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RULES 
ADOPTED MAY, 1873. AMENDED MAY, 18Th, MAY, 1S77, MAY, 15Th, FEBRUARY, Ieee, 

and FEBRUARY, ISSI. 

I. 

U B E CT S. 

TIrE objects of the AMERICAN INSTITUTE OF MINING ENGINE1S 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 
ti tOet ,e_ 1ev trial itiletuotirse arid the eadiio ted d ktuedtttt of iv 

l)al)e1 tiol to initIate, by nieatis of poblieatitins enwue t etttilets ted t elate,, 
the information thus obtained. - 

II. 
ME M B ER S HI P. 

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 thembers 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, ap- 
proved 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 lnm a member, or vice versa, subject to the ap- 
proval 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 menaber or associate may be strickeo from the list oo recommeodation of the 

Council, by the vote of three-fourths of the members and associates present at any 
annual meeting, due ootice having been mailed in writing by the Secretary to the 
said member or associate. 

FT -LI 

DUES. 

The duos of ioeinbers and associates shall be ten dollars per annum, payable in 
advance at the annual meeting; Provided, that persons elected at the meeting fol- 

lowing the annual meeting shall pay eight dollars, and persons elected at tIme meet- 

ing precedhig 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 asso- 
ciate in arrears may, at the discretion of the Council, be deprived of the receipt of 

publications, or stricken frum the list of members when in arrears for one year; 
Provided, that lie 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 affimirs of the Institute shall be managed by a Council. consisting of a Presi- 
dent, six Vice-Presidents, nine Managers, a Secretdry aud a Treasurer, who shall be 
elected from among the meumbers and associates of the Institute at the annual 
meetings, to hold office as follows: 

The President, the Secretary, and the Treasurer fur one year (and no person shall 
be eligible for immediate re-election as President who shall have held that office 
subsequent to the adoptiou of these rules, for two consecutive years), the Vice-Presi- 
dents for two years, and the Managers for three years and no Vice-President or 
Manager shall be eligible fur immediate re-election to the same office at the expira- 
tion of the term fur which he was elected. At each annual meeting a President, 
tluee Vice-Presidents, three Managers, a Secretary and a Treasurer shall be elected, 
and the term of office shall continue until the adjournment of the meetiug at which 
their successors are elected. 

The duties of all officers shall ho 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 tIme Treasnrer. At each annual meeting tlse 
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 mcuibers, declare the place of any officer vacant, 
on Isis failure for one year, from inability or otherwise, to attend tIme Council moot- 

iugs or perform the duties of his office. All vacancies shall be filled by the appoint- 
ment of the Couucil, and any persou so appointed shall hold office for the remainder 
of the term for whicls his predecessor was elected or appointed ; Provided, that the 
said appointmuent shall not render him ineligible at tIme next annual meeting. 

Five msmembers of tIme Couucil shall c?notitute a quorumu; but the Council may 
appoint an Executive Committee, or business may be trausacted at a regularly called 

meeting of the Council, at which less than a quorum is present, snhject to the ap- 
proval of a majority of tIme Couucil, subsequently givems in writing to the Secretary, 
and recorded by him with tIme minutes. 

V. 

ELECTIONS. 

TIme aunual election shall be conducted as follows: Nominations may he sent in 
writiog to tIme Secretary, accompanied with the names of tIme proposers, at any timoe 

not less than tlurty days before the annual meeting ; and the Secretary shall, not 
less than two weeks before the said meeting, mail to every member or associate (ex- 
cept lsouorary members), a list of all tIme nominations for each office so received, 
stamped with tIme seal of the lustitute, together with a copy of this rule, and tIme 

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 sold list, leaviug names not exceeding in number the officers to be elected, or 
by preparing a new list, signing said altered or prepared ballot with his nanme, and 
either ,oaihi ig it tu time Sm(m'Ctarv or l°° mu it its Imersosm at the m,miuc,l meeting- 
1':'sri'l''l, that ut mmiemhem' or associate ii maci'm-mis shut' time last tmm,m,muml na-ott mg—hail 

be allowed to vote until the said arrears shall have been paid. TIme ballots shall be 
received and examined by three Scrntineers, appointed at the annual meeting by 
tIme presiding officer; and the persons who shall have received the greatest number 
of votes for the several offices shall be declared elected, and tIme Scrutineers slmall so 

report to tIme presiding officer. The ballots shall be destroyed, and a list of tIme 

elected officers, certified by the Scrntineers, shall be preserved by the Secretary. 

VI. 

MEETINGS. 

The annual meetiug of tIme Institute shell take place on the third Tuesday of 

1?ebruar, at which a report of the proceedings of tIme Institute and an abstract of 
tIme accounts shall be furnished by the Council. Two other regular meetings of tIme 

Institute shall be held in each year, at such times and places as tIme Council shall 
select. Special meetings may be called whenever tIme Council sees fit; and the Sec- 

retary shall call a special meeting on a requisition signed by fifteen or more mem- 

bers. The notices for special meetings shall state the business to be transacted, and 
no other shall be entertained. 

