharged, 
we afterwards found the lower part of the timbers not burnt, but 
the fire had burnt the top part and crept and spread along the roof. 

The mine-shafts were closed up as tight as possible, by putting in 
scaffolding (for some, as much as 16 feet down the shafts) and packing 
dampened earth on top. to stop air-currents and to confine to the mine, 
as much as possible, the carbonic acid gas generated by the fire. 
The two last principles, combined and practiced, not alone by us, 
made the fire die out of itself, but not until seven months after we 
were working and extracting ore from our isolated portion of the 
mine. 

Our experience showed that the heat retained in a smoldering 
stope, long after it had ceased to give signs of active combustion, was 
sufficient to cause a rekindling of the fire as soon as fresh air was 
admitted. Even when, after the lapse of months, we cautiously 
penetrated into the burnt district, the heat of the ground was almost 
insupportable. 

 

    NOTES ON THE RHODE ISLAND AND MASSACHUSETTS 
COALS. * 

BY ARTHUR B. EMM0NS, PH.D., LL.B..  NEWPORT, B. I. 

HAVING been in the management of a company which has been 
exploring with a diamond drill during the past year in Rhode Island 
and Massachusetts, with a view to finding workable anthracite coal 
of a better quality than has been hitherto found, I have collected a 
certain amount of material which seems to have some scientific in- 
terest (though in this respect it is unfortunately incomplete), as well 
as a possible value to any one who may be tempted to follow oat a 
similar line of investigation. 

The following are the analyses of the coal from the Portsmouth 

* This paper was communicated to the Secretary at the Philadelphia Meeting, 
September, 1884 Mr. Eminous was elected a member at the Annual Meeting, 
February, 1885. 
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Mine, Portsmouth, E. I., made by Dr. F. A. Gooch and Mr. B. T. 
Putnam :* 

 

 

 

 

 

 

 

I. Bottom of shaft, north side, thickness of seam 3 feet 11 inches. 
II. Bottom of shaft, south side, thickness of seam 2 feet 7 inches. 
III. South side, 50 feet from bottom, thickness of seam 6 feet. 
IV. South gallery, 370 feet from bottom, upper ¾ of 6-foot seam. 
(Analyses I., II., III., and IV. are from samples taken across the 
width of the seam.) 

V. The average of seven analyses made from samples taken 
at 
intervals along the length of a 6-.foot drill-core, cut out of what is 
known  as the " Back Seam," at about 90 feet below the mouth of 
the Portsmouth Mine. 

VI. and VII. The single analyses of this series showing 
the 
maximum and minimum percentages of carbon and ash. 
VIII. and IX. Samples taken from two lots, of several tons 
each, of freshly mined coal used in other experiments. 
The ash of the above sample No. 1 contained: 
 
 
 
 
 
 
 
 
 
 

 
* It should be stated here that Analyses I., II., III., and IV. were made 

during 
the prevalence of a northwest wind, or dry condition of the atmosphere, 
though 
the conditions were not specially noted ; and that Analyses VI., VII., VIII., 
and 
IX. were made during a damp period, or a southwest wind, which, in Newport, 
is 
frequently accompanied by fog. 
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The Portsmouth coal possesses the striking peculiarity (hitherto 
unnoticed in anthracite coals, or, I believe, in any coals) of quickly 
taking up a large percentage of water under a moist condition of the 
atmosphere, and as readily parting with it under a drier condition 
of the atmosphere. This is shown by the following interesting 
experiments conducted by Dr. Gooch. 

A sample of Portsmouth coal, the same as that used in one of the 
first four of the above analyses, powdered and exposed for twenty- 
four hours in the balance-room during the prevalence of a northwest 
wind, contained, after exposure, water amounting to 0.65 per cent of 
its weight when dried at 115° C. 

 

 

 

 

 

 

 

A similar sample was wet thoroughly, dried with filter-paper, and 
exposed twenty-four hours in the balance-room during a northwest 
wind. Its content of water in terms of coal dried at 115° C. 
amounted to 0.75 per cent. 

 

 

 

 

 

 

 

 

The coal contained of water, expressed in terms of itself dried at 
115° C: 
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A sample of the same piece exposed in the balance-room without 
wetting, contained of water 0.72 per cent of the weight of the coal 
dried at 115° C. 

A sample of the same piece exposed in the balance-room without 
wetting or drying in the air-bath, contained of water, expressed in 
.     terms of itself dried at 115° C.: 

 

 

 

 

 

 

 

For the sake of comparison, a piece of Pennsylvania 
anthracite 
was taken from the cellar and similarly treated. 

As it came from the bin, it contained of water 4.69 per cent 
of 
the weight of the coal dried at 115° C. 
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A. specimen of lignite from Mouse River (Dakota), belonging to 
the Northern Transcontinental Survey, was found to be as hygro- 
scopic as the Portsmouth anthracite. 

A sample moistened thoroughly, dried with paper, and exposed 
twenty-four hours in the balance-room under a northwest wind, con- 
tained, in terms of its own weight after drying at 115° C, 13.83 
per cent, of water. 

Exposed in the balance-room, after drying at 115° C, during the 
prevalence of a northwest wind, it contained: 

Per cent. 
After 24 hours,............................................................................. 6 9 4 

"   48     "................................................................................. 7.38 
"   64     "..................................................................................7.11 

Placed over water, it contained: 
Water, per cent. 

After 16 hours, ............................................................................. 20.93 
"    24      ".................................................................................22.19 
"   61     " ................................................................................       22.63 
"   85     " ................................................................................. 22.57 

Exposed over H2SO4, it contained : 
Per cent. 

After 24 hours.............................................................................. 13.43 
"   48      "................................................................................. 11.14 
" 138     "................................................................................. 10.50 

The surprising fact that the percentage of water in the Portsmouth 
anthracite may vary ten to fifteen per cent., according to the hygro- 
metric condition of the atmosphere, not only suggests an interesting 
line for future investigation, but also raises a feeling of distrust of 
the coal-analyses hitherto published, and makes the desirability more 
than ever apparent of having some standard method in coal-analyses, 
as for example that adopted by Dr. Gooch, of drying the sample for 
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analysis at 115° Centigrade or that adopted by the Pennsylvania 
Geological Survey of drying at 225° Fahrenheit, so that different 
analyses can be understandingly compared—besides making a special 
test of the coal as to its hygroscopic properties. That the method in 
almost universal use in coal-analyses, of exposing the sample in the 
laboratory for twenty-four hours before analyzing, may lead to un- 
trustworthy results, is shown by the foregoing analyses Nos. I., II., 
III., IV., compared with VIII. and IX. All these analyses were 
made before the hygroscopic properties of the Portsmouth coal were 
suspected ; and all the precautions hitherto supposed to be necessary 
to obtain accurate results were observed. The samples from which 
analyses VIII and IX. were made, were taken from the same seam, 
and within a hundred feet or so from the point where the samples 
were taken from which analyses I., II., III. and IV. were made; 
and there is no reason-for assuming that there can be any particular 
difference in the coal from the several points. The striking differ- 
ence between these two sets of analyses of practically the same coal, 
is due to the fact that analyses I., II., III. and IV. were, by chance, 
made during a period of dry atmosphere, while analyses VIII. and 
IX. were made during a period of damp atmosphere. 

The Mouse River Lignite from Dakota, shows that the Portsmouth 
coal is not an isolated instance of this hygroscopic property ; and the 
fact that the lignite had been analyzed in regular course with numer- 
ous other specimens, without this peculiarity having been noticed, 
renders it, to say the least, not improbable that this peculiarity will 
be found where it is not now suspected, among coals, the analyses of 
which are already known. 

The two following analyses by Mr. Putnam, were made from 
drill-cores, cut from what was assumed to be the same seam of coal 
at different depths, at West Mansfield, Mass., in the neighborhood 
of the old Hardon Mine. The first was cut at a depth of about 90 
feet, and the second at a depth of about 850 feet. 

I. II. 
Water, .................................................................................1.02 308 
Volatile combustible,........................................................ 3.76    6.22 
Carbon, ................................................................................74.24  79.68 
Ash, ....................................................................................    20.97 11.02 

99.99         10000 
Sulphur, .............................................................................. 0.56 

 Red to light   Purplish 
Ash....................................................................... reddish brown     red 
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Analysis I. is the average of five analyses, made from samples 
taken at intervals along the length of the core. After drying at 
115° Centigrade, this coal took up 2.69 per cent of water, after 24 
hours exposure in a saturated atmosphere, i.e., over water. 

Of the following two analyses, No. I. is that of the ash of No. II. 
above; and No. II. is of a sample taken near the above coal-sample 
No. I., but not the same sample. 

A sample of coal from the bottom of the shaft of the old Cranston 
mine, southwest of Providence, analyzed by Dr. Gooch, gave the 
following results: 

The sample used in the above analysis was dried over sulphuric 
acid. As received, the sample contained 0.67 per cent of water, 
reckoned upon the weight of the coal dried at 115° C. After ex- 
posure during 48 hours over water, it contained 3.52 per cent of 
water. 

An elaborate comparative test of the Cranston coal with Lacka- 
wanna coal was made at the Providence water-works about the year 
1874. Some of the records of this test are still preserved at the 
office of the City Engineers at Providence. From these it appears 
that the evaporative power of the Cranston coal was found to be 72 
per cent of that of the Lackawanna coal. 

In 1875, a diamond drill-hole was sunk in Seekonk, Bristol Co., 
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Mass., by the Seekonk Coal Mining Co., to the depth of 705 feet. 
At 691 feet, a seam of anthracite, 8 feet 11 inches thick was alleged 
to have been cut. This coal is referred to by A. L. Holley in his 
paper on The Iron-Ore and Anthracite Coal of Rhode Island and 
Massachusetts.* The drill-hole is genuine, and the geological record 
of the core is probably correct in every respect except the coal (the 
core is still extant); but no coal-core was ever cut in the hole, and 
the coal-core exhibited as having been so cut, was cut at the top of 
the hole from a piece of coal brought on to the ground for that 
purpose. The fraud was very skilfully perpetrated and was known 
to only three persons, the manager (since deceased) and two em- 
ployees, who at the time supposed that the core was being cut for 
an innocent purpose; and to this day, most of the stockholders still 
have firm faith in the supposititious coal-seam at the bottom of the 
Seekonk bore. I feel called upon to publish these facts, as this 
same coal-core has been made the basis of at least one swindling 
operation since that time and is still in existence. 

Although not strictly related to the foregoing, I would add, that 
in boring through seams of coal with the diamond drill, we found 
great assistance in overcoming the tendency to crumble, and thus in 
preserving the coal-core, by reversing the flow of the water from the 
pump. That is, instead of causing the water from the pump to pass 
down through the drill-rods, as is usual, and returning through the 
drill-hole and casing outside the rods, we forced it down outside the 
rods, and let it return through the rods. This was accomplished by 
attaching a stuffing-box to the end of the casing, turning a length of 
the drill-rod true, so that with the stuffing-box it would make a 
water-tight joint, and then introducing the water from the pump 
into the casing below the stuffing-box. In this way, the pressure 
from the pump on the top of the core was relieved, and all the fine 
material from the core was more easily preserved. 

THE DEEP RIVER COAL-FIELD OF NORTH CAROLINA. 

BY DR. H. M. CHANCE, PHILADELPHIA, PA. 

HAVING an opportunity of exhibiting specimens of coal from two 
beds in this field to the members of the Institute, I desire only to 

* Transactions, vol. vi., p. 225. 
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give a few facts bearing directly upon the locality from which these 
specimens were obtained, reserving for a future paper a full descrip- 
tion of this, and also the Dan River field. 

The specimens were obtained at Farmville, one mile and a half 
from Egypt and about one quarter of a mile from the Deep River. 
The coals occur in a series of dark carbonaceous slates, shales, and 
fire-clays, with bands of phosphatic black-band iron-ore. These 
shales form the middle member of the Triassic (Mesozoic), the upper 
and lower members consisting of red sandstones and shales, with 
some coarse conglomerates. 

They dip from 10° to 35° in a southeastwardly direction, the aver- 
age dip being from 20° to 30°. They present only one outcrop, the 
dip throughout being monoclinal. 

Coal has been found for a distance of 25 to 30 miles along the 
outcrop, the most northeastwardly locality being near where the 
Deep and Haw rivers converge to form the Cape Fear River; and 
this locality is but a short distance from Farmville. 

The North Carolina Department of Agriculture recently deter- 
mined to have these fields thoroughly explored, in order to deter- 
mine the extent, thickness, and quality of the coals. I assumed 
charge of this work in July last, commencing work in Farmville, 
where I have found five beds of coal lying close together. From the 
top of the uppermost to the floor of the lowest, the measurement is 
not more than 40 or 50 feet. 

Only two of these beds are of workable thickness, viz.: the upper 
bed, containing three feet of good coal, and the lowermost, which is 
about 22 to 24 inches thick. 

The upper bed shows the following section : 

Analysis of the upper bench made by the State chemists give: 
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These results show uniform composition ; for No. I was made from 
picked lumps, while No. II was an average of lump and slack, made 
from a heap containing two or three tons. 

I opened the lower bed at two places by shafts, respectively 18 
and 28 feet deep, and from the latter mined about one hundred tons, 
which was shipped to Raleigh for use under the steam-boilers at the 
State Exposition. It is undoubtedly a strong steam-coal, but is 
somewhat high in sulphur. 

The analyses of this coal are as follows: 
 

No. III. Picked lump coal obtained at depth of 18 feet. 
No. IV. Average of several tons obtained at depth of 28 feet. 
No. V. Average of several tons obtained at depth of 18 feet. 
No. VI. Lump coal picked from coal mined at depth of 28 feet. 
These analyses furnish some food for thought. How are we to 

account for the analysis showing 3.G9 of sulphur and only 5.35 of 
ash ? I am satisfied the fault is not in the selection of th is  sample, 
at least, since I have reason for special confidence in it. The high ash 
percentages in Nos. IV and V, I regard with suspicion, as the coal in 
burning does not indicate the presence of nearly so large a percentage, 
and the samples may be at fault; and the sulphur percentage in 
No. VI is undoubtedly accidental. Averaging the first three analyses 
No. III, IV and V, we may safely assume the sulphur at about 3.86. 

The close agreement of the volatile matter percentages in Nos. III, 
IV and V, is also remarkable in the presence of such marked varia- 
tions in ash. 

The physical character of this coal is similar to that of a true coal- 
measure coal. It has a well developed columnar structure, is hard, 
bright and black, and with very little pyrites, burns with a strong 
flame, and cokes slowly, not commencing to coke until highly heated, 

The upper bed is much more friable, readily breaking down into 
fine slack, and cokes quickly and thoroughly. 

I hope shortly to communicate to the Institute the results of an 
examination into the mode of occurrence of the sulphur in this coal; 
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for it is evident that only a small portion is in combination with 
iron as pyrites. The amount of pyrites is so small that it is difficult 
to detect its presence. From the appearance of the coal I should 
not estimate the sulphur in combination as pyrites at more than one 
per cent. The analyses above given were made by Mr. Battle, of 
the State Agricultural Department. 

AN IMPROVED LANGEN CHARGER. 

BY FRANK FIRMSTONE, EASTON, PA. 

IN a paper read at the meeting in Cleveland, Ohio, in 1875,* I 
showed that as a result of changing from open-topped to close-topped 
furnaces at the Glendon Iron Works, there had been a decided falling 
off in regularity of working, which we attributed to the very differ- 
ent distribution of the materials in the new method of filling. 

Subsequent experience has, on the whole, confirmed the opinions 
then expressed, and in 1881 we decided to try the modification of 
the Langen charger, shown on the accompanying drawings, thinking 
by its use to approximate to the distribution obtained by dumping 
the barrows at six equidistant points in the circumference of the 
open-topped furnaces. 

The top of the furnace is closed by a ring-shaped "bell," as we 
still call it, the outside of which is cylindrical and rests by the turned 
lower edge on the bored seat of a " loose ring," supported by the 
lower part of the hopper. The inside of the bell is an inverted 
frustrum of a cone, the central opening in which is closed by a cyl- 
indrical plug, which is prolonged into a pipe to carry off the gas. † 

This center-plug is connected by rods and chains to sectors on the 
ends of a forked lever, to the other end of which is attached, by a 
wire rope, the piston-rod of the blast-cylinder used in opening the 
top. The rods connected to the center-plug pass loosely through 
the apexes of triangular frames, to the other angles of which the bell 
is attached ; it thus being suspended by four points when the top is 
open. 

When the materials are dumped out of the barrows into the hopper, 
a part is thrown over the crest of the bell into the space between it 

 

* Transactions, vol. iv., p. 128. 
† There is, of course, no difficulty in taking off the gas through side-

flues below the bell, as in the usual arrangement; but I prefer the central 
gas-pipe, even at greater complication and expense, especially with brick 
furnaces. 



 



latter, six heaps are formed opposite the six dumping points, which 
do not touch one another, and thus imitate a feature of the open-top 
filling which I considered, when the paper of 1875 was written, as 
one of the important differences between it and the double bells then 
used. 

When the piston in the cylinder descends, the center-plug, be- 
ing directly connected to the lever, is raised, and the material in 
the center of the bell slides into the furnace; but the bell remains 
on its seat until the large nuts on the hanger-rods strike the apexes 
of the triangles, when it also is raised. 

When the piston has made its full stroke, the center-plug and bell 
occupy the position shown by the dotted outlines. 

The central gas-pipe has a ball-and-socket-joint where it is con- 
nected to the horizontal pipe which joins it to the down-comer; and 
the joint between the horizontal pipe and the latter is made in the 
same way. 

The horizontal pipe, as shown by Fig. 1 (Plate), rests at its inner end 
on a lever, to the other end of which is attached a counter-weight 
so adjusted that the gas-pipe is raised three or four inches (turning 
on the joint connecting it with the down-comer) when the center- 
plug is lifted to open the top of the furnace. When the center-plug 
descends, the female joint on top of it strikes the flange on the gas- 
pipe and draws it down with it, raising the counter-weight until the 
center-plug is seated on the bell, by which means a good joint is 
made at both top and bottom of the center-plug, without any exact 
adjustment of the height of the lower end of the main gas-pipe being 
necessary. 

The female joint on the center-plug is bored to a hollow cone, and 
the male joint on the end of the gas-pipe is slightly rounded to ap- 
proximate a spherical surface; but the angle of the cone must be 
steep, as shown ; since otherwise the male joint will fail to center itself 
properly, and the joint will leak.    The details are shown in Fig. 3. 

The center-plug is the largest single piece which is likely to re- 
quire renewal, and it can easily be taken to the top of the furnace on 
the hoist—a point which it is well to bear in mind in settling the 
dimensions of the hoist and the several castings to be used on top of 
a furnace. For the same reason, the bell is made in four segments, 
united by internal and external flanges and bolts, and the loose ring 
is made in three parts, the external flanges of which fit into pockets 
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and plan, Fig. 4. 

 
The sections of the bell being cylindrical on the 

outside, are very 
easily twisted and moved about on rollers by 
getting them on their 
backs. 
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but by dropping the seat below the line of the hopper, and making 
it pretty steep, as shown on the drawings, all of the coarse stuff, and 
most of the fine, shoots over it without touching it, and nothing can 
remain on it except it be in the state of semi-fluid mud. By this 
construction, the joint, to all present appearances, will last indefi- 
nitely. 

The most important dimensions in designing such a charger are 
the diameter of the furnace at the height at which the top of the 
materials is to be kept, and the diameters of the loose ring and 
central opening in the bell at the place where the stock leaves them 
(9 feet 5 inches and 5 feet, 6 inches in the charger shown on the 
drawing). The distance from the rim of the hopper to the crest of 
the bell, and the depth of the latter below the wheeling-plates on the 
top of the furnace, also influence the proportion of material delivered 
by the barrows into the center of the bell. 

In the first charger tried, the diameter of the opening in the loose 
ring, was 9 feet, 9 inches, and that of the inside opening in the bell, 
6 feet, 6 inches. With these dimensions, there was no improvement 
during a six months' trial over the results with a double bell during 
a preceding blast; but upon reducing the central opening to 5 feet, 
6 inches, and lowering the crest of the bell 3 inches, the production 
at once rose from 300 tons to an average of 365 tons per week, with 
an important saving in fuel, and regularity equal to anything we 
have ever attained. Subsequent trials on three furnaces show that 
the sizes shown on the drawing must be nearly correct for our ma- 
terials. 

The incidental advantages of the Langen plan over the various 
modifications of the cup-and-cone are considerable. The bell can 
be quickly raised by the cylinder so that skids (wrought-iron beams 
are best) can be slipped tinder it, and it can then be drawn out 
and a new one slipped in and lowered into place. By having the 
new bell put together beforehand, the change can be made in less 
than two hours. 

There is no strain on the bolts, etc., except when the top is open, 
and then it never exceeds the weight of the bell and center-plug; 
while with the cup-and-cone, part of the weight of the material comes 
on the hanging-arrangements, in addition to the weight of the bell, 
and they are always under strain. Even should the hanging-ar- 
rangements fail in the Langen, neither the bell nor the center-plug 
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can fall into the furnace. Moreover, the bolts, etc., can be renewed 
at any time, without taking the blast off the furnace or making any 
special arrangements to keep the bell shut while doing it. To facil- 
itate this, it is best to give a slight preponderance to the inner end 
of the lever. 

The material is shot into the furnace and the top is again closed 
rather more quickly than with the cup-and-cone or the double bell; 
but the opening is so great when the bell is raised that the loss of 
gas is perhaps greater than with the usual plans. 

One of the most serious troubles is that the distribution is bad 
when the top of the material is low in the furnace, while this seems 
to make less difference with the cup-and-cone or double bell. Hence, 
diligent and regular filling is of great importance; and this it is not 
always easy to get. 

DISCUSSION. 

DR. R. W. RAYMOND, New York City: While we think that 
we have, at the Durham Iron Works, a double bell which possesses 
all the advantages enumerated by Mr. Firmstone, and others of its 
own, we have been, by our experience, somewhat weakened in the 
notion that the details of the bell and hopper are all-important as 
to the running of the furnace. We find that when we follow what 
might be called the modern method of high-pressure and larger 
quantity of blast—in other words, of rapid running—coupled with 
large units of charge, the slight variations in the filling, formerly 
deemed influential, do not seriously effect the operations at the tuy- 
eres. When our double bell was out of order, so that the inside 
bell could not be used, we went on charging with the outside bell, 
and there was no difference down below for a week or so, during 
which this condition lasted. 

MR. FIRMSTONE: I do not think a fair argument can be based 
on the facts in that case, because important changes were made in 
the Durham furnace and practice, including a change in the charac- 
ter of the fuel, namely, the introduction of a considerable percentage 
of coke. But fuels will not save the working of a furnace if it is 
not treated properly in other respects. It is true that furnaces may 
become unmanageable in less than a week; yet, unless the case was 
very bad, I should not expect decisive effects permitting a conclusion 
on a single week's result. 

As to the sensitiveness of furnaces to the methods of charging, I 
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can mention that, it being necessary to experiment with this appa- 
ratus in order to get the proper dimensions, we diminished the inside 
diameter of that bell by attaching sheet-iron to it. Things went 
very well until, through carelessness of the fillers, that wrought- 
iron wing (indicating on blackboard) was broken loose on one side. • 
This increased the diameter of the inside of the bell on that side by 
six inches, so that the material was delivered practically, on one 
side, six inches nearer the center of the furnace than it was on the 
other. As a result of that, we had one week of exceedingly bad 
working. As it was impossible to repair the wrought-iron imme- 
diately, I had it knocked off. The result was that as soon as the 
material was charged uniformly and came down, the furnace im- 
proved and began working splendidly. Then I put on a new piece 
of wrought-iron; and as a result we had an appreciable gain of 
economy in the consumption of fuel. I may be blinded some- 
what by excessive zeal in this matter; but, in that case, I am 
of the belief that I was able to see a difference that resulted from a 
change of the diameter of the bell by six inches. That being the 
case, I think that the operations of the furnace at Durham, referred 
to by Dr. Raymond, were dependent upon exceptional conditions, 
and hence that they were not conclusive. 

EDGAR S. COOK, Pottstown, Pa.: In the Warwick furnace, of 
which I am the manager, we have never had any experience with 
the double chargers. That which has been used is simply a plain 
bell. It is a seven-foot bell, with a stock-line ten feet in diameter; 
the furnace being fifty-five feet high and fifteen and a half feet 
bosh and the distance between the bell and the in-wall being about 
eighteen inches on each side. 

We have now been in blast for about three years and nine months. 
Our stock is very fine and different from that spoken of by Mr. 
Firmstone. It is made up of fully seventy-five per cent of fine 
packing material. We have been using about one-fourth of coke, 
and the furnace is working with pretty fair regularity, making, on 
an average, I suppose, from 425 to 450 tons of iron per week. In 
the summer of 1881, the furnace was working somewhat irregularly, 
and, in the hope of overcoming this irregularity, we substituted a 
five-foot, in place of a seven-foot bell. This change did not over- 
come the difficulty as we hoped. The result was decidedly other 
than beneficial. The production of the furnace with the five-foot 
bell was reduced fully fifty tons per week, and the coal-consumption 
was increased from three to five cwt. per ton of iron. After running 
this bell for about nine months, to give it a fair trial, we took it out 
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and replaced it with a seven-foot bell again. The change in the 
bells, while it did not affect the working of the furnace particularly 
did very materially affect the economical results. As soon as we 
replaced the seven-foot bell, the product of the furnace increased 
• fifty tons per week and finally one hundred tons per week; and the 
fuel consumption was reduced from five to three cwt. again, thus 
coming back to our former figure. It would thus appear that, with 
the same furnace, essentially the same stock and the same manage- 
ment, the size of a bell has a very material effect upon the economical 
results and, it may be added, upon the working of the furnace. 

JOHN BIRKINBINE, Philadelphia, Pa.: The two features in pro- 
portioning a blast-furnace stack which require the most careful con- 
sideration are in the region of the tuyeres and at the top of the furnace. 
This, of course, refers to the stack-construction and not to the hot- 
blast engine, boilers, etc. The proportions of the top and the ar- 
rangement for supplying stock to it are second in importance only 
to the proportions of the crucible and the arrangement of tuycres, 
cinder-notch, etc. I cannot agree with the statement that the size 
of stock entering the tunnel-head and the method of distribution is 
unimportant, but am convinced that if any one will make an in- 
vestigation of the thirty or forty furnaces in the United States which 
have been doing extraordinary work, it will be found that in at least 
eighty per cent of the number very close attention is given to the 
preparation of material in the stock-house. I am convinced that the 
good results obtained at most of the other furnaces which do not 
attract so much attention are largely due to work upon the stock 
before charging. In fact, I am convinced that one dollar well ex- 
pended in the stock-house, brings two dollars out of the furnace 
tapping-hole. 

There is, of course, a difference in the treatment of various ores, 
but it is hardly to be expected that we will get as good results when 
part of the ore is as large as the size of a fist, and another part as 
large as one's head, as we will get when the sizes are more uniform;  
and, similarly, the difference in size of coal, particularly of anthracite, 
has a material effect upon the working of the furnace. 

The form of bell shown by Mr. Firmstone, while possibly well 
adapted to his furnace, might not be advantageous if placed on a 
furnace of smaller size where the proportion of parts would be di- 
minutive. Some furnaces appear to be obtaining good results while 
working open-top, and, in one instance, where I represented the 
owners, the lessee was permitted to arrange the furnace to work with 
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open-top, provided a bell and hopper were kept ready for use is 
required. This was done; but for two years the plant has been in 
operation with open-top. The lessee seems satisfied with its results, 
and, the owners are receiving good compensation based upon the 
weekly out-put. There is no question in ray mind, however, that 
the arrangements for distributing stock into the top of the furnace 
and the necessity for properly preparing and selecting it beforehand 
have much to do with its successful operation ; and the merits of 
various forms of bells and hoppers for charging apparatus may well 
command our attention. 

 

THE SIEMENS PATENTS FOB IMPROVEMENTS IN GLASS- 
FURNACES,    WITH SUGGESTIONS FOR   THEIR 

USE  WITH NATURAL   GAS. 
BY B. SILLIMAN,  NEW  HAVEN, CONN. 

THE remarkable outflow of natural gas recently developed in 
Western Pennsylvania, and along the valley of the Ohio and its 
tributaries, has called attention to an important series of patents for 
improvements in glass-furnaces and the manufacture of glass, which 
the brothers Siemens have made since 1872. The basement-patent 
of this series, is No. 127,806 of the U. S. Patent office, and is of date 
June 11th, 1872. This has been followed by eleven other patents 
(including one re-issue), all for improvements in glass-furnaces, or 
methods of manufacture, of which the latest is of date July 11th, 
1882. Nine of these patents were issued in 1880-82. The follow- 
ing is the list, of these patents, in order of dates, viz.: 

1872. June 11th. No. 127,806 (U. S. office), Improvement in 
glass-furnaces; 17 sheets drawings, 5 pages text. 
This is the basement-patent. 

1877. April 17th. No. 189,800. Improvement in the manufacture 
of glass; 3 sheets drawings, 2 pages text. Boats 
and floating vessels swimming in the liquid glass of 
the tank-furnace. Re-issued in 18S0.  q. v. 

1880. April 27th. No. 226,934. Furnace for annealing and tem- 
pering glass. 

"    July 13th. No. 229,846. Glass-melting-furnace. 
"     August 3d. No. 230,668. Glass-melting-furnace; 4 sheets 

drawings, 2 pages text. 
VOL. XIII.—34 
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1880. August 3d.   No. 230,668.    Glass-melting-furnaces; 3 sheets 
drawings, 1 page text. 

"     October 19th.    No. 2:13,566.    Furnace for melting, refining, 
and working cut-glass;  3 sheets drawings, 2 pages 
text. 

"    October 19th.   No. 9,418 (re-issue of No. 189,800).    Manu- 
facture of glass, boats, and floating vessels. 

1881. June 14th.    No. 242,S45. Manufacture of glass; 5 sheets 
drawings, 2 pages text. Floating vessels and boats 
of three compartments, and their use in the tank. 

1882. March 7th.    No. 254,572.    Melting, refining, and  working 
out glass. 

" April 18th. No. 256,748. Glass-melting-furnace; 4 sheets 
drawings, 2 pages text. 

'' July 11th. No. 261,054. Construction and method of work- 
ing glass-melting-furnaces. 

The fundamental idea upon which all the Siemens glass-patents 
are based, is found in the cardinal fact, before overlooked, or not 
availed of, that in the melting or fining of glass, there is an import- 
ent difference of density in the product in the successive stages of 
the process, the fine glass being the denser, and falling by gravity to 
the bottom of the pot, while the less refined glass floats on the surface 
of the denser glass, bearing with it the "scum" or "stone," so called, 
imperfectly melted material, and impurities fatal to the beauty and 
homogeneity of the finished product. The Siemens brothers, with 
characteristic sagacity, have seized on this fact, and have developed 
out of it an entirely new system of glass-furnace and glass-manu- 
facture, as described in their patents. 

This invention involves the use of a pot or tank for the continu- 
ous melting of glass and other vitreous substances, provided with 
three compartments, so arranged as to communicate with each other 
in such manner, that the raw material is introduced in one com- 
partment, from the lower part of which the melted material is caused 
to flow into the top of the next compartment, whence it passes into 
the bottom of the third compartment, from which it is worked out. 
These tanks are so constructed that the compartment into which the 
raw material is introduced is open to the direct action of the flame, 
while the working-out compartment is protected from this direct 
heat, and is consequently maintained at a lower temperature, such 
as is essential to the proper temper of the metal for working-out, and 
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also is conducive to the comfort of the workmen. The construction 
of the furnace also permits the regulation of the heat in the separate 
parts of the furnace, by the adjustment of the gas and air-ports, so 
as to cause the flame to play, at will, transversely over the three 
compartments. 
 All that part of the foundation patent of 1872 (No. 127,806), 
which relates to improvements in the gas-producer has no relation to 
our present purpose, since the flow of natural gas relieves the manu- 
facturers of all the annoyances and difficulties connected with the gas 
produce of the regenerative furnace. 

It is well, as illustrating the development of the fundamental 
ideas of the inventors, to copy from their basement-patent a few 
figures showing how, starting with the old form of glass-pot, modi- 
fied as here described, we pass later to an entirely different form of 
apparatus for the same purpose, in which the old pot disappears, 
and the fundamental idea is generalized. 

Not to run the risk of failing fully to state the inventors' views, 
we will quote a paragraph or two from the 1872 patent, with the 
figures to illustrate the text. The numbers of the drawings (4 to 14 
in the patent) have been changed in the quotation to prevent con- 
fusion in the present paper, other drawings being hereinafter given: 

"By our present improvement we render the process of glass making a continuous 
and more uniform one, and we construct the glass-pots or tanks with three separate 
compartments, in one of which the materials are introduced continuously, or at short 
intervals, and from which the materials, as they melt, are caused to flow into the 
next compartment, where the operation of melling is completed, and whence the 
glass flows into the third compartment, where it is worked out continuously. To 
produce this circulation of the melted glass through the three compartments, advant- 
age is taken of the gradually increasing specific gravity of the glass, as the melting- 
down thereof proceeds. By this means a stratification according to the condition of 
the mass is effected, allowing of its being subjected to different temperatures, corres- 
ponding with the particular stage of preparation at which the several portions 
thereof have arrived. 

"Figs. 1 to 11 of the drawing show the application of the invention to glass-pots. 
Fig. 1 shows a plan of the pot; Fig. 2 a sectional plan on line 5 5 of Fig. 3, the 
latter being a vertical section on line 6 6 6 of Fig. 2. Fig. 4 is a vertical section on 
line 7 7, and Fig. 5 a vertical section on line 8 8 8, of Fig. 2. 

"The pot is constructed with three separate compartments, A. B, C, of which A 
serves to receive the raw materials, and communicates with the intermediate or 
clarifying compartment B, by means of the aperture a, and the vertical passage b, 
while the compartment B communicates with the third or working-out compartment 
C, through the aperture c, at the bottom. The compartments A and B are open to 
the direct action of the flame, while the compartment C is closed in at the top, in 
order to protect it from such direct action of the flame, and it is provided with 
a nozzle, d, which projects through the working-aperture of the furnace, and 
through which the glass is worked out in a similar manner to ordinary glass-pots. 
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"The two uncovered compartments, A and D, serve for the melting-down and 
clarifying of the melted glass supplied to the working compartment in the following 
manner: The raw materials are introduced in small quantities into the compartment 
A, which, as shown in the drawing, is maintained as nearly as possible in a filled 
condition. As the materials melt they will, by virtue of their increasing grav- 
ity, accumulate in the bottom of the compartment in such manner that the per- 
fectly melted particles will be situated quite at the bottom, while the portions that 
are in a less perfectly melted condition will be stratified above the same, according 
to the degree of heat which they have attained. As the melting-down proceeds, the 
lowest stratum in the compartment will pass through the aperture a into the chan- 
nel b, in which it will rise, and eventually flow over into the compartment B. As 
this compartment fills, a stratification of the material similar to that in A will take 
place, the most perfectly clarified and densest portion of the glass sinking to the 
bottom, while that which is less clarified and charged with air bubbles will remain 
in the upper part, until by the action of the furnace heat it becomes clarified in its 
turn, and is caused, by the continued entrance of fresh material from the passage b, 
to sink to the bottom, thereby forcing the lower stratum through the aperture c 
into the compartment C. As the lower part of the glass-pot is cooler than the upper 
part, the compartment B serves both to clarify the glass in the upper part and to cool 
the same down in the lower portion, in which cooled condition the glass consequently 
enters the compartment C ready for working out. All three compartments are thus 
always filled with glass in different stages of preparation, the level of the glass 
being, however, different in each compartment, as shown on the drawing, corres- 
ponding with the respective differences of the mean specific gravity of the several 
contents. 

" It will be understood from the foregoing that in proportion as the glass is 
worked out of the compartment C, fresh material must be charged into the com- 
partment A, which operation is effected by the glass-blower, who also from time 
to time skims the surface of the glass in the compartment B, in order to remove im- 
purities or imperfectly melted particles. By this improved construction of glass- 
pots it is rendered possible, while maintaining the furnace-heat at one uniform 
temperature, to effect the four different operations which are requisite for the 
perfect manufacture of glass—namely, the melting-down of the materials, the clari- 
fying of the melted mass, the cooling-down thereof, and the working-out of the 
cooled mass. 

"Figs. 6 to 11 show a modified form of the above described improved glass-pot, 
Fig. 6 being a plan of the same. Fig. 7 is a vertical section on line 10 10 of Fig. 6; 
Fig, 8 a section on line 11 11 of Fig. 7; Fig. 9 a sectional plan on line 12 12 of Fig. 
8; and Figs. 10 and 11 are sections, respectively, on lines 13 13 13 and 14 14 14, 
Fig. 9. The general arrangement of the pot is the same as in that just described, 
the raw material being introduced into the compartment A, from which the melted 
glass passes into the compartment B, where it is clarified, and whence it descends 
into the closed compartment C, where it is worked out. The compartment B is, 
however, here formed over the compartment C, the melted material being caused 
to pass from A, through the aperture a and channel b, into B, from the bottom of 
which first it ascends through the apertures c and the channel e, and then flows over 
into the space f, communicating at bottom with the compartment C through the 
aperture g. From the arrangement of the passages e f it will be seen that, though 
the compartment B is raised entirely above the level of the glass in C, yet the glass 
will flow only into the latter compartment in precisely the same measure as it flows 
from A into B.  In both the above-described arrangements of glass-pots the working- 
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out-compartment C, in place of being formed by a fixed partition in the compart- 
ment B, may be constructed as a loose com partment, in the form of a deep ring float- 
ing in the melted glass in the compartment B, so as to reach nearly to the bottom 
of the latter, through which ring the melted glass will rise from the compartment B 
in the same manner as is the case with the fixed compartment C." 

The mode of arranging these glass-pots in the regenerative furnace 
will be readily understood without any detailed description. 

The principal advantages resulting from this construction of 
furnace, glass-pots, and tanks, are: First, an increased power of 
production in the furnace; as the full melting heat may be employed 
without interruption, in place of the intermittent action of furnaces 
as before constructed. Second, an economy in working; less labor 
being required for carrying on the operation than in the ordinary 
process. Third, greater durability in the pots and tanks, owing to 
the uniform temperature to which they are subjected ; and Fourth, 
much greater regularity of working, and more uniform quantity of 
the products by the continuous method of manufacture. 

Without reproducing several large drawings it is impossible to 
give here the detail of the tank-furnace in three compartments, 
which is the generalized form of the special three-compartment pots 
already described, and accomplishes on a very large scale what is 
done in the smaller pots, the gas- and air-ports being so arranged 
along each side of the tank as to cause the flame to play transversely 
across the same; allowing of the proper adjustment of heat in each 
compartment. All this, it will be readily seen, is a remarkable ad- 
vance over anything before known in the construction of furnaces 
for glassmaking. 

An important development of the fundamental idea already con- 
sidered followed in 1877, and again more maturely in 1881, July 
14, in the invention of floating vessels of fire-clay, swimming like 
boats upon the surface of the molten sea of glass, in the large tanks, 
and gathering their charge of refined glass by force of gravity in 
their vessels, sometimes of three compartments, but not always so; 
these segregating vessels transporting their load of fine glass to the 
working-out holes in the sides of the furnace, and delivering it there 
as wanted by the workmen. 

This general statement requires illustration, which is best drawn 
from Patent No. 242,845, June 14, 1881. From this we will copy 
two or three figures which are essential to the understanding of the 
description. This patent is the individual production of Mr. Fred- 
erick Siemens, of Dresden, and his description of his invention is 
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so concise that it is hardly possible to condense it without loss of 
clearness. He says his invention consists in providing a floating 
vessel for continuously fining and working out glass, with an up- 
wardly projecting transverse partition to prevent the melted glass 
within the fining compartment of the floating vessel from flowing 

 
back into the tank. This floating vessel is also provided with studs 
or horns, forming a fender, to keep the vessel away from the wall 
of the tank, and to prevent the fused material from the roof of the 
furnace, or grating-holes, from falling into the refining-vessel.   Mr. 
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Siemens goes on to say (the numbers of the drawings, 1 to 4 in the 
original, being changed in this quotation to prevent confusion in the 
present paper): 

''In the accompanying drawings corresponding parts are designated by the same 
letters. Figure 12 is a plan of a refining floating vessel. Fig. 13 is a longitudinal 
vertical section taken on the line a 6 of Fig. 1. Fig. 14 is a plan, in horizontal 
section, on the line g h, Fig. 15, of the tank of a glass furnace, showing the refining 
vessels floating on the metal. Fig. 15 is a vertical section of the same, taken on the 
line a b of Fig. 14. 

''The floating vessel made use of in my process of continuously melting, fining, 
and working out glass is constructed of fire-clay or other suitable material, and may 
be of any size or shape, several being shown in the patent which may be deemed 
desirable or best adapted to the work for which it is used. It is provided with 
three communicating compartments or receptacles arranged in relation to each other, 
as shown in the drawings. The first of these compartments, A, is a receiver, into 
which the metal flows from the tank.    The second, B, is a refining-chamber, and 

 
the third, C, is a working-out compartment. The refining-vessel is made to float in 
the metal of the tank in such a manner that the first compartment is supplied 
through holes at or near its bottom with glass taken at the lowest practicable depth 
below the surface of the material in the tank—that is to say, at the point at which 
the metal is sufficiently liquid to flow into it, the hottest metal being at the upper 
surface, over which the flame plays, and gradually diminishing in temperature 
toward the bottom. The vessel may be adjusted to the desired level at its supply- 
end by a greater or less thickness of those parts which project above the metal, or 
by means of loose bricks placed upon the vessel. 

''The receiver or first compartment, into which the metal flows from the tank, is 
separated from the refining chamber or second compartment, B, by a partition or 
dam, H, rising from the bottom of the floating vessel, and the base thereof is pro- 
vided with one on more apertures openings, or spouts, of any size or shape which 
may be deemed desirable for the admission of the metal, the use of spouts enabling 
the metal to be drawn from another point in the tank than that in contact with the 
floating vessel.    By the observation of well-known laws and methods for regulating 
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 position of floating bodies, the vessel may be so constructed and floated that this 
opening in the bottom of the first compartment w i l l  occupy the most desirable 
location for withdrawing the best material from the tank, or the vessel may be 
weighted, if necessary, as already described, so as to be adjusted to this point. 

"The working-out compartment, C, is separated from the refining-chamber by the 
cross-partition D, having an opening, D, at the bottom thereof for the passage of the 
refined glass from the compartment B. The object of the partition H is to prevent 
the refined glass within the floating vessel from finding its way back into the tank, 
and thus, in conjunction with the partition, D, cause the working out compartment 
to be supplied only with the most refined glass from the refining-chamber. The size 
of the latter will depend upon the kind of glass to be worked out. Thus when 
window-glass or large objects requiring the withdrawal of great quantities of glass 
at a time are to be produced, the refining-compartment may be of greater capacity 
than when bottle-glass is required, or two or more vessels may be employed from 
which glass may be gathered successively. 

"The refining-compartment should be subjected to the full heat of the furnace, if 
all the glass which reaches it is to be thoroughly refined therein ; otherwise the 
metal therein may be skimmed from time to time for the removal of imperfectly 
fused glass. 

The worked-out compartment, C, is sometimes provided with a hood, in order 
that the refined glass may be sufficiently cooled therein for gathering, and (hat 
the workmen may be protected from the direct action of the flame while gathering 
the glass. 

" The working-out end of the floating vessel is provided with studs or horns E, at 
or near the upper edge, serving as fenders to keep the said vessel from contact with 
the side of the tank, to which it might otherwise adhere, owing to the cooling of the 
material next the side of the tank, and thus also preventing fused material from the 
roof or sides falling into it. "With the assistance of these fenders no difficulty is ex- 
perienced in keeping the floating vessels in position in the tank, as the flow of the 
glass causes them to press slightly against the sides of the tank nearest their res- 
pective working-out holes. Advantage is taken of the gradually increasing specific 
gravity of the glass during the process of melting and fining, in order to produce 
the required circulation of the melted glass through the compartments of the float- 
ing vessel. By means of the passage, A, in the bottom of the vessel, the best mate- 
rial in the tank, free from floating impurities, is admitted into the first compart- 
ment, through which it rises until it flows over the top of the partition or dam, H, 
into the refining-chamber, B, wherein a stratification of the metal takes place, the 
most perfectly clarified and dense portion of the glass sinking to the bottom of the 
compartment and forcing the lower stratum therein through the passage, D, into 
the working-out compartment, C, the refined metal being prevented from flowing 
back into the tank by the cross-partition or dam, H. 

"By the use of floating vessels, as thus described, the melting down of the mate- 
rials, the clarifying, the cooling of the melted glass, and the working-out of the glass 
may be effected continuously while maintaining the furnace-heat at a uniform teur- 
perture, without the use of division-walls in the tank. 

"Vessels, as above described, may be also used in pots, and such pots may be 
worked as tanks with the hottest flame playing continuously over the surface of the 
material contained in them." 

This patent of 1881 quite supersedes the partial one of April 7, 
1877, re-issued in 1880 in which boats and rings of various forms 
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were used with only two compartments; although these do excellent     
service, and were very successfully used, especially in the form of 
floating rings, in the furnace for melting, refining, and working-out 
glass, patented October 19, 1880, No. 233,566. 

In this last-named patent we find a quite novel device described 
consisting of bars or girders of fire-clay, floated on the surface of 
the molten glass in the tank, and so secured in position as to divide 
the upper stratum of the molten matter into compartments. The 
imperfectly melted or impure material is thus kept at the supply end 
of the tank, and only the more thoroughly melted and pure matter 
is permitted to flow towards the working out end by passing down- 
ward and under these floating bridges. These bridges or girders 
are made quite separate from the tank, and are floated into position 
and secured in place by dowels or wedges of fire-clay introduced for 
that purpose through openings in the roof of the furnace. In order 
to assist the vertical circulation of the molten matter, floating rings 
of refractory material in greater number than required for gathering 
the glass, may be employed at the working-out end of the tank, and 
from these rings, near each working-hole, the glass to be worked 
should be gathered. These rings are renewed, as are the girders, 
as they dissolve or wear away in the molten metal. A glance at 
the figures accompanying this patent will render this device clear, 
if the description fails to do so, but these figures are too large to 
introduce into our paper. This mode of construction, designed to 
secure the effectual development of the original idea of the basement- 
patent of 1872, is as simple as effectual, and well illustrates the fer- 
tility of invention so characteristic of Charles William Siemens, 
whose individual patent it is. 

The subsequent patents of 1882 relate to various forms of melt- 
ing-and refining-furnace, of which that of July 11, 1882, is, perhaps, 
the mast important, claiming the advantages of a greater depth in 
the molten mass in the tank. This patent was issued to Frederick 
Siemens, of Dresden. After describing his invention, with reference 
to the accompanying drawings, he thus sums up the reasons which 
have led him to adopt the present construction, and the advantages 
derived from it. 

"The tank, D, is made over eighteen inches in depth for the following 
reasons: In continuous-melting tanks shown in former patents, the surface of 
the metal subjected to the action of the flame was made considerable, in order 
to permit of the reactions taking place in the upper portion of the current 
travelling towards the working-holes. These dispositions appeared 
indispensable, for the lower portion of 
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the metal in the tank is chilled by contact with the bottom, which is kept 
actively cooled by circulation of air to prevent leakage of the glass through 
the joints. By increasing the depths of the tanks to a sufficient degree while 
maintaining an active circulation of air beneath, the metal under treatment 
is maintained quite fluid to a depth of about eighteen inches, and it has 
been found not only possible, but advantageous, to reduce the surface-metal 
subjected to the action of the flame, for the reason that the reactions among 
the particles occur in this case, during their descent from the higher to the 
lower zones of fluid metal. This is particularly the case in bottle- 
glass furnaces, in which the finest glass always remains in the lowest 
zone, whence it is, according to the new arrangements, gathered by means 
of the floating vessels or other suitable means. In the fusion of window or 
other white glass there is a continuous descending and ascending 
movement of the particles throughout the mass, as is proved by the 
wearing away of the bottoms of shallow tanks. The ad- vantage to be 
obtained from increasing the depth of these tanks will be the forma- 
tion of a layer of chilled glass on the surface of the bottom, at which 
point the movement of the particles ceases, whereby the bottom blocks will 
be protected from wear, the presence of stones in the glass avoided, and a 
larger proportion of first- quality glass will be produced. It is also to be 
observed that by this construction the reduced surface of the tanks 
exposed to flame is accompanied with additional economy of fuel, owing 
to the diminished surface for loss of heat by conduction." 

In reviewing this series of patents it is evident that the inventors 
have constantly striven to simplify and generalize the leading 
thought which led to the comprehensive basement-patent of 1872, 
and to guard this invention by auxiliary patents calculated to fore- 
stall and avoid interfering or competing rivalries, and at the same 
time to meet the requirements of the glass-maker's art. It is evi- 
dent they never contemplated the remarkable advantages in the use 
of this glass furnace, now made available by the use of natural gas, 
flowing in unmeasured abundance in the very place, which, from its 
cheap coal, has already become the centre of the glass-industry of the 
United States. This bounty of nature simplifies the problem and 
does away with all the annoyances and expense of the gas-producer, 
leaving it to the ingenuity of the engineer only so far to modify his 
flues and gas- and air-ports as to meet the requirements of a gas free 
of nitrogen and carbonic acid, and enriched by ethane and its higher 
mutiples, and having of course a correspondingly greater calorific 
power, with the probability of a deposit of solid carbon in the flue 
and regenerator, unless the flow and temperature of air is properly 
adjusted to secure the complete combustion of the richer gas with 
which the engineer has to deal.* 

* As we are going to press a notice reaches us in Nature, Nov. 6th, of a 
paper read by Mr. Frederick Siemens, at the Chester Meeting of the Iron 
and Steel Insti- 
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NATURAL GAS. 

The flow of combustible gas from openings in the earth in various 
places, is a fact as old as Herodotus, and the Chinese are known to have 
used it, economically, from wells, said to be 3000 feet deep, bored, 
probably, before the days of Herodotus, and yet absurdly spoken of as 
"Artesian," as if the province of Artois, in France, could have in- 
structed the wily Celestials in an art which was old in China before 
Gaul was known to the Romans, and, for that matter, before Romulus 
 
tute, "On a New Method of Heating in the Regenerative Gas-Furnace." 
Mr. Siemens has reached the important conclusion that combustion can be 
perfect, and can be maintained perfect only when the space in which it 
takes place is sufficiently large to allow the gases to combine out of 
contact with solid materials. Another important deduction from these 
investigations is that combustion should be considered in two stages or 
periods, which may be respectively called active and neutral. In the first, 
the purely chemical combination of the gases takes place, during 
which, as soon as the temperature of ignition has been reached, the whole 
of the heat of the highest possible intensity is produced, of which a large 
portion is given off by radiation, whilst in the second, the temperature 
having fallen in the proportion of the heat given off by radiation, the 
remainder of the heat, which is no longer of an active character, is best 
transmitted by conduction  

"Mr. Siemens, in applying his investigations to practice, insists that 
flame must not be allowed to impinge on bodies to be heated, but must 
simply heat the bodies by radiation; and the furnace must be so constructed 
as to allow the flame to develop out of contact, not only with the 
substance on its bed, but with the walls and roof 
of the furnace itself. It thus follows that large furnaces must replace 
small ones; and to meet the objection that the loss of heat into the 
atmosphere must increase in proportion to the area of the furnace, Mr. 
Siemens explains that the heat developed in the furnace increases in a 
much larger ratio than its increase in area, because flame radiates in 
every direction from every portion of its entire volume, while a solid 
substance radiates from its external substance only. 

The details of construction of metallurgical and glass-furnaces, and of 
steam-boilers, are given in this paper of Mr. Siemens, and will be 
awaited with interest by all here interested in this very important 
question of how best to burn the natural gas of our wonderful gas-wells. 

It is stated, moreover, that " furnaces heated on the radiation principle 
have proved, both in Dresden and at Landore, to have been economical of 
fuel, whilst the saving from reduced oxidation and in the construction of the 
furnace has been found to be very great." 

No allusion is made in the abstract of Mr. Siemens's paper to the use of 
natural gases in these furnaces, but we can scarcely doubt that so acute an 
observer as Mr. S. has long since discovered the necessity for important 
modification in the construction of the regenerators for using this gas as 
compared to those employing producer gas, and we shall not be surprised 
to find, either in the paper itself or in the text of 
the patents covering this new form of furnace, direct allusion to its, 
adaptation to the use of natural gas. 
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or Remus nursed the wolf.*    The fire-worship of the Persians is 
believed to have had its origin in the escape of marsh-gas. 

The earliest use to which this natural illuminant was put in this 
country, was in the village of Fredonia, in Southwestern New York, 
'which was illuminated by the gas escaping from cracks in the rocks 
as early as 1827. This flow still continues, and has been increased 
by boring about 80 feet into the black shales of the Marcellus beds, 
which are everywhere charged with gas to a greater or less extent. 

In the salt region of the Kanawha Valley, the existence of large 
quantities of marsh-gas was known to the earliest explorers of that 
interesting region. The "Burning Spring," mentioned by Mr. Jef- 
ferson, in his Notes on Virginia, was the accident of an early ex- 
plorer going after nightfall, with a torch, to fetch water from the 
spring, when the flame of the torch ignited the gas escaping from 
its surface, to the great amazement of the explorer. When boring for 
salt water was, at a later day, commenced in that region, nearly every 
salt-well became also a gas-well, the gas, in many cases, jetting the 
water with force into the air, and this, taking fire, continuing to burn 
for a long time, even from wells of only 15 or 20 feet deep. It was 
about 1842 that Mr. William Tompkins first obtained a steady and 
permanent stream of gas of sufficient power, not only to throw the 
water up from the depth of a thousand feet to the surface, but to 
carry it into the reservoir elevated many feet above the bank of the 
river, thus avoiding the expense of a steam-pump. Mr. Tompkins 
appears to have been the first to think of using this gas as fuel. For 
this purpose he extemporized a gasometer, formed from a hogshead, 
placed over the reservoir, and into this vessel he carried the stream of 
water and gas. Providing an escape for the water, he soon had at 
command a steady flow of gas, which he conveyed by a pipe to the 
mouth of the furnace, a " salt block " of 100 feet long by 6 deep 
and 4 wide, producing a dense and intensely heating flow under 
the whole row of kettles. 

Mr. James A. Lewis, of Kanawha C, EL, Va. (now West Virginia), 
from whom we cite these facts, mentions† the well of Messrs. Dick- 
inson & Shrewsbury on the Kanawha, bored to the depth of one 
thousand feet, which presented an example of force and constancy at 
that time without example.    The flow from this well was obstructed 

* It is hardly- necessary to say, that in speaking of combustible natural 
gas, no reference is had to any other than the hydrocarbon gases, 
† Silliman's Journal, [I.], xlix., 211.    1845. 
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by an iron sinker at the bottom of the well, a long piece of round 
iron, nearly filling the bore ; on this were 600 pounds of iron, and 
about 300 feet of auger-pole used in boring, united by heavy iron 
ferules; yet, notwithstanding all this obstruction, a stream of water 
and gas issued through a copper tube, 3 inches in diameter, inserted 
in the well to the depth of 500 feet, with the noise and force of steam 
from the largest steam-boiler. It was computed that a sufficient 
quantity of gas came from this well to fill a reservoir large enough 
to light the city of New York for twelve years. 

These early examples of gas-wells are cited now only to show that 
the phenomenon is not new, and also as an interesting illustration of 
the fact that such remarkable phenomena should have been suffered 
to remain so long, practically without useful application. So slow 
is man to see the value of things requiring a departure from his daily 
experience. Thus it was with regard to the outcroppings of petro- 
leum, familiarly known, since the days of Herodotus, on the Caspian, 
and from the earliest occupation by white men at Oil Creek and 
elsewhere in America. 

The borings for oil and salt have been the means of opening many 
gas-wells, of which a familiar and rather exceptionally interesting 
example is that near West Bloomfield, New York, thirty miles 
south of Rochester. This well is said to be 500 feet deep; it was 
sunk in search of petroleum, and was túbed with a pipe of 5 inches 
diameter, descending into the Marcellus shales. The flow of gas was 
stated to be about 400,000 cubic feet in 24 hours, and its delivery 
had been constant for four years, when it was visited by Professor 
Henry Wurtz, in 1870. 

A company, organized in Elmira, laid a line of wooden pipes, of 
4-inch calibre, to Rochester, and introduced the gas as a source of 
heat, to the boiler of the chief hotel (Osborne House), for a time. 
A large quantity was introduced into the holder of the gas-works, 
on one occasion, but as no means were taken to remove the large 
quantity of carbonic acid the gas was known to contain, the result 
was disastrous, the next evening, to the brilliancy of the illumina- 
tion. Meantime the pipes filled with mud, stones, and water, and 
the whole scheme was so wretchedly engineered, that it, of course, 
was disastrous to the promoters. 

Professor Wurtz made a careful examination of the gas of this 
well, and the following is his analysis :* 

* Silliman's Journal, [II.], xlix., 336.    1870. 
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Marsh-gas, ------------------------------------------------------------------------ 82.41 
Carbonic acid, ---------------------------------------------------------------------10.11 
Nitrogen, ---------------------------------------------------------------------------4.31 
Oxygen, -----------------------------------------------------------------------------0.23 
Illuminating hydrocarbons,------------------------------------------------------2.94 
 

                                                                                          100.00 
              Density, ------------------------------------------------------------------- 0.693 

The carbonic acid in this gas is very much in excess of the amount; 
of CO2 usually present in the natural gas-wells, which is often under 
1 per cent. When Professor Wurtz visited this well, the jet of 
flame escaping from the open pipe rose into the air fully thirty feet. 
The temperature of the gas was judged to be about 50° F. The 
candle-power was about 6 candles, showing the effect of CO2 in re- 
ducing the brilliancy of its illumination. 

In a paper published in 1876, by Professor J. Lawrence Smith, 
on the gas-wells of Pennsylvania,* he speaks particularly of the 
Burns and Delamater wells of Butler County, then unique for the 
force and volume of gas delivered. In a quiet night, the roar of 
the escaping gas could be heard at 15 miles' distance, and at 4 miles 
it resembled the noise of a near approach of a train of railway cars; 
and when approached near at hand it was like the scream of a myriad 
of locomotives blowing off steam; at one-eighth of a mile it resembled 
the continued boom of cannon. The human voice was heard with 
difficulty, and the flame darted into the air to the height of 70 feet, 
like a burning church spire. In winter the surrounding hills were 
covered with snow, but for a couple of acres around the wells the 
herbage was green and in full vegetation quite near, where the earth 
resembled cooled lava. Troops of cattle were seen at a certain dis- 
tance warming themselves, and browsing on the herbage which 
appeared as if coming out of a hot-house. The pressure at the 
wells, in the 5½-inch pipe, is stated at 100 pounds per square inch; 
in a 2-inch tube, conducting the gas 15 miles to Freeport, the pres- 
sure was reduced from 200 to 125 pounds. 

Dr. Smith concludes his paper by citing the following analyses 
of the gas from four wells, by Professor Sadtler, of the Pennsyl- 
vania Geological Survey, which are also cited by the Engineers' Com- 
mittee in their report on Natural Gas, of May last, more particu- 
larly mentioned beyond. 

* Puits de Gaz en Pennsylranie. Par M. Lawrence Smith. Annales de 
Chimie et de Physique (5 série), 8, 566,1876. 
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Analyses of Natural Gas, by Sadller. 

 

The report of a committee of the Engineers' Society of Western 
Pennsylvania, made in May, 1884, at the meeting of this society 
and jointly of the American Society of Mechanical Engineers, then 
holding its semiannual convention in Pittsburgh, has since been pub- 
lished as a part of the volume of Memoirs, pp. 331-359, including 
the discussion called out by the report. From the physical and 
chemical side, this report is in many respects unsatisfactory, inas- 
much as it leaves many interesting questions unsolved, and sur- 
rounded by conflicting statements, such, for example, as the initial 
pressure of the gas-flow, and its temperature. From the minute 
details given by the committee relating to gas-distribution, the em- 
phatic testimony that only pipes of chain-metal, and never cast-iron, 
should be-used as the first essential of safety, that none but wrought- 
iron or bronze bends and unions can be admitted into dwellings 
with safety to those who use natural gas as a source of heat, it is 
evident that enormous pressures are to be provided for; and yet, 
we are left in doubt as to the initial pressure at the pipes of afflux. 
The temperature, of about 45° to 50° F., in the pipes of distribution 
appears in remarkable contrast with the accumulation of ice about 
the outlets of escaping gas, etc., evidently showing the necessity for 
multiplied observations and the more exact study of the conditions 
under which the natural gas exists in the deep-seated sources where 
the most obvious indications seem to point to its existence under a 
pressure equivalent to liquefaction. Of course, the intimate relation 
of the natural gas to the oil-outflow, is one of the conspicuous facts 
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which all stand ready to admit, but for the full understanding of 
which facts are still wanting. 

The one conspicuous fact remains, that in this great Deodand, the 
bounty of nature, we have a potential of a much higher value than 
can be furnished by any artificial gas-producer. Substantially free 
from carbonic acid, nitrogen, and other inert gases, when applied to 
glass-furnaces it offers to this industry a resource far surpassing any 
experience which the past can recall, especially when used in con- 
nection with the Siemens patents for glass-production. 

SODA-ASH. 

Until very recently, it has been considered a circumstance fatal 
to the production of cheap glass in the United States, that we failed 
to compete successfully with the cheap soda-ash of Europe by the 
Le Blanc process. But, thanks to chemistry, the steady march of 
improvement and discovery has, at length, brought the ammonia- 
soda process to a state of development which is not only practical 
in the best sense of that much-abused word, but which is to-day 
such as to enable the owners of the Solvay process at Geddes, near 
Syracuse, to furnish soda-ash in competition with Europe, but of a 
quality which sinks the Le Blanc process beyond competition. The 
new Solvay ammonia-soda product is 98 per cent to 98½ per cent 
pure carbonate, practically free from iron and other impurities, while 
the Le Blanc soda holds only at 78 per cent to 80 per cent of 
purity. The Solvay soda is free not only from iron, but also from 
the considerable contingent of sodium sulphate and chloride which 
give so much annoyance in the glass-pots from "gall," "scum," etc. 

This new industry is now actually supplying about 5 per cent of 
all the soda-ash consumed in this country, and it is destined soon to 
develop to a very considerable importance; for, in western New 
York are ample beds of pure salt, and probably the same exist in 
Pennsylvania; while the beds of rock-salt lately penetrated in the 
Wyoming region, and the salt water which flows with the gas in 
some of the Pennsylvania wells, will provide very large quantities 
of the raw material for the manufacture of soda-ash by the ammonia 
process. Nor is there need to fear that an adequate supply of am- 
monia cannot be obtained, for it must be remembered that every day 
the coke-ovens of Western Pennsylvania are wasting far more am- 
monia than will be wanted, should all the soda-ash now used in this 
country be manufactured here. 

VOL. XIII.—35 
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The one waste product of the Solvay ammonia process which 
remains to be utilized, is the chlorine of the salt now thrown away 
as calcium chloride, and this may become an important factor in 
another direction if, as has been suggested by Dr. Drown, chloride 
of calcium should prove to be of moment in the washing of coal. 

It appears, therefore, from this brief review of the facts connected 
with the glass industry, that we possess now all the material elements 
necessary to its prosperous prosecution. No mention has been made 
of the quartz-sand of the United States. But it is well known that 
this material exists in great abundance and of excellent quality, and 
is so distributed as to meet the wants of the glass-house at almost 
any point where the other elements of this industry are combined. 

For cheap bottle-glass we must look to the supply of a natural 
source of silica and soda--feldspar, of which no use has been made 
in this country. But for hohl-glass, window-glass, and all other 
forms, we have every element in abundance. 

The gas-wells of Western Pennsylvania certainly solve the fuel- 
question in a more satisfactory way than has been possible before in 
the history of this industry, either here or elsewhere; and the Sie- 
mens patents offer a solution of the utmost importance for the use 
of a part of this great natural bounty. 

[NOTE BY THE SECRETARY.--The lamented death of Prof. Silli- 
man, occurring January 14, 1885, while the foregoing paper was in 
press, prevented any revision of the proofs by him. Indeed, the 
manuscript itself was completed by him, with the aid of an amanu- 
ensis, during his illness. It was probably his last work; and the 
greater portion of it, which was in his own handwriting, gave touch- 
ing evidence of his physical feebleness, and of his determined effort, 
notwithstanding, to complete what he had undertaken.] 
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QUICKSILVER-REDUCTION AT NEW ALMADEN. 

BY SAMUEL B. CHRISTY, UNIYERSITY OF CALIFORNIA, BERKELEY, 
CAL, 

THE mines of New Almaden were opened some years before 
1850. The regular workings of which records have been kept ex- 
tend from that date to the present time. During the 34 years ending 
with 1883, the quicksilver product of these mines has been exceeded 
by that of Almaden in Spain only. 

During this period, the yield of New Almaden has been 79 per 
cent of that of its namesake in Spain, three times that of Idria in 
Austria, and greater than that of all the other mines in the world 
put together. Very little, however, has ever been published re- 
garding either the mine or its works. 

These facts, together with the energy with which improvements 
have been introduced and perfected at New Almaden, particularly 
during the last ten or twelve years, justify the length and detailed 
nature of the present paper. 

This study of quicksilver reduction will consider: 
1. The ores: their sorting and classification. 
2. Methods of reduction: historical sketch. 
3. Reduction-works: their situation and arrangement. 
4. Furnaces : their construction, mode of operation and economic 

results. 
a. Intermittent furnace. 
b. Continuous coarse-ore furnaces. 
c. Continuous medium-ore (granzita) furnaces. 
d. Continuous fine-ore (tierra) furnaces. 
In a subsequent paper will be considered the important subject of 

condensation, the production of the works, and the total cost of pro- 
duction. 

I. ORES. 

SORTING AND CLASSIFICATION-. 

As is well known, the ore at New Almaden is cinnabar. Native 
quicksilver occurs also; but, as a rule, in small quantities only. 
Pyrite occasionally accompanies the ore. Bitumen is quite common, 



548 QUICKSILVER-REDUCTION  AT  NEW  ALMADEJST. 

sometimes as a fragile black lustrous solid, resembling soft bitumi- 
nous coal, but melting easity l ike  tar; at other times it occurs in the 
vugs of the gangue, in a liquid state, like coal-tar. I have found 
lumps of apparently pure cinnabar from New Almaden, to give a 
voluminous residue of pulverulent charcoal, when subjected to sub- 
limation out of contact with the air. This would seem to show that 
the bituminous substance is intimately associated with the cinnabar. 
The latter occurs associated with a gangue of serpentine, dolomite 
and a hard chalcedonic or soft chloritic "vein-matter." Very rarely 
the ore is found disseminated in sandstone. 

The "vein-matter," just as it is broken in the labores, or stopes, 
of the mine, is run out in ore-cars on an elevated tramway above the 
planilla, or dressing-floor, belonging to each center of production. 
At the Randol planilla, for instance, this tramway is 14 feet 6 inches 
above the dressing-floor. 

Beneath these tramways, at convenient intervals, are placed bar- 
screens inclined at 45°. The bars, slightly chamfered at the bottom 
to prevent choking, are placed an inch to an inch and a quarter apart. 
To prevent spreading, they are stayed with iron cross-bars at intervals 
of 4 feet. Their total outside width is 5 feet. Upon these screens 
the ore is dumped, and what passes through is known as tierras. 
The coarse fragments which fail to pass the screens are carefully 
examinee), and any lumps that show signs of cinnabar are broken by 
hand to a maximum diameter of 9 inches, and the waste is rejected. 
The picked ore is known as granza. 

During 1882 and 1883 the totals from the mine were as follows: 

 
This table shows that about one-sixth only of the coarse material 

stoped is sent to the works for treatment. All the fine ore is sent 
there. 

Besides these ores which come from the present workings, there is 
another supply, coming from the old dumps, mostly situated at the 
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mouth of Main Tunnel. These dumps are now being worked for a 
second time. In handling this material, all large lumps that are 
evidently waste, are immediately rejected; the rest is dumped upon 
screens similar to those just described. The screenings furnish "old 
dump tierras." The coarse fragments are broken and washed in a 
large tank on ore-forks, to remove the dust with which they are 
covered ; and any fragments which show even a color of cinnabar, 
are set aside as terrcro. This has a maximum diameter of 6 inches. 
The product of the old dumps for the last two years is as fol- 
lows : 

 
The old clumps being exposed to the weather are worked only 

during the dry season, while at the regular mine planillas, which are 
covered by sheds, the work goes on all the year round. 

The cleaned ores are transported to the ore-chutes and bins at the 
Hacienda (the name given to the reduction-works). Here they are 
still further classified, partly by the screens in the ore-chutes, partly 
by screens on the top of the ore-cars. By this means, a new class of 
ore is introduced, intermediate in size between the iierras and the 
granza. This class is called granzita. The screens at the ore-chutes 
are mostly made of cast-iron plates, with 1¼-inch square holes ar- 
ranged in diagonal rows across the plate. These separate from the 
mine-tierras and granza a certain quantity of coarser fragments 
(granzita) that has passed the bar-screens at the planilla, owing to 
the shape of the fragments or to the spreading of the bars. 

The same ore-product is, therefore, classified somewhat differently 
at the mine and at the works.    Thus : 
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It will be observed that at the works, no distinction is made be- 
tween new mine and old dump granzita and tierra ores. 

The general effect of a heap of granza-ore with a light green back- 
ground of serpentine and " vein-matter," lighted up by bright masses 
of cinnabar, is quite pleasing to the eye. This class of ore usually 
runs at present from 6 to 8 per cent. metallic quicksilver. 

The terrero has much the same composition as the granza; only 
its exposure to the weather on the dump has given it a dull, rusty 
look, and its quicksilver content is not more than 1 to 2 per cent. 

The tierras and granzitas vary, according as they come from one 
or the other of the above classes of ore, from a dull green to a rusty 
earthy appearance. Fragments of cinnabar are easily detected by 
the eye in some cases, and in others only by panning. Their quick- 
silver-content usually averages 1 to 3 per cent. 

The total product of the mine for the last two years, classified as 
above explained, was: 

 
The total amounts treated at the  reduction works for the same 

periods were: 

 
The differences between these sums total and the product of the mine 

is, of course, accounted for by the ore left over in the ore-bins. 
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The ore on  hand at the reduction-works for the end of these 
periods was: 

 

The granza and the tierras are weighed on platform-scales as they 
leave the planilla; the terrero and tierras from the old dump are 
estimated by volume. At the works, the granza only is weighed; 
the granza screenings, granzita and tierras are estimated bv volume. 
The latter, by experiment, weigh about 85 pounds per cubic foot, or 
23.5 cubic feet per ton. 

It is evident that more than two-thirds of the total product of the 
mine is in the form of smalls. The method of treatment must, there- 
fore, be adapted to this fact. 

II. METHOD OF REDUCTION. 

HISTORICAL SKETCH. 

The above account of the nature of the ores in mind, the following 
sketch of the gradual development of the methods now in use will 
be more intelligible.* 

The first attempt at quicksilver reduction was made by treating 
the ores in whalers' trying vats. These were made into retorts by 
luting on iron covers; but so much salivation of the men resulted 
from their use that they were soon abandoned, and regular iron retorts 
were introduced instead. The retort process necessitated crushing 
all the ores in order to mix them with lime, and was so expensive 
 

* Most of the standard works on metallurgy state that quicksilver is 
reduced at New Almaden in retorts. This was once true; but, as nearly as 
can be now learned, has been abandoned since 1850. Retorts were used at 
the Enriquita Works later, till 1858 or 1860, for ore-reduction; at New 
Almaden proper (the Hacienda), they were used after 1850 only for making 
assays or tests. with rich ores. Since 1860, they have been entirely 
abandoned. The standard authorities are thus more than 20 
years behind the times. 



552 QUICKSILVER-REDUCTION AT  NEW ALMADEN. 

that only the rich ores would pay for treatment. As a consequence 
concentration by washing or a total rejection of the poorer ores was 
necessary, in either case giving rise to considerable loss. Hence, 
even before 1850, attempts were made to treat all the ores, as was 
then done at Idria, Austria, and at Almaden in Spain, by roasting 
them and condensing the quicksilver from the products of combustion. 

The first furnaces built were badly constructed, with. poor ma- 
terials, and gave rise to the loss of much metal in the foundations. 
But experience soon led to the type of intermittent furnace afterwards 
widely used in California. One of these furnaces, known as No. 6, 
is s t i l l  in use at New Almaden, and with the other furnaces now 
used will be described in detail later on. 

This furnace was a great improvement on the old retort-system. 
It was also an improvement on the intermittent furnaces then in use 
at Idria and Almaden ; for the ore was supported by a solid floor 
and not by arches attacked from below by the full force of the flames. 
It had, however, all the disadvantages common to discontinuous 
furnaces. In the treatment of quicksilver-ores, the dislocation of 
furnace and condenser-walls, resulting from sudden changes of tem- 
perature, was particularly injurious. The quicksilver escaping, both 
as liquid and as vapor, from these openings, caused both loss of 
metal and injury to the men. But the most serious disadvantage 
was the difficulty of treating the fine ores in these furnaces. The 
tiaras, forming, as we have seen, the greater part of the product of 
the mine, had to be mixed with clay and made into sun-dried bricks, 
locally called adobes* before they could be roasted at all in the fur- 
naces then used. As the tierras from which the adobes were made 
were poor ores, the expense of making them largely reduced the 
profit of treating these ores. 

The next important improvement was the introduction of the con- 
tinuous coarse-ore furnace. This furnace was first invented and 
built for burning lime near Berlin by the celebrated Count Rumford.† 
It was first introduced at Idria, Austria, by Bergrath Adolf Exeli in 

 
* The adobes were made in wooden frames by hand, just as bricks are 

made; the frames forming six at a time. The moulds were 4} inches by 
5¼ inches by 10¼ inches inside measure; and the sun-dried adobe weighed 
about 12 pounds. In 1S75, the cost of making the adobes was 50 cents per 
ton, and that of handling them after-wards, drying, etc , 45 cents per ton 
Total additional cost of treating tierras, 93 cents per ton. 