Every question whiels shall conic before any meeting of the Institute, shall be 

decided, unless otherwise provided by these Rules, by the votes of the majority of 
tIme members then present. The place of useetiug shall be fixed in advance by tIme 

Institute, or, in default of such determination, by tIme Council, and notice of all 



yj HONORARY, LIFE, AND FOREIGN MEMBERS. 
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MEMBERS AND ASSOCIATES. Vii 

GEORGE ATTWOOD, 
CHARLES S. BURT, 

ThOMAS 11. CARNEGIE, 

JOHN CLIFF, 

VE1IrLANcR C0LVIN, 

A. B. CII0cSCER, 
AUG. JAY T)u Boss, 
JOhN M. I)usoNT, 
0. II. hAhN, 
ED\VAItD L. HlNIJON,. 
CHARLES S. HJNCHMAN, 

WAshIrItoToN JONES, 

EDWARD K. LANDIS, 

BENJAIIIN ShlI'rlI LYsIAN, 
it. 

I I. Ni'lioI,ON, I ne 

RICHARD PEARCE, 
Joins B. PIIARSE, 

Joins B. PLATER, 

C. P. SANIm ERG, 19 

JOSEPh SQUIRE, 
P. F. W1THE1tJIEE, 

JAMES B. YOUNG, 

Middlesbrougli, Bug. 
is, France. 

Leoben, Austria. 

Stockholm, Sweden. 
London, England. 

4 Ulster Place, Regent's Park, London, N. W., England. ....Newberry, Michigan. 
48 Fifth Avenue, Pittsburgh, l'a. 

Michigan. 
Adirondack Survey Office. Albany, N. Y. 

South St. Louis, Mo. 
Hsxen, Conn. 
Bar, Colorado. 

Dakota. 
217 Olive Street, St. Louis, Mo. 

....2OSS. Fourth Street, Philadelphia. 
1632 N. Fifteenth Street, Philadelphia. 

Pottatown, Pa. 

Northampton, Mass. 
i'a. 

iesi'e. ( n., 'l,'ii,i,liul, ItEt,lI \\'. halite. 

2 Rue des Orphelius, Mons, Belgium. 
23 The Grove, llanhmersmith, London. 

Bonn, Prussia. 
5 Queen's Square, 'Westminster, London. 

14 Rue Dupliot, Pails, France. 
Barrow in Furness, England. 
Dalton in Furness, England. 
3 Lombard Street, London. 

FAYN, JOSEPH 
FRENZEL, AUGUST, 

GAETZSOHMANN, PROF. MORITZ, 

GILT,OE, PRos'. AU 

1-IOFER, PROF. HARES, 
HENRY, ADOLPH, 
JORDAN, PROF. S., 
J0ssA, PROF. NICHOLAS, 

KNOWLES, J. II., 
KREISCIIER. PROF. C. G., 
KUPELWIESER, PROF. FRANZ, 

LAVELEYJS, ED. DE, 
McPhERSON, GEORGE, Wednesbury 
MARTIN, PIERRE EMIL, 
MoNKs, FREDERICK, 
NICOLSKY, PROF. L., 
NOBLET, A., . 

PATIII1A, BERGRATII AD., 
POSEUNY, BEEGRATIS FRANZ, 

POUIICEL, ALEXANDRE, 

PRIEST, J. B., . 

RESIMONT, ARM., 
RIchTER, PROF. THEODOR, 

RoGEasoN, JOHN 
BOLLARD, G., . 
5rT1\rIlT, flu. AT)OT,F, 

lli,ii_,i''i'i'xq, l)ii., 
SONTAG, HuGO 
STRONGITIIARM, AUG. II., 
'VALTON, FERDINAND, 

WENDEL, H. DE, 
WESTRAY, JOHN, 
WILLIAMS, EDWARD, 
WINTER, ADoLPh, 
WITTELSBACII, OTTO, 

YBARROLA, J. RAMON DE, 

Lige, Belgium. 
Saxony. 
Saxony. 

47 Boulevard d'Avroy, Lige, Belgium. 
Austria. 

Rive de Gier, Loire, France. 
5 Rue Viete, Paris, France. 

St. Petersburg, Russia. 
'Newport, Monmonthshire, Wales. 

Saxony. 
Austria. 

Liege, Belgium. 
Oak Iron Works, Tipton, Staffordshire, Eng. 

12 Rue Chaptal, Paris. 
Warrington, England. 
St. Petersburg, Russia. 

24 Rue d'Archis, Liege, Belgium. 
Gcologische Reichsanstalt, Vienna, Austria. 

Bohemia. 
Terrenoire, Loire, France. 

Liberia. 
Belgium. 

eiberg, Saxony. 
Croxdale Hall, Durham, England. 

23 Quai Voltaire, Paris, France. 
Baden. 

8.I \\T• \Vi lhIcl,ustr:L4ae, iiciliii, l'rnseia. 
ulogiie, I'russiu. 

Barrow in Furness, England. 
20 Rue Lepelletier, Paris, France. 

...Hayange, Lorraine, Prussia. 
Carlin How, near Salisbury by tile Sea, England. 
Cleveland Lodge, Middlesbro'-on-Tees, England. 

Germany. 
Taegerweilen, Canton Tburgau, Switzerland. 

City of Mexico. 

onorar 1tmber. 
I. LOWTIHAN BELL 
L. GIIUNER 
PETER itIrrEn v. TUNNER, 

Ricu. AKE5tMAN, 

C. WILLIAM SIEMENS, . 

3i1cmbi'. 

go, Unhorado. 

Pelham, Boston, Mass. 

eka, Nevada. 