† Described in Karsten's Archiv für Mineralogie, Geognosie, Bergbau 
und Hüttenkunde, 1837, pp. 645 to 702. 
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1871, and proved so effective there that its introduction at New Al- 
maden followed in 1874. The first furnace worked so well that a 
second was built in 1875. These furnaces, locally known as Nos. 7 
and 9, are also called "monitors," in allusion to their shape, and to 
the fact that they are iron-clad. With the introduction of these 
furnaces, the economical treatment of the coarse ore was satisfactorily 
accomplished. 

But the most serious problem yet remained. Two-thirds of all 
the ore had stil l  to be worked into adobes, whether it went through 
the monitors or the intermittent furnaces. The fine ores of Almaden 
in Spain are even yet made into adobes, while at Idria, Austria, 
this class of ores is treated in continuous reverberatory furnaces 
(Fortschaufclungsöfen). At New Almaden, the problem has been 
solved in a much happier manner by the invention of the Hüttner 
and Scott furnace. 

This must be regarded as the most important contribution to the 
art of quicksilver-reduction that has originated at New Almaden. 
The inventors of this furnace are Mr. H. J. Hüttner, the well-known 
mechanical engineer, who devised nearly all the details of the various 
furnaces of this type, and Mr. R. Scott, the furnace-mason at New 
Almaden. To the careful and patient experiments of its inventors 
and of Mr. J. B. Randol, the Manager of the Quicksilver Mining 
Company, who introduced several important improvements of his 
own, the practical success of this furnace is due. 

The general idea of this furnace is similar to that of the Hasen- 
clever-Helbig shelf furnace. In common with the latter, it utilizes 
a series of inclined shelves, placed in the opposite walls of a narrow 
vertical shaft to retard the descent of a column of fine ore. But it 
differs from the Hasenclever type in combining a number of ore- 
chambers in the same structure, and in the devices for regulating 
the passage of the products of combustion and for effecting the dis- 
charge. 

The original experimental furnace, No. 5, contained two high, 
long and narrow ore-chambers, separated by pigeon-hole walls from 
the fire-place on one side and the vapor-chamber on the other. 
From either wall of the ore-chambers projected tile-shelves, placed 
alternately in the. opposite walls. These shelves were inclined at an 
angle of 45° to the walls, and each shelf was therefore perpendicular 
to the next lower one in the opposite wall. The distance from the 
edge of one shelf to the face of the next below it was three inches, 



554 QUICKSILVER-REDUCTION AT NEW ALMADEN. 

thus forming an aperture through which the ore could pass. This 
aperture I shall call, for convenience, the shelf-slit. 

When fine ore was fed into this ore-chamber through a hopper at 
the top, it ran from one shelf to the next, until the column found 
support upon the discharge-apparatus at the bottom, whereupon the 
whole column came to rest throughout the structure. Thus the 
shelves of the ore-chambers were kept covered by an irregular zigzag 
column of ore. The end-walls of the chamber were pierced with 
pigeon-holes, so that the flames might pass from the fire-place under 
each shelf and over the ore lying upon the shelf beneath, to a vapor- 
chamber on the opposite end of the ore-chamber. Thence they passed 
to the condensers. In the first experimental form, the flames made 
only one passage across the ore-chambers. The furnace, as thus con- 
structed, roasted the ores well enough; but the escaping vapors 
were still quite hot, and the consumption of fuel was considerable. 

To render the furnace more economical of fuel, to confine the 
greatest heat to the bottom of the furnace, so as to secure the thorough 
roasting of the ore, and to allow the vapors to escape to the condensers 
just above the boiling-point of quicksilver, was the next object. All 
the above improvements in the working of the furnace were effected 
by placing arches across the vapor-chambers and over the fire-box, 
so that the air and fumes were compelled to make four passages 
across the furnace on their way to the condensers. First, the air 
which entered the fire-place was drawn through the roasted ore, thus 
absorbing its heat and removing any quicksilver-vapor which it might 
contain. Next, the hot products of combustion passed through the 
nearly roasted ore, thus imparting to it a maximum temperature; and 
finally they were passed again back and forth through the colder ore 
in the upper half of the ore-chamber. In this way the excess of heat 
was imparted to the cold ore, and the fumes left the furnace for the 
condensers only moderately heated above the boiling-point of quick- 
silver. With these changes, the furnace was found to do uniformly 
good work at a small expenditure of fuel and labor; and in this 
form it was patented by Hüttner and Scott, October 31st, 1876. 

The capacity of No. 5 was at first only 6 tons per 24 hours. It 
was afterwards increased to 12 tons, but it was evident that the 
full economy of the new furnace could only be attained when it was 
erected on a larger scale. Consequently, in the same year, 1876, a 
larger furnace, No. 8, was erected. This was a double furnace, two 
furnaces similar to No. 5, but larger, being united end to end in the 
same structure.    It was originally supposed that one of these might 
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be repaired while the other was in use. Experience has shown the 
heat to be too great to allow this; and they are now always used to- 
gether without inconvenience. 

In 1877 and 1878 a new furnace, No. 3,* was started. "While 
this furnace was of the same type as its predecessors, its capacity was 
still greater, and it differed in having three pairs of ore-chambers 
placed side by side, and all heated by the same fire-place. Another 
modification was introduced in the middle pair of ore-chambers. 
These were made with a 5-inch shelf-slit, and were to be used for 
roasting granzita; but it was found that the temperature best adapted 
for roasting tierras was not suited for granzita; and tierras only are 
now treated in all the chambers of this furnace. 

Finally, in 1879, a new furnace, No. 2, with two ore-chambers, 
having an 8-inch shelf-slit, was introduced for treating the granzita 
ores, intermediate between granza and tierras. The granzita, it will 
be remembered, runs from 3½-inch down to l¼-inch diameter. In 
1880, a second granzita furnace, No. 1, was built with two pairs of 
ore-chambers. With the above improved furnace-plant, the economi- 
cal treatment of fine and medium quicksilver ores may be said to be 
accomplished. 

In the early history of the mine, according to most accounts, the 
condensation of quicksilver was very imperfectly effected. Professor 
W. P. Blake, in a letter to Professor J. D. Dana, † dated February 
14th, 1853, speaks of the loss of mercurial fumes escaping from the 
chimneys, and of "the peculiar gray coating upon their tops." An 
article in the American Cyclopœdia, some ten years later, speaks of 
the salivation of men and animals about the works, and " the deposit 
of mercurial soot upon the roofs around." 

During the last ten or twelve years, while improvements have 
been going on in furnace-construction, constant attention has been 
given to the subject of condensation. The various devices that have 
been found most successful will be considered under the head of con- 
densers on another occasion. 

* Most of the furnaces at New Almaden are built on the sites of old intermittent 
furnaces, and retain their numbers as a survival. To avoid confusion, the designa- 
tions used at the works are retained in this paper. 

† American Journal of Science, vol. xvii., p. 438.
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III .  REDUCTION-WORKS. 

SITUATION AND ARRANGEMENT. 

The beautiful spot occupied by the Hacienda, or reduction-works, 
is familiar to many California travellers. It was chosen in the early 
history of New Almaden. The road leading to the mine leaves the 
San Jose Valley, and, turning to the south, enters the cañon of Los 
Alamitos creek. The handsome residence of the manager and the 
neat village of the officers and the workmen make a pleasing picture 
to the east of the well-shaded road. This latter is cooled by a run- 
ning stream, a luxury all too rare in California summers. Just above 
the village, the narrow cañon widens out to an area of a dozen acres, 
giving barely room for the red notion-works. 

The summit of Mine Hill is a mile to the west of the Hacienda in 
a direct line, and thirteen hundred feet above it. A fine wagon-road, 
three miles in length, and a shorter tramway with self-acting in- 
clines, serve to bring the ore from the mine to the works. 

A general idea of the arrangement of the latter is best given 
by the plan of the furnace yard, Plate I., from a survey made in 
]879 by Mr. Hennen Jennings, now superintendent of the mine.* 
Since that time considerable changes have been made in the con- 
densation-systems    These changes will be mentioned later. 

The ore-tramway from the mine is seen entering the works at the 
top of Plate I. near the middle. It is situated at the foot of the tall 
bluffs behind the furnace, at a height of 60 feet above the furnace- 
floor. From thence, the ore is dumped into the ten chutes arranged 
along the sloping sides of the bluff at an angle of 40°. These are 
arranged with bar- or cast-iron screens, as before described, to sepa- 
rate the tierras from the granzita, and have in most eases aprons of 
hanging logs to retard the descent of ore and facilitate the removal 
of smalls. 

The granza and terrero go directly from the chutes to the furnaces; 
but as there is not storage capacity enough in the chutes for the 
tierras and granzitas, the latter are distributed by elevated tramways 
to the ore-sheds arranged at convenient points in the furnace-yard. 
It is necessary to accumulate during the summer months a stock of 
these ores to last through the winter, as they would be too wet to 

* Plate I., and all those accompanying this paper except Nos. IV and V, were made 
from drawings of Mr. F. Von Leicht. 
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roast if exposed to the rains. Tin's is all the more necessary, since 
they already contain considerable moisture, and must usually be dried 
before roasting. 

The situation of the furnaces we have mentioned is evident from 
the plan. Near the furnaces are seen the bottling and weighing 
rooms. These are kept under lock and key, and are in the charge 
of, the watchmen. The quicksilver is conducted from the entire 
system of condensers belonging to each furnace by iron pipes which 
lead to boxes, with goose-necks at the bottom, from which nearly 
constant slender streams of quicksilver flow during the regular work- 
ing of the furnaces. 

The metal is allowed to accumulate in large iron vats, whence it 
is weighed out into flasks, bottled and stowed ready for shipment. 
The product of each furnace is recorded separately. 

After passing through the condensing system attached to the fur- 
nace in which it is produced, the smoke is conducted to brick towers. 
In these brick towers auxiliary fire-places are placed, to heat the 
side-hill flues in case of insufficient draft. The side-hill flues lead 
to tall brick chimneys on either side of the creek, which serve to 
dissipate the products of combustion. These chimneys are not shown 
in the plan. 

The spent ore, or waste, locally termed "slag," is drawn from the 
cooling-pits of each furnace into cars, whence by tracks shown in 
the plan it is dumped into Alamitos creek which effectually disposes 
of it. 

Owing to the lack of sufficient level space for stowing ore above 
the furnace-heads, three elevators are used to lift the tierras and 
granzitas from the floor of the works where they have been stored 
(or dried in the sun during the summer) to the top of the furnaces. 
Two of these are water-balance elevators, while the other is a water- 
pressure elevator with piston. 

The furnaces, condensers and ore-floors are roofed over; but the 
sides of the structures are mostly left open to afford free ventilation 
for cooling the condensers and drying the ores. 

Despite the necessity of making all improvements without any 
interruption to the regular production, the works are well and con- 
veniently arranged, and are kept in excellent order. 

In addition to the main plant above mentioned, the plan shows 
the situation of the soot-floors and kettles, the bath-rooms for the 
men, the offices of the company, the carpenter and the machine-shop. 
The latter is furnished with between 3 and 4 horse-power by an over- 
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shot wheel, 6 feet wide and 20 feet in diameter.    The New Almaden 
"Vichy" spring is also shown on the plan. 

IV. FURNACES. 

CONSTRUCTION, OPERATION AND RESULTS. 

After this general view of the works a detailed study of the fur- 
naces themselves comes next in order. No further mention will be 
made of devices now abandoned, and we shall consider only those 
furnaces now in actual use. 

a. Intermittent Furnaces. 
Furnace No. 6.—This, the last survival of the old intermittent 

furnace in its most perfect form, is shown in Plate II. The hori- 
zontal and vertical longitudinal sections show the furnace proper. 
In the left end of these figures ( in  the former), A to B is also 
shown the first condenser and combined ore-drier (not an essential 
part of the furnace, and to be mentioned in the next paper). 

The ore-chamber which forms the main body of the furnace is 
also shown in cross-section G H. It is separated from the fire-place 
on the right and the vapor-chamber on the left by pigeon-hole 
walls. These walls have in plan the form of an arch with the con- 
vexity towards the ore-chamber, as they serve to keep the ore from 
the vapor- and fire-chambers. 

The ore is charged into the ore-chamber through the top of the 
furnace, being lowered in a Mexican ore-basket by hand. A series 
of "channels" or flues is built along the bottom across the ore- 
chamber, in continuation of the apertures in the pigeon-hole wall, 
with lumps of coarse ore. In former times adobes were used for 
this purpose. "When the first series of channels has been built, a 
layer of coarse ore two or three feet thick, according to the size of 
the fragments, is charged into the furnace; then another series of 
channels is built, and so on to the top of the furnace. To counter- 
act the natural tendency of hot air to roast the upper rather than 
the lower layers of ore, the channels are made smaller and farther 
apart in the upper layers of ore, and a certain amount of tierras and 
soot from the condensers is added to the coarse ore for the same 
reason. The ore-chamber is 12 feet long by 9 feet wide, and 17 
feet 6 inches high, inside measures ; and the charge of ore is 80 to 
100 tons.    The discharge-ports or draw-holes are four in number, 
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two on each side of the furnace. They are bricked up during 
the roasting of a charge, except a peep-hole, kept tight by a luted 
brick. It will be noticed that the final discharge-opening for the 
fumes has its bottom on a level with that of the ore-chamber, and 
its top at a height of 6 feet 9 inches above the floor. This is to  
counteract the upward tendency of the gases already mentioned. 

The operation of these furnaces as now managed (without adobes) 
is as follows: 

1. Charging.—This takes the labor of 8 men for one day. As 
already described, the coarse ores (granza and terrera) are used to 
build channels, the coarse ores are next piled in indiscriminately, 
then another series of channels, and so on, till a layer of soot and 
tierras fills the furnace to the top. The draw-ports are then bricked 
up; on top of the charge pieces of old sheet-iron are laid; on these 
is placed a two- or three-inch layer of straw manure, and on the 
latter, a layer of moist clay of about the same thickness. The fur- 
nace is then ready for the second period. 

'2. Roasting.—This requires, in most cases, the labor of one man 
per shift of 12 hours for five days and four nights. Besides attend- 
ing to the firing, the man in charge of the furnace lutes any cracks 
that may appear in the port-hole doors, and from time to time sifts 
ashes over any cracks that may form in the clay luting that covers 
the top of the furnace. 

3. Cooling.—This, of course, requires no labor.    When the firing , 
is stopped, the furnace is allowed to cool for three days and nights, 
the air passing through it into the condensers all the time, remov- 
ing any quicksilver that may be still retained in it, and cooling the 
ore so that it may be handled by the men. 

4. Discharging.—For this the labor of 4 men for one day is nec- 
essary.    The top is removed to create an upward draft through the 
furnace; the discharge-ports are broken open; and the men draw 
the spent ore through the ports into the slag-cars. 

In this manner a charge of ore is finished in just ten days; so 
that three such charges may be put through in one month. Formerly, 
when the intermittent furnaces only were used, Jess time was given 
to the roasting and cooling periods in order to increase the produc- 
tion. As a consequence, the ore was not always thoroughly roasted ; 
and the men who charged and discharged these furnaces suffered 
considerably from the heat and the fumes of the mercury. The time 
of roasting and cooling such a furnace should of course be greater 
with rich than with poor ores; and the fact brought out by the 
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present management that sufficient time was not allowed to properly 
roast rich ores in these furnaces explains in large part the losses and 
evils formerly connected with their use. 

In order to make a comparison of the merits of the different fur- 
nace-systems in use at New Almaden, I have given the actual work- 
ing results of each of them for the year 1882. Thus, the actual re- 
sults obtained from No. 6 are given in the foregoing table. This 
was made up from the admirable system of furnace-records kept at 
the Hacienda.* 

Thanks to the Hüttner and Scott furnace, it is no longer necessary 
to treat tierras in the intermittent furnace. If it were necessary to 
treat a full charge of adobes, this would, according to the results for 
1875, add 95 cents per ton to the present cost of §1.37, or nearly 
70 per cent, to the present cost of roasting in the intermittent fur- 
nace. 

b.  Continuous Coarse-Ore Furnaces. 
Furnaces No. 7 and No. 9.—This pair of duplicate structures is 

with some slight improvements of detail the same as the continuous 
coarse-ore furnaces introduced at Idria, Austria, by Bergrath Exeli, 
from the model of the old Rumford lime-kiln. They are coarse-ore 
shaft roasting furnaces with exterior firing. 

They are shown by the figures of Plate III. As will be seen 
from the horizontal sections and top view, the lower half of the fur- 
nace is a regular hexagon with abutments at the alternate sides. 
These abutments contain the fire-, ash- and draw-pits. Vertical sec- 
tion AB shows this still more clearly. Each abutment has on its 
face a fire-door and an ash-pit door, which latter also commands the 
discharge-door for the spent ore. The spent ore, after being drawn 
from the cooling-pit of the shaft into the ash-pits, is left there until 
its fumes are exhausted, and is then drawn into the slag-cars through 
discharge-doors. These discharge-doors are placed on the side of . 
each of the three abutments, lower down than the ash-pit doors. 
One of them is shown on the side of the abutment seen in the ele- 
vation. 
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The upper half of the furnace is cylindrical. It is closed at 
the top by a flat dome which contains the charging apparatus in the 
center. The fumes of the furnace are removed from the vapor- 
chamber at the top of the shaft above the surface of the ore, by 
means of iron pipes 12 inches in diameter. In No. 9, there are three 
of these discharge-pipes, one of which is placed at the top of the shaft 
on the side opposite each fire-place. In No. 7, there are, in addi- 
tion, three others placed at the top of the shaft, one above each 
fire-place. By means of short cast-iron pipes, these holes are connected 
with a cast-iron down-take by means of a rectangular system of 
pipes which encircles the head of the furnace. These pipes, inclined 
downwards at an angle of 10°, lead into the condensers. To keep 
the pipes clear of soot, they contain small discs of iron. These 
discs are moved by iron rods, passing through stuffing-boxes at the 
angles of the pipe-system. They are only occasionally used, and the 
piston rods are luted with clay when not in use. 

The shaft itself is a cylinder, 6 feet interior diameter, by 11 feet 
3 inches high, joined to the frustum of a cone 8 feet deep, contract- 
ing to a diameter of 4 feet at the bottom. Along the sides of the 
cylindrical part of the shaft, opposite each of the fire-places, are 
placed a series of 4 peep-holes. These, ordinarily closed gas-tight, 
are used to determine the height of the ore-column and its tempera- 
ture. 

The fire-places and discharges have the details common to well- 
designed continuous shaft roasting-furnaces of this type. The shaft 
and fire-places are lined with fire-brick ; the rest of the furnace is of 
red brick, with the usual expansion-space between. 

The entire structure rests on a slightly cone-shaped iron plate 
which crowns the foundation. This causes any quicksilver that 
might permeate the masonry to flow to the center of the furnace- 
bottom where provision is made for receiving it. Experience 
shows, however, that this precaution is hardly necessary, as no metal 
has ever reached it. 

The lower half of the furnace is inclosed by cast-iron plates, bolted 
and cemented with rust joints. The cylindrical part has a jacket of 
1/8-inch sheet iron; and a cast-iron top-plate crowns the whole, and 
makes the furnace vapor-tight. 

The charging apparatus consists of a combination of devices used 
in iron-smelting, viz.: the hanging cylinder, and cup and cone. 
But, owing to the value and poisonous nature of quicksilver fumes, 
an additional cylinder and cover, with water- or sand-joint, is intro- 
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duced above the other devices (section A B). The rod moving the 
cone passes gas-tight through a stuffing-box in the center of the cover, 
and is attached to a balance-weight. The cover itself is also attached 
to balance-weights by two chains passing over pulleys. The charging 
is thus easily effected without exposing the men to the fumes. The 
cover is lifted; a charge of ore and a little fuel is dumped from 
the ore-car into the hopper, and the cover is lowered into place. The 
charge is then allowed to warm in the hopper, t i l l  it has nearly assumed 
the temperature of the top. This is done to avoid chill- 
ing the fumes and condensing them in the furnace by contact with 
cold ore. At the proper time, an equal volume of spent ore having 
been meanwhile drawn below into the ash-pits, the cone is lowered 
and the charge dropped into the furnace. The small quantity of 
fumes that escapes into the space between the cup and cover is 
allowed to cool a few minutes, the cover is again lifted, and a new 
charge is added to the hopper. 

These furnaces were erected under the immediate supervision of 
Mr. H. J. Hüttner. The details of construction are throughout 
excellent; they work admirably, and, although they have been in 
almost continuous operation for nearly ten years, they have required 
hardly any repairs. 

The mode of operating these furnaces is as follows: when first 
started for a campaign, they are filled above the level of the fire- 
places with spent ore, and then with ore to just below the level of 
the uppermost peep-hole. This level is never exceeded ; so that 
there is always above the level of the ore a vapor-chamber, at least 
three feet high, containing 140 cubic feet, in which the fumes collect 
before passing out of the exit-flues. With the ore when charged 
there is mixed 1½ per cent. of coal, charcoal, or coke, to assist in 
raising the temperature at the top of the furnace and to keep the 
ore-column more open. A good fire of pine or oak is maintained 
in each of the three fire-places. The charge of 1600 pounds of ore 
and 24 pounds of coke or other fuel, previously weighed on the ore- 
scale, has been placed in the hopper. As soon as the lower peep- 
hole shows a dull cherry red, a quantity of spent ore is drawn into 
the ash-pits, the new charge is lowered into the furnace, and the 
hopper is refilled as before described. 

The spent ore is allowed to remain in the ash-pits, discharging 
any fumes, that may be still retained, back again through the fire- 
place into the furnace. At the end of this period it is drawn through 
the side doors of the abutments into the "slag"-cars.    Another 
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charge, equal in volume to the new charge, is again drawn through 
the discharge-holes of the shaft into the ash-pit, and then the new 
charge is dropped from the hopper into the furnace. This series of 
operations goes on every two hours as long as the campaign lasts. 

At this rate, these furnaces roast 93/5 tons per 24 hours, and, as 
by actual experiment they hold 21 tons, it takes 521/5 hours for a 
charge of ore to pass through the furnace. The capacity of those 
furnaces might easily be increased by drawing and charging more 
frequently or in greater quantities, and with poor ores this would 
be advisable ; but with the rich ores (6 to 8 per cent.) now treated 
in these furnaces, experience has led to the above practice. 

The amount of labor required for these furnaces is very small. 
Two men per shift of 12 hours charge and discharge both of them. 

The foregoing tables show the actual furnace records of furnaces 
7 and 9 for the year 1882. The total amount of ore treated, of 
quicksilver produced, and the expenses, are given ; also, the expense 
per day and per ton for each furnace, and the average for both. 

In comparing these furnaces with No. 6, it must be remembered 
that both the former are run with the same amount of labor that 
would be required for one of them if run singly. If two such fur- 
naces as No. 6 were run together, while it would, of course, take 
double the labor to charge and discharge them, the same men could 
fire them both during the whole time of roasting. So, if we should 
compare two such furnaces as No. 6 with two such as No. 7 or No. 9, 
or if we compared No. 6 with either No. 7 or No. 9, working alone, 
we should have a more favorable showing for No. 6 than is here 
given. As it is, the cost of treating a ton of ore in No. 7 or No. 9, 
when both are run together, is only 70 per cent. of that of roasting 
in No. 6 when the latter is run by itself. 

c. Continuous Fine-Ore Furnaces. 
The great importance of finding some economical method of treat- 

ing the large product of poor smalls produced by the mine has been 
already explained. Making this ore into adobes would add 70 per 
cent. to the cost of treatment in furnaces of the type of No. 6, and 
would double the expense of treatment of these ores in Nos. 7 and 
9. The reverberatory furnaces (Fortschaufelungsöfen) used at Idria 
would equally be out of the question, at the high prices for labor 
and fuel that obtain in California. 

We have already traced the gradual growth of the Hüttner and 
Scott furnace, and sketched the successive stages which the  inven- 
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tion has reached. Now, for convenience in description, the furnaces 
will be taken up in the inverse order, the last-built being considered 
first, 

Continuous Granzita Furnace, No. 1.--This is shown in Plates 
IV. and V., on a scale ¼" to 1'. In both plates the letters have 
the same significance. In the horizontal sections, Plate IV., are 
shown, in the upper half, the horizontal section through the first 
air- or vapor-chamber, and, in the lower half, the one through the 
fire-place. 

The fire-place, a a, is arranged for burning wood, and is fed from 
both ends. An earthenware pipe, l l, 16 inches interior diameter, 
passes through the condensers, thus cooling them, and feeding the 
fire-place with warm air. From 11 run also a series of air-ways, 
m m, built in the walls of the fire-place and of the ore-chambers, thus 
cooling them, and supplying air for the more perfect combustion of 
the flames. 

In the upper section is the lower air- or vapor-chamber d d, and 
between this and the fire-place are the four vertical air-chambers 
into which the furnace is divided. The shelves are shown at s, ,, 
s,,, s,,,, as will be explained more clearly by Plate V. 

The discharge- or draw-pits j, k, are fitted with counter-balanced 
doors, to retain the dust, and they feed upon an apron, and thence 
into the waste-car. 

The horizontal dimensions of the furnace at this section, exclusive 
of the foundations, are 17 feet 6 inches by 25 feet 6 inches. The 
vertical height from the top of the furnace-masonry to the ground- 
line is 36 feet; the foundation goes down 7 feet 6 inches deeper. 

The horizontal views in Plate IV. show the furnace-top with 
ore-tracks and turn-table t, and the two feed-hoppers h h, each ar- 
ranged with four slide-valves moved by levers and pistons working 
in stuffing-boxes vapor-tight. 

The two vapor-discharge pipes i i, provided with regulating 
valves, and leading from the last vapor-chamber of the furnace to 
the condensers, are also shown. 

Plate V. shows on the left a half side-elevation and a half longitudinal 
vertical section ; on the right, vertical half-sections through 
the fire-places and ore-chambers. 

The vertical section through the fire-place a, shows also the ash- 
pit b, and the second vapor-chamber e e, on that side of the fur- 
nace. All along the vertical wall between the fire-chamber a, and 
the vapor-chamber e e, and the sore-chambers beyond the  plane of 



568 QUICKSILVER-REDUCTION  AT  NEW ALMADEN. 

the section, are shown pigeon-holes cc, through which the flames 
and vapors from the ore pass into the ore-chamber and out of it 
again. The pigeon-holes in the fire-chamber walls are cut at the 
bottom so as to slant with the shelves, those in the vapor-chambers 
are cut across horizontally; but all are so bevelled that the ore from 
the ore-chamber and the dust from the gases do not accumulate so 
as to obstruct them. The former is shed back into the ore-chamber, and the 
latter falls to the bottom of the vapor-chambers, whence it 
is removed at the end of the campaign by the doors g, kept bricked 
during the run. 

In case any obstruction should occur in the pigeon-holes, or on 
the shelves, peep-holes, x x, are placed in the end walls of the fur- 
nace, in the axis of the pigeon-holes. These latter are placed in the 
same line opposite each other, under the extreme ends of each shelf. 
The peep-holes are made of 3-inch gas-pipe, set in the masonry-wall, 
and are ordinarily closed by iron plugs luted with clay. When any 
obstruction occurs, it is thus easily removed by an iron bar intro- 
duced through these holes. 

The air-pipe I, before mentioned, is shown below the grate-bars. 
Branching from it, and leading to the. pigeon-holes, are the hot-air 
flues mm, which cool the wall, and help to render combustion com- 
plete, thus diminishing the production of soot. 

The vertical section through the two right-hand ore-chambers of 
this figure shows the arrangement of shelving and the descent of 
the ore, more clearly than words. 

The horizontal length of the ore-chambers of this furnace is 11 
feet 6 inches, the width of each 25½ inches, and their height 27 feet 
3 inches from the roof of the ore-chamber to the point of discharge. 

The tile-shelving of this furnace, as in others of this type, is 
placed at an angle of 45° with the side-walls of the chamber; the 
details, however, are simpler and cheaper than in the rest, and 
equally effective. It will be noticed that the shelves are placed 30 
inches apart vertically, those on one wall being 15 inches above 
those on the other wall, and at right angles to them. The shelves 
are made of ordinary fire-clay tiles, 36 inches X 16 inches X 3 inches. 
Four of these make a length, and allow a 3-inch projection into 
either end-wall. These tiles are not let into the side-walls, but are 
supported at the top by slight abutments which project from the 
side-wall. At the bottom they rest at intervals of 18 inches on 
ordinary fire-bricks, which rest, end on, in depressions 1 inch deep, 
cut into the face of the next lower tile in the opposite wall.    These 
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bricks are placed so as to be edge on to the descending column of ore, 
and have their upper edges bevelled to oppose as little resistance as 
possible to it. As the bricks are 9 inches long, there results an 8- 
inch shelf slit for the furnace. The whole construction of the shelv- 
ing is very simple, effective, and comparatively inexpensive. 

The discharge of this furnace is arranged by supporting the end 
of the ore-columns of the interior ore-chambers directly on the bot- 
tom of the draw-pit, the ore-columns of the exterior ore-chambers 
are supported by cast-iron plates. The latter have in front, aprons 
which discharge the ore into the lower draw-pits, and thence the 
spent-ore from both chambers is raked into the waste-cars. 

This simple arrangement works very well. The ore lies at its 
natural slope until it is raked out, when the whole ore-column 
gradually feeds down from bottom to top at the same rate. There 
are four double discharges on each side of the furnace. These are 
closed by sheet-iron doors to protect the workmen as much as pos- 
sible from the hot dust. 

Inclined iron plates are placed in the foundations of the furnace 
to prevent the waste of mercury. This precaution is now always 
taken. 

On the left of Plate V. is shown a vertical longitudinal half- 
section and front or side elevation. Both fronts—the long sides— 
of the furnace are the same. From the fire-chamber a, the hot 
gases pass through the lower third of the ore-chambers to the vapor- 
chamber d d, shown on the left in dotted lines; thence they pass 
through the middle third of the ore-chambers to the vapor-chamber 
e e, on the right; thence they pass out through the top third of the 
ore-chamber again to the vapor-chamber f f, on the left, and thence 
out through the sheet-iron pipes ii, to the condensers. 

This section shows alternately the right and left shelves s1, and s, 
of the inner ore-chamber. The bottom shelf, s3, is made of cast- 
iron to resist the abrasion that comes upon it; it is not as much ex- 
posed to heat as are the upper shelves. 

Finally, are to be mentioned the ore-rakes. The New Almaden 
ore gives no difficulty from fusing or clotting, but occasionally in 
the winter, or when the ore is quite damp, it is found to bake 
together on the upper shelves so as to demand more or less barring 
through the peep-holes. To obviate this, Mr. Randol introduced 
the ore-rakes, marked r in the figures. One of these rakes extends 
through each of the ore-chambers just above the topmost shelves, 
where the ore enters the furnace from the hoppers.    If any baking 
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occurs, a few oscillations of the rake break up the clumps, and the 
ore descends regularly. 

Furnace No. 1 has a capacity of 36 tons per 24 hours. Its ca- 
pacity is greater than that of any other furnace at the works except 
Tierra furnace No. 3. When filled with ore, as in working, No. 1 
holds 45 tons ; hence, at the rate of 36 tons per 24 hours, a single 
charge is in the furnace for 30 hours. 

The routine of operations at this furnace is as follows: 
The amount of 1 ton by volume* of the spent ore is drawn alter- 

nately from either side of the furnace every 40 minutes, or in all, 2 
tons (by volume) are drawn from the furnace every 80 minutes. 
As a rule, 250 pounds are taken from each of the 8 draw-pits on 
each side of the furnace at the times of drawing; but, if the regu- 
lar working of the furnace demands it, this quantity is reduced or 
adjusted, so that all shall be thoroughly roasted. The "slag-men" 
thus have to draw and wheel to the dump 2 tons of waste every 80 
minutes. 

Immediately after drawing from one side of the furnace, 2 car- 
loads of granzila, of 1000 pounds each, and 20 pounds of coal are 
charged into the furnace from the hopper on the side from which 
the drawing took place. The hopper is then immediately filled for 
the next charge, both to warm the ore and to prevent the escape of 
fumes. Consequently, each of the two hoppers is charged alter- 
nately every 40 minutes, or in all 2 tons go into the furnace every 
80 minutes. 

The firing is done every hour; three four-feet lengths of oak or 
pine being ordinarily added to each side of the fire-place per hour. 
The amount varies with the state of the draft; the object being to 
keep the fire-place at a good cherry red. From 1½ to 1¼ cords of 
wood are burned per 24 hours, according to whether an auxiliary 
fire is made in the flue or not. 
 

* The granzita and tierra ores are not weighed at any of the furnaces, but 
are estimated by volume. This method, on account of the varying amount 
of moisture in the ore, probably gives better results than weighing without 
allowing for the moisture, and is sufficiently exact. The volume of the 
roasted ores is nearly the same as that of the raw ores in the case of 
granzita and tierras. With rich granza it is sometimes notably less. In 
any such case the amount drawn is diminished so as to keep the furnace 
full. It would not do in such cases to increase the amount or frequency of 
the charging, as that would lead to a loss of quicksilver. The roasted ores 
contain a larger proportion of smalls than the raw ores, are more brittle, 
and have a rusted earthy appearance. 
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 When No. 1 furnace is worked alone, the labor required is as 
follows: 

One charger, at $2.50 per 12-hour shift. 
Two slag- or fire-men, at $1.25 each per 12-hour shift. 
In addition, the labor of two men at $1.25 per day, who tram 

ore across from the ore-chutes to the furnace, is charged to it part 
of the time. Besides firing the furnace and discharging the ore, the 
fire- and slag-men pile the fuel, send the ore up the elevator to the 
charger, and assist the weigher in weighing the quicksilver and 
tightening the flask-stoppers. 

The results of this furnace for 1882 are given in the foregoing 
table. 

Continuous Granzila Furnace, No. 2.—This is shown in Plate VI. 
Its construction and mode of operation are similar to those of No. 
1. But, having only two ore-chambers, its maximum capacity is 
only half that of the former; its discharging arrangement is simple 
also, owing to the small number of ore-chambers. The figures need 
no further remark, except that, while sections A B and C D show 
the pigeon-holes, section E F is so taken as not to show them. 

The hoppers on top of this furnace are arranged in the same line, 
and feed into the same ore-chambers; but, as in No. 1, they are 
divided into compartments, so as to permit more control over the 
operation of the furnaces. These compartments are charged with 
1000 pounds of ore (when in full operation) every forty minutes, 
alternating with each other. This would make the working capacity 
of the furnace 18 tons per 24 hours. As in No. 1, the drawing 
precedes the charging. In drawing, 250 pounds are taken from each 
of the two end draw-pits on each end of the furnace, or 1000 pounds 
(volume) at a time. The drawings, from either end of the furnace, 
alternate with each other every 40 minutes. 

No fuel is charged with the ore of No. 2, but, instead, coal is used 
in the fire-place. The consumption of fuel is ¾ cord of wood and 
500 pounds of coal per 24 hours. 

When No. 2 furnace is run alone, there are employed: One 
charger and two fire-or slag-men per 12-hour shift, or six in all, per 
24 hours. When No. 1 and No. 2 are both in operation at the 
same time, labor is economized by running them with the same 
force.    For this purpose are assigned: 

One charger, at $2.50 per 12-hour shift. 
Four slag- or fire-men, at $1.25 per 12-hour shift. 
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In addition, two men are employed part of the time to bring the 
ore from the chutes to the furnace-bins. 

Furnace No. 2 is not always run up to its full capacity, only 
enough ore being run through it to make up the desired monthly 
production. 

The results for the year 1882 are given in the foregoing table. 

d. Tierra Furnaces. 
Furnace No. 3.—This is shown, in section and elevation, in Plate 

VII. It is arranged on the same general plan as Nos. 1 and 2, 
but is an earlier construction. It has three pairs of ore-chambers, 
placed side by side. This fact necessitates a different discharging 
arrangement from that used in Nos. 1 and 2. As previously stated 
the two outer pairs of ore-chambers for roasting tierras have 3-inch 
shelf-slits, while the inner pair, originally intended for granzita, 
have 5-inch shelf-slits. They are now all used, without alteration, 
for roasting tierras. 

The feed-hoppers, fire-place, pigeon-hole walls, vapor-chambers, 
and ore-rakes, are entirely similar to those of furnace No. 1, and 
need no further remark. 

The discharging arrangements, however, merit further description. 
Beneath each pair of ore-chambers a discharge-pit is arranged to 
contain the "slag"-cars, which are run in from a track on the floor 
of the works. The whole furnace rests on the usual inclined cast- 
iron plates, in which are discharge-slits for each pair of ore-chambers; 
the outside ones are three inches and the middle one is five inches 
wide, and they run the whole length of the ore-chambers. Imme- 
diately beneath each of these slits is its discharge-apron. This apron 
is a cast-iron girder, flat on top, and three times as wide as the slit 
above it. It rests at either end on rollers running on T rails, at 
right angles to its length. Each of these aprons is connected with 
a lever-arm outside of the furnace, by means of which a gentle 
oscillating motion may be given to it. 

When the apron is in its central position the foot of the ore- 
column rests upon it, and runs out at its natural slope to each edge 
of the apron, and the whole ore-column in the chamber above is 
maintained in equilibrium. As soon, however, as an oscillating 
motion is given to the apron, the ore resting upon it is discharged 
in a shower from either edge of the apron into the car beneath, and 
the ore in both chambers, from bottom to top, descends. 

It will be noticed that the partition-wall in each pair of ore- 
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chambers rests upon a hollow cast-iron girder. As originally con- 
structed, the space below this girder was entirely free to the passage 
of ore from either chamber. But, with this construction it was 
found that if, in discharging, the ore in either chamber of the pair 
got the start of that in the other, the velocity of the descending ore 
on that side would be great enough to impede the discharge from 
the other side. This difficulty was obviated by Mr. Randol, who 
introduced a vertical iron plate bolted on to the middle of the hollow 
girder. In the outside pairs of chambers these plates reach to 
within three inches, and in the middle pair to within five inches of 
the discharge-slits. This improvement entirely obviated the diffi- 
culty, and the discharge of this furnace is now effected with perfect 
ease and regularity. 

The setting of the tile-shelving in this furnace and in No. 8 also 
differs somewhat from that of Nos. 1 and 2. The tiles are of pecu- 
liar shape, and were made to order for the furnace at Staten Island, 
N. Y. Those for the tierra chambers were made 207/6 inches wide 
on the upper face, while those for the granzita have a width of 
only 187/16 inches. Both are 3 inches thick. All of them were 
made with a square lug or shoulder, 5½ inches thick, and forming 
an angle of 45° with the face of the shelf. The width of the lugs 
on their upper face was made 4 9/16 inches, or 6¼ inches, according to 
the thickness of the partition-wall between the chambers. The wall 
between each two pairs of ore-chambers was made 13¾ inches thick, 
and between the two chambers of each pair only 9¼ inches. Two 
shelves, projecting into adjacent chambers, are set with their shoulders 
abutting against each other, allowing for ¼-inch to 1/8-inch joints. 
Consequently, the shelves form an integral part of the partition- 
walls. Beneath the shoulders of the two shelves is set another tile, 
also 5½ inches thick. This has the form of a frustum of a wedge, 
whose faces are at right angles to each other. This tile also forms 
an integral part of the partition-wall, and projects out into either 
chamber so as to support the shelves from beneath for half their 
width. Beneath the supporting tiles are four tiers of fire-brick, then 
the next pair of abutting shelf-lugs and their supporting tiles, and 
so on. The ore-chambers are 22 3/8 inches wide, and the shelves in 
each wall are 21 inches apart vertically. This method of setting 
has given good results, but the method now used in the later con- 
structions is to be preferred on account of cheapness and simplicity. 

In this furnace the fire-place is placed 5 feet above the discharge-s 
opening, and the air to supply the fire is drawn through the hot ore 
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below the level of the grates, so that the ore reaches the apron free 
of fumes, and cooled to such a temperature that it may be easily 
handled. In Nos. 1 and 2 the fire-place is nearly on a level with the 
discharge-openings, and the ore cools mainly in the draw-pits. 

Furnace No. 3 is entirely inclosed by a sheathing of heavy iron 
plates, bolted and cemented, with rust-joints. The arrangement of 
this sheathing and the distribution of the peep-holes is shown in the 
elevation of Plate VII. 

The normal capacity of this furnace is 36 tons, the same as that 
of No. 1. The furnace holds, when under working conditions, 51 
tons of ore; a charge is, therefore, 34 hours in the furnace. 
     The routine of operations at this furnace is as follows: 
     The aprons or shaking-tables under each of the three pairs of ore- 
chambers, are operated at intervals of 10 or 15 minutes, so as to 
discharge from each 1 ton (by volume) every 2 hours. After the 
ore has descended in the various chambers, subsequent to discharg- 
ing below, one ton of ore is added to each of the three ore-hoppers 
at intervals of forty minutes, i.e., each hopper receives 1 ton every 
2 hours. The firing and tramming of the spent ore goes on mean- 
while as at the other furnaces. 

The fuel required at this furnace is 2½ cords of wood per 24 hours, 
if that alone is used; but, if coal is used, the amount of wood is re- 
duced in proportion.    The working force is:  
      Two men, at §2.50 per 12-hour shift. 
      One man, at §1.25 per 12-hour shift. 
      The campaign for 1882 is shown in the accompanying table. 
      Furnaces No. 4 and No. 5. —Furnace No. 4, one of the old inter- 
mittent furnaces, is now torn down. No. 5, the first experimental 
form of the Hüttner and Scott, stiil exists. As already stated, 
this furnace at first had a capacity of only 6 tons. It was after- 
wards enlarged so as to handle 12 tons. In this shape it gave 
excellent results, as far as good roasting was concerned, but on ac- 
count of its smaller size it was not so economical of labor and fuel 
as the larger ones, and is now seldom used. 

Furnace No. 8.—This tierra furnace completes the list of the fine- 
ore furnaces. A drawing of this furnace has been already published 
by M. G. Holland, * so that it need not be repeated here. This 
furnace is really two separate furnaces, like No, 5, on a larger scale, 
united in one structure.    Each furnace contains a pair of ore- 

* La Métallurgie du Mercure en Culifornie, par M. G. Rolland.  Société d'encourage- 
ment, etc., 1878, \>. 85, Figs. 7 and 8. 

VOL. XIII.—37 
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chambers, its own fire-place and vapor-chambers and exit-flues 
entirely distinct from that of the other. These two structures stand 
united, end to end; the fire-places at the outside, and the exit-flues 
and vapor-chambers opposite the fire-places, side by side, in the 
middle. As a consequence, there results a long, high, and narrow- 
structure, 37 feet by 9 feet 5 inches on the ground plan, by 41 feet 
total height above the ground-line. 

The setting of the tiles is like that of No. 3. The ore-chambers 
are a little narrower, being 18 inches wide by 8 feet 8 inches long, 
and 30 feet 9 inches high, from the discharge-slit at the bottom to 
where the ore enters at the top. The fire-places are 3 feet above 
the discharge, so that the lower part of the furnace acts as a 
cooling-chamber. The last discharge-tile is made of cast-iron. 
This furnace is iron-clad, and, like No. 3, is a beautiful piece of work. 

The location of the furnace in the works and its shape necessitate 
an arrangement for discharging different from that of No. 3, although 
it operates on the same principle.* 

The normal capacity of No. 8 is 24 tons per 24 hours. When full 
it holds 32 tons; consequently, a charge stays in the furnace 32 hours. 

The hoppers of each pair of chambers receive each a charge of 
1000 pounds per hour, or the double furnace receives 1 ton per 
hour. The hoppers are charged alternately. The discharge is 
effected by the shaking-table, as in No. 3, by working it every 10 
or 15 minutes. 

Two cords of wood are burned per 24 hours, and the working 
force of the furnace is : 

One man at $2.50 per 12-hour shift. 
One man at .$1.25 per 12-hour shift. 
The campaign for 1882 appears in the following table: 

* The two ore-chambers are in the same plane, that of the horizontal and vertical 
axes of the furnace, and discharge through three-inch ore-slits, as in No. 3 furnace. 
Beneath each of them is placed an apron, or shaking table, like those of Xo.3. But 
instead of resting on rollers, as in the latter, they are carried by a heavy frame of 
cast iron shaped like the letter H. The feet of this frame rest in bearings, which 
allow the same oscillating motion that would be given by the rollers. The connecting 
bar of the H-piece is below the level of the floor of the works, and carries a platform 
with rails, on which is borne a low truck, with rails upon it, at light angles to those 
on which it runs. By means of this device a long "slag"-car (7 feet long) may be 
run sidewise from the floor of the works on to the platform of the H-piece directly 
under the discharge-apron. By means of levers, a slight oscillating motion may now 
be given to the H-piece, and to the apron, platform, and ore-car which it carries. As 
a consequence, the ore is discharged in a shower from either edge of the apron into 
the car, just as in No. 3 furnace. While drawing either of these furnaces the draw- 
pits are closed, to keep in the dust. 
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The saving effected by the Hüttner and Scott furnaces may now 
be readily calculated. If they were not in use, the old intermittent 
furnaces being used in their stead, and the ore being made into 
adobes, we should have, per ton :      . 

Cost of roasting in intermittent furnace,  .......................................$ 1.368 
Cost of making tierras and granzila into adobes, . ............................0.500 
Cost of handling adobes, ....................................................................... 0.450 

Total cost per ton,.....................................................................$2.318 
26,688.25 tons at $2.318, ....................................................... $61,863.364 
Present actual cost in Hüttner and Scott furnaces, ............... 20,031.850 

Annual saving, ................................................................ $41,831,514 
If, instead of treating these ores in the intermittent furnaces, the 

adobes were roasted in the Monitors, we should have, per ton: 
Cost of roasting in 7 and 9 furnaces,      .      .       .       . .................$0,953 
Making and handling adobes,..............................................................0,950 

Total cost per ton,....................................................................$1,903 
26,688.25 tons at $1903, ..............................................................$50,787.74 
Present actual cost in Hüttner and Scott furnaces,.................... 20,031.85 

Annual saving, .................................................................. $30,755.89 

Instead of making the granzita into adobes, this might be in part 
roasted directly in the coarse-ore furnaces, and the latter might be 
made to work faster than with rich granza. These modifications 
might slightly reduce the above saving; but the difference would 
be slight. In making this comparison, the interest on the furnace- 
plant has not been mentioned. 

In concluding this account of the Hüttner and Scott furnaces, it 
may be said that they fulfill every requirement of a good roasting 
furnace. They utilize the principle of opposed currents; they 
allow the ore to cool in the furnace itself before it is drawn, thus 
utilizing the heat and removing the last traces of quicksilver. The 
stirring of the ore is entirely automatic and very thorough; for each 
time the ore passes from one shelf to the next opposite one the ore, 
which lay at the bottom of the layer, next to the surface of the upper 
shelf, and out of contact with the air, is on the next lower shelf 
brought to the surface, where it is directly exposed to oxidation. 
This operation is repeated from 20 to 30 times, according to the 
number of shelves in the chamber. The feeding and discharge of 
ore and waste is effected with a minimum of labor and without the 
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use of power. Add to this that the whole operation is under perfect 
control, and may be modified at any time, according to the nature 
of the ore, without stopping the regular operation of the furnace; 
and also, that the repairs are mostly slight and inexpensive,* and we 
have a very good showing for the furnace. 

The ores of New Almaden cannot be regarded as difficult to roast, 
and the results obtained with this furnace might be thought not to 
apply to other ores. The fine ores at the Sulphur Banks Quicksilver 
Mine, however, present many difficulties. Thus at times they contain 
alkaline borates, and so frit to a pasty mass; at other times 
the lumps decrepitate in the furnace to a dust as fine as ashes; this, 
when red-hot, runs almost like water. After much difficulty with 
other furnaces, the Hüttner and Scott furnace was introduced there 
by Mr. Ferdinand Fiedler, and gave excellent results. It is not 
improbable that this furnace could be used with advantage in 
roasting fine ores of other metals. Those which are not too fusible 
could probably be treated in it with success. 

The preceding summary gives the results of the year's run of all 
the furnaces for 1882. 

During the year 1883 the furnaces were in operation as follows: 
No. 6 made 27 runs. 
Nos.' 7 and 9 worked continuously 365 days. 
No. 1 ran 286 days. 
No,. 2 ran 253 days. 
No. 3 ran 188 days. 
No. 8 worked 352, and was stopped only for lack of dumping- 

room. 
The production was even greater than for 1882, the total amount 

treated for 1883 being: 
Granza, ........................................................10,428.40 tons of 2000 lbs. 
Torero, ..................................................... 185.35 " " " 
Granzita and tiaras,................................. 27,967.50 " " " 

Total, ................................................... 38,581.25 tons of 2000 lbs. 

* The wear and tear on the tile-shelving would, at first sight, be thought consid- 
erable ; bat Mr. Scott, who has himself built and repaired the mason-work of these 
furnaces, assured me that with good tiles there is very little wear, except in the 
lower part of the furnace, where they are directly exposed to the full heat of the 
flames. These tiles gradually become brittle and crumble, so that they have to be 
replaced. The others suffer very little; in fact, some of them plainly show the 
stamp of the maker on the upper face after several years, of constant use. The tiles 
.   in the granzita furnaces wear out sooner than those in the tiara furnaces. 

It should be stated in this connection, that these furnaces and all the devices pe- 
.  collar to them are protected by letters patent 
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The product of quicksilver for the year was 29,000 flasks at 76½ 
pounds, or a yield of 2.875 per cent.  

Finally, in concluding the present paper, the best idea of the 
increased efficiency of the new furnace-plant may be gathered from 
the recent great increase in the amount of ore annually reduced. 
Thus, in the year from July, 1850, to July, 1851, there was reduced 
less than 2500 tons of ore, an amount less than one-fifteenth that 
of 1883. From 1850 on, the quantity annually reduced increased, 
with some interruptions, until in 1876 it rose to nearly 17,000 tons. 
Since then, that is during the seven years ending with 1883, this 
amount has been more than doubled. This great increase has been, 
of course, mainly due to the introduction of the Hüttner and Scott 
furnaces, which allowed the treatment of large quantities of low- 
grade ores that formerly could not be handled at a profit.  

The percentage yield of the ores treated has gradually decreased 
from 36.74 per cent. in 1850-51, to 2.875 per cent. in 1883.    This| 
reduction  in the content of the ore is, however, partly due to the 
great increase in the amount of low-grade ores now treated, although 
the richest ores now run only as high as 6 or 8 per cent., as against 
an average of 36.74 per cent. in 1850. 

The greatest annual yield of quicksilver since records have been 
kept,* occurred from 1861 to 1866, when the rich Ardilla and Santa 
Rita labores were being worked.    The highest annual yield of the 
mine now on record was in 1865, when it produced 47,194 flasks 
The quicksilver product then declined till, in 1874, it had sunk the 
9084 flasks, an annual yield, however, that has been exceeded by 
only three other mines in California.    From 1874 to the present 
time, owing to constant improvements in the furnace-plant, the 
annual yield has steadily increased, almost without interruption, till 
in 1883, it reached 29,000 flasks, the highest product since 1866. 

* That is, since 1850. 
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PROCEEDINGS OF THE FORTY-FIRST(ANNUAL) MEETING,

NEW YORK, FEBRUARY), 1885.

LOCAL COMMITTEE. 
David Williams, Chairman; William H. Wiley, Secretary; William P. Shinn, 

Charles Macdonald, James F. Lewis, Thomas C. Clarke, Austin G. Gorham, 
Charles Kirchhoff, Jr. Headquarters: Park Avenue Hotel, Fourth Avenue and 
Thirty-second Street. 

The opening session was held on Tuesday evening, February 17th, 
in the hall of the Academy of Medicine, No. 12 West Thirty-first 
Street. Mr. David Williams, Chairman of the Local Committee, 
called the meeting to order, and, after briefly welcoming the mem- 
bers, introduced Hon. William R. Grace, Mayor of New York, 
who extended to the Institute the welcome of the city. 

President J. C. Bayles, after acknowledging the courtesy of the 
Mayor, proceeded to address the Institute as follows: 

GENTLEMEN OF THE AMERICAN INSTITUTE OF MINING ENGI- 
NEERS ; LADIES AND GENTLEMEN : In opening the annual meeting 
of a society which subjects all papers brought before it to the analysis 
of discussion, the President should not presume too much upon the 
privilege of his office by presenting, as an address from the chair, a 
technical essay labeled hors de concours, and expect you to accept it 
as part of your transactions. Contributions of real value to scientific 
literature are seldom created like Minerva in the myth. More often, 
they are like new houses in which, however well planned or well 
built, there is almost always a settling and shrinkage somewhere; 
and their publication, "Subject to Revision," is very much like the 
agreements of owners with their first tenants to point up the cracks 
and cover the patches with paper within two years. The extensive 
repairs at the author's expense, which are sometimes necessitated by 
the wear and tear of discussion, usually add a great deal to the value. 
of papers; and since custom has given exemption from discussion to 
addresses from the chair, they should, I think, deal with safe statis- 
.tical and economic truths, rather than with subjects which, if brought 
forward in papers, would at least serve the purpose of precipitating 
some of the wisdom held in solution in our meetings, and needing 
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an original observation or a new conclusion to build on in shining 
crystals. 

The subject I shall have pleasure in considering this evening is, 
briefly, whether the conditions of success in manufacturing are so 
arbitrary and difficult of attainment as to discourage young men from 
engaging in competition with the vast aggregations of capital which 
are popularly supposed to be fast acquiring a monopoly of profitable 
production. 

A thoughtful writer in a recent issue of a leading English rnaga- 
zine, in an article discussing the increasing concentration of industry, 
presents some statistics intended to show that steam has extin- 
guished the handicrafts, and that as steam-power is most econom- 
ically employed on the largest possible scale, it is rapidly and 
inevitably leading to a monopoly of manufacturing by large estab- 
lishments, and the extinction, one by one, of those which are small. 
The situation in Great Britain is represented to be as follows : Trade 
after trade is monopolized, not necessarily by large capitalists, but by 
great capitals. In every trade, the standard of necessary size, the mini- 
mum establishment that can hold its own in competition, is constantly 
and rapidly raised. The li t t le men are ground out, and the littleness 
that dooms men to destruction waxes year by year. Of the cotton- 
mills of the last century, a few here and there are standing, saved 
by local or other accidents, while their rivals have either grown to 
gigantic size or fallen into ruin. The survivors, with steam substi- 
tuted for water-power, with machinery twice or thrice renewed, arc 
worked while they pay one-half or one-fourth percent, on their cost. 
The case of other textile manufactures is as bad, or perhaps wose. 
Steel and iron are yet more completely the monopoly of gigantic 
plants. The chemical trade was for a long time open to men of very 
moderate means; but recent inventions threaten to turn the plant 
that has cost millions to waste brick and old lead. Already nothing 
but a trade-agreement, temporary in its nature, has prevented the 
closing of half the factories of St. Helen's and Widnes, and the utter 
ruin of all the smaller owners. Every year the same thing happens 
in one or another of the minor industries. Retail trade was, until 
lately, the recourse of men whose character, skill, thrift, and ambi- 
tion won credit and enabled them to dispense with large capital. 
The larger branches of retail trade are already superseded by co- 
operation or monopolized more and more generally by vast, skilfully 
organized establishments, with which the small capitalist, however 
diligent, honest, and capable, cannot possibly compete.  They can sell 
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at little over wholesale prices, while giving their customers all and 
more than all the conveniences proffered by the ordinary tradesman. 
A gloomy picture, certainly, but possibly somewhat overdrawn. 

In this country, it is not unusual to hear similar statements from 
those who study great social and industrial problems from their 
surface-indications only. We hear them frequently as furnishing an 
excuse for the lack of success which attends so many industrial ven- 
tures; but its insufficiency as an explanation of failure is found in 
the fact that here, as elsewhere, industrial greatness is usually, if not 
always, the result of development from small beginnings. The 
investment of capital in manufacturing enterprises which are to be 
great from the outset is always perilous and often disastrous to the 
investors. Among those which start small, the law of the " survival 
of the fittest" operates in a perfectly natural and proper way. We 
can see the reason for what happens, whether the happening be success 
or failure. With conspicuous justice, "the many fail, the one 
succeeds." To those enterprises which succeed, capital is naturally 
attracted, while from those which do not succeed it as naturally 
withdraws in search of safer and more profitable investment. The 
successful establishments are extended and enlarged, and become 
corporations of overshadowing importance; those less successful 
barely hold their own, or gradually fall hack, changing hands from 
time to time, and finally relapsing into permanent idleness. This 
process is constantly going on, for the reason that, with the ever- 
changing conditions of business success, the establishments which 
become great under one management may decline or collapse under 
another. 

Industrial greatness would, perhaps, be a function of capital alone 
if capital were something outside of business, always available for 
use and self-renewing. But capital represented by land, buildings, 
machinery, patterns, etc., may and often does become like a millstone 
around the neck of a corporation. The management which made a 
manufacturing establishment great rarely suffices to keep it at the 
head, even during the life of the generation which saw it begun. 
Ordinarily, the longer it lives the more dead weight it has to carry, 
and the instances are comparatively few in the world's industrial 
history in which a plant adapted to supply the wants of one genera- 
tion is suited to meet the wants of the next. For this reason, the 
field is always open to skill, enterprise, and courage. 

I have been led to these reflections by a careful and more or less 
thorough study of the conditions of success in the manufacture of 
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iron and steel. The history of the iron-industry of this country 
shows most strikingly upon how many conditions, other than the 
extent and temporary importance of iron-making plants, success is 
dependent. It is unnecessary to examine its statistics in detail or 
in general, further than to note that they show a gradual and fairly 
steady Westward progress of the wave of iron-production. It is 
not long since the conditions of success in iron-making were found 
in small furnaces planted in the woods of New England and the 
Middle States, and dependent for an outlet upon the haulage of their 
product over corduroy or country roads; and in rolling-mills located 
on streams affording ample water-power to drive their rolls. The 
census-tabulations for 1880 place the geographical center of iron- 
production in western Pennsylvania beyond the Alleghenies; and 
the development in the South since the census was compiled would 
probably move the point as far West and South as Pittsburgh. 
This shifting of the geographical center of production means a 
gradual but irresistible change in the conditions of success in iron- 
making; and as offsets to such changes, the prestige of former great- 
ness and controlling industrial importance counts for very litt le.  
That the Northeast is not keeping up its proportion of the pig-iron 
production of the country is clearly shown by the statistics of the 
trade. The natural territorial sources of pig-iron supply for the Northeast 
are the New England States, New York, New Jersey, 
and the Lehigh Valley of Pennsylvania. That these sources have 
not made much progress in production in the past ten years is indi- 
cated by the fact, that within that time their proportion of the total 
pig-iron production of the country has declined from 30 to about 
20 per cent. Southern and Western irons have come in to supply 
the increased consumption of the Northeast, and they are to-day 
crowding our markets, while so many of our local furnaces stand 
idle, unable to produce at present prices. These facts are significant 
as showing that the large capitals of the old, established iron-work 
of the northeastern States do not give them any conspicuous advan 
tage in competition, as against better natural advantages elsewhere 
offered. In fact, their large capitals are the heaviest burdens they 
are staggering under. 

The steel-industry is still comparatively a new one in this country, 
and we have, as yet, witnessed no great change in its geographical 
center of production. Even the youngest in our membership can 
remember, not its beginning, perhaps, but its initial triumphs in the 
production of grades of steel that could safely challenge comparison 
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with foreign makes. But during this brief period we have seen 
some surprising happenings. Small capitals have grown, and large 
capitals have, in some instances, shrunk to nothing. Great estab- 
lishments have been organized which, because of their greatness, 
have fallen to pieces almost before they began production; and small 
beginnings, judiciously planned and managed, have been the founda- 
tions of brilliant industrial and financial success. The changes of 
the next twenty years, though impossible of prediction, are likely to 
be quite as important as those of the past twenty years. In the Besse- 
mer industry we have witnessed a marked change which is probably 
but the prelude to one still more marked. Its beginnings are easily 
recalled and its history is familiar. Certainly it shows that courage 
and enterprise often count for more than large capital and the prestige 
of past success. No industry has seemed to be so completely a mo- 
nopoly of large capitals as pneumatic steel-making. The bigger the 
converters and the more of them, the better seemed the chances of 
success. Everything else needed to be big in proportion, and the 
more tons of rails a mill could turn out in a year the greater the 
apparent security of the investment. It looks now as if the small 
plant were more desirable than the large one and four-ton converters 
seem to be more convenient and desirable property than fifteen-ton 
converters. During the next few years we are likely to see Bessemer 
mills built and run as departments of works of medium size, as roll- 
ing mills might have blast-furnaces connected with them; and there 
are doubtless some large Bessemer plants, representing an enormous 
investment, which could be bought for a very small part of their 
original cost, but which few shrewd business men would care to take 
as a gift on the condition of keeping them in operation for a term of 
years. 

But if no one need be deterred from entering iron- and steel-making 
by the apparent impregnability of the great capitals which stand like 
fortifications along the highways of industrial enterprise, still less 
need he fear those gigantic organizations effected by combination and 
consolidation. More often than otherwise, these consolidations are 
brought about in the hope of shoring up enterprises which cannot 
Stand alone. They are very formidable on paper, but they are apt 
to fall to pieces suddenly through the weakness of their component 
parts. We have watched the formation of several such consolidations 
in the iron-trade, but in every case they have failed to accomplish 
the object for which they were formed, and sooner or later they have 
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gone the way of all bubbles which owe their expansion to the elas-ticity of 
an extremely tenuous film. 

In other and allied industries, we find reason to doubt that, in 
this country at least, manufacturing is, in any sense, the monopoly 
of large capitals. Those who own or control vast establishments are  
likely to insist that, through the advantages of larger capital and the 
control of plant in which every appliance for economizing the cost 
of making and handling has been provided, they can make and Roll 
cheaper than their small competitors, for the reason that, while their 
cost per ton or per piece is less than it would be with less perfect 
appliances, they have an important advantage in the fact that their 
incidental expenses, being divided into a larger product, show a less 
percentage per ton or per piece than in the case of the small factory. 
Those who lead the trade consequently affect to believe that the 
tendency is to make the great concerns greater and the small con- 
cerus smaller and less numerous; that within a few years production 
and distribution will be controlled by a few immense corporations, 
and that the smaller manufacturer, unable to compete, will give up 
the unequal contest. On the other hand, the small manufacturers 
are by no means ready to be convinced, by argument or statistics, 
that their position is hopeless. Primarily, they do not admit that  
the great establishments are, by reason of their greatness, able to 
produce on a large scale cheaper than is possible on a small scale. 
They claim that there always exist in large establishments conditions 
involving costs which cannot be taken into account in an estimate. 
but which appear in the annual balance-sheets. There is too much 
subdivision of responsibility, a less close and intelligent supervision 
of details, a larger number of small leaks and a greater proportion 
of waste. The small manufacturer who wanders about the establish-ment of his 
great competitor usually thinks he recognizes a disregard 
of that which, in his case, would make all the difference between 
profit and loss; and while he cannot fail to notice that there are 
advantages in a large plant which a small one does not posses, he 
also sees disadvantages in a business which has so far outgrown the 
supervision of the proprietor that he is at all times dependent on the 
skill and fidelity of subordinates, who, even if skillful and f a i t h f u l .  
do not always work together so harmoniously as to insure the be?? 
results. 

It is unnecessary to take sides in this discussion; but w i t h o u t  doing so, I 
may say that in assuming that only the great capital 
can safely meet the increasingly sharp competition of trade, we are 
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in danger of mistaking the effect for the cause, and of hopelessly 
confusing our argument.    It is sufficient for our present purpose, 
however, to accept the fact that the greatness of the now great in- 
dustrial establishments does not necessarily bar the way to prog- 
ress for those which are now small.    The chances of twenty years 
are in favor rather of what are now small beginnings, provided they 
are headed in the right directions, than of the great enterprises which 
BOW seem to overshadow their modest competitors.    There is a 
reason for this.    A successful manufacturing business is likely, in a 
quarter of a century, to outgrow the conditions which made it suc- 
cessful.    When there died in this city, some years ago, a merchant 
   whose  name had  become almost a synonym for  business success 
and uncounted wealth, a great many surprising facts came to light. 
   In the complex structure of his vast business, there were hundreds 
of rotten timbers.    Carried from year to year by the sheer force of 
an enormous capital, it might have gone on for years longer; but it 
was in no sense profitable as a business.    It had millions of dollars' 
worth of mill-property which had not turned a wheel for years ; and 
competition had tapped it at so many points that it was honeycombed 
through and through.    Those who are old in business experience can 
recall a score of instances in which the great establishments of the 
last generation have disappeared in this. 

The facts I have presented are significant merely as so many 
emphatic contradictions of the popular impression that the tendency 
is toward a monopoly of manufacturing by great corporations.    It 
is toward a monopoly in the hands of those who can manufacture the 
best products at least cost; but this is not always true of the largest 
i. concerns.   There is always room enough in the forest for young trees 
to grow.    Those which have already grown may lock their branches 
overhead; but somehow the saplings manage to get their share of 
light and heat and nutriment from the soil.    So it is in the manu- 
facturing industries.    Those which take root and begin to grow, 
adapt themselves to the conditions that surround them.    As their 
plant increases, it constantly gains in productiveness.    Its develop- 
ment is along the lines of natural progress.    Each generation has its 
own development, and its legacy to the future coming generations 
will necessarily in great part discard.    There is just as good a chance 
to-day for skill, courage and enterprise as there ever was.   Machinery 
has destroyed the handicrafts to a great extent, but it has given each 
man muscles of iron and fingers of steel with which to work.    Con- 
??  VOL XIII.--38 
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ditions have changed, but opportunities have been broadened and 
diversified. 

Within a few years we have had a great development in this 
country of facilities for technical education. Large classes are an- 
unally graduated; and every year a considerable number of young 
men, peculiarly well equipped for industrial success, are called upon 
to decide what they will do in life. That only a small proportion 
engage in pursuits in which their education gives them an important 
advantage over young men who have spent in business the years 
they have passed in college, is unfortunately true. Having been 
brought a great deal in contact with graduates of our technical 
schools, I know that they are all more or less impressed with the idea 
that the time is past when a young man without capital or influence 
has any chance of success in applying his knowledge practically in 
manufacturing. They seek employment in the service of the great 
concerns, and generally fail to get it, for the reason that very few 
capitalists care to provide these boys facilities for a post-graduate 
course. They seek employment as assistants to the management of 
smaller works, but their qualifications arc not usually of a kind much 
in demand, and they are not, as the rule, willing to accept what they 
can get. At last, discouraged and disheartened, they make up their 
minds that no way of utilizing their knowledge is open to them, and 
they are very apt to go into trade, with regrets that they had not 
spent in gaining business experience the time they feel they haw 
wasted in college. Their decision is, in most cases, based upon an 
entirely erroneous conception of the opportunities open to clever and 
ambitious young men in the manufacturing industries. In these, 
better and easier than in any other fields of usefulness, can a young 
man who has the elements of success in him, afford to be indifferent 
to his lack of capital and influence. It devolves upon the young 
engineer who has such education as the schools can give him, to select 
the line of work most congenial to his taste. If he has no prefer 
ences, he need consider only his opportunity, for one line is as 
good as anotsher in the average of years. How he begins is a 
matter of no consequence; but the less he depends upon his acaden?? 
degree, and the more he relies upon his industry and capacity to learn. 
the better his chances of starting right and making a steady upward 
progress. There is always a demand for competent foremen, and 
young man who, at the bench or in any subordinate position among 
the wage-earners, gives evidence of fitness and capacity beyond 
fellows, can have promotion without asking for it in ninety-nine car?? 
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out of every one hundred. What he has learned in college, combined 
with what he has learned in practical work, should make him so 
much more competent than foremen usually are, that one responsi- 
bility after another will devolve upon him. From that point his 
fortune is pretty much what he may choose to make it. Capital is 
. constantly on the lookout for men who are distinguished for capacity 
and skill, and there never has been, and probably never will be, a 
time when there is not room for new undertakings to succeed in com- 
petition with old ones. These may seem to be mere commonplaces 
--bits of good advice of the kind ladled out to long-suffering and 
much-patronized graduates on commencement day--but they are 
something more. I speak for our manufacturing industries. They 
.need every one of the young men who are graduated from our tech- 
nical and engineering schools, not as superintendents or consulting 
engineers, but as material out of which to make the great captains 
of industry who must organize and lead our manufacturing progress 
ten or fifteen years hence. Trade offers them no such inducements; 
the professions hold out no such opportunities. No country of the 
world has such a promise of extensive industrial development as this. 
The iron-and steel-industries offer to any young man of good habits, 
good courage, fixed purpose and a technical education, all the chances 
of success which the most ambitious could desire. They turn their 
backs upon these opportunities, less because they are afraid of work 
than because they are deceived as to the conditions of success in 
manufacturing, and fail to discover that, notwithstanding the appa- 
rent tendency to a monopoly by large capitals, there was never a 
time in the history of the world when equal opportunities were offered 
, for those prepared to lead industrial progress. 

If the distinguished honor of having been chosen to the presidency 
of this great Institute, which includes in its membership so many 

" eminent in science and industry, shall seem to the young men of our 
technical schools to entitle what I have said to more consideration 
. than attaches to words of truth and soberness spoken unofficially, I 
shall find cause for satisfaction in the thought that I have used this 
dignified opportunity for a good and worthy purpose. 

The first paper read was a biographical notice of Professor Benja- 
min Silliman, by Dr. T. Sterry Hunt, of Montreal, Canada. 
A  paper on   the  Fahnehjelm  Water-gas  Incandescent  Light, 
was then read by Dr. R. W. Raymond, of New York city, who ex- 
jg'bited and explained the light, and, in conclusion, introduced to the 
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meeting the inventor, Mr. Otto Fahnehjelm, of Sweden.  Mr. Fahne- 
hjelm spoke briefly, giving additional particulars as to the light. 

Professor Thomas Egleston, from the Committee on Uniform 
Tests,* reported progress. 

Dr. R. W. Raymond, from the Holley Memorial Committee,† 
reported progress, and exhibited a plaster model of a proposed memo- 
rial to be erected in Central Park, New York city.    This design 
though favorably considered by the sub-committee having charge of 
the subject, had not been definitely adopted. 

President Bayles appointed as scrutineers Messrs. J. F. Holloway 
and Martin Coryell. 

The second session was held on Wednesday morning, February 
18th, at the Stevens's Institute of Technology, Hoboken, N. J., when 
the following papers were read and discussed : 

The Cost of Gold Mining and Milling in Nova Scotia, by 
Willard Ide Pierce, New York city. 

Fuel Economy in Engines and Boilers, by P. Barnes, New 
York city. 

Source and Behavior of Fire-Gas in the Johnstown Mines, by 
John Fulton, Johnstown, Pa. 

  Use of High Explosives in the Blast-furnace, and of Water. 
Spray for Cooling in Blowing-Down, by W. J. Taylor, Chester, N.J. 
A New Regenerative Hot-Blast Oven, by J. C. Long, Mechan- 

icsburg, Pa. 

The third session was held on Wednesday evening, February 
18th, at the Hall of the Academy of Medicine, when the following 
papers were read and discussed : 

The Clapp & Griffith Process, by J. P. Witherow, Pittsburgh. 
Pa. 

The Clapp & Griffith Process, by Robert W. Hunt, Troy, N. Y. 
Tin-Ore-Deposits of the Black Hills of Dakota, by W. P. Blake. 

New Haven, Conn. 
Note on Tantalite and Columbite in the Black Hills of Dako?? 

by W. P. Blake, New Haven, Conn. (These two papers were read 
by title in the absence of the author.) 

E. N. Riotte, New York city, gave a verbal account of the Eas 
tin-mine of Dakota, illustrating it upon the blackboard, and cxhit- 

* Transactions, vol. xii., p 460. † Ibid., vol. x., p. 239. 
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iting large and numerous samples of rock and ore, etc., and photo- 
graphs. An interesting discussion followed, in which Mr. Gilbert 
E. Bailey, manager of the mine, took part. 

. The fourth and concluding session was held on Friday morning, 
February 20th, at the Columbia College School of Mines. 

The following gentlemen, proposed for election as members and 
associates and recommended by the Council, were elected: 

MEMBERS. 
Bacon, C. A., .............................Care H. T. King & Co., Cornbill, London. 
Bell, Dr. Robert, ..................... Ottawa, Canada. 
Bunning, Charles Z., ...................Warora. Central Provinces, India, 
. Clark, E. A. S., ...............................Sharpsburg, Pa. 
Cone, John J.,.... ......................618½ Jersey Avenue, Jersey City, N. J. 
De Camp, Edward F.,.............. 43 Exchange Place, N, Y. City. 
Elliott, M. P., .............................Crystal City, Mo. 
Eyre, Thomas T., .......................Carlisle, Grant County, New Mexico. 
Fouear, Edouard L.,...................El Paso, Texas. 
Freeland, Francis T. .................Denver, Col, 
Frink, George S., .................... Irondale, Duchess County, N. Y. 
Gay, Harry S. ............................Wilkesbarre, Pa. 
Gross, Louis N., ........................Deadwood, Dak. 
Hahn, Albert G.C., ................. 64 Perry Street, N. Y. City. 
Hotchkiss, John,...............................30 Platt Street, N. Y. City. 
Humphreys Alexander C, ........Bergen Point, X. J. 
Humphreys, Charles, .................Carlisle, Grant County, New Mexico. 
Janin, Alexis.....................................610 Hyde Street, San Francisco, Cal. 
Kebler, Julian A.,.................... Ottumwa, Iowa. 
Krom, Stephen R,, .....................93 Washington Street, N. Y. City. 
Lütseher, Gandenz,- .................Cleveland, O. 
Luttgen, Eberhard, ....................Catasauqua, Pa. 
McCay, Dr. L. W.,.....................Princeton, N. J. 
McGenniss, I. W., Jr.,................Chicago, III. 
MacTeague, J. J.,.......................Socorro, New Mexico. 
Neale, George F., .................... Crystal City, Mo. 
Newberry, W. E., ......................Copperopolis, Arizona. 
Nye, Harold B.,..........................Bellaire, O. 
Peters, Edward D., Jr., ............ Butte City, Montana. 
Price, E. A. .................................Casa Granda, Arizona. 
Price, Thomas .............................624 Sacramento Street, San Francisco, Cal. 
Reuleaux, Jules, ........................1411 Thompson Street, Philadelphia, Pa. 
Robertson, David, .....................Dagus Mines, Pa. 
Sheaffer, S. Taylor, ....................Fairmount City, Pa. 
Small, George W., ....................Oconomowoc, Wis. 
Steyern, Baltzar von,.................Falun, Sweden. 
Stillman, Thomas B., .................Stevens' Institute, Hoboken, N. J. 
Wagner, E. C,..................................Girardville, Pa. 
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Webb, H. H. ..............................  405 Front Street, San Francisco, Cal. 
Weitzel, Richard S.,....................  Logan, O. 
Whiting, Henry A., ...................  1425 Pacific Street, Brooklyn, X. Y. 
Woliston, R. T ...........................  Deadwood, Dakota. 
Worthington, Charles C, ...........  145 Broadway, N. Y. City. 
Wurgler, A., .............................................  7 Rue Viète, Paris, France.. 

ASSOCIATES. 
, N. Y. Amy, Ernest J. H .........  18 W. Twenty-seventh Street, N. Y. City. 
Bemis, Frederick P., .................. .  138 E. Fiftieth Street, X. Y. City. 
Delahaye, Fernand H.,................   3 Avenue de PObservatoire, Paris, France. 
Dwiglit, Arthur S.,......................   1S3 Prospect Place, Brooklyn, N. Y. 
Enunons, Arthur B., .................. .  Newport, R. I. 
Hildreth, Russel W., .................   25 Madison Avenue, N. Y. City. 
Huntington, F. W .....................  School of MinesCity. 

Lacombe, Charles F., .................   81 Cliuton Place, X. Y City. 
Lee, George B ............................  2039 Seventh Avenue, N Y. City. 
Marie". Leon................................  48 W. Nineteenth Street, N. Y. City. 
Merrill, Frederick J. H, .........   26 E. Sixtieth Street, N. Y. City. 
Nave. Felix ................................  Éeole des Mines, Paris, France. 
Norris, Robert Van A.,..............   School of Mines, N. Y. City. 
Robinson, Neil, ...........................   Coalburg, \V. Va. 
Sanders, Wilbur E .....................  Helena, Montana. 
Smythe, A. E.,.........................   7 Nassau Street, N. Y. City. 

The status of the following associates was changed to member- 
ship : 

C. H. Gibson. Philip S. Morse. 
Charles W. Miller. John I. Northrop. 

The following papers were then read and discussed : 
The Removal of Obstructions from Blast-Furnace-Heartlis ami 

Boshes, by T. F. Witherbee, Port Henry, N. Y. 
A  Water-Gas Open-Hearth  Furnace, by N. Lilienberg, New 

York City. 
A Bessemer Converter-House without a Casting-Pit, by L. G. 

Laureau, New York City. 
Prof. Thomas Egleston announced the tidings, just reccived, of 

the death at Paris, on the first day of February, of Mr. Sidney 
Gilchrist Thomas, of London, a distinguished member of the I use 
tute, not only professionally known to all as the inventor of the 
basic Bessemer process, but also personally endeared to many of 
American fellow-members. 
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George W. Maynard, New York City, formerly associated with 
Mr. Thomas, followed, with appropriate remarks, and was requested 
by the President to prepare a biographical notice for the Transac- 
tions of the Institute, to be published with the papers of the present 
meeting. 

The following papers were then read by title: 
A New System of Ore-Sampling, by D. W. Brunton, Denver, 

Col. 
The Iron-Ore Range of the Santiago District of Cuba, by J. P. 

Kimball, Bethlehem, Pa. 
Notes on the Treatment of Nickel- and Cobalt-Mattes at Mine la 

Motte, by James M. Neill, Mine la Motte, Mo. 
The Patience of Copper and Silver, as Affected by Annealing, 

by H. M. Howe, Boston, Mass. 
Hematite of Franklin County, Vt., by Alfred F. Brainerd, St. 

Alban's, Vt. 
Combined Concentration and Amalgamation of Silver-Ores, by 

Walter, McDermott, New York City. 
Note on the Occurrence of Nickel and Cobalt in Nevada, by A. 

D. Hodges, Jr., Roxbury, Mass. 
A Theory to Explain the Cause of Hard Centers in Steel Ingots, 

by R. Gatewood, Washington, D. C. 
Certain Interesting Crystalline Alloys, by Richard Pearce, Den- 

ver, Col. 
The La Plata Mountains, Col., by H. C. Freeman, Alto Pass, 

III. 
The Secretary read the following: 

REPORT OF THE COUNCIL. 

In accordance with the rules, the Council makes the following 
Report to the Institute. 

The financial  statement of the Secretary and Treasurer, duly 
audited, shows receipts for the year from all sources of $19,052.36, 
and expenditures of $17,384.47, leaving a surplus of $1667.89. 
In addition to this, the Treasurer holds U. S. bonds belonging to 
the Institute as follows: 4 per cent. bonds, $900 par value; 4½ per 
cent. bonds, $4400 par value, total $5300; present market value, 
say, $6026. 
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Since the balance from the last annualstatement was $3711.96, 
the actual receipts of the year were §2044.07 less than the expendi- 
tures. 

The detailed statement is as follows : 

Statement of the Secretary and Treasurer, of Receipts and Disbursements, from February 
1st, 1884, to January 31st, 18S5. 

DR. 
Balance from last statement, ......................................................$3,711 96 
Received for dues from members and asso- 
ciates, ................................................................................................12,223 55 
Received for life-membership,.....................................................1,200 00 

"      sale of publications, ................................................... 740 67 
"      binding Transactions and Index,............................427 25 
"      authors' pamphlets,.................................................. 304 58 
"      electrotypes,..........................................................................61 80 
"      portraits of Holley, .................................................. 39 00 
"      desk and chairs sold, ................................................. 20 00 
"      copying-press sold, ....................................................................6 00 
"      engraving, etc.,.............................................................................25 05 
"     postage and exchange, ...............................................1 06 
"      intereston U.S. bonds, $234 00 
"   interest on deposit,          57 44 
                                                                                   291 44 

                            $19,052 36 
CR. 

Paid for printing vol. xii. Transactions, ................................ 52,063 09 
"      binding vol. xii. Transactions,.........................................656 05 
"      printing Index,..................................................................538 63 
"     binding Index, ........................................................... 263 20 
"      printing Holly Memorial volume,. ............................. 463 00 
"      binding Holly Memorial volume,. ...............................292 26 
"      printing    pamphlet    editions    of 

                                 papers,. ....................................................................2 442 09 
  "      printing anthors' editions of papers,.............................. 328 00 
  "            "       list of members,.................................................. 30 00 

 "            "       mailing-list, ................................................................. 19 50 
 "           "       circulars, ballots, etc., ....................................118 93 
 "     binding miscellaneous volumes, ...................................110 10 
 "            "       exchanges,.......................................................... 138 08 
 "      engraving and electrotyping,, ...................................1,936 70 

  "     stationery (including post-paid en- 
velopes), ................................................................................... 371 58 
"      postage,......................................................................... 1,553 35 
"     travelling expenses, mailing books 
           and pamphlets,............................................................................80 35 
"      advertising,....................................................................................... 2 75 
"      moving furniture, etc., to new office, ................................ 30 45 
"     fitting up new office, ................................................... 218 14 
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Paid for small expenditures in  office  (un- 
classified),...............................................................................$33 37 

"     janitor's fees .......................................................................... 38 50 
"     rent of office,....................................................................... 150 00 
"     freight, express-charges and duty,. ................................... 168 05 
"     telegraphing,.......................................................................... 18 25 
"     purchase of Transactions,.......................................................... 9  00 
"     storage of Transactions (1884), ............................................154 79 
"      artotypes of Holley, ................................................................. 10S 50 
"    bank-note plate-paper, ....................................................... 625 00 
"    storage  for Transactions (adv. for 

1885) ..........................................................................................113 40 
"     salaries of Secretaries and three as- 

sistants ................................................................................... 3,794 50 
"      extra clerical   labor in preparing 

Index to vol. xii., .......................................................... 25 00 
"      expenses of Secretary and assistant 

at meetings, ........................................................................ 491 86  
                                                                                                                   $17,384 47 

Balance,…………………………………………………………………………..  $1,667 89 

The expenditures stated above include the cost of two extra pub- 
lications, the Index to Vols. I.-X. and the Holley Memorial. The 
cost of the former was: for printing, §538.63, for binding §263.20, 
 for distribution, about §100*, making a total of, say, §900. The 
cost of the latter was: for printing, §463.00, for binding, §292.26, 
for frontispiece portrait, $92.50, for distribution, about §150.00; 
total, say §997. These two volumes, therefore, distributed to mem- 
bers free of charge, in addition to the regular publications, represent 
an expenditure of $1897. It should be added that a considerable 
number of copies of each is still on hand, and that sales are fre- 
quently made. Moreover, the Index-volume, by rendering the first 
en volumes of the Transactions readily available for reference, 
stimulates the demand for back volumes, and thus increases the in- 
come of the Institute. Both of these books have been received by 
the members and associates with unanimous satisfaction. 

Attention is also called to two items, which properly relate to the 
next year's expenses, namely, the payment of $113.40 storage for 
1885 in advance, and the purchase at the cost of §625 of a lot of 
bank-note  paper, specially   manufactured   for  the  Institute, and  
intended for the plates of the next volume.    The large and increas- 

* A rough calculation of the postage on the book and the accompanying letters 
of notification. The item of binding is chiefly the binding in paper covers and the 
topping for the mail, for which no charge was made to members. 
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ing stock of back-volumes of the Transactions, formerly kept in two 
parts (for greater safety) in private houses in Easton, is now stored 
in the fire-proof building of the Manhattan Warehouse Co., Lexing- 
ton Avenue, between 41st and 42d St., New York City, and by pay- 
ment for a year in advance, a favorable rate has been obtained. 
The substitution in the annual volume of a superior quality of 
paper for plates is an experiment, the success of which must be 
determined when that volume (now more than half printed) makes 
its appearance. It is believed that the result will justify the in- 
creased cost. To obtain the quality and size required, it was necessary to 
order from the makers the amount purchased, which is considerably more 
than the next volume will require. This paper has been used in some 
cases on authors' special editions, but not on tie regular pamphlet editions 
of papers. The two items here mentioned as belonging properly to the 
future, amount to §738.40. 

The expenses of moving the books, etc., of the Institute from 
Easton to New York, and of fitting up the New York office amount 
directly to $211.89, besides a large number of small items, indirectly 
occasioned by that removal, but not charged to that account. 

The postage-account, which was, year before last, $765.60, fell 
last year to §572.G0, and is this year §1553.35. The explanation is in 
part, that the postage on Volume XI. of the Transactions, amounting to 
about §300, was paid this year (the volume having been distributed in 
January and February, 1884) as well as the postage on Volume XII., 
distributed in November and December, l881. Moreover, there have been 
distributed to members during this year eight packages of pamphlets as 
against four in the preceding year, the increased postage due to this item 
being about $360. 

The same engravers and printers having been employed, and at the 
same rates this year as last, the large increase in the items of printing and 
engraving is due to a corresponding increase in the quantity of work 
done. An examination of Vol. XII., which contains 182 more pages and 
many more illustrations than Vol. XI., will account for a part of this 
difference. But another important cause is the advance which has been 
effected in the time of publication of the annual volume.    By 
extraordinary exertions Vol. XII, was brought out some three months 
earlier than its predecc???, and the work of engraving and printing 
on Vol. XIII. is now for in advance of that on Vol. XII. at the 
corresponding period of lsst It is hoped that through the cordial co-
operation of the authors of papers, Vol. XIII. may be issued some 
time next summer. Evi-
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dently the great gain thus effected has thrown an unusual amount of 
printing and engraving into the accounts of this year. Without 
discussing details at wearisome length, it may be roughly estimated 
that the extra expenditure of the present year due to acceleration 
of publication has been §1200. 

Recapitulating the items of extraordinary outlay in the foregoing 
accounts, not connected with the natural increase of the expenses 
through the growth of the Institute and consequent increase of 
editions, postage, clerical labor, storage, etc., we have: 

Extra publications presented to members, .......................................... $1897.00 
Purchases and payments for next year, ............................................738.40 
Cost of  moving office to New York, .......................................................... 211.89 
Postage properly belonging to last year, ................................................ 300.00 
Extra  pr int ing and engraving due to  accelerat ion  of publica-  

tion,      ........................................................................................................1200.00 
Extra postage due to the same cause, ....................................................... 360.00 

Giving a total  of ................................................................................ $4707.29 

or $2663.22 more than the apparent excess of expenditures over receipts 
as stated above. 

Three meetings have been held during the year: the annual 
(xxxviiith) meeting in Cincinnati, a May meeting in Chicago, and 
a September meeting in Philadelphia. They were, as usual, professionally 
successful and socially delightful. 

The changes in membership since the last annual report have been 
as follows: 

Two honorary members, 146 members, and 33 associates have 
been elected and have accepted their election; 7 members and 1 
associate elected before the last report, have accepted since that time; 
7 associates have been made members ; 23 members and 9 associates 
have resigned ; 49 members and 13 associates have been dropped; 
the list of "foreign members " has been diminished by the election 
of Prof. Richter to honorary membership; and the list of members 
has been likewise diminished by the similar transfer of the name of 
Dr. Drown. 

The list of deaths comprises one foreign member, Mr. J. R. Priest 
(whose death, which occurred in 1880, was not reported to the Secretary 
until 1884), 13 members, D. R. Davidson, Thomas Dickson, Anton 
Fernekes, C. C. Hussey, E. K. Hyndman, S. W. Ingersoll, John 
Leisenring, William Lorenz, Isaac Newton, R. H. Rickard,                 
H. S. Stirling, T. E. Sickles, Benjamin Silliman, J. M. Stinson, 
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and Sidney Gilchrist Thomas; 4 associates, David McKee, W. S. 
Mackintosh, P.  E. Phillips, and L. E. Warner.     Of these, the death 
of Mr. Stirling occurred in 1882 but was not reported. 
These changes are tabulated as follows : 
 
      Hon.      For. 

   M          M.         M           A      TOTALS.     
At date of last report, ....................................  3 50 1134 154 1341                
GAINS--By election during year, .............  2  146 33 1S1  

By acceptance of previous elect'n, ...........    7 1 
By change of status of associates,...........    7  7 

LOSSES--By resignation,   . . . . ............    23 9  32 
By dropping from roll, . . . . ..........    49 13  62 
By change of status, ...................................    1  1  7   9  
By deaths reported, ....................................   1 14 5 20  

Total gains, ...............................................  2  160 34 196 
Total losses ...............................................   2 87 34  123  
Present membership.................................  5 48 1207 154 414 

The comparatively large number of resignations and of names 
dropped by the Council is the result of a strict revision of the list, 
and a personal correspondence on the part of the Secretary with 
members and associates in arrears, when their addresses could be 
obtained. When this was not possible, the names were dropped 
without further notice. In the exercise of the discretion authorized 
by Rule iii., it has always been the practice of the Council to show 
great leniency to worthy members and associates who signified their 
desire to continue and their intention to pay their dues. Novolome 
is ever sent to those in arrears for the year in which the volume was 
published; but the pamphlet edition of papers and the circulars 
from the Secretary's office are sent for one year at least, and have 
often been sent for two years, to members and associates in arrears. 
The wisdom of such liberality has been amply proved by the frequent 
receipt of arrears in full from members and associates, who, by reason 
of long absence in foreign countries, or by oversight, or through 
temporary financial embarrassment, had omitted their regular pay- 
ment. But a careful scrutiny of the whole list led to the belief that 
in some cases this liberality was abused, and persons who did 
seriously expect to pay their dues were continuing to receive  
phlets and circulars without protest. Personal correspondence accom. 
plished in most instances what printed circulars had failed to do; 
and the result is shown in the resignations and names dropped, 
shown in the above table.    It is believed that no injustice has 
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committed; but the way is open for any who desire to return by 
payment of arrears and upon satisfactory explanation to the Council. 
The Institute is so large and strong that it needs no support from 
mere names which do not represent members caring enough for their 
connection with it to pay with reasonable promptness their proportion 
of its expenses, and to keep the Secretary advised of their addresses. 
Moreover, the increasing labor and expense involved in distributing 
publications to so large a membership should be more strictly con- 
fined to those who show that they appreciate the benefits conferred 
by the Institute upon its members and associates. 

The Scrutincers appointed at the first session of the meeting re- 
ported the following officers as elected: 

PRESIDENT. 

JAMES C. BAYLES,.................................................,      New York City. 

VICE-PRESIDENTS. 
(To serve for two years.) 

J O H N  F U L T O N ..  ……………………………………         Johns town,  Pa. 
RICHARD PEARCE, ................................................         Denver, Col. 
C. A ST ET EFELDT, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  New York  Ci ty.  

MANAGERS. 
(To serve for three years.) 

  C. A. ASHBURNER, ...............................................   Hiladelphia, Pa. 
W. E. C. CONE,........................................................   Heading, Pa. 
E. GYBBOX SPILSBURY, ......................................     Haile Mine, S. C. 

                                                           TREASURER. 
THEODORE D. RAND, ...........................................     Philadelphia, Pa. 

SECRETARY. 

R. W. RAYMOND, ..................................................      New York City. 

On motion of J. D. Weeks, of Pittsburgh, Pa., duly seconded, 
the following resolution was adopted : 

Resolved, That the Secretary be and is hereby directed to express the thanks of 
the Institute to the resident members, and to all persons, firms, societies, and cor- 
porations to whom such acknowledgment is due, for the courtesies extended to 
visiting members and guests, and particularly to the Local Committee for its faith- 
fol and successful labors in the arrangement of this meeting. 

The President then declared the meeting adjourned. 
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EXCURSIONS  AND   ENTERTAINMENTS. 

Cordial invitations were received as follows, and were accepted 
by such of the members as were desirous of visiting the different 
places named : 

From the American Society of Civil Engineers, to visit and make 
use of its rooms in the city. 

From the New York Steam Company, to visit its "Station B," 
in Greenwich Street, near Cortlandt. This station is designed to 
contain 16,000 horse-power of boilers in four stories, with a loft 
above for the storage of coal. The building has been roofed in 
temporarily below the final elevation, and now contains boilers of 
8750 horse-power, arranged principally in the second and third 
stories. Specimens of the special apparatus of the company were 
on exhibition on the first floor of the building; also some of the 
maps, showing the extent of the work and the obstructions encoun- 
tered during its progress. Mr. Charles E. Emery, engineer and 
superintendent of the company, accompanied parties of visitors 
during Wednesday and Friday afternoons. 

From Messrs. McDermott & Duffield, to visit their New York 
ore-milling and testing; works, No. 528 West Sixteenth Street. The 
machinery at these works is managed with a view to accurate work- 
ing on a small scale for experimental purposes. 

From Messrs. Poulson & Eger, to visit the warerooms in Twenty- 
third Street, of their Hecla iron works, and also the works them- 
selves, at North Third and Eleventh Streets, Brooklyn, E. D. At 
these works the Bower-Barff rustless process is applied to east-iron, 
and very interesting and beautiful architectural and decorative iron 
work is done. Visitors were conducted by Professor George W • 
Maynard. 

From the Joseph Dixon Crucible Company, to visit its works at 
Jersey City, N. J. At these works crucibles, lead-pencils, and other 
products of plumbago are manufactured on an extensive scale. Mr. 
John A. Walker took charge of visiting parties. 

From Mr. T. C. Clarke, to inspect the New York and Brooklyn 
bridge, including the machinery of traction, etc. 

From Mr. E. W. Bliss, to visit his extensive establishment,  
Adams Street, Brooklyn, for the manufacture of special machinery. 

From Messrs. Ledoux & Ricketts, to visit their chemical and 
metallurgical laboratory, No. 10 Cedar Street. 
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From Messrs. Tiffany & Co., to visit their establishment in Union 
Square, and particularly to inspect the large and unique collection 
of rough diamonds on exhibition there. 

From Mr. George S. Dwight, agent of Mr. Otto Fahnehjclm, to 
inspect the Fahnehjclm water-gas incandescent light, at the works 
of the Municipal Gas Company. 

From Mr. P. H. Dudley, to inspect his track-inspection car, at 
the Grand Central Depot. 

From Lieutenant G. McC. Derby, to visit and examine the diffi- 
cult, interesting, and important work under his charge, the excava- 
tions at Flood Rock, under the East River, carried on by the United 
States Government, preparatory to blowing up the last great ob- 
struction to the navigation of Hell-Gate. Large excursion parties 
were conducted to this point on Wednesday and Friday afternoons 
by Mr. James F. Lewis. 

In addition to the foregoing, a general excursion was made to the 
Tilly Foster iron-mine of the Lackawanna Iron and Coal Company, 
near Brewster's station on the New York and Northern Railroad. 
A special train, provided by the Local Committee, left the depot of 
this road, in One Hundred and Fifty-fifth Street, at 10 o'clock on 
Thursday morning. At the mine the large party was entertained at 
luncheon by the Lackawanna Iron and Coal Company, and as many 
as desired were conducted into the mine, where Mr. Andrew Cos- 
griff, the superintendent, exhibited and explained the novel method 
here employed, of using concrete pillars to support the walls of the 
large deposit where the ore has been removed. The excursion re- 
turned barely in time to permit members and ladies to attend the 
subscription dinner, which took place at Delmonico's on Thursday 
evening, and at which the company numbered about 175, more than 
70 being ladies. 

At the close of the session at the Stevens Institute, on Friday 
morning, the numerous members present were entertained at luncheon 
by President and Mrs. Morton ; and, on Friday evening, the crown- 
ing social enjoyment of the week was provided in a reception by Hon. 
and Mrs. Edward Cooper, at their residence, No. 12 Washington 
Square, North, where a company was gathered which would have 
crowded a less spacious mansion, and which comprised the leading 
civil and military engineers, professors and scientific and literary 
men of New York, as well as many ladies of the city, invited to 
meet the visiting members and ladies of the Institute. 
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MEMBERS   AND   ASSOCIATES   PRESENT. 

The following members,  associates, and guests registered their 
names at the headquarters of the Local Committee: 

A. V. Abbott. Albin Garrett. 
Charles A. Ashburner. William Garrett. 
W. S Ayres. F. L. Garrison. 
G. E. Bailey. Richard George. 
S. W. Baldwin. J. L.Gill, Jr. 
P. Barnes. Austin G. Gorham. * 
A. 8. Bartolet. A. G. C. Halm. 
J. C. Bayles. C. H. Henderson. 
Alfred L. Beebe. G. C. Hewett. 
Frederick P. Bemis. H. D. Hibbard. 
John Birkinbine. L. Holbrook. 
Charles P. Bleecker. I. F. Holloway. 
John Bogart. W. A. Hooker. 
Jerome L. Boyer. H. M. Howe. 
V. M. Braschi. Robert W. Hunt. 
H. W. Buckley. T. Sterry Hunt. 
Robert Bunsen. A. D. Ihlseng. 
William Burnham. E. P. Jennings. 
Charles Butters. W. H. Jennings. 
I. P. Carson. B. F. Jones. 
J. Clemente Castro. C. H. Jouet. 
H. M. Chance. Hugh Kennedy. 
A. H. Childs. J. Kennedy. 
A. D. Churchill. William Kent. 
F. Collingwood. Max Kinkead. 
C. Constable. C. Kirchhoff, Jr. 
Martin Coryell. J. M. Knap. 
J. L. Cunningham. W. B. Kunhardt. 
Gram Curtis. L. G. Laurean. 
Floyd Davis. B. B. Lawrence. 
E. V. D'Invilliers. George B. Lee. 
W. F. Downe. A. E. Lehmann. 
T. M. Drown. James F. Lewis. 
P. H. Dudley. N. Lilienberg. 
W. F. Durfee. Stuart Lindsley. 
A. S. Dwight. E. F. Loisean. 
E. H. Earnshaw. John C. Long. 
Thomas Egleston. E. V. McCandless. 
A. Eilers. Walter McDermott. 
B. F. Emerson. S. W. McKeown. 
Charles E. Emery. Charles Macdonald. 
John D. Evans. J. B. Mackintosh. 
R. Forsyth. C. A. Marshall. 
H. Van F. Furman. J. A. Mathieu. 
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George W. Maynard.  William B. Shinn. 
E. Mickley. A. T. Shoemaker. 
Charles W. Miller. Oberlin Smith. 
George F. Milliken.  John C. Smock. 
Philip W. Moen.  A. E. Smyth. 
H. S. Munroe. A. Spies. 
George S. Morison. \V. F. Staunton. 
S. F. Morris. C. A. Stelefeldt. 
A. J. Moses. Edward G. Stoiber. 
Knight Neftel. George C. Stone. 
R. Van .A. Norris. | Victor O. Strobel. 
George Ormrod.  W. J. Taylor. 
I. P. Pardee.  George E. Thackray. 
W. I. Pierce.  Edwin Thomas. 
J. C. Platt, Jr. Herbert G. Torrey. 
R. W. Raymond. W. W. Van Voorhes. 
J. M. Rich. J. A. Walker. 
Ellen H. Richards. Joseph D. Weeks. 
.R. H. Richards. R. S. Weitzel. 
J. H. Ricketson. John Wilkes. 
George W. Riggs. David Williams. 
E. X. Riotte. Frederick H. Williams. 
Kenneth Robertson. S. T. Williams. 
R. P. Rothwell. T. F. Witherbee. 
William S. Saunders. J. P. Witherow. 
E. J. Schmitz. 
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     TEE IRON-ORE RANGE OF THE SANTIAGO DISTRICT 
OF CUBA. 

BY JAMES P. KIMBALL, LEHIGH UNIVERSITY, BETHLEHEM, PA. 

THE south slope of the Sierra Maestra, which, east of the Bay of 
Santiago, forms the coast range of the Island of Cuba, is for a dis- 
tance at least of some thirty miles east of the bay, made up of erup- 
tive syenite, covered with a massive overflow of trap (epidotic dio- 
rite).    This has reached the surface through innumerable dykes. 

The serrated crest of the range, within these limits, appears at a 
distance to be uniformly denuded of diorite, as are also the foot-hills 
at the coast directly in front. Farther east the range, as viewed from 
the sea, exhibits a topography characteristic of a trappean surface 
from summit to base. 

Within the same limits the immediate coast is emerged coral-reef, 
reposing directly on the syenite. 

The Bay of Santiago corresponds to an original indentation of the 
coast. It is excavated from coralline, of which three terraces are 
preserved. These mark successive elevations of the coast range. 
Their combined thickness is over 300 feet above tide. The third 
terrace, forming the present or immediate shore, like the two elevated 
terraces from which the shore-line has advanced, is precipitous and 
practically vertical, from the undermining action of the waves. 

As will presently be shown, geological traces are afforded of the 
former existence of corallines still further back from the coast. 
These were in remote but direct succession with the subsequent up- 
lifts as marked by the still existing terraces. Intervening corallines 
may have disappeared from the intermediate belt of syenite hills by 
erosion, to which the minor topography of the range is wholly due. 

The trappean belt reaches a thickness which I estimate to be not 
less than 2000 feet on the slope of the Sierra, and a height of some 
3500 feet. As it declines from this elevation toward the sea it like- 
wise thins off. Thus the upper part of the south slope is an enor- 
mous mantle of diorite resting on the syenitic body and base of the 
range. 

The Juragna Hills, so-called, are the culmination of the foot-hills 
of the Sierra between the bays of Santiago on the west and of Guan- 
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tanamo on the east. They constitute an alpine body of hills, dis- 
tinguished from the massive body of the Sierra Maestra by their iso- 
lation as four distinct parallel ranges, successively declining in eleva- 
tion with the general slope toward the sea. 

The summits of the first or upper isolated range of the Juragna 
Hills, reaching an elevation of some 2000 feet above the sea, are 
mainly eroded from the dioritic mantle down to the syenite, which 
first makes its appearance at their lower or southern base. 

The h i l l s  of the second distinct range of the same body are covered 
with a reduced thickness of the same trappean rock, but these are 
eroded well into the syenite. 

It will be shown that this range, as compared with the only other 
iron-ore bearing range, namely, the first, presents the more favorable 
conditions both for the original development of iron-ore bodies and 
for their preservation. 

A further east and west extension of the iron-ore bodies of the 
Juragua Hills is seen to have once been a pronounced feature--es 
pecially of the second range. Toward the west these have survived 
the general erosion only as remnants. This is also the case with the  
h i l l s  
hills themselves which they flanked. These fall off very rapidly in 
size from the culmination of the Juragua Hills. Thus increase tie- 
destructive effects of erosion in both directions along this range, 
until stayed by structural changes in the Sierra Maestra, which it is 
needless here to describe. The Lola and Berraco bills to the east- 
ward, both containing undeveloped ore-bodies, are an extension' 
the second range under the changed structural conditions referred to. 
So too, still farther east, with the ore-hills of Sigua, which I have 
observed only from a distance. 

The third and fourth ranges of low hills of the Juragua group and 
completely denuded of diorite, if indeed, as seems doubtful, they 
were ever covered with it. These form the syenitic coast-margin 
conspicuous features of which are the very numerous dykes of 
highly epidotic diorite. 

This trappean rock, so largely developed upon the flunk of the 
Sierra, may be supposed to be the present form of an or ig ina l ly  
more basic material from which large volumes of ferric oxide. have 
been separated by metasomatism (weathering). The large mass?? 
specular ore found along the first and second ranges of foot-hill can 
correspond only to a small proportion of the ferric oxide which. 
together with other mineral matter, has been eliminated by chemi?? 
forces from the original igneous magma. 
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The unequal development of the iron-ores of these two ranges of 
foot-hills points to unequally favorable conditions for the separation, 
concentration and preservation of the ferric oxide. 

The second range of hills, as above remarked, affords altogether 
the best type of ore-bodies. This, type is well exhibited in the so- 
called East Mine and West Mine hills of the Juragua Iron Company, 
Limited.. The diorite of these hills, reduced in thickness as it falls 
away toward the coast, is in contact along this range with the syenite. 
This contact, therefore, seems to have become the seat of great chemi- 
cal activity--especially through the action of alkaline carbonates 
from the feldspar of both rocks in process of weathering. 

SECOND OR LOWER IRON-ORE BELT. 

The large bodies of hematite or specular oxide, together with as- 
sociated ferruginous aggregates--in part of magnetic oxide, are sec- 
ondary products from the decomposition of basic eruptive rocks, now 
represented by the epidotic diorite which has penetrated and over- 
flowed the syenitic base of this part of the Sierra Maestra.   They are 
the result of the alteration or epigenesis of highly basic, and therefore 
unstable, roek-aggregates, and of their resolution into new aggregates 
with the aid of surface-agencies, in subordination to the new condi- 
tions met with at and near the surface.   Thus the presence of oxygen 
in atmospheric air, and of alkaline and earthy bicarbonates from de- 
composing silicates, has rendered unstable the highly ferriferous ma- 
terial from deep-seated sources.    These aggregates were basic from 
excess of protoxide bases, and especially protoxide of iron.    Such 
eruptive material cannot long resist further oxidation at the surface, 
with the result of more or less complete disintegration of the original 
aggregate, and its recomposition into new compounds.    This process 
of permutation is known as weathering* (metasomatism).    Many of 
the commonest phenomena of mineral veins are of this nature, and 
all rock-masses exhibit the same on a greater or less scale.    The 
phenomena of mineral  pseudomorphism   and rock-metamorphism 
are of the same general class. 

To be more specific, the eruptive material which gave origin to the 
iron-ore consisted of proto-silicates, or silica combined with the pro- 
toxide bases, iron, lime and magnesia, and with alumina. Under its 
new conditions at the surface, with access to oxygen in the atmos- 

Weathering is here used in the broad sense of the term Verwitterung, as defined 
Roth (Chcmische Geologic, I., 2). 
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phere and in circulating waters, and in contact with bicarbonates of 
the alkalies and of alkaline earths (also circulating in meteoric waters 
and derived in part from itself, but especially furnished in large pro- 
portion by still more feldspathic material like syenite in the process 
of weathering) the protoxide of iron became rapidly further oxidized 
into ferric or sesqui-oxide, which is a comparatively stable product un- 
der conditions prevailing at the surface.   The oxidation of the ferrous 
to ferric oxide is attended with more or less complete dismemberment 
of the eruptive rock little by little.     Silica originally combined with 
the ferrous oxide is isolated as silica.    Silicates of lime, magnesia and 
alumina, being more stable, form new aggregates among themselves, 
in part according to atomic proportions.    Soluble material as fast as 
isolated enters into solution in circulating waters, and is thus at hand 
to assist in the work of weathering.   This work of alteration has gone 
on till  a complete change has been wrought not only in the compo- 
sition but also in the arrangement of the original eruptive rock.    By 
the law of molecular attraction a process of concentration has gone on 
simultancously with the process of weathering decay.   Homogeneous 
material, such as ferric oxide, has collected by itself to a degree far 
greater than the other earthy residues, because in the process of con- 
version from ferrous to ferric oxide it has been in solution, and so in 
circulation, and hence becomes finally deposited under long prevail- 
ing conditions of uniform circulation.    The process here briefly fol- 
lowed out has gone on, not on the surface but below, within the range 
of circulating waters.    The same action at the surface is followed l>y 
waste or diffusion of the products of alteration.    This is the partial 
explanation of the occurrence of the ferric oxide in defined positions 
so as to finally constitute ore-bodies.    This explanation will be com- 
pleted by the following very important observation : 

The best of the iron-ore bodies, including those of the East Minc, and 
the developed ore-bodies of West Mine, hills, are mainly, if not indeed 
wholly, replacements of coralline limestone. 

A second and different class of ore-bodies will remain presently 
to be described. 

The eruptive overflow, which probably took place in part below 
the sea level, involved masses of littoral coralline limestone and of 
coral reef. The final elevation of the Sierra Maestra was a subse- 
quent event. It is these masses of coralline limestone which, in 
several instances of the better class of iron-ore bodies, including 
those of the Estancia location, as well as of East Mine and West 
Mine hills, have become replaced by a highly concentrated ferric or 



THE IRON-ORE RANGE OF  THE SANTIAGO DISTRICT OF  CUBA.     617 

specular oxide. Thus the outlines of such ore-bodies, as well as their 
dimensions, correspond in the main to those of the original limestone 
masses. Hence the great difference in size and attitude, and many 
of the irregularities of all the ore-bodies appertaining to this class. 

The replacement of limestone by ferric oxide is well understood 
as a not uncommon mode of origin of several familiar types of iron- 
ore deposits. 

The process of replacement referred to may be briefly explained 
as follows: 

Meteoric water circulating within the superficial or weathering 
zone of rock, takes up enough carbonic acid from the atmosphere, 
and under other favorable circumstances also sulphuric acid from the 
oxidation of pyrite, to impart to it solvent effects, especially in its 
action upon limestone. Coralline limestone, before consolidation and 
induration from crystallization, yields most readily to such solvents. 
As particle by particle enters into solution, its place is taken by any 
available substance in the process of precipitation from the same 
water, or from intermittent sources of water. In the case in hand, 
lime becomes dissolved in the same water that has taken up ferrous 
oxide as a bicarbonate, and that is precipitating ferric oxide. In other 
words, water dissolving lime as a bicarbonate has from a neighboring 
source taken up protoxide of iron, likewise as a bicarbonate, but which 
is rapidly precipitated as ferric oxide (by peroxidation), this oxide 
being an insoluble one. Or again, through the mediation of sul- 
phuric acid, ferrous carbonate results from the reaction of ferrous 
sulphate upon limestone, and by exchanging acids and bases with 
other alkaline carbonates also upon dioritic and syenitic rocks which 
supply these carbonates, including carbonate of magnesia. Or, still 
farther, carbonic acid along with ferrous sulphide may follow from 
the reduction of ferrous sulphate by decaying organic matter. And 
so on through a round of permutations according to the adventitious 
composition of passing mineral waters.* Hence the process of re- 
placement is a gradual one. 

Proof of the replacement of coralline limestone is afforded by 
fragments of ore still retaining the structure of coral. Several such 
specimens are in my possession. These are sufficient to establish the 
truth of the mode of replacement referred to. Still better proof is 
afforded on the ground, as something of the radial structure charac- 

., * See a paper by the present writer, these Transactions, viii., 213. Index to vols. 
i.-x. {Errata), 2. 
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teristic of coral is necessarily sacrificed to the trimming down of 
hand specimens to a convenient size. 

Collateral proof of the truth of the general proposition, namely, 
that littoral coralline limestone and coral-reef have been involved in 
the vulcanisin of the iron-ore bearing range, is to be found in the 
presence, exclusively within the limits of the range, of highly crys- 
talline limestones, or white marble, in isolated bodies correspouding 
in size and general attitude to certain ore-bodies already instanced. 

It must be borne in mind that almost a l l  limestones have their 
origin in coralline material, derived directly from the consolidation 
or induration of coral-reefs; or, to a far greater degree, from the ac- 
cumulations on sea-bottoms of coralline sediments after comminu- 
tion by the waves. 

Why in some instances the coralline masses have become bodily 
indurated and crystallized into marble, while in others they have 
disappeared by dissolution and their place has been taken by specu- 
lar oxide of iron, is to be explained by a difference in local circum- 
stauces, of which at least the following are easily conceived. 

1. A mass of coralline limestone situated at an elevation so that 
drainage would be away from i t ,  would not be subject to the solvent 
effect of carbonated  or other acidulated   waters,  except upon i t s  
surfaces.    Such is the topographical situation of all the marble de- 
posits known to me in the region. 

2. The period of the crystallization of the calcareous or coralline 
material has doubtless in some eases governed the matter in question. 
If originally crystallized as one of the immediate effects of igneous 
contact, it would be in a state to resist solvent action of circulating 
waters except at its surfaces.    The alteration of limestone into the  
crystalline form of marble is a common effect of vulcanism, whether 
of trap-dykes or other larger injections. 

3. The condition  of the   coralline   limestone when overflowed, 
whether   emerged and  therefore  to  some degree  consolidated, or  
whether still of the nature of coral-reef, is a question of some mo- 
ment in its bearing upon the differences to be observed among the 
several developments of limestone, and of the iron-ores.    In other 
words, some of the points of difference suggest the probability that 
in some cases the coralline masses   involved, were at least under 
water and parts of them still of the character of reef, when iuvolved 
in  the igneous flood.    The presence of orgauic life is indicated by 
the pyritous ore possessing the structure of corallum at the "north 
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shaft" (pit) of East mine, which is near the contact of one of the 
great ore-bodies with the syenite. 

The limestone so far as at present known is completely obliterated 
in the case of the development of large ore-bodies.. 

Nor have I met with it in the same hills with large bodies of iron- 
ore. Small exhibitions of float, usually of good quality, are generally 
found in their vicinity, but no ledges of ore nor heavy float indica- 
tive of outcrops. The presence of limestone seems to be incompati- 
ble with the presence of considerable bodies of iron-ore. At Berraeo 
only, have I observed any crystalline limestone in the same hill 
along with considerable bodies of iron-ore. In this instance the 
limestone was found simply as a fragment, probably from a con- 
cealed ledge high up the hill; or, what seems to me still more 
probable, from a former ledge so situated, and now obliterated by 
the degradation of the hill. This probability follows from the fact 
of the situation near the summit of the. higher hills of all such 
bodies of limestone that I have met with. 

The iron-ore bodies of the alpine district east of Santiago, are 
exceptional, from the fact that they are attributable to the immediate 
alteration of eruptive rocks, and that resulting residues, including 
an important portion of their original ferriferous contents, have 
been preserved almost in situ. 

The other great bodies of ferric oxide in North America, like the 
Huronian deposits of Michigan and Wisconsin, are similarly derived 
from the decomposition of highly but less basic rocks of metamorphic, 
and not of direct eruptive origin. Such stratified specular iron-ore 
bodies are believed to owe their existence to the accumulation by pre- 
cipitation of ferric oxide from basins of water receiving the drainage 
from such basic rocks. In the bottoms of hydrographical basins 
the ferric oxide is preserved in laminae and beds, along with the 
mechanical sediments (clay, sand and marl) corresponding to the 
insoluble parts of the same decomposing basic rocks. The source 
therefore of the Archean crystalline, or so-called primary, iron-ores, 
including most deposits of magnetite, was basic rocks comparatively 
poor in ferrous exide and rich in earthy silicates. 
The Sierra Maestra ores, on the other hand, are derived without 

intermediate stages of development from basic silicated aggregates, 
particularly rich in ferrous oxide, an important proportion of which 
has been preserved as ferric oxide in places below the surface near its 
source, without ever reaching hydrographical channels of drainage. 
Under ordinary circumstances in past geological times, the same as 
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universally observed at present, all but a comparatively minute pro- 
portion of ferrous oxide dissolved in circulating waters, or of sedi- 
mentary ferric oxide, must have been lost in the general drainage. 

 But for the presence of considerable bodies of soluble coralline 
limestone implicated in the littoral igneous flow, no such preservation 
of the ferric oxide as has taken place could under the past or present 
topographical conditions of the Sierra Maestra range have occurred. 
The related hydrographical conditions must always have been against 
the local accumulation or preservation of fine detritus of any kind 
in its water-channels, while no basins upon its slope can ever have 
existed. The southern slope conies down to the sea, the coralline 
coast-line having become advanced as successive elevations of the 
range have taken place. 
 The epigenesis of the iron-ore bodies of the Sierra Maestra, as 

above briefly sketched, is not without precedents in all but special 
features. 
 Perhaps the nearest familiar analogue to the phenomena above 

described, considered from a geological point of view, is the disinte- 
gration of the porphyries of Leadville, Colorado, and the local pre- 
servation of their insoluble residues, including ferric oxide of a high 
degree of concentration. 
 Parts of the well-known deposits of Pilot Knob and Iron Moun-

tain in Missouri must, it seems to me, be referred to a similar origin. 
 The Huronian specular iron-ore bodies of the James River, Vir- 

ginia, resemble the Sierra Maestra ore-bodies in point of derivation 
from neighboring rocks, but differ in their occurrence as a concentra- 
tion of the ferric oxide, so derived, between divisional planes of strati- 
fication, as space has thus been provided by the shrinkage of the 
parent rook through loss of this and other soluble material. 
 A familiar example of the replacement of limestone by ferric oxide 

is afforded by the Clinton fossil-ore beds of the Upper Silurian of 
the United States as developed in the Middle and Southern States. 
 Still more numerous examples might be furnished of the segrega- 

tion of ferric oxide as limonite and red hematite from rooks, in the 
gossans of mineral veins and in other classes of iron-ore deposits, 
all of which indeed, it may be said in general, are at least of secon- 
dary origin as products of decomposition from some less concentrated 
form of complex rock. 
The irregularities which are thus far revealed by the few actual 

workings in the Sierra Maestra deposits are such as are not inconsis- 
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tent with the explanation here given of their origin. The same may 
be said of their little regularity, so far as presented. 

Of the nature of regularity may be considered the generally pre- 
vailing approximately east-and-west direction of the longer axe? of 
the separate ore-bodies. This, it seems to me, follows from the ad- 
vance of the flow of the lava-sheet from the north in a line parallel 
to the coast, and the consequent overflow of the surface of corallines, 
between playas or mouths of streams. With the subsequent eleva- 
tion of the chain, the inner edge of the coralline would naturally 
correspond to its upper edge in elevated positions. 

Irregularities on the other hand are numerous. These are differ- 
ences of size; of degree of erosion (or, vice versa, of preservation); 
of-topographical relations; and of quality. On all these points 
ranch remains to be proved by excavations, as explorations are con- 
tinued, and as the workings of the Juragua Iron Company, Limited, 
are advanced. 

The workings of this company alone are the only ones at pres- 
ent worthy of mention. Of the whole number of "mines" thus far 
discovered and denounced between Santiago and Berraco, some 18 
miles in longitude to the east of that port, those alone of the Juragua 
Iron Company, Limited, have yet proved of immediate economic 
value or importance, especially when considered with reference to 
transportation within reasonable limits of practicability. The limits 
of the ore-range, as far as known, are Sigua at the east and Sevilla 
at the west, the longitudinal distance between these two points being 
some eighteen miles. 

GENERAL QUALITY OF THE ORE. 

The type of ore thus far described is physically characterized 
by a high degree of polarity and by the absence of cleavage. It 
occurs in all forms of red hematite, including micaceous, amorphous, 
granular, and sub-crystalline varieties. The last-named variety is 
commonly studded with minute crystals of magnetite and martite. 
Variations in the color of drillings, from red to black, imply 
unequal distribution of altered hematite or of unaltered magnetite, 
of water of hydration, and of manganic oxide. The dense and 
amorphous character of the ore precludes the recognition of pseudo- 
morphic effects. As the earthy admixtures are mainly chloritic and 
epidotic, these ores are essentially basic, especially in comparison 
with other types of well-known speculars, like those of Lake Supe- 
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rior, whose jaspery intercalations render them more or less acid; 
or those of the James River, whose acid property springs from 
segregated quartz. Their proximate chemical constitution is par- 
tially shown by the following percentages: 

Moisture, .................................. 0.24 0.81 
Silica, ..................................................5.00 10.50 
Iron,.       .        .       .       .        . 6 1 . 0 0  68.5 
Phosphorus, ....................................... 0.009 0065 
Sulphur, ............................................. 0.045 0.248 

Many grades of ore occur within the iron-range, including, besides 
those already described as complete replacements of limestone, other 
ferriferous combinations in great variety, but which fall below the 
grade of shipping ores. These are notably quartz aggregates contain. 
ing large proportions of iron in the form of magnetite, and garnet 
rock similarly charged with anhydrous ferric and magnetic oxides 
These ferruginous compounds are the metasomatic association which 
oxide of iron has formed when bodies of dissolving corallines. have 
not been at hand to receive ferric oxide from passing chalybeates. 
and to preserve them free from other extraneous mineral substances. 

Such earthy impurities as were present in the coralline material 
when overflowed remain, in part, as impurities in the ore. Wide 
differences in quality of the ore are to be thus explained. difference 
in the quality of the original corallines is to be explained by the 
numerous sources of detritus from mountain streams discharging into 
the sea at intervals of every few miles as at present. 

It will be proper to note here a point having an important ??? 
logical bearing, namely, that, in this part of the Sierra Macstra at 
least, the denudation has probably kept pace with its successive 
elevations. Feldspathic rocks, like diorite and syenite, which enter 
principally into its structure, especially yield to weathering action 
The effects of this are very pronounced on the whole southern slope 
as seen from the sea, the same as back of Santiago. The successive 
elevations, as above stated, are shown by successive terraces of 
emerged coralline, and by the occurrence so far inland, of remnants 
or fossils of coral, and of isolated bodies of crystalline limestone 
marble. 
 It is by the complete replacement of very pure coralline that from 
oxide of extraordinary purity is afforded by at least parts of every 
ore-body in the region whose relations may be traced to coralline It 
seems probable, too, that the best ore is through the replacement 
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of masses of coral-reef as distinguished from coralline limestone; 
and that, on the other hand, some of the large deposits of impure 
ore correspond to the replacement of coralline of the latter class. 
This explanation seems the more probable from the fact that there 
proves to be in association with ore-bodies of this description a type 
of rock 'nowhere else seen in the region, which I take to be the 
altered form of sedimentary deposits locally associated with littoral 
corallines. These are especially seen at the Lola (west) and Berraco 
mines. They are soft quartzose but somewhat basic rocks, weather- 
ing rough, and with a ferruginous surface of brown oxide at the 
Lola, and of red oxide at Berraco. 
. Another circumstance already referred to as supporting the above 
view, is the presence of sulphur in some of the ore freest from 
earthy impurities. This suggests the effect of organic, and espe- 
cially of animal, matter. So far as has been observed within 
the present stage of development, there seems to be a decrease 
of pyrite, and also of copper salts (from copper pyrite), as the in- 
terior of ore-bodies is reached. This might be supposed to arise 
from the circumstances that the reducing power of organic matter 
would not survive its ultimate destruction, and that therefore this 
power would be exerted early in point of time and near the exterior 
'of any coralline body. 

SHAPE AND SIZE OF ORE-BODIES, 

 What is simply known as the weathering of rocks, embraces the 
phenomena above described. This process is the same whether in a 
rock upon the surface, or in a body of rocks in place. The process 
goes on from the surface in the measure of its exposure to weather- 
ing agencies. Surfaces are presented to weathering action under- 
ground in rock-masses by the various divisional planes which tra- 
verse them, and which practically separate a mass into blocks. 
In dense eruptive rocks joints and cleavage present even more 
dicisional surfaces of this kind than stratified rocks, in which they are 
likewise developed. 
       Weathering of a prismatic block, whether on the surface, or in 
situ goes on from the outside inward. The tendency of this action, 
then attended by loss of cohesion, as in the weathering of crystal- 
the rocks, is to produce a scale on the outside with perhaps little 
cohesion Hence the rounding of such blocks upon the surface. 
Thus boulders are produced.    These may often be seen in situ in 
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southern latitudes where the weathered zone of rock near the surface 
has not been swept off by glacial erosion. Nowhere in greater per- 
fection can be seen such phenomena of weathering action than on 
that part of the coast of Cuba under description. The highly feld- 
spathic syenite of the Sierra Maestra foot-hills is visibly weathered 
to a depth of nearly 100 feet, its composition within this zone being 
mostly of rounded masses, or cores of blocks which have thus for 
resisted complete dissolution, the wide interstices being filled out 
with disintegrated syenite. The numerous railroad cuts of the 
Juragua Iron Company, Limited, through such material required 
but little blasting, except to break up the larger of such boulders. 

The tendency to concentric sealing or weathering is seen to per- 
fection in such boulders, many being found with the scale- still ad- 
hering; while with others the scale develops very rapidly on expo- 
sure to the atmosphere. 

These phenomena are recalled to illustrate the formation of the  
iron-ore bodies, or such at least in the region as have given it im- 
portance as a source of shipping ore. I allude to those ore-bodies 
which I have referred to as essentially replacements of coralline 
masses. 

It is not supposed that such an ore-body is a cast of the original 
coralline. On the other hand, it is almost certain that the coralline 
was but a nucleus, the rapid dissolution of which gave space and  
freedom for the circulation of subterranean waters, and for the play 
and localization of chemical or metamorphic forces. With the loss 
of material and change of form, shrinkage of the weathering crape 
tive mass took place, so that every ore-body referred to probably 
conforms in size and outline approximately only to the original 
coralline. 

But every ore-body showing an actual terminal surface, likewise 
shows the concentric structure referred to as characteristic of weath 
ering masses of rock. 

The result of this structure is to constitute what is known ass 
boss of ore, resembling an onion, with divisional surfaces very sags 
gestive of bedding, and easily mistaken for stratification. This is 
well shown by the northeast ore-body at the East Mine, and is 
the two openings at the West Mine less perfectly, but at the more 
northerly quarry very clearly. 

The result of this configuration is to produce a lenticular outline 
All sections of ore-bodies, therefore, whether longitudinal, 
transverse or oblique, if projected to terminal outlines, result in 
approximately 
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elliptical figures. Assuming the surface of the underlying syenite 
to retain its original undulating topography as left by erosion, this 
surface regarded as the base of ore-bodies would tend to complete 
their lenticular outlines—however it may be as to the prevalence of 
the concentric mode of deposition within their deeper, as well as in 
their more superficial, parts. 

In projections of outlines of the several ore-bodies,* I have rep- 
resented them as symmetrical. Although somewhat forced at cer- 
tain points, no other plan seems to fulfil the purpose of diagrams. 
This, in the present state of development, must be limited to what 
alone is practicable, namely—to indicate the kind of outline rather 
than the outline itself. In thus representing the geological and 
topographical relations of the several ore-bodies, a wide margin 
must be allowed in each case for their actual limits. 

Still- another result of concentric structure is outer foliation of 
impure ferric oxide beyond the limits of the original coralline, within 
the territory of the weathering rocks, and occupying some divisional 
plane of least resistance near the boundary of the locus of deposition. 

This, at least, is my reasoning from analogy to account for such outer 
divisions of ferric oxide of 1 to 5 feet thick, as may be seen at the north 
drift of East Mine, and which I have good grounds to believe  to be 
likewise presented at the Northeast working of West Mine.  The analogy is 
drawn from the weathering of smaller masses. This may be illustrated by the 
concentric alteration of clay iron-stone into spherosiderite, and of this into 
limonite. 
  The practical result of such a structure would be to invest the ore bodies 
with a. sort of shell. 
 Pair passu, it would follow that the interior of such ore-bodies 
would be the best. This I venture to believe, on the scanty evidence 
yet afforded, and by the reasoning above followed in brief. 
Yet this remark refers especially to the ends rather than to other 
parts of ore-bodies, and to such ends only as are strictly terminal, 
that is, inclosed or surrounded by rock. For the tops of most of the 
known ore-bodies have been more or less eroded, so that really their 
upper surfaces correspond to what originally were interior parts. 
Reference therefore is made only to still buried portions of ore- 
bodies, but not less perhaps to the sides or walls parallel to their 
longer axes than to the ends. 
   The general term chlorite has been locally applied to the rocks 

        *  Geological report to the Juragua Iron Company, Limited, August 1884. 
      VOL. XIII. —40 
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encasing the ore-bodies, and perhaps is as descriptive as any. They 
are of a pronounced magnesian type, bleached free from notable pro- 
portions of iron oxides, comparatively soft, and exceedingly Shelly 
from a high degree of cleavage. As residues of decomposition, their 
true classification would refer them to their unaltered form which 
they no longer resemble. 

The shape and size of none of the bosses of specular iron-ore have 
yet been fully revealed. They appear to be elongated masses, the 
longer axes of which take approximately an east-and-west course 
throughout the region. Reference to this fact has already been made, 
and an explanation attempted. The deeper drainage-channels, or 
streams, having a general southerly course from their sources high up 
the slope of the Sierra Maestra, the ore-bosses generally lie transverse 
to the ridges of the several summits in which they are found; or, 
what is the same, transverse to the general course of the streams. 
Thus they seem to rib the slopes on which they occur, the ore being 
so hard and compact, compared with the encasing chlorite, as to 
form subordinate divides between the watercourses of the hillsides, 
which, as usual, have eroded their way in the softer material. 

The smaller ore-bodies of the East Mine correspond to fragmental 
bodies of corallines. These seem to be actual casts of such frog 
mentary corallines, as shown by the peculiar warped surfaces char- 
acteristic of their fracture in considerable bodies. This peculiar 
fracture may be observed to good advantage along the coast, where 
large masses have become detached from the escarpment of the 
middle terrace. 

All the large bodies of ferric oxide, the origin of which may be 
traced as above, are encased in such portions of the chloritic or  iron 
bearing formation as are immediately in contact with the under 
lying syenitc. The Juragua River, on which is West Mine of the 
Juragua Iron Company, Limited, and its branch, the Benvolenc?? 
on which is the company's East Mine, follow the same contact where 
they pass these localities. This is a significant fact in its bearing on 
the theory of the relation of the main ore-bodies to coralline, as above 
sketched.  

Aggregates of magnetic oxide with magnesian silicates, and with 
granular quartzite, also occur in the immediate vicinity of  the  ??? and 
ribs of ferric oxide, together constituting the East Mine. There 
seem to occupy divisions of jointing or cleavage of the altered ??? 
rite, and are thus found in plates of limited extent, and have ??? 
proved of no economic importance. 
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At least the lower ends of the bosses and ribs of ferric oxide of 
East Mine are, at several points already uncovered, variously traversed 
by irregular courses of chlorite a few feet in thickness, and charac- 
terized as “horses” by the miners. A similar occurrence is seen at 
the south opening of West Mine hill. If, as there seems some reason 
as above stated to conclude, these intrusions of rock within the body 
of the ore are limited to the outer portions, which thus would form 
a sort of shell to the inner portions, trouble from this source will 
become less as workings advance. This is borne out by the fact 
that as far as the quarry has advanced, these intrusions have be- 
come less and less. 

The practical question arises as to the conditions in depth of the 
iron-ore bodies corresponding to replacements of corallines. 

While the phenomena which they exhibit are such as have been 
produced by essentially superficial agencies, comparatively understood, 
it seems to me, if the reasoning here followed out be sound, that the 
ore-bodies of this class will be found to rest upon the underlying 
syenite, or at least to extend to an horizon not far from this contact. 
The intervention between the ore-bodies and the syenite of a zone of 
decomposed silicates representing a lower belt or residuum of earthy 
silicates, such as circumscribe other surfaces, may be argued from 
analogy—general as well as special. 

In the case of East Mine and West Mine hills, the lower syenite 
contact is at their bases, or near the beds of the streams. 
’ The inclination of the plane of this contact doubtless follows the 
original slope of the syenite, more or less modified by erosion accord- 
ing to the topography of the syenite when overflowed. 
    A good part of the small ore-float, of excellent quality, found 
toward  the head of the  ravines on the divides between  streams, and  near 
the summits of hills covered with the iron-bearing  rocks,  may be believed 
to proceed from small ore-deposits of the  nature  of plates or of scale, on 
the contact of bodies of crystalline  limestone  with the encasing iron-
bearing rocks.    Bodies  of such  limestone, with marked cleavage, but 
without stratification, occur  near  the summit of West Mine hill; and on 
the opposite culmination of the  East Mine hill, to the north of the 
comparatively low hill on which are the several workings of this mine.    
Together with these ledges of crystalline limestone, or marble, and 
likewise inclosed within the iron-bearing formation, occur ferriferous 
aggregates,  already described as quartzite and garnetiferous rock, highly 
charged with  magnetic and specular oxides.    These have already been 
referred  to  as  the  forms 
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assumed by the alteration in such elevated localities, or remote from 
the syenite contact, of the original basic rocks from which all the 
ferriferous compounds have been derived. 

ORE-FLOAT. 

I now come to one of the most striking features in the region 
namely, the great profusion of so-called ore-float on the hillsides, 
and in the ravines. 

Probably more iron-ore, and this generally of the best description, 
is thus found as float than has yet been exhibited in situ in the form 
of ledges or bosses. 

This phenomenon is one of the wide series of phenomena, so 
richly afforded by the whole range, of deep weathering of surface- 
rocks, and of their erosion under circumstances of steep slopes and 
a high rainfall. 

It cannot but be believed that in more instances than are clear, 
excellent bodies of ore have practically undergone complete destrue- 
tion, while all that come to the surface have suffered heavy loss by 
the gradual falling away of their outcrops. Fragments up to many 
tons in weight lie scattered upon and below the outcrops, often 
obscuring the ledge, and gradually working down hill into t h e  
ravines. Slopes and ravines so richly strewn with blocks and boal- 
ders of first-class ore would, under circumstances of less difficult 
transportation, become productive sources of supply. 

Instances have come to my notice, as at the Lola east mine (not 
of the Juragua group), where the erosion of the hillsides has taken 
place in the best of ore. At this locality, the ore is exceptionally 
soft and porous, and hence has yielded to erosion more readily than 
the encasing rock. Thus, only the remnants of a once fine body of 
ore still exist, and these only as float upon the sides and bottom of 
a deep ravine, which occupies the place of the former ore-body 
none of which is left above drainage level. It must have con-  
formed to the type above described. The float from this body of 
ore, which-is abundant, is characterized by a weathered. surface 
highly suggestive, in the case of large blocks, of coralline structure.. 

At Sevilla, what was once an elevation containing a boss of ieon 
ore, is seen in the last stages of dissolution, iron-ore float being all   
that is left, and this lying directly on the disintegrating syenite 

Like the occurrence at Sevilla, many of the lower syenitie ??? 
hills, in line with the second range, in which are developed all the 
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ore-bodies known to be extensive, although eroded of dioritie over- 
flow, st i l l  bear upon, or just below, their surface, remnants of ore. 
The nearly vertical dykes of epidotic diorite exposed in such hills, 
stripped of their former mantle of the same rock, are very numerous. 

SILICIOUS PRISMATIC ORES. 

A second prominent type of ore-body remains to be described, 
especially noticed on the first range of foot-hills. 

On West Mine hill, following the 1 per cent. gradient from the 
explorations in North or Dry Arroyo upon an ore-body of this 
type, a number of ribs of iron-ore come to the surface, including 
at least two which physically differ from the developed ore of East 
and West mines. 

The specular oxide of these mines is quite free from cleavage, and 
in weathering assumes a rounded outline. 

The second type of ore referred to, weathers in prismatic blocks, 
and possesses the structure of dense trappean rocks, such as abound 
in the form of dykes both within the syenite and the altered overlying 
iron-bearing rocks. Ledges of this description are uniformly rich at 
exposed surfaces, and so is their detritus or float. 

Such occurrences are the result of the decomposition in situ of 
basic eruptives by the dismemberment of silicates, followed by the 
concentration of ferric and magnetic oxides.    This action is essen- 
tially superficial, 
  I therefore argue on general grounds that such deposits even under 
exceptional circumstances are not likely to be permanent in depth, 
while the majority of them must be expected to prove of a very shal- 
low character. The fact that most of the deposits of this type are 
simply veneered with the anhydrous oxides of iron although of ex- 
traordinary richness, has been made clear to me in a number of 
instances both within and beyond the territory of the Juragua Iron 
Company, Limited. 
The genesis of ore-deposits of this type is to be explained, with 

reference to what has already been said, as follows: 
  The concentration of ferric oxide in situ from basic traps differs 
from the process of replacement of limestone, from external sources, 
chiefly in point of time required in the two cases. The circulation 
of chalybeate waters through dense trappean rocks would necessarily 
be so much retarded as to induce the peroxidation of the ferrous 
oxide in situ, or at least soon after entering into solution.    It’s greater 
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insolubility as compared with the proto-silicates when liberated from 
their original bond, and especially with quartz under certain con- 
ditions of temperature and pressure, ultimately leads to the elimina- 
tion of all but difficultly solublesilicates. These still remain as earthy 
impurities of this imperfectly concentrated mixture of ferric and  
magnetic oxides. Magnetic oxide, as a stable or difficultly soluble 
mineral originally present as such in basic eruptives, has likewise 
been left as a residuum. This occurs in admixture with ferric oxide. 
Such changes are the inevitable result of metasomatism of unstable 
rocks, such as highly basic eruptives, which must have been the 
source of all the concentrated forms of iron oxides above noticed. 

The occurrence of iron oxide in both types of deposits mainly 
as ferric oxide, and not as ferric hydrate, is the result of gradual de- 
hydration more or less complete. 

It will be perceived that, unlike the great Archean deposits of 
specular oxide, both classes of ore deposits above described have 
undergone a process of concentration without going through the  
intermediate stage of sedimentation. In other words, they are pro- 
ducts in the one case of the segregation of ferric oxide, in part from 
immediate sources ; and, in the other, of alteration in situ of protoxide 
basic rocks by peroxidation of their most unstable base, namely, 
ferrous oxide. Hence while in the case of the ferric replacement of 
corallines the phenomenon of segregation is presented on a large scale 
in common with all mineral veins, a l l  further resemblance to mineral 
veins fails from the absence of the phenomena of fissures, l i k e  breccia- 
tion, intermittent or successive deposition of miscellaneous minerals, 
and friction surfaces. 

The superficial effects of the weathering of all the rocks which 
have come under ray observation on the Sierra Maestra slope are of 
the same general kind characteristic of all southern latitudes. 

Yet the decay and bleaching of the rocks above hydrographical 
drainage must be greatly promoted by such an absorbent as the  
superficial zone of detritus in situ. That it possesses a high capacity 
for absorption is shown by the total absence within its limits of v i s i b l e  
sources of water, like springs, notwithstanding periods of excessive 
rainfall. The marked saline property of water in flowing streams of 
the range is another proof of still active decay of its covering. 

It should be distinctly noted that the ores above described as re- 
placements of corallines in close proximity to the outcrop of, or con- 
tact with, decomposed syenite, including those of the Juragua Iron
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Company's East and West mines, and of its Estancia and Juragna- 
cito tracts, occupy the second distinct range of foot-hills from the 
main body of the Sierra Maestra range. 

These deposits of soft high-grade ore occupy in fact the thinning 
edge of the great body of eruptive rocks which overspreads the syen- 
itic flank of the Sierra, From the next or third lower range to the 
south, the trappean rocks, if ever developed as an overflow, have en- 
tirely disappeared by erosion, and in part by thinning. It is under 
such circumstances that much of the work performed in the meta- 
somatism of the rocks of the second range of foot-hills, resulting in the 
formation of the best class of iron-ore, is here ascribed to the influence 
of weathering syenite and the action of alkaline bicarbonates from this 
additional source. 

FIRST RANGE OF IRON-ORE DEPOSITS. 

Still another or third group of iron-ore deposits remains to be 
described. These have much in common with the second class al- 
ready described as occurring on West Mine hill.    ' 

I refer to those which occur within the first range of foot-hills next 
below the summit of the Sierra Maestra, and distinct from its imme- 
diate south flank. This flank, which has a breadth of some three or 
four miles, together with the first range of hills referred to, is dis- 
tinctly covered by one expanse of epidotic and dioritic trap, the to- 
pography of which has been produced by erosion. This assumption 
rests on the belief that the summit of the Sierra is syenite, and on 
the fact that it appears again at the base of the first range of foot- 
hills referred to, whence southward towards the coast, the surface is 
sculptured out of the same formation. 

This great formation of epidotic diorite appears to be in close 
relation to the very numerous injections of the same kind of rock, 
throughout all exposed parts of the syenite. This overlying forma- 
tion, it may be believed, had its origin in the overflow of just such 
dykes in great number, if not indeed of great size. 
 In the first range of hills referred to, and within the development 
of the mantle of epidotic trap, occur bodies of ferric oxide more or 
Jess magnetic from admixture with magnetic oxide. Such are the 
ore-bodies of La Folie tract of the Juragna Iron Company, and of 
tracts not belonging to this company. 

 Nothing has been done to explore any of the ore-bodies referred to. 
While all afford hand-specimens of first-class ore, especially from the 
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immediate surface, the bulk of so much of their product as can be 
seen falls as a rule below the standard of even the second-class ore of 
East and West mines. 

I am not indeed prepared to say that inclosed masses of coralline 
have not likewise determined the loci of even these masses of ore found 
within the first range of trappean foot-hills. Garnetiferous, rather 
than distinctly ferriferous aggregates occur at the Yuca ore-body, 
resembling corallum structure, while the base of the ore-body i t s e l f  
is distinctly of trappean structure and origin. Hence the possibility 
arises that while corallines have given place to secondary deposits, 
concentration of ferric oxide has taken place only imperfectly and 
tardily beyond the compass of such calcareous centres, after the-e, 
perhaps, have been replaced by available mineral matter of which 
ferric oxide was but a minor part. Yet the presence of coralline in 
process of replacement, it may be imagined, would be sufficient to 
determine the locus of metasomatic activity—involving even adjoin- 
ing parts of the dioritic mass. Or again, the condition of excessive-
impurity 
impurity from admixture of silicious with coralline sediments in 
such cases, may be sufficient to account for the rocky character of the  
fragments found at the Yuca suggestive of corallum casts. 

From the above description it follows that the most favorable 
conditions for the development of large bodies of highly concentrated 
specular oxide in the iron-region of the Sierra Maestra, are to be found 
toward the edge of the expanse of trappean rocks, where reduced in 
thickness by erosion, near their contact with the underlying syenite. 
Apparently only under the influence of alkaline carbonates from-the 
syenite, has the trappean mass been submitted to that kind and  
degree of alteration and epigenesis, which have resulted in the. forma- 
tion of iron-ores through the intervention of involved coralline ??? 
larly situated. 

The location of such ore-bodies thus determined, is comparatively 
low in the hills.    The higher h i l l s  often bear toward their summits 
less concentrated forms of ferric and magnetic oxides, and occa-i?? 
ally also bodies of crystalline limestone.   These elevated positions, it 
has already been observed, are beyond the reach of alkaline ca?? 
ates, while lower positions have received the benefit of their drainage 
and of mineral matter, thereby transmitted. 

This general proposition is borne out on the one hand by the ??? 
bodies of East  Mine and of West Mine hills, and by those of the  
Estancia tract  as  far  as  determined,   and   by  that of Juragua 
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cito. All of these are found near the base of the Juragua Hills. 
To this class of ore-bodies belongs also the Lola east ore-body, of 
which traces only remain. On the other hand, the circumstances 
governing the conditions of higher altitudes and positions remote 
from the syenite contact, are illustrated by the higher parts of West 
Mine hill deposit and by the Yuea, and by some of the ore-bodies at 
Berraco. 

The blenched dioritic, or so-called chloritic, rocks, found in associa- 
tion with the better class of ore-bodies near the decomposed, and in 
places kaolinized, syenite, are distinctly recognized, wherever they 
occur, as in a far more highly weathered condition than the general 
mass of dioritic rock, forming the first range of hills, as well as the 
immediate southern flank of the Sierra, where, overspreading the 
syenite as a mantle, it has protected the latter rock from weathering, 
while all drainage of the syenite at the base of the first range of 
diorite hills is directly to the watercourses.    Hence the lack of alka- 
j line carbonates, except from the diorite itself, back of the second 
[range of foot-hills to assist in the disintegration of the mantle of 
diorite, and in its alteration under the conditions of a thin develop- 
ment as witnessed at the base of the Juragua range of hills. 
|   As bearing upon the observation of the depth to which exposed 
parts of the syenite are weathered, and thus rendered soft and porous 
so as not to admit of the presence of springs, may be mentioned the 
fact that, on the other hand, springs are a feature of the first range 
of diorite foot-hills, as seen in La Grande and the Yuca hills.    This 
[fact is important in its relation to the supply of alkaline carbonates 
from decomposing syenite, as these are believed to have been one of 
the most powerful agencies in determining the loci of metasomatic 
activity such as has resulted in the concentration of ferric oxide from 
basic rocks. 

 While the massive epidotic diorite of the Sierra is to be regarded 
as the altered product of the original still more basic material, under 
the  less favorable conditions, the more thoroughly altered forms of 
the same material found in association with the iron-ore bodies cor- 
Bfespbnd to the more favorable conditions. The lithological identity 
of both forms is clear. Only in close proximity to ore-bodies devel- 
oped within the massive diorite of the first range of foot-hills, at the 
sothern base of which alone the syenite is visible, is the great 
expanse of epidotic diorite seen to be unequally altered. In such 
proxitnity, the diorite is seen to be bleached and weathered, but in a 
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way different from its weathered appearance under conditions of re- 
duced thickness near its contact with the syenite.* 

This is another auxiliary fact going to justify the importance here 
given to the effect of the alkaline carbonates. In determining the 
range of their influence, we determine the limits of at least one of 
the most favorable conditions under which the best bodies of specular 
oxide occur. This, I think, has practically been done. The results 
of other favorable conditions have, in a general way, likewise been 
assigned. If such conditions have, in the main, been correctly recog- 
nized, the propositions here brought forward will go far to render 
practicable a discrimination between the different classes of iron-ore 
deposits in the region, with direct reference to their practical value. 

NOTES ON THE TREATMENT OF NICKEL-COBALT MATTES 
AT MINE LA MO TTE. 

BY JAMES W. NEILL, E. M., MINE LA 3I0TTE, MO. 

THE occurrence of minerals of nickel and cobalt at Mine La 
Motte is probably known to every mineralogist. I will not attempt 
to describe these minerals, but, before entering on my subject will 
briefly mention the ores, etc., which call for metallurgical treatment 
and enter into the composition of our mattes. Our staple lead-ore, 
the dressed galena, is the chief source of nickel and cobalt. It carries 
but a small percentage of these metals, viz.: 0.2 to 0.3 per cent. 
usually, though when much copper pyrites is contained in the gangae?, 
the amount of nickel and cobalt may be as great as 1.0 to l . 5  p e r  
cent. Next in importance is the "middle product" of  the dressing, 
consisting of the sulphides of iron (and copper) with  
and galena. This usually carries 20 to 23 per cent, of lead, 
1.0 per cent, of copper and 2.5 to 3.5 per cent, of nickel and ???. 
A larger percentage of copper always carries with it an ???nickel and 
cobalt. In some few cases 12 to 15 per cent, of ??? 
gives 6.5 to 8.0 per cent of these metals. Besides these ??? 
the dressing-works, there is a small quantity of true nickel-??? 

* For further lithological references, see Geological Relations and ??? 
Specular Iron Ores of Santiago de Cuba, by the present writer, in the ??? 
Journal of Science, xxviii., 1884. 
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produced,  which,  averaging only 1.0 to  2.5  per  cent., has, until 
lately, been of small importance.    Through recent developments in 
the deeper workings, where the nickel, cobalt and copper sulphides 
occur disseminated (but separate from one another) in a porous sand- 
stone, the amount of this ore has been largely increased. 

   The dressed  galena we  roast  in  reverberatory furnaces (Forls- 
chaufelungsöfen), treating from 6 to 8 tons per 24 hours, and leav- 
ing from 5 to 7 per cent, of sulphur in the charge.    This is then 
treated in the shaft-furnace with fluxes, producing lead, "first matte" 
and slag.    The "middle product" is also roasted in the same fur- 
naces (leaving from 8 to 10 per cent. of sulphur), and is then used 
in part as iron-flux in the lead-smelting, where it can only be em- 
I ployed in small quantities, lest it should raise too much the percent- 
age of sulphur in the charge, and also give mechanical trouble from 
tits fineness.    Where these sulphides are rich in  copper and nickel- 
cobalt, they are roasted and  smelted separately, producing a rich 
 matte. 
    The first matte formed, as above remarked, from  lead-ore with 
sulphides as flux, etc., carries usually from 3 to 3.5 per cent. of nickel 
rand cobalt (about 2 nickel to 1 cobalt), 0.5 to 1 per cent. of copper, 
and 20 to 25 per cent. of lead.    After a period of exposure to the 
weather, which slacks it more or less thoroughly, it is broken with 
hammers to fist-size and roasted in a reverberatory having a 45-foot 
by 12-foot hearth.    This furnace produces from 4½ to 6 tons of roasted 
material in 24 hours, leaving about 5 per cent. of sulphur in  the 
[charge.    It burns from 4 to 6 cords of wood, and is served by 6 to 8 
men, according to the amount produced, etc. 