Great George Street, Westminster, London, S. W., England. 
Shelby County, Ala. 

t ilenry, Essex County, N. Y. 
Phnix Roll Works, Pittsburgh, Pa. 

fortin 1cnibcrs. 
ALLPORT, CHARLES J., Sheffield, England. 

ALTRANS, OBE1SBEEGRATTI ERNST F., eslau, Prussia. 

A1IIOT, j Clermont-Ferrand, PUy de Dome, France. 

ARBEL, LucIEN Rive de Gier, Loire, France. 

BEAULIEU, AD. RE HARDY DE, . . . 93 lIne d'Arlon, Brussels, Belgium. 

BEAUMONT, MAJOR FRED., . 2 Westminster Chambers, Victoria St., London. 

BECK, ALEXANDER, 

BODMER, J. J 
BRASSERT, BERGIIAUPTMANN, DR., 
BROGDEN, JAMES 

BURTIIE, P. B. 
COFELAND, C. J., . 
CROSSLEY, WILLIAM, 
DEBY, JULIEN 

1mber nud sciociate. 
DECEMBER, 1882. 

ThOSE ISARKEO TRUS ' ARE MEMBERs; MARRED TRUS t ARE AssociATEs. 

*ABBOTT, ARTHUR V. 311 Broadway, New York City. 

*ABBOTT, J. J. ity, Colorado. 

*ABBOTT, JAMES W. ity, Colorado. 

*ADAMS, . M. 109 California Street, San Francisco, Cal. 

5ADAMS, WILLIAM }I., . . Cedral Mines, Villa de Musquiz, Coahuila, Mexico. 

*AGASSIZ, PROF. ALEXANDER Cambridge, Mass. 

*ALDRICH, TRUMAN H., ...Southern Avenue, Cincinnati, Ohio. 

*ALDRICH, W. F. Montevallo, Shelby Co., Alabama. 

*ALEXANDER, ARCH. A. Prescott, Arizona. 
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x MEIBERS AND ASSOCIATES. MEMBERS AND ASSOCIATES. xi 

IiROWXINfl, F. P., 
"1ilR7(,1C\I.N, FIBI)RICK, 
*JIuTxJ.R, 1R\N, 
'BRUSIi, Poor'. ( Fa)RRE .1., 

j-BIIYAN, (ii RLIN 1'., 
*BIIYDEN, AT.1XANDER, 

"lilIvoEN, ANl)IIIw, 
*Bu(.I, IUA III' 
-BI'IcL1Y, (ii 1II.IS IL, 
*J.KLEY, F'. 0 
*BLFLKLEV, II ENRY .V., 
fBuLKLEV, l)it. L. DUNCAN, 

'BuLLx, illeoxALu H., 
BI1LLoUic, \l. I.' 

BtN4IN, ROBERT, 

*BuRInN, lIENIIY, 
*BuJInI:N, I. 'I'OWNSEND, 
*BUJ1DEN JAMIN A., 
j-Bt'IIKE, M.i).,... 
*BTIII,JNGAjII, E. F., 
j-BvIINICr, S. F., 
fJIuIINHAM, \VILT,IAM, 

1BuIl'l', CIIIARLES S., 
tBultT, H. B., 
f Burisa, CviIIs, 

tI.II. II 
I-i, \\u.iAi' I\oK, 

fOADEEN, F. VON A., 
*CAB(Yr, JOhN W., 
*CA1,y, L. B., 
$-CALMAN, ALIIER'r, 

*CAMIIIELL, A. C., 
*CA3IPB1TL, H. H., 
tOANBY, II. C., 
fCANFIELD, A. CASS, 

*CANFII;Ln, FitEn, A., 
*CAENEGIE, ThOMAS M., 
*CAI1SON, JAMES P., 
*CAI1T1R, Fit..xi, 
tCA1ITlII, GR0IIGE T., 
*CHALF.%NT, JOHN W., 
*ChsIIhEII-r.AIN, II. S., 
*CIIANCF, Do. H. MARTYN, 

*CIIANLTE, ARThUR, 
*CIIANUTE, 0., 
5CIIAps1t, MAURICE, 

*CIIAPMAN, hIAX WELL. 

*CIIART,ETON, A. G., 
*CIIAUVENET, S. I{., 
*CIIA.ZAL, Pjiir.ii' E., 
*CIIEE\EIt, PROF. B. \V., 

North San Juan, Nevada Co., Cal. 
125 E. Eighth Street, Leadville, Colorado. 

P. 0. Box 146, Allegheny, Pa. 
1-laven, Coon. 

Idaho Springs, Colorado. 
P. 0. Box 1533, Leadville, Colorado. 

ton, Pa. 
Coalbnrgh, Kanawha Co., W. Va. 

112 Montague Street, Brooklyn, N. Y. 
P. 0. Box. 883, Leadville, Colorado. 

149 Broadway, New York City. 
1 F. 33d Street, New York City. 

anton, Ohio. 
84 Market Street, Chicago, Ill. 

I'. 0. Box 1980, Leadville, Colorado. 

oy, N. Y. 
ioy, N. Y. 
oy,N.Y. 

55 W. Fifth Street, Cincinnati, Ohio. 
411 Larimer St., Denver, Colorado. 

South St. Louis, Mo. 
220 S. Fourth Street, Philadelphia. 

Mch. 
1529 Walnut Street, Philadelphia. 