 This roasted first matte, when accumulated sufficiently, is used as 
iron-flux in smelting the lead-ore, producing lead, "second matte" 
and slag. The second matte should carry, if no losses occurred, at 
least double the quantity of nickel and cobalt contained in the first; 
but experience has proved that the more thorough the roasting of the 
first matte, the greater the loss of nickel and cobalt in the slag; i. e., 
the better the matte is as an iron-flux, the worse the concentration. 
I have found from 5 to 6 per cent. of sulphur in the first matte to be 
the  best limit. This does not make a very good flux, but the losses 
are smaller. 
Slags from this matte-lead-smelting having shown as much as 0.7 
ber? cent. of nickel and cobalt, I made one campaign, as an experi- 
??? on this roasted first matte alone, using acid fluxes, and ex- 
??? to produce a matte rich enough' to warrant shipment.    But 
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the resulting matte, carrying 12 to 15 per cent. of nickel and cobalt 
and 25 to 30 per cent, of lead, was made at such expense for labor 
and fuel, that we returned to the old method. 

The second mattes, carrying from 3.5 to 6.5 (usually 5 to 6) per 
cent, of nickel and cobalt, 25 to 30 per cent, of lead and 1.0 to 2.0 per 
cent. of copper, are roasted in the same manner as the first mattes, but 
not so sharply, the roasted charge retaining from 7 to 9 per cent, of 
sulphur. This high percentage is necessary to protect the nickel 
and cobalt, which, if entirely deprived of sulphur, will largely cnter 
the slag, even though the sulphur-contents of the charge be sufficient 
to "cover" them. Of course, in the subsequent smelting, the matte 
produced is high in lead. It will thus be seen that in this process 
the lead works against the concentration of the nickel and cobalt. 

Until recently, the roasted second matte was smelted with acid 
fluxes (such as sandstone, old acid slags, etc.) and limestone. The 
resulting " third matte," after crushing and packing in barrels, was 
shipped to Europe. This smelting was done in the lead-ore furnace, 
which is circular, 45 inches in diameter at tuyeres, 6 feet at charger, 
door and 12 feet high. It proved too large for the purpose. The- 
charge being very low in lead, and, of the lead present, very little 
being reduced, the lead always froze in the basin and "well," thes 
increasing the percentage of lead in the matte by imperfect ??? 
cal separation in the slag-pots. Four per cent. of lead was the ??? 
we produced from the second matte by this process. The resulting 
third matte usually carried from 35 to 40 per cent, of lead, 12 to 15 
to 17 per cent, of nickel and cobalt, and 3 to 5 per cent, of copper  
The slags would average 1.25, and often 1.75 per cent, of nickel and 
cobalt, and 2 to 2.5 per cent, of lead. The losses in the slags were 
large; and, moreover, by shipping this matte, the lead-content 135 to 

o 40 per cent.) were lost, since the buyers do not pay for lead. 
An attempt to concentrate this matte further by melting it in ? 

reverberatory furnace, was made some years ago, but was not a ??? 
cess, the resulting (granulated) matte being higher in lead in ??? 
proportion to the amount of iron which had been slagged off, wher 
the slag carried 5 per cent. of nickel and cobalt, and 5 per ??? 
lead. I am told that formerly some lead was regained from the  
matte, by an addition of metallic iron to the molten matte in thas furnace; 
but I found this to be impracticable, the expense of ??? 
labor and fuel being far above the value of any lead regained. 
separating nickel and cobalt from the lead by making speiss; 
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after much discussion of arsenic-ores, speiss, etc., we bought 13 tons 
of mispickel-ore (carrying 23 per cent. of arsenic) from the Canada 
Consolidated Gold Mine of Marmora, Out. With this we smelted 
in the large furnace some 35 tons of a roasted matte, carrying 12.5 
per cent, of nickel and cobalt; the furnace basin, as usual, chilled; 
and the resulting speiss and matte did not separate perfectly in the 
pots. The clean speiss regained, carried 36 per cent. of nickel and 
cobalt and only 6 per cent. of lead. The matte was still high in 
lead (35 per cent.); but it carried 19 per cent, of nickel and cobalt. 
The slag was unsatisfactory, carrying many shots of matte, and was 
all returned to the furnace. No analysis was made of it. The lead 
produced carried some 3 oz. gold and 3 oz. silver per ton. There 
was a large loss of arsenic in the fumes, probably carried off by the 
sulphur, as the gases at times looked yellowish, at times red. 
• This experiment, though financially not successful, proved satis- 
factorily that arsenic would separate the nickel and cobalt from the 
lead, and would prevent large losses in the slags. It showed, also, 
that the lead-furnace was too large. Before making further experi- 
ments, we built a smaller and more suitable furnace, 30 inches 
Square at the tuyere-line, 48 inches at the charge-door, and 6 feet, 6 
Inches between these points, with 18 inches depth of basin, lead-well 
behind, fore-hearth (or sump), three tuyeres, no jackets, sides of 9- 
inch fire-brick, cooled by irrigation. 
For our next experiment, we bought some low-grade lead-speiss, 
 hand-sample of which  had the following composition : silver 3 
ounces per ton ; gold, 0.04 ounce per ton ; lead, 5 per cent.; copper, 
3 per cent.; arsenic, 12.5 per cent, (antimony not determined) ; iron, 
55 per cent.    With  this speiss, I smelted a second matte, carrying 
in percentage 23 of lead, 1 of copper, 6 of sulphur, 5.28 of nickel 
and cobalt, and 35 of iron.    As an acid flux, some of the nickel-co- 
balt-ore previously mentioned, was employed.    This carried 77 sil- 
ca, 2 nickel and cobalt, 2 copper and 2 lime, per cent.    The furnace 
worked well on  this combination.    After  the first few shifts, the 
pines of arsenic, which at first were strong, almost disappeared ; the 
ead (or rather bullion) ran freely and remained hot throughout; the 
??? was much higher in silica than calculated  (owing  probably in 
art to corrosive action on the fire-brick walls), but was fair in ap- 
earance and separated nicely from matte and speiss; and these also 
parated well in  the pots.    The slag carried 1 per cent, of lead 
yet assay) and 0.78 per cent, of nickel and cobalt.    The amount of 
??? made was much  larger than calculated (owing  to  the larger 
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percentage of antimony in the purchased speiss), and, of course the 
percentage of nickel and cobalt was lower than expected, viz., 14.5 
per cent., while the lead amounted to 12 and the copper to 5.8 per 
cent. The matte produced carried only 5.14 per cent, of nickel and 
cobalt, 5 per cent, of copper and 13 of lead, was thus too poor to 
ship (as was desired), and will be treated with the next lot. The 
lead produced amounted to 2G per cent. of the matte used, showing 
that the speiss-sample did not justly represent the pile. This lead 
carried per ton, 9 ounces silver and 0.1 ounce gold, and netted us 
enough to pay all expenses of smelting and leave a decent margin. 
After running 10 days, the brick walls of the furnace were nearly 
eaten through, in spite of the water; and, as other work was press- 
ing, I blew down ; but we have now ordered a set of water-jackets, 
and expect to blow in again on their arrival. 

This last experiment has conclusively proved that the old method 
must be abandoned, certainly, for the treatment of the second matte; 
whether it will not be more economical to treat the first matte also 
with speiss, remains for future experiment to determine. The same 
may be said of the "middle-product" sulphides. 

Whether the nickel-cobalt-speiss produced, can be advantagcously 
re-treated here, either by using it again as arsenic-surrogate in the blast-
furnace with further first or second matte, or by concentrating 
in the reverberatory-furnace, is also a question for future solution. 

POSTSCRIPT. 

Since the foregoing was written, we have made a second campaign 
under more favorable circumstances, and with even better results. 
The furnace was of the same dimensions as before, viz., 30 by 30 
inches at tuyeres, 48 by 48 inches at top, 7 feet between these ??? 
but with cast-iron water-jackets, 30 inches high, with 6 inches ??? 
The speiss used was from different sources; one lot, from a ??? 
carried 33 oz. Ag and 0.9 oz. Au, with 12 Pb and 10 Cu, only 55 As 
and 21 Sb; the other, a clean arsenic-speiss from Leadville, with 
12 oz. Ag, and about 25 per cent. As (not determined). These two 
lots were used in equal amounts. , 

The charge consisted of roasted matte, 150 pounds; rousted ??? 
phides, 50 pounds; nickel-ore, 65 pounds; speiss, 40 pounds; ??? 
stone, 35 pounds; slag, 50 pounds; with occasional slight ??? as the 
slag, etc., called for change. 
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The amount of fuel (coke) used was large, owing to the materials 
being frozen and full of snow; it varied between 20 and 25 percent. 

The furnace worked very well ; during the run of 23 days we 
did not slacken the blast, or take out a tuyere. Only once was it 
necessary to drive a bar. "We put through about 25 tons of charge 
daily, and made, in all, 64 tons of bullion, 37.5 tons of speiss, and 
about 100 tons of matte. 

The bullion assayed about 17 oz. Ag, and 0.4 oz. Au, its value 
more than covering all expenses. The speiss carries 22.53 per cent. 
Ni-Co (about 1/3 Co), 6.4 Pb (of which 2.6 was contained in shots), 
and 4.25 Cu. The matte, of which we have not yet a general sam- 
ple, carried, according to a "grab-sample," 8 per cent. Pb, 7 Cu, and 
3.25 Ni-Co. This will, of course, be re-treated. The slags I caused 
to be analyzed several times; the highest in Ni-Co was 0.32 per 
cent.,.the lowest, 0.16; highest Pb 0.8, lowest 0.6—all wet an- 
alyses. These results are so much in advance of those first achieved, 
that I have communicated them before the final and complete an- 
alyses have been made. 

The commercial result, viz., the obtaining of products which in 
value are at least treble the expenses, is fully as gratifying as the 
metallurgical. 

A NEW SYSTEM OF ORE-SAMPLING. 

BY   D. TV. BRUNTON, DENVER, COLORADO. 

THE erection of large metallurgical establishments for the treat- 
ment of gold, silver, copper, and lead-ores, at railroad and topo- 
graphical centers, where fuel and fluxes, together with proper ore- 
mixtures, can be cheaply and constantly obtained at all seasons of 
the year, has led to the very general introduction of a system of 
ore-handling known as "public sampling." By this system the 
ore, instead of being shipped direct to the mill or smelter, is 
sent to a public sampler, where it is crushed and sampled. Guaran-  
teed samples are sent to the different metallurgical establishments, 
a|nd the ore is then sold to the highest bidder. 

Though differing in many respects from the English system of 
"ticketing," the underlying principle is nearly the same, while the 
greater  rapidity with which a lot of ore can be disposed of 
renders 
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the American system infinitely better adapted to the requirements of 
the West, 

The steadily increasing practice of leasing mines to working 
miners has also given a great impetus to the system of public 
sampling. Where mining is carried on by large companies who can 
afford to keep at the metallurgical establishments where the ores are 
treated an agent to watch the sampling and make settlements, the 
advantages of public sampling are not so marked; but where mince 
are leased to small parties of working miners, who will never com- 
bine together or employ a common agent, the public sampler meets 
their requirements fully, and renders the presence of the owner at 
the valuation and sale of the ore wholly unnecessary. Upon the 
whole, the system is a decided benefit even to the buyer. When the  
sampling and assaying are performed by a third party, the former 
endless disputes between the miner and the smelter are no longer 
possible. Again, metallurgical establishments have heretoffore ??? 
almost compelled to receive all the ore sent them, whether ??? 
or otherwise; but under the new system they need only bid ??? 
such ores as are required in their mixtures; the larger variety of ??? 
from which they have to select more than compensating for the in- 
creased cost. 

Before the introduction of public sampling, the ore, after being 
crushed, was generally sampled by hand, either by taking every 
fifth or tenth shovelful, by "quartering," or by the "split shovel" 

Since large quantities of ore have now to be handled, and ??? 
competition has made cheaper methods of work an absolute ??? 
mechanical sampling, in some form or other, has become almost ???- 
versal. While the devices employed for this purpose exhibit as 
almost infinite variety of type, yet they all work upon the same 
general principle, viz.: by dividing or cutting out from a falling ??? 
of ore, by means of narrow spouts, dividing flanges or travell?? 
buckets, a certain percentage, which is taken to represent an average 
sample of the whole. 

Many of the samplers exhibit a vast amount of ingenuity, and ??? 
dry ore, crushed and screened to a uniform size, and perfectly ??? 
from strings, chips, rags, etc., some of them will yield accu?? 
suits. 

Unfortunately, however, these conditions are rarely realized ??? 
practice; and the result has been that both sellers and buyer ??? 
very often insisted on checking the work by means of hand-sampler  
Even if the above objections did not occur, many of the samplers 
?? 
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still give inaccurate results; since a stream of falling ore, either in 
a vertical or in an inclined spout, is never entirely homogeneous in 
all its parts, there being a constant tendency to a greater proportion of 
coarse, rapidly-travelling particles in the centre of the stream, and 
an excess of finer, slower-moving particles on the edges. Conse- 
quently no part of the stream would exactly represent the average 
of the whole. 

Again, where intercepting buckets are used, the coarse, heavy 
particles often rebound from the buckets and fall into the rejected 
ore, thereby rendering the sample inaccurate. . Even the fine crush- 
ing and accurate sizing required by the best of these devices is a de- 
cided objection, if the ore is to be afterwards treated in a shaft- 
furnace, where an undue proportion of fine stuff not only increases 
the loss in dust, but materially reduces the daily capacity of the 
furnace. 

About a year ago the writer's attention was directed to these facts 
by one of the largest ore-dealers in the West, with a request that he 
would investigate the matter and devise some method which would 
yield accurate results, satisfactory to both miner and smelter, and at 
the same time permit the sampling of ore with extreme rapidity and 
at the lowest possible expense for power, labor, and repairs. 

After examining into the matter for some time, and taking into 
consideration the marked preference of the principal ore-buyers for 
coarse ore, the writer decided that it would be necessary, on account 
of the objections already mentioned, to avoid splitting or dividing 
the falling stream, and, instead of dividing the ore. to make the di- 
vision one of time—something which could be divided with exacti- 
tude and to infinity. With the new machine the sample is obtained 
by deflecting the entire stream, alternately to the right and to the 
left, the relative proportions of these two divisions to each other 
being determined by the difference in time between the deflections to 
the right and the deflections to the left. 

The construction and operation of the machine will be readily 
understood from the accompanying drawings, in which C is a vertical 
or inclined spout, containing a falling stream of ore; B is a funnel 
for narrowing the width of the falling stream, so as to reduce to a 
minimum the necessary travel of the deflecting-chute, A. This 
chute, A, is pivoted upon the rock-shaft, K.    When it is deflected 
to the right the entire stream of ore is thrown into E; and when it 
is deflected to the left the entire stream is thrown into D. 

The deflection is caused by the movement of the crank, O, receiv- 
VOL. XIII.—41 
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ing motion from the driving-bar, I, and connected with it by the  
pitman, J.  

The driving-bar, I, receives its motion from the pins, L, in the 
face of the revolving-wheel, H, which is driven by the pullcy, G, 
receiving motion from a line-shaft through the belt, M.    The face 

FIG. 1. 

 
of the wheel, H, is perforated with two rows of holes, the dis?? 
between the two rows being the same as the necessary movement 
of the crank, O. Into these holes are inserted a number of pi??? 
held in place by jam-nuts on the interior of the wheel-face. ??? 
ferably, twenty holes are bored in each row, each hole or pin ??? 
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seuting five per cent of the time necessary for a complete revolution 
of the wheel. 

Now if fifty per cent, of the pins are placed in the right-hand row 
of holes, and fifty per cent, in the left, then the revolution of the 
wheel, II, carrying the pins, L, through the guides, N N, on the 

FIG. 2. 

 
driving-bar, I, will hold the deflecting chute, A, on the right during 
one-half of the revolution, and on the left during the other half, thus 
dividing the stream into two equal portions, 

If twenty per cent, of the pins are placed in the right-hand row, 
and eighty per cent in the left, then the deflecting chute, A, will be 
held on' the right during one-fifth of a revolution and on the left 
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during four-fifths, thus throwing twenty per cent, of the ore into the 
spout E, and eighty per cent, into the spout D, etc. 

In practice the wheel, H, is driven with considerable velocity, so 
as to make the divisions of time as minute as is practicable without 
injuring the machine by excessive vibration. 

In improved machines now being built, although the principle is 
identical with the above, the construction is somewhat different. 
Sliding motion, always objectionable in dusty situations, is wholly 
avoided, and the pin-wheel, II, is inclosed in a tight iron ease; filled 
with oil. This arrangement, while far from complicated, is exceed 
ingly compact, the journals, wheel, case, and frame being in one 
casting; but, owing to the position of the different parts, it is very 
difficult to explain by cuts; hence the employment of the oilier 
drawings in the foregoing description. 

When in use the machine runs noiselessly, without either jar or 
vibration, and never clogs, no matter how wet or how full of chips, 
rags, and strings the ore may be. 

Two of these machines have been running steadily for the past six 
months, during which time they have given complete satisfaction to 
seller, sampler, and buyer. No errors in sampling have ever oc- 
curred, even upon the richest ores. Not a cent has been spent upon 
either alterations or repairs, and the attention bestowed upon the  
machine has been restricted to a daily oiling. 

As the stream of ore is neither split nor divided, fine crushing 
on large samples is entirely unnecessary. After the ore has been 
broken in a Blake or Dodge crusher, it falls into an elevator, and 
is raised a few feet above the level of the storage-bins. The sampler is 
placed between the elevator-discharge and the top of the bin, so 
that the ore falls through the divider which throws out, for a sample 
any amount per cent, to which the machine may be set. 

In practice this amount varies from ten to fifty per cent- ??? 
cording to the value of the ore; the richer and more "spotted'' the 
mineral, the larger sample should be taken. 

The rejected  ore drops directly into  the storage-bins, while ??? 
sample falls through a spout into a pair of rolls placed on the same 
level as the breaker. 

With most ores, from ten to twenty per cent, has been found amply 
sufficient for a coarse sample; and, as at least eighty per cent. of 
the entire lot is generally sent to the smelter as it comes from the 
breaker, there is no objection to setting the rolls close, especially as 
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they only crush from one-tenth to one-third of the amount of ore 
handled. 

After being crushed fine by the rolls, the sample is raised by a 
smaller elevator to the same level as at first, and drops through a 
second divider, set to take any desired amount per cent. 

The rejected ore falls into the bin with the ore from which it was 
at first separated, and the final sample drops into a closed and locked 
bin on the working-floor below. 
On ordinary ores, 10 per cent, of 20 per cent, or 2 per cent, of the original 
quantity, is an all-sufficient sample; while on richer rock 15 per cent, of 30 
per cent., or 4½ per cent, of the original quan- tity   is  perfectly safe.     
By this plan only a small proportion of the ore is crushed fine,—a very 
decided advantage for smelting purposes over all of the other systems, 
which require that the ore must be rolled before a sample can be taken. 

The two machines are driven at different speeds, to prevent any 
possible error which might arise from isochronal motion.   In testing these 
machines by re-sampling various lots of ore, it has been found 
that the limit of error is less than one-fourth of one per cent., while even the 
best "hand-quartering" often varies two per cent. 

The weight of the sample actually taken, even on the largest lots, never 
varies more than a few pounds from the percentage to which the machines 
are set.    As the division is one of time, not of ore, it follows that the 
machines will take the percentage to which they are set, whether the ore 
passing through them be wet or dry, light or heavy, coarse or fine.   This 
fact is of the utmost importance to the sampler, as it enables him to obtain a 
correct sample of intended mixtures, by simply passing the different lots 
through the crushing machinery in succession.    Not only will the ore 
delivered in the sample-bin represent an exact average of each lot, but the 
amounts taken will bear the same relative proportion to each other as did 
the original Jots, and the entire sample will consequently be an exact 
average of the whole. 

Under this system the cost of sampling is reduced to the lowest 
possible limit, the principal and almost only items of expense being 
power and the cost of wheeling ore into the rock-breakers; and since  
the accuracy of the samples is in no way dependent upon the skill 
of the workman, the very cheapest labor may be profitably employed. 
Many other advantages might be enumerated; but the writer 
hopes enough has been said to explain clearly the system and enable 
anyone interested to judge fully its adaptability and value. 
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THE PATIENCE OF COPPER AND SILVER AS AFFECTED 
BY ANNEALING. 

BY HENRY M.  HOWE, BOSTON, MASS. 

SOME interesting experiments* by Professor R. H. Thurston on 
the resistance of iron to prolonged stress, have brought to light the 
fact that unannealed iron (which was already known to have a much 
greater tensile strength than the same iron has after annealing) has 
much greater patience than annealed iron. That is to say, if we call 
the tensile stress which is just able to tear the metal apart instantly 
the "immediate breaking load," then not only has unannealed 
iron a much greater immediate breaking load than the same iron 
has after annealing, but it is capable of resisting without fracture, a 
given proportion (say 80 per cent.) of its own high immediate break- 
ing load for a much longer time than that during which annealed iron is able 
to resist 80 per cent, of its own much smaller immediate 
breaking load. 

I suggest the name "patience"† to express this power of resisting 
prolonged stress, which evidently bears no fixed relation to what is 
ordinarily spoken of as tensile strength, or the power of resisting 
tensile stress for a very brief period. 

Professor Thurston's interesting results led me to apply similar 
investigations to copper and silver, the results of which form the  
subject of the present paper. 

THE EXPERIMENTS. 

Preparing the Metals. —Ordinary silver wire was hard-drawn to 
No. 23 Brown and Sharp gauge; it was cut in two, and one pier 
was carefully annealed in the ordinary way.    The wire was p?? 
pared by Messrs. Guild and Delano, jewelers, Boston. 

The Ansonia Brass and Copper Co., Ansonia, Conn., kindly far ?nished 
me with some hard-drawn copper wire No. 31, A. W. G. and some of the same 
wire after annealing in the ordinary way. 

* Science, vol. i., p. 418. 
† Possibly "endurance" would be a better word. 
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Immediate Breaking Load.—This was determined for both unan- 
nealed and annealed copper and silver wire in the following way: 
A piece of the wire whose immediate breaking load was to be deter- 
mined, was suspended vertically from a fixed support, and to its 
lower end was attached a flask loaded nearly to the breaking weight 
of the wire. Immediately after effecting the suspension, that is to 
say, as soon as the tensile stress was imparted to the wire, a fine 
stream of dry sand was run into the flask until the combined weight 
of the flask plus the sand just sufficed to break the wire. The stream 
of sand was so arranged that the moment the wire broke, allowing 
the flask to fall, the stream was diverted from it. The combined 
weight of sand and flask was then noted. 

The time occupied by the sand in running into the flask after the 
latter had been suspended was so short that the results thus obtained 
were very near to the immediate breaking load, though, of course, 
always slightly below it, since an appreciable length of time elapsed 
between the suspension of the flask and the instant of fracture, and 
during this time the heavy load rapidly weakened the wire. The 
results thus obtained arc not, accurately speaking, the immediate 
breaking loads, although I shall so call them; it would be more 
accurate to speak of them as the loads sufficing to break the wire in 
an exceedingly brief time, or the " almost immediate breaking loads." 
They probably differ very slightly from the immediate breaking 
load proper, and are certainly much nearer to it than those obtained 
with ordinary testing machines, where the metal is exposed for a 
much greater length of time than in my experiments, to a stress ap- 
proaching that at which it finally yields. 

The mean of at least three observations was taken in each case. 
   Patience of the 31elals.—Loads equivalent to 90, 80, and 60 per 
cent, of the immediate breaking loads of both annealed and unan- 
nealed silver, and to 90, 80, 70, and 60 per cent. of the immediate 
breaking loads of both annealed and unannealed copper, were then 
prepared.    These loads were suspended by pieces of the appropriate 
classes of wire from comparatively yielding and springy pieces of 
woodwork, in a substantial brick house resting on piles.    The wood- 
work was attached to the side walls of the house and not connected 
with the ceiling, so that jarring from people walking overhead was 
avoided.    It was thought that these precautions sufficed to reduce 
the effect of the vibrations of the building to an amount so small as 
to be safely neglected. 

The wires were exposed to the loads thus prepared for nearly nine 
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months, during which time many of them broke; I was then un- 
fortunately compelled to bring the experiments to a close. No two 
of the wires broke at or about the same time, so that the jar caused by- 
the breaking of one wire appears to have had no traceable effect on 
the patience of the neighboring wires. Indeed, from the position of 
the wires I think little effect can have been thus caused. 

The Stretch.—In order to determine the rate of stretch of the an- 
nealed copper wire, pieces of from three to five feet in length were 
employed in determining its patience, and the amounts which they stretched 
under their respective loads were noted from time to time. 

In the case of the copper wire, both annealed and unannealcd, all 
the observations were made in duplicate. 

THE RESULTS. 
Patience.—The results thus obtained are given in the following 

table, and are also represented graphically in Fig. 1. 

Patience of Copper, Silver, and Iron. 

 
A. Unbroken after nine months. 
B. Unbroken after seventeen months. 

In Fig.  1* each curve represents the results  obtained with one of  the four 
classes of  wire experimented on, the unbroken lines giving 

* This diagram represents the results obtained during the first 75 day???The directions 
of the curves for the remainder of the time remain substantially changed. To represent the 
whole period covered by the experiments would require an inconveniently large diagram. 
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the patience of unannealed and annealed silver, the broken lines 
that of copper, and the broken and dotted lines that of iron as de- 

 
 
Diagram showing the patience of copper, iron, and silver, as affected by annealing. 
termined by Prof. Thurston.   With his results I have taken certain liberties 
which will be explained (and, I hope, justified) beyond. 
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The vertical distance from the horizontal axis (ordinate) of any 
point in each of these curves, indicates the percentage of the imme- 
diate breaking load of the unannealed metal corresponding to that 
point; and the horizontal distance of the point from the vertical 
axis (abscissa) indicates the length of time which this load was sus- 
tained before the wire finally broke under it. The ordinates of the 
curves of each metal, both when annealed and when unannealed, are 
measured in percentages of the immediate breaking load of that 
metal when unannealed so as to indicate to the eye the proportion 
between the loads which the metal is capable of carrying for a given 
number of days in the annealed and in the unannealed condition. 

From the points at which the curves of the annealed metals have 
the vertical axis, we see that the immediate breaking loads of an- 
nealed silver, copper, and iron are respectively about 68, 61, and 50 
per cent. of the immediate breaking loads of these metals when un- 
annealed. The fact that annealing diminishes the immediate break- 
ing load of silver less than it does that of copper and much less than 
that of iron agrees well with the further results that the patience 
of silver is somewhat less affected by annealing than that of 
copper, at least for heavy loads, and much less than that of iron. 
Thus, when we pass to the right side of the diagram we notice that 
among the curves of the nnannealed metals, iron stands uppermost, 
and silver lowest; while with the curves of the annealed metals 
this order is exactly reversed. That is, while unanuealed iron 
has greater patience than unannealed copper and much greater than 
?? annealed silver, yet annealed iron has much less patience than these 
other metals when annealed. 

The curves of annealed and of unannealed silver are almost par- 
allel, showing that, although annealing lowers the immediate break- 
ing load, the patience of the annealed silver remains practically the 
same as that of the unannealed metal, measuring the patict?? 
each, of course, in percentages of its own immediate breaking ??? 

With iron, however, the case is very different. While unan- 
nealed iron sustained for seventeen months without breaking ??? 
cent. of i ts  immediate breaking load, annealed iron gave way in ??? 
day under 85 per cent. of the much smaller immediate breaking 
load of the annealed metal.    Though this perhaps rather over-?? 
the case (for Prof. Thurston apparently got an exceptionally ??? 
piece of unannealed iron for his 85 per cent.  load, since. With 
?? lighter load, only 80 per cent., the unannealed wire broke after 
?? 
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days), it must still be admitted that the difference in  the behavior 
of the three metals is very striking. 

A surprising difference between the patience of copper and that of 
silver is brought out by these experiments, a difference which exists 
in both the annealed and the unannealed condition. While copper, 
whether annealed or not, fails much more rapidly than silver 
under 90 per cent, of its immediate breaking load, yet the former metal 
upholds 80 per cent, of its immediate breaking load much longer 
than silver docs. Thus annealed and unannealed copper broke under 
90 per cent, of their respective immediate breaking loads after 1.75 
and 12.67 hours respectively (the determinations were made in du- 
plicate and triplicate), while both annealed and unannealed silver 
sustained 90 per cent, of their respective immediate breaking loads 
for 3 days.    But when we come to the 80 per cent, loads we find 
these results exactly reversed; for while annealed and unannealcd 
silver broke under SO per cent, of their respective immediate break- 
ing loads after 156 and 114 days respectively, annealed and unan- 
nealed copper, in duplicated  tests, sustained  80  per  cent, of their 
respective immediate breaking loads till the conclusions of the ex- 
periments, or about nine months, without breaking. 

The Patience-Curves of Iron.—Professor Thurston's results are 
given in the following table: 

Effect of Prolonged Stress.—Swedish Iron Wire. 
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It will be noticed that there are serious discrepancies in this table 
In some cases, both with the unannealed and the annealed iron, the 
wire broke under a light load much sooner than under a heavier one 
This I take to be due to local variations in the strength of the iron, 
perhaps to actual though invisible flaws. If the above results were 
plotted just as they are, they would give very irregular lines, which 
it would be exceedingly difficult to compare with those of the patience 
of copper and of silver. In order to get simple lines readily compara- 
ble with those of the other metals, I have interpolated figures mid- 
way between Professor Thurston's results. Thus I have assumed 
that the patience under 92.5 per cent, of the immediate breaking 
load would be midway between the patience under 90 and 95 per 
cent. of that load, etc. I have plotted the curves of iron from these 
interpolated figures, instead of from his original results. While 

 
Diagram showing stretch of annealed copper wire, loaded with 60, 70, and 80 per 

cent, respectively of its immediate breaking load. 

the figures thus obtained can have no claim to accuracy, they are 
probably near enough to the truth to afford a fair comparison between 
the patience of iron and that of the two other metals experimental 
on. The very much greater harmony between the results of my 
experiments on copper and silver seems to point to the fact fact that th?? 
metals are less liable than iron to local variations in strength. 
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Stretch of the Wire.—As already stated, in determining the pa- 
tience of annealed copper wire, pieces sufficiently long were employed 
to admit of their stretch being readily observed. The amount of 
stretch was noted from time to time, and the results obtained are 
given in the following table, and are also graphically represented in 
Fig. 2. Here horizontal distances (abscissæ) represent the amount 
of stretch, in percentages of the original length of the wire, while 
vertical distances (ordinates) indicate the length of time during 
which this stretching took place. 

The results given in the diagram are the mean of two sets of 
experiments, carried on simultaneously. 

Extreme accuracy is not claimed for these figures, since changes 
in the temperature of the wire have not been allowed for. 

We see that, even when subjected to a stress equivalent to only 
60 per cent, of their immediate breaking load, these wires appear to 
go on stretching indefinitely, though, of course, at a constantly di- 
minishing rate; and, even after being subjected to this compara- 
tively light stress for over five months, a further continuation of 
the same load caused them to stretch a considerable amount—in 
one case, 0.3 per cent, of their initial length. 
 With a load equal to 80 per cent. of the immediate breaking load 
the results arc much more marked. After sustaining this stress for 
upwards of five months, further continuation of the same stress 
caused a further stretch of 1.4 per cent. of the initial length of the 
wire. 

If the curves of stretch for the 60 and 70 per cent. loads con- 
tinued in their present shape, it would probably take some centuries 
For the amount of stretch under these loads to equal that which had 
been produced by the 90 per cent. load at the moment when the 
wire parted under it, Now, if we assume that these curves would 
continue in their present shape, and further that the wires would 
break under these loads when the stretch had become equal to that 
which had taken place at the instant of rupture under the 90 per 
cent. load, we may infer that these wires would eventually break 
after upholding their loads for centuries. 

In view of the extraordinary length of time during which copper 
?tretches under such a small fraction of its immediate breaking load, 
the interesting question presents itself to our speculation, whether it 
and similar metals would forever resist any tensile strain, no matter 
?ow small; whether even under a very light stress the metal would 
not keep on stretching and stretching, very slowly to be sure, but 
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still always stretching, until, after a sufficient number of æons had 
rolled by, it would suddenly break. 

Stretch of Annealed Copper Wire under Prolonged Stress. 

 
That the effects of rupture by static stresses, such as form the sub- 

ject of this paper, are not local, but extend throughout the pie?? 
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which is subjected to the stress, whether the stress equals the Im- 
mediate breaking load, or is smaller than it, is well illustrated by 
the following observations. 

Portions of the silver wires which had broken under prolonged 
stress were re-suspended with the loads which had originally broken 
them. They now broke in a very small fraction of the time which 
had been originally required to break them. 

 

As these second fractures did not occur near where the first 
fractures 
had taken place, it is evident that the wires had been gradually 
weakening during their original suspension, not only in the imme- 
diate neighborhood of the point where they finally broke, but over 
their whole length. 

In the case of the immediate breaking load, similar results were 
obtained.    When the load on a wire is rapidly increased till it breaks, 
fracture, of course, occurs at the weakest point, and it would at first 
be supposed that, if we now re-suspended one of the fragments of 
5 this wire, a slightly greater stress would be required to break it, since 
we now have to break  it at some point where the wire was strong 
enough to resist the original load when it was applied.  But, in a great 
number of observations which were made, exactly the opposite gener- 
ally resulted.    When fragments of a broken wire were re-suspended 
and the load on them was rapidly increased, they generally broke 
undera lighter load than that which had been required to break the 
wire the preceding time, and generally at aconsiderable distance from         
the preceding points of fracture.    In one case annealed copper wire 
had its immediate breaking load lowered in this way 8 percent, while 
steel wire (so-called) lost 10 per cent of its immediate breaking load 
by being five times broken in this manner.    This clearly illustrates 
the fact that even a very brief application of a  tensile stress just 
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sufficient to break a piece of metal at its weakest point weakens the 
metal over its entire length. 

Practically, the subject of the gradual yielding of metals, when 
subjected for indefinite periods to comparatively light stress, may 
be of especial importance in the case of cables, whether for haulage, 
for bridges, or for telegraphy. 

A more important question sti ll  is the gradual yielding of metals 
under very light but indefinitely repeated shocks, and on this sub- 
ject the writer has commenced a series of investigations, the results    . 
of which he hopes to lay before the Institute on another occasion. 

A practical inference from the curves of patience is that, while 
it is probably unsafe to subject annealed wrought iron to a prolonged 
static stress greater than about 40 percent. of that which unannealed 
iron of the same kind can safely carry, annealed copper can safely 
sustain about 60, and annealed silver about 67 per cent., of the pro- 
longed stresses which these two metals can safely carry when unan- 
ncaled. Further experiments are required, however, before this  
inference can be regarded as an established fact. 

TEE ESTIMATION OF PHOSPHORUS IN IRON AND STEEL 

(SUPPLEMENTARY NOTE.) 

BY BYRON TV.  CHEEVER, UNIVERSITY OF MICHIGAN, ANN ARBOR, M?? 

IN working up the process which I described at the Chicago 
Meeting, May, 1884 (p. 163 of the present volume), for the 
estimation of phosphorus in iron and steel, I employed sampb? 
of steel obtained from one works only, and of a given bracd. 
Since then I have had frequent occasion to test the process on other 
steels, and find that it works equally well. But some steels present 
certain colors which may mislead the operator; and I therefore po?? 
pose a slight change in the directions formerly given. On the second 
page of my paper, in the second paragraph, I would substitute the 
following modified directions: 

Place the flask under the hydrant, till the solution is perfectly 
cold ; then add, gradually, strong ammonia, with constant stirring 
till the solution is changed into a pasty mass and the ammonia 
in slight excess; then add cautiously HNO3 (1.40 specific gravity
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till this mass is dissolved ; cool the solution to 60° C. It should then 
have a straw color. If the solution has a decided red tinge, iron will 
be thrown down with the phospho-molybdate precipitate, which can 
only be removed by a re-precipitation and with a loss of phosphorus. 
To remove this red tinge, add some strong HNO3, shake well and 
then add about 25 cc. of water. The solution should now not ex- 
ceed 200 cc. Heat the solution to 60° C. and add 60 ee. of molyb- 
date solution; place the flask on an iron plate heated to 60° C (not 
more) and let it stand one hour. 

NOTE ON AN OCCURRENCE OF NICKEL AND COBALT IN 
NEVADA. 

BY A. D. HODGES, JR,, MINING ENGINEER, ROXBURY, MASS. 

IN 1874 my attention was called to what seemed to me an inter- 
esting and new nickel and cobalt combination found in Ludwig and 
Carter's copper mine, near Mason Valley, Esmeralda County, 
Nevada. With the assistance of Mr. A. Hebberling I made several 
partial analyses of the mineral or minerals. I also communicated 
with my friend, Professor H. B. Cornwall, of the John C. Green 
School of Science, College of New Jersey, who analyzed a couple of 
specimens which I forwarded to him. 

The copper ore occurs in the mine principally as carbonate and 
to a certain extent as silicate, the latter generally in connection with 
clay seams or bands, 

In some places, together with the copper silicate and clay, gen- 
erally interstratified with them, there occurred a compact shining 

black mineral (a) containing nickel and cobalt. 
Occasionally, in cavities, in connection with (a) was found a black 
substance (b), either massive and in this case very similar to (a) 
out with duller lustre, or forming an incrustation with rough and 
botryoidal   surface  and radial-fibrous  structure, or  granular and 
earthy.    A few specimens were found having on the surface very. 
agile black needles (c) sometimes ½-inch  long, interspersed with 
needles of malachite. 

The mineral (a) seemed, according to the analyses, to be of nearly 
constant composition, and was considered by Professor Cornwall to 
be a chrysocolla containing nickel and cobalt--a new occurrence to 
VOL. XIII.--42 
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me.    It was nearly infusible before the blowpipe (or fusible only 
with difficulty on the edges), was completely decomposed by HCI, 
and had a specific gravity (Cornwall) of 2.57.    It is the No. 15 of 
the analyses given below. 

The substance (6) gave varying results. Professor Cornwall thought 
it to be a mixture. Perhaps the brittle incrustation was entirely 
different from what appeared to be a massive occurrence of the same 
substance, and the variations in the analyses were due possibly to 
imperfect separation of the two. Various partial analyses were 
made, several of which (Nos. 2, 6, 8 and 10) are appended. 

The needles (c) were of very rare occurrence, and were so fragile 
that only those specimens carried in the hand survived the perils of 
transportation. I possessed only two specimens, I think, which, on 
account of their beauty and remarkable character, I reserved for the  
examination of some mineralogical expert. They met, however, 
with the usual fate of delicate specimens kept in rough mining 
camps. I cannot now describe them any better than by saying that 
at first sight I thought them to be malachite crystals colored black 
by some oxide. But Mr. Hebberling and I both tested separate 
crystals, and found a large amount of cobalt and nickel but no siya 
of copper.' 

The following table gives the results of some of the analyses made 
Those marked C are by Professor Cornwall. The others, II, are 
partial analyses made by me at Dayton, Nevada: 

* Only a very little Fe2O3. 
† By loss.    Lost by breakage.    Evidently contained much CoO. 
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THE COST OF 3IINING AND MILLING GOLD-OSES IN 
NOVA SCOTIA. 

BY WILLARD IDE PIERCE, NEW YORK CITY. 

CONSIDERING the extent of the gold-fields of Nova Scotia, which 
occupy an area of 6000 to 7000 square miles, a few words as to 
the cost of extracting and reducing the ores may prove of interest. 

The veins are for the most part narrow, 4 to 12 inches being the 
usual width, while a 2-foot vein is considered a large one; but they 
offer many advantages, inasmuch as the ore is easily treated wages 
are low, and machinery and supplies can be transported by water 
to within from 1 to 15 miles of the different mining districts. The 
Salmon River vein is a notable exception to the above rule as to 
width. It ranges from 4 to 20 feet in width. The Hall-Anderson 
of Fifteen-Mile Stream (where there are several veins) is another, 
which has proved to be from 3 to 4 feet in width. 

The ownership of all mining claims is retained by the Crown, but 
persons wishing to work them can lease as many unoccupied areas 
as they please for twenty-one years, with option of renewal, on the 
payment of two dollars for each area, and a royalty of 2 per cent. on 
all gold extracted. Each area consists of 150 feet along the lode 
and 250 feet across, upon which a certain amount of work must be 
done, which by recent law is reduced from one hundred to forty days' 
work for each area every year.    Any person erecting in a district 
the first mill, having at least 8 stamps, and being at least 10 miles 
prom any other mill, is entitled  to a lease of 10 areas, free from 
advance-payment and from royalty, for twenty-one years.    A record 
must be kept, and filed every quarter at the office of the Commis- 
sioner of Mines, of the total number of days' work done on the 
areas, and a monthly statement of the number of tons crushed, and 
theactualyieldofgold. 
Gold-mining in Nova Scotia may be said to have commenced with 
the finding of a nugget of gold in a brook at Tangier in 1858.  The 
following table, taken from the official report,* gives the total yield 

* Report of the Department of Mines, Nova Scotia, 1884. 
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with the number of tons of ore crushed since 1862, in which year 
statistics were first collected : 

 
This is an average yield, per ton of ore crushed for the whole period, 

of 14 dwt. 22 gr. of gold. 
As there is great similarity amongst the gold-ores of Nova Scoth, and as 

the work of extracting and treating the ore in the d i f f e r e n t  districts 
presents the same general features, one typical example may be given as 
representing the conditions of all. I select for this purpose the Oxford 
property, which has no special natural advantage tending to reduce the cost 
of working, but at which, on the o t h e r  hand, all circumstances are 
utilized which favor more economy working, and as a result, perhaps, 
some distinct features are page sented. 

This property, on which work was begun in March, 18?-, CCA sists 
of 63 areas of 150 by 250 feet,  situated in Lake Catcha trict, 30 
miles northeast from Halifax.  Fig. 1 shows the whole property divided 
into its areas; and Fig. 2 shows a part on a scare twice as large. On 
these areas have been found a number of gosle bearing veins;   but 
beyond ascertaining their  comparative vah little active mining work 
has been done on any except the M?? and Coleinan lodes.   All the 
veins strike about E.N.E. and W-S. W., 
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and dip northward about 85°. They are dislocated by a series of faults, 
the faulting fissures running N. and S. The vein-matter is a hard white 
quartz, inclosed in slate with walls of quartzite. 

A peculiar break is found in the Coleman lode where the ends of the 
walls are broken as usual in faulting, but are not immediately discontinued. 
On the contrary, the walls and vein-matter continue around a curve for 
some little distance, and then suddenly end, the vein being found further 
north, lying in its proper course. 

The quartz carries, besides the gold, from 3 to 5 per cent, of iron pyrites ; 
but as the latter contains but l i t t le gold, no attempt is made to save it. 
The gold is found varying from coarse to very fine; but a great deal is 
in coarse grains or " sights " (from pieces weighing 1/2 oz. each, down to 
shot-sized), so that it is impossible to obtain from the ore direct a correct 
assay of it.    The only way to determine the 

 
6CALE 1 3O 

Varying Thickness of Vein at Shaft No. 9, Coleman Lode. 

real average value of the ore is to add to the value of the bullion. 
produced from a given number of tons, the value of the ta i l ing-which 
are run off.    The distribution of the gold in the veins is very irregular, a 
uniform yield being seldom continued for more than feet in the vein.    
There are usually one or more zones of quartz richer than that 
surrounding i t ;  and these zones do not seem to follow any general 
law, but lie at every angle, and are of varies length and width.    The 
veins of quartz vary greatly in width, running from 2 inches to 4 feet.    
The sketch of the vein at shaft No. 
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9, Coleman lode (Fig. 3), illustrates the variations in width of the quartz-
seam. The figures show the width in inches of the quartz at the points 
marked. 

The width of the quartz seems to have little effect on the walls as they 
retain their same relative positions, from 3 to 6 feet apart, whether the 
quartz-seam is narrow or wide; only the slate, in the latter case, is very 
much pinched. 

The cost of extracting a ton of ore varies greatly, according to the width 
of the quartz-seam, as all matter is removed between the walls, the whin-
rock and part of the slate being thrown on scaffolds which are formed 
about every 18 feet in depth. 

The walls being solid, no other timbering is required, and the 
average cost for scaffolds set up, on walls 3 feet apart, is 32 cents per 
running foot. 

Underground work is done by contract or days' work, wages for 
underground men being $1.25 to §1.40 and for deckmen to attend to 
hoisting, emptying buckets, etc., $1.25 per day, while the wages for 
laborers are $1.00 to $1.20 per day. 

The average cost of mining a ton of ore on a 12-inch quartz-seam, walls 
3 feet apart, is §4.95, which includes raising the ore to the surface and 
pumping. On a 6-inch seam, the cost will be a litt le more .' than 
double, and on a 2-foot seam a little less than half of the cost on a 12-
inch seam, the distance between the walls being the same. 

The power for hoisting and pumping in the different shafts is all  
transmitted from the mill by means of wire or tarred hemp rope, and 
the cost, per ton of ore raised, for pumping and hoisting is: 

 Labor in hoisting—deckman,.......................................................$0.40 
 Extra fuel used in mill..................................................................0.12 
 Wear and tear, etc.,.......................................................................0.05 

 Total,   50.57 

The mill of the Oxford Company is a 10-stamp steam-mill, and  
has been in operation since July, 1882. It is built over the Mill  
lode, one shaft of which opens within the mill, so that all ore placed in 
the bucket at the bottom of that shaft is hoisted direct to the |breaker 
floor of the mill without other handling. The property and the 
immediate neighboring country are slightly undulating and in places 
swampy, and well wooded with soft wood [(spruce and fir), and hard 
wood (beech, birch and maple). The [price per cord delivered at mill is, 
for soft wood, $1.40, hard wood, $210. 
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The ore from the different shafts is brought to the mill by car or cart, 
and, if by the latter, is dumped direct into a car at the foot of an incline 
to the mill. Thence the ore-car is hauled up by wire rope to the breaker-
floor, where it dumps automatically. From here the ore is passed through 
the breaker to the ore-bin, thence by chutes to self-feeders, where it is fed 
into the batteries. 

The stamps are run at GO drops per minute and have a fall of 0 inches, 
crushing 1 1/5 tons of hard rock, or 2 tons rock and slate per head every 
24 hours. The stamps weigh 661 pounds, the weight being divided as 
follows: 

Stem...........................................................................................  280 lbs. 
Shoe ...........................................................................................  145   " 
Head...........................................................................................  148   " 
Tappet .......................................................................................  88   " 

Total,   661 lbs. 

The stem is 13 feet long and 2 7/8 inches in diameter. The shoes are 
of chrome steel and have given great satisfaction, the last set crushing 
3.300 tons. The dies are of the same material and weigh 94 pounds 
each.  From the mortars the ore as crushed passes through iron wire 
screens of 40 meshes per inch, and all gold not caught by the plate inside 
of the mortar passes over copper plates, silver-plated, which are arranged 
in a series of steps, the first three of 3 inches each in length, the next 5 1/2 
feet, and the last 2 1/2 feet long, with a fall of 1 1/2 in 12. From here the 
tailings run through launders out of the mill and to waste. 

The greater part of the gold is caught inside of the mortars, t h e  
proportion ranging, according to the coarseness of the gold, from 1/2 to 
9/10 of the whole amount. From 94 to 98 per cent. of the gold in the ore 
is saved, the loss including the value of the sulphurets. In the 2 1/2 
years that the mill has been in operation it has crushed 4 7 5 1  tons of the 
average value of $22.70 per ton. The gold is of a high degree of fineness, 
ranging from .945 to .966 1/2, with an average of .953. 

The cost of milling a ton of ore is as follows: 

Labor—crushing and amalgamating, .....................................$0.76> 
Fuel..........................................................................................   0.32 

Hauling to mill, ......................................................................    0.05 

Supplies—wear and tear,........................................................     0.15 
 
Total,   $1.28 
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The motive power is furnished by two engines of 35 and 12 normal 
horse-power, which furnish all power for the mill, hoisting and pump-
ing at the different shafts, hoisting ore-ear from foot of incline to 
breaker-floor, pumping water from the lake for use in the mill, and 
running blacksmith's fan. 

Power is transmitted from the mill by different methods, as is 
found most convenient, for the different workings. For hoisting 
and pumping on the eastern workings of the Coleman lode the fol-
lowing method is employed : 

On the main counter-shaft (in the mill), which revolves at the 
rate of CO revolutions per minute, is placed a 2-foot bevel-gear-wheel. 
Leading from this and attached by a 1-foot bevel-wheel is an upright-
shaft 2 3/4 inches in diameter, which extends about 2 1/2 feet above 
the upper floor of the mill. This shaft is geared to make 120 
revolutions per minute and turns in guides placed in the middle and at 
the upper end. Just below the top guide is keyed a 7-foot wooden 
sheave, which revolves horizontally, and is grooved to take a 1/2-inch 
tarred hemp rope. Hemp rope is used here instead of wire rope, on 
account of its greater lightness and durability as here employed. 
By the use of sheaves, placed horizontally, the rope may be carried 
in any direction around the circle, and by increasing the width of the 
sheave additional grooves may be made so that power can be trans-
mitted in different directions at the same time. The rope leads on 
and off the sheaves over small guide wheels, 1 foot in diameter, and 
is carried off to the point where it is desired to transfer the power for 
hoisting and pumping. 

If it is desired to carry the power on beyond this point for addi-
tional working, the sheave around which the rope is passed has a 
second groove, around which a rope is passed and it is carried to the 
second shaft where it is to be utilized. Near the shaft where the 
power is to be used a suitable frame of heavy timber, set. on bed-
rock, and reaching 18 to 20 feet above the surface, supports hoisting-
gear, etc. The hoisting-gear, which is placed from 5 to 6 feet above 
the surface, consists of a drum 10 feet in circumference journaled to 
a 3 5/16-inch shaft, but not attached thereto. 

The shaft is horizontal, one end projecting sufficiently from bear-
jtog to take a pump-disk ; the arrangement of the shaft from one 
end to the other being pump-disk, bearing, collar, hoisting-drum, 
friction-wheel (which slides back and forth on shaft on feathered 
key), 50-inch bevel-wheel, bearing. The end of the drum next to 
the friction-wheel has a beveled flange of cast-iron 6 inches deep, into 
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which the  friction-wheel is beveled to fit. To hoist, the friction- 
wheel is thrown into the flange of the drum by means of a lever ex- 
tending i n t o  the shaft-house, and. worked by the deckman at the 
shaft, and the means of checking or holding a load is furnished 
by 
a brake that fits the outside of the flange, hung underneath,—the 
lever which works it also extending to shaft-house within reach 
of 
the deekman. In the 50-inch bevel-wheel is matched a 10-inch 
pinion, attached to an upright shaft. At the upper end of this 
shaft 
is keyed a 7-foot sheave which receives the rope from the mill. The 
speed of the 7-foot sheave and upright shaft is 120 revolutions per 
minute, while that of the horizontal shaft, which supports the host- 
ing drum and pump-disk, is reduced by gearing to 24 
revolutions 
per minute. The winding speed on the 10-foot drum, of 240 
feet 
per minute, is not found to be too great, as it is all under the com- 
plete and easy control of one man. * 

The sheaves arc made of seasoned oak, and are of great weight 
and strength for the work they are called upon to do. On the 
hoisting drum, iron-wire rope is used, 5/8 inches diameter, which 
passes over a sheave in the shaft-house 14 feet above the top of 
the shaft. 

Pumping on the Mill lode and on the western workings of the 
Coleman is done by means of a pump-disk geared to a second coun 
ter-shaft C feet above the main counter in the mill. 

On the pin of the pump-disk, is a suitable box having two hooks 
placed in opposite directions. On each hook is slipped a wire rope 
furnished with an eye for that purpose, and run out of the mill, one 
to the eastern workings on the Mill, the other to the western 
workings of the Coleman lode. 

The ropes pass all the way from pump-crank to pump-rod, being 
led over 3-foot sheaves at deck-head. The pump-rod is held in its 
proper plane of movement by a guide moving on a slide just above 
the pump. This pump-rod is long enough to permit the attach -
ment of a weight—about 100 lbs.—to carry the pump-rod down, 
and as the down-stroke at one shaft is the up-stroke at the other, 
the weights serve to counter-balance each other. 

The rope from the pump-crank to the shaft is supported at 
inter vals either on roller-wheels or by proper hangings. 

Either pump can be put at rest in an instant at the mill, without 
stopping any other machinery, by catching and holding the ropeal 
the end of the up-stroke, and as the disk revolves, the rope is 
slipped' off and placed on the stationary hook. 

Hoisting at these workings is done by drums placed on the 
first 
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and second floors of the mill and suitably connected with the engine. 
One end of a wire rope is wound around the drum, the other end 
reaching to the shaft, having the bucket attached to it. The load is 
under the control of the deckman at the shaft, who, by pulling one of 
two cords attached to different levers on the second countershaft in the 
mill lowers, hoists, or holds the bucket under his charge. 

Water is pumped from the lake to the mill by means of a 1/2-inch 
wire rope leading from the mill to the brow of the hill, where it 
passes around a 4-foot vertical sheave having two grooves, the other 
groove taking a 3/8-inch rope to a similar sheave on the shaft to which 
the pump-disk is attached. A 4-inch pipe placed underground carries 
the water from the lake to the mill. 

With horizontal transmission-wheels, in a stretch of 250 feet, a 
difference of level of 20 feet would not affect the run of the rope; 
and a greater difference of level, for instance 50 feet or even more, 
could be compensated for by putting the rope on somewhat slack, or by 
putting guide wheels above the rope where it enters and leaves the 
lower wheel, thereby bringing the rope down to the groove. With 
vertical sheaves, the difference of level between driver and driven is 
immaterial, the only considerations being that the stretch or distance 
between the two must not be too great (not over 400 feet), as the 
strain on the ropes caused by their own weight, would be a serious 
cause of wear ; and the ropes must not touch the ground or other object. 
Hence, if the distance is too great, or the rope is carried to the other 
side of a hill ,  as is the ease with the lake pump, an intermediate vertical 
wheel is necessary. 

I am indebted for much of my data to Mr. A. H. De Camp, a 
member of this Institute, Superintendent of the Oxford property, 
under whose supervision the arrangement for the transmission of 
power by means of wire rope was erected. 

Since the above was written, a question has been asked as to the 
percentage allowed for "stealage," owing to the coarseness of a great 
deal of the gold. I would say, in reply, that the amount to be 
allowed under this head is very small. This is, perhaps, due as 
much to the comparatively isolated position of the property, as to the 
laws of the Province. The nearest town is 4 miles from the mines, 
and is reached in winter by road across the frozen lake, and 
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in summer by means of a row-boat, or by walking across 2 miles of 
swamp to the wagon-road. All the miners change their clothes in a 
"dry-house," and live in an adjacent boarding-house, or in cottages 
on the property. There are no convenient saloons, since by the law of 
the Province no liquor is allowed to be sold within 3 miles of a 
mining district. 

The laws are severe on all persons found with gold in their pos-
session (in the shape of nuggets or bars) unless they can prove their right 
to it, and from what leased claims it was obtained, as all  such gold is 
considered as belonging to the Crown until the royalty has been paid. 

DISCUSSION. 

H. M. HOWE, Boston, Mass. (communicated by letter to the Sec-
retary) : It may be appropriate to place on record, in connection with 
Mr. Pierce's interesting paper, the results of some observations on 
gold mining and milling made during a recent professional visit to the 
Sherbrooke, Nova Scotia, gold-field. 

The conditions and practice in this field agree pretty closely with 
those described by Mr. Pierce, the chief difference being in the cost of 
milliner, which is very much lower at Sherbrooke than as given by 
Mr. Pierce. While the figures given me by the superintendent of a 
Sherbrooke mill, $0.32 per ton of ore milled, may be somewhat 
below the mark, on account of not allowing enough for wear and tear, 
yet, making all due allowances, it is manifest that the cost of milling at 
Sherbrooke is vastly lower than at the Oxford mill. Labor, the chief 
item, is only $0.27, against §0.76 at the Oxford mill ; and at 
Sherbrooke the mill is run by water-power, eliminating the cost of 
fuel. The custom-charge for milling at Sherbrooke, $1.15, is 
considerably less than the actual cost at the Oxford mil l .  §1.28. 

The Sherbrooke mills treat the free gold-bearing quartz from the 
neighboring town of Goldsborongh. The ore consists of hard 
glassy quartz, mixed with a little slate. There were at the time of my 
visit about 100 men employed in these mines. The cost of mining 
was put down at about §1.25 per ton of material broken In the chief 
group of mines which I visited, there are two very small veins of 
quartz, from 0.5 to 3 inches thick, inclosed in hard tough slate, 
without gouge. Consequently but a very small proportion of rock 
was hoisted, the greater part being piled on stulls. 
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The system of mining is very rude, all the rock being broken from a 
straight continuous breast, by underhand stoping, with absolutely no 
development-work. The low cost of mining appears to. be mainly due to 
the low price of labor, which is only about $1.25 per ten-hour day, 
on the average, and to the fact that the workings are ex tremely shallow 
and dry. It was surprising to find that, in this old mining town, the 
meanings of such words as "winze" and "stull" were unknown to the 
miners. 

The details of milling at Frazer's mill, which is reported to be one 
of the best, were as follows. They were obtained as far as practicable 
by actual observation, but, of course, for most of them I was obliged 
to take the statements of the superintendent. There are three batteries 
of five stamps each, stems 3 inches in diameter, and set 10 inches 
apart from center to center: 

W e i g h t  o f  s t a m p ,  i n c l u d i n g  2 5 0  p o u n d s  f o r  s t e m , . . . . . . . . . . . . COO pounds.  
Fa l l  (o rder  o f  f a l l ing ,  1 -4-2-5 -3) , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10  inches . 
D r o p s  p e r  m i n u t e , ..............................................................50 to CO. 
Q u a r t z  c r u s h e d  p e r  s t a m p  p e r  2 4  h o u r s ,  a p p r o x i m a t e l y , . . . . . 1  t o n ,  
L a b o r ,  3  m e n  p e r  2 4  h o u r s ,  o r ,  p e r  t o n  c r u s h e d , . . . . . . . . . . . . . . . 0 . 2  d a y .  
M e r c ury consumed per  ton crushed, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .038 pound. 
Order of fal l ing, .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 - 4 - 2 - 5 - 3 .  

This enables us to calculate the cost approximately as follows : 

Lahor, crushing and amalgamating 0.2 day at, say, $1-37,........ $0 27 
Mercury, 0.033 pound at, say, 40 cents, .......................................... 0 02 
Wear of shoes and dies, at $55 per annum, ......................................0 03 

Total cost per ton of ore,...................................................$0 32 

Mai-gin for profit, amortization, interest, repairs, supplies, etc.,$0 83 

Custom-rate for milling,.................................................................... 1 15 
Custom-rate for hauling from Goldsborough, say, 3 miles, ...........0 45 

Charge for milling and hauling, .................................................... $1 60 

The carts which haul the quartz from the mines dump it just 
behind the batteries. Most of it is small enough to be fed at once [into 
the battery, as it is cobbed down quite small at the mines to avoid 
hauling waste rock to the mill. What further breaking is necessary is 
done by hand, and the quartz is fed by hand into the batteries. 
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In front of each battery are three silver-plated copper plates 
The first is stationary, and 4 feet by 4 feet 6 inches. The other 
two arc about 2 feet 6 inches square, and have a slow reciprocating 
motion parallel with the length of the battery, with a travel of 
about 10 inches. 

At the time of my visit, there were said to be in the district 92 
stamps standing, and 99 dismantled. The total cost of erecting a 15-
stamp mill, including buildings, flumes for water, etc., is currently 
estimated at §8000. 

THE USE OF HIGH EXPLOSIVES IN THE BLAST 
FURNACE 

AND OF A WATER-SPRAY FOR COOLING IN 
BLOWING DOWN. 

BY W. J. TAYLOR, CHESTER, N. J. 

FURNACE-MEX who have not taken advantage of the use of dyna 
mite in certain blast-furnace troubles, as explained by Mr.William bee 
in his valuable papers read before the Institute some years since, 
cannot appreciate the quick relief and great advantage that may bed 
derived at times from its judicious employment. 

Before giving my experience in the use of hig h explosives in blast 
furnace troubles of certain kinds, I will record a method I have 
used with marked success in "blowing clown." Had I not u n d e r  
stood, however, the use of powder, I would have " salamamdered" 
effectually the first time I tried it. Early in my straight-furnace 
periments, last summer, at the Chester, N. J., Furnace, I wanted to 
blow down to within 3 or 4 feet of the tuyeres. To do th i s  with a down-
comer not lined, and without putting in any limestone to keep the 
gases cool enough to do no harm, was not an easy task. Weoald keep the 
bell and hopper cool by filling them with water, say 12 inches 
deep ; but before we got the stock down 15 or 20 feet t h e  
pyrometer in the gas-flue on top was up to 1300°, and the down 
comer was red-hot, with the heat s t i l l  rising. 

In this emergency my assistant, Mr. N. M. Langdon, urged the 
trial of a plan he had often advocated, viz., the introduction of water 
in some way under the bell in the proper quantity, in order t h a t  i ?  
evaporation might absorb and reduce the heat of the escaping gave 
to a point where it would not do any harm.    He thought the last 
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and hopper might be " cracked," that is, the bell eased from the 
hopper sufficiently to admit the necessary amount of water without 
getting in too much. I was afraid of this measure, as there was no 
proper control of it. But it was necessary to do something quickly, or 
put something in the furnace. 

 I then happened to think of the three 1/2|-inch pipes inserted through 
the plates and hopper for measuring the height of the stock in the 
furnace.    These, of course, were quite near the walls and about equal 
distances apart.    We immediately put a small stream of water in 
each of these pipes.    The result was a reduction of temperature in a short 
time to about 700°, and we were masters of the situation.    We then kept 
on water enough to hold the temperature at about that point and no 
more, until we got down to within 4 or 5 feet of the tuyeres, when we 
put in a larger amount of water, in order to have things comparatively 
cool on top when  we stopped and swung the bell, to. examine the 
condition of the interior of the furnace.    But the old saying, " Too 
much of a good thing is good for nothing;," proved true when we took 
off the blast, for the water immediately ran out of all the belly-pipes 
and the tuyeres all got black at once. 
After lowering the bell and ascertaining that the walls were entirely 
clean, we made a few blank charges of coke as quickly as possible and 
put the blast on again.    After driving in bars and working for some time 
at the tuyeres, they began to brighten up and also to melt a little; but 
we soon found that none of the tuyeres would clear themselves of cinder, 
and in the course of an hour the pressure was getting so high (14 or 15 
pounds) that the engine would just turn Over.    Poor gas, poor steam, 
and the belly-pipes filled with cinder; in short, we were stuck. ft 
After stopping and taking down the belly-pipes, I ordered a hole drilled 
in at the cinder-notch, large enough to take a 3-inch boiler- tube, on an 
angle of about 45°, so that when it reached the center of the furnace it 
would be at the bottom of the hearth  as near as might be.    This 
took about three hours, and when it was down everything was black, 
clear to the bottom.    We then plugged up one end of a 3-inch boiler-
tube with wood and loaded it with about pounds of dynamite (No. 2 
giant powder),.putting in two fuses with two caps.    After lighting 
both  fuses, we slid it. into the hole ill it reached the bottom.    
Probably, nearly one minute elapsed before it exploded, giving us 
plenty of time to get away from it. The explosion was only a heavy 
thud in sound, and did no harm in by way, but it broke up all the 
cemented stock in the furnace, so 
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that when we got the belly-pipes up and the blast on, the pressure 
was only about two pounds. The tuyeres soon brightened up, and 
in the course of three hours all the tuyeres would clear themselves 
when cinder was tapped at the notch ; and we had a normal hearth 
again. To have recovered from this trouble without the use of  
powder would have been a serious and difficult matter, and m i g h t  
have taken a week. 

Every furnace-man knows the great difficulty of bringing out a 
furnace that is chilled solid in the hearth—not with iron in t h e  
bottom, for this seldom occurs; but when the cinder sets as far up 
as there is any melting, encasing all the fuel, so that air cannot I n -
driven in, or if it could, would not give any useful result, since there 
is no escape or vent for the gases of combustion. Under such cir-
cumstances, there is no relief until a clearance can be made through 
or up to the loose stock. This is sometimes done by opening t h e  
furnace and barring out the stock t i l l  an opening or connection w i t h  
the loose, stock is made, when, after a good deal of coaxing and t h e  
exercise of much patience and good judgment, a hearth can be 
brought into normal condition. But a few pounds of dynamite wi l l  
break up this salamander of cinder and coal in an instant, suffieicatly 
to allow the blast to enter and the gases of combustion to escape. 
thus accomplishing at once what might otherwise take days. 

Another case in which I found great benefit in the use of dyna-
mite, was when the stock "bridged" on the boshes in blowing in. 
I have had this occur twice at the Chester Furnace, and on both 
occasions the relief was complete. The first time it occurred, 
thestock stopped settling entirely about six hours after putting on 
the'  blast. The furnace got tighter and tighter t i l l  the pressure 
was about 15 pounds, with the engine just turning over. The 
tuyetes were all bright and dry, but there was no escape for the gas 
excep where it was breaking through the walls about the tuyeres. 
The was the condition of things after blowing about twelve hours. 
The stock had not settled any for six hours. I was well satisfied by the 
time that the coal had bridged or arched on the boshes, and that the 
ore above it was reduced and disintegrated, it had worked does into 
the interstices t i l l  they were all closed, leaving no vent for ?? gases. 
Hence the high pressure; and nothing could be done ?? the arch 
was broken. 

We then stopped the engine and drilled a hole into the furnace 
about 13 feet above the tuyeres, where we found, as I expectest 
cavity nearly of the full diameter of the furnace and about " 
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height from the top of the lower or loose coal to the under side of 
the circular arch. We then charged a 2-ineh gas-pipe with about 
7 lbs. of dynamite, in the same way as before explained, and ex-
ploded it as near the center of the cavity as we could, so that the 
concussion would break the arch. No harm was done except to 
drive the clay packing out from one of the tuyeres and raise a little 
dust on top; and the result was a complete success. The arch was 
broken, and the stock settled immediately. We then closed up the 
hole and put on the blast, and the furnace traveled right oft' as though 
nothing had happened. 

My second experiment was just the same, only the stock did not 
settle 6 inches from the time the blast went on, till in about six 
hours we were stuck by the high pressure and break-outs at and 
above the tuyeres. On opening the same hole we found the bridging 
and all conditions practically the same as in the first case; but the 
explosion did not seem to break the arch as thoroughly, and, as near 
as we could tell, only about two-thirds of it came down. Consequently 
the furnace settled faster on one side than on the other. Next day we 
drilled in on the high side about 15 feet above the tuyeres and found 
the stock, for about three feet in, was not traveling. We then ex-
ploded in this stock, quite close to the wall, two 1 1/4-inch 
cartridges, in a smaller pipe but in the same way, after which the 
stock settled the same on that side as on the other, and the condition 
of the furnace became normal. 
 I have also tried the effect of powder on dirty walls or 
partial scaffolds, after the furnace had been in blast for some time, 
by exploding a moderate quantity of powder, say one or two cartridges, 
just inside of the walls where the stock was not moving; but I never 
got any permanent benefit from this.    It would seem that in that 
case, the stock was too pasty, confining the effect to a very small 
space; while in the case of the bridging the blast had been on such a 
short June that the stock at that point was only red-hot, and dry 
instead of pasty, and hence in good condition for the action of the 
powder. In the case of the explosion in the hearth, the cinder was all 
cold and set, which also  made the conditions right for breaking up 
the whole mass with an explosion.    A bad ring-scaffold might, I 
think, be removed in this way if it was pretty well up in the 
furuace and the furnace was blown down below the bottom of the 
scaffold and a lew cartridges (capped) dropped in from the top.    
Or a hole could drilled in from the side where the thickness of the 
stack would admit of it, at a point below the scaffold and over the 
loose stock, 
VOL. XIII.—43 
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and the powder put in with a pipe. Or a hole might be drilled 
from the outside directly into the thickest and strongest part of the 
scaffold and near the bottom of it. In this way the powder might break 
the ring, thus bringing down the whole scaffold. If not, one or two 
more holes might be put into the scaffold where it was not broken. I 
have had no experience in this, as I have had no ring scaffolds to 
contend with since I learned the use of powder; hut I think now I 
could break down with powder ring-scaffolds which would formerly 
have forced me to blow out. 

Whenever powder is to be exploded, where there is sufficient heat to 
ignite the exploders in a short time, no fuse need be used; but I always 
put more than one exploder in with the powder—two at least, and 
three would be better. When the heat is not sufficient, I put in two 
fuses to make sure of one, light the fuses first, and then slide the pipe 
into the hole to the point where the explosion is wanted. In either case 
the pipe should be tamped with sand on top of the powder, the same as 
in an ordinary rock-blast, but I never did any tamping around the pipe 
after it was inserted for exploding. A boiler-tube, with a wooden plug 
driven in one end, is better for loading than gas-pipe, as it is not so 
thick and strong. 

Returning to the use of the water-spray for blowing down, I would say 
I blew down the straight furnace once after the time previously 
mentioned, and also blew out both times, using water-spray with 
complete success, and without chilling the hearth or getting any 
water in the belly pipes—one experience of that kind being quite 
sufficient. I am satisfied this is the simplest and easiest way of e i t h e r  
blowing down or blowing out a furnace, as the evaporation of a-small 
amount of water absorbs a large amount of heat. If there is a hole 
near the center of the bell large enough to admit, say, a 3/4-inch pi?? 
perforated at and near the end with small holes equal to, say, one-hall 
the area of the pipe, and then a good pressure of water is put on, 
commencing soon after blowing down is commenced, and before the bell 
and down-comer get hot, it is not difficult to hold the temporary ture of 
the escaping gases at, say, 800° or 900° all the way down. by 
regulating the quantity of water to suit, particularly if plenty of water is 
kept in the bell and hopper. Of course, the more the water is split, up 
into spray, the better the gases can act on it and vaporize it before it 
reaches the coal or stock, and the less water is requiret. Little or no 
more water should be put in than vaporizes before reaching the stock; 
but we found no chilling below when we only per in water enough 
to hold the pyrometer at about 900°.    When we 
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produced a chill, as described above, by the use of too much water, we 
were reducing the gas-temperature at the last to 600°, which was, as 
the result showed, further than we could go with safety. 

REMOVING OBSTRUCTIONS FROM BLAST-FURNACE 
HEARTHS AND BOSHES. 

BY T. F. WITHERBEE, PORT HENRY, N. Y. 

SUCCESS in this operation is much promoted by adhering to a 
definite plan. Random work is of little account. In general, anything 
done that will enable the blast to pass through the obstruction, providing 
the melted products can be got away from the tuyeres, is all that is 
necessary. Hence the utility of high explosives in breaking up the 
chilled mass in the hearth. (This, by the way, should be done with 
the wind on, so as to prevent the filling of the tuyeres with the usual 
rush of cinder following the explosion.) 

If from any cause it is not expedient to use explosives, the simple but 
very effective instrument known as the kerosene or hydro-carbon blow-
pipe can be depended upon to perforate the contents of a blastfurnace 
hearth to any extent required. It consists, as used in the Champlain 
district (first by Mr. Charles H. Foote), of several pieces of gas-pipe, 
liberally supplied with elbows (five in number) so as to be flexible; one 
end being connected to a tuyere-stock and the other brought to bear 
upon the place to be melted out. A 1/4-inch pipe leads from the last 
length, or blow-pipe proper, to a reservoir of Kerosene or crude oil, set 
high enough to overcome the blast-pressure. This 1/4-inch pipe should 
have a valve conveniently located to regulate the flow of oil, and also 
another next to the reservoir. 

With a good hot blast and a surprisingly small quantity of oil, this 
apparatus will melt, burn or mechanically dislodge anything around a 
blast-furnace hearth excepting firebrick and water-cooled castings or 
plates. 
It may be helped by vigorous prodding with a suitable steel bar, to 
detach the fused but sometimes sticky material. A very good way to 
operate on a chilled hearth with it, is to open 
up a hole from a cinder- or iron-notch to the nose of the most con-Bient 
tuyere and then make a blow-pipe of the tuyere by turning 
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the oil into its belly-pipe. The hole will soon become a cavern and 
generally make work for all hands in taking care of the cinder flow ing 
from it. As soon as good fuel comes down to the tuyere, the use of oil in 
that place is of no benefit and is not required. In all cases the oil should 
be admitted far enough from the outlet of the blow pipe to insure its 
complete vaporization, since any oil as such leaving the pipe has a cooling 
effect. Besides the use of the blow-pipe as described it may be used in 
many minor operations around a furnace, such as opening tuyeres, melting 
out tuyeres and water-blocks that cannot be otherwise handily removed, 
and, last but not least, it will sometimes save much labor in tapping an 
iron- or cinder-notch not possible to drill. Sometimes the use of high 
explosives is impractical ble, owing to the difficulty of making a proper 
hole for the cartridge That, the blow-pipe will do. 

When the mass to be operated on is cold, or projecting, a good plan is 
to cause the gas to pass through a fire-brick arch, or tunnel, and so get a 
reverberatory effect, igniting at first with hot cinder or coal until the 
breast or bricks become hot enough to keep the- gas burning. 

In case a furnace is so tightly scaffolded as to have stopped " gas sing" at 
the top, it is a question whether continued blowing is not worse than 
useless; instances being known where a 24 hours' rot of furnace and men 
has sufficed to cure the trouble. If the hearth i« solidly chilled, the 
healthy part above will get no worse by delay: there is no occasion for 
haste or worry; and all preparations may be deliberately and thoroughly 
made, in the faith that, with high ex plosives and the blow-pipe, the 
obstruction must go. 

I think this blow-pipe, or a similar one, was first used at Pitter 
burgh ; but having seen no published account of it or its work, 
thought best to advertise it, and so possibly find its owner. 

The only drawback to its use is its deafening racket—not quite as loud 
as thunder but much more disagreeable. The sizes 1 have used are from 
one inch up to four inches in diameter. 

Occasionally "getting a hole up through " is overdone, as was the case 
at Cedar Point about three years ago, after a stoppage of four teen days, 
caused by breaking the  blowing-engine cross-heat and incidentally, two 
guides and housings, eight gibs and the cap abase the guides, and finally 
putting a reverse curve in the steam-piston rod and breaking it partly 
off in the clamp. 

At the time of the accident the furnace was on all anthra??. making 
something over 60 tons No. 1 and No. 2 iron, with a heavy 
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burthen, 15 turns of the engine, 12 pounds pressure, and, luckily, in 
good condition for holding its breath for an unknown period. 

The two weeks were used up in sending piston- and connecting-rods 
to the Delamater Iron Works for repairs, making patterns and 
castings, and finishing and erecting the same at home. 

The bronze tuyeres were removed; everything was made as tight as 
possible below; all water was shut off, and 40 barrows of coal-dust 
were charged on top. Immediately after the smash, seven beds of iron 
were cast, and the crucible was drained of cinder as far as practicable 
without the blast. 

The cross-head showed an old flaw about two inches in diameter on 
the top corner. An examination showed that it had broken on the up-
stroke, and experts said it had been cracked about 8 inches down for 
some time. It was of Bessemer steel, 5 inches by 23 inches at the 
fracture, and a tough piece of metal. 

In thirteen days the engine was repaired, but one day more was taken 
to get things fully ready to tackle the furnace. Upon opening the iron-
notch, the hearth was found full of coal alone, at a dull red heat; the air 
immediately drew in and lightened it up, gas showing at the same time 
on top. 

A large hole was made in the hearth by raking out coal to make room 
for cinder and iron as soon as melted : the intention being to hold cinder 
in as long as possible, and then, by exploding a cartridge of Atlas 
powder, to let it down and out at the iron-notch. The wind was put on in 
clue time, and everything looked promising; the blast from the different 
stoves showing 480°, 390°, 420° and 510°, cooled down from an average 
of 1200° in fourteen days. 

When cinder showed strongly at the tuyeres, cartridges were exploded 
below, the third of which brought a mushy lot of stuff to the iron-notch, 
where it chilled. 

The next attempt was made at a cinder-notch ; and one good run of 
cinder and white iron got out—the first and last for several days, as all 
tuyeres soon closed up. 

Here, I wish to say, a great mistake was made in not putting oil 
into all tuyeres from the time wind went on. All the furnace 
seemed to want was heat, which the oil would have probably sup-f'ied. 

Both Atlas powder and the blow-pipe were used in getting holes into 
the center of the crucible, and in time loose stock was heaved out in 
great quantities; but the mass adhering to the sides refused 
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to let go, and that which did come away was noticed to fall from an 
unknown height. 

The third day (Thursday) the stock was reported 24 feet from the top, 
and the top-man was directed to keep it at about that point. Charging 
with a light burthen of ore was kept up, and also "heaving" out" at the 
bottom, as required. 

By Friday the bell got very hot—above a cherry-red—and continued so 
until Sunday, the seventh day after the wind was put on, when the actual 
condition of the furnace was discovered. When a charge was dumped from 
the bell, it was heard rattling down through the stack, seemingly clear to 
the tuyeres; and upon measuring on top through the central bell, a hole 
was found 45 feet deep, while upon the sides the same old 24 feet was 
shown. Then for the first lime the remarkable regularity of that report for 
several days past was noticed, and the mysterious appearance, that 
morning, at the bottom, of coke put in the night before at the top, was 
accounted for. 

All that remained to be done was to fill up the hole with fuel. It 
took 67 tons of coal and coke to bring the middle even w i t h  the sides, 
when regular charging was resumed and the trouble soon came to an end. 

I am led to think that such cases of burning up through the center are of 
not very rare occurrence, and are indicated to a greater or less degree by an 
abnormally hot top. Under such conditions I kn o w  of no better way 
than to fill up with fuel, drive in the wind and melt out the ring. 

DISCUSSION. 

J. D. WEEKS, Pittsburgh, Pa.: I believe the first use of what is here 
called the kerosene blow-pipe was made by Captain .lones in connection with 
the chilling of one of the Edgar Thomson furnace 

J U L I A N  K E N N E D Y ,  P i t t sbu r gh ,  Pa . :  A t  t he  Edga r  Th omso n  
furnaces, at the time spoken of by Mr. Weeks, the blow pipe was used 
with coke and worked very well.    The arrangement for using oil was 
devised shortly afterward, and is better suited for working.  where there is 
very little room ; the coke, however, works w e l l  w h e r e  there is space 
enough to apply it.    I have been informed that the blow-pipe with coke 
was used at the Himrod furnaces for burning.  through hard tapping-
holes as far back as 1870.    After melting hole into the nose of a 
tuyere, it is not necessary to use any more or coke, as the blast can then 
be turned on at the tuyere, where 
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combustion of the reduced iron in the hearth will give all the heat 
necessary. In one furnace that was tightened, we melted in with the blow-
pipe to the nose of the tuyere nearest to the cinder-notch, and then .by 
blowing through the tuyere we burned the hearth out clean for 10 or 12 
feet above the tuyeres before the stock dropped from above. As soon as 
the loose stock came down, the trouble was all over. In regard to the 
point, mentioned by Mr. Witherbee, of letting the furnace rest, I have 
noticed that a furnace which is working cold, and for some reason has to 
be stopped for a day or two, will often start up hotter and in better 
shape than before the stoppage, the process of reduction seeming to go 
on during the stop with a very small expenditure of heat. 

COMBINED AMALGAMATION AND CONCENTRATION OF 
SILVER ORES. 

BY TV. M'DERMOTT, NEW YORK CITY. 

IT is well known that many so-called free-milling silver ores are so 
classed more from their value necessitating a cheap process than from a 
real adaptability to raw amalgamation. Such low-grade ores, carrying 
more or less sulphurets, are more profitably treated by a cheap rapid 
process than by the more effective but costly process of roasting and 
amalgamation. The tailings are sometimes crudely concentrated, or, after 
lying and becoming partially oxidized, are again worked in pans. Of late 
years, by the use of improved methods of concentration, many old low-
grade tailings-piles have been reworked to a good profit; and in some 
improved mills arrangements are made to concentrate before or after 
amalgamation, thus making a single treatment in mill-suffiee. 
• It is self-evident that on a low-grade ore a small increase in percentage 
saved is of no commercial advantage if accompanied by a material 
increase in cost, and therefore a cheap and continuous system of work is the 
real necessity, if a fair saving be effected. As an illustration of the 
possibilities of combined concentration and amalgamation on some ores, 
the following results of a working test at the New York Ore-Milling and 
Testing Works will be of some interest. 

The ore treated was a hard white quartz from Mexico, carrying very 
small percentage of finely divided sulphurets, chiefly iron 
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pyrites. The original average assay was 35.5 oz. silver and 0.125 oz. 
gold per ton. The ore was stamped wet through a 40-mesh screen and 
passed direct to the Frue vanner. The concentrates produced were 
about one per cent. of the original ore, i.e., 100 tons into one. The 
concentrates assayed 1397 oz. silver per ton, and 5.2 oz. gold per ton. 
The tailings from the vanner assayed 16.4 oz. silver per ton and 
0.05 oz. gold. The tailings were run into a settling tank and afterwards 
worked by regular pan-amalgamation, yielding bullion .858 fine, and 
thesettler-tailings assayed 4.1 oz. silver per ton with a trace of gold. The 
combined process yielded, therefore, about 89 per cent. of the assay 
value. In this test about one-third of a ton only was operated on and a 
certain quantity of ore remained in the battery, which was weighed and 
assayed and proved to be concentrated to a value of about §100 per ton 
in gold and silver. It may safely be assumed that the precious metals 
which concentrated in the battery would in regular running be found in 
the concentrations and bullion to the same percentage as those in the 
discharge of the battery. But should this method of calculation be 
objected to, the following figures based on actual yield of test are 
reliable : 

 

Of course it is not possible to clean up accurately in a small 
test either the few pounds of rich concentrates, or the small 
quantity of bullion from the pan ; but a substantial agreement of 
yield w i th  the  differences between assay of original ore and 
tailings justifies con-fidence in the result of the test. The samples of 
tailings from both concentrator and settler were taken by automatic 
sampling machine and the settler-sample was further checked by 
a sample taken from the pan just before discharge. These points 
are mentioned a- an excuse for basing calculations as to working 
processes on so small test, in which, however, it is to be noted 
that the actual operation was exactly the same as it would be on 
a large scale. The stamp battery was fed by automatic feeder; the 
concentration was automatic
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and similar to that in any good gold-mill; the pan-charge was run 
but six hours with a small quantity of blue-stone and salt. 

In speaking of the percentage of value saved as 89, two assump-
tions are made, viz.; first, that the residue in battery was from the 
fact of its concentration as susceptible to treatment as the discharge 
of the battery ; second, that the contents of the rich concentrates 
constitute a final product. These assumptions are correct enough 
for the general purposes of this paper. The percentage of loss in 
subsequent reduction is of course very small per ton of original ore 
crushed. The additional cost of concentration in a properly arranged 
mill for amalgamation is extremely small, as it necessitates even in 
a 40-stamp mill not more than two extra men in 21 hours, with a 
consumption of but trifling power. If continuous amalgamation be 
employed, the whole process is of course cheapened still more. The 
process is adapted to low grades of ore, carrying sulphurets, which it 
is not advisable to roast; and even some higher grades, under certain 
local conditions, will yield better commercial results than by any 
process involving a preliminary roasting. The disposition of the 
small quantity of rich concentrates is determined by local condi-
tions; the product can either be roasted and put through the pans, 
smelted with other ores, or shipped to reduction works. The roast-
ing of a small, rich product is of course a very different matter to 
roasting the whole of the crude ore, and can be done in a small, 
cheaply built reverberatory furnace.    Where the ores and local con- 
ditions favor, raw leaching by the Russell process can take the place 
of amalgamation, leaving the same work of utilizing the sulphurets 
to the concentrators. 
 

 THE LA PLATA MOUNTAINS, COLORADO. 

 BY HENRY C. FREEMAN, C. E., E. M., ALTO PASS, ILLINOIS. 

THE writer spent the month of November last in the La Plata 
mountains, Colorado, and the material portion of his observations, 
so far as they may be of general interest, is here recorded. 

The La Plata mountains lie northwest of the town of Durango. 
The California mining district is co-extensive with the mountains. 
They appear on the map as an isolated group; but an examination 
on the ground shows that they are the continuation of the great 
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mineral-bearing range of San Juan county, although the Hermosa 
valley, cutting nearly across the range, and being very deep, with 
much erosion of the slopes, gives them an isolated appearance. 

The mountains are as bold and broken as those of San Juan county 
with this distinctive feature, that they have an abrupt termination at 
the southern end of the range, and, seen from the south, appear to 
rise boldly out of the plain which extends two-thirds of the distance 
around them. 

The whole group is an uplift of Carboniferous strata, with some 
indications of a central axis. The main valley is the La Plata, a 
narrow gorge with side-gulches, narrow where they enter the main 
stream, but most of them expanded into basins towards their heads, 
and all formed by erosion and giving shape to the separate moun-
tains. Mt. Hesperus, the highest on the west side, and near the 
head of La Plata river, rears its summit to 13,316 fect, and several 
other peaks are not much below it. 

Approached from the south by the only road (which enters them at 
Parrott by the La Plata gorge), the mountains rise abruptly from the 
plain, with a clip of the strata of 25° to 30° to the south. On the 
peaks near the head of the river, nearly horizontal strata may be 
seen, dipping easterly on the east side and westerly on the west side of 
the La Plata, and indicating that the group as a whole is an anticlinal 
uplift. 

Coal is found at the base for about two-thirds the circuit; and it is 
evident that the coal-area, given in the U. S. reports as Cretaccons, 
once covered the space occupied by these mountains, and has disap-
peared by erosion during or since the uplift. 

All the strata of the mountains are metamorphosed, the sand-
stones being changed to quartzites and the clays to aluminous sili-
cates. But a single bed of limestone was noted, namely, a bed at 
the southern entrance, said to be 14 feet thick, and producing good 
lime. It appears to run out towards the north long before reaching 
the higher peaks. 

Throughout the mountains, fissures filled with porphyry, and 
sometimes quartzite, which form great dykes, cut through the strata to 
the summits. In these chiefly are found the veins of gold- and silver-
ores. The porphyry dykes are large—from 15 to 100 ft and over in 
width. 

The distinguishing features of the ores of gold and silver are their 
silicious character and the general absence of galena. They may 
divided into two general classes : pyritous quartz-ores carrying good 
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with little silver; and those of silver carrying little gold. The 
latter appear to be chiefly antimonial and arsenical, with some tellu-
rides. Besides these two classes there are some lodes carrying a fair 
proportion of both gold and silver. 

There are some very rich tellurides; and that singular ore 
"Amalgam," containing quicksilver in a free state in such excess that 
it can be shaken out of the ore in drops, has also been found. 

The veins are very numerous and of good size--3 to 5 feet gen-
erally, with good pay-streaks of 10 to 30 inches, and often mineral 
in the whole width. They dip mostly, so far as observed, at a high 
angle, a large number being vertical or very near it, and few dip-
ping less than 75°. 

The claims are mostly in the hands of prospectors yet, and con-
sequently there is not much development. The veins generally cross 
the gulches, so that they can be opened by drifting on the vein ; and 
the-slopes of the mountains are so steep (about 45°, sometimes 
steeper in high altitudes) that the gain of "backs" overhead in 
driving adits is very rapid. 

Durango, which is 20 miles from Parrott--the entrance into the 
mountains--as one smelting establishment. Beyond Durango, 
Pueblo and Denver are the markets for the ores. The rates of 
freighting prohibit shipping out any but high-grade ores; and the 
silicious character of these ores increases the charge for smelting. 

At the expense of the county, the wagon-road was extended dur-
ing the past summer to the head of the La Plata; and this will 
make a material reduction in the cost of getting ores to market. 
The claim-owners can now build branch-roads to their property, 
greatly reducing the number of mines from which ore will have 
to be packed, as heretofore, for several miles on burros (donkeys).  
 From Parrott, the road up the La Plata to its head is 9 1/2 or 

10 miles long. 
 There have been two attempts at milling in the vicinity of the 

mines, but both establishments were shut down after a brief trial. 
One was arranged for a gold-mill with arrastres without stamps; 
the other was a 5-stamp gold-mill, with silver ores only accessible 
for working. 

There is a fair prospect that' this coming spring the arrastre-mill 
will be refitted and put in good condition with additional machinery 
for profitable work under proper management. 

There is abundance of good quartz-gold-ore accessible to this mill. 
The successful establishment of one mill in this district would lead 
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to many others, and the present depressed condition of this camp 
would change to that of permanent activity. 

The coal of this region is of excellent quality, and is furnished at 
the mines for §2.00 per ton. It makes a tine coke, which is used at 
the smelting works of Durango. 

When the Denver and Rio Grande R.R. shall extend westward 
from Durango, it will skirt the southern base of these mountains, 
passing through or near Parrott to reach the waters of the Mancos. 
A railroad connection at Parrott would place this mining-camp in 
as favorable position as any other in the mountains of the west. 

A THEORY TO EXPLAIN THE CAUSE OF HARD CENTERS 
IN STEEL INGOTS. 

BY E. GATEWOOD, ASSISTANT NAVAL CONSTRUCTOR, U. S. N., 
WASHINGTON, D. C. 

THE solution here offered is at once simple and important in i ts 
direct and indirect bearings. 

According to the principles of surface-tension, which will be found 
sufficiently enlarged upon for present purposes in Clerk Maxwell's 
excellent little treatise on The Theory of Heat, a mechanical mixture 
of liquids will frequently of itself divide into groups, consisting of 
liquids mixing among themselves but withdrawing from the other 
liquids.    The following simple and familiar illustration will suffice: 

" If we mix water with alcohol, the liquids diffuse into each other. If 
we now attempt to mix oil with the alcohol and water, the two 
liquids separate from each other of themselves, and in the act of 
separation sufficient force is brought into play to set in motion con-
siderable masses of the fluids." 

Maxwell goes on to show that this   relative  energy is one of ar-
rangement, depending on the nature of the fluids and the area of the 
surface of contact, the act of separation tending to reduce this surface 
to a minimum consistent with equilibrium; that this surface-tension 
exists between a solid and touching fluid, either liquid or gaseou-
being of one sign or the other, in the case of a liquid, according as it 
tends to draw itself up into a drop on its surface or to spread and 
wet the solid.    After considering various cases, he states that which 
particularly interests us, thus: 

" When a solid body is in contact with two fluids, then, if the 
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tension of the surface separating the solid from the first fluid exceeds the sum 
of the tensions of the other two surfaces, the first fluid will gather itself up 
into a drop, and the second will spread over the surface." A fortiori the 
two, if liquid, stirred together and poured into the solid containing vessel, 
will separate out throughout the mass, and tend to assume that relative 
arrangement which permits the least surface of contact consistent with 
equilibrium--spherical, if the difference in specific gravity be small. 

In all the liquids experimented on--all, of course, liquid at ordinary 
temperatures--the value of the coefficient of surface-tension increases as the 
temperature diminishes, being a maximum at the point of solidification, 
and vanishing at the critical point between the liquid and gaseous states. In 
fact it would seem to have an important influence on the phenomena of 
solidification and evaporation.  

If the mixture of the liquids, therefore, be at a higher temperature, than 
the walls of the vessels, separation should take place near the sides before it 
occurs in the mass of the liquids, and at a greater rate. In separating out 
under these conditions, very fine drops will be formed at the sides, which 
may or may not coalesce, but collectively seek the center at top or bottom 
according to the relative specific gravities of the liquids. 

Eirst Case.--Let  us  take  as  a  particular  case,  a,  the  same  material 
as the containing solid c, but in the liquid state; b, a liquid, or mixture of 
liquids soluble in one another, of small mass compared with a, than which 
it has a less specific gravity and somewhat lower point of fusion.    Let b 
be stirred with a and the mixture poured into c, which is maintained at a 
temperature such that a gradually solidifies to form part of c.    We inquire 
what will be the action and what the nature of the resultant solid at 
different points.  

As we have seen, b will tend to draw to the center and top of a, but, 
since this action will generally extend over some time, a, as it solidifies, 
will retain a certain amount of b, in increasing proportion as we pass 
towards the center and top of the resulting solid.    Plainly, the slower the 
rate of cooling and the higher the initial temperature of the liquid mixture, 
the greater will be the segregation of b, which may be almost entirely 
removed from the bottom portion of a in the extreme case.   It is probable 
that b will be more uniformly disposed and in a finer state throughout the 
bottom and near the sides than towards the top and center.  

Second Case.--The relative specific gravities remaining the same, let the 
surface tensions of a and b be reversed, so that a does not 
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wet c, while b does so completely. Then a will separate in drops which seek 
the bottom, and a somewhat similar condition of segregation as in the previous 
case will obtain, except that, if the segregation be rapid, the  distribution of b 
will vary much from ton to bottom, and but little across the section of the 
mass at a given level. If, however, the separation be slow and the length of 
the resultant solid large as compared with its lateral dimensions, while 
solidification goes on more or less uniformly over the whole shell, the center 
portions of the upper layers, remaining fluid a longer time than the outer 
portions, will receive a greater proportion of 6, rising through a from its less 
specific gravity. The distribution of b will then he found very similar to that 
in the first case, but the physical structure of the resulting solid will be very 
different. 

It is this last condition which is believed to obtain in the particular 
application to be considered. 

The condition in which the so-called impurities are contained in iron and 
steel has long been a matter of inquiry. One thing seems agreed upon, that it 
is impossible to conceive of the great effect of comparatively very small 
changes in the amounts of these impurities on the assumption that they are 
contained in a state of extreme dilution throughout the whole mass. At present 
there is a good deal of theorizing on the subject, especially as to the condition of 
the carbon, the opinion being fairly well supported that it exists in the mass as 
two, or possibly more, definite carbides. It is, of course, a well known 
fact that the greater the proportion of carbon, the lower is the point of 
fusion of the metal. 

It was long ago observed that phosphorus, or its compound with iron, was 
liberated from pig in the puddling furnace while the mass of the metal was 
as yet only in a plastic or semifluid condition High phosphorus seriously 
affects fluidity and is essential to the very high fluidity or sharpness 
required in delicate castings. 

Silicon affects the fluidity and, within certain limits, the physical structure 
on sudden cooling. 

Without enumerating the more complex effects of other impurities with 
regard to temperature, let us resume our direct subject. 

Consider the mass of molten steel in the ladle as a mechanical mixture of 
the following substances in liquid condition: (1) pure iron; (2) one or more 
definite carbides of iron ; (3) a phosphide of iron; (4) a sulphide of iron ; (5) 
a silicide of iron ; (6) an oxide of iron. Possibly each of the elements may, 
under different circumstances, combine in different proportions, but for our 
present purpose 
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it is sufficient that we suppose them present in molecular conditions distinct 
from one another and from the mass of pure iron. The condition of the 
manganese will be referred to later. 

Let us further suppose that of the above constituents some mix freely 
with each other but not with the pure iron, while others seek the pure iron 
and tend to separate from the first mixture. We then have essentially two 
liquids as regards quality of surface-tension. It is not necessary to consider 
the specific gravities of each constituent, but only those of the essential 
liquids. Now if these two essential liquids bear the same relation to each 
other and to the sur- 

 

face of the solid shell in cooling as the liquids a and b in the cases considered, 
we shall have a corresponding segregation and distribution of the 
constituents throughout the resulting ingot, and the distribution of each of the 
elements contained in either of the essential liquids ought to be similar, 
except, perhaps, in the very uppermost portions of the ingot, where slight 
differences in the point of fusion may affect the result. 

Now, so far as we know, this is just the condition of an ingot with a hard 
center. As illustrative, and particularly striking to the eye, the 
accompanying diagram is given of what is believed to be the first hard 
center thoroughly investigated, being that of a portion of the steel shell-
plate of a boiler built for the Russian Imperial Yacht “Livadia,” and 
described by Mr. W. Parker, Chief Engineer Surveyor to Lloyds' Register, 
in the Transactions of the Institution of Naval Architects, for 1881. 

It will be noticed that the carbon, phosphorus and sulphur are arranged 
through the thickness of the plate with perfect similarity, the hard center 
being towards the bottom of the diagram.  The manganese is disposed 
with less order. I am, indeed, rather of the opinion that manganese 
ordinarily 
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exists in steel in two distinct conditions, the one an oxide in a finely divided 
state and therefore rising slowly through the bath in the furnace and not 
allowed time to escape, and the other in the metallic state or alloyed with the 
pure iron. The two have different surface-energies, and the resultant 
distribution of the element is determined by difference.* 

TABLE.--Analysis of a Sample of the Livadia's Boiler-Plate. 
NOTE.--Shavings about 1/16th inch thick were taken off in 

successive layers through the thickness of the plate and carefully 
analyzed for manganese, carbon. phosphorus, and sulphur, with the 
following results: 

 
This solution explains why rapid cooling and low temperature of cast tend 

to prevent segregation. The proper use of soaking-pits is 

* The known rapidity of escape into the slag of manganese added to ??  blown 
steel forms no argument against this conception, as the oxide of iron 
in case blown metal is in a much more agglomerated condition than 
is possible in n?? metal.   The relative rapidity of escape may be 
well illustrated by the analysis the rapid fall of rain in drops as 
compared with the gradual settling water held in suspension in a 
very finely divided state, under the action of ?? in a calm 
atmosphere. 
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also seen to be a very delicate matter of temperature. In order to obtain the 
greatest chemical homogeneity of metal in hollow or annular forms, 
notably for parts of a gun, the largest possible cores should be used and the 
mass cooled from within, subsequent forging being around a mandrel. Fluid 
compression would appear not to influence the result materially, except 
that, as ordinarily carried out, it affects the rate and conditions of cooling. 

HEMATITE OF FRANKLIN COUNTY, VT. 

BY ALFRED F.   BRAINERD,  ST. ALBANS,  VT. 

SOME fifty years ago, iron-ore was discovered near the town of 
Sheldon, Franklin County, Vermont, in a vein out-cropping on a knoll 
near Black Creek, which empties into the Missisquoi River a ; couple of 
miles away.    A short time after this discovery, the owners, Mr. W. O. 
Gadcomb and Hon. Lawrence Brainerd, both of St. Albans, commenced 
mining (mostly by open cut); and also erected a Catalan forge, from  
which iron blooms were produced, most of which were worked into 
bar-iron and used in the neighborhood of the forge, while some were 
shipped by Lake Champlain to Troy, Albany and New York.    But by 
reason of the lack of any railroad connections, and an insufficient demand 
for the blooms, this forge [was subsequently abandoned, and the material 
used in its construction removed to other places. 

Mr. Keith, of Sheldon, used for many years a mixture of this ore with 
bog-ore from Swanton, in a charcoal blast-furnace, the product of which he 
consumed partly in his own foundry, shipping, however, a considerable 
amount to Troy and New York. Accurate data as to this enterprise are not 
at hand. 

The same vein has since been traced for some 20 miles, and some 
prospecting has been done on its outcrops at Berkshire, Enosburg and a 
few miles east of St. Albans; but the vein being small, only few ear-loads 
of ore were taken out from these places.   The commencement of the St. 
Albans Iron and Steel Works in 1872, and the erection in 1877 of a ten-
ton Siemens open-hearth furnace for the manufacture of steel rails, 
opened a new use for this ore. The furnace-charge consisted of pig-iron, 
old rails, steel scrap, and magnetic iron ore, added towards the close of the 
heat.   The ore  

VOL. XIII.--44 
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and pig-iron were at first principally from Port Henry and Crown 
Point, N. Y. It was, however, ascertained by experiment that the 
hematite from Sheldon could be successfully substituted for the 
magnetite; and this was therefore used exclusively. The owner of 
the Sheldon ore-mines, Mr. Aldis O. Brainerd, commenced active 
mining operations in consequence, and has since mined and shipped 
several thousand tons of the ore, which has been carried by teams 
three miles to the Missisquoi R. R., and from that point to St. 
Albans. 

As an experiment with the ore at the works referred to, several 
charges were made in the Siemens furnace, consisting of 50 per cent, of 
pig-iron and 50 per cent. of the hematite (averaging 62 1/2 per cent. 
iron). The ingots produced were rolled into rails as usaul and the 
crop-ends subjected to the following physical tests: they were placed 
on supports 3 feet apart and a ton-weight was dropped on them from 
the height of 20 feet, without producing the slighted crack, although the 
tests were bent nearly double. Iron rails sub jected to the same test 
were cracked, in some instances, nearly through the rail. As another 
test, the flange of one of these steel rails was struck sixty-four times 
with a large sledge-hammer before it was broken. This broken end, 
hammered down cold to a piece about half an inch square and eight 
inches in length, was beated, and a perfect "sand weld" was made 
without the use of bora. This steel had a chemical composition of 
0.18 carbon, 0.15 phorns phorns, 0.01 sulphur, 0.015 silicon and 0.25 
manganese. 

The mine is situated in the southeastern part of the town of 
Sheldon, about one mile west from the St. Johnsbnry and Lake 
Champlain R.R., and half a mile west of Black Creek. It is that the 
county road ; and the distance to various other points is as for lows: to 
the Sheldon depot of St. J. & L. C. R.R., 1 1/8 miles; to the junction 
of that R.R. with the Missisquoi R.R., 2 1/2 miles to the Sheldon 
depot of the latter road, 3 miles; to St. Albans by rail, via the two 
roads, about 13 miles ; and about the same distance via the St. 
Johnsbury road to Lake Champlain, where it can by shipped to Troy, 
Albany and New York. Other connections, to Rutland, Bennington, 
etc., need not be here detailed, as they was be plain to any one who 
consults a railway-map of the region. 

At the mine there are two distinct parallel veins out-eropping the 
surface and about two rods apart, the out-crop of each l?? nearly 
three feet wide.    The most westerly vein is the one on what most 
work has been done.    It shows several small open cuts ?? 
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two shafts over GO feet deep. The ore is three feet wide at the sur-
face and ten at the bottom. 

The vein strikes N. 35° E. and dips easterly. The mouth of the 
shaft is about one hundred feet above the bed of Black Creek. No 
water has been struck to interfere with mining operations. No 
timber has been found necessary in sinking the shafts, as the walls 
are well defined. 

The ore resembles Pilot Knob Specular in appearance, has a dark 
gray color, sub-metallic lustre, a red streak, and a laminar fracture; 
occasionally it is massive. Upon exposure to the weather for a 
long time it becomes lighter in color and does not look like iron-
ore. 

According to a series of analyses the average composition is about 
as follows: 

 

  The above figures for phosphorus are the highest obtained by the 
writer in many analyses, and represent about the average shown by 
these analyses taken together with those of Mr. A. A. Blair, chemist 
of the St. Albans works. The lowest phosphorus was 0.005, in 
'samples of " weathered " ore. 

TIN-ORE VEINS IN THE BLACK HILLS OF DAKOTA. 

BY WILLIAM V.  BLAKE, NEW HAVEN,  CONN. 

, THE discovery of tin-ore in the Black Hills of Dakota dates from 
June, 1883, and short preliminary notices were published in Sept 
ember of that year.* The discovery-point is known as the Etta 
Mine, in the central portion of the Hills, about six miles east of 

* Amer. Journ. Sci., Sept., 1883; also, Eng. and Min. Journ., Sept. 8,1883. . 
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Harney Peak, and twenty from Rapid City. The Etta was located 
for mica. It is a granitic mass, rising in the midst of fine-grained. 
micaceous and arenaceous slates, which resemble the Coos group of 
the White Mountain formations of New Hampshire. Some 
portions of these slates are highly garnetiferous; other portions 
contain staurotide ; and in some places there is a large development of 
sandstones of regular stratification, in thick beds, which form 
prominent ridges. These sandstones are compact and solid, and 
possess a bluish-gray color, due to protoxide of iron. They are in 
the condition of quartzites, and they indicate shallow seas on the 
borders of some continental or extensive shores in that remote period 
of the world's history. 

There is a singular absence of limestone strata and of maguesian 
rocks in these old formations. Hornblendic slates and syenitic rocks 
are also rare. Granite, in the form of bosses, and (nearer to the 
Harney Peak range) in long dikes is common. But at the Etta, 
and in its vicinity, the granitic masses are columnar, rather than 
tabular, in form. The Etta outcrop is nearly circular, in horizontal 
section, measuring about 200 feet in its longest diameter, and 100 to 150 
feet in its transverse diameter across the outcrop. 

The line of demarcation between this granite mass and the slates is 
sharp and distinct; and where the contact is opened to view by the 
lower tunnel, there is a clay selvage making a distinct wall, as in 
regular veins. This mass, like most of the similarly-formed 
granitic masses of the region, is characterized by extremely coarse, 
massive crystallization of the constituent minerals. Slabs of pure 
feldspar, from twelve to twenty inches in length, may be frequently 
seen, and masses of white quartz, several feet thick and nearly pure, 
are abundant. 

Structure of the Etta Vein.—The outcrop and the whole columnar 
mass have a rudely concentric structure; the outer portions, next to 
the country rock, being characterized by a band or belt of dark 
colored mica, alternating in places with muscovite in large plates This is 
succeeded by massive quartz, with irregular bunches of  massive albite 
and of orthoclase feldspar, together with enormous crystals of 
spodumene and irregular bunches of a dense aggregation of small 
crystals of mica and albite, forming a kind of greisen-rock, an albitic 
greisen, in which cassiterite is abundantly disseminated to small 
grains and partly-formed crystals. 

Percentage of Black Tin in the Ore.—The mineralization i??? 
markably even.   The masses of greisen are rarely without the 
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grains of eassiterite sprinkled through the mass. The percentage of 
black tin is not yet ascertained by working in a mill in the large 
way ; but average samples show that it is about 2| per cent. Hand-
samples of selected rock will yield as high as 6 per cent. The re-
sult originally obtained by sampling the outcrops was 3 per cent. 
A sample lot of two tons of greisen-rock ore sent to New York, 
and there worked, yielded between 3 and 4 per cent. of concentrate 
black tin of high grade—some of which, smelted by Mr. Riotte, at 
the New York Metallurgical Works, gave a number of 25-pound 
bars of excellent tin. 

These percentages are, of course, independent of the massive cas 
siterite, of which some hundredweights have been found outside the 
greisen-rock. This occurrence is exceptional; but more may, at 
any time, be brought to light by the excavations. 

The percentage of black tin in the ore compares favorably with 
that found in the ore of other tin-regions. 

The general average percentage of black t in  of six large mines , 
upon the great flat lode of Redruth, Cornwall, in 1870, was 2 
22/100;and less than this has been worked with profit in some 
places. 

Minerals Associated with the Tin-Ore—The mineralogieal association 
of the tin-ores at the Etta and other places in the Black Hills, appears 
to be very similar to that observed in other tin-regions. As a general 
rule, mica is the most common associate. This is the mineral with 
which the cassiterite is most directly and closely connected. Albite 
may be mentioned as next in intimate relationship, while in some of 
the veins—notably in the Hill City district—quartz is the 
pervading gangue or veinstone. At the Etta, also, spodumene, rich 
in lithia, is a close associate, and occasionally cassiterite is found in 
the midst of the massive crystals. This association of spodumene 
with tin-stone is common in several of the granitic masses in Maine, 
and was brought to my attention by Mrs. Ellen Richards, of the 
Massachusetts Institute of Technology (oue of our members). I am 
not aware that this paragenesis has been observed abroad. 

The absence of topaz, so far as yet known, is a little peculiar. 
Beryl, which is common in the Black Hills in other granitic masses, 
has not yet been recognized as present with the tin-ore. The same 
may be said of tourmaline, which is very abundant in some of the 
granitic dikes, and especially in the great cliffs of Harney Peak and 
its vicinity, yet does not occur to any noticeable degree in the Etta; 
and where it does occur, so far as yet ascertained, tin is absent. An 
exception may be noted in the Bob Ingersoll dike, where indicolite 
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a beautiful blue tourmaline, is abundantly entangled with muscovite 
mica in large plates; but it is not in direct association with the tin ore, 
which is inclosed in albite. This species, tourmaline, is gene rally 
enumerated as one of the associates of tin-stone ; but my observations 
in the Black Hills lead to the belief that it is not so, thus confirming the 
observations of Lodin upon the tin-bearing veins of Villeder and 
Morbihan, France, described in his paper recently presented to the 
Geological Society of France,* which notes the fact that 
tourmaline, though abundant in the region, is not found in close 
relationship with the cassiterite. 

In addition to the minerals already mentioned as found with the tin-
stone at the Etta mine, the following should be mentioned: 

Apatite, triphy line, heterosite, lencopyrite (or rather a stanniferous 
arsenical iron, requiring further examination), tantalite, or colum 
bite, a small quantity of vitreous copper (the only sulphide seen), 
and a few secondary oxidized species, due to the surface-decomposition 
of the arsenical compound and the copper sulphide. 

The associates of cassiterite in New South Wales, according to 
Professor Liversidge, † are quartz, mica, orthoclase feldspar, fluorspar, 
molybdenite, garnet, beryl, and topaz; also, mispickel and tourma 
line. Wolfram does not occur in the same veins with the tin, but is in 
other veins almost in juxtaposition. This association is not unlike that 
found in Dakota, with the exception of fluorspar, topaz, and 
molybdenite, which have not yet been recognized. Wolfram has 
not yet been found with the tin-ore, though it occurs in the region. 

Extent of the Tin-Region.—There are now three well-defined dis -
tricts of tin-bearing lodes in the Dakota portion of the Black Hills:  

1. On the east side of the Harney range, at the Etta, Ingersoll, 
Monarch, Peerless, and other claims. 

2. Near the summit, at Bismarck's rancho, where cassiterite occurs 
in several narrow veins of quartz. 

3. At Hill City, on the western side of the Harney range, where 
there are both granitic veins and quartz veins bearing tin-ore. 

To these we may add mention of a tin-district in the Wyoming 
portion of the Black Hills, about twenty miles west of Deadwood. 
where a considerable amount of stream-tin has been washed out of the 
bed of Sand Creek, and the discovery of the ore in place-to granitic 
veins is reported. 

* Bulletin de la Societe Geologique de France, 1884.  
 The Minerals of New South Wales, by Archibald Liversidge, F.R.S., 1883, P 
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In the Hill City district, the cassiterite is generally in crystalline 
bunches or masses in the midst of quartz, together with a bordering mass 
of mica in close compact crystals, frequently forming sheets of mica 
crystals in the midst of the quartz, parallel with the walls. It is rare that 
any other minerals are found in these veins. In the granitic veins the 
grains of cassiterite are smaller, blacker, and more crystalline than in 
the quartz veins. 

Contemporaneous Origin of the Ore and Rock.—In the numerous tin-
veins and tin-ore-bearing granitic dikes of the Black Hills tin-region, the 
phenomena of occurrence and association indicate that all of the 
minerals of the dikes—the quartz, feldspar, spodumene, mica, beryl, 
columbite, tantalite, phosphates, and other associates of the cassiterite, 
were contemporaneous in origin. The tin-stone is apparently as much a 
part of the mass as the mica or quartz. It was, to all appearance, 
present when the whole mass assumed its crystallization. All the 
constituents of the dike appear to have crystallized from a semi-fluid or 
pasty magma, in which the elements were free to arrange themselves from 
one side of the dike to the other and to crystallize out slowly. This is 
indicated in several ways, but strikingly by the gigantic crystals of 
spodumene stretching across the mass at the Etta, in straight lines, for 
twenty to forty feet, in the midst of quartz, feldspar, and tin-ore. 

The aggregation is totally unlike that seen in narrow fissures, filled 
gradually by the flow of solutions depositing layer after layer on each 
side, until the fissures were gradually filled up. In the granitic dike, or 
intrusion, or segregation, of the Etta, and other places where tin occurs, 
the rude concentric or parallel structure seems rather to be clue entirely 
to the different conditions of pressure or temperature next to the walls 
while the fissure was full of the unsolidified constituents of the lode or 
the dike. There are no signs of infiltration 'or of alteration or of 
replacement, in a secondary way, of the minerals by the tin-stone, which, 
in all cases, would appear to have been one of the original constituents of 
the granite, as much so as any of the other earthy minerals. So far, also, 
as yet seen, there is nothing to sustain the views expressed by Dr. Le 
Neve Foster, that the tin-stone of Cornwall, at least, is the result of the 
infiltration of solutions depositing it in the granite adjacent to fissures, and 
partly replacing and altering the minerals of the granite. 

. It is also difficult to find in the conditions observed in Dakota a full 
confirmation of the theory of Daubrée,* which supposes that 

* Annales des Mines, t. xx., 1841. 
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cassiterite results from the decomposition of volatile fluorides or 
chlorides of tin. The usual association of cassiterite with minerals of 
which fluorine is a constituent, is considered an evidence of this.    But in 
Dakota such conditions are not prominent. 

TANTAL1TE AND COLUMBITE IN THE BLACK HILLS OF 
DAKOTA. 

BY WILLIAM P.  BLAKE,  NEW HAVEN, CONN. 

IN September I contributed an article upon Columbite in the Black 
Hills of Dakota to the American Journal of Science. I had not at that 
time seen the paper by Professor Charles A. Schaefffer, of Cornell 
University, upon the occurrence of tantalite in the same region,* or I 
would have gladly made reference to it. His analysis, proving the entire 
absence of columbic acid, shows that the specimen he analyzed, at 
least, should be called tantalite, and not columbite, if the distinction 
between those two closely related species is to be maintained. It is hard 
to say where the line is l<> be drawn, in such cases, between two 
minerals, when the specific characters and the composition are so nearly 
the same. If the name is to be determined by the relative amounts of 
tantalic and columbic acids, what shall we call the mineral when 
these acids are present in nearly equal quantities? Preference was 
given in this case to the name columbite, for the reason that the specific 
gravity, as ascertained by the ordinary scales at command, was nearer 6 
than 7. As Professor Schaeffer had only one fragment by post, while I had 
an abundance from many places, it may yet be found that columbic acid 
predominates in some of the specimen?. I therefore use the name 
columbite or tantalite indifferently. With this explanation I proceed to 
give a few observations upon the occurrence of the mineral with the tin-
ore of the Black Hills. 

There are two localities, especially, where the mineral is found in the 
same dike or vein as the cassiterite: 1. at the Etta mine;2  
at the Bob Ingersoll claim. At the Etta it occurs in close association with 
albite aud feldspar in crystals from one to four or five inches broad, and from 
one-quarter of an inch to three inches thick. It is not in contact with or 
mingled with the cassiterite, and each can  be 

* Proc. Am. Inst. Min. Eng., Chicago Meeting 1884, vol. xiii., p. 231. 
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separately taken out. It is easily distinguished from tin-stone by its 
color and dark streak or powder, which is very different from the streak 
of cassiterite. It has never been mistaken for tin-ore by any one 
connected with the Etta development, and the fragment sent by mail to 
Professor Schaeffer by the superintendent of the mine was not 
supposed to be tin-ore. It is rarely found in the greisen rock with the 
tin-ore, but a few small crystals have been seen near the outer margin 
of one of the irregular masses of the latter. It does not replace the tin-
ore, or interfere with its abundance to any appreciable extent, and it has 
not been looked upon as an impurity to be avoided. Even if it were 
present to a considerable amount it would not injure the tin in smelting. 
It does not alloy with tin, but carries a small percentage of tin which 
would probably be liberated in smelting. These remarks are rendered 
important and necessary by the fact that the announcement of the 
discovery of tantalite has 'been in some quarters abroad considered as 
showing that a mistake had been made respecting the occurrence of tin-
stone, and that the supposed tin-stone had proved to be merely 
tantalite. 

I found at the Ingersoll claim a very remarkable mass of colum-bite 
or tantalite, which must weigh over two thousand pounds. It is the 
only body of the mineral seen in that part of the vien, and is not in 
close association with the cassiterite. One charge of giant powder 
broke it into several fragments, three or four of which were each too 
heavy for a man to lift. The mineral is found also in a greisen-like 
aggregation of mica, which at this locality is not tin-bearing. 

It has not yet been found in the tin-ore veins of the Hill City 
district, except, perhaps, in one instance, and then not in contact 
with tin-ore. 

A BESSEMER CONVERTING-HOUSE WITHOUT A 
CASTING-PIT. 

BY L. G. LAUREAU, NEW YORK CITY. 

THIS paper is presented to call the attention of steel-manufac- 
turers to the need of further reform in the manner of casting and 
handling ingots.    The problem of making the work usually per- 
formed in and around the casting-pit less dangerous to the men and 
less costly to the management is one which has occupied the minds 
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of all Bessemer engineers since the first days of the discovery. Holley's 
unerring judgment led him at once to condemn the 9-feet deep, two-story 
high, English well-hole, and his American plant maybe said to have had 
the shallow pit for a starting point; it necessitated the raising of the 
vessels, and brought about all the attending advantages. 

European engineers have also endeavored to improve the original 
casting-pit, and the later English plants have no depression at all ,  the 
ingots being cast in a ring on the general level. On the Continent, 
especially in Sweden and in connection with small converters or the 
Casperson converter-ladle, the moulds are sometimes placed on turn-
tables, revolving so as to bring the mould-tops within reach of the 
casting-nozzle. Some important establishments, both in England and 
on the Continent, have adopted the movable ladle, which, after 
receiving the charge, is hauled to a distant building, where the moulds 
stand either in a trench or upon the ground. Ingots are also cast from a 
ladle into moulds placed on cars. The two last-mentioned methods give 
the possibility of separating casting from stripping, thus affording relief 
from the excessive heat of a pit in which both operations take place at a 
time. A long practice has proved that the dangers from spilling or the 
bursting of a ladle, and the subsequent fouling of the running-gear of the 
ladle or mould-car, have been exaggerated. Hundreds of thousand of 
tons haw been east in that way, and I have been assured by engineers 
who have used these means extensively, that no serious trouble had ever 
been experienced. 

While movable ladles and the movable mould-cars have proved fairly 
successful in rendering the work less arduous, it cannot be said that any 
economy in labor or apparatus is realized by their use ; the ingot-cranes 
must do their work, as in any other case, by first remov-ing the mould and 
then the ingot. This is necessarily wasteful of steam by reason of the 
false maneuvers it implies, the crane making several motions to perform 
one act only. Any system aiming at the greatest economy in this respect 
must be automatic or nearly so, or use steam- and water-pressure in such 
a way as to waste the least power possible, and at the same time suppress 
all, or nearly all, the hand-labor. I believe the solution of the problem 
lies in casting the ingots into moulds placed on cars so constructed that 
all subse- quent operations, such as stripping and putting back into place, 
may be done automatically or by easily-handled machinery. One of the 
first advantages to be derived from the use of mould-cars is the
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extreme simplicity to which the converting-house can be reduced. The pit and the 
ingot-cranes can be entirely suppressed, and all the operations of casting, cleaning, 
ladle-changing, etc., can take place on the general level. 

Fig. 1 is a cross-section and Fig. 2 a plan of a converting-house, specially 
adapted to casting on cars.    There are two 10-ton vessels 

FIG. 1. 

 
receiving the metal in front. The only crane of importance is the ladle-

crane, which is raised by hydraulic pressure, and has a radial motion. The only 
other crane in the house is a small one, the jib of which swings under the 
platform. It is used mainly in turning over the ladles after a cast and raising the 
materials for stopping moulds to the casting-platform.    The platforms around 
the con- 
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verters are ample—in fact more roomy than  in the usual plant- 
and all the operations usually carried on in the casting-house can be 
performed without hindrance or lack of space, and yet the whole 
building is only 62x43 feet in the clear, with a total height of 32 
feet. The repair-shop and cupola-house can be placed at any con-
venient point, the location depending entirely upon the configuration of 
the ground. 

The arrangement to change ladles on the crane is as follows: 
They are brought from the repair shop on a low car which runs on a 
track T. The track T', which crosses the track T almost at right-
angles, is raised from the ground, so that when a ladle-car is upon it 
the ladle-trunnions are a few inches above the trunnion-bearings on 
the large ladle crane. The ladle-car is raised to the level of this 
track T' (about two feet above the ground) by means of lift 2, 
which is then turned around so as to brine the tracks in a straight 
line. The ladle-crane is swung so that its jib straddles the track T'. 
The ladle is then pushed between the jib, and when the trunnions 
are in position just above the bearings, the crane is made to lift the 
ladle off the car. The exchange of ladles is made in a similar 
manner. An empty car is placed in the proper position on the track 
T', and the crane, being swung around, deposits its old ladle upon 
it; it is then ready to pick up a repaired ladle in the way above 
described. The operation of casting is carried on by one man at the 
ladle and two men to stop the moulds; this is all the pit-force 
necessary. The number of men on the pulpit may also be reduced 
by reason of the suppression of the ingot-cranes. Having cast the ingots 
upon a car, the next step is to handle them as speedily and as 
economically as possible, reducing both apparatus and labor to the 
simplest expression.      

The apparatus shown in Fig. 3 consists, first, of a hydranlic 
cylinder P, moved horizontally upon ways by a small auxiliary 
cylinder. The moulds A are hinged to the car B in the manner 
shown. A wire rope or chain d, bifurcating at X into two branche Y 
and Y', winds around a drum actuated by a quick-working steam 
cylinder and passes over pulleys, as shown. The car having beca 
brought to its position, the hook at the end of chain Y is attached t o  a 
bar which binds the two moulds together near the top. The dram is 
made to revolve, and the moulds are pulled over toward the carry ing-
bar C, fixed upon strong buffer-springs. While the moulds  ar e  
descending, the slack of the rope is taken up by a quick working of 
the drum, so that the fall may be eased up by applying a brake at the 



A  BESSEMER  CONVERTING-HOUSE  WITHOUT  A  CASTING-PIT.      701 

 



702     A   BESSEMER  CONVERTING-HOUSE   WITHOUT  A  CASTING-PIT. 

right moment. The moulds, before falling upon the carrying-bar C 
touch the pin D, which, through the underground lever E, causes 
the face-plates F to rise against the sides of the car B. The cylinder P 
is then made to push out the ingots, which pass over the roller R on 
to an ingot car if the ingots are to be reheated in furnaces, or to the 
floor if they are to be placed in soaking-pits. The hook at the end of 
chain Y' is afterward attached to the bar and the ingot-moulds are 
straightened back into place by working the drum. This system 
might be modified so as to push ingots straight from the moulds into the 
heating-furnace, thus combining the charging and stripping apparatus 
into one, and realizing further economy. 

FIG. 4. 

 
 Fig. 4 shows the apparatus in connection with soaking-pits. A 

crane picks up the ingot on the floor and places it in the pit, while 
another crane on the other side takes out the regenerated ingot and 
puts it on driven rollers to the blooming train. The apparatus 
could easily be handled by two men—one at the valves and the 
other at the hooks. If used at the heating-furnace, no extra men 
need be put on the work, the usual rolling staff being sufficient. 
The arrangements shown on Figs. 5 and 6 were devised w i th  a  
view to make the work of stripping almost entirely automatic, and 
represent the result of an exchange of ideas between Mr. E. L. Ford 
and myself. 
Fig. 5 will be easily understood.    The ingots are cast butt-end 
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up in a mould provided with trunnions. The bearings are on a ear. 
The moulds are hung so that they are slightly top-heavy when filled. 
The only necessary labor is the removal of the latch L ; the moulds 
will then turn over and drop their ingots on the floor or on a table. 
The bottom-plug may be separated from the body of the mould by a 
heavy corrugated spring, S, so that in case of a " sticker " a blow from 

 
a heavy sledge would be more effective in dislodging the ingot.    A 
slight impulse will bring the moulds back into their original position. 
  Fig. 6 shows a mould on trunnions, as in Fig. 5, but in this case 
the butt-end is down, and the stool is hinged to the bottom of the 

mould.    It is provided with a projection or l ip  K, bearing upon a 
roller placed on  the side of the car.    A hook II works on the 
hinge pin and closes upon a fixed bar running between the trunnion 
bearings.    Upon removal of this hook the stool slides forward on 

the roller, and, the bottom of the mould being free, the ingot falls 
tout.    The forward motion of the mould is assisted by placing the 
trunnions out of center. When the mould is empty, the stool is pushed 

back into place and the hook secured.    It will be seen that the two 
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last-mentioned arrangements   are   practically automatic, using no 
crane, no pushing-cylinder or machinery of any kind. 

In order to complete the system, it would be necessary to establish a 
repair-shed at some convenient point between the rolling-mill and the 
converting-house, where the moulds could be cooled and the cars 

 
examined. The arrangement shown in Fig. 7 is suggested. On 
each side of the truck a screen, somewhat higher than the top of the 
mould, is erected of any suitable material. On the inside of each 
screen and a few feet apart are placed vertical iron pipes about 3/4  
inch diameter. Very small holes are drilled in these pipes at various 
angles, so that when water is forced through them a fine spray fills 
the space between the screens. The length of these cooling lanes is 
regulated by the number of moulds to be cooled, and two or more of 
them may be built in connection with the repair-shed. the hot-mould 
train backs in at one end, which backing-in causes a cold train to come 
out at the other end into the shed. The moulds and cars can be 
examined and the wash applied from a stationary plate 
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form. In case repairs are necessary, the car is placed on a turn- 
table and run into the shed. 

In the construction of mould-cars certain contingencies will have to be 
provided against, and all movable parts, such as trunnions and hinges, 
must be protected from spilling. Judging from the record of works 
in which this practice has been prevalent, it is evident that there need 
be no apprehension of serious trouble. The practice obtains to a small 
extent in this country, and has given satisfactory results. Many ways 
will occur to practical engineers by which exposed parts of moulds 
and cars can be shielded. 

Before closing I would say that a complete discussion of all the 
details connected with the subject would have carried us beyond the 
scope of a paper like the present one, which is meant only as a sug-
gestion of methods likely to bring about a needed reform. The aim 
will be reached if it leads others to look for improvements in the 
same direction. The casting-pit as it exists in most steel works, 
both open-hearth and Bessemer, is certainly a costly nuisance, and as 
such should be speedily abated. 

DISCUSSION. 

ROBT. W. HUNT, Troy, N. Y.: Having examined Mr. Laurean's 
drawings some time ago, I freely admit that his plan shows much 
ingenuity, and that many things about it are likely to be of use. It 
promises to be advantageous for a small plant, and for cases in 
which it is desired to accomplish as much as possible with a small 
first expenditure. I presume that Mr. Laureau appreciates, as 
much as any other Bessemer engineer, the advantage of having, and of 
spending, a large sum in construction. If one is aiming for large product 
and heavy work, this large expenditure will prove true economy in 
the end. If I were going to build a Bessemer plant now, my idea 
would be to put in three vessels and casting-pit-, with cranes 
lifting from the casting-pits and delivering to other cranes, which 
would set the ingots in soaking-pits (provided with auxiliary gas), and 
then other cranes to take them to the blooming mill. But there are 
many things about Mr. Laureau's plan for which he deserves great 
credit. 

W. F. MATTES, Scranton, Pa.: I notice that the moulds in Fig. 6 
have the large end up; and this suggests to me that perhaps, by a 
reversal of the usual position of the mould, sounder ingots night be 
produced.    We have noticed at Scranton that what we can 
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"butts" almost invariably roll sound. Now is it not possible that 
by reversing the mould in casting the same result may be reached? 

MR. LAUREAU. I have had correspondence with engineers in 
Europe on that question. That method of casting ingots, butt-end 
up, is followed, especially for soft steel, in Sweden, Germany and 
France: and it seems to be a general opinion that, for some steels 
at least, a sounder ingot is thus produced. 

WILLIAM KENT, New York City: One of the causes of the crack-
ing of ingots in rolling I believe to be the splashing of the steel 
from the nozzle on the sides of the mould. By turning the mould 
upside down, the amount of splashing might be diminished, and that 
would also tend to make the ingot better. 

Mr. MATTES: That would hardly cover the case of the butts that 
I alluded to, because in that case we have the splash, just the same 
as with the ordinary arrangement. 

H. M. HOWE, Boston, Mass.: Mr. Holley at one time thought 
that was the cause of cracking, and got over it by suspending in the 
mould a piece of sheet-iron tube. That tube was of course melted 
off when the sleel came to it. But although that prevented the 
splashing, it did not prevent the cracking of the ingots. 

W. F. DURFEE, Bridgeport, Conn.: I should like to ask Mr. 
Hunt why he prefers auxiliary gas in the soaking-pits. I think we 
have sufficient evidence of the working of soaking-pits abroad to 
justify the belief that such auxiliary gas is unnecessary. The con-
struction of the pits will be much more expensive when auxiliary 
gas is used, but that fact is perhaps not a matter of much moment 
with such of our Bessemer friends as believe in "using the largest 
amount of money possible" for the construction of their works. 
At the Steel works of Scotland and at Seraing, as also at a num- 

ber of other localities in Europe, it is daily demonstrated that soak-
ing-pits can be used with entire success without any auxiliary gas. A 
number of our members have seen the working of the soaking-pits in 
Europe, and have testified to me of their success. There is cer-
tainly less danger of oxidizing the surface of the ingots in the simpler 
form of pits used abroad. In one instance, I saw ingots drawn from gas-
heated pits with three-eighths of an inch of scale on them, which was 
knocked off with sledges before the ingots were sent to the rolls. It often 
happens that the air-valve of gas-fired pits is opened too wide* and 
a quantity of white-hot oxygen gets into the pits and causes great 
waste. 

MR. HUNT : I do not for a moment wish to be understood as 
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opposing the soaking-pit. It is all right, and I would use i t ;  but 
I would take another good thing and be able to use it too. It is 
very easy to arrange the pits so that you can use the gas or not, 
Mr. Durfee knows perfectly well that you are constantly getting 
ingots that are too cold for your pits. Now you have got to do 
something with them. If you can use the pit and turn the gas on 
and take care of your cold ingots without having to put them on 
one side and take time to bring them up, I think you are doing a 
good thing. If everything is going smoothly, and you can use the 
pits without having the gas on, you are saving that much coal, of 
course, 

MR. DURFEE : Mr. Hunt's objection to the introduction of cold 
ingots into the pits is obviated by having a single gas-furnace of the 
ordinary construction lighted, and charging all ingots too cold for 
the pits into that furnace. Abroad, the pits are successfully run on 
Monday mornings, by allowing those ingots of the first charge that 
are too cold when drawn from the pits to go to the reheating-fur-
nace; but in most cases the ingots of the first charge are hot enough 
to go to the rolls without going to the furnace after leaving the piss. 
The pit-covers are sanded up on Saturday, and the pits are usually 
found hot enough on Monday morning. 

A WATER-GAS OPEN-HEARTH FURNACE. 

BY N. LILIENBERG, NEW YORK CITY. 

THE success of European experiments in melting iron and steel 
with gases resulting from the decomposition of steam by incandes 
cent coal, has encouraged me to design, with the valuable assist-
ance of Mr. George S. Dwight, a plan for producing and burning 
these gases in a manner economical and efficient for metallurgical 
purposes. That this direction is the right one, is demonstrated by 
the repeated efforts made in practice, to introduce as much steam as 
possible with the blast in ordinary producers, thus displacing a cer-
tain amount of nitrogen. Such attempts, however, must always be 
limited by the cooling influence of the steam. 

The  accompanying  drawings   represent the producers  a'" 
steel-melting furnace, arranged according to our first ideas which 
may be susceptible of improvement in details when put into practical 
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use.    In the two plates the scale is the same, and the same lettering 
is employed. 

The apparatus contains two above-ground circular producers a, a, 
provided with the ordinary bell and hopper for charging. The fire-
brick lining is contracted above and below the middle. The upper 
parts contain outlets for the gas uniting into circular flues. The 
lower cones rest on cast-iron plates and circular pipes b, b, which are 
supported by angle-irons c, c. By hanging these with the irons d, d, 
the entire ash-pit is left free from obstructions and can be cleaned 
through four doors. It is important to have this free space, especi-
ally when air and steam operate alternately on the coal, because the 
ashes partly melted by the blast get cooled off by the steam, thus 
sometimes forming large lumps. The circular pipes b, b, have con-
tinuous openings and are united by a blast-pipe e, containing two 
valves f,f, placed at right angles and connected by a lever-apparatus. 
The inner and upper edge of the circular blast-pipes can be protected, 
if necessary, by a pipe with running water. 

In the lower part of the producers are two outlets g,g, for the 
gases, which connect outside into the pipe h. They are alternately 
shut off by the slide-valves i, i, connected by a rod k. The blast-
and gas-valves are operated simultaneously by the standing shaft I, 
having the levers m, m,m. The flues in the upper part of the pro-
ducers are connected by an apparatus n similar to the slide-valve-
regulator in a steam-engine, the valve o being operated by a combi-
nation of levers p,p, and a rocking shaft q. Steam is admitted into 
the chamber through the pipe r, and regulated by a valve, whereby 
.the admission of gas to the furnace is also regulated. Under the 
slide-valve runs the flue s, connecting with the pipe t, which termi-
nates in a pit u. 

It will thus be seen that in the position of the valves shown in 
the drawings, the blast passes upward through the left-hand pro-
ducer.    The escaping gases, consisting of carbonic acid partly con-
verted into carbonic oxide, and containing the whole amount of 
nitrogen of the blast, pass off at the top and run under the valve 
nto the flue s and the down-comer t.    On the other hand, steam 
passes above the valve into the other producer previously heated by 
bast; and the product, containing hydrogen, carbonic oxide and a 
race of nitrogen, passes off below into the pipes, g and h.    Rever-
ing the valves by means of the two levers reverses the currents, 
he steam then passing through coals previously heated and the blast 
through the coals cooled off by the steam. 
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There is consequently a constant supply in the pipe t of poor gas 
containing all the nitrogen of the blast, and a constant current in 
the pipe h of pure water-gas of high caloric power. By admitting 
air into the pit, or combustion-chamber u, the carbonic oxide is 
burnt, the flame passing off into the flues v, v, which constitute a heat-
restorer. This part of the apparatus is constructed of 3-inch firebricks 
of 15 inch height covered with two layers of 3-inch bricks, leaving 
channels of 9-inch width. The water-gas passes from the main flue 
down into the four channels marked "Gas," and is preheated by 
conduction through the walls. The air passing through the four 
channels on the opposite side is pre-heated in a similar way. It 
will thus be seen that explosions could not take place by air and 
gas mixing through cracks in the brick walls. The waste gases 
continue through the flues v, v, clown into the chimney flue u. The air 
and water-gas continue their course and ascend into the flue X (Plate 
I., longitudinal section), which is divided by the wall x (Plate I., 
cross-section C-D). 

If these producers are somewhat more complicated than the ordi-
nary ones, the melting-furnace is cheaper in construction than the 
Siemens regenerative furnaces. The superstructure consists only of 
four flues 1, 1, separated by brick walls and arches, 2, 2, with an 
opening 4 in the center. The air- and gas-flues communicate on 
both sides with the flue x, while the inner and lower channels open 
into the flue marked " waste heat" (at the right-hand end of the lon-
gitudinal section), whence the escaping flame passes through the chan-
nels 5, 5 in a way similar to the flow of the waste gases from the 
producers at the opposite end. It will thus be seen that the air and 
the water-gas in a pre-heated state meet under an oblique angle, creat-
ing an intensely heated flame, turned directly on the metal in the 
deepest part of the bath. From thence the flame passes into the fine-
through the channels terminating in the chimney-flue 6. The air and 
water-gas consequently pass towards the furnace through channels in 
which the heat gradually increases as the furnace is approached. 

The repairs of the channels are effected by shoveling away the 
sand filling and lifting up the brick cover. This is not much more 
work than breaking through the walls in the ordinary Siemens re-
generators. 

The space between the producers and the furnace is used for the 
transport of raw materials for the furnace-charges.    The furnace 
bottom is loose on wheels 7, 7, so that it can be easily removed and 
repaired.    During the melting it is elevated on the two beams S, S. 
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thus relieving the wheels from strain. By taking away some 
wedges, it drops down on the wheels, disengaging itself from the 
superstructure. In this way it is also possible to use a bottom of 
basic materials, because they do not come in contact with the sili-
ceous superstructure. 

It is well known that the idea of continuous regeneration by con-
duction and radiation through brick-work is not new, as Ponsard and 
several others have constructed furnaces on this principle. But how-
ever good they may be for heating and welding, they have proved a 
failure for steel-melting; partly because the temperature of gas and 
air could not be raised sufficiently, partly because the elaborately 
constructed channels in the regenerators became cracked by repeated 
expansion and contraction. In the present construction, the heat-
restorers are made so low as to have a single brick in height, thus 
doing away with the horizontal joints; and the heating-surface is thus 
spread out horizontally, making the construction strong enough. In re-
gard to the sufficiency of the heat in this case, it need only be remarked 
that cold water-gas, taken from the gas-holder as made for illumi-
nating purposes, and ignited with slightly pre-heated air, creates, 
according to recent experiments in Essen, sufficient heat for melting 
soft boiler-plates. The flame formed by intensely pre-heated air and 
pure water-gas, as in this case, must consequently give a higher 
temperature than in any other regenerative furnace, and enable 
metallurgists to obtain results not otherwise to be reached. 

I need hardly point out the many ways of regulating the heat by 
the supplies of air and gas, by moving the chimney-dampers and the 
blast and steam-valves in. the producers. 

According to Mr. George S. Dwight's experience in producing 
water-gas for illuminating purposes, the most economical results are 
obtained by a high pressure on steam and blast, and by short periods 
between the reversals. 

If at any time the ordinary diluted gas charged with nitrogen 
(Siemens gas) should be preferred, one producer can be operated 
without reversing, openings being made at a sufficient number of 
points through the brick wall between the two flues. 

It is evident that the system can be used also for welding or heat-
ing purposes, in which case the air and gas can be introduced at the 
end of the furnace instead of in the center. 

I have frequently heard the objection that a flame of water-gas 
directed on iron or steel would tend to increase the waste, because 
the steam created by burning the hydrogen would become dissociated 
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in contact with the metal. But experience has shown that such a 
dissociation does not take place under these circumstances. The 
best evidence of this is the fact that water gas is used advantageously 
in several places abroad for welding the joints of boiler-plate, which 
are more sensitive to burning than anything else. 

DISCUSSION. 

IT. M. HOWE, Boston, Mass.: I do not think that the main ob-
jection to the continuous regenerative system, which includes Mr. 
Lilienberg's furnace together with Ponsard's and Swindell's, and in 
which the incoming gas and air are separated from the outgoing 
products of combustion by brickwork, lies in any inherent difficulty 
in reaching a high temperature in the laboratory of the melting fur-
nace. By giving suitable dimensions to furnaces of any of these in-
ventors we can obtain temperatures which will rapidly destroy any 
refractory materials now known. The real disadvantage, and it is 
a radical one, with this type of regeneration is that we cannot fully 
abstract from the escaping products of combustion their heat and 
transfer it to the incoming gas and air : and it is on the completeness 
of this transfer that high fuel-economy in regenerative furnaces mainly 
depends. In continuous regenerative furnaces we cannot render this 
transfer of heat as complete as in furnaces of the Siemens type, because 
in the former the incoming gas and air are separated from the products 
of combustion by a brick wall, a very poor conductor of heat; the 
transfer of heat can only be rapid as long as the products of com-
bustion remain very much hotter than the entering gas and air. In 
the Siemens system, however, the transfer of heat from products of 
combustion to incoming gas and air is not interfered with by the ne-
cessity of transmitting the heat through brickwork. The products 
of combustion in any one phase are exposed to the same surfaces of 
brickwork that the entering gas and air are in contact with during 
the preceding and succeeding phases. The heat is transferred from 
the products of combustion to the very same brick surfaces from 
which it is subsequently taken up by the incoming gas and air. 
Thus, as far as the apparatus for the transfer of heat is concerned. 
there is nothing in the Siemens system to prevent the transfer from 
being almost absolutely complete. 

The disadvantage under which the continuous regenerative type 
of furnace labors in this respect would be largely removed if 
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products of combustion, at least after their temperature had been 
considerably reduced, could be separated from the incoming gas and 
air by walls of some material which conducts heat rapidly, such as 
thin plates of copper; but the practical difficulties of this plan are 
very great. 

Ponsard's and Swindell's furnaces have a compensating advantage 
in placing the gas-producer close to the furnace, so that the sensible 
heat developed in the gas-producer, always a very considerable part 
of the total calorific power of the fuel, can be utilized in the labora-
tory of the heating or melting-furnace. This mitigating feature, I 
fear, would be difficult to introduce into Mr. Lilienberg's furnace. 

As regards water-gas in general, I never could see how it could 
compete with ordinary " producer " or "air "gas. The water-gas 
producers are necessarily much larger, and the loss of heat from ra-
diation from their exteriors must be correspondingly larger than 
in the ease of air-gas producers. 

PROF. T. EGLESTON, New York city: The producers which I 
saw at Essen, where I studied, last year, the metallurgical use of 
water-gas, were extremely small; and no fuel was used in them 
except the refuse taken from one of the grates. Moreover, I think 
these producers were cooler on the outside than any others I have 
seen.    As to expense, one man took care of two of them. 

MR. HOWE: If the water gas producers were extremely small, 
then, doubtless, still smaller air-gas producers could have been used. 
Moreover, we all know that as bad and probably worse fuel can be 
used in air-gas producers than in water-gas ones, and that the tem-
perature of the outside of an air-gas producer can be kept as low as 
that of a water-gas producer, if not lower, especially as at least dur-
ing part of the operation the interior temperature of the water-gas 
producer is necessarily extremely high. It seems to me perfectly 
clear that air-gas producers admit of being made much smaller for a 
given work than water-gas producers, and hence that, for equal tem-
peratures of the external walls, the loss of heat from the former, 
always an important item, may be brought lower than is possible 
with the latter. 

W. F. MATTES, Scranton, Pa.: Is it necessary to superheat the 
steam, before introducing it into these producers? 

MR. LILIENBERG : That has been tried, but there is not so much 
benefit in superheating as was expected. 

W. F. DURFEE, Bridgeport, Conn.: There is one feature in the 
behavior of all the continuous regenerative furnaces hitherto con- 
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structed that is, I think, fatal to their life. It is this : When such 
furnaces are used for the manufacture of steel on the open hearth, or 
for heating iron and steel, there is a great deal of incandescent oxide of 
iron carried into the chambers and channels of the regenerators ; this 
highly heated oxide of iron combines with the silica of the bricks, and 
in a short time the regenerative chambers become choked up ; there-
fore, the repairs of such furnaces have hitherto been very difficult and 
expensive. But in this new form of furnace the chambers are compar-
atively so simple that the objection named is of less moment than in 
the case of some of the older furnaces of this type, though it certainly 
is a very important consideration, and one that is often over-
looked. 

In the case of the Siemens furnace, the same effect occurs. A 
great deal of oxide of iron is carried into the regenerative chambers, 
which combines with the silica of the upper tiers of brick, and ce-
ments them together; but, by taking down the upper portion of the 
chamber doors, these brick can be readily replaced at l i t t le  ex-
pense. 

There is one fact relative to the working of the Siemens and 
kindred producers that may be of interest. It has been my prac-
tice, in the use of such producers, to mix from 25 to 30 per cent, of 
anthracite- or coke-dust with the bituminous coal employed. The 
purpose of the mixture is this; the carbonic oxide produced from 
the anthracite or coke dilutes the tar-vapor evaporated from the 
bituminous coal, and carries it forward into the furnaces, and it is 
there consumed. As an illustration of the advantage of this method of 
working, I will say that in the case of a works having ten producers, 
two puddling-furnaces, three heating-furnaces and a 24-pot melting-
furnace, the flues were not opened for two and a half years, and they 
were not burned out in that time at all, but were finally opened, and 
but two buckets of liquid tar was found in the sump at the lowest 
point of the flues, whose whole interior was varnished with a 
coating about one-eighth of an inch thick, and so hard that it was 
difficult to make an impression on it with the finger. I think these 
flues could have been run indefinitely without burning out: whereas, 
had bituminous coal alone been used, there would have been trouble 
every two or three weeks. 

In another case within my own experience, producers had been 
started on the system above described, and had run with entire suc-
cess for nearly a year, when the manager of the works concluded 
that "anthracite coal-dust had no gas in it," and stopped its use, and 



 



 

 
as a consequence in a few weeks the main flues were so obstructed 
with tar that a man—hole had to be made through which to pump 
them out. 

 
FUEL-ECONOMY IN ENGINES AND BOILERS. 

BY P. BARNES, NEW YORK CITY. 

IT cannot be said that this whole subject is a new one in respect 
to its presentation to the Institute, but the minute discussion of it 
has been looked upon as lying more strictly within the field of study 
of the societies which have to do chiefly with the construction and 
management of machinery as such. It must be true that the im-
portance of close limits in steam-economy is as fully recognized 
among the members of this Institute as by any body of men who 
have to do with steam-machinery. In all directions, nevertheless, 
among manufacturers as well as among metallurgists, there may still 
be found those who do not give the same attention to exact methods 
in fuel-consumption as devoted to steam, as to other technical uses 
which, to say the least, are not more important. 

The study of the most efficient methods of use of fuel in operations 
•which are more strictly metallurgical has been long-continued, and 
in some directions nearly or quite exhaustive. This has led to a 
rather close bringing-up, in those particulars, all along the line of 
technical work, of the establishments (and their managers) which 
had lagged behind. Yet, in the steam-departments of those works, 
there are too many reasons for believing that the name may still 
be legion of those whose methods and results are far from the best. 

If there be room in any given case to suspect any imperfect working 
or waste of fuel in the steam-supply, the search for the evil, the clear 
fixing of its cause, and the application of the remedy are, or certainly 
ought to be, too obvious in their pressure for attention upon a 
manager to call for even so scanty a mention of them as can 
be.accorded in this paper. It is natural that men should be incred-
ulous as to imperfections which may be noted as existing in their 
Machinery or methods. Still more are they likely to be altogether 
disinclined to admit that there may be thus an actual and palpable 
leakage in the compartment of their money-drawer devoted to coal-
supplies.    But the laws which govern the combustion of fuel, the 
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absorption of heat by water, and the utilization of the heat-thus transferred to an 
engine, are too exact to permit any respect of persons. Those only who assure 
themselves, by rigid and frequent tests,, that their work goes on in conformity to 
these laws, can rest content that they do not somewhere suffer loss unawares. 

Among the evils which are likely to be encountered in existing machinery are 
chiefly those due to old and worn fixtures, and these are too often an 
unprofitable inheritance handed down to present managers from an early clay. 
Even if it were true (and it is very far from true), that it is good policy to 
tolerate wasteful steam-maohinery in preliminary work, merely because it is 
supposed to involve a less first cost, the importance may still be justly urged of 
providing at the earliest moment the higher-class fixtures and machinery. 
Stern necessity itself ought, to suggest and compel the  entire abandonment and 
replacement of antiquated or wasteful apparatus, on the instant of the assuming 
by the enterprise in question of any definite or permanent character. The use of 
high-class steam-machinery ought to be more fully recognized as a vital 
element of this permanence, even in the most modest undertaking. There un-
certainly enough establishments to be found whose stability is based upon their 
closely studied steam-methods to warrant the strongest statements of the 
obligation resting upon managers, to see that their practice in this respect is 
equal to the best. The standards of excellence admit of the clearest definition, 
and. in these lines, as in most others, the best is at least as good as any, and, 
when once rigidly and patiently sought for, it is not difficult of attainment. 