24 Cliff Street, New York City. 
OIi1 (1O1 N. Y. 

2 F;xlhalhge l'lacc, New \ (.itv. 

400 Chestnut Street, Philadelphia. 
Cambria Iron Co., Johnstown, Pa. 

Iron Mountain, Menominee Co., Mich. 
332 W. Fifty-sixth Street, New York City. 
27 Shelby Avenue, East Nashville, Teno. 

Dauphin Co., Pa. 
1532 Arch Street, Philadelphia. 

60 W. Fifty-fourth Street, New York City. 
er, N. .1. 

48 Fifth Avenue, Pittsburgh, Pa. 
Room 136, 71 Broadway, New York City. 

Pa. 
62 Wood Street, Pittsburgh, Pa. 

burgh, Pa. 
Tenn. 

907 Walnut Street, Philadelphia. 
P. 0. Box 750. Leadville, Colorado. 

N. Y., L. E., & W. B. R., New 'York City. 
31 Rue St. Guillaume, Paris, France. 

Las Minas, Jalapa, Mexico. 
Spilsby Road, Boston, Lincolnshire, England. 

Pa. 
Rica, Carroll Co. Ga. 

University of Michigan, Ann Arbor, Mich. 

-x-CIIEniy, WILLIAM S., 
*CiIE5S, HARVEY B., 
*CIIESTER, PRoF. A. 11., 

CIIILDS, ALBERT H., 
*(1hILps, 1\IARSIIALL, 
*CISIS3I, RicisAm) E., 
*CIJ0UTEAU, PsE1t1u, 
*CIIURCTI, PII0F. JOhN A., 
*CIIuRchr, JoHN B., 
*CIIuRcJr, TOWNSEND V., 
*CJru1lCIr, WALTER S., 
RCIIURCHILL, A. D., 
tCIIYNOWETII, B. F., 
*CIAuIc, ELLIS, JR., 
j-CLARIC, FRANI L., 
*CLARIc, F. W., 
*CLAIIK, B. 1NEILSON, 

*C]utsc, THOMAS II., 
*CI.t1uc, \VILLIAr%I, 

j-CLARK, WTILLIiJI A., 
*CLARKE. TnoarAS C., 
*CLAUSSEN, F. F., 
*CLAYTON, JAMES F., 
5CLAYTON, JoshuA E., 
*CLEMENS, FRANK G., 
(!:ui.:, .Jirx ir., 
f(ii:vn,.\ xi', I 
*CLIFF, JOhN, 
*CLOUD, JOHN W., 
*CLYMER, EDWARD T., 
*Co}.FIN, CHARLES E., 
.5C000IN F. 0., 
*COGSWELL, W. B., 
*CoIhEN, C. B., 
*C0LBURN, HEIRSY B., 
*COLLING WOOD, FRANCIS, 

tC0LLINS, H. E., 
*CoJjrox, CHARLES A., 
*C0LVIN, VERI'LANCK, 
*CO?.IST0CK GEORGE S., 
*COMSTOCK, TITRo. B., 
*Coi,rsTo(K W. 0., JR.,. 
*CONANT, T. P., 
*CONSTAHLE, C., 

*CONSTABLE, JAMES, JR., 
JAMES B., 

*COOK, EDGAR S., 
*CooJc, PROF. GEORGE H., 
*C00LIDGE, WALTER G., 
*CoopER, EDWARD, 

*C0OpER, H. P., 

Strentor, La Salle Co., Ill. 
Chess, Cook & to., l'ittsburgli, Pa. 

Hamilton College, Clinton, Oneida Co., N. Y. 
83 Fourth Avenue. Pittsburgli Pa. 

Moorhead & Co., l'ittsburgh, Pa. 
Lampazos, Nuevo Leon, Mexico. 

t. Louis, Mo. 
Tombstone, Arizona. 

ille, Pa. 
North Chicago Rolling Mill Co., S. Chicago, Ill. 

ille, l'a. 
oadway, New York City. 

Mich. 
Pier 8, Walnut Street Wharf, Philadelphia. 

Pittsburgh Bessemer Steel Co., Limited, Pittsburgh, Pa. 
Mass. Institute of Technology, Boston, Mass. 

ille, Colorado. 
Mansfield Valley, Allegheny Co., Pa. 

Pittsburgh Bessemer Steel Co., Limited, Pittsburgh, Pa. 
Butte, Montana. 

49 Milliam Street, New York City. 
U. S. Mint, New Orleans, La. 

P. 0. Box 266, Baltimore, Md. 
P. 0. Box 599, Salt Lake City, Utah. 

Lost Creek, Sclhuvikill Co., Pa. 
1';,iiiii,tli, J.iigluil. 

SI t liv. N. .J. 

Hancock, Mich. 
Pa. 

Berks Co., Pa. 
Md. 

Lake Linden, Mich. 
109 Willow Street, Syracuse, N. Y. 
P. 0. Box I, Salt Lake City, Utah. 

Liberty, Bedford Co., Va. 
Elizabeth, N. J. 

175 Wood Street, Pittsburgh, Pa. 
Haute, md. 

Adirondack Survey Office, Albany, N. Y. 
Mechanicsburg, Cumberland Co., Pa. 

Silverton, San Juan Co., Colorado. 

Desloge Lead Co., Boone Terre, St. François Co., Mo. 
Care of Harper & Bros., Franklin Square, N. Y. City. 

Constableville, Lewis Co., N. Y. 
Glendon Iron Works, Easton, Pa. 