So far as the steam-engine is concerned, and the use of steam in it, upon 
which so large a proportion of our operations depend for prime movement, the 
study of its condition must be followed along two lines. One is obviously the 
general external condition of the engine as a whole, whether it is accurately 
maintained in line and level, and is properly cared for in respect to lubrication, 
and general connection and adaptation to the work to which it is applied. The 
other line of study is internal, and is likely to be far more important. Deviations 
from the right path in this respect in the use of steam, and the fuel upon which 
it depends, are unseen by the casual observer, and are not always detected by an 
expert, except after an expenditure of time and patience which, to some owners, 
appears quite uncalled-Mr and perhaps absurd. The indicator is the sole means by 
which this internal study of the working of an engine can be carried on, and 
though the most skilful use of this instrument may not invariably 
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lead to relief from all the ills to which engine-flesh is heir, yet it has been 
found, in countless instances, a means of averting loss which would have proved 
quite fatal, as measured by a money-standard. It may be quite needless to 
say that the sole office of the indicator is to record the pressure in the engine-
cylinder, at each point in the motion of the piston. An outline may thus be drawn 
which can be compared with standards established by long and exhaustive com-
putation and experiment. Thus the correctness of the working of an engine 
can be determined, as depending upon the original construction, and the 
current adjustment of the parts. With older types of engine it frequently 
happens that a correct distribution of the steam in the cylinder cannot be 
effected, as called for by the varying loads under which the engine must 
expend the money paid out for coal or other fuel. When such cases are 
discovered (and too often their existence remains unsuspected for years), the best 
remedy is generally a radical one, viz., the entire replacement of the engine by 
one of modern build. Thus many refined elements of design can be brought 
into service, simple and trustworthy in the highest degree, which may secure 
this correct use and expenditure of the steam which must be paid for. 

Next to this entire replacement, may be named the rearrangement of the parts 
concerned in the steam-distribution, so that their functions shall be more 
correctly discharged. This is practicable in many cases, and some notable 
improvements have been effected, by means which have appeared trifling in 
kind, but, when gauged by the money-saving effected, have shown a value of 
no mean degree. The possibility of such rearrangements should obviously be 
more carefully studied in a time of depression, when the call for economy is 
stringent, although the way may be hedged in too closely to permit more than 
the most fragmentary improvements. By such simple means it is sometimes 
practicable to bring up the indicator-diagram of an old engine to an extremely 
close approximation to the standard outline referred to. Thus there may be 
found remaining, in this respect, very little to be desired, and nothing farther 
to be accomplished, except by the additional and more radical means of an entire 
replacement. 

In this connection, mention should be made of the advantage Which, in 
respect of fuel, attends the use of the compound engine. This type, in few 
words, secures the utilization of the heat developed by the combustion of the 
coal within wider limits of temperature than the simple engine, and hence of a 
larger proportion of this heat. 
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This use of temperatures is divided, in the engine, into parts or grades, 
so that the higher limit shall not be interfered with, or impaired in i t s  
expenditure, by contact with the lower. The use of three cylinders is 
common in the higher class of marine engines, so that these successive 
steps in the expansion of steam shall be fully provided for and correctly 
taken. It is a noteworthy fact that the exact possibilities of these close 
limits of economy have been most clearly shown in marine engines, in 
which, as a rule, the restrictions as to space and dead-weight of 
machinery are extremely close, and in which the possibilities are, 
therefore, the least of choice of arrangement of parts for obtaining the 
best results. It may also be noted in this connection that the objection, so 
frequently urged, of a supposed complexity in the compound engine 
should have weight enough, if it has any at all, to have prevented the 
adoption and wide application of the compound engine for sea-service. 
The exigencies of this service are more stringent, if possible, in respect of 
simplicity of parts and certainty of operation of the machinery, than in 
the limits of space and weight which are admissible ; yet it does not ap-
pear that time is lost, or that exact days and hours of sailing are missed, 
by reason of the complexity of the engine-fixtures, for years at a time. 

The increasing use of this compound type of engine, already so highly 
perfected, suggests the remaining topic of this paper, viz.., the absolute 
call for higher initial pressures for the small or first cylinder of the 
engine. A l i m i t  of 160 pounds has long been carried on locomotives, 
and constitutes an important element in the  economy of their performance, 
which is very marked, in spite of the obvious limit of space and weight 
which must be so closely observed in them. Few things can be named, 
perhaps none whatever, which will prove so definite a help in the study 
of economic working of steam as a large increase of boiler-pressure,--an 
increase, in f a c t ,  which shall border closely on the l i m i t  at which, in the 
present state of the art, the lubrication of the engine-parts becomes the 
chief question. This limit is not reached at a pressure of 300 pounds and 
hardly at 350 pounds. The addition is very important, which may thus 
be made to the range of temperature within which the steam may be used 
as a medium for the transformation of heat into work The proportion is 
correspondingly reduced of the losses from radiation which must be 
tolerated, and of imperfect condensation, at the foot of the scale of 
pressure to which the steam is finally brought. 

This call for higher pressures must be met, and can be more in 
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met by a radical departure from accepted forms of boilers than in any 
other way. This change of form need not introduce into the art of boiler-
construction any untried features, for the compact box-form, which is now 
offered for consideration, based on the designs of Mr. Allan Stirling, of 
New York, was in some respects the earliest known for steam-boilers.    In 
locomotives it has been continuously employed, and the absolute limit of 
track-gauge is leading to a. wider use of the flat, stayed surface for the high 
pressures now so common in locomotive practice. The possibility, thus 
rendered complete, of a safe dependence upon the tensile strength of stay-
bolts is of the highest importance. No combination of riveted joints can 
be made, which shall not depend, in large part, upon such staying of fiat 
surfaces, and the interest of safety and economy in high-pressure construction 
clearly points to an abandonment of unstayed surfaces of any description. 

Another essential point in boiler-construction should be named, since it is 
of vital importance in the maintenance of the strict economy of operation 
which this paper aims to promote. This is the need of a large, separating 
surface at the water-level within the boiler, at and through which, over its 
entire area, the steam may be quietly liberated from the body of water 
within which, in minute bubbles, it is generated. This is needful in order 
that the quantity of heat transferred from the boiler to the engine may be 
simply, and only, that duo to the quantity of steam withdrawn, and not 
that far larger quantity also, which is due to the presence in the steam of 
even a small fraction of suspended water.    This water, when thus led 
away, acts as a hurtful absorbent of the heat developed in  the burning of 
the coal, and this proportion of heat is wholly lost, so far as the subsequent 
production of useful work is concerned. 

The adoption of a flat-sided box-outline, with stayed surfaces, for the body 
of a boiler, clearly suggests the use of water-tubes for heating-surface, which 
shall be wholly external to the box, and thus fully exposed, not only to 
the radiant heat of the fire, but also to the sharp contact of the currents 
of heated gas from the fire. In other words, the work of the boiler should 
be done by the exposure of the whole of the tube-surface to a quiet bath of 
intensely heated gas in an inclosing brick chamber, from which there shall be 
withdrawn, through a close damper, only so much of this gas as shall insure 
the maintenance of the whole at the full intensity due to the limit of pressure 
which must be preserved. 

This combination suggests to the experienced man the simple drop- 
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tube, so long and favorably known, with the internal feeding- or 
circulating-tube, by means of which the tidal circulation shall be 
maintained within the boiler which secures the persistent sweeping of 
the heated surfaces with large volumes of solid water. Thus the bubbles 
of steam are pushed up into the steam-space, and the hot tube-surfaces 
are kept covered with compact bodies of water in the best form to 
insure the prompt and most complete absorption of the heat from the 
gas which envelops the tubes. Thus it becomes possible to construct a 
boiler up to a capacity of several hundred horsepower, in which the 
pieces of plate employed need not exceed four in number, and in 
which also the stays shall be of the simplest, most fully approved 
kind. 

Brief mention may be permitted of the possible need of greater 
watchfulness in the prevention of incrustation in boilers which are 
designed for higher pressures, and which must be therefore subject to 
a higher heat. Obviously the time-honored remedies or means of 
prevention for this persistent evil are as applicable to this ease as to 
any, however new may be the details of experience or management 
likely to be developed. This important consideration is worthy of 
note; that if the work of the boiler as a whole is done so economically as 
it may be through the use of the compound engine, a much larger loss 
of heat maybe reasonably tolerated through a more frequent 
blowing-down and refilling of the boiler hour by hour, as the 
advancing saturation of the water may indicate. It is certainly true, that 
if as much care and exact attention were devoted to this blowing-down 
during working-hours as is given by a s k i l f u l  attendant to the feeding, 
some handsome gains of safety and durability would be made. No just 
reason can be given why this should not be expected and rigidly 
insisted upon, whatever may be THE pressure carried or the amount of 
work done by the boiler, so long as there is the slightest reason for 
suspecting the presence in the feed-water of any appreciable 
proportion of incrusting matter. It is clear, however, that only the 
least useful result can attend t h e  somewhat common practice of feeding 
and blowing out through th e  s a me connection to the boiler, especially 
when a mud-drum is used into which it is expected and supposed that the 
particles of sediment will be gathered. The true thing to be done is 
simply to wash cut the boiler while under pressure, and at work, in 
the same way and by the same means as would be used if the whole 
were at a standstill and open, so that a hose and an open jet of water 
could be used. That is to say, the blowing-down at regular intervals 
and the coffee 
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sponding feeding, with the resulting tendency to a complete sweeping of the 
surfaces, afford a means, of definite and high value, of keeping a boiler 
clean, if persistently and skilfully practiced. If in addition to this well-
directed effort in the case of any first-class boiler the additional safeguard be 
present of a construction promoting this constant sweeping of the heated 
surfaces, a means is secured of the very Highest value of increasing both 
the efficiency and the durability of the whole. The drop-tube, which has 
been suggested as a detail of great value in this study of a high-pressure 
boiler-structure, has a very clearly marked and conclusive record, as 
tending to prevent the fixing on the heated surface of incrusting particles. 
The sharp circulation within the tube, directed so persistently against the 
lower or exposed end, appears under very trying conditions of practice to 
insure completely the maintenance of the surfaces in the most per-feet 
and unobstructed condition. In fact, instances are on record in which the 
incrusting salts, and other sedimentary matter, have been persistently 
thrown out of these tubes, and over into the water-legs, in marine boilers, to 
such an extent as to cause injury to the plates in these legs while the tubes 
themselves have remained perfectly free and clean. 

The impression is not well founded that a much higher degree of skill is 
needed in the attendants who are placed in charge of compound engines 
and high-pressure boilers. Hundreds of locomotives can be found in which 
the carrying in ordinary work of 150 to 160 pounds pressure is an every-day 
occurrence, and in which there is developed, at speeds which are not 
excessive, fully 750 to 800 horsepower. The locomotive-men who manage 
these engines and boilers would not claim for themselves, as a class, either 
that they are persons of extraordinary skill or that, on the whole, they 
would be either unable or unwilling to take charge of any other type of 
engine of equal or greater power. In other words there are the best reasons 
for believing that with the highest grades of steam-machinery, referred to in 
this paper, no difficulty will ever be encountered through lack of attendants. 
The possession of ready wit and reasonable faculties only is required, 
such as can be found any day by the prudent selection which is exercised in 
the choice of men in other kinds of business, involving the care of interests 
of equal importance. 

This brief study is thus submitted to the Institute as an effort to combine 
in a practicable and workmanlike manner a series of details of engine and 
high-pressure boiler which are neither new, untried, nor inexpedient.    
The call for improvement in prime movers has 
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never been more pronounced than at the present moment, and the 
lagging steps of actual advance in steam-engineering appear likely 
to be spurred onward only by such departures as are here suggested 
and urged. 

DISCUSSION. 
PROF.  R. H. THURSTON, Hoboken, N. J.:  The directions of 

change pointed out in this paper are those that have undoubtedly 
been pursued for many years. In fact, from the time of Watt, the  
tendency has been toward a higher pressure, the use of higher piston-
speeds, the more complete covering of cylinders and devices to prevent 
loss of heat and effect, and to secure thorough utilization of the heat 
supplied to the engine. But progress has been hampered from the 
beginning by limitations which have not always been recognized, even 
by engineers. To-day, however, the limitations of economical working 
of the steam-engine are tolerably well understood. In (Indirection of 
higher pressure we have been hindered by the difficulty of obtaining a 
boiler that would work satisfactorily and safely a t  these high 
pressures, and the change suggested by Mr. Barnes has been one 
that has been sought by engineers from the day steam engines were 
first invented. It was attempted certainly as long ago as 1804 by old 
Colonel John Stevens, who obtained in 1805 a patent for one of these 
forms of boilers. That boiler was built, and a section of it is 
preserved at the Stevens Institute. It was a lantern-shaped boiler. A 
fire was built in the interior, and circulated among the tubes. But 
in all such forms of boiler, difficulties have arisen in the endeavor to 
secure at once safety, convenience and economy of operation; and 
among these difficulties I do not know anything that has proved more 
serious than that of securing dry steam from boilers that shall be so 
constructed as to be safe against explosion. The principle involved in 
any boilers made with reference to safety consists in confining the 
water in small chambers, the explosion of any one of which will not be 
likely to do serious-damage. But in the endeavor to do this it is found 
extremely difficult to secure a good circulation, and especially to secure 
a means of separating the water from the steam at the point where it is 
liberated. 

Some of the boilers now in use, and as safety-boilers certainly 
beyond criticism, are still found to present very great difficulties in 
operation, because of this lack of provision for the separation of the 
steam from the water at the point where both are liberated from the 
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circulating steam. Where that provision can be introduced, as Mr. 
Barnes has proposed, it removes one of the great difficulties. We must 
find means of confining the water in small sections, and Dr. Albans, 
forty years ago, and Jacob Perkins before him, used steam experi- 
mentally of 1000 or 1500 pounds pressure to the square inch, and 
habitually of 100 and 200 pounds in just such boilers, and their 
practice resulted in the production of a combination of steam-boiler 
and engine which gave economies quite equal to engines and boilers 
of similar power to-day. The limit as to pressure has gradually 
been elevated from seven pounds in the time of Watt until now we 
are carrying 150 and sometimes 200 and 250 pounds on river-boat 
engines. In the sectional form of boiler, so-called, pressures have 
been carried in regular work, by Perkin's Sons as high as 300 
or 400 pounds to the square inch. There seems no reason to doubt 
(hat we can get higher pressures if we find it advisable to do so. 
The difficulty of securing an ample separating surface can probably 
be overcome by allowing the separation to occur in a larger chamber, 
but this should be done at points where the flames may not strike 
the heating surface. In some of our modern safety-boilers all the 
beating-surface which is near the point of highest temperature is 
composed of tubes, and the steam is delivered to larger reservoirs 
where the separation can go on, so that the steam supplied to the 
engine may be found there fairly dry. The adoption of these forms 
of boiler will evidently remove all difficulty in the direction of the 
economical generation of steam; and we then come to the securing 
of economy in the engine itself. There the direction in which to 
work is obvious, and our success in that direction is still limited. 
We find that the engine demands as high a pressure as we can give 
it, and the steam should be expanded down to the minimum pres- 
sure, which should be the sum of the necessary back-pressure of the 
engine and its own friction; but this ratio of expansion, which 
would often be something like 25, and sometimes 50, is found to 
give less economy than where the expansion is restricted to one-half 
the minimum figure or less. The restriction of the expansion to 
such a point that the terminal pressure shall be 8 or 10 pounds to 
the square inch is found on the whole to be more economical practice. 
As we increase the expansion we must have more expensive ma- 
chinery. There are certain causes of loss within the engine, such as 
condensation and leakage. The first is restricted by the use of very 
dry or superheated steam, which then being steam-gas, is not a good 
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conductor, and does not receive or give up heat as readily as ordi- 
nary steam, and so this condensation becomes very much reduced. 

Another method of securing economy, which has been adopted in 
all cases of considerable expansion from the time of Watt, has been 
the use of the " steam-jacket," clothing the cylinder with a warin 
casing, and thus preventing the metal of the cylinder from losing 
temperature. By that expedient, in some cases, this internal loss is 
very greatly reduced, —so much so that to-day the most efficient 
engines reported are those few pumping engines which have been 
supplied with high-pressure steam and fitted with steam-jackets, and 
in which the steam is also moderately superheated. The best figures 
given so far have been about 16 pounds of steam per horse-power 
per hour. That amount with such engines is about 150 per cent, of 
what theory would indicate as the limit to which we should approxi- 
mate, so that even in such engines the loss of heat and steam is 50 
per cent at least, and that represents the margin still remaining to 
be overcome; and the only way, apparently, to do this in practice 
is to find some way to secure an internal non-conducting surface for 
the engines. Experiments have been made by Mr. Emery. and 
years ago by Watt and Smeaton and others, but they have not 
resulted in anything of practical value. 

These, in brief, seem to be the difficulties in the way of further 
improvement in the economy of the steam-engine. As we can see. 
the introduction of a form of boiler that shall be at once safe and 
economical is one of the essential steps. The other steps must be 
taken at the engine itself, and by such means as I have indicated 
the consumption of steam in the class of engines mentioned has been 
brought down from about 30 to 40 pounds of feed-water per horse 
power per hour to somewhere from 15 to 18, but more usually 20 

WILLIAM KENT, New York city: One point made in the paper 
is the great waste of fuel in metallurgical works. From my own 
experience I am convinced that economy of steam in metallurgical 
works is not to be gained so much by inventing improved boilers 
or engines as by adopting the good boilers and engines already in 
existence. I have in mind an engine in an iron-works, which has 
been running for twenty-five years. A diagram from it was sent to 
an expert in indicator-diagrams, who was asked to figure the saving 
that might be made by substituting for it a better engine. Here 
ported that it would be anywhere from one to three thousand dole 
Jars a year, showing that the engine had lost from twenty-five to seventy-five 
thousand dollars during its lifetime—and the engine 
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still running.    This was three years ago.    That kind of work is re- 
peatedly found in iron- and steel-works of the older kind. 

As to this particular boiler that has been presented to us, it looks 
very much like the Wiegand boiler, which was exhibited at the Cen- 
tennial Exhibition in 1876, and which has proved practically a fail- 
are, especially where bad water is used. I know of one battery of 
these boilers that was in use in an iron-works about six years, and 
then thrown out and replaced by old-fashioned two-flue boilers on 
account of the great trouble given by this boiler in keeping it in or- 
der. It seems to me the same objection will hold in regard to Mr. 
Stirling's boiler, and I predict its failure with bad waters. 

The author of the paper says the tendency of boiler-engineering 
at present is to avoid all boilers that are unstayed. I think the 
tendency is the other way. A stayed boiler is used on locomotives, 
because we cannot help it. We are restricted to certain shapes. 
But for boilers on land the avoiding of stayed surfaces is always 
desirable. 

One of the causes of the failure of the Wiegand boiler was that the Field 
tubes, one tube inside the other, leaving such a small space for the 
circulation, filled up with scale, and that will happen with the boiler 
described in the paper, wherever there is bad water.    But in New England, 
where there is good water, it might possibly have a long life. 
  As regards economy of fuel, the same economy can be reached 
 in this boiler that is reached in a dozen other different kinds of boil- 
ers. There is nothing to be gained by this boiler in the way of econ- 
omy. There is a good deal to be lost in the necessity for repairs and 
 difficulties of cleaning, and there is a great deal to be lost, in case 
 the crown-sheet should get scale on it, and the boiler should on that 
 account explode. 

 

A NEW REGENERATIVE HOT-BLAST OVEN. 

BY JOHN C. LONG, E. M., MECHANICSBURGH, PA.  

THE advantages of firebrick regenerative hot-blast ovens being 
thoroughly appreciated by those engaged in modern blast-furnace 
practice, the important question now is to obtain the best and most 
efficient apparatus. 

The apparatus invented by the writer, and described in this 
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paper, is proposed as an improved form, retaining all the ad- 
vantages of those now in use, with the additional ones of a cheaper 
construction, and of being able to furnish a very much hotter blast 
and to vary and control the temperature thereof up to the limit of 
the resistance of the refractory materials composing the ovens. 

To the practical blast-furnace manager the ability to control per- 
fectly the temperature of the blast, so that an error of filling or 
a variation in the calorific power of the fuel may be corrected by 
suddenly and markedly changing the temperature of the blast, is a 
great desideratum. By this means the working of the furnace can 
be rendered much more economical and certain, and the grade of the 
iron more uniform than by waiting to correct the furnace by a change 
of burden. 

This object is sought to be accomplished with the iron-pipe ovens 
and the regenerative brick ovens now in use, by keeping the temper- 
ature of the blast somewhat below the maximum; but as the range of 
variation is only slight and the temperature comparatively low, the 
resultant benefit is consequently small. With the apparatus de- 
scribed in this paper, the blast may be regularly kept much hotter 
and yet its temperature may be at any moment quickly and greatly 
raised. 

Heretofore it has been customary to heat regenerative ovens by 
burning in them blast-furnace gas, the initial temperature of wh ich  
is that which it had when leaving the tunnel-head, less what it has lost 
in its transmission to the oven in which it is burned.   This temperature 
varies from 100° for charcoal, and 228° C. for coke (according to Kerf) 
upward, being lower as the furnace is economical of fuel.    At the 
Mont Alto, Pa., charcoal furnace, which I have personally manage 
for the last three blasts, the gas temperature ran very low.    During  
the last two months (November and December) of the blast of 1881 
the gas-temperature and pressure were taken every hour, and the former 
averaged for this time, including the last half-day blowing 
out, 218° F., or, excluding the blowing-out, 210° F.    For the eight 
days from  November 20th  to 28th, 1884, it averaged only 117 F.    So 
cool was the gas that the vapor of water in it was con 
densed in the gas-flue and dropped out at quite a lively rate at the 
expansion-joint, not more than eight feet from the furnace 
temperatures were taken from a pyrometer kept in the gas-flue, and 
frequently by the writer, with a mercury thermometer held in the 
gas-flue.  

Since the cooler the gases can be made to leave the blast-fun?? 
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the better and more economically the furnace works, the tendency of 
modern practice is to reduce the temperature of the waste-gases as 
much as possible, and thus have the furnaces work with " cool tops." 
As a consequence of working cool at the top, less of the carbonic acid 
formed in the lower part of the furnace is reduced to carbonic oxide 
in the upper part at the expense of the fuel charged; and hence the 
escaping gas has less heating power, since it contains a greater propor- 
tion of nitrogen and carbonic acid, the heat-absorbing elements, and 
a smaller proportion of carbonic oxide, the principal heat-producer. 
This decrease in the calorific power of the blast-furnace gas was very 
markedly shown at the Mont Alto furnace during the last blast. 
When the furnace was carrying a burden of 2000 to 2100 pounds of 
ore and 500 to 525 pounds of limestone, on 720 pounds of charcoal, 
it was with the greatest difficulty that steam could be kept up and 
the blast heated to 550° to 600° F. by means of the gas, while with 
a lighter burden there was a surplus of gas—the quantity of blast 
entering the furnace being the same in both cases. 
        Hence, if an intensely hot blast is to be supplied to an economi- 
cally-working furnace, means must be taken to heat the gas, the 
subsequent combustion of which is to heat the blast-ovens.    The 
effect of such preheating may be shown by a simple calculation, in 
which, however, as absolute accuracy is not sought, no account will 
be taken of the moisture in the gas or air.    Assuming the gas from 
a coke furnace to be composed by weight of* 

Carbonic oxide, ....................................................................... .............7.31 
Carbonic acid, ..............................................................................................0.23 
Nitrogen,......................................................................................56.34 

to have a temperature of 100° C, and to be burned with air having 
a temperature of 0° C., the temperature of combustion may be cal- 
culated as follows: 

The amount of oxygen required to burn 27.34 carbonic oxide to 
carbonic acid is 4/7 the weight of the carbonic oxide or 15.62. Hence, 
the air required for the above case will be 67.91, of which 52.29 is 
nitrogen, and 15.62 oxygen; and the products of combustion will 
be, by weight, 

CO2 = 16.23+ 27.34+ 15.62 = 59.19 
N    =56.34+52.29 =108.63 
         Weight of products    = 167.82 

 
   * This analysis is taken from a paper by Mr. W. Hawdon, in the Iron Age of July 

5, 18S3. 
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Multiplying each of the above products by its specific heat* we 
have:  

 
the number of heat-units contained in the products of combustion 
for each degree of temperature. 

The heat carried by the gas at 100° C. must be added to that pro-
duced by the burning of its CO, and is found by multiplying each 
component by its specific heat to obtain the units carried for one 
degree and then multiplying their sum by the temperature of the gas 
for total amount carried, as follows: 

 
Since each pound of CO burned to CO2 yields 2400 heat-units, 

the temperature of the products of combustion of blast-furnace gas of 
the assumed composition will be: 

 
If the same gas be heated to 1000° C. (1832 F.) and burned with air at 

0° C, then from the foregoing the heat carried by the gas will be 
23944.54 units, and the resulting temperature of the products of 
combustion 

 
or 31.7 per cent greater than when the temperature of the gas was 
100° C. 

In the regenerative hot-blast ovens now in use, the air for burning 
the gas is either employed at atmospheric temperature, or is heated by 
being caused to flow through passages in the walls of the combustion 
chamber immediately surrounding the flame; but it is evident that no 
advantage is gained from the latter arrangement, since the heat that 
the air for combustion carries to the flame has been taken 

* The specific heats are taken from Ganot's Physics. 
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from the flame by the walls through which it passes, and hence there 
is no increase in either temperature or quantity of heat; whereas, 
by burning the highly heated gas with highly heated air, which has 
been heated otherwise than by the oven in which it produces com-.. 
bustion, the heat which this air carries is added to that carried in 
and produced by the combustion of the highly heated gas, and a 
great increase of temperature is produced over that resulting from 
the combustion of cool gas with cool air or cool gas burned with air 
heated in the oven in which it produces combustion. 

Assuming the same blast-furnace gas as before to be at 100° 
C, and to be burned with air having the temperature of 1100° 
C, we must add the sensible heat carried by the air to that carried 
and produced by the gas. 

 
being 26 per cent greater than when gas at 100° C. is burned with 
air at 0° C. 

Taking the same gas and heating it to 1000° C. and burning it 
with air at 1100° C, we have 

 
being 57.7 per cent. greater than when gas at 100° C. is burned 
with air at 0° C. 

The apparatus proposed to secure these results consists in three 
of the regenerative hot ovens arranged as in Fig. 1, along hot and 
cold gas- and air-mains, so connected that each oven can be used 
: as desired, either for heating the blast or for heating the combustihle 
gas after it has left the blast-furnace and prior to its being burned 
to heat the apparatus. 

Since the oven which is heating the blast will, after it has parted 
with all the heat which is effective to produce a blast of the desired 
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temperature, yet contain a vast amount of heat, but of a lower tem-
perature, the blast-oven can be used, without being specially heated 
therefor, to heat the combustible gas to nearly the temperature of 

 
the blast, because the quantity of gas is much less than that of the 
blast, and the specific heat is about the same, while the heat-
absorbing power is greater. 

The air for combustion is either used at the atmospheric tempera-
ture, or it is taken from the hot-blast main, or parts in free commu-
nication with it; so that this hot air is heated otherwise than by the 
oven in which it produces combustion. Thus we command the 
advantage of heating the apparatus by means of highly heated gas, 
burned with air at atmospheric temperature or highly heated air, and 
thereby producing a most intense temperature and greatly increasing 
the efficiency of the apparatus. 
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For as the rate of cooling of a heated body increases in a geome-
trical ratio when the temperature increases in an arithmetrical ratio, 
it follows that an oven will become much more highly and quickly 
heated by this intensely hot flame than if the same quantity of heat 
were produced at a lower temperature by burning cool gas with 
cool air or air heated by the oven in which it produces 
combustion. And the time required to heat the oven will 
become so much shortened that the time required for the blast-oven 
to part with its effective heat will be sufficient to heat the oven in 
which the gas is being burned. 

Referring to the accompanying drawings: 
Fig. 1 is a plan of three ovens and connections. 
Fig. 2 is a vertical section on line Y Y', Fig. 3. 
Fig. 3 is a horizontal section on line X X', Fig. 2. 
Fig. 4 is a horizontal section on line Z Z', Fig. 2. 
Fig. 5 is a vertical section through combustion chambers. 
Fig. 6 is a plan of three of the ovens now in use, showing 

the method of altering the apparatus to my system. 
The oven is rectangular in shape, having curved supporting 

walls, A, of slag, red brick, or sand, as in Figs. 3 and 4, and encased 
in sheet-iron. It is divided transversely into combustion-chamber 
and regenerator, and longitudinally by the roof-supporting walls E, 
Figs. 3 and 4, into independent compartments through both com-
bustion-chamber and regenerator, so that the products of com-
bustion and blast must flow through the ovens in separate and 
equal currents. 

In the circular ovens, as they are now used, there are no inde-
pendent compartments, and the products of combustion take the 
most direct course through the oven and most highly heat the 
middle, while the blast, owing to the greater resistance to its flow in 
the hotter part, takes the cooler sides of the oven. Thus the oven 
is not operated to the best advantage. 

The flues in the regenerator-portion of the compartments are 
arranged, as in Fig. 2, in sets forming a decreasing series from the 
combustion chamber, so that as the products of combustion impart 
their heat, become cooler and contract the areas of the flues and heat 
absorbing materials decreases, and conversely, when heating the 
blast the area of the flues and heat-imparting materials increases as 
the blast becomes heated and expands. As the rate of expansion 
and contraction of all gases is the same as that of air, the velocity is 
thus kept uniform throughout the oven and the friction decreased 
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both when heating the blast or gas and when heating the oven.   Th 
arrangement of the flues is an important matter, as air or g 
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expands or contracts 1/491 of its volume at 32° F., for each degree F. 
the temperature is raised or lowered; so that the volume of a given 
weight of air at 579° F. is double, at 1098° F. three times, at 1617° 
F. four times, and at 2136° F. five times, what it is at 60° F. 

 The compartments are either single or double, and each has sepa- 
rate gas-blast and chimney connections, so that it shall become 
equally heated and shall have an equal quantity of blast or gas to 
heat. 

The roof is formed of flat-arch blocks R, resting on the walls E, 
and covered by strips of sheet-iron, as shown in Figs. 1 and 2. 

The walls are formed of ordinary 9-inch firebrick or similarly 
shaped blocks, laid diagonally in reverse directions in adjacent 
courses, as shown in Fig. 4, thus providing for expansion and con-
traction, as the bricks are free to expand into the flues and can not 
transfer their linear expansions to the sides of the oven (as in 
walls of the ordinary construction) while the lateral expansion has 
a tendency only to turn the bricks to a greater angle. .Moreover, by 
this construction the heating surface is made nearly one-half greater 
than for a similar wall having a plane surface.3  The wall is also 
much stronger than when laid in the ordinary manner, and hence 
can be made much lighter. As the depth to which the heat pene-
trates and is given off is supposed to be from 1 1/2 to 2 inches, the 
whole of the material of the bricks can by this construction be made 
effective for absorbing and giving out heat. Hence a much smaller 
oven can do more work than a larger one with plain walls. 

The air for combustion is either admitted at atmospheric temper-
ature, by means of valves C, or is taken from the hot-blast main, H, 
or parts in free communication with it, by means of valves, F, and 
is introduced through pipes, P, Figs. 2 and 3, into the air-cylinder, 
O, having holes so arranged that the air-jets shall be perfectly 
distributed through the gas. 

The valves used are positive-motion seat-valves, having a contin- 
uous coil of pipe through them, so that by increasing the pressure of 
the water or passing a jet of steam through them any sediment may 
be readily removed.    The seats are similarly provided, and firmly 
fastened to the valve-easing to keep them properly in place.    
Method of Working.—The method of working a plant consisting of 
three of the above-described ovens (as in Fig. 1) which are used for 
heating the blast and pre-heating the combustible gas, without 
being themselves heated  specially for the latter purpose, and in 
which the gas is burned with hot air, is as follows: 
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All valves being closed, open in oven I (Fig. 1) the cold-blast 
Mast valve, D, then open the hot-blast valve, S, thus having blast 
pass  through the oven and into the hot-blast main. Then open in 
oven K the cold-gas valve U, and then open the gas-valve T, so 
that gas will pass through the oven and into the hot-gas main formed by 
closing the valve W between the ovens and the blast-furnace. 
(When W is open this main can be used as ordinary gas-main to 
supply the ovens with gas directly from the blast-furnace.)    Then 

 
open in oven L first the chimney-valve M, next the gas-valve T, to 
admit the gas to be burned, then the hot-air supply-valve F, to 
furnish air for combustion, and ignite the gas through the eye-hole or 
dust-door. 

After a suitable interval the apparatus is reversed, always com-
mencing with the oven which is being heated by putting it on blast 
then put the oven which had been on blast to heating gas, and put the 
oven which is heating gas to being heated by burning gas.    Thu-. 
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in oven L, which is being heated, close the gas-valve T and air-
valve F and then close the chimney-valve M and open the cold-
blast valve D and hot-blast valve S, and have hot-blast pass into 
the hot-blast main and to the furnace. Then in oven I (on blast) 
close the hot-blast valve S and cold-blast valve D and open the air-
escape V (or the cold-air valve C, which can also be used for this 
purpose) to allow the compressed air to pass out, after which it 

 
is closed again. Then open the chimney-valve M and the gas-valve 
T, and after a sufficient interval to allow the air in the oven to pass 
into the chimney and the oven to be filled with gas (in order to 
avoid the danger of an explosion from a mixture of air and gas in 
the oven and hot-gas main) close the chimney-valve M and open the 
cold-gas valve U and let hot gas pass into the hot-gas main.    Then, 
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in oven K(on gas) close the cold-gas valve U and open the chimney, 
valve M and the air-valve F to supply hot air for combustion. 

After the oven which is heating the blast has parted with its 
effective beat, or the oven which is being heated has become suffi-
ciently hot, the apparatus is again reversed in the manner and with 
the precautions above described. 

 
After the first reversal, the apparatus is heated by burning cold 

gas with hot air, and hence in an equal interval the oven, which is 
being heated, will become several hundred degrees hotter than did 
the oven which was first heated by burning cold gas with cold air, 
and after the second reversal will furnish a blast several hundred 
degrees hotter than before, while the oven through which the gas is 
passing will heat it several hundred degrees hotter than it was when. 
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it came to the apparatus, and the oven which is being heated by 
burning this heated gas with hotter air, will in an equal interval 
become hotter than before, and after reversal will furnish still hotter 
blast to the furnace and for the combustion of still hotter gas, 
thus developing after each reversal a higher temperature of blast, 
provided the quantity of blast and gas are properly proportioned 
to the apparatus. 

The regenerative hot-blast apparatus now in use can be readily 
altered to this improved system, as is shown in Fig. 6 for a plant of 
three Whitwell ovens, by putting a valve, W, in the gas-main 
between the ovens and the blast-furnace, thus forming a hot-gas 
main of the portion cut off, and also placing at the cool or chimney-
side of the ovens a cold-gas main having connections, Q, and pro-
vided with valves, U, to admit the gas to be heated prior to its being 
burned to heat the apparatus. The air for combustion is admitted 
through the usual valves, N. The Siemens Cowper ovens can be 
similarly altered, and the method of working is the same as above-
described for the special ovens, with the exception that the air for 
combustion is admitted through valves, N, instead of from the hot-
blast main. Thus, at a slight cost, the efficiency of the present 
regenerative hot-blast apparatus can be markedly increased. 

The apparatus can also be arranged with four of the above-
described ovens, two of which can be used for heating the blast and 
two for heating the gas. In this case the reversal is simpler, and it 
will not be necessary to take the same precautions against explosive 
mixtures of gas and air. In the blast-ovens the hot-air valves, F, 
after being properly set, are left open, both when the oven is being 
heated and when it is on blast. The apparatus can also be arranged 
to use the gas without heating it prior to its being burned, by opening 
the valve W, when the method of working is the same as in ordinary 
regenerative apparatus, excepting when air for combustion is taken 
from the hot-blast main. Finally, the air for combustion can be 
used at atmospheric temperature by employing the valve C, instead 
of the valve F. 

To sum up: This apparatus can be worked as an ordinary regen-
erative hot-blast apparatus by beating it by burning therein cool gas 
with cool air, and then the operator will have in reserve the increase 
of temperature due to burning cool gas with hot air, or hot gas 
with cool air, or the further increase due to burning hot gas with 
hot air. 

Or the apparatus may be worked to produce a hotter blast than 
VOL. XOIII.—47 
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the above by heating the gas prior to its being burned, and .burning 
it with cool air (i. e., at atmospheric temperature), and the operator 
will then have in reserve the further increase due to burning hot 
gas with hot air. 

Or, finally, the cool gas can be burned with hot air, and the 
increase of temperature due to heating the gas and burning it with 
hot air may be held in reserve. Of these three systems the second 
is to be preferred. 

CERTAIN INTERESTING CRYSTALLINE ALLOYS. 
BY RICHARD PEARCE, DENVER, COL. 

IN the treatment of auriferous copper containing bismuth, I have 
recently observed a small quantity of a grayish-white alloy, which 
on examination, proved to be Bi containing in solution, as it were, a 
crystalline alloy of Bi and Au. This compound makes i ts  appear-
ance on the surface of the auriferous Cu in small globules us the  
latter cools. 

These globules are rapidly attacked by nitric acid, and fine needle- -
shaped crystals of Bi and Au separate out.    They are insoluble even 
in strong nitric acid. 

On examination, the crystals were found to contain : Gold, 69.91 
per cent.; silver, 0.63 per cent.; bismuth, 29.43 per cent. (No. 1).* 

The residue is very fusible, and at a temperature considerably 
below its melting-point it oxidizes rapidly, changing from its origi-
nal gray color to a greenish-yellow (No. 2). On melting in a cruci-
ble under 9ux, a bronze-colored alloy is formed that has the specific 
gravity 15.47—somewhat higher than the calculated specific gravity 
of a simple mixture of the two metals in the proportions named. 

Alloys of Gold and Silver.—In following out my investigation-
by repeated examinations of this alloy formed at different times, J 
found that, in dissolving a miscellaneous lot of the alloy in nitric 
acid, some gold-yellow crystals were formed, which I succeeded in 
separating from the BiAu alloy by washing. These yellow crystals. 
under the microscope, showed distinct, regular, octahedral faces, and 
on examination they were found to be a crystalline alloy of An and 

* This and similar numbers following refer to the samples forwarded by the author 
to the Secretary, and now deposited at the National Museum, Washington 
D. C. 
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Ag in the proportion of 69 Au to 21 Ag (No. 3). The quantity was 
too small to admit of any very correct determinations of these crys-
tals; but the peculiar feature was remarked that they contained Ag, 
while the BiAu crystals did not in any appreciable quantity. 
My next experiment was to remelt some of the original Bi com-

pound with Ag, so arranging that the Ag should exist in the melted 
alloy in the proportion of one atom of Au to one of Ag. The alloy 
was prepared by melting in a small crucible under a layer of borax, 
and then allowing the crucible, with its contents, to cool very slowly. 
This was done by placing the small crucible inside a larger crucible 
that had been previously made red-hot, and allowing the whole thing 
to stand until cold. The small crucible was then broken and the 
button of alloy detached. This alloy was found to be very brittle 
find crystalline. It was broken into lumps and treated in a flask 
with dilute nitric acid—one of acid to three of water. I found, after 
all the Bi had been attacked by the acid, that nothing was left behind 
but a beautiful crystalline alloy of Au and Ag (No. 4). There was 
an entire absence of any BiAu compound, which was found in former 
experiments. The solution of nitrate of Bi showed no trace of Ag. 
These crystals were found to contain: Gold, 62.164 per cent.; silver, 
35.486 per cent.; Cu and Bi, 2.35 per cent. Further boiling of the 
crystals with strong nitric acid gave (No. 5): Gold, 65.21; silver, 
33.19; copper, 1.60. 

Alloys of gold and silver in all proportions may be obtained in 
this way, depending ou the amount of Ag used and also on the 
strength of nitric acid employed in the separation of the Bi. The 
largest and best formed crystals are, however, those in which the Au 
and Ag exist in the ratio of their atomic weights. Repeated boiling 
with strong nitric acid will, however, remove a portion of the Ag, 
without in any way damaging the crystals or effecting any very 
marked change in the color. In a number of experiments that I 
have made with the alloys of Au and Ag, the lowest percentage of 
Au resulting from treatment with HNO3 was 58.51 (No. 6), and the 
highest 94.15 (No. 7). 

Alloys of Gold and Copper.—Crystals of an alloy of Au and Cu 
may be obtained precisely in the same way by substituting Cu 
for Ag. The form of crystals is the same, that of the regular 
octahedron, but they are much smaller. A crop of crystals was 
obtained having the composition 61.52 Au and 38.48 Cu (No. 8). 
On treating these crystals with strong nitric acid and boiling for some 
time until there was no farther action, a large percentage of the Cu 
was 
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dissolved out, and a product was obtained a l i t t l e  darker in color 
containing 93.49 Au and 6.51 Cu (No. 9). 

Crystals were also obtained containing all three metals in the 
pro-portion : Gold, 60.16; silver, 21.21; copper, 18.63 (No. 10). 

These experiments indicate that An will not combine with Bi 
if Ag or Cu are present in sufficient quantity. The crystals of 
An and Bi are in fine needle-shaped forms, the system of 
crystallization not determined ; but possibly rhomhohedral (the 
crystalline form of Bi). 

Au, Ag, and Cu crystallize out together from a solution of these 
metals in Bi; the mother liquor, if I may use the expression, con-
taining no Ag or Cu unless these metals are present in excess of 
what is required to form alloys that will resist the action of dilute 
nitric acid. 

The following experiment was made with the view of 
determining the solvent action of Bi, melted at a low 
temperature,on the crystals of alloy of Au and Ag formed by the 
process that I have described : 

An alloy was made by melting Au and Ag in about their atomie 
proportions with Bi, and allowing to cool slowly. The alloy was 
then heated in a small iron ladle until it became liquid, care being, 
taken not to increase the temperature much above the melting-point. 
The liquid portion was then poured off and the residue of crystals 
drained until a pasty mass was obtained. The temperature was then 
slightly increased, and a further quantity of molten Bi poured off. 
The percentage of each product was as follows: 56 per cent, of the 
total weight was poured off at the first melting at a low temperature ; 
19 per cent, after a slightly increased temperature; the rest, 25 per 
cent. (the pasty mass), re-treated with dilute nitric acid, gave a crop 
of good crystals, which were found to contain : Gold, 59.06 ; s i lve r ,  
37.21 (No. 11); Cu and Bi (by diff.), 3.73. Treated with strong 
nitric acid, their composition became: Gold, 68.53; silver, 27.51; 
copper, 3.93. I found in this experiment that the pasty residue in 
the ladle contained only about 62 per cent, of the total gold, the re-
mainder being; carried off by the liquated Bi. 

The ratios of the gold and silver in these three products were are 
follows: 

 

Iu all these alloys of Au, Ag, and Cu, the only crystalline form 
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observed was that of the regular octahedron without any modifica-
tions.* 

Alloys of Bismuth and Platinum.—Experiments were made to see 
how far it was possible to prepare in a similar way crystalline alloys of 
platinum and bismuth. 

Pt and Bi were melted together and allowed to cool slowly in the 
usual way.    The brittle alloy was treated first with dilute nitric acid and 
then with strong acid.    A black crystalline powder was obtained, 
which, under the microscope, showed some few crystals, form not 
determined. 

A second experiment was made with the addition of Cu to a similar 
mixture as before. A highly crystalline, jet-black residue was obtained, 
which, on examination, proved to be binoxide of platinum. 

Crystalline alloys are obtained in the same way as with An ; but 
these compounds, unlike those containing An, are decomposed by 
nitric acid; the metals Bi and Cu that entered into the composition of 
the alloy being entirely replaced by oxygen, and this without destroying 
the structure of the crystal, as will be seen by examination (No. 12). 
The black crystals became red-hot in a current of hydrogen, water 
being condensed on the sides of the tube, a grayish-white powder of Pt 
being left behind (No. 13). A loss of weight was sustained in this 
experiment equal to 13.75 per cent., which is very near the 
amount of oxygen required by the formula PtO2. On heating in a 
tube, it gives off O, a grayish-white powder of Pt remaining. 

The black crystals can be ground easily in a mortar without show-
ing the slightest evidence of metallic particles. Alcohol is readily 
oxidized by this compound. On heating the crystals, a trace of 
reddish-brown gas is given off, probably due to a small quantity of 
occluded nitric oxide. 

If it were possible to attack the Bi by some acid that is not oxi-
dizing, we should unquestionably obtain crystals of the alloy of Pt 
and Bi, or Pt and Cu, or perhaps Pt, Bi, and Cu; but on using 
nitric acid as the solvent, we have to be content with pseudomorphs 
of PtO2 after the alloy. 
 In order to avoid the use of nitric acid, an experiment was made       
by substituting Zn for Bi, in the hope that crystals would be formed 
that could be separated by dissolving out the Zn with H2SO4.    A 

* The Bi used for most of these alloys was somewhat impure, containing notably 
a little copper. 
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black powder was obtained in this way, showing, however, noevi-
dence of crystallization. On treating the black powder with nitric 
acid, Cu was dissolved to the extent of 20 per cent., and a grayisli-
black residue was obtained, which, when dried, possessed highly 
oxidizing properties (No. 14). It instantly ignited a drop of alcohol 
and exploded a mixture of hydrogen and air. What the exact 
nature of this substance is, I have not determined; but it differs 
materially from the crystalline black substance prepared from the 
Bi alloy. From the loss sustained on ignition (less than one-half 
required for PtO2), it would appear to be finely divided platinum 
intimately mixed with PtO2. Its oxidizing properties are, however, 
far more energetic than were shown by the previous compound. 

These experiments to which I have drawn attention may be re-
garded as being of a preliminary character. They offer, however, a 
field for further investigation that would, in all probability, lead to 
some interesting facts connected with the composition of alloys. 

POSTSCRIPT. 
Since the foregoing paper was written I have made a new lot of 

crystals of the gold-bismuth alloy, the color of which is a beautiful • 
copper-red, and thus differs materially from that of the specimen 
marked No. 1. The composition of the red crystals is: Gold, 
68.22; bismuth (by difference), 31.78. I forward a specimen, 
marked No. la. 

TEE FAHNEHJELM WATER-GAS INCANDESCENT LIGHT. 

BY R.   W. RAYMOND, NEW YOKE CITY. 

THE idea of obtaining light from incandescent solids is not new; 
nor is it new to make such bodies incandescent by holding them in a 
heating flame. But the successful combination of the right substance 
and form of the body to be heated with the right kind of flame and 
the right means of adjustment, has not, to my knowledge, been 
accomplished heretofore; and it seems to me that the water-gas 
incandescent light of Mr. Otto Fahnehjelm of Sweden, in which these 
objects appear to have been secured, is destined to become both famous 
and useful. 

The first fact upon which this invention is based, is the intense 
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temperature of the flame of water-gas. The combustion of this gas through 
an ordinary coal-gas burner, without blast or aid of any kind, will melt 
platinum wire.* 

The next important basis of the invention is the form of the incandescent 
body. This is shown in the accompanying cut, which represents an ordinary 
fan-tail gas-burner, fitted with the necessary apparatus for producing the 
new incandescent light. A frame, movable by means of a screw, up and 
down along the burner, carries at its two extremities sockets to receive two 
iron wire standards, which carry a curved back, provided with two rows of 
long teeth. By turning the screw, these teeth can be brought as near the 
tip of the burner as may be desired. They are composed of magnesia, 
which has been first baked at a high temperature, then ground, and then 
moulded under high pressure, and with some agglutinating material, such as 
starch.    The flat flame of the water-gas passes up between the two rows of 
vertical teeth, which thus receive its greatest heat, and do not come into 
contact with its comparatively cooler interior. They become immediately and 
beautifully luminous, with a perfectly white light, which does not, like gas or 
candle-light, change the day-light appearance of colors, and which can even 
be used for photographing. It is steadier than the incandescent electric. The 
flickering of the gas-flame (which is non-luminous, and when the comb is 
glowing, quite invisible), does not at all effect the steadiness of the light. 
If the gas is blown out, or if, by the use of a cock without a stop, it is turned 
off and then unwittingly on again, no evil results can follow in this case; 
for the comb goes on glowing for several seconds, and the gas consequently 
relights itself. 

The magnesia teeth have before use the appearance of starch. When 
thoroughly well prepared, they should possess considerable strength. The 
best that have been made thus far, I believe, would sustain 8 ounces 
avoirdupois hung from the middle of the needle, which was laid across 
supports, one inch apart. Since the diameter is less than 1/16 of an inch, 
this indicates a good degree of strength. The needles are held in a 
composition of plaster of Paris, which fills the curved back of the comb. 
This back, like the side-wires, is of iron ; and the whole comb, with its 
side-wires, costs about 3 cents. 

Apart from accidental breakage, such a comb endures from 80 to 

* Mr. Otto Fahnehjelm, the inventor, who was present at the reading of this 
paper, demonstrated the truth of this statement experimentally before the 
audience. 
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150 hours of incandescence before it must be removed..  The first effect 
of the high white heat upon the needles is to make them translucent like 
porcelain.    Probably this change is really a condensation, fusing into a 
continuous mass what had previously been but a compressed aggregate 
of particles.    The result is a gradual 

 
shortening of the needles, so that after about 15 hours, it is necessary to turn 
the screw and bring the comb down towards the flume. This process is 
repeated from time to time, until at last the needles have become so short 
that the iron back would be in danger from the flame if they were brought 
fairly into it. Then the comb most be taken out, and a new long-toothed 
one substituted. 

Exact photometric and economic tests have yet to be made under American 
conditions, and for water-gas produced by different processes. Speaking in a 
general way, I should say that the quantity of pure water-gas required to 
produce a given amount of light by this system, is about four-fifths (in 
volume) the quantity of carburetted water-gas, like the Tessié gas of the 
Municipal Company of New York, required to give the same amount of 
light. The cost of the non-carburetted water-gas is, of course, much 
smaller. It can be sold to large profit for 50 cents per thousand cubic feet. 

We have then, in this invention, a light which is actually much 
cheaper than ordinary gas-light, while in quality it equals, and in 
steadiness, uniformity, and simplicity of management, far surpasses the 
electric incandescent light. 
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POSTSCRIPT. 
My attention has been called to the fact that the gas of the Municipal 

Company is exceptionally high--according to my informant 29 1/2 candle-
power, and that the above figure, based on comparisons with coal-gas 
abroad, is therefore too low. It would be safer to say that the quantity by 
volume of water-gas required to give the same amount of light would be 
about five-fourths (instead of four-fifths) that of Tessié gas. 

THE CLAPP AND GRIFFITHS PROCESS. 

BY J.  P.  WITHEROW, PITTSBURGH,  PA. 

THE Clapp and Griffiths steel-process may be considered a pneumatic 
system, similar to the Bessemer, with the difference that the converter is 
fixed or non-tilting, and that the blast is introduced around the lower 
section of the converter instead of through its bottom. Mr. Griffiths was 
engineer-in-chief of the Gilchrist & Thomas basic dephosphorizing 
process during all the time those gentlemen were experimenting and 
working up their system, as Mr. G. communicated to me. After separating 
from these gentlemen, he began developing the present Clapp and Griffiths 
type of converter. Dr. Clapp, of Nantyglow, Monmouthshire, was a prominent 
physician in a large iron district. Previous to his association with Mr. 
Griffiths, he took out some patents on a process of his own for the 
manufacture of steel, which patents stood in Mr. Griffiths' way; hence the 
consolidation. Early in the summer of 1883, my attention was called to 
the experiments of Messrs. Clapp & Griffiths in Great Britain by a friend 
who had just returned from England. Later in that summer I went to 
Newport, on the border of Wales, where I met Messrs. Clapp and Griffiths 
and their friends. After visiting two small converters of their type which 
were in operation at different works, and spending a few days in the iron-
districts of Wales, I went to London, where I met my friend Henry W. 
Oliver, Jr., who had already heard of the new steel-process. We decided to 
revisit Wales and examine more fully the process, more especially that Mr. 
Oliver might have the opportunity of coming practically in contact with the 
men and the process himself, so that his judgment might not be influenced 
by my sanguine feelings.    On 
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arriving at Newport we were directed by Messrs. Clapp & Griffiths to the 
tin-plate works of the Messrs. Conway. On entering their works we saw, 
apart from their plant, what seemed a solitary little pot or kettle some 12 or 
15 feet above the ground, puffing and blowing as if each breath was to be its 
last, without any building or covering to protect it or its attendants from 
the weather. This was the converter of Messrs. Conway. After remaining 
some time observing its operations and manipulations, everything being as 
crude as possible, we felt like concluding that it had little or DO merit. 
Soon, however, we were conducted into the mill and first saw the operations of 
the steam hammer, where the ingots were divided and hammered into 
suitable shapes to suit the rolls. From the hammer we passed on and viewed 
all the operations until we saw the finished steel tin-plate and examined and 
tested its wonderful ductility and superior quality. We then were conducted to 
the blacksmith-shop where we saw several welds of the steel as it was taken 
from the "sprues" at the converter. After spending some time at these 
works, Mr. Oliver's first unfavorable impressions began to disappear, and he 
was convinced that my former favorable opinions were not without a 
substantial basis. 

Although we could not dispute the quality of the steel, or, as they  termed 
it, "stuff" (which seems to be the term used for designating the product of all 
operations), we still hesitated to accept the proposition that the whole merit of 
this product was in the process as executed in this type of converter. We 
examined the pig-iron and found that less than one-third of that which they 
were putting in the converter was No. 1 Bessemer, the balance being gray 
forge and some mottled. 

The next day we visited another converter at Margrin's, some 10 or 50 
miles below Cardiff. This converter was of a size intended to blow three tons 
of iron at once, if required, whereas that at the works of Messrs. Conway 
only took from 1800 to 2000 pounds at a blow. At these works we saw 
several blows with the larger quantity and were still more impressed with 
the efficiency of the process, and were convinced that if from two to four 
converters were erected in one plant, each pair of them could be made to give 
an output of 100 tons in twenty-four hours, and that, therefore, if quantity as 
well as quality were required, this system would sti l l  be found adequate. 
As a result of these investigations, we obtained from Messrs. Clapp & 
Griffiths the patents for the United States, 
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and Mr. Oliver, as soon as drawings were received, commenced the erection 
of a small plant at one of his mills at Pittsburgh. 

The completion of Mr. Oliver's converter was much delayed, owing to 
our having decided to make it an exact copy of the 3-ton converter we had 
seen in Wales. We also bought bricks for the lining and for the tuyeres 
and tuyere-blocks in England, and had to await their arrival. From these 
causes we were not able to commence until the beginning of April. The 
materials for the converter were brought from abroad, simply because we 
wished to have everything the same as was in use there. When the converter 
was put in operation, everything seemed to go off satisfactorily, and the 
first blow, although it took much longer (everything being cold), made 
excellent steel. After starting up the next day and making a few blows, it 
was found that the tuyeres and the tuyere-blocks were burned off, and 
that the reactions of the converter had torn the lining all to pieces. The 
conclusion was at once reached that we had made a great mistake in 
ordering the firebrick from the Stour-bridge Works instead of from the 
firebrick factory in Wales, at which the parties there got their tuyeres and 
tuyere-blocks made. Mr. Oliver, therefore, at once cabled to have new 
tuyeres and tuyere-blocks sent from Wales, and operations at the 
converter were suspended until these should arrive. It required six weeks 
before they were delivered and the converter was ready for blast again. 

Although at the second starting up much better work was done than 
before, still the tuyeres, tuyere-blocks, and linings did not resist the 
reactions much better than the first materials received, and it became 
evident that something else than brick must be used as lining. We then 
began to experiment with ganister for lining, and soon succeeded in making 
it answer for this purpose reasonably well. We were then in a position to 
do fairly good work. However, when those in charge of the plant began to 
make three blows per hour and work up to a reasonable output and 
efficiency, they discovered that the steam-cranes provided for handling the 
ingots were inadequate, and that that part of the plant would have to be 
remodeled. As Mr. Oliver had no blooming-mill, it was necessary to cast 
small ingots, and this resulted in great difficulty in getting the ingots 
out of the molds and in getting a sufficient number of molds prepared for 
the succeeding blow. Mr. Oliver, therefore, decided to replace the steam-
cranes with hydraulic ones, and to erect a steam-hammer, so that he would 
be able to manipulate larger ingots. To do this it was necessary to again 
suspend operations.    It was 
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then midsummer; and the converter was not again operated until autumn, over 
two months being required to make the above changes. When we started up 
again, the plant worked very satisfactorily everything seeming to come up to 
reasonable requirements; and commencing at eight o'clock in the morning 
and stopping about half-past two, we were able to make from twenty-five to 
thirty tons of ingots. 

After working for several weeks with fair success in this manner, it was 
discovered that sti ll  one important change would have to be made before the 
plant would be fitted and thoroughly equipped for large work night and day, 
viz., that it would be desirable to have the converters with movable 
bottoms, so that instead of having to stop and cool the converter in order 
to repair the lining of the. bottom, the entire bottom-section could be 
detached, lowered on to a car by means of a hydraulic piston, and removed, its 
place being at once supplied by a new bottom, elevated into place by the 
same means. Any repairs the lining may require can be done when the 
bottom is removed. In this way, we feel satisfied, the converters can be kept 
steadily at work, night and day, and nothing can occur to interrupt the 
process. This was decided on early in January, and the two old converters 
were at once dismantled and new ones were built at my shops. Besides the 
movable bottoms, changes will be made in many important parts, and we 
may expect to have the new plant in operation between the 23d and 25th 
proximo, when we cordially invite any practical ironmasters or experts 
from any part of the country to critically inspect and investigate our plant and 
its operations and results, to decide for themselves whether our statements 
are well-founded. 

I am not insensible to the fact that, in view of the interruptions which 
we encountered from the beginning, in consequence of the reasons I have 
given, and which caused a suspension of operations at three or four different 
times during the summer and fall, it was assumed quite generally and 
conceded by our Pittsburgh friends, and by some outside of that city, that 
the process was a failure. I will not assume (even if I were qualified both 
theoretically and practically to enter the field as an expert on the steel 
business) to submit to you any of the chemical and physical tests that have 
been made, as we have desired and requested Captain Hunt to handle this 
question from an impartial standpoint, as viewed through the spectacles of one 
of our great Bessemer chieftains, who, I assure you 
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will not be disposed to give praise to anything that does not deserve it, 
apart from the Bessemer operations. 

I will, therefore, confine myself to a few remarks on the commercial 
aspect of the process, and the developments that we made amid all our 
troubles and stoppages. When I first saw the process in use in Wales, I 
remarked that I saw in this type of converter the greatest boon to 
ironmasters and the iron-interests of the United States that had been 
introduced into America daring the last twenty-five years.    I at once 
conceived the idea that these converters should be placed adjacent to the 
casting-houses of blast-furnace plants, when the iron could be taken from the 
furnace every four hours, being run directly into an iron car, lined with brick 
and drawn by a light locomotive, precisely as many of our modern furnaces 
now dispose of their cinder with our improved cinder curs. The car would 
pass on an elevated track alongside the converter, the molten iron being 
poured into an intermediate ladle and weighed, and a proper quantity of it 
charged into the converter to be blown. This operation would be at once 
very simple and very efficient, and would enable our furnace-men to sell 
their product as steel or ingot-iron instead of pig-metal. The steel or ingot-
iron would have fully double the value of the pig-iron, and would not cost 
its manufacturer more than $4 more than the pig. The men now employed 
in the casting-house and in piling iron could be transferred to the 
converter.    It requires only about fifteen men to manipulate the converter 
and handle the ingots, and eight or ten of these could be spared from the 
casting-house. It is probable, therefore, that the whole cost of the process, 
including labor, refractory materials for the converters, ferromanganese, and 
all other expenses pertaining to maintaining and handling the converters, 
would not make the cost of the finished ingots exceed that of the pig iron 
more than from $3 to $4 per ton, which would include the 10 or 12 per 
cent, waste. If, therefore, the owners of blast-furnaces by an expenditure of 
some $30,000 can convert their products into ingots instead of pig-iron at a 
cost not exceeding from $3 to .$4, the change nearly doubling its value, it 
certainly places the blast-furnaces in a different position from the one they 
occupy at present; and I think that no improvement has ever been 
introduced at a more opportune time or deserved a warmer welcome than 
such a process, applied at this time to blast-furnace practice. 

From a commercial point of view, we have made at the Oliver plant 
during the past summer and fall about 2000 tons of steel; and, apart 
from what he consumed himself, much of this was sold 
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to parties through whom he wished to introduce it to the trade; and all 
parties who have used it have ordered more. We have carefully kept 
account of our expenses while making these 2000 tons, and find that, 
including cost of ferromanganese, coke and keeping up the plant, expenses 
for steam power, labor and everything connected with the process, its cost did 
not exceed $6.50 per ton over the price of the pig-iron used. It should be 
remembered that while making these 2000 tons we experienced all the 
backsets and interruptions I have referred to; and, the plant being the first 
experimental one, the expense for labor, etc., was much larger than with our 
present experience it will be hereafter. We feel, therefore, that we are safe in 
assuming that the process can be conducted in mills at a cost not exceeding 
$6 per ton, and at blast furnaces, in the manner I have described, for from $3 
to $4 per ton, as above stated. 

Now, since it requires an expenditure of $12.50 to convert a ton of pig-
iron into muck-bar (which is the general cost at our Pittsburgh mills), and 
since by our process a ton of pig-iron can be converted into steel blooms at 
a total cost of about $6 in mills, and from $3 to $4 at furnaces ( in the 
latter case saving also, a part of the freight on the pig-iron to the mills), 
you can from these data form some estimate of what the economy to our 
iron trade wi l l  be when this process shall be in general use at our mills and 
furnaces. 

I am not insensible to another important consideration which, I have no 
doubt, has presented itself to the minds of many, viz.: Will not the quality of 
the product be entirely dependent on the quality of pig-metal the furnace 
is producing, and will not the many changes that blast furnaces undergo, 
both in quality and grade of pig-metal, materially affect, if not destroy, the 
application of such converters to blast-furnace practice as I assume? 

In the first place I would state that I am satisfied, after you hear Captain 
Hunt's paper, you will be convinced that our development-have 
demonstrated that phosphorus is not the devil which it has been heretofore 
held and maintained as being when existing as one of the unavoidable 
constituents of iron or steel. When we have convinced you that from pig-iron 
containing from .5 to .6 per cent. phosphorus we have made rods which have 
withstood a tensile strain of 70,000 pounds per square inch with 25 per cent, 
elongation and 36 per cent, reduction of area; that said steel was made into 
plates, and the most superior nails in the country produced therefrom ; that 
we have welded it as shown by the specimens we herewith submit, we think 
yon must then admit that when carbon, silicon and other 
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metalloids are completely expelled from molten iron and steel the presence 
of phosphorus develops different properties from those which have 
heretofore been conceded to it. Indeed, such results have been quite a 
surprise to us, and we have made many experiments in this direction. If, 
therefore, from pig-iron containing from 5 to 6 per cent, of phosphorus this 
superior steel or ingot-iron can be made and adapted to nearly all 
commercial purposes, this question of phosphorus will henceforth be placed 
in a different light and assume a different position in our metallurgical views, 
conceptions and requirements. 

If this process supersedes puddling (which assuredly it must do) there 
will be no mill-cinder to be used in blast-furnaces, and, consequently, the 
amount of phosphorus which is ever being accumulated by the use of mill-
cinder will be cast aside, and the quantities of phosphorus in two-thirds of 
the leading brands of our irons will not exceed .5 per cent. Therefore, 
phosphorus will no longer be the great obstacle in the path of the iron-
manufacturer it has heretofore been assumed to be, and thus will be opened 
up a new avenue for the conversion into steel of various brands of iron 
that have been absolutely forbidden and set aside as unfit for the commonest 
Bessemer. We have all heretofore bowed to the will of the Bessemer king, 
his mandates have been imperative, and his assertions had to be taken for 
granted everywhere as absolute demonstration, without questioning the 
philosophy or reasons therefor. It will, ." therefore, be gratifying to the 
blast-furnace interests generally, if they are able to take a position on this 
question and make a steel superior for all commercial purposes to that of 
the Bessemer. Indeed, as you will soon know from our actual developments 
and experiments, we find that our steel is of fully as good a quality and 
more uniform than that of the open-hearth process when made from the same 
pig-metal, and when the costs of making steel by these two methods are 
contrasted, the difference is largely in favor of our system. 

One thing I would state, before closing, relative to the application of this 
type of converter directly to blast-furnaces, and to the question whether we 
will not experience difficulty in keeping the metal liquid between casts. As 
you are well aware, at many plants abroad the molten iron is conveyed from 
8 to 10 miles from the blast-furnace to the Bessemer converters, and then 
often it has to wait a considerable time before being poured. And, as you 
are also aware, at all Bessemer works, such as our great Edgar 
Thomson plant, 
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where the direct process is used, the molten iron frequently-remains in the 
cars from 3 to 4 hours before being poured into the converter. I have 
assumed that a blast-furnace using this type of converter would cast 
every 4 hours, and that the whole cast would be run into two or three 
cars, according to its amount--into two cars if the quantity would be from 
15 to 20 tons; that these cars would be heavily lined with fire-brick, which 
would be washed and dried, so as to prevent, as much as possible, the 
adhesion of the iron ; that a movable lid would be placed thereon, which also 
would be heavily lined with fire-brick, which cover would be lifted by a-
crane when the car arrived at the converter. The contents of the first 
car would then be converted into iron or steel (say it would hold 10 
tons) in less than 1 hour. Thus, within 2 hours one converter would 
make over 12 tons of steel, and, indeed, this one converter would be 
capable of converting within 3 hours, say, the whole 20 tons. But as there 
would be two or more converters, it would be easy to have the contents of 
all the cars converted into steel or ingot-iron within 1½  hours. However, 
should the iron at any time become a little chilled while standing, though 
still remaining liquid enough to run into the converter, an arrangement 
can be made, which I have designed, for blowing the converter for a time 
wi th  hot or superheated blast. That is to say, a pipe from the hot-blast-
main of the furnace to the cold-blast-main of the converter can be 
established and so governed by valves that hot or superheated blast can 
be applied in a moment, should it be required. And as the pressure of the 
engines can be regulated for that few minutes to the needs of the 
converter, the process can go on as if the iron were very hot and highly 
charged with silicon. Moreover, it is well to introduce this feature of a 
communication between the hot-blast-main and the converters, because a 
great deal of steel scrap can be put in the converters before pouring the 
molten iron therein, and to overcome the cooling effects of this scrap, 
provided the iron is low in silicon, the hot blast can be used for any 
portion of the time of the blast. Thus, by this means, any desired 
quantity of scrap can be easily mixed with the charge. 

As a matter of course, as soon as this process and type of converter is 
applied to our blast-furnaces, we will have the benefit of the experience of all 
the blast-furnace engineers, with their ever-fertile brain-, improving and 
perfecting this system; and, as they are continually exchanging opinions and 
profiting by experience, it is safe to assume that in a short time the 
manipulation will be as simple and almost 
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as cheap as running the iron into the pig-bed, apart from the waste 
in the converter and the cost of ferromanganese. 

[NOTE.—The discussion of this paper will be found at the end 
of the paper of Mr. R. W. Hunt, on the same subject.] 

THE CLAPP AND GRIFFITHS PROCESS* 
BY  ROBERT W.   HUNT, TROY,  N. Y. 

HAVING devoted considerable time to the investigation of the 
Clapp-Griffiths converter and the metal produced in it, it may per-
haps be of interest to the Institute to learn the conclusions which 
I have formed. Of course, it is well known that the stationary con-
verter of small size is the very oldest type of vessel need in the pneu-
matic process. Hence it will be only necessary to call your attention 
to the points which are special features of the Clnpp-Griffiths. This 
converter has a slag tap-hole, situated at such a height in relation to 
the metal under treatment that, when the cinder is formed and boils 
up as the blow progresses, it can run off and thus be removed from 
contact with the iron, and will also be out of the way when the de-
carbonized metal is tapped into the casting ladle and the mangani-
ferous alloy added. The manner of shutting off the blast, when the 
process is completed and the metal is being tapped, is another dis-
tinctive feature. The tuyeres are situated around the sides of the 
vessel, and enter the interior some little distance above the bottom; 
they are provided with plugs through the centers of which there are 
small openings. When the blow is completed, these plugs are forced 
forward into the outer orifices of the tuyeres, thus shutting off the 
blast, excepting the small quantity entering through the passages 
named. While this is sufficient to keep the metal from running into 
the tuyeres, it reduces to the minimum the action of the blast while 
the metal is being tapped. Of course, this is of great importance, 
as in an ordinary stationary converter any delay in getting open the 
tap-hole means overblowing, and even while the first part of the 
charge is running out the oxidation is in full force. Duplicate of 
movable bottoms are used, thus more than doubling the possible 
output of the plant.    The pressure of blast is quite light, never ex- 

* The diagrams appended to the present paper, and the Discussion which fol-
low?, belong equally to the paper of Mr. Witherow on the same subject, read on 
the same occasion. VOL. XIII.—48 
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ceeding 8 pounds, and usually only 5 pounds is used. To the 
Bessemer engineer, accustomed to large converters and great output, a 
plant of converters having a capacity of some 4000 pounds at each 
heat seems like a plaything and one with which it would be impos-
sible to compete against the larger plants. Certainly such were my 
first impressions; but I can assure you the matter will bear investi-
gation. In the first place, a complete plant of two vessels can at the 
present time be constructed for not over §55,000, including all build-
ings; and I am satisfied that 80 gross tons of ingots per twenty-four 
hours can be made in it with the greatest ease, and no doubt this 
output could be brought up to 100 gross tons. The strain upon all 
the parts of the plant being so light, the item of repairs is very low, 
and the general operating expenses are small. I, therefore, believe 
the Clapp-Griffiths converter will be found desirable for existing 
works whose products in the past have been exclusively wrought-
iron. By a comparatively small outlay, they can meet the growing 
demand for steel, and thus give the world its advanced material 
without rendering idle and useless many thousands of capital. ,We 
have so often doomed the puddling-furnace, in spite of which it has, 
continued in ■full life, that I w i l l  not again announce its death-knell, 
but will say that the possibilities of the Clapp-Griffiths do not seem to 
favor its continued vigor. In estimating the cost of producing soft-
steel ingots in a properly arranged Clapp-Griffiths plant, my figures 
are as follows : 
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the one case ingots which have to be broken down, and in the other, 
bars which may be piled and rolled direct.   I think this account will 
fully balance itself in this way—for all large sizes of iron made from 
puddled bar you must have a reworked top and bottom, and for very 
small ones, billets, while by using proper sized and shaped ingots, 
and careful work in the steel-pit, they can be rolled direct into many 
things.    It is in this respect that the small plant differs from the 
large one.    With a product of 400 to 500 tons per day, it is impos-
sible to submit to the delay incident to casting small ingots.    With 
the smaller product, but still one which is up to the maximum of 
economy of the plant, no delay is caused.    The next thing to be 
considered after the cost of making the product in the Clapp-GrifSths 
converter is the quality of the  metal  produced. In  the Clapp-
Grirtiths plant of Messrs. Oliver Bros. & Phillips many hundreds of 
tons of this metal have been made and placed on the market in dif-
ferent forms, such as tacks, rivets, wire-rods, telegraph-wire, light-
ning-rods, horse-shoe nails, pipe-strips, plates, sheets, bars, angles, 
shovels, spades and stamping-iron, and, so far as I have been able to 
ascertain, great satisfaction has been obtained in its use for these 
various purposes.    In fact, large quantities have been used in the 
place  of imported  Swedish bars with success, and the workmen 
manipulating it were none the wiser.    When first starting the works 
the best brands of English Bessemer irons were used, and the steel 
produced was of a most satisfactory quality.    But I am assured that 
this grade of pig was continued for a very short time.    Indeed, I 
am under the impression that altogether less than 100 tons of this 
iron was ever purchased for the works.    The metal produced so far 
exceeded all requirements that the use of iron of a lower standard 
was ventured upon, hundreds of tons of ingots being made from pig 
carrying from .09 to .14 of phosphorus.   The metal possessed an ever-
constant welding property, with great toughness. My attention hav-
ing been called to the process by Mr. James P. Witherow, who had 
witnessed its working in England, and had, with Mr. Henry W. 
Oliver, Jr., secured the control of the patents in this country, Mr. 
Oliver kindly gave me every facility to investigate what they were   
* doing, as well as putting the works at my disposal to try any 
experiments I might desire.    Being anxious to determine to what 
extent the use of high-phosphorus iron was possible, I first had a 
mixture tried which gave a metal with about .34 per cent, of that 
element. To my surprise this worked so well that I ventured 
further and doubled my proportion of high-phosphorus pig, 
obtaining a steel with .54 per cent, of phosphorus, and my surprise 
certainly did not 
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decrease when I saw the test-piece bend double, cold, and, the metal 
work beautifully when hot. Thinking these results might be in-
stances of those accidents which sometimes defy explanation, I had 
the experiments repeated, with like results, and since then many tons of 
this high-phosphorus metal have been made and used for various 
purposes. Some of the ingots were rolled into slabs and sent to the 
works of the Albany and Rensselaer Iron and Steel Company, at 
Troy, where they were rolled into nail-plate and cut into nails at the 
factory of that company. These samples which I have before me 
are some of them, and I think no one can question their quality 
being all that could be desired. In fact, they possess a stiffness 
which is valuable, while their ability to stand torture speaks for 
itself. 

This partly finished shovel was also made from Clapp-Griffiths 
metal. As you see, the metal has been turned over, a perfect weld 
made, and the strap cut in two. The lower end was quenched in 
water and turned over cold without producing more of a flaw than 
you see. Mr. J. M. Sherrerd, chemist of the Albany and Rensselaer 
Iron and Steel Company, finds it contains: 

Carbon, ................................................................................................. 11         , 
Silicon................................................................................................... 014 
Sulphur,................................................................................................ 126 
Phosphorus,.......................................................................................... 346 
Manganese,........................................................................................... 53 

This shovel is not an isolated case, but hundreds of them have 
been made from the same, grade of metal. These other samples are 
also from the phosphorus metal, while these button-head bolts, bent 
double in the thread, are from metal made from ordinary Bessemer 
pig. Several physical tests have been made from these phosphorus 
steels, some from pieces rolled from the sprues or gates made in 
bottom-casting, and others from specimens rolled from perfect ingots. 
From the latter, which are the only fair tests, the results have been : 
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In all cases one-half inch round test-pieces were used, eight inches 
long. 

The steel tested on February 4th had the following composition: 

 
How far and with what certainty the use of high-phosphorus 

irons can be carried remains to be determined. The works of 
Messrs. Oliver Bros. & Phillips have been so pressed with orders 
that I did not feel at liberty to further interfere with their running. 
The demand for Clapp-Griffiths metal increased to such an extent 
that it became evident they must be altered to permit of a greater 
output. This is about completed, and when they resume I have no 
doubt the experiments will be continued. While at this time not 
entering into the discussion of the effects of silicon in metals, one 
very striking peculiarity of the steel made in the Clapp-Griffiths con-
verter claims our attention. In all the determinations of silicon in 
this metal which I have seen, and they have been many, there have 
been but four showing over .02 per cent, of that element, and they 
were from spoilt heats, while 50 per cent, of the analyses have given 
but .01, and in 12 per cent, of them the silicon has been too low for 
estimation. 

The nails shown had but .009 silicon, and the shovel but .014 
per cent. Does not this low silicon permit of the high phosphorus? 
The loss in the process is much higher than in the ordinary Bessemer 
converter. No doubt this comes from the column of iron being so 
shallow over the tuyeres. It is a marked peculiarity of the blows 
that red smoke from burning iron appears at the very commence-
ment, but clears away toward the middle of the heat. The cinder 
soon rises and runs off at the tap-hole. Presently this flow of cinder 
entirely ceases. Now, is it not plausible that the early oxidation 
of iron furnishes a base which carries off the silicon of the bath? 
And does not this, with the low blast-pressure, account for the con-
stant small percentages of silicon in the metal? There must be a 
reason for it. The percentages of silicon in the pig used vary 
largely; but something constantly eliminates it. Low-silicon steel 
is and can be made in the ordinary Bessemer converter, bat I have 
never, to my knowledge, made steel having silicon so low as .01 per 
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cent., and we well know that it is not a constant characteristic. I do not 
speak of the higher-carbon steels, for in their manufacture considerable silicon 
is introduced with the recarbonizer. I am fully convinced that the Clapp-
Griffiths converter possesses great value for this country. While believing 
that it cannot make rails or ship-plates in competition with the regular 
Bessemer plants, it can compete with them in small products, even if it does 
not make an article which they cannot produce. And most certainly the open 
hearth is out of the race, so far as cost of product is concerned. 

Professor Tunner has lately taken position against both the A vesta and 
Clapp-Griffiths or any other small converter, so far as their value relates 
to making low-carbon steels. He admits that they may be of use to 
certain Alpine districts of Austria, but for producing soft metals he favors 
either the basic or Siemens-Martin processes. It is with great hesitation 
that I venture to differ from so eminent an authority. My excuse must be 
that I speak for America, he for Continental Europe. 

To place a basic plant on an equality with an acid one in the matter of 
costs, it seems to be well established that the basic iron must be quite $3 per 
ton cheaper than the pig for the acid process. Then the plant is a very 
expensive one--much more so than the regular Bessemer. You must build 
both a steel-works and a brickyard; In Continental Europe, where labor is so  
illy paid and the phosphorus ores so much cheaper than the purer ores, the 
status is no doubt quite different. This is leaving out of consideration any 
use of high-phosphorus irons in the Clapp-Griffiths. But if further 
experience proves, that for many purposes we can take either a mixture of 50 
per cent. Bessemer at $17 and 50 per cent, mill-iron with 1 per cent, of 
phosphorus at §15, making pig cost §16; or take cheap irons, which can 
be made in so many sections with from .30 per cent, to 50 per cent, 
phosphorus, we ought to produce, as previously shown, a metal for $21.95 per 
ton of ingots, and these ingots of a size and shape to be rolled into many 
finished products. As intimated before, the demand for low steels is 
constantly increasing. Take steel nails for instance. If they have not 
already replaced iron ones in the market, they are rapidly doing so, and 
all the resolutions of lodges of the Amalgamated Association will not stop 
the irresistible march of events. To supply this demand, in my judgment, 
the modest Clapp-Griffiths converter offers peculiar advantages. 



THE  CLAPP  AND  GRIFFITHS  PROCESS.       759 

The accompanying drawings, exhibited in connection with the papers of 
Messrs. Witherow and Hunt, represent the improved constructions about to 
be put in operation at Pittsburgh, at the works of Messrs. Oliver Bros. & 
Phillips. Figs. 1, 2 and 3 give a section, plan and elevation, respectively, of 
the works. They contain two 3-ton converters, back of which is a cupola, 
with a stock-hoist, room being left for a second cupola, which will be 
erected when the plant is to be run up to its full capacity.    This cupola 
discharges its con- 

 

tents into an intermediate weighing-ladle (shown in the section and in the 
plan) which travels along a track parallel to the row of converters. From this 
ladle the pig is poured into the spouts leading to the respective converters 
in the manner indicated by dotted lines in the section. The converters 
themselves are hung in a wrought-iron framework, raising them some 
distance above the floor-line and 
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making the working-floor about 10 feet above the general level. The bottoms 
are handled by means of a carriage. When a bottom is defective, the hydraulic 
hoist, shown in the section, is run up with the carriage upon it, the bottom is 
loosened, the blast-connection broken and the whole is lowered to the 
ground-floor. The truck, supporting the bottom, is drawn along the track 
to the last turn-table by means of a vertical hydraulic cylinder with chain 
and sheaves. This vertical hydraulic cylinder is shown in the elevation, with 
the position of the main sheave at its highest point indicated, by dotted lines. 
A new bottom, which has been previously prepared, is then taken from the 
drying-stove nearest the converters, run out upon the turn-table opposite, and 
placed upon the hoist, which is then lifted and the bottom fastened into place, 
the joints made and operations resumed. It will be observed from the plan 
that there are three of these drying-stoves. The dotted lines on the plan 
indicate the trucks and the turn-table arrangements upon which the bottoms 
are conveyed. 

In front of each converter is a peculiar swinging track, arranged for 
conveniently tapping from the steel-ladle into the ingot-molds, which stand 
upon a truck below in nests of four, five or six, as may be desired. The mold-
truck stands upon a track leading out of the building. The blast for the 
cupola is furnished by a Sturtevant blower, operated by a small vertical 
engine placed nearest the hydraulic pumps. A larger engine with 16-inch 
steam cylinder, 48-inch blowing cylinder, and 30-inch stroke, furnishes the 
blast for the converters. Room has been left for a second engine of the same 
size. The blast is conveyed to the converters in the manner shown. Steam is 
furnished to the engines and pumps by three boilers, 44 inches in diameter 
and 26 feet long, with two flues in each. There boilers are fed with a "doctor" 
boiler-pump, the water passing first through a feed-heater. The power for the 
hydraulic lift and bottom-truck-hauling cylinder is provided by hydraulic 
pumps and an accumulator. 

It is estimated, upon the basis of work done with the old plant, that this 
remodeled plant will, with two cupolas, have a daily capacity of 150 tons of 
ingots in 24 hours, provided there are sufficient hydraulic cranes and other 
appliances for handling the ingots. 

Figs. 4-7 present two different forms of converter, the first shown in 
Figs.4and 5, being similar in design and construction to the fixed-bottom 
converters at the Margriu Works, Wales, and a number of  other works in 
England.    It is a counterpart of the ones first erected 
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at the works of Messrs. Oliver Bros. & Phillips, Pittsburgh. A is 
the main wind-pipe carrying blast for the tuyeres, and controlled by 
a large valve. B is a subsidiary pipe carrying the same pressure of 
blast, leading into the chamber G containing a differential piston. 

 

C is the charging-hole; D the cinder-notch or slag-tap, and E the 
tapping-hole. F is the main wind-box, into which the blast from 
the pipe A is conveyed, and from whence it passes through the tuyeres 
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O into the converter. G is the differential-piston cylinder; H the 
differential piston ; K the stopper; L the stopper-rod hand-wheel ; 
M peep-hole cap; N the tuyere block, and O the tuyeres. P is a 
passage from down-take from the pipe B to the back of the differen- 
tial piston H. R is the stopper-rod adjusting-screw, and S the 
stopper-rod. 

FIG. 5. 

 
The automatic closing of the tuyeres is effected thus: At the mo- 

ment the blow is finished, the valve leading to the secondary pipe B 
is opened fully, driving the blast through the passageway P (shown 
on plan) into the cylinder G behind the larger end of the piston H. 
The pressure of blast being the same in the cylinder G as in the 
wind-box F, as the piston H is double-faced, having one end of con- 
siderably larger diameter than the other, the same pressure of blast 
per square inch introduced into the chamber G forces the piston and 
stopper-rod against the end of the tuyere O, closing the hole therein, 
except for a small aperture in the stopper K, fed by the holes showing 
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through the hollow stem S. This small amount of blast suffices to 
keep the molten metal from running back into the tuyeres, keeping 
them free and open. The metal is then tapped out. This operation 
is simply reversed when the molten metal has been poured into the 
converter, the blast remaining on in the main-pipe A as long as 
operations are continued. As soon as the molten metal has reached 
a sufficient depth, and the blow is to begin, the valve of the pipe B 

 
is dosed, the pressure removed from the back end of the differential 
piston H, and the effect of the blast in the wind-box F is to drive 
the piston H out, driving back the stopper. 

In the new converters, illustrated in Figs. 6 and 7, this arrange- 
ment was not adopted, because the removable bottoms rendered it 
undesirable, the wind-box and tuyere arrangements being entirely 
different. No pipes whatever corresponding to the pipes A and 
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of the old converters are used. The blast is simply led into an an- 
nular chamber or wind-box surrounding the bottom of the converter, 
except for a short distance on the front side, to allow room for the 
tapping hole. The blast at the end of the blow is not entirely cut 
off, but its pressure is regulated and reduced by any one of several 
patented devices, which makes it possible to keep a uniform pressure 
at the noses of all the tuyeres, thus accomplishing the same purpose 
as the differential piston and stopper of the old converter, viz., to 
keep the tuyeres free from molten metal or slag. In practice it is 
found that this works with perfect certainty. Before pouring the 
metal for the next blow, it is necessary to open the doors, introduce 
a light pricker-bar and break off the slight film of chilled metal 
which may form over the nose of the tuyere. Opening the door, as 
shown in Figs. 6 and 7, is very easily effected, it being only neces- 
sary to twist the handle about 12° or 15°, which releases the three 
spring-catches and allows the door to open. 

The lining of the converter, which is ganister, is 12 inches thick, 
the centres of the tuyeres are 9 inches above the bottom of the con- 
verter, and the depth of metal above the centre of the tuyeres is 8 to 
10 inches above the bottom of the converter. The smallest ingots 
thus far cast, at the works at Pittsburgh have been 6 inches square. 

DISCUSSION. 

WILLIAM KENT, New York city: We ought to have more com- 
plete data to enable us to understand these interesting results. Mr. 
Hunt has told us, for instance, that iron is oxidized early in the 
operation. I would like to know whether any estimate has been 
made of the temperature and of the changes of flame at the different 
periods of the process. As to the cause of the good quality of the 
resulting metal, in spite of the presence of phosphorus--a result 
which Mr. Hunt ascribes to low silicon--may it not be rather due 
to the fact that there is less oxide of iron in this metal ? Also, what 
is the total time of the operation? 

MR, HUNT: Exact determinations of temperature have not been 
made. That it is not a low temperature (speaking as a Bessemer 
engineer) I should infer from the fact that of all the heats I have seen 
. made at these works, and from all the records which have been given 
me, I have found only one instance where there were any "sculls" in 
the ladle. As I have said, we have volumes pouring out at the very 
commencement, of brown iron-oxide smoke. The whole thing looks 
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as the Bessemer converter does when it is turned over, with air 
blowing across the top of the metal, as undoubtedly Mr. Kent knows 
is often done when we have a " cold heat." I agree with Mr. Kent 
that the absence of oxide of iron has a great deal to do with the good 
quality of the final product. So has the fact that the slag has been 
got rid of, and is not in the ladle when ferro-manganese is added. 
As to the time of the operation, to blow 4000 pounds takes ten to 
eleven minutes, and sometimes runs up to fourteen. 

G. W. MAYNARD, New York city: In 1878 I had occasion to 
examine the Smyth process at Gorton near Manchester, England. 
The process was one of the many delusions where small doses of 
chemicals were to make good iron or steel out of poor stock ; so I 
will not occupy your time with an account of the claims, but will 
only call your attention to the vessel, called the metal-receiver, in 
which the so-called operation of refining was carried on, and the re- . 
suits therein obtained. The vessel was an arched oblong box with 
a central opening at the top to permit the escape of the products of 
combustion, and had the following inside dimensions: length 6 ft.         
6 in., width 3 ft., height to slagging holes 1 ft. 6 in. " The tuyere 
openings are brought to the level of the bottom, whereby the blast in 
made to pass through the entire column of metal. A blast pressure of 
2 to 3 pounds is found to be sufficient." These words I quote from 
the patent claim of the inventor. 

From a long series of tests I select the following as a fair average 
of the results obtained : 

The iron treated was Bolckow Vanglian's No. 4 pig. Nine con- 
secutive blows of 5 tons each were made. The analysis of the pig 
showed the following composition : 

Carbon,........................................................................................ 3..9400 
Silicon,........................................................................................ 1.7200 
Manganese, ......................................................................................6628 
Sulphur, .........................................................................................  0250 
Phosphorus, ................................................................................. 1.7807 

In the first two blows the resultant metal showed an increase of 
phosphorus, while in the last five there was an average decrease of 
.1421 per cent. which was brought about by drawing off the cinder 
twelve to fifteen minutes before the metal was tapped. Total dura- 
tion of blow, 25 to 30 minutes. Three charges were analyzed for 
silicon, showing respectively a decrease of .9366, .7459 and .0608. 
The metal was, of course, valueless except for farther manipulation  
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in the puddling furnace, where it eventually found its way. I call 
attention to these experiments for the purpose of showing how greatly 
the results differ from those given by Mr. Hunt, although the method 
of treatment is apparently so nearly identical. If the excellent re- 
sults claimed are really due to the raising of the tuyere nozzle, it 
would be interesting to determine the exact point of best results by 
depressing the tuyeres to the bottom of the vessel, and then raising 
them by stages, of say an inch at a time, and noting the changes by 
chemical and physical tests. There is certainly a wide field for 
chemical research. For the details of my investigation of the Smyth 
process, I refer to the Metallurgical Review, of April, 1878. 

WILLARD P. WARD, Ph. D., New York city: The extraordinarily 
good quality of this steel, considering the large amount of phos- 
phorus, can be explained, I think, by the low silicon which it con- 
tains. The fact that good steel can be made, with much more than 
the amount of phosphorus contained in Bessemer metal, is not new, 
I would call attention to a paper read by Mr. William Hackney 
before the English Institution of Civil Engineers, Session 1874--75, 
showing that eleven years ago it had been pointed out to steel man- 
ufacturers that a steel tough enough and strong enough for most 
purposes could be made from iron containing much more phosphorus 
than is generally allowed in Bessemer pig, if "the carbon and prob- 
ably also the silicon were kept low enough." The development of 
the Clapp-Griffiths process, producing a pneumatic metal so low in 
silicon, proves, I think, the correctness of Mr. Hackney's proposi- 
tion, and shows that at an early day he had a clear insight of things 
not generally understood, or at any rate not put in practice. 

As Mr. Kent has spoken of the oxide of iron causing red-short- 
ness, it may be interesting to know what Mr. Hackney's views were 
on this point. He says that in red-short, low-carbon steel two con- 
ditions are found, viz.: the presence of oxygen or oxide of iron, and 
a low percentage of manganese, but in high-carbon steels, which con- 
tain no oxygen or oxide of iron, red-shortness shows itself as soon as 
the percentage of manganese falls below the proper limit. The 
author was evidently of the opinion that had sufficient manganese 
been added, neither the low-carbon steel nor the high-carbon steel 
would have been red-short. 

MR. HUNT: In this connection there may be interest in the 
analysis of a steel rail which once before did duty at a Pittsburgh 
Meeting of the Institute, when it was brought forward by Captain 
Jones. The rail was a Terre Noire high-phosphorus rail, having 

VOL. XIII.--49 
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carbon .12, silicon .025, phosphorus .223, manganese .387.* It 
showed a tensile strength of 78,000 pounds, elastic limit 39, and an 
elongation of 37 per cent. These rails were made in a Siemens- 
Martin furnace you remember, and they could not be made to com- 
pete with the cheap Bessemer rails. 

Mr. Holley, in 1877, investigated a process brought out in Boston, 
known as the Sherman process, that sought to eliminate phosphorus, 
or at least to make good steel out of iron that had plenty of phos- 
phorus. His report was not favorable. 

That steel was not worth a cent. You could not do anything 
with it. I tried to roll it and do the best I could with it. In the 
testing-machine it showed tensile strength, but it ended at that. It 
would not hear heating. But in every case analysis gave silicon 
.075, .090, .074, .094, .087. I believe that is the reason the steel 
was good for nothing. If he had got rid of that silicon Mr. 
Sherman would undoubtedly have floated his process. 

FRANK FIRMSTONE, Glendon, Pa.: If I recollect aright, the first 
trial of the Bessemer process at an iron-works was made at Dowlais, 
and the first blow produced good material, which they were unable 
to get again in subsequent blows. So far as I know that was never 
accounted for. I believe no analyses of that first good steel at 
Dowlais were published, but it does not seem possible that they could 
at that time have got even by accident any pig-iron low enough in 
phosphorus to rank as a Bessemer iron according to present standards. 
It would be interesting now to see whether by some fortunate acci- 
dent they did not blow it by the Clapp-Griffiths process. 

This paper seems to throw light on another point, namely, t h e  
lack of a satisfactory explanation hitherto of the fact that bar-iron 
with a good deal of phosphorus in it was not bad, while Bessemer 
steel containing vastly less phosphorus was utterly worthless. It 
now appears that a good Bessemer metal may be made containing a 
comparatively large percentage of phosphorus. 

W. F. DURFEE, Bridgeport, Coun, (by letter to the Secretary): 
In continuing the discussion of the very interesting and valuable 
papers of Messrs. Witherow & Hunt,I take great pleasure in saying 

* NOTE BY THE SECRETARY.--Mr. Ward and Mr. Hunt can find still earlier 
and more striking instances in vol iii. p. 132 of these Tiamadions, where analyses 
of soft Martin boiler-plate steel, made by F. J. Slade in 1869, are given, with com- 
nients from Sandberg, Britton, Hewitt, and others. One analysis shows P., 0 :75: 
C., 0.12: S., 0.025. Mr. Slade made several hundred tons of such steel and found 
it excellent. 
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that I regard the process described as destined to occupy a very im- 
portant, if not a commanding position among the methods by which 
the steel of the near future is to be produced. 

This opinion is not altogether the result of a study of the process 
described, but, as regards two of its distinctive features (a stationary 
converter having a tap-hole similar to that of an ordinary cupola, 
and the low pressure of blast employed), originated at the time I was 
engaged in the supervision of the experimental steel works at Wy- 
andotte in the years 1863-64, and I then designed and erected 
a stationary converter, a vertical section of which is shown in the 
accompanying drawing: 

 
This converter was the joint invention of the late Z. S, Durfee 

and myself; it was provided at the outset with a removable bottom 
(this feature, I am told, is one of the recent improvements in the 
Clapp-Griffiths process), and, as a result of my study of the work- 
ing of the Bessemer converter, I decided to " blow " with a pressure 
of blast not exceeding eight pounds, which was but half that used 
in the Bessemer converter. 

It will be noticed that the tuyeres are inclined, and have their 
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outer ends in a wind-box above the proposed level of the metal. 
This construction I regard as decidedly better than the horizontal 
valve-closed tuyeres of the Clapp-Griffiths converter. 

Only a few heats were blown in the converter illustrated above, 
and these were blown, after I ceased to be connected with the Wy- 
andotte Works, by Mr. R. W. Hunt. For reasons, doubtless satis- 
factory to the owners of the works at the time (but which I have 
always regarded as fallacious), the experimental work with the sta- 
tionary converter described was not continued, and the opportunity 
of making a substantial and valuable progress in the metallurgy of 
iron and steel was lost. 

MR. HUNT (by letter to the Secretary): Owing to defects in the 
refractory lining of the stationary converter, and our want of knowl- 
edge of an alloy containing a large percentage of manganese--in 
fact, ferro-manganese--and thinking we had to run the melted 
spiegel into the converter, together with other reasons not necessary 
to mention, but a few heats were attempted in Mr. Durfee's con- 
verter, and it was replaced by a regular rotating one. 

 
THE SOURCE AND BEHAVIOR OF FIRE-GAS IN THE 

JOHNSTOWN MINES. 

BY JOHN FULTON, JOHNSTOWN, FA. 

JOHNSTOWN is the site of the extensive iron, steel, and wire-works 
of the Cambria Iron Company. It is situated at the western base 
of the Alleghany Mountain, 275 miles from Philadelphia, and 78 
miles from Pittsburgh. The valley in which the town and its iron- 
works are located, has an average elevation of 1160 feet above tide 
water. Johnstown, in its main features, is a modified duplicate of 
Pittsburgh. It is located at the confluence of the Little Conemaugh 
and Stony Creek rivers, which, by their union, form the Cone- 
maugh River, just as Pittsburgh is situated at the junction of the 
Allegheny and Monongahela rivers, which together make the Ohio 
River. 

The site of Johnstown is in a cutting through the lower produc- 
tive coal measures, 500 ± feet deep, with steep slopes along the valley- 
limits, exposing, in sharp-cut terraces, the outcrops of the coal and 
iron-ore beds; the whole surmounted by the shales and sandstones 
of the barren measures. 
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Pittsburgh is flanked by the upper coal-measures, just as Johns- 
town is environed by the lower coal-measures. 

The valley of Johnstown is threaded by the double-track main 
line of the Pennsylvania Railroad, and also by a branch of the 
Baltimore and Ohio, entering through Somerset County by the 
Stony Creek Valley. 

The Cambria Iron Company was organized in 1852. From its 
charter until 1855, it struggled under efforts to construct furnaces 
and rolling-mill. At the latter date, having suspended, the works 
were leased to Messrs. Wood, Morrell & Co., who had become 
creditors of the old company. Under the new management the 
furnaces, rolling-mill, and other works were completed, coal and 
iron-ore mines were opened, and a vigorous and progressive policy 
was initiated. In 1862, on the termination of the lease, the Cambria 
Iron Company was reorganized, and the business has since been 
conducted in its name. 

The accompanying map will show the topographical and other 
features of Johnstown and its works. 

The columnar sections exhibit the stratigraphy and thickness of 
the coal and iron-ore beds, outcropping at different levels above the 
valley, along its steep inclosing slopes. 

It will be noted that six coal-mines and the iron-ore mine are all 
above the valley water-level from 10 to 200 feet. Only one mine, 
now closed, has been operated under water-level. This (the blast- 
furnace mine) was opened by a slope 50 feet under water-level. 
From the foot of this slope a gangway was driven 16 feet wide, 
affording room for double tracks and ample way for ventilation. 
Fire-gas was found in this mine in small quantities, generally in the 
advanced workings. A large cleft in the roof-rock in the main 
gangway afforded the mule-driver-boys an opportunity of "flashing" 
the gas, collected at intervals in this crack. 

Although this mine was ventilated by a furnace, yet, at times, the 
gas would accumulate in the old workings, up the dip, scorching 
some miners in these places. The only fatal accident in the mine 
occurred in 1872, when a boy, entering the mine with his father's 
dinner, lost his way, wandered into old workings, and, igniting a 
collection of gas, was instantly killed. The mine was closed in 1879: 
Its coal is 3 feet thick. It is the second workable bed of the lower 
coal measures, called locally the Miller seam. In the second geo- 
logical survey it is called bed B, or Kittanning lower coal. 

The shaded sections on the map exhibit the extent of the workings 
of all the mines of the Cambria Iron Company at this place. 
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The Rolling-Mill Mine is the most extensive of the mines of this 
Company at Johnstown. It supplies to the rolling-mills and their 
auxiliary works from 500 to 800 tons of coal per day, delivered in 
these works in the mine cars. The mine is opened into the third 
workable seam of the measures, 3½ to 4 feet thick, called the Cement 
seam, from the presence of a bed of feriferous limestone, 5 feet thick, 
immediately under the fire-clay floor of this coal. The main way of 
this mine is over two miles in length, and the connected workings 
are extensive. It was opened in 1856. It is 1223 feet above tide- 
level, and 77 feet above the ordinary level of the water in Stony 
Creek. It has a covering of the upper coal-beds and barren meas- 
ures, of 400 to 500 feet. 

From the opening of this mine, fire-gas, in small quantity, was 
found. It did not affect the miners in the direct working of the (30 
feet wide) rooms, but in the narrow working of the old single system 
of headings,occasional " flashes " of gas gave warning of the presence 
of this dangerous element. Early in 1858, two miners were slightly 
burned in a heading. The "flash" did not cause them to quit 
work, but it was much more serious than any experienced previous 
to that time. 

About a year after this, in a heading in the northwestern portion 
of this mine, two miners and a gray mule were severely scorched by 
an explosion of gas. 

This large mine was ventilated by furnace up to 1879, at which 
time a Murphy fan was introduced affording 60,000 cubic feet of 
air per minute. Mine-locomotives were also used at the same time 
in this mine, for underground as well as outside haulage. 

From 1874 to 1884, occasional flashes of gas were noticed, but 
not in magnitude to excite alarm until March, 1884, when an ex- 
plosion of fire-gas occurred, burning, rather severely, four miners, 
near the end of a double heading in the southwest section of the 
mine. This explosion occurred on a Monday morning, and was 
caused by a small collection of fire-gas, near the end of the heading, 
which had gathered over Sunday. Since that time, brattice-cloth 
is used in all narrow works in advance of ventilating currents. 

Another slight explosion occurred, January 6, 1885, in the middle 
southwest section of the mine, where pillars were being drawn. It 
is supposed that the fall of roof, following the drawing-back of coal- 
pillars, forced a small collection of gas to the working-places, where 
it ignited. Mr. J. M. Watt, State Inspector of Mines, and Mr. 
Thomas Fulton, Superintendent of Mines, were in the mine at the 
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time of the explosion and visited the locality soon after its occurrence. 
They found air-currents of over 14,000 cubic feet per minute, pas- 
sing through this place, and could not determine, other than as above 
suggested, the cause of this explosion. 

The fire-gas comes up through the floor of the coal-bed and follows 
the working-places of the mine. It is found in the advanced new 
workings and is readily ignited along the "undercutt ing" or 
" bearing in" at these places, giving along this strip a series of jets 
of blue flames. As it comes up through the floor, it makes a gurgling 
droning sound which is the only indication the miner receives of its 
presence. So far as has been discovered in this or the other mines, 
the supply of this fire-gas becomes exhausted soon after being opened 
by the first direct mining workings and rarely has it been found in 
old workings or in the goaf. It is only encountered in certain 
localities of the mines, where cracks or fissures occur in the floor. 

This mine has always been quite dry ; only at a few places in it 
has water been found. On the whole it must be regarded as a very 
dry mine. 

The Cushon mine is opened into coal-bed E, the Upper Freeport 
of Prof. Lesley's State Geological Survey, and called locally the 
Lemon or Coke-yard seam. This is the topmost bed of the lower 
coal-measures at this place. It is 3½| feet thick. The mine is 1367 
feet above ocean-level and 197 feet above the Little Conemaugh 

g 
River. It is the driest mine of all. It is dust-dry. It has been 
worked since January, 1880, and was opened to supply the neigh- 
boring large steel and wire-works of the Gautier Department of the 
Cambria Iron Company. 

Only one well authenticated " flash " of fire-gas has been known 
in this mine. This, however, clearly indicated the presence of gas; 
but as the mine is well ventilated and is worked under the double- 
heading system, no explosion of gas has occurred in it yet. The 
mine has a covering of 200 feet, more or less. I may note here that 
its exemption from gas is also due to the cutting off of the gas by 
two mines, the Lower Gautier and the Wood vale, which are being 
worked under a large portion of the Cushon mine. 

The dust in this mine is several inches thick at places; but care- 
ful investigation has failed to disclose any " flashing" from blasting 
in this mine. 

Conemaugh mine, supplying coal to coke ovens at Conemaugh 
Spiegel-furnace, is in the same bed (E) as the Cushon. It is 1297 
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feet above tide. Its gangway enters the hill at water-level. No 
gas has yet been observed in this; small mine. 

Lower Gautier mine, immediately in front of and partly under 
the Cushon mine, is 1179 feet above tide and 14 feet above the Little 
Conemaugh river. It is in bed B, Kittanning lower coal, the second 
seam of the lower coal-series. 

Gas has been found in this little mine, but not in volume to excite 
alarm as yet. 

The adjoining coal mine, Woodvale, is in the same bed, and very 
dry. No fire-gas has been observed in it up to this time, although 
it has been worked during the past ten years. 

The iron-ore mines of this Company occupy a horizon 50 feet 
above the highest workable coal bed, F (Upper Freeport). 

The ore is the carbonate of the coal measures, in two benches, to- 
gether 18 inches to 2 feet thick. The mining of this ore continued 
from about 1851 to 1883. The ore-bed has a soft roof of drab- 
colored shales, and its floor is composed of soft silicious shales. The 
mines in this ore-deposit are all muddy, as the inclosing shales dis- 
integrate readily in contact with air. In working these mines the 
occasional presence of fire-gas was well known ; bnt, with care, ex- 
plosions were generally avoided. In 1865, however, a violent ex- 
plosion occurred in the old workings at Prospect, instantly killing 
two men, crippling a third and injuring severely three others. The 
mining of iron-ore at this portion of the mine had been finished, and 
these men were sent into the exhausted workings to remove mine- 

 
rails, etc. They exploded the gas collected in these workings, with 
the results above stated. The fire-gas came up from below at this 
place because of the disturbance of the floor of the mine by the fall 
of the roof of an exhausted coal mine 50 feet beneath the iron-ore 
mine. This afforded openings in the intervening rocks to let up the 
gas readily. 

It will be noted that three of these mines, the Rolling-Mill, 
Cushon and Woodvale, are dry mines with considerable coal-dust 
in their main ways. Four mines, the Blast Furnace (now closed), 
Lower Gautier, Conemaugh and the Iron-Ore mine are all rather 
wet. The most destructive explosions so far have occurred in the 
wet mines. 

In the mining operations in these mines, about 100 kegs of blasting 
powder and a small quantity of giant powder are used each month. 

The following table of analyses exhibits the composition of the 
coals in these mines. 
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These analyses show the series of coals in the Johnstown 
subbasin 
to be exceptionally low in volatile matter. 

The two principal seams, B and E, as mined in the Johnstown 
basin, increase in volatile matter both eastwardly and westwardly. 
At Bennington, 28 miles east of Johnstown, these coal beds are found 

as follows :† 
B, E. 

Moisture, ................................................................  0,910 0.9GO 
Volatile matter, .....................................................  2(5.340 26.400 
Fixed carbon, ...............................................        . 04.373 65 586 
Sulphur,..................................................................  1.792 2.274 
Ash,   … … … … … … … .  6.585 4.780 

          100      100 
Westward the coals of the lower productive measures increase 

regularly in volatile combustible matter until the maximum is reached 
near Pittsburgh. The Johnstown coals contain 16 to 21 per cent., 
while equivalent beds at Blairsville, 25 miles west, have 24 and 25 
per cent. of volatile combustible matter. 

The following cross-section shows the geological structure of the 
eastern portion of the Appalachian coal-field: 

 

Section of coal-measures from Lanrel Hill to Alleghany Mountain. . 
(First Pennsylvania Geological Survey). 

The source of fire-gas, causing these flashings and explosions in 
mines, has not received as careful consideration as its importance 
seems to demand. 

 
* Pennsylvania Geological Survey, Report HH., p. 103. 
† Chemist A. S. McCreath, Pa. Geol. Survey, Report HH., pp. 18, 23. 
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From the fact that it has been found in all the coal-beds mined 
into at Johnstown, it has been inferred that each coal-bed, with its 
associated rich bituminous shales, has produced the gas met with in 
the respective mine-workings. 

This inference was doubtless suggested, in part at least, from the 
condition of the anthracite fields in the northeast section of the state. 
For it appears evident that the fire-gas found in these large coal-beds 
was eliminated by the heat that fused the normal coal into its present 
condition of glassy anthracite, each bed of coal affording more or less 
fire-gas, and being itself the chief source of the gas. It is quite 
possible that, in the mining operations in the anthracite fields, gas 
may ascend from the lower to the upper beds of coal, if the latter are 
first mined into. 

Three objections seem to overwhelm the assumption that the coal- 
beds of the Allegheny are the sources of fire-gas: 

First.--Where one coal-bed has been mined in part or entirely 
under another, the workings on the upper coal-bed are entirely free 
from gas. The Cushon mine is an example of this proposition, 
which has been verified also at other mines in this locality, operated 
under similar conditions. 

Second.--If the coal-beds are the sources of fire-gas in this portion 
of the Allegheny field, then all the mines eastward in the same field 
should produce fire-gas. But no gas has yet been found in the large 
number of mines east of Johnstown, and the absence of fire-gas dis- 
tinguishes the mines of the Clearfield region. In the mines of the 
Broad Top field, fire-gas is unknown. These mines have been ex- 
tensively worked, above and below water-level, during the past 
twenty-five years without the least evidence of its presence. The 
same can be said of the absence of gas in the Cumberland coal field. 
The coal of the beds in these localities is quite similar in quality to 
that of the Johnstown beds. As a general rule, they hold a l i t t l e  
more volatile matter than the coal in the beds of the Johnstown sub- 
basin. 

Third.--The discoveries of natural gas, the fire-gas of the mines, 
during the past year, in such large quantities under the Lower Coal 
Measures in Western Pennsylvania, beginning at Johnstown and 
increasing westward to Pittsburgh, afford a definite indication, in 
this portion of the Appalachian field at least, of the true source of 
natural gas or mine fire-gas. 

During the general interest in the discovery of natural gas, which 
occupied the latter portion of 1884, the Cambria Iron Company 
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had a test-well sunk on its grounds a short distance north of the 
Pennsylvania Railroad passenger station, at Johnstown. The top 
of this test-well is 1189 feet above ocean-level, and 12 feet under the 
Cement coal-bed, the third workable bed of the Lower Coal Meas- 
ures. 

The accompanying columnar section shows the character of the 
measures traversed by this five-inch drill-hole, and the elements 
discovered during the progress of the work. 

At a depth of 640 feet in the well, or 549 feet above tide, natural 
gas was reached, extending down 40 feet--beginning in slate, and 
continuing in hard sand-rock until salt water was reached. This 
gas was ignited at the top of the drill-hole, affording a flame 3 feet 
high. The supply, however, soon showed signs of weakening, in- 
dicating very decidedly the moderate volume of gas at this level. 

At 800 feet below the top of the well a second gas-horizon was 
reached, 389 feet above tide. This was found less productive than 
the upper one. No more gas was found in this test-well below this 
second horizon. 

Salt water was reached at 680 feet below the top of the well, or 
509 feet above tide. A second large supply of salt water was struck 
2130 feet below the top of the well (941 feet below tide-level), which 
continued until the boring ceased at 2800 feet (1611 feet below tide). 
Partial analyses of these saline waters showed 2 to 3 per cent. of 
salt. 

This test bore-hole indicated very clearly the location or the source 
of the gas met with in these coal and iron-ore mines of the Cambria 
Iron Company. The gas has evidently ascended through the cracks, 
cleavage planes, openings, and fissures of the intervening rocks, 
reaching the coal and iron-ore beds above. This is corroborated 
by the fact that all issues of gas yet discovered have been found in 
portions of the mines where the strata of underlying rocks have; 
been bent and broken, affording openings for the upward movement. 
of the gas. The rapid exhaustion of these jets of tire-gas in the 
disturbed places in the floor of the mines, is in harmony with the 
rapid exhaustion of the source of it in the test-well. As this drill- 
hole is on the border of the old Blast Furnace mine, it is possible 
that a portion of the natural gas in this locality may have been 
dissipated in those workings. 

It is difficult to establish the exact place of the gas in the rocks 
here, and decide whether the horizons in which the gas was found 
have been its normal home, or secondary reservoirs ; it seems reason- 
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able to infer that it had its source in the Pocono sandstone (X), the 
equivalent of the Butler, Clarion; and Venango oil sands, and also 
near the horizon of the proto-carboniferous measures of eastern 
Pennsylvania and Virginia. 

Of the flashes and explosions of fire-gas in these mines, the gas 
itself has always been the originating cause. The fine dry dust has 
not been observed to contribute materially to the energy of the 
explosions. If very dry, fine coal-dust alone could produce flashes 
or explosions, then the two or three dry and dusty mines of this 
company would have been "dark and bloody ground " indeed. 

It is reasonable to accept the fact that certain qualities of fine, dry 
coal-dust in mines would aggravate the destructiveness of explosions; 
but the originating cause, in all cases of flashes or explosions ex- 
perienced here, has been fire-gas. 

From the foregoing considerations it appears that these mines of 
the Cambria Iron Company at Johnstown are situated on the eastern 
border of the great natural gas-belt which underlies the western 
section of the State of Pennsylvania. Its western border has not 
yet been defined. It is quite probable that natural gas may be found 
underlying portions of the States of Ohio, Indiana, and Illinois. 
From Johnstown, the volume of natural gas increases westwardly, 
having, so far, developed its largest product at Pittsburgh, Leech- 
burg, and Tarentum. 

It is not the design of the writer to assume that the source of the 
fire-gas met with in bituminous coal mines, is always to be found 
under the Coal Measures, but from the developments at Johnstown 
the inference leans in this direction, qualified by exceptional localities. 
The horizons of the gas-wells in Western Pennsylvania are all beneath 
the Coal Measures. 

It will also be evident that in coal-mining operations, since this 
gas may be met with at uncertain places, without warning, and since 
its gravity is so low, and it is seldom sensible to smell, always in- 
visible, and only occasionally audible, great difficulty must continue 
to exist in defending the mines from explosions. Moreover, in deal- 
ing with so subtle an element great caution of statement should be 
exercised in attributing carelessness of management in cases where 
the localities of outgushes of fire-gas could not be approximately 
predetermined. 

The danger from this fire-gas increases, as a general rule, westward; 
the past terrible explosions in the Connellsville region are examples 
in point. 
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The only present well-assured preventives consist in ample venti- 
lation, and the use of brattice-cloth and safety-lamps in advanced 
workings. Even with all these, occasional explosions of fire-gas 
may be expected. 

DISCUSSION. 

DR. T. STERRY HUNT, Montreal, Canada: Mr. Fulton makes an 
interesting statement with regard to the distribution of natural gas 
which I beg to confirm. He says that the seat of the natural gas 
is, in all cases in Western Pennsylvania, below the Coal Measures. 
That we know to be the case with regard to petroleum. In parts of On- 
tario, where I have studied the occurrence of petroleum, I have repeat- 
edly noticed in association with it a large quantity of inflammable 
gas; and far to the east of that, we find this gas as low down as the 
horizon of the Trenton limestone. I can mention three or four cases 
near Montreal where it is produced. That gas has been, since the 
days of the old French colonists, an object of interest and attraction. 
It has been gathered and used occasionally for illuminating purposes, 
rather as a curiosity than otherwise. There is a discharge of the 
gas also in the St. Lawrence. A considerable amount is constantly 
discharged in that river, keeping the waters in ebullition. There is 
another place, on the north side of the St. Lawrence, at St. Leon, and 
another on the Ottawa, where the gas is discharged. These three 
cases in which the gas rises through the Trenton limestone, and 
other cases where it comes from the shales immediately overlying, 
are illustrations of the wide distribution of this natural gas and of 
its low geological horizon. 
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BY DR.   T.  STERRY HUNT,  MONTREAL,   CANADA. 

THE American Institute of Mining Engineers, and American 
science in general, have sustained a great loss in the death of 1 rot. 
Benjamin Silliman, deceased at New Haven, Connecticut, on the 
14th of January, 1885, at the age of sixty-eight. 

But a month has passed since, as one of the pall-bearers, I paid 
the last tribute to the remains of my old friend and honored master. 
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Nearly forty years ago, in the early spring of 1845, I became, at the 
age of eighteen, a student with the Sillimans, father and son, at Yale 
College. It was my privilege during the two following years to be 
the chemical assistant of the elder Silliman, and afterwards, with 
that title, to take, in June last, a part in the solemn service of unveil- 
ing a bronze statue erected to the memory of that patriarch of sci- 
ence, in the grounds of the university of which, for more than half 
a century, he was a distinguished ornament. Benjamin Silliman, the 
elder, passed away at the age of eighty-five, in the year 1864, and 
his son, as he stood last summer by his father's monument, gave no 
signs of that fatal disease which was soon to remove him from us. 

He was of an ancient and honorable lineage; the Sillimans, early 
colonists in Connecticut, and of Italian origin, gave to our country 
in its struggle for independence, a century since, a distinguished 
officer, General Silliman, whose son, Benjamin Silliman the elder, 
married a daughter of Governor Trumbull, of Connecticut, a name 
revered in our revolutionary annals. Out of a large family from 
that marriage, our deceased colleague was the only son. He 
graduated at Yale College in 1837 (Chief Justice Waite and Senator 
Evarts being among his classmates), and henceforth devoted himself 
to chemistry and mineralogy. He became for some time a student 
in the private laboratory of the late Dr. Charles T. Jackson, of 
Boston, a graduate of the École des Mines of Paris, and one whose 
early work in chemistry, mineralogy and geology, especially in 
Maine, New Hampshire, Rhode Island, and northern Michigan will 
never be forgotten in American science. Thus prepared, Benjamin 
Silliman returned to New Haven and organized there a laboratory 
for instruction in chemistry, where among his earliest pupils were 
Prof. J. P. Norton and Dennison Olmstead, both deceased, and my- 
self. The history of the work carried on by Silliman in the two 
years which I passed in that laboratory is instructive. Then and 
there were examined many of the materials brought home by the 
Wilkes Exploring Expedition, and the ores from Lake Superior and 
from Mine La Motte in Missouri, besides which a series of studies 
of potable waters was undertaken for the city of Boston. From 
that laboratory of chemistry and mineralogy, and from the instruc- 
tion then and there given by the younger Silliman and myself grew 
the Sheffield Scientific School, organized in 1847, in which year I 
left New Haven to take a position in the geological survey of 
Canada. My place as chemical assistant was soon filled by our dis- 
tinguished colleague Prof. George J. Brush, who labored zealously 
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with Silliman in laying the foundations of the Sheffield School, of 
which he has for many years been the honored head. 

Of Silliman's work for some years as professor of chemistry in (he 
Medical College at Louisville, Kentucky, and later in that at Yale 
College, I need not now speak, except to say that his studies in the. 
application of his favorite science to the medical art were extended 
and valuable. His numerous and varied investigations in American 
mineralogy will be found extending over many years in the pages 
of the American Journal of Science. Of this journal, founded by 
his father, and familiarly known throughout the scientific world as 
Silliman's Journal, our late colleague was, during forty years, and 
until the time of his death, one of the editors. His acquaintance 
with the history of his favorite science in America was very intimate, 
and his memory was remarkable, so that he, better than any one 
else, was fitted to be its annalist. In 1874, when American chemists, 
at the grave of Priestley, in Northumberland, Pennsylvania, cele- 
brated the centenary of modern chemistry, and the present speaker 
and J. Lawrence Smith and Silliman were chosen as the orators, 
the latter presented as his contribution a sketch of American chemists 
and their labors, which, as subsequently elaborated by him, and 
separately published, is an invaluable record and at the same time a 
monument of his learning and patient research. 

But it is principally in his studies of the practical applications of 
science that Silliman's work belongs to the Institute of Mining 
Engineers; and the partial record of it in his later years may be 
found in the published volumes of our Transactions. Those 
familiar with the literature of American petroleum are aware that. 
his early experiments in the refining of the oils of Pennsylvania, 
laid the foundations of that industry. His studies of coal-gas and 
water-gas, and their applications to heating and illumination, and 
his researches in gas-analysis, partly in connection with Prof. Henry 
Wurtz of this city, are of great value, and it is worthy of remark 
that his last communication to the Institute, only a few months since 
(in September last), was a study of the application of the natural 
gas of western Pennsylvania to the Siemens furnace, the revision 
of which paper occupied the last weeks of his life and was left 
unfinished. His illness, dependent on cardiac disturbance, entailed 
upon him several months of severe suffering, but he met death with 
the composure of a philosopher and a Christian. 

Of the details of his social life, one who as a life-long friend has 
known much, may be permitted to say a few words. He was early 
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united to the woman of his choice, who, after nearly forty years of 
happy married life, died in 1878. Five children survive him, in- 
cluding one son, who perpetuates the honored family name, and four 
daughters. All five were married beneath the same roof-tree under 
which they were born, To the wide circle of those who shared for 
many years the generous hospitalities of his home and his house- 
hold, Silliman was known as a genial, cordial and unselfish friend. 
Dead before his time, his memory will live in the hearts of grateful 
pupils and students of science throughout the continent, and will not 
soon be forgotten by the members of this Institute, of which he 
was one of the most faithful members, and to the Transactions of 
which he was one of the most valued contributors. 

 
BIOGRAPHICAL NOTICE OF SIDNEY GILCHRIST THOMAS. 

BY GEORGE W. MAYNARD. NEW YORK CITY. 

IN the Journal of the Iron and Steel Institute for the year 1878, 
in the account of the proceedings of the annual meeting in March of 
that year, when, Mr, Bell read his paper On the Separation of Phos- 
phorus from Pig-Iron, occurs the following statement, as part of the 
reported discussion of that paper: 

" Mr. Sidney Thomas stated that he had succeeded in effecting the 
almost complete removal of phosphorus in the Bessemer process. 
Experiments had been carried on at Blaenavon, with the co-opera- 
tion of Mr. Martin, on quantities varying between 6 lbs. and 10 
cwt., and some hundred analyses made by Mr. Gilchrist (who had 
the conduct of the experiments from the first) showing the removal 
of from 20 per cent. to 99.9 per cent. of phosphorus in the converter. 
He believed the practical difficulties in the way had been overcome, 
and that Cleveland pig might be made into good steel without any 
intermediate process. He hoped on a future occasion to lay full de- 
tails before the Institute." 
I was present at that meeting, and I doubt if any one in the hall     
knew, either by sight or name, the young man who had dared to 
rise in that august body and claim that he had accomplished that 
after which the great metallurgists of Europe had been unsuccess- 
fully striving ever since Mr. Bessemer's great discovery. I remem-  
ber distinctly the pitying smile of derision and the stony stare 
VOL. XIII.--50 
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which pervaded the countenances of the distinguished assemblage. 
No one thought it worth while to refer to Mr. Thomas's claim or 
ask him " How he did i t ? "  except that Mr. Bell, in replying to the 
criticisms on his paper, remarked, " With regard to what Mr. Sidney 
Thomas hoped to do with the Bessemer converter, he was so much 
interested in freeing iron, and particularly Cleveland iron, from 
phosphorus, that he should hail as a public benefactor, any gentle- 
man who would come forward and do the work more perfectly or 
more economically than he had been able to effect this object him- 
self." 

Thus were Mr. Thomas and his process brought to the attention 
of the metallurgical world; and it is safe to say that no further 
thought was given to him or his claims until he compelled attention 
by his paper prepared for the Paris meeting of the Iron and Steel 
Institute, in September, 1878. 

Mr. Thomas was born in April, 1850. He was educated at Dul- 
wich College with the intention of entering the profession of medi- 
cine, but, on the death of his father, he entered the civil service at 
the age of seventeen. The particular branch which he had selected 
made a knowledge of law desirable, though not absolutely necessary ; 
so he went into a course of law-reading, which he found very bene- 
ficial in his later business earner. As his general reading became 
more extended, he soon learned that metallurgical chemistry offered 
a wider field for his active brain. During the day he was closely 
confined to his regular duties, so that his only opportunity for study 
was in the evenings. At his cottage on the south side of the Thames, 
his time was occupied in the most unselfish manly devotion to his 
mother and sister, and in the little laboratory where he was working 
out one of the most important metallurgical problems of the day. 
He managed to spend considerable time, however, in the laboratories 
of Mr. Arthur Vacher and Mr. George Chaloner. He also entered 
for the examinations of the Royal School of Mines, and passed suc- 
cessfully such as he undertook. 

It is said that the idea of dephosphorization first took strong hold 
upon his mind while attending a course of lectures on metallurgy, 
at the Birkbeck Institution, in 1870; and at that time he was fond 
of quoting the saying: "The man who eliminates phosphorus by 
means of the Bessemer converter, will make his fortune." Mr. 
Thomas prepared for his great discovery by making himself thor- 
oughly conversant with everything that had been done, as far as he 
could find out from existing literature and patents. I call to mind 
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now, how he used to haunt the library of the Patent Office, and how 
he seemed to have at his tongue's end the name of every patentee at 
home and abroad, who had done anything in the purification of iron 
or steel. His discovery was in no sense an accidental one. He 
began with knowing what he wanted to do, and his next step was 
to learn what had been done, and wherein other investigators had 
failed; and he qualified himself for the inquiry by a sound chem- 
ical knowledge of the changes which take place at ordinary metal- 
lurgical temperatures.* He reasoned that the high temperature of 
the converter or the open hearth could not alone, if at all, account 
for the persistent presence of such an easily volatilized element as 
phosphorus. He therefore looked for a chemical reason, and found 
it in the well-known fact that phosphates are decomposed at high 
temperatures in the presence of free silica, and that the phosphorus 
is thus left to combine again with the metallic iron. Professor 
 Williamson had brought out this fact very clearly in the discussion 
of Dr. Siemens's paper on The Production of Iron and Steel by a 
Direct Process, at the Newcastle meeting of the Iron and Steel 
Institute, in September, 1877, where he said : " First of all, he ought 
to remind the meeting that silica, at high temperatures, expels phos- 
phoric acid from its salts. That was a perfectly well known thing. 
If they had got a salt--he meant a compound of phosphoric acid, 
say, with an oxide of iron--and if they heated that in contact with 
a reducing agent and with silica; they could turn out the phosphoric 
acid, and get it reduced to phosphorus in proportion as they turned 
it out, which would combine with the iron and again form phos- 
phide of iron," 

Notwithstanding it " was a perfectly well known thing," neither 
Prof. Williamson nor the other metallurgical chemists had thought 
of doing just what Thomas had been quietly doing for a year or more, 
viz., keeping free silica away from the phosphate of iron formed in 
the converter in the course of the blow.† 

 
* Previous to Thomas's discovery, it had become customary to assume that phos- 

phorus could be measurably eliminated at a low temperature only. 
† Mr. George Snelus forms an exception to this general statement. He had 

used a basic lining, and had observed its effect in the elimination of phosphorus. 
But Mr. Thomas had independently gone much further in the study and elaboration 
of the details; and while Snelus, Biley and Thomas (who united their interests 
commercially) all shared in the merit and profit of the new process, there is no 
doubt, as I think his associates would be swift to declare, that to Mr. Thomas be- 
longs (and has been given) the largest dividend of praise and fame. 
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Without the enthusiastic co-operation of his cousin Mr. Percy C. 
Gilchrist, chemist at the Cwm-Avon works, and afterwards at Blae- 
navon, he could not have achieved success as soon as he did; for in 
his small laboratory in London he could not possibly work out his 
theories in a practical way. Mr. E. P. Martin, manager of the Blae- 
navon works, cordially seconded the efforts of these young men in a 
very practical way by affording them the opportunity of blowing 
charges up to half a ton, and Mr. Menelaus of Dowlais also allowed 
them to experiment with a five-ton vessel. 

In November, 1877, Mr. Thomas took out his first patent. At  
the Paris meeting of the Iron and Steel Institute, a paper on The 
Elimination of Phosphorus was presented by Sidney G. Thomas 
and Percy C. Gilchrist. For some reason, not yet clearly explained, 
the Council did not call for the paper at that meeting. It was in 
print, however, and was extensively circulated. Mr. Holley, who 
had attended the Paris meeting, sent me a copy of the paper. I was so 
impressed with the claims made by the authors that I immediately 
put myself in communication with Mr. Thomas and met him on his 
return to London. I then learned that Mr. Windsor Richards had 
already expressed great interest in the process and promised to test 
it on a commercial scale at the works of Bolckow and Vaughan.* 

Mr. Riley's ingenious device in basic brick-making was recog- 
nized by Mr. Thomas in a liberal manner. Improvements and 
patents now followed one another in rapid succession, as did the 
large army of inventors who "had done it years ago," but had never 
thought of making their discoveries public until they found that 
Thomas and Gilchrist were likely to reap some benefit from it. 
Although great German works were arrayed against them, the spe- 

 
* Just at this time the writer was carrying on some investigations for the 

Standard Iron and Steel Company of Manchester, and, as their efforts had been di- 
rected to the utilization of phosphoric pig, urged upon them the importance of 
trying the basic lining. An oblong iron box called the "receiver," which I have 
described in The Metallurgical Review for April, 1878, was set up at the Acklam 
Works at Middlesborough and lined with the Thomas basic mixture. A blast- 
pressure of 2½ to 3½ pounds was obtained from the blast-furnace blowing-engine. 
The first heat was made on the 18th of December, 1878. The charge was 5 tons of 
No. 3 iron, containing 1.63 per cent. of phosphorus. In one case the resultant metal 
contained 0.45 phosphorus and no silicon (and the cinder 7.05 phosphoric acid and 
31.00 silica), and in another, 0.28 phosphorus, silicon, a trace. The metal was re- 
markably malleable. I believe this to have been the first blow in a large way after 
the South Wales experiments, but to Mr, Richards is due the credit of having 
made the first commercial success; and the facilities which he afforded foreign inves- 
tigators for studying the process cannot be too highly commended. 
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cial commission appointed by the German Patent Office decided in 
favor of the claim of Thomas and Gilchrist. The interferences and 
claims of priority which sprang up in the United States, are well 
known to all who have taken any interest in the subject. Eight 
patents in all were taken out by Thomas and Gilchrist for furnace- 
linings, dephosphorizing iron, and the manufacture of steel, and 
others for the utilization of the slag in the manufacture of super- 
phosphates. 

In a communication received from Mr. Thomas early this year, 
he states that the total make of basic steel for the year ending Sep- 
tember 30th, 1884, was 864,000 tons, of which 685,000 tons was 
made on the Continent, and 179,000 tons in England. He estimated 
that the total for 1885 would be over 1,000,000 tons. 

Dr. Hermann Wedding, in his late work on the Basic Process, 
which was published in 1884, gives the following list of basic works 
then built or building. 

LIST OF THE BASIC BESSEMER STEEL WORKS. 
No of         Capacity Total 

 ach. capacity. converters.         e
Germany: Tons. Tons. 

Hoerde, .................................................  3 10 30 
Rheinische Stahlwerke,     . . .  2 6.5 13 
Bochum, ................................................  3 4.5 13.5 
Oberhausen, ..........................................  2 6 12 
Union ....................................................  2 9.5 19 
Hoesch (building),                            '. 3 10 30 
Phoenix,     . . . . . .  3 10 30 
Eothe Erde,       . . . . .  3 10 30 
Peine, ....................................................  4 10 40 
Neunkirchen, ........................................  2 10 20 
Hayingen (De Wendel),    . . .  4 8 32 
Dudlingen (Luxemburg Co.),    .        . 4 10 40 
Friedenshütte (Upper Silesia), .       . 3 10 30 
Königshütte (Upper Silesia),     .       . 1 7.5 7.5 
Königshütte building (UpperSilesia), 2 10 20 

Austria : 
Kladno ..................................................  3 5 15 
Teplitz,       . . . . . .  2 6.5 13 
Witkowitz, ............................................  2 8 16 

Russia : 
Warsaw, ....................................... . 2  10 20 

Belgium : 
Angleur,    . . . . . .  2 6 12 
Athus,................................................  2 10 20 
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Capacity Total 
No, of each. capacity. 

France: converters.         Tons. Tons. 
Crensot, .................................................2 7 14 
Joeuf,.....................................................4 10 40 
Commentry,       . . . . .    2 10 20 
Longwy, .......................................... 3  10 30 
Valenciennes......................................... 2 10 20 

England: 
Eston (Middlesborough),   . . .    6 15 90 
Northeastern (Middlesborough),        .4 10 40 
Sellerhall Co. (Middlesborough),       .1 4 4 
Staffordshire Steel and Ingot Co.,       ,3 5 15 
Merry & Cunningham, Glengarnock,   2 9 18 
Glasgow Iron Co., "Wishaw,       .       .   3 7 21 

United States : 
Harrisburg, ........................................... 2 10 20 

Recapitulating, we have the following: 
No. of No. of con-      ,     Total 
works. verters. capacity. 

Germany, ....................................        . 13 41 367 
Austria,    . . . . . .  3 7 44 
Russia .................................................. 1 2 20 
Belgium ............................................... 2 4 32 
France, ................................................  5 13 124 
Engla nd ...........................................  6 19 188 
United States ....................................... 1 2 20 

Total,      . . .    31 85 705 
Mr. Thomas, in a letter to The Iron Age, uses the following lan- 

guage : "The most noteworthy feature about this return is, how- 
ever, the evidence it gives of the superior enterprise and quicker 
appreciation of the advantages of improved methods of manufacture- 
shown by Continental metallurgists." If an Englishman can make 
a comparison so unfavorable to his own countrymen, what shall we 
of the United States say of our manufacturers, who boast of being 
so keenly alive to the newest and best processes? 

Many of us remember Mr. Thomas's visit to this country in 
the spring of 1880, and how he endeared himself to all with whom 
he came in contact. He was with us again in 1883 on his homeward 
way in a trip around the world. It was quite evident to his friends 
at that time that he could not long survive, unless he gave up work 
absolutely. To one of his temperament this was impossible, and it 
seemed to be equally impossible for him to take prudent care 
of himself. In the enthusiasm of observation, study, and experi- 
ment, he was sure to forget the limitations set to his strength by a 
delicate frame and an insidious disease. This I observed during my 
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daily intercourse with him in that exceptionally cold winter of '78 and 
'79 in England, during which period I think he must have contracted, 
or at least confirmed, the pulmonary weakness which became fatal a 
few years later. 

It has rarely fallen to the lot of one so young to add so much to 
the world's knowledge and wealth as did Sidney Gilchrist Thomas, 
who, after a short but full day's work, fell asleep February 1st, 
1885. 

The following pathetic note from his sister to me will appropriately 
close this poor tribute to his memory : 

"DEAR MR. MAYNARD : 
No doubt you have heard the fact of our great loss from friends 

in England, but I wish to write one line to tell you my dear brother 
had wished to write you for some weeks before his death, but had 
not the strength. It took him two days to write a few last words 
to Mr. Gilchrist, a word or two at a time, and he could still less dic- 
tate. Until his weakness overpowered him, his brain was as active 
as ever, working out problems and ideas in his stronger hours." 
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*TASKER, CHARLES P.,.................. Morris, Tasker & Co., Limited, Philadelphia.  '82 
*TAYLOR, FRED. W.,.................................................  Lake Valley, New Mexico.  '81 
†TAYLOR, P. A., .............................................................................  Pottsville, Pa.  '80 
*TAYLOR, PERCYVALE, ................................  6 Rue De Caumartin, Paris, France.  '81 
*TAYLOR, W. J.,..........................................................  Chester, Morris Co., N. J.  '75 
*TEFFT, WALTER, ....................................................  Mineville, Essex Co., N. Y.  '75 
*THACHER, ARTHUR, ............................................... Nicholia, Lemhi Co., Idaho.  '75 
*THACKRAY, GEORGE E.,........................................... Box 117, Sharpsburgh, Pa.  '80 
*THAW, WILLIAM, JR., ..................................................................  Pittsburgh, Pa.  '82 
*THIES, A.,...................................................................................  Concord, N. C.  '78 
*THOMAS, ALEXANDER,..................................... Bolton Steel Co., Canton, Ohio.  '81 
*THOMAS, D. H.,..................................................................  HOKENDANQUA, PA.  '80 
*THOMAS, EDWIN, ..................................................................  Hokendauqua, Pa.  '79 
*THOMAS, FRED. F., ............................................  Jerome, Yavapai Co., Arizona.  '84 
*THOMAS, JOHN, .....................................................................  Hokendauqua, Pa.  '71 
*THOMAS, SAMUEL, ....................................................................  Catasauqua, Pa.  '71 
*THOMÉ, SAMUEL W.,..................................   397 Fulton Street, Brooklyn, N. Y.  '81 
*THOMLINSON, WILLIAM, ..........................................  West Hartlepool, England.  '81 
*THOMPSON, E. RAY, ......................................................................... Troy, N. Y.  '79 
†THOMPSON, GEORGE S., ................................................................... Troy, N. Y.  '83 
*THOMPSON, HEBER S.,..................................................................  Pottsville, Pa.  '76 
*THOMPSON, ROBERT M., ..................................  37 Wall Street, New York City.  '81 
*THOMSON, JOHN L.,.............   P. O. Box 44, New Brighton, Staten Island, N. Y.  '81 
*THONARD, LEON, ......................................................................  Sofia, Bulgaria.  '79 
*THURSTON, PROF. R. H.,.................................  Cornell University, Ithaca, N. Y.  '75 
*TIERNEY, JOHN J.,.....................................................................  Pocahontas, Va.  '83 
*TILEMANN, J. N., .....................................................................  Sandy, Utah Ter.  '81 
*TODD, JAMES,....................................... 127 North Avenue, Allegheny City, Pa.  '83 
*TONNELÉ, THEODORE, ..............................................................  Mckeesport, Pa.  '84 
*TORRANCE, H. C., ........................  Care Oliver Bros. & Phillips, Pittsburgh, Pa. '81 
*TORRANCE, J. FRASER, ...................................  Marlow P. O., Beauce Co., P. Q.  '76 
*TORREY, DOLPHUS, ....................................  216 Adams Street, Brooklyn, N. Y.  '78 
*TORREY, HERBERT G.,...............................  U. S. Assay Office, New York City.  '81 
*TOUCEY, DONALD B.,.......................  43 W. Fifty-Third Street, New York City.  '81 
*TOWER, A., .......................................................................  Poughkeepsie, N. Y.  '78 
*TOWNE, LINWOOD O., ..........................................  Rico, Dolores Co., Colorado.  '81 
*TOWNSEND, DAVID, ....................................  1723 Wallace Street, Philadelphia.  '80 
*TOWNSEND, HENRY T.,................................. 218 S. Fourth Street, Philadelphia.  '79 
*TRENT, L. C., ...........................................  423 Blake Street, Denver, Colorado.  '78 
*TRIPPEL, ALEXANDER,...................................... 181 Broadway, New York City.  '83 
*TROWBRIDGE, PROF. WILLIAM P., ................ School Of Mines, New York City.  '77 
*TUCKER, ALFRED, ........................................... 220 Walnut Street, Philadelphia.  '81 
*TYLER, ALFRED L., ................................... Woodstock Iron Co., Anniston, Ala.  '75 
 
*VALENTINE, M. D.,................................................................  Woodbridge, N. J.  '76 
*VAN ARSDALE, W. H., .....................................................................  Aurora, Ill.  '72 
*VAN BLARCOM, E. C., ...............................  P. O. Box 2085, San Francisco, Cal.  '79 
*VAN DIEST, P. H., ..................... 379 Twenty-Second Street, Denver, Colorado.  '82 
*VANDLING, A. H., .........................................................................  Scranton, Pa.  '82 
*VAN LENNEP, D., ..............  Granite Basin, Via Buck's Ranch, Plumas Co., Cal.  '72 
*VAN SLOOTEN, WM.,........................................... 95 Milk Street, Boston, Mass.  '84 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                          MEMBERS AND ASSOCIATES.                  xxxiii 
 
*VAN TASSEL, HOWARD A.,......................   Atlantic Mine, Honghton Co., Mich.  '81 
*VAN VOORHIS, W. W., ....................................  Manhattanville, New York City.  '79 
*VEEDER, HERMAN, ............................ Care C. G. Hussey & Co., Pittsburgh, Pa.  '80 
*VEZIN, HENRY A., .....................................  P. O. Box 144, Leadville, Colorado.  '74 
*VIVIAN, GEORGE G., ...............................  Freeland, Clear Creek Co., Colorado.  '82 
*VULTÉ, HERMANN T.,.................................  79 E. 111th Street, New York City.  '81 
 
*WAGNER, E. C.,.......................................................................... Girardville, Pa.  '85 
*WAIT, PROF. CHARLES E., .....................................  Rolla, Phelps Co., Missouri.  '79 
*WAITE, GEORGE R., .....................................  220 S. Broad Street, Philadelphia.  '76 
*WALKER, J. C.,.................................................. 238 Bissell Street, Chicago, Ill.  '83 
†WALKER, JOHN A., ............................................ P. O. Box 21, Jersey City, N. J.  '78 
*WALKER, T. B., .............................................................................  Ashland, Ky.  '84 
*WALKER, W. R.,........................... Care Spang Steel & Iron Co., Pittsburgh, Pa.  '81 
*WALLER, DR. ELWYN,.................................. School Of Mines, New York City.  '83 
*WALLIS, PHILIP, ..............................................................  Box 1973, Aurora, Ill.  '84 
*WALSH, EDWARD, JR.,......................  3021 Washington Avenue, St. Louis, Mo.  '74 
*WALTER, T. FRANK, .............................................................. Mauch Chunk, Pa.  '84 
*WARD, WILLARD P., ............................... 80 Madison Avenue, New York City.  '71 
*WARREN, GEORGE HENRY, JR., ...................  520 Fifth Avenue, New York City.  '81 
*WARREN, WALTER P., ...................................................................... Troy, N. Y.  '83 
*WARTENWEILER, ALFRED,................................................. Butte City, Montana.  '75 
*WATERMAN, H. L.,      Care Of C. H. Odell, 15 Broad  Street, New  York City.   '81 
*WATERS, J. H. E., ...............................................................  Silverton, Colorado.  '82 
*WATTS, DAVID,............................................ 223 Market Street, Harrisburg, Pa.  '81 
*WEAVER, V. W., ..........................................................  Coplay, Lehigh Co., Pa.  '82 
*WEBB, H. H.,............................................ 405 Front Street, San Francisco, Cal.  '85 
*WEBB, H. WALTER,..........................................  37 Wall Street, New York City.  '82 
*WEEKS, JOSEPH D., ..........................................  P. O. Box 1547, Pittsburgh, Pa.  '75 
*WEIDMAN, BARGE C., ...................................  P. O. Box 175, S. Bethlehem, Pa.  '84 
*WEIMER, P. L., ..............................................................................  Lebanon, Pa.  '75 
*WEIR, CHARLES G.,.........................................................  Cheyenne, Wyoming.  '82 
*WEISER, FRANK P.,.........................................................................  Ashland, Pa.  '84 
*WEITZELL, RICHARD S., ................................................................  Logan, Ohio.  '85 
*WELLMAN, S. T.,.............................. Otis Iron And Steel Co., Cleveland, Ohio.  '75 
*WELLS, BARD, .............................................................................  Pottsville, Pa.  '80 
†WELLS, CALVIN, ............................................  A. French & Co., Pittsburgh, Pa.  '73 
*WELLS, H. L.,..........................  Sheffield Scientific School, New Haven, Conn.  '81 
*WENDT, ARTHUR F.,................................................  Box 1600, New York City.  '74 
*WENTZ, J. S.,......................................................................... Mauch Chunk, Pa.  '82 
*WERNER, AUGUSTIN,............................................... Mapimi, Durango, Mexico.  '82 
*WESTBROOK, CHARLES R.,.................... Ogdensburgh, St. Lawrence Co., N. Y.  '80 
*WESTBROOK, C. S., ................................  Spragueville, St. Lawrence Co., N. Y.  '83 
*WESTESSON, JOSEF P. L.,.............................  Chester Rolling Mill, Thurlow, Pa.  '84 
*WHEELER, H. A.,................................... Washington University, St. Louis, Mo.  '81 
*WHEELER, MOSES D.,................. P. O. Box 539, Stapleton, Staten Island, N. Y.  '75 
*WHEELER, WILLIAM D., .........................  U. S. Assay Office, Helena, Montana.  '81 
*WHEELOCK, JEROME, .............................................................  Worcester, Mass.  '82 
*WHINERY, S., ............................................................................... Somerset, Ky.  '80 
*WHITAKER, THOMAS D., .......................  Cedar Grove, Frankford, Philadelphia.  '84 
*WHITCOMB, GEORGE D., ..................  Dearborn & Monroe Streets, Chicago, Ill.  '83 
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xxxiv                   MEMBERS AND ASSOCIATES. 
 
*WHITE, WILLIAM, JR., ......................................... Braddock, Allegheny Co., Pa.  '79 
*WHITING, HENRY A.,.............  Care S. A. Blatchford, 16 Exchange Place, N. Y.  '85 
*WHITING, S. B.,............................................................................  Pottsyille, Pa.  '71 
†WHITMAN, JAMES N, .......................................... P. O. Box 380, Beverly, Mass.  '83 
†WHITNEY, ELI, JR., ........................... Whitneyville Armory, New Haven, Conn.  '75 
*WICKES, GEORGE T.,..........................................................  Bozeman, Montana.  '76 
*WIESTLING, GEORGE B.,........................................ Mont Alto, Franklin Co., Pa.  '77 
*WIGHT, SIDNEY B., .................................................................  Newberry, Mich.  '80 
*WILES, EDWIN L., ....................................  Springfield Iron Co., Springfield, Ill.  '82 
*WILEY, WILLIAM H.,.......................................  15 Astor Place, New York City.  '81 
*WILHELM, A., .................................................... P. O. Box 178, Harrisburg, Pa.  '77 
*WILKES, JOHN, ..........................................................................  Charlotte, N. C.  '83 
*WILLIAMS, ALBERT, JR.,........................................  Box 591, Washington, D. C.  '82 
*WILLIAMS, BEN.,...................................................................... Bisbee, Arizona.  '82 
*WILLIAMS, DAVID, ......................................... 83 Reade Street, New York City.  '80 
*WILLIAMS, PROF. EDWARD H., ....................... Jr.,P.O. Box 463, Bethlehem, Pa.  '76 
*WILLIAMS, FREDERICK H., ............................................. Box 502, Orange, N. J.  '80 
*WILLIAMS, PROF. J. F., ..................................................................... Troy, N. Y.  '83 
*WILLIAMS, HENRY, ........................................................... Butte City, Montana.  '75 
*WILLIAMS, JOHN J., ....................  32 Merchants' Exchange, San Francisco, Cal.  '83 
*WILLIAMS, JOHN T., ........ Forty-Fourth Street And East River, New York City.  '74 
*WILLIAMS, LEWIS,.................................................................... Bishee, Arizona.  '83 
*WILLIAMS, SAMUEL T., ..............  Care Of Henry Disston & Sons, Philadelphia.  '79 
*WILSON, EUGENE B.,.................................. Cross Creek Collieries, Drifton, Pa.  '83 
*WILSON, JOHN A., .......................................  435 Cherstnut Street, Philadelphia.  '76 
*WILSON, J. CHESTER, ...................................... 419 Walnut Street, Philadelphia.  '84 
*WILSON, JOHN T.,..................................  Wilson, Walker & Co., Pittsburgh, Pa.  '79 
*WILSON, JOSEPH M., ..........................  49 Monument Ave., Charlestown, Mass.  '82 
*WILSON, N. R.,..........................................  P. O. Box 517, Leadville, Colorado.  '81 
*WILSON, WILLIAM A.,..............................................................  Park City, Utah.  '83 
*WINSLOW, ARTHUR,............................................  P. O. Box 274, Raleigh, N. C.  '81 
†WISHON, WALTER W., .......................................... Colorado Springs, Colorado.  '82 
*WISTER, JONES,............................................ 230 S. Fourth Street, Philadelphia.  '79 
*WITHERBEE, FRANK S., ........................................  Port Henry, Essex Co., N. Y.  '76 
*WITHERBEE, T. F.,................................................  Port Henry, Essex Co., N. Y.  '71 
*WITHERBEE, W. C., ..............................................  Port Henry, Essex Co., N. Y.  '80 
*WITHEROW, J. P., .... Lewis Block, 6th Ave. And Smithfield St., Pittsburgh, Pa.  '76 
*WITHERSPOON, JAMES,...............................................................  Laredo, Texas.  '81 
†WITTMACK, CHARLES A.,` .............................  P. O. Box 1032, New York City.  '82 
*WITTMAN, N. B.,..........................  Pittsburgh Steel Casting Co., Pittsburgh, Pa.  '84 
†WOLCOTT, HENRY R., ........................................................... Denver, Colorado.  '82 
*WOLF, THEODORE G., ...................................................................  Scranton, Pa.  '79 
*WOLFE, ALBERT H., ..................................  696 W. Monroe Street, Chicago, Ill.  '82 
*WOLFF, DR. FR. M., .....................  12 Hohenzollernstrasse, Berlin, W., Prussia.  '82 
*WOLISTON, R. T., ..................................................................  Galena, Colorado.  '85 
*WOOD, A. B., ......................................................................... Ann Arbor, Mich.  '82 
*WOOD, FREDERICK W., ............................................  Steelton, Danphin Co., Pa.  '79 
*WOOD, THOMAS D., .................................................................  Mckeesport, Pa.  '79 
†WOOD, W. DEWEES,........................................ 111 Water Street, Pittsburgh, Pa. '83 
*WOOD, W. J., .......................................................................  Collinsville, Conn.  '81 
*WOODBURY, L. S., ....................................................................  Calumet, Mich.  '80 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                        MEMBERS AND ASSOCIATES.                   xxxv 
 
*WOODWARD, E. H., ..........................................  54 Cliff Street, New York City.  '81 
*WOODWARD, W. H.,...................................................................  Wheeling, Ala.  '84 
*WORTHINGTON, CHAS. C.,.......................................  145 Broadway, New York.  '85 
*WRIGHT, CHARLES E.,............................................................. Marquette, Mich.  '80 
*WRIGHT, JAMES N,....................................................................  Calumet, Mich.  '79 
*WRIGHT, WHITAKER, ...................................... 413 Walnut Street, Philadelphia.  '81 
*WURTS, CHARLES P.,............................................................ New Haven, Conn.  '81 
*WÜRGLER, A.,.......................................................... 7 Rue Viéte, Paris, France.  '85 
 
*YARDLEY, THOMAS W., ................................................................... Troy, N. Y.  '83 
*YEATMAN, POPE,...............................................  503 Ware Ave., St. Louis, Mo.  '83 
*YOUNG, JAMES B., .................................... Phoenix Roll Works, Pittsburgh, Pa.  '79 
*YOUNG, W. D.,....................  Corner Fifteenth And Etna Streets, Pittsburgh, Pa.  '83 
 
*ZACHARIAS, H. C., ......................................................................  Shamokin, Pa.  '84 
†ZUKOSKI, EDMUND L., ...............................  1829 Kennett Place, St. Louis, Mo.  '84 
 
         Honorary Members, 6; Members, 1202; Associates, 153; Foreign Members, 48. 
 