Keesport, Pa. 
Warwick Iron Co., Pottstown, Pa. 

State Geologist, New Brunswick, N. J. 
115 Dearborn Street, Chicago, Ill. 
17 Burling Slip, New York City. 

vilte, Pa. 
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xxxvi RULES. 

meetings shall be given by mail, or otherwise, to all members and associates, at least 
twenty days in advance. 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. 

vii. 
PAPERS. 

The Council shall have power to decide on the propriety of communicating to the 
Institute any papers which ma- be received, and they shall be at liberty, when they 
think it desirable, to tlireet 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 

•1 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 OS' THE 
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 papeis or discussions at its meetings, and it is understood that papers and discus- V I R 0- J T J A I E E T I N 0- Ilci r,liti,g to ]1I1tS F l"'''Y I) tic 

viii. MA Y, 1881. 

AMEND ME NT S. 

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. 

voL. x.—1 



COMMITTEE OF ABRANGEMEN1. 

Oeneral Uommi//ee.—J. F. Lewis, Quinnimont, W. Ye. 
committee of Reception at Staunton—Major Jed. Hotchldss, Chairman; W. A. 

Burke, M. B. Miller, R. N. Catlett, W. J. e1son, J. T. Effinger, D. A. Kayser. 
Locai Uommiitee of Arranqements.—G. T. Wickes, Low Moor, Chairman; 

G. W. Bramwell, Stone Cliff, Secretary; J. B. Johnson, Longdale; H. Firm. 
stone, Longdale; S. F. Morris, Quinnimont; C. A. Rundall, Ferrol; William 
N. Page, Ansted; F. Lyman, Low Moor; S. M. Buck, Coalburgh; B. S. Hutch- 
inson, Cannelton; M. F. Maury, Saltpetre Cave. 

THE opening session of the Institute was held at Staunton, on 
Monday evening, May 30th, in the Opera House. Major Jed. 
Hotchkiss, Chairman of the Committee of Reception, called the meet- 
ing to order and introduced Mayor Baithis, who spoke a few words 
of welcome to the members present, and then introduced the Hon. 
A. H. H. Stuart. 

Mr. Stuart in addressing a fbrnial welcome to the Institute to the 
"little city of the mountains," spoke of the value of the services of 
the mining engineer in developing the mineral wealth of Virginia 
and in solving the problems of her geological history. 

Mr. Metcalf; President of the Institute, replied on behalf of the 
Institute to the cordial welcome of the mayor and Mr. Stuart, and 
then read an inaugural address on Force. 

At the conclusion of the President's address the following papers 
were read: 

The Electrolytic Determination of Copper and the Formation and 
Composition of so-called Allotropic Copper, by J. B. Mackin- 
tosh, Hoboken, N. J. Read by Professor Egleston. 

The New Unpublished Map of Chester County, Pa., by Professor 
Persifor Frazer, Philadelphia. 

The second session was held at the Opera House on Tuesday 
morning. The papers read at this session were: 

Investigations on the Ore Knob Copper Process, by Professor 
Thomas Egleston, School of Mines, New York city. 

A Volumetric Estimation of Manganese in Pig Iron and Steel, 
by F. H. Williams, Vulcau Steel Works, St. Louis, Mo. Read by 
the Secretary. 
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Manganese Determinations in Steel, by William Kent, of Pitts- 
burgh, Pa. Read by the Secretary. 

The discussion of the subject of steel rails, bun at the Philadel- 
phia meeting, was then resumed. Communications from Professor 
Rich. Akerman, of Stockholm, Sweden, and C. P. Sandberg, of Lon- 
don, were read, and Dr. R. MT. Raymond and Dr. C. B. Dudley took 
part in the discussion. 

The third session was held in the rooms of the Young Men's 
Christian Association on Tuesday afternoon. The papers read 
were: 

Black-hand Iron Ore in West Virginia, by S. P. Sharples, Boston. 
The Rich Hill Iron Ores and the Falling Cliff Zinc Mine, by F. 

P. Dewey, Chattanooga, Teun. 
Gerstenhöfer's Ammonia-Soda Process, by 0. 3. Heinricli, Drifton, 

Pa. 
Notes on the Hard Splint Coal of the Kauawha Valley, by Stuart 

M. Buck, Coalburgh, W. Va. 
The fourth session was held on Thursday evening in the Masonic 

Hall. 
Professor Frazer read a paper on Some Ores of the Middle James 

River, after vhieh i\Iajor hot hkizs gave a description of the topo— 
grapi iiea I ieat ores of the SlI(uan(loalI Valley, with especial reference 
to the trip to Luray on the following day. 

A brilliant reception tendered by the citizens and ]adies of Staun- 
ton, to the visiting members and their ladies, took place after the 
session on Tuesday evening, at the Deaf; Dumb, and Blind Insti- 
tution, the halls of which were ta.stefully decorated with flags and 
mottoes, and the extensive grounds brilliantly illuminated. Music 
by the Stonewall Jackson Band enlivened the occasion, which con- 
cluded with supper, prepared under the supervision of the ladies of 
Staunton. 

The fifth and concluding session was held in the ballroom of the 
hotel at the White Sulphur Springs, West Virginia, on Thursday 
evening, June 2d. 

Owing to the fatigue of the members from the excursion of the 
day, and the lateness of the hour, the remaining papers on the list 
were read by title: 

The Hydrometallurgy of Copper and its Separation from the 
Precious Metals, by Dr. T. Sterry Hunt, Montreal, Canada. 

The Foreign Substances in Iron and their Combinations, by F. L. Kleinschmidt, St. Louis, Mo. 

Notes on Gold Mill Construction, by A. 3. Bowie, Jr., San Fran- 
cisco, Cal. 

Index to American Engineering Articles and Papers, for 1880, by 
Professor H. S. Munroe, New York city. 

The New Westinoreland Shaft, by MT. P. Little and T. B. Stearns, 
New York city. 

Filtering in Industrial Operations, by P. Barnes, Springfield, Ill. 
On the Solution of Pig Iron and Steel for the Determination of 

Phosphorus, by N. H. Muhlenberg and T. M. Drown, Easton, Pa. 
Blast Furnace Hearths and Linings, by John Birkinbine, Phila- 

delphia. 
An Improved Mining Lamp, by Professor P. Frazer, Philadel- 

phia. 
An Analysis of the Casualties in the Anthracite Coal Mines from 

1871 to 1880, by Dr. II. M. Chance, Philadelphia. 
The following persons, duly proposed and recommended by the 

Council, were unanimously elected members and associates of the 
Institute. 

MEMBERS. 
TI. (}. Tilackwoll, 
\Villiain i\1. lovron, 
Robert Briggs, 
George M. Brinkerhoff, 
Charles Brock, 
George Brooke, 
Edward L. Brown, 
J. Stuart Brown, 
William H. Brown, 
A. J. Charleton, 
Verplanck Colvin, 
Ralph Crooker, 3d, 
George B. Cumniings, 
William J. Donaldson, 
Alfred Earnshaw, 
William H, Hackett, 
Maurice Healy, 
Edward B. Howe, 
William Irving, 
Walter N. Johnson, 
William Jolliffe, 
John Keen, Jr.,. 
Frank King, 
F. L. Kleinschmidt, 
J. King McLauahan,. 

.Rc kv rouiL, Vu. 
i;irolouh j run Works, •Vs. 

Philadelphia, Pa. 
Springfield, Ill. 

• . Manhattanville, New York City. 
Birdsboro', Pa. 
New York City. 
Pittsburgh, Pa. 
Philadelphia. 

• . Marmora, Canada. 
Albany, N. Y. 
South Pueblo, Cob. 
Marquette, Mich. 
Philadelphia, Pa. 
Philadelphia, Pa. 
Cartersville, Ga. 

• . Dunbar, Pa. 
• . Leadville, Cob. 

Chicago, Ill. 
Buchanan, Va. 

• . Buchanan, Va 
Elizabeth, N. J. 
Van Buren Furnace, Va. 
St. Louis, Mo. 

Hollidaysburg, Pa. 
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R. L. Martin Fairchar,ce, Pa. 
S. Price Maury Richmond, Va. 
John W. Maxwell, . . . Syracuse, N. Y. 
Horace B. Miller, . . . New York City. 
E. 1). Peters, Jr., . . . Copperas Hill, Vt. 
F. Prince ,.....Audenried, Pa. 
J. Wesley Pullman, . . . Philadelphia, Pa. 
James Reed Altoona, Pa. 
John W. Smith racuse, N. Y. 
W. Dwight Smith, . . . Trenton, N. J. 
N. Allen Stockton ,...Riveiville, Va. 
Alexander Struusz, . . . Raccoon. Vi. Va. 
H. A. Strode ,....Amherst Court-house, Va. 
Myron H. Strong, . . . Yonkers, N. Y. 
Percyvale Taylor, . . . Bristol, England. 
William Thomlinson, . . South Pittsburg, Tenn. 
Linwood 0. Towne, . . . Newtonville, Mass. 
William H. Wiley, . 
H. L. Wells 

. . New York City. 
South Pueblo, Cob. 

Charles P. Wurts, . . . New Haven, Conn. 

ASSOCIATES. 

George Auchy Pottstown, Pa. 
Philip E. Chazal, . . . Atlanta, Ga. 
Thomas P. Oonant, . . . Copper Fells, Mieh. 
Thowts I )unlep, . . . Amhert Court—house, Va. 
li. Burd Grubb everly, N. J. 
Charles C. Hewitt, . . . Trenton, N. J. 
Cooper Hewitt 
Willard P. Little 

New York City. ,...Ne w York City. 
Joseph S. Ludlam, . . . Lowell, Mass. 
N. H. ltluhlenberg, . . . Rending, Pa. 
E. A. Oothout 
Clarence Q. Payne 

New York City. 
Stamford, Conn. 

Feidinand Sands, . 
William A. Shumway, 

. . New York City. 
. . New York City. 

Thomas B. Stearns, . . . Brooklyn, N. Y. 
Donald B. Toucey, . 
Howard A. Van Tassel, 
Vi. George Waring 

. . New York City. 

. . Houghton, Mich. ,...Denver, Cob. 
Ethelbert Watts, . . . Verta, Pa. 

The status of Mr. John Markle, of Jeddo, Pa., was changed 
from associate to member. 