 
 
 NOTE.--The Following Names Of Persons Elected At The XLIId Meeting, at 
Chattanooga, May, 1885, are Not Included In The Above List: 
 
*ANDERSON, J. F. T.,.............................................  Tredegar Iron Co., Richmond, Va. 
*BARTLETT, JAMES H,......................................  Standard Building, Montreal, Canada. 
†BERRY, WILTON G., ............................................. School Of Mines, New York City. 
*CHENHALL, JAMES W., ..............................................................  Anaconda, Montana. 
*COLYAR, LEWIS S.,......................................................................  Chattanooga, Tenn. 
*FROSSARD, JOHN D., ..................................................................... Montreal, Canada. 
*HARGREAVES, HENRY W.,...................................................................  Dayton, Tenn. 
*HILL, J. T., ......................................................................................  Whiteside, Tenn. 
*HIMROD, CHARLES, ...................................................  186 Dearborn St., Chicago, Ill. 
*JOHNS, L. W., ..................................................................................  Pratt Mines, Ala. 
*JOHNSTON, JAMES, ...................................................  417 Straight St., Paterson, N. J. 
*LEAVENS, H. W.,....................................................... 411 Larimer St., Denver, Colo. 
*LIPPINCOTT, J. E.,...............................................  Swift's I. & S. Mills, Cincinnati, O. 
*MCLENNAN, J. S., ............................................................  Sidney, Cape Breton, N. S. 
*MALO, ALBERT, ........................................  Puente De Sta. Ana, No. 6 Mexico, Mex. 
*MARKLE, ALVAN,.................................................................................. Hazleton, Pa. 
*MILLER, GEORGE S., .....................................................................  Benwood, W. Va. 
*NORTON, S., ......................................................................................... Burden, N. Y. 
†OSTERHELD, TH. W., ..........................................................................  Yonkers, N. Y. 
*PILLSBURY, D. B., ...........................................................................  Whiteside, Tenn. 
*POWELL, WM. H.,.................................................................................  Belleville, Ill. 
*RICKARD, THOMAS.,................................................... 58 Lombard St., London, Eng. 
*RUEGER, R. C.,...............................................................................  Anaconda, Mont. 
*SCOVELL, MINOR, ............................................................................... Pittsburgh, Pa. 
*SHOOK, A. M., ...............................................................................  Tracy City, Tenn. 
*SIMPSON, C. D.,.....................................................................................  Scranton, Pa. 
 
 
 
 
 
 
 
 
 
 
 
 
 



xxxvi                                 DECEASED. 
 
*STOCKWELL, N. S.,.......................................  U. S. Patent Office, Washington, D. C. 
*THROPP, JOSEPH E., .............................................................................. Edge Hill, Pa. 
*VAN HISE, C. R., ................................................................................. Madison, Wis. 
†WALKER, JOSEPH R., ................................................................  Salt Lake City, Utah. 
*WEIMAR, ASA A.,..................................................................................  Lebanon, Pa. 
*WEIMAR, JOHN A., ................................................................................  Lebanon, Pa. 
*WESTON, FRANCIS E., .............................................................................  Upland, Pa. 
*WILDER, J. T., .............................................................................  Chattanooga, Tenn. 
 
 
 
 

Deceased. 
BLOSSOM, T. M.,..................................................................................................  1876 
BRIGGS, ROBERT, .................................................................................................  1882 
BRINSMADE, J. B., ...............................................................................................  1884 
BROWN, A. J., ......................................................................................................  1875 
CALDWELL, W. B., JR.,.........................................................................................  1880 
CAMERON, JAMES R., ...........................................................................................  1881 
CHISHOLM, HENRY,..............................................................................................  1881 
CLARK, HENRY G.................................................................................................  1881 
CLEMES, J. P., ......................................................................................................  1876 
CONVERSE, JAMES B., ..........................................................................................  1883 
DADDOW, S. H., ...................................................................................................  1875 
D'ALIGNY, H. F. Q., ..............................................................................................  1875 
DAVIDSON, D. R.,.................................................................................................  1884 
DE PEIGER, R. F. J., ..............................................................................................  1883 
DICKSON, THOMAS,..............................................................................................  1884 
DRESSER, CHARLES A., ........................................................................................  1878 
DWIGHT, W. S., ....................................................................................................  1883 
FERNEKES, ANTON, ..............................................................................................  1884 
FIRMSTONE, WILLIAM, .........................................................................................  1877 
FULLER, JOHN T., .................................................................................................  1880 
GOULD, ROBERT A., .............................................................................................  1878 
GRIFFEN, JOHN, ....................................................................................................  1884 
GRUNER, L., .........................................................................................................  1883 
HALL, JAMES F.,...................................................................................................  1884 
HARRIS, STEPHEN,................................................................................................  1874 
HEALY, MORRIS, ..................................................................................................  1881 
HOLLEY, A. L.,.....................................................................................................  1882 
HUNT, THOMAS, ...................................................................................................  1872 
HUSSEY, C. C., .....................................................................................................  1884 
HYNDMAN, E. K., .................................................................................................  1884 
INGERSOLL, S. WARREN, ......................................................................................  1884 
JENNEY, F. B., ......................................................................................................  1876 
JERNEGAN, J. L.,...................................................................................................  1881 
LEE, WASHINGTON,..............................................................................................  1872 
LEISENRING, JOHN,...............................................................................................  1884 
LIEBENAU, CHARLES VON, ...................................................................................  1875 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                    DECEASED.                                  xxxvii 
 
LORD, JOHN C., ....................................................................................................  1872 
LORENZ, W., ........................................................................................................  1884 
LORENZ, W., JR., ..................................................................................................  1881 
LOWE, FRANCIS A., ..............................................................................................  1883 
MCINTIRE, HENRY M.,..........................................................................................  1880 
MCKEE, DAVID,....................................................................................................  1884 
MACKINTOSH, W. S.,............................................................................................  1884 
MACMARTIN, ARCHIBALD, ...................................................................................  1881 
MANTHEY, WILLIAM, ...........................................................................................  1883 
MICKLEY, J. W., ...................................................................................................  1880 
MOORE, CHARLES W.,..........................................................................................  1877 
NEWTON, HENRY, ................................................................................................  1877 
NEWTON, ISAAC, ..................................................................................................  1884 
PAINTER, HOWARD,..............................................................................................  1876 
PARK, JAMES, JR.,.................................................................................................  1883 
PHELPS, WALTER, ................................................................................................  1878 
PHILLIPS, P. E.,.....................................................................................................  1884 
PIERSON, O. H., ....................................................................................................  1882 
PLEASANTS, HENRY,.............................................................................................  1880 
PRIEST, J. R., ........................................................................................................  1880 
RICHTER, C. E., ....................................................................................................  1877 
RICKARD, R. H., ...................................................................................................  1885 
ROBINSON, THOMAS W., ......................................................................................  1880 
SANTA MARIA, RAYMUNDO DE, ...........................................................................  1883 
SAYLOR, DAVID O.,..............................................................................................  1884 
ScHIRMER, J. F. L., ...............................................................................................  1877 
SCHUCHARD, CHARLES,........................................................................................  1883 
SICKLES, T. E., .....................................................................................................  1885 
SIEMENS, C. WILLIAM, .........................................................................................  1883 
SILLIMAN, PROF. B., .............................................................................................  1885 
STEITZ, AUGUSTUS, ..............................................................................................  1876 
STERLING, HENRY S., ...........................................................................................  1882 
STINSON, JOHN M.,...............................................................................................  1884 
ST. JOHN, I. M., ....................................................................................................  1880 
STOELTING, HERMANN, ........................................................................................  1875 
THOMAS, DAVID,..................................................................................................  1882 
THOMAS, SIDNEY G.,............................................................................................  1885 
THOMPSON, PROF. C. O., ......................................................................................  1885 
WALZ, ISIDOR, .....................................................................................................  1877 
WARNER, L. E., ....................................................................................................  1884 
WELCH, ASHBEL, .................................................................................................  1882 
WENDEL, DR. A., .................................................................................................  1881 
WHEATLEY, CHARLES M., ....................................................................................  1882 
WHILLDIN, W. I.,..................................................................................................  1882 
WITHERBEE, J. G., ................................................................................................  1875 
WORTHINGTON, HENRY R., ..................................................................................  1880 
WRIGHT, HARRISON, ............................................................................................  1885 
WRIGLEY, H. E.,...................................................................................................  1882 
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SHOWING THE OFFICERS OF THE INSTITUTE FROM ITS ORGANIZATION 
TO THE PRESENT TIME. 

 The offices of President, Vice-President, Manager, Secretary and Treasurer are indicated 
by their initials. 

                
ALEXANDER, JOHN S.,......  
ASHBURNER, C. A.,..........  
ASMUS, GEORGE, .............  
BAYLES, JAMES C., ..........  
BIRKLNBINE, JOHN, ..........  
BLAIR, THOMAS S., ..........  
BLAKE, WILLIAM P., ........  
BLANDY, JOHN F.,............  
BROOKS, THOS. B., ..........  
BUCK, STUART M., ..........  
BURDEN, JAMES A., .........  
BURNHAM, WILLIAM,.......  
CHURCH, JOHN A., ...........  
COGSWELL, W. B., ...........  
COOK, EDGAR S., .............  
CORYELL, MARTIN,..........  
COX, E. T.,.......................  
COXE, ECKLEY B., ...........  
COXE, WM. E. C., ............  
DRINKER, HENRY S., ........  
DROWN, THOMAS M., ......  
DUDLEY, CHARLES B., .....  
EGLESTON, THOMAS, .......  
EILERS, ANTON, ...............  
ELY, T. N.,.......................  
EMMONS, S. F., ................  
FIRMSTONE. FRANK,.........  
FRAZER, PERSIFOR ...........  
FRAZIER, B. W., ...............  
FRITZ, JOHN, ....................  
GAUJOT, E., .....................  
HEINRICH, OSWALD J. ......  
HEWITT, ABRAM S., .........  
HOLLEY, A. L., ................  
HOWE, H. M., ..................  
HUNT, ROBERT W., ..........  
HUNT, T. STERRY,............  
KENT. JOSEPH C.,.............  
KERR, W. C., ...................  
KEYES, W. S., ..................  
KIMBALI., J. P., ................  
LESLEY, J. P., ...................  
LEWIS, JAMES F., .............  
MACDONALD, CHARLES, ..  
MAYNARD, GEORGE W., ..  
MCCREATH, ANDREW S.,.  
MCNAIR, T. S., ................  
METCALF, WILLIAM,........  
MOFFAT, E. S.,.................  
MUNROE, H. S., ...............  
NEWBERRY, J. S., .............  
PEARSE, RICHARD, ...........  
PEARSE, JOHN B.,.............  
PECHIN, E. C., ..................  
PETHERICK, THOMAS, ......  
PETTEE, WM. H.,..............  
POTTER. WILLIAM B., ......  
POWELL, J. W., ................  
PRIME, FRED., JR.,............  
PUMPELLY, RAPHAEL, ......  
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SMOCK, JOHN C., .............  
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STETEFELDT, C. A.,..........  
SWOYER, J. H.,.................  
SYMONS, W. R., ...............  
THURSTON, ROBERT H., ...  
THOMAS, DAVID, .............  
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LIST OF THE MEETINGS OF THE INSTITUTE AND THEIR LOCAL- 
ITIES FROM ITS ORGANIZATION TO FEBRUARY, 1885. 

 
 
Number. Place. Date. Transactions. 
 I. Wilkesbarre, Pa.,* ...............May, 1871, .................................... i.  3 
 II.  Bethlehem, Pa.,...................August, 1871, ................................ i.  10 
 III.  Troy, N. Y., ........................November, 1871,........................... i.  13 
 IV.  Philadelphia, Pa., ................February, 1872, ............................. i. 17 
 V.  New York, N. Y.,* .............May, 1872, .................................... i.  20\ 
 VI.  Pittsburgh, Pa., ...................October, 1872................................ i.  25 
 VII. Boston, Mass., .....................February, 1873, ............................. i.  28 
 VIII.  Philadelphia, Pa.,* ..............May, 1873, .................................... ii. 3 
 IX.  Easton, Pa., .........................October, 1873,............................... ii.  7 
 X.  New York, N. Y., ...............February, 1874, ............................. ii.  11 
 XI.  St. Louis, Mo.,*..................May, 1874, .................................... iii.  3 
 XII.  Hazleton, Pa., .....................October, 1874,............................... iii.  8 
 XIII.  New Haven, Conn., ............February, 1875, ............................. iii.  15 
 XIV.  Dover, N. J.,* .....................May, 1875, .................................... iv.  3 
 XV.  Cleveland, O.,.....................October, 1875,............................... iv.  9 
 XVI.  Washington, D. C., .............February, 1876, ............................. iv.  18 
 XVII.  Philadelphia, Pa.,† ..............June, 1876, .................................... v.  3 
 XVIII.  Philadelphia, Pa., ................October, 1876,............................... v.  19 
 XIX.  New York, N. Y., ...............February, 1877, ............................. v.  27 
 XX.  Wilkesbarre, Pa.,* ..............May, 1877, .................................... vi.  3 
 XXI.  Amenia, N. Y., ...................October, 1877,............................... vi.  10 
 XXII.  Philadelphia, Pa., .................February, 1878, ............................. vi.  18 
 XXIII.  Chattanooga, Tenn.,*..........May, 1878, .................................... vii.  3 
 XXIV.  Lake George, N. Y.,............October, 1878,............................... vii.  103 
 XXV.  Baltimore, Md.,* ................February, 1879, ............................. vii.  217 
 XXVI. Pittsburgh, Pa., ....................May, 1879, .................................... viii.  3 
 XVII.  Montreal, Canada, ..............September, 1879, .......................... viii. 121 
 XXVIII.  New York, N. Y.,* .............February, 1880, ............................. viii.  275 
 XXIX.  Lake Superior, Mich.,.........August, 1880, ................................ ix.  1 
 XXX.  Philadelphia, Pa.,* ..............February, 1881, ............................. ix.  275 
 XXI.  Staunton, Va., .....................May, 1881, .................................... x.  1 
 XXXII.  Harrisburg, Pa.,...................October, 1881,............................... x.  119 
 XXXIII.  Washington, D. C.,* ...........February, 1882, ............................. x.  225 
 XXXIV.  Denver, Col., ......................August, 1882, ................................ xi.  1 
 XXXV.  Boston, Mass.,* ..................February, 1883, ............................. xi.  217 
 XXXVI . Roanoke, Va., ....................June, 1883, .................................... xii.  3 
 XXXVII.  Troy, N. Y., ........................October, 1883,............................... xii.  175 
XXXVIII.  Cincinnati, O.,* ..................February, 1884, ............................. xii.  447 
 XXXIX  Chicago, Ill., .......................May, 1884, .................................... xiii.  3 
 XL.  Philadelphia, Pa., ................September, 1884, .......................... xiii.  287 
 XLI.  New York, N. Y., ...............February, 1885, ............................. xiii.  587 
 
 
* Annual meeting for the election of officers. The rules were amended at the Chattanooga 
meeting, May, 1878, changing the annual election from May to February. 
 † Begun in May at Easton, Pa., for the election of officers, and adjourned to Philadelphia. 
 
 
 
 
 
 
 
 
 
 
 
 
 



PUBLICATIONS. 
 
 
 
 The publications of the Institute comprise: 
 1. The minutes of the Proceedings of each Meeting, published in 
pamphlet form. 
 2. Such of the papers presented or read by title at each Meeting as 
are furnished by the authors and approved by the Council for full 
publication. (In nearly all cases in which papers, the titles of which appear 
in the Proceedings, are not subsequently published, they have been with 
drawn by the authors.) These papers are published separately in pamphlet 
form, and are marked "Subject to Revision." 
 3. Annual volumes of Transactions, containing the list of officers and 
members, rules, etc.; the Proceedings and the papers, revised for final 
publication. (In this revision after the preliminary publication, authors are 
permitted to use the largest liberty; and the changes and additions made in 
papers are sometimes important. It should be borne in mind, by those who 
study or quote a paper in the preliminary edition, that they may not have in 
that form the ultimate and deliberate expression of the author's views. It 
should be added, however, that in the majority of cases there is no essential 
change, the correction of typographical errors and additions of later 
information being the usual alterations.) 
 4. Special editions of separate papers, for which there is demand. 
These are fully revised, and usually issued in pamphlet covers. 
5. Books. (Under this head the only publications thus far have been an Index 
to Vols. I. to X. inclusive, a Glossary of Mining and Metallurgical Terms, 
and a Memorial of Alexander Lyman Holley.) 
 All the foregoing publications are sent free to members and associates 
not in arrears at the time of publication. They are also for sale at the office 
of the Secretary, or are sent to purchasers by mail or express, charges paid, 
on receipt of the price by the Secretary, as follows: 
 Classes 1 and 2, above mentioned,-price not uniform-a small sum, 
in no case exceeding 20 cents per copy, to cover cost of printing, storage, 
clerk-hire, postage, etc. 
 Class 3 (Transactions), at $5 per volume in paper covers, or $6 bound 
in half-morocco. 
 Class 4. This class now includes " Steel Rails " (Papers by Messrs. 
Sandberg, Dudley and Holley, and discussions at two meetings in 1881, 
from vol. ix. of the Transactions), price $1; "Technical Education" 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xliv                               PUBLICATIONS. 
 
(Papers and discussions at the XVIIth [Philadelphia] meeting, in 1876 
-mostly not in the Transactions), price 50 cents; "The Law of the 
 Apex" (including the Appendix), by R. W. Raymond, price 25 cents;  
" List of Members, Rules, etc.," price 25 cents. 
 Class 5. Index to Vols. I. to X., inclusive, of the Transactions, price, 
in paper covers, $1; in half-morocco, $2. "Memorial of Alexander 
Lyman Holley," in cloth, with frontispiece-portrait, price $2. "Glossary 
of Mining and Metallurgical Terms," by R. W. Raymond (from vol. ix. 
of the Transactions), in cloth, price 50 cents. 
 All communications and remittances should be addressed to R. W. 
Raymond, Secretary, P. O. Box 223, New York City. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



RULES 
 

ADOPTED MAY, 1873. AMENDED MAY, 1875, MAY, 1877, MAY, 1878, FEBRUARY, 1880, 
and FEBRUARY, 1881. 

 
 

 
I. 
 

OBJECTS. 
 
 THE objects of the AMERICAN INSTITUTE OF MINING ENGINEERS are to promote 
the Arts and Sciences connected with the economical production of the useful min 
erals and metals, and the welfare of those employed in these industries, by means 
of meetings for social intercourse, and the reading and discussion of professional 
papers, and to circulate, by means of publications among its members and associates, 
the information thus obtained. 
 
 

II. 
 

MEMBERSHIP. 
 
 The Institute shall consist of Members, Honorary Members, and Associates. 
Members and Honorary Members shall be professional mining engineers, geologists, 
metallurgists, or chemists, or persons practically engaged in mining, metallurgy, or 
metallurgical engineering. Associates shall include all suitable persons desirous of 
being connected with the Institute, and duly elected as hereinafter provided. Each 
person desirous of becoming a member or associate shall be proposed by at least 
three members or associates, approved by the Council, and elected by ballot at a 
regular meeting upon receiving three-fourths of the votes cast, and shall become a 
member or associate on the payment of his first dues. Each person proposed as an 
honorary member shall be recommended by at least ten members or associates, 
approved by the Council, and elected by ballot at a regular meeting on receiving 
nine-tenths of the votes cast; Provided, that the number of honorary members shall 
not exceed twenty. The Council may at any time change the classification of a 
person elected as associate, so as to make him a member, or vice versa, subject to the 
approval of the Institute. All members and associates shall be equally entitled to the 
privileges of membership; Provided, that honorary members shall not be entitled to 
vote or to be members of the Council. 
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 Any member or associate may be stricken from the list on recommendation of the 
Council, by the vote of three-fourths of the members and associates present at any 
annual meeting, due notice having been mailed in writing by the Secretary to the said 
member or associate. 
 

III. 
 

DUES. 
 

The dues of members and associates shall be ten dollars per annum, payable in 
advance at the annual meeting; Provided, that persons elected at the meeting 
following the annual meeting shall pay eight dollars, and persons elected at the 
meeting preceding the annual meeting shall pay four dollars as dues for the current 
year. Honorary members shall not be liable to dues. Any member or associate may 
become, by the payment of one hundred dollars at any one time, a life member or 
associate, and shall not be liable thereafter to annual dues. Any member or associate 
in arrears may, at the discretion of the Council, be deprived of the receipt of 
publications, or stricken from the list of members when in arrears for one year; 
Provided, that he may be restored to membership by the Council on payment of all 
arrears, or by re-election after an interval of three years. 
 
 
 

IV. 
 

OFFICERS. 
 
 The affairs of the Institute shall be managed by a Council. consisting of a 
President, six Vice-Presidents, nine Managers, a Secretary and a Treasurer, who 
shall be elected from among the members and associates of the Institute at the annual 
meetings, to hold office as follows: 
 The President, the Secretary, and the Treasurer for one year (and no person shall 
be eligible for immediate re-election as President who shall have held that office 
subsequent to the adoption of these rules, for two consecutive years), the Vice-
Presidents for two years, and the Managers for three years; and no Vice-President or 
Manager shall be eligible for immediate re-election to the same office at the 
expiration of the term for which he was elected. At each annual meeting a President, 
three Vice-Presidents, three Managers, a Secretary and a Treasurer shall be elected, 
and the term of office shall continue until the adjournment of the meeting at which 
their successors are elected. 
 The duties of all officers shall be such as usually pertain to their offices, or may be 
delegated to them by the Council or the Institute; and the Council may in its 
discretion require bonds to be given by the Treasurer. At each annual meeting the 
Council shall make a report of proceedings to the Institute, together with a financial 
statement. 
 Vacancies in the Council may occur by death or resignation; or the Council may, 
by a vote of the majority of all its members, declare the place of any officer vacant, 
on his failure for one year, from inability or otherwise, to attend the Council 
meetings or perform the duties of his office. All vacancies shall be filled by the 
appoint- 
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ment of the Council, and any person so appointed shall hold office for the remainder 
of the term for which his predecessor was elected or appointed; Provided, that the 
said appointment shall not render him ineligible at the next annual meeting. 
 Five members of the Council shall constitute a quorum; but the Council may 
appoint an Executive Committee, or business may be transacted at a regularly called 
meeting of the Council, at which less than a quorum is present, subject to the 
approval of a majority of the Council, subsequently given in writing to the Secretary, 
and recorded by him with the minutes. 
 
 
 

V. 
 

ELECTIONS. 
 
 

 The annual election shall be conducted as follows: Nominations may be sent in 
writing to the Secretary, accompanied with the names of the proposers, at any time 
not less than thirty days before the annual meeting; and the Secretary shall, not less 
than two weeks before the said meeting, mail to every member or associate (except 
honorary members), a list of all the nominations for each office so received, stamped 
with the seal of the Institute, together with a copy of this rule, and the names of the 
persons ineligible for election to each office. And each member or associate, 
qualified to vote, may vote, either by striking from or adding to the names of the said 
list, leaving names not exceeding in number the officers to be elected, or by 
preparing a new list, signing said altered or prepared ballot with his name, and either 
mailing it to the Secretary or presenting it in person at the annual meeting: Provided, 
that no member or associate in arrears since the last annual meeting shall be allowed 
to vote until the said arrears shall have been paid. The ballots shall be received and 
examined by three Scrutineers, appointed at the annual meeting by the presiding 
officer; and the persons who shall have received the greatest number of votes for the 
several offices shall be declared elected, and the Scrutineers shall so report to the 
presiding officer. The ballots shall be destroyed, and a list of the elected officers, 
certified by the Scrutineers, shall be preserved by the Secretary. 
 
 
 

VI. 
 

MEETINGS. 
 
 

 The annual meeting of the Institute shall take place on the third Tuesday of 
February, at which a report of the proceedings of the Institute and an abstract of the 
accounts shall be furnished by the Council. Two other regular meetings of the 
Institute shall be held in each year, at such times and places as the Council shall 
select, and notice of all meetings shall be given by mail, or otherwise, to all members 
and associates, at least twenty days in advance. Special meetings may be called 
whenever the Council sees fit; and the Secretary shall call a special meeting on a 
requisition signed by fifteen or more members. The notices for special meetings shall 
state the business to be transacted, and no other shall be entertained. 
 Every question which shall come before any meeting of the Institute, shall be 
decided, unless otherwise provided by these Rules, by the votes of a majority of the 
members then present. Any member or associate may introduce a stranger to any 
meeting; but the latter shall not take part in the proceedings without the consent of 
the meeting. 
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VII. 
 

 PAPERS; 
 

 The Council shall have power to decide on the propriety of communicating to the 
Institute any papers which may be received, and they shall be at liberty, when they 
think it desirable, to direct that any paper read before the Institute, shall be printed in 
the Transactions. Intimation, when practicable, shall be given, at each general 
meeting, of the subject of the paper or papers to be read, and of the questions for 
discussion at the next meeting. The reading of papers shall not be delayed beyond 
such hour as the presiding officer shall think proper; and the election of members or 
other business may be adjourned by the presiding officer, to permit the reading and 
discussion of papers. 
 The copyright of all papers communicated to, and accepted by, the Institute, shall 
be vested in it, unless otherwise agreed between the Council and the author. The 
author of each paper read before the Institute shall be entitled to twelve copies, if 
printed, for his own use, and shall have the right to order any number of copies at the 
cost of paper and printing, provided said copies are not intended for sale. The 
Institute is not, as a body, responsible for the statements of fact or opinion advanced 
in papers or discussions at its meetings, and it is understood that papers and 
discussions should not include matters relating to politics or purely to trade. 
 
 

VIII. 
 

AMENDMENTS. 
 

 These Rules may be amended at any annual meeting by a two-thirds vote of the 
members present, provided that written notice of the proposed amendment shall have 
been given at a previous meeting. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



INDEX. 
  
 
 
 [NOTE.-In this Index, authors' names are printed in small capitals, and the 
titles of papers in italics. Casual references, giving little or no information about 
the subject referred to, are indicated by inclosing the page-numbers in brackets. 
The distinction between such references and those not thus marked is not always 
sharply definable. A bracketed number opposite the title of a paper refers to the 
first mention of the paper, i.e., to the record, in the Proceedings, of its presentation. 
Where the name of a paper is followed by a bracketed number only, it is indicated 
that the paper, though presented at a meeting, has not been printed in the 
Transactions. It sometimes happens that the authors desire to change the titles of 
their papers after the Proceedings have been printed. In some such cases, the papers 
are indexed under both titles, but only one of the titles is indexed under the author's 
name.] 
 
Abel, Prof. F. A., Experiments with coal-dust, 260, 275. 
Accidents in mines: Report of French Commission, 278; Report of Roya Com 
 mission, 267. 
ADAMS, W. H., Spence Automatic Desulphurizing Furnace [295], 345. 
Advance silver-mill, Cal., 113. 
Alameda and Tirito, Sonora, Lixiviation at [113]. 
Alice silver-mine, Butte, Montana, 67, 82 [91]. 
Alloys: Of bismuth and platinum, 741; of gold and copper, 739; of gold and 
 silver, 738. 
Almaden, Spain, Quicksilver-reduction at [552]. 
American Association for the Advancement of Science [295] [296]. 
American Mining Machinery in Mexico and Central America (MCDOWELL)[298], 
408. 
American Valley, Plumas County, Cal., Geology of, 217. 
Ammonia : Experiments for collecting it from coke-ovens and iron-furnaces, 375. 
Ammonia-soda process for the manufacture of soda, 371 [545]; Financial result 
 compared with that of Leblanc process, 381. 
Analyses: Of anthracite coal, 332. Massachusetts: West Mansfield, 515, 516. Rhode 
 Island: Cranston, 516; Portsmouth, 511. 
   Of bituminous coal, 342, 343, 344. North Carolina: Deep River, 518, 519; Penn- 
 sylvania : Connellsville, 332. Texas: Eagle Mountains, 392; Sabinas Coal-field 
 397. 
Of boiler-plate, 688. 
Of cement, 180. 
Of chondrolite : New York, Tilly Foster, 481. 
Of coke: Texas, Cedral mine, 397. 
Of fire-clays from Sweden, 322. 
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Analyses: Of hydranlic limestone from La Salle County, Ill., 180. 
 Of Iron-ores: IRON-ORES OF THE UNITED STATES: Michigan: Menominee range, 
  magnetite, 38. New York: Croton Magnetic, magnetite, 486; Island mine, mag 
  netite, 487, 488; Mahopac, 432; Tilly Foster, magnetite, 481, 482. Vermont. 
  Franklin County, hematite, 691. OTHER COUNTRIES: Cuba: Santiago district, 
  red hematite, 622. Mexico: Durango, specular, 193, 199, 200; State of Chihua 
  hua, magnetic, 203; State of Coahuila, magnetic, 203; State of  Jalisco, specu 
  lar and brown hematite, 202. 
  Of natural gas: New York: West Bloomfield, 543. Pennsylvania: Butler County, 
 Burns's Well, Harrey Well, 544; Indiana County, Cherry Tree Well, 544; 
 Westmoreland County, Leechburg Well, 544. 
 Of silicate of nickel and cobalt, 658. 
 Of steel, 168, 169, 170, 171, 768; Pittsburgh, Pa., 756, 757. 
 Of tantalite from the Black Hills, Dakota, 232. 
Analyses and Tests of Steel, Discussion of Mr. Salom's paper on [4], 141. 
Armstrong County, Pa., bituminous coal, 332. 
Associates: Election of, Chicago meeting, 6; New York meeting, 598; Philadelphia 
 meeting, 297; Change of status to members, 6, 297, 598. 
Auburn silver mill, Reno, Nevada, 82. 
AUSTIN, DR. W. LAWRENCE, A Mexican Cupellation-Hearth [7], 41. 
 
BARNES, P., Facl-Economy in Engines and Boilers [596], 715. 
BARUS, CARL, The Electrical Activity of Ore-Bodies [297], 417. 
BAYLES, J. C., Presidential address at Philadelphia meeting, 288; at New York 
 meeting, 587; The Study of Iron and Steel, presidential address at Chicago 
 meeting [3], 15. 
Belmont silver-mine. Nevada, 68. 
Bennington, Pa., bituminous coal, 332. 
Berraco iron-mine, Sierra Maestra, Cuba, 623. 
Bertrand silver-mill (lixiviating), Nev., 67, 113, 114. 
Bertrand silver-mine, Nevada [66] [69], 75 [113]. 
Bessemer converters: Edgar Thomson, Pittsburgh, Pa., 751; in Sweden, 329. 
Bessemer Converter-House Without a Casting-Pit (LAUREAU) [598], 697. 
Bessemer Steel Company, Pittsburgh, Pa. [167]. 
Bessemer steel-making: Segregation of impurities in ingots on cooling, 167; Use of 
 the "soaking-pit", 119, 707. 
Biographical Notice of Benjamin Silliman (HUNT) [595], 782. 
Biographical Notice of Sidney Gilchrist Thomas (MAYNARD) [599], 785. 
BIRKINBINE, JOHN, Note on the Cerro de Mercado [3], 189; Remarks on charging 
 bells, 528; Remarks on no-bosh furnace, 498. 
Bismuth, Alloys of platinum and, 741. 
Black Hills, Dakota: Columbite in, 696; Geology of tin region, 695; Tantalite in, 
 696. 
Black Warrior silver-mill, Arizona, 67, 68. 
Blairsville, Pa., bituminous coal, 332. 
BLAKE, T. A. The Blake System of Fine Crushing [7], 210. 
Blake System of Fine Crushing (BLAKE) [7], 210. 
BLAKE, W. P., Tin Ore-deposits of the Black Hills of Dakota [596], 691; Note on 
 Tantalite and Columbite in the Black Hills of Dakota [596], 696. 
Blast-Furnace with Bosh Water-jackets and Iron Top (WENDT) [7], 31. 
Blast-furnaces: Chesapeake, Baltimore, Md., 500; Edgar Thomson "A," Pitts- 
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 burgh, Pa., 499; Lucy, Pittsburgh, Pa., 45; Midland, Missouri, 499; Piedras 
 Azules, Durango, 198, 205; in Sweden, 329; Removing obstructions from 
 hearths and boshes, 675; Straight or no-bosh. 489; Tula, Mexico [202]; Use 
 of high explosives in, 670; Warwick, Pottstown, Pa., 496, 499, 527; Water jacket 
  smelters, 31. 
 
Bluestone Flat-top coal-field, Tazewell County, Va., 237. 
Boiler-plate: Analyses of, 688. 
Boston and Colorado Smelting Works, Argo, Col., 86. 
BRAINERD, ALFRED F., Hematite of Franklin County, Vt. [599], 689. 
BRAMWELL, J. H., The Pocahontas Mine Explosion, 237. 
Bristol County, Mass., anthracite coal, 517. 
Broad Top, Pa., bituminous coal, 332. 
BROWN, WALTER LEE, A Complete Gas Assaying-Plant [4], 26. 
BRUNTON, D. W., A New System of Ore-Sampling [599], 639. 
BUCK, STUART M., The Pocahontas Mine Explosion, 237. 
BULKLEY, FREDERICK G., The Separation of Strata in Folding [297], 384. 
Bullion Ravine, Nevada, Experiments on electrical activity of ore-bodies, 429. 
"Burning Spring," account of, 541. 
Burns gas-well, Butler County, Pa., 543, 544. 
Butler County, Pa., Gas-wells of, 543, 544. 
 
Calcium-chloride used for extracting sulphur, 375. 
California silver-mine, Electrical experiments in, 429, 433. 
Cambria Iron Company, Johnstown. Pa., 147, 152, 772. 
Cauca River gold-mines, U. S. of Colombia, S. A., 139. 
Cedral Coal-mines, Coahuila, Mex., 395, 403. 
Cement, Analysis of, 180. 
Cerro de Mercado (Iron Mountain), Durango, 189. 
Certain Interesting Crystalline Alloys (PEARCE) [599], 738. 
Chaffee County, Col., Geology of, 388. 
CHANCE, H. MARTYN, The Deep River Coal-field of North Carolina [296], 517. 
Chateangay Ore and Iron Company, Plattsburg, N. Y., 215. 
CHEEVER, PROF. B. W., Estimation of Phosphorus in Iron and Steel [4], 163;  
 The Estimation of Phosphorus in Iron and Steel (Supplementary Note), 656; Note  
 on the Segregation of Impurities in Bessemer Steel Ingots on Cooling [7], 167. 
Cherry Tree gas-well, Indiana County, Pa., 544. 
Chesapeake furnace, Baltimore, Md., 500. 
Chicago, Ill., Meeting: Papers of, 13; Proceedings of, 3. 
CHISM, RICHARD E., The Vallecillo Mines, Mexico [297], 351. 
Chondrolite, Analysis of, 481. 
CHRISTY, S. B., Note on the Miners' Fund of New Almaden [3], 181; Quicksilver-Re 
 duction at New Almaden [295], 547. 
Chrysolite silver-mine, Leadville, Colorado, 69; Fire in, 505. 
Crystalline alloys, 738. 
Cinnabar, New Almaden, Cal., 547. 
Clapp and Griffith Process (WITHEROW) [596]. 745; (HUNT) [596], 753. 
Clay, Analysis of, 322; Machines for grinding, 323. 
Clays in Sweden. 321. 
Coal: In Rhode Island and Massachusetts, 510; In Mexico, 203; Swedish coal and 
 clay deposits, 321. 
Coal: Analyses of, 332, 342, 343, 344, 392, 397, 511, 516, 518, 519; Desirability of 
 standard method in analysis, 514. 
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Coal-dust, Influence of, in mine-explosions, 253, 775, 790. 
Coal-fields: Connellsville, Pa., 330, 772; Bluestone Flat-Top, Tazewell County, Va., 
 237; Deep River, N. C., 517 ; Eagle Mountains, El Paso County, Tex. [390], 
 391, 404; Eagle Pass, Tex., 397; Piedras Negras, Coahuila, Mex., 397; Sabinas, 
 Tex., 404. 
COAL-MINES OF THE UNITED STATES: Massachusetts: West Mansfield, Hardon, 
 515. Pennsylvania: Connellsville: Blast-furnace, 776; Conemangh, 775; 
 Cushon, 775; Gautier (Lower), 776; Herold, 332; Kintz, 332; Morewood, 332; 
 Morrell, 332; Rolling-mill, 774; Soxman, 332; Woodvale,773. Rhode Island: 
 Cranston, 516; Portsmouth, 511. Texas: Eagle Pass, Riddle and Hart [399], 
 400. El Paso County, Eagle, 391. Virginia : Pocahontas [4], 237. OTHER 
 COUNTRIES: Mexico: Coahuila. Cedral, 395, 403; Eagle [399, 400], 401. 
Coal-mining in the Connellsville Coke Region (FULTON) [295], 330. 
Coal-washing, 341. 
Cobalt: Analysis of silicate of nickel, 658 ; Its occurrence at Mine La Motte, Mis 
 souri, 634; in Nevada, 657. 
Coke: Analysis of, 397; Connellsville region of Pennsylvania, 330. 
Coleman gold-mine, Lake Cateha District, Nova Scotia, 660. 
Columbite in the Black Hills of Dakota, 696. 
Columbia College School of Mines, N. Y., Session of Institute at, 597. 
Combined Concentration and Amalgamation of Silver-Ores (MCDERMOTT) [599], 679. 
Complete Gas Assaying-plant (BROWN) [4], 26. 
Comstock Lode, Nevada, Experiments on electrical activity of ore bodies, 428. 
Concentration of Iron Ores (WENDT) [7]. 
Connellsville coke region of Pennsylvania, 330; bituminous coal, 332, 
Consolidated Virginia silver-mine, Experiments in, 429, 433. 
Couverters, Clapp-Griffiths, 747, 753. 
COOK, EDGAR S., Remarks on charging-bells, 527; on no-bosh furnace, 494. 
Copper, Alloys of gold and, 739. 
Copper-ores, Improvements in smelting, 124. 
Copper: Its patience as affected by annealing, 646, 648; Its solubility, 55. 
Copper-matte: Extraetion of silver from, 80. 
Copper-mines: Nevada: Esmeralda County, Ludwig and Carter, 657. 
Cosihuiriachic, Chihuahua, Lixivation at [113]. 
Cost of Gold-mining and Milling in Nova Scotia (PIERCE) [596], 659. 
Cranston coal-mine, R. I., 516. 
Croft iron-mine, N. Y. [478], 488. 
Croton Magnetic iron-mine, N. Y. [478], 484. 
Crown Point iron-mines, N. Y., 35. 
Cumberland, Md., bituminous coal, 332. 
Cupellation-hearth in Mexico, 41. 
Custer silver-mine, Idaho, 67, 68, 69, 72, 75, 90. 
 
Deep River Coal-field of North Carolina (CHANCE) [296], 517. 
Delamater gas-well, Butler County, Pa., 543. 
Delaware River, Excursion on, 298. 
Designolle process for the extraction of gold from silver ores [85], 
Desilverization of Lead by Electrolysis (KEITH) [295], 310. 
Desulphurizing furnace, Spence automatic, 345. 
Determination of Phosphorus (WESTESSON) [298], 405. 
DROWN, DR. T. M., An Experiment in Coal- Washing [295], 341. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                      INDEX.                                      797 
 
Durango silver-mines, Mexico, 69. 
DURFEE, W. F., A Vacuum-Pump and Table-Blowpipe [3], 279; Remarks on  Bess 
 emer plants, 707, 708; on continuous regenerative furnaces, 713; on no-bosh 
 furnaces, 493, 501, 503; on physical and chemical tests of steel, 155; on the 
 construction of a furnace-roof, 329; on Clapp-Griffiths steel and the stationary 
 converter, 770. 
 
Eagle Coal-mines, El Paso County, Texas, 391. 
Eagle Coal-mines, Piedras Negras, Coahuila, Mexico [399, 400], 401. 
Eagle County, Col., Geology of, 388. 
Eagle Mountains Coal-field, El Paso County, Texas [390], 391, 404. 
Eagle Pass coal-field, Texas, 397. 
East iron-mine, Sierra Maestra, Cuba, 616, 624. 
Edgar Thompson "A" furnace, Pittsburgh, Pa., 499. 
Eggertz, Prof., Method for determination of phosphorus [405]. 
EGLESTON, PROF. THOMAS, Announcement of the death of Mr. Sidney Gilchrist 
 Thomas [598]; Remarks on water-gas producers. 713. 
Election of members and associates: Chicago meeting, 5, 6; New York meeting, 597, 
 598; Philadelphia meeting, 296, 297. 
Election of officers, 605. 
Electrical Activity of Ore-Bodies (BARUS) [297], 417. 
Electrolysis, Desilverization of lead by, 310; Extraction of the precious metals by, 86. 
El Paso County, Texas, coal, 391; Geology of. 404 
EMMONS, DR. ARTHUR B., Notes on Rhode Island and Massachusetts Coals [298], 510. 
Ensalvado gold-mine, U. S. of Colombia, S. A., 135. 
Esmeraldã County, Nevada, copper, nickel, and cobalt, 657. 
Estimation of Phosphorus in Iron and Steel (CHEEVER) [4], 163. 
Estimation of Phosphorus in Iron and Steel (Supplementary Note) (CHEEVER), 656. 
Etta tin-mine, Dakota [231], 691; Account of, by E. N. Riotte [596]. 
Experiment in Coal-washing (DROWN) [295], 341. 
Experiments with a Straight or No-Bosh Blast Furnace (TAYLOR) [297], 489. 
 
Fahnehjelm Water-gas Incandescent Light (RAYMOND) [595], 742. 
Fayette County, Pa., bituminous coal, 330. 
Felipé gold-mine, U. S. of Colombia, S. A., 136. 
Fire-bulkhead, Description of, 505. 
Fire-bricks: Swedish methods for moulding, 326. 
Fire-clays and Fire-bricks in Sweden (LILIEBERG) [295], 320. 
Fire-gas in Pocahontas Mine, Va., 237; in mines at Johnstown, Pa., 772. 
FIRMSTONE, FRANK, A New Charging-bell [295], 520; Remarks on Clapp-Griffiths 
 steel, 770. 
Flood Rock, N. Y., visit to, 607. 
Fox, R. W., investigations of the electric activity of ore-bodies, 419, 420, 421. 
Franklin County, Vermont (hematite), 689. 
FREEMAN, HENRY C., The Hydraulic Cement Works of the Utica Cement Company, 
 La Salle County, Ill. [4], 172. The La Plata Mountains, Col. [599], 681. 
Fuel-Economy in Engines and Boilers (BARNES) [596], 715. 
FULTON, JOHN, Coal Mining in the Connellsville Coke Region [295], 330. Source and 
 Behavior of Fire-gas in the Johnstown Mines [596], 772. 
 
Galena, Névada, Lixiviation at [113]. 
Galloway, William, Experiments with coal-dust, 254, 257, 259, 264, 265, 277. 
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Gas: Analysis of, 544; as a fuel in assaying ores, 26. 
Gas, natural: Analysis of, 543; Early use of, 540. 
Gas-wells: Burns and Delamater, Butler County, Pa., 543; Early exampies of, 541. 
GATEWOOD, R., A Theory to Explain the Causes of Hard Centers in Steel Ingots [599], 
 684. 
Geddes, N. Y., manufacture of soda-ash [545]. 
Geology: Of American Valley, California, 217; of Black Hills, Dakota, 695; of 
 Chaffee County, Colorado, 388; of Eagle County, Colorado, 388; of El Paso 
 County, Texas, 404; of La Plata Mountains, Colorado, 681; of Leadville, 
 Colorado, 384; of Pitken County, Colorado, 387; of Presidio County, Texas, 
 404; of Rio Grande region in Texas and Coahuila, 388; of Santiago district, 
 Cuba, 613. 
Geology and Mineral Resources of the Rio Grande Region in Texas and Mexico 
 (SCHMITZ) [298], 388. 
GJERS, JOHN, The Rolling of Steel Ingots by their own Initial Heat [4], 119. 
Glass-furnaces: Siemens patents for improvements in, 529. 
Gold, Alloys of silver and, 738; Solubility of, 50, 51, 61. 64. 
Gold-mines: Nova Scotia, Lake Catcha district, Coleman and Mill lodes, lodes of the  
 Oxford Co., 660; Sherbrooke, 668. United States of Colombia, S. A.: Cauca 
 River, 139; Ensalvado, 135; Felipé, 136; Mamindomingo, 136. 
Gold-ores: Cost of mining and milling in Nova Scotia, 659. 
Gould and Curry silver-mine, Nevada, 82. 
Grand Central silver-mine, Arizona, 72. 
Gray Rock silver-mine, Montana, 72. 
Greensburg, Pa., bituminous coal, 332. 
 
Hadfield Steel Foundry Company, Sheffield, England [234]. 
HAMMOND, JOHN HAYS, Notes of a Visit to the Cauca Mining District [7], 133. 
 Treatment of Rebeilious Ores in Mexico with Hyposulphite of Lime [7]. 
Hardon coal-mine, West Mansfield, Mass., 515. 
Harney Peak Mining Company, New York [232]. 
Harrey gas-well, Butler County, Pa., 544. 
Harrison, Mayor Carter H., address at Chicago meeting [3]. 
HARTMAN, JOHN M., Remarks on no-bosh furnace, 501, 503, 504. 
Hartmann's process for the extraction of gold and silver, 88. 
Hecla iron-works, Brooklyn, N. Y., visit to, 606. 
HEINRICH, O. J., Prospects of the Ammonia Process for the Manufacture of Soda [297]. 
 371. 
Hematite (see Iron-ores and Analyses). 
Hematite of Franklin County, Vt. (BRAINERD) [599], 689. 
Henwood, W. J., experiments with reference to the electric activity of ore-bodies, 
 421. 
Herold coal-mine, Pa., 332. 
Highland Chief silver-mine, Colorado [72]. 
HILL, ALBERT F., Remarks on physical and chemical tests of steel, 145. 
HODGES, A. D., Jr., Note on the Occurrence of Nickel and Cobalt in Mexico [599], 657. 
Hofman's process for the lixiviation of silver-ores, 85. 
Horn-Silver silver-mine, Utah, 72. 
HOWE, H. M., The Patience of Copper and Silver, as affected by Annealing [599], 646; 
 Remarks on Bessemer plants, 707; on continuous regenerative furnaces, 712, 
 713; on gold mining in Nova Scotia, 668. 
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Hall and Clark, Mechanical effects of " blown-out" shots on ventilation, 254. 
HUNT, ROBERT W., The Clapp and Griffith Process [596], 753; Remarks on Besse 
 mer plants, 706, 707. 
HUNT, DR. T. STERRY, Biographical Notice of Professor Benjamin Silliman [595], 
 782; Remarks on natural gas in Canada, 782. 
Hunt and Douglas process for the extraction of gold and silver, 88. 
HUTCHINSON, E. S., Note on the Effect of Coal-Dust on Colliery Explosions [7], 253. 
Hüttner and Scott quicksilver furnace, 577, etc. 
Hydraulic Cement Works of the Utica Cement Company, La Salle County, Ill. (FRE 
 EMAN) [4], 172. 
Hydraulic limestone in La Salle County, Ill., 172; Analysis of, 180. 
 
Idria, Austria, Quicksilver reduction at [552] [561]. 
Improved Langen Charger (FIRMSTONE), 520. 
Incandescent light, Water-gas, 742. 
Indiana County, Pa., bituminous coal, 330; Natural gas in, 544. 
Indian Ridge Colliery, Pa., visit to, 300. 
Ingersoll tin-mine, Dakota, 697. 
International Electrical Exposition, Opening ceremonies of, 287. 
Iron: Early analyses of, 16, 18; Early experiments with iron and steel, 17, 19; 
 Physical tests of, 21, 22, 23, 25; Patience of, as affected by annealing, 648, 651. 
IRON-MINES OF THE UNITED STATES: New York: Croft [478], 488; Croton Magn 
 etic [478], 484; Crown Point, 35; Island [478], 487; Mahopac [478], 480, 482, 
 484; Plattsburg, Chateangay Ore and Iron Company, 215; Putnam County, 
 Theal, 35; Sump [478], 488; Tilly Foster [478], 479, 480, 484, 485. Pennsyl 
 vania: Johnstown, 776. Vermont: Franklin County, Sheldon (hematite), 689.  
 OTHER COUNTRIES: Cuba: Sierra Maestra, 616; Berraco, 623; East, 616, 624; 
 Lola, 623 [633]; West, 616, 624. Mexico: Monclova, Paloma, 403. 
Iron-ores, Analyses of, 38, 198,  199, 200, 202, 203, 481, 482, 486, 487, 488, 622,  691. 
Iron-ores: North Carolina, Deep River black band [518]; Vermont, Franklin 
 County hematite, 689; Virginia, James River specular, 620; Cuba. Santiago 
 district, red hematite, 615. 
Iron-Ores of Putnam Co., N. Y. (WENDT) [298], 478. 
Iron-Ore Range of the Santiago District of Cuba (KIMBALL) [599], 613. 
Iron-ore in Mexico, 189, 202. 
 
Irwin's, Pa., bituminous coal, 332. 
Island iron-mine, N. Y. [478], 487. 
 
Jesus Maria silver-mine, Parral, Mexico, 69. 
Johnstown, Pa., bituminous coal, 332; Mines and works at, 772; Deep bore-hole  
 at, 780. 
Jones, Charles E., Explosive properties of coal-dust, etc., in mines, 276. 
Joseph Dixon Crucible Company, Visit to works of, 606. 
Juragua Iron Company, limited, Santiago District, Cuba [621], 624, 631. 
 
KEITH, N. S., The Desilverization of Lead by Electrolysis [295], 310. 
Kanawha Valley, Va., Marsh-gas in, 541. 
KENNEDY, JULIAN, Remarks on use of blowpipe, with coke, 678. 
KENT, WILLIAM, Water-tube Steam-boilers at the Lucy Furnace [4], 45; Remarks on 
 Bessemer plants, 707; on Clapp and Griffiths process, 767; on physical and 
 chemical tests of steel, 141; on waste of fuel in metallurgical works, 724. 
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Kilns for burning fire-bricks, 326. 
KIMBALL, J. P., The Iron-Ore Range of the Santiago District of Cuba [599], 613. 
Kintz coal-mine, Pa., 332. 
Kirchhoff, C., Jr., Remarks on the Vallecillo Mines, Mexico, 368. 
Kiss process for the lixiviation of silver-ores, 84. 
Kroencke process for the lixiviation of silver-ores, 73. 
Krom's rolls for crushing ore, 114. 
 
La Barranca, Sonora, Lixiviation at [113]. 
La Dura Silver-mine, Sonora, Mexico, 96; Lixiviation at [113]. 
La Plata Mountains, Col. (FREEMAN) [599], 681. 
La Salle County, Ill., hydraulic limestone, 172. 
La Salle, Ill., Visit to, 11. 
Las Bronzas, Sonora, Lixiviation at [113]. 
Las Yedras, Mex., Lixiviation at [113]. 
Langen Charger, Improved, 520. 
LAUREAU, L. G., A Bessemer Converter-House Without a Casting-Pit [598], 697. 
Laurel Hill Smelting Works, New York, 125, 216 
Lead: Its desilverization by electrolysis, 310; Its solubility, 51, 55. 
Lead-mines; Nevada: Eureka district, Richmond, 435. Mexico: Vallecillo, 351. 
Leadville. Col., Fire in Chrysolite mine, 505; Geology of, 384. 
Leblanc process for the manufacture of soda [372, 373, 375], 383 [545]. 
Leechburg gas-well, Westmoreland County, Pa., 544. 
Lexington silver-mine, Montana, 67, 69, 74, 83, 90, 111. 
LILIENBERG, N., A Water-Gas Open-Hearth Furnace [598], 708; Fire-Clays and Fire 
 Bricks in Sweden [295], 320. 
Lixiviation of silver-ores, 47. 
Lola iron-mine, Sierra Macstra, Cuba, 623 [633]. 
Lomas, John, A Manual of the Alkali Trade [372]. 
LONG, J. C., A New Regenerative Hot-Blast Oven [596], 725. 
Loss of silver by patio process, 370. 
Ludwig and Carter copper-mine, Esmeralda County, Nevada, 657. 
 
Machinery, Mining, in Mexico and Central America, 408. 
MACKINTOSH, J. B., Note on the Influence of Organic Matter and Iron on the Volumetric 
 Determination of Manganese [7], 39. 
Magnetic iron-ores (see Iron-ores, Iron-mines, and Analyses). 
Mahopac iron-mine, N. Y. [478], 480, 482, 484. 
Mamindomingo gold-mine, U. S. of Colombia, S. A., 136. 
Manganese, Influence of organic matter on the volumetric determination of, 39. 
Manhattan silver-mine, Nevada, 67, 68, 69, 74. 
Marathon, Texas, sandstone [390]. 
MARSHALL, CHARLES, Remarks on physical and chemical tests of steel, 147. 
MATTES, W. F., Remarks on Bessemer plants, 706. 
Mauch Chunk, Visit to, 300. 
Maxon Springs, Texas, sandstones, 389. 
MAYNARD, G. W., Remarks on Smyth process for making steel, 768. Biographical 
 Notice of Sidney Gilchrist Thomas [599], 785. 
MCDERMOTT, WALTER, Combined Concentration and Amalgamation of Silver-Ores 
 [599], 679. 
MCDOWELL, F. H., American Mining Machinery in Mexico and Central America [298]  
 408; Recent Improvements in Copper-Smelting [7], 124. 
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Mears' process for the extraction of gold from silver-ores [85]. 
Melrose, Cal., lixiviation at [113]. 
Members: Election of, at Chicago meeting, 5, 6; at New York meeting, 597; at 
 Philadelphia meeting, 296, 297. 
Metallurgical works (see Blast-furnaces, Smelting-works, etc.). 
Mexican Cupellation-Hearth (AUSTIN) [7], 41. 
Midland Furnace, Missouri, 499. 
Mill gold-mine, Lake Catcha District, Nova Scotia, 660. 
Mills, James E., A New Method of Shaft-sinking through Water-bearing Loose Mate 
 rial [7], 216. 
Mines (see under the different metals and minerals). 
Mine la Motte, Missouri: Occurrence of Nickel and Cobalt, 634. 
Mining machinery in Mexico and Central America, 408. 
Morewood coal-mine, Pa., 332. 
Morison and Marreco, Papers on effects of coal-dust in colliery explosions, 255,  
 258. 
Morrell Coal-mine, Pa., 332. 
MORRIS, WILLIAM H., Remarks on physical and chemical tests of steel, 156. 
Mont Alto, Pa., Charcoal furnace, 726. 
Mount Cory silver-mine, Nevada, 69; Lixiviation at [114]. 
Murphy silver-mine, Ophir Cañon, Nev., 82. 
 
Natural gas, 540; at Johnstown, Pa., 780; in Canada, 782. 
NEILL, JAMES M., Notes on the Treatment of Nickel and Cobalt Mattes at Mine la Motte 
 [599], 634. 
New Almaden, Cal., Quicksilver-Reduction at, 547; Miners' Fund, 187. 
New Charging-Bell (FIRMSTONE) [295], 520. 
New Iberia, La., salt-mine [371]. 
New Method of Shaft-sinking through Water-bearing Loose Material (MILLS) [7], 216. 
New Pressure-Filter (ROTHWELL) [295], 307. 
New Regenerative Hot-Blast Oven (LONG) [596], 725. 
New Rock-Drill without Cushion (RAND) [7], 249. 
New System of Ore-Sampling (BRUNTON) [599], 639. 
New York Meeting: Papers of, 611; Proceedings of, 587. 
New York Steam Company, Visit to "Station B," 606. 
Nickel: Analysis of silicate of cobalt and, 658; its occurrence at Mine la Motte, 
 Missouri, 634; in Nevada, 657. 
North Chicago Rolling Mill Company, Visit to works of, 10. 
Note on a Fire-Bulkhead (ROLKER) [298], 505. 
Note on Hadfield's Patent Manganese-Steel (WEEKS) [5], 233. 
Note on Patching Platinum Crucibles (SEAMAN) [4], 140. 
Note on Tantalite and Columbite in the Black Hills of Dakota (BLAKE) [596], 696. 
Note on Tantalite and other Minerals Accompanying the Tin-ore in the Black Hills 
 (SCHAEFFER) [7], 231. 
Note on the Cerro de Mercado in Mexico (BIRKINBINE) [3], 189. 
Note on the Effect of Coal-Dust on Colliery-Explosions (HUTCHINSON) [7], 253. 
Note on the Influence of Organic Matter and Iron on the Volumetric Determination of 
 Manganese (MACKINTOSH) [7], 39. 
Note on the Miners' Fund of New Almaden (CHRISTY) [3], 181. 
Note on the Occurrence of Nickel and Cobalt in Nevada (HODGES) [599], 657. 
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Note on the Segregation of Impurities in Bessemer Steel Ingots on Cooling (CHEEVER) 
 [7], 167. 
Notes of a Visit to the Cauca Mining District (HAMMOND) [7], 133. 
Notes on Rhode Island and Massachusctts Coals (EMMONS) [298], 510. 
Notes on the Patio Process (STETEFELDT) [295], 369. 
Notes on the Treatment of Nickel and Cobalt Mattes at Mine la Motte (NEILL) [599], 
 634. 
Nova Scotia, Cost of mining and milling gold-ores in, 659. 
 
Old Telegraph silver-mine, Utah, 72; Lixiviation at, 114. 
Ontario silver-mine, Utah [48], 66, 69, 70, 72, 73, 74, 76 [92], 107. 
Ophir silver-mine, Electrical experiments in, 433. 
Ores (see under the metals). 
Ore-sampling, New system of, 639. 
Orford Copper and Sulphur Company, Bergen Point, N. J., 216. 
Oxford Mining Company, Nova Scotia, 660. 
 
Paloma iron-mine, Monclova, Mexico, 403. 
Papers: Of Chicago, Ill., meeting, 13; of New York meeting, 611; of Philadelphia,  
 
 Pa., meeting, 305. 
Parral silver-mines, Mexico [113]. 
Patera and Roeszner process of lixiviation of silver-ores, 84. 
Patience of Copper and Silver as Affected by Annealing (HOWE) [599], 646. 
Patio process for reduction of silver-ores, 369. 
Pavillon silver-mine, Santa Rosa district, Texas [402]. 
PEARCE, RICHARD, Certain Interesting Crystalline Alloys [599], 738. 
Pearsall silver-mine, Colorado, 72. 
Philadelphia, Pa., meeting, Papers of, 305; Proceedings of, 287. 
Philadelphia and Reading R.R. Co., Excursion given by, 299. 
Ph[oe]nix Iron Company, Ph[oe]nixville, Pa. [147]. 
Phosphorus in iron and steel, 163; Determination of, 405, 656. 
Piedras Azules iron-works, Durango, 198, 205. 
Piedras Negras coal-field, Coahuila, Mex., 397. 
PIERCE, WILLARD IDE, The Cost of Gold Mining and Milling in Nova Scotia [596], 
 659. 
Pitkin County, Col., Geology of, 387. 
Pittsburgh coal-bed, Pa., 331. 
Platinum, Alloys of bismuth and, 741. 
Platinum crucibles, Patching, 140. 
Plumas County, Cal., Shaft-sinking in, 216. 
Pocahontas Mine Explosion (BRAMWELL, BUCK, and WILLIAMS), 237. 
Portsmouth coal-mine, Portsmouth, R. I., 511. 
Potrallios silver-mine, Mexico, 404. 
Presidio County, Texas, geology of, 389, 404. 
Pressure-filter, new, 307. 
Price River silver-mine, Utah, 72. 
Proceedings: Chicago, Ill., meeting, 3; New York meeting, 587; Philadelphia, 
 Pa., meeting, 287. 
Promontorio, Sonora, lixiviation at [113]. 
Prospects of the Ammonia Process for the Manufacture of Soda (HEINRICH) [297], 371. 
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Pullman, Ill., Excursion to, 10. 
Putnam County, N. Y., magnetic iron-ore, 35, 478. 
 
Quicksilver-furnaces: Hüttner and Scott, 577, etc. 
Quicksilver Mining Company, New Almaden, 183. 
Quicksilver-Reduction at New Almaden (CHRISTY) [295], 547. 
 
Ramshorn silver-mine, Idaho, 69, 72, 74. 
RAND, A. C., A New Rock-Drill Without Cushions [7], 249. 
RAYMOND, R. W., The Fahnehjelm Water-Gas Incandescent Light [595], 742; 
 Remarks on charging-bells, 526; on desilverization of lead by electrolysis, 317; 
 on long-wall. system of coal-mining, 340; on no-bosh furnace, 493, 502, 503. 
Raymond and Ely silver-mine, Nevada, 68. 
Recent Improvements in Copper-Smelting (MCDOWELL) [7], 124. 
Reich, F., Experiments with reference to the electric activity of ore-bodies, 421, 422. 
Relief fund for Miners, 181. 
Remoral of Obstructions from Blast-Furnace Hearths and Boshes (WITHERBEE) [598], 
 675. 
Report of Council, 599; of Secretary and Treasurer, 600. 
Richmond silver-mine, Nevada, Electrical experiments in, 435. 
Riddle and Hart Coal Mine, Eagle Pass, Texas [399], 400. 
Rio Grande region in Texas and Coahuila, Geology of, 388. 
Rock-drills without cushions, 249. 
Rolling of Steel Ingots by their own Initial Heat (GJERS) [4], 119. 
ROLKER, CHARLES M., Note on a Fire-Bulkhead [298], 505. 
ROTHWELL, R. P., A New Pressure-Filter [295], 307. 
Russell's Improved Process for the Lixiviation of Silver-Ores (STETEFELDT) [7], 47. 
 
 
Sabinas coal-field, Coahuila, Mexico, 394; Texas, 404. 
Safety-lamps: Wolf lamp, 129; Boty lamp, 130; Mueseler lamp, 130. 
Salisbury, Pa., bituminous coal, 332. 
SALOM, P. G., Remarks in discussion of previous paper (vol. xii) on physical and 
 chemical tests of steel [4], 141. 
Salt-mines: New Iberia, La. [371]. 
San Gertrudis silver-mine, Santa Rosa district, Texas [402]. 
San Juan silver-mine, Santa Rosa district, Texas, 402. 
San Marcial, Sonora, Lixiviation at [113]. 
San Pedro silver-mine, Santa Rosa district, Texas [402]. 
San Raphael silver-mine, Mexico, 404. 
SCHAEFFER, PROF. C. A., Note on Tantalite and other Minerals Accompanying the Tin- 
 Ore in the Black Hills [7], 231. 
SCHMITZ, E. J., Geology and Mineral Resources of the Rio Grande Region in Texas and 
 Mexico [298], 388. 
SEAMAN, H. J., Note on Patching Platinum Crucibles [4], 140. 
Seekonk Coal Mining Co., Bristol County, Mass., 517. 
Separation of Strata in Folding (BULKLEY) [297], 384. 
Shaft-sinking, New method of, 216. 
Sheldon iron-mine, Franklin County, Vermont, 689. 
Sherbrooke gold-mines, Nova Scotia, 668. 
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Siemens Patents for Improvements in Glass Furnaces, with Suggestions for their Use with 
 Natural Gas (SILLIMAN) [295], 529. 
Sierra Grande silver-mine, New Mexico, 68, 69. 
Sierra Maestra iron-mines, Cuba, 616. 
SILLIMAN, PROFESSOR B., The Siemens Patents for Improvements in Glass-Furnaces, 
 with Suggestions for their Use with Natural Gas [295], 529. 
Silliman, Benjamin, Biographical Notice of (HUNT) [595], 782. 
Silver: Alloys of gold and, 738; Its patience as affected by annealing, 646, 648; 
 Reduction by patio process, 369. 
Silver-mills: Advance, Cal., 113: Alamcda and Tirito, Sonora [113]; Alice, Mon 
 tana, 67, 82 [91]; Anburn, Nev., 82; Belmont, Nev., 68; Bertrand, Nev., 67, 
 68, 113; Black Warrior, Arizona, 67, 68; Cosihuiriachic, Chihuahua [113]; 
 Custer, Idaho, 67, 68, 90; La Barranca, Sonora [113]; La Dura, Sonora, 96 
 [113]; Las Bronzas, Sonora [113]; Las Yedras, Mex. [113]; Lexington, 
 Montana, 67, 90, 111, 117; Manhattan, Nev., 67, 68, 116; Marsac, Utah, 72; 
 McHenry, Utah, 72; Mount Cory, Nev., 57, 114; Murphy, Nev. [82]; Old 
 Telegraph, Utah, 114; Ontario, Utah [48], 65, 73, 75, 92, 107, 116; Parral, 
 Durango [113]; Promontorio, Sonora [113]; Raymond and Ely, Nev., 68; San 
 Marcial, Sonora [113]; Sierra Grande, New Mex., 68; Silver King, Ari 
 zona, 96 [113]; Trinidad, Sonora [113]; Triunfo, Lower Cal. [113]. 
SILVER-MINES OF THE UNITED STATES: Arizona: Black Warrior, 67, 68; Grand 
 Central, 72; Silver King, 96; Tombstone, 69, 72. California: Tarshish, 85  
 [113]. Colorado: Leadville, 69, 505; Pearsall, 72. Idaho: Custer, 67, 68, 
 69, 72, 75, 90; Ramshorn, 69, 72, 74. Montana: Butte, Alice, 67, 82 [91]; 
 Gray Rock, 72; Lexington, 67, 69, 74, 83, 90, 111; Silver Spring, 72. Nevada: 
 Belmont, 68; Bertrand, 66, 67, 69, 75 [113], 114; Eureka district, Richmond, 
 435; Gould and Curry, 82; Manhattan, 67, 68, 69, 74; Mount Cory, 69; Ophir 
 Cañon, Murphy, 82; Raymond and Ely, 68; Tybo, 72. New Mexico: Sierra 
 Grande, 68, 69. Texas: Santa Rosa district, San Gertrndis [402]; San Juan, 
 402; San Pedro [402]; Pavillon [402]. Utah: Horn-Silver, 72; Old Tele 
 graph, 72; Ontario [48], 66, 69, 70, 72, 73, 74, 77 [92], 107; Price River, 72; 
 Silver Reef, 72. OTHER COUNTRIES: Mexico: Durango, 69; Parral [113]; 
 Jesus Maria, 69; Potrallios, 404; Sonora, La Dura, 96; San Raphael, 404; 
 Sombretillo, 69, 72; Vallecillo, 351; Yedras, 71. 
Silver-ores: Combined amalgamation and concentration of, 679; in La Plata Moun 
 tains, Col., 682; Lixiviation of, 47; Solubility of, 50, 51, 52, 55, 61, 64; Separa 
 tion of lead by caustic lime, 57. 
Silver King silver-mill, Arizona, 113; silver-mine, 96. 
Silver Reef silver-mine, Utah, 72. 
Silver Spring silver-mine, Montana, 72. 
Smelting-works: Boston and Colorado, Argo, Col., 86; Laurel Hill, New York, 
 125, 216; Orford Copper and Sulphur Company, Bergen Point, N. J., 216; 
 Vivian's, Swansea, Wales [86], 88. 
Smith, Mayor William B., address of welcome at Philadelphia meeting [287]. 
Smith, Prof. J. Lawrence, paper on gas-wells of Pennsylvania [543]. 
Soaking-pit, description of, 119. 
Soda-ash: Process for production of, 545. 
Soda: Manufacture at Syracuse, N. Y. [371] [376]; Its manufacture by the am 
 monia-soda process, 371; Financial result compared with that of Leblanc pro 
 cess, 381. 
Solvay process for producing soda-ash [371] [545]. 
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Sombretillo silver-mine, Sonora, Mexico, 69, 72. 
Source and Behavior of Fire-gas in the Johnstown Mines (FULTON) [596], 772. 
Southwest Virginia Improvement Company, Tazewell County, Va., 237. 
Soxman coal-mine, Pa., 332. 
Spence Automatic Desulphurizing Furnace (ADAMS) [295], 345. 
Stamps and rolls, Comparison of, 114. 
Steam-boilers, Construction of, 719; Prevention of incrustation in, 720. 
Steel: Analyses of, 168, 169, 170, 171, 756, 757, 768; Cause of hard centers in in 
 gots, 684; Clapp and Griffiths process, 745, 753; Early analyses of, 18; Man 
 ganese in, 233; Physical and chemical tests of, 141; Physical tests of, 21, 22, 
 23; Rolling ingots with the aid of soaking-pits, 119. 
STETEFELDT, CHARLES A., Notes on the Patio Process [295], 369. Russell's Im 
 proved Process for the Lixiviation of Silver Ores [7], 47; Remarks on pressure 
 filters, 309. 
Stevens Institute, Hoboken, N. J., Session of Institute at, 596. 
Strobel, Texas, anthracite coal [390]. 
Strombeck, A. von, Experiments with reference to the electric activity of ore-bodies, 
 420. 
Study of Iron and Steel (BAYLES) [3], 15. 
Sump iron-mine, N. Y. [478], 488. 
Swansca process for the extraction of gold from copper-matte, 86. 
Syracuse, N. Y., soda manufacture [371] [376]. 
 
Tamm, Dr. Adolph, Determination of phosphorus by ammonia-molybdate method, 
 406. 
Tantalite in the Black Hills, 231. 
Tarshish silver-mine, Cal., 85 [113]. 
TAYLOR, WILLIAM J., Experiments with a Straight or No-bosh Blast-Furnace [297], 
 489. Use of High Explosives in the Blast-Furnace, and of Water-Spray for Cool 
 ing in Blowing-down [596], 670. 
Tazewell County, Va., coal, 237. 
Thalen, R., Magnetic method for discovery of ore-bodies, 417. 
Theal iron-mine, Putnam County, N. J., 35. 
Theory to Explain the Cause of Hard Centers in Steel Ingots (GATEWOOD) [599], 684. 
Thomas, Sidney Gilchrist, Announcement of death of [598]. Biographical Notice of 
 (MAYNARD) [599], 785. 
THURSTON, PROFESSOR R. H., Remarks on steam-boilers, 722. 
Tilly Foster iron-mine, Putnam County, N. Y. [478], 479, 480, 484, 485; Visit to, 
 607. 
Tin-mines: Dakota, Etta [231], 691; Ingersoll, 697; Harney Peak Mining Com 
 pany [232]. 
Tin-Ore Deposits of the Black Hills of Dakota (BLAKE) [596], 691. 
Tombstone silver-mine, Arizona, 69, 72. 
Treatment of Rebellious Ores in Mexico with Hyposulphite of Lime (HAMMOND), [7]. 
Trinidad, Sonora, Lixiviation at [113]. 
Triunfo, Lower California, Lixiviation at [113]. 
Tula iron-works, Mexico, 202. 
Tybo silver-mine, Nevada, 72. 
 
Use of High Explosives in the Blast-Furnace, and of Water-spray for Cooling in Blowing 
 down (TAYLOR) [596], 670. 
Utica cement works, La Salle, Ill., 172; Visit to, 11. 
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Vacuum-Pump and Table-Blowpipe (DURFEE) [3], 279. 
Vallecitto Mines, Mexico (CHISM) [297], 351. 
Vivian's Smelting Works, Swansea, Wales [86], 88. 
 
WARD, WILLARD P., Remarks on Clapp-Griffiths steel, 769. 
Warwick furnace, Pottstown, Pa., 496, 499, 527. 
Water-gas incandescent light, 742. 
Water-gas Open-hearth Furnace (LILIENBERG) [598], 708. 
Water-tube Steam-boilers at the Lucy Furnace (KENT) [4], 45. 
WEEKS, J. D., Note on Hadfield's Patent Manganese Steel [5], 233; Remarks on kero 
 sene blowpipe, 678. 
Weldon, Walter, paper on the manufacture of alkalies [372]. 
WENDT, ARTHUR F., A Blast-Furnace with Bosh Water-jackets and Iron Top [7], 
 31. The Concentration of Iron-Ore [7]. The Iron-Ores of Putnam County, N. 
 Y. [298], 478. 
West Bloomfield, N. Y., gas-well, 542. 
WESTESSON, JOSEF, The Determination of Phosphorus [298], 405. 
West iron-mine, Sierra Maestra, Cuba, 616, 624. 
Westmoreland County, Pa., bituminous coal, 330; natural gas in, 544. 
WILLIAMS, EDWARD H., The Pocahontas Mine-Explosion, 237. 
WILSON, EUGENE B., The Wolf Safety-lamp [7], 129. 
WITHERBEE, T. F., The Removal of Obstructions from Blast-furnace Hearths and 
 Boshes [598], 675. 
WITHEROW, J. P., The Clapp and Griffiths Process [596], 745, 753. 
Wolf Safety-lamp (Wilson) [7], 129. 
 
Yedras silver-mine, Mexico, 71. 
 
Ziervogel process for the extraction of silver from copper-matte, 80. 
Zinc-blende in Vallecillo lead-mines, Mexico, 360. 
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