Professor Persjfor Frazer made a statement with regard to a col- 
lection of specimens connected with the New York obelisk, which 
had been presented to the Institute by Lieutenant-Commander Gor— 
ringe, and offered the following resolution, which was unanimously 
adopted: 

Resolved, That the Institute offers its sincere thanks to Lieutenant-Commander 
Henry H. Gorringe, United States Navy, for the gift to the Institute of the very 
interesting series of objects connected with the obelisk recently placed by him in 
the Central Park, New York City, and that the Secretary be instructed to con- 

vey to Lieutenant-Commander Gorringe the assurance that this gift is highly 
appreciated, and that the objects will be watchfully cared for. 

A resolution was then offered expressing the thanks of the mem- 
bers for the courtesies and hospitality received from the Shenandoah 

Valley, the Chesapeake and Ohio, and the Richmond and Allegheny 
railroads, to the citizens and ladies of Staunton, the Low Moor Iron 
Company, the Longdale Iron Company, the Ansted Coal Company, 
the Pennsylvania and Virginia Iron and Coal Company, and to 
Messrs. Lewis, Hotchkiss, and Wickes, and their associates on the 
Committee of Arrangements. The meeting was then declared ad- 
journed. 

EXCURSIONS. 

On Wednesday morning, June 1st, a trip was made by special 
train, provided by the Shenandoah Valley Railroad, to Luray Cave, 
which, by the courtesy of the railroad company, was brilliantly 
illuminated with thousands of candles. After a visit of several 
hours in the cave, the party returned to Staunton. On the way to 
Luray a stop was made at the Shenandoah Iron Works, where 
iron blooms are made from pig iron by means of the run-out fire 
and charôoal forges. 

The Chesapeake and Ohio Railway kindly offered the Institute a 
special train over its road for three days. On Thursday morning the 
party leaving Staunton started westward on its tour of inspection. 
The Grace Furnace of the Pennsylvania and Virginia Coal and Iron 
Company, at Ferrol, was first visited. The next stop was at the 
junction of the narrow gauge road of the Longdale Iron Company 
(Messrs. Firmstone, Pardee & Co.), on which the party was carried 
seven miles to the furnaces, where the ladies alighted to enjoy the 
hospitality of Mrs. J. E. Johnson, and thence four and a half miles 
to the re banks, under the guidance of Messrs. H. Firmstone and 
J. E. Johnson. On returning, a short time was allowed for inspec- 
tion of the furnaces and machinery. The works and mines of the 
Low Moor Iron Company, Mr. George T. Wickes, Manager, were 
next visited, and the party was here charmingly entertained at din- 
ner by Mr. and Nrs. Wickes. Early in the evening the train reached 
White Sulphur Springs, where the large hotel was opened for the 
reception of the members of the Institute, in advance of the regular 
season, by Colonel George L. Peyton. 
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An early start was macic on Friday morning for a visit through the 

the picturesque caflon of the New River to the coal fields at Hawk's 

Nest, and thence to Coalburgh, on the Kanawha. Stops were made 

at Quinnimont, where the Pennsylvania and Virginia Coal and Iron 

Company has a coke furnace, under the management of Mr. J. F. 
Lewis, and at the coal mines and coking ovens at Stone Cliff Fire 

Creek, Sewall, Nuttallburgh. At Hawk's Nest the party were taken 
in coal cars on a narrow gauge road to the coal mines, a distance of 
four miles, up a picturesque gorge. Lunch was here served in a 

grove,which added an additional pleasure to the charming incidents 

of the day. The lateness of the hour did not allow of the inspection 
of Mr. S. M. Buck's work at Coalburgh, and the train after reaching 
this point returned to White Sulphur Springs. 

On Saturday a trip was made to the Natural Bridge. The journey 
was over the Chesapeake and Ohio Railway to Williamson's, and 
thence over the new Richmond and Allegheny Railroad to a station 
a few miles distant from the bridge, where carriages were in waiting. 
After an hour or two had been devoted to inspecting the bridge, 
and the party had dined as guests of the railroad company, Colonel OF THE 

H. C. Parsons, by request, gave an account of the construction of the 
II. & A. IR. II., the country it was intencled to develop, and the cornice— 17 1 (1 1 T 4 1 T 
tions which would ultimately be cI1cted. Vice-President Frazer V I i U I IN A Ill \ &. 

responded on behalf of the Institute and expressed the thanks of the 
members present for the kind reception and generous hospitality that 
had been extended to them. A delightful series of excursions was MA Y, 1881. 

thus concluded and the party broke up; some going East and others 

returning to White Sulphur Springs to spend Sunday. 



THE HYD1?OMETALLURGY OF COPPER, AND ITS SEPARA- 
TION FROM THE PRECIODS METALS. 

BY T. STERRY hUNT, LL.r., F.R.S., MONTREAL, CANADA. 

WET processes for the extraction of copper from its ores have of 
late attracted much attention, especially in Europe, where the use 
of cupriferous iron-pyrites as a source of sulphur prevails. These 
processes present an additional interest, when, as is often the case, 
the copper-ores to be treated contain one or both of the precious 
metals, since the complete separation of these from copper, either in 
the dry or the moist way, is, as is well known, one of the difficult 
problems of metallurgy. The principal wet processes hitherto in 
use for the extraction of copper from its ores may be included under 
three classes: 

I. Those in which the copper in sulphuretted ores is rendered 
soluble in water by calcining them, after a preliminary roasting 
vhich removes the greater part of their sulphur, with a portion f 
common salt, by which the copper is converted into a chloride (Long- 
maid and Henderson), or with sulphate of soda, by which sulphate 
of copper is formed (Monnier). Allied to these is the method by 
which a portion of the copper is got as soluble sulphate by roasting 
without addition, a process which is sometimes modified and rendered 
more complete by re-roasting the lixiviated residues with the addition 
of a portion of raw sulphuretted ore (Bankart). 

TI. Those methods in which free chiorhydric or sulphuric acid is 
used to dissolve the copper from oxidized or roasted ores. These, 
while simple and efficient, are too costly, except in certain localities 
where chiorhydric acid is a waste product. Related to them is the 
plan which consists in exposing the oxidized and moistened ores to 
the slow action of suiphurous acid mixed with air, by which a 
soluble sulphate of copper is formed. It has been proposed to de- 

compose the solutions of sulphate or chloride of copper by suiphu— 
retted hydrogen, thus separating the copper as sulphide, and using 
tl)e liberated acid to dissolve fresh portions of oxidized coiper. It 
is, however, the almost universal practice to throw down the copper 
fron its s]utions, however obtained, in the metallic state by the use 
of iron, either scrap-iron or iron-sponge; although in some instances 
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milk of lime has been used as a prec1pita1t, by which oxide of copper 
is produced. 

111. The method in which a hot solution of ferrous chloride, with 
common salt, is tiseci to chioridize the oxidized copper and convert 
it into a mixture of cupric and cuirous chlorides, which latter, though 
nearly insoluble in water, is dissolved by help of the chloride of 
sodium. From this solution the copper is precipitated by metallic 

iron, thereby reproducing the ferrous chloride, and regenerating the 
solvent, an advantage which this process possesses over any other 
that gives the copper in the metallic form. This, which is known 
as the Hunt and Douglas method, may, in many cases, be used with 
advantage for the treatment of low-grade copper ores, and, as the 
neutral solvent does not dissolve either arsenic or antimony, enables 
flue copper to be got directly from ores holding these impurities.* 

When, however, it is applied to the treatment of copper-ores con- 

taining silver, the use of the bath of ferrous chloride and chloride of 
sodium has, in common with the method of roasting with salt, the 
disadvantage that it converts the silver into a chloride which is 
soluble in a strong solution of chloride of sodium and is then with 
difficulty separated from the chlorides of copper. The separation of 
Silver aid when dissolved together in the Stitt(? of ClIlori(lt's, 
has greatly exercised the ingenuity of' metallurgical chemists from 
its importance in connection with the treatment of Spanish and 

Portuguese pyrites, now so extensively used in Great Britain as a 
source of sulphur, where the consumption iii 1877 amounted to 
600,000 tons. These ores contain on an average about forty-nine 
per cent, of sulphur and two or three per cent. of copper, with a 
little silver, equal, according to Claudet, to from twenty, to twenty— 

eight grams to the ton of ore, and traces of gold. The residues 
after calcination still retain three or four per cent, of sulphur and 
about four per cent, of copper, with sixty per cent. or more of iron, 
chiefly as peroxide. This material, after having been again caleined 
for some hours at a low heat in a reverberatory with about fifteen per 
cent, of common salt (or, as at Oker in Germany, with crude chloride 
of potassium), gives up to water acidulated with a little ehlorhydric 

* The hydrous silicate of copper (chrysocolla) is, like the carbonates of copper, 
completely decomposed by a hot solu:ion of ferrous chloride with common salt. 
An account of the application of this method to the treatment of a cr3'stalline 
hydrous silicate of alumina, magnesia, and copper (which is essentially a copper- 
chlorite, and has been described by the writer as a new species under the name 
of venerite), will be found in the Transactions of the American Institute of 
Mining Engineers, vol. iv, p. 328. 

acid its sulphur as sulphate of soda, and its copper and silver as 
chlorides, together with a considerable excess of common salt, leaving 
behind a nearly pure peroxide of iron with not over two thousandths 
of copper. A minute portion of gold, which was converted into 
aurous chloride during the roasting, is also present in the solution.* 
The lixivium, in an example given by Claudet, had a specific gravity 
of 1.24, and held in a meter-cube, besides 144.0 kilograms of sul- 
phate of soda, 64.0 of chloride of sodium, and 52.8 of copper, as pro- 
tochioride, besides small portions of zinc and iron, with a little lead, 
and 44 grams of silver. The above details of the salt-roasting pro- 
cess, which have often been published, are here repeated in order to 
bring more clearly before us the problem of separating the silver 
from the copper. 

Various plans have been suggested for extracting from such solu- 
tions as the above the dissolved silver before throwing dOwn the 
copper by metallic iron. It has been proposed to precipitate the 
silver by finely-divided metallic copper, as is done in the Augustin 
process from solutions of chloride of sodium holding only dissolved 
silver-chloride; but, since metallic copper at once converts proto'- 
chloride into dichloride of copper, it becomes necessary, as a prelimi- 
nary to the precipitation of' the silver I y this menus, that the whole 
of the copper in the solution should first be brought into the latter 
condition. This may be eft'ected by treating the hot solution with 
suiphurous acid, or by filtering it, at a temperature near the boiling- 
point, through a layer of coarsely-ground copper matte, or of vitreous 
or purple copper ore, from which, as I have found, a second equiva- 
lent of copper is taken up. From solutions holding the whole of 
the copper as dichioride, the silver may be readily thrown down in 
the metallic state by filtering them through a layer of finely-divided 
metallic copper; but, inasmuch as the dichloride requires to hold it 
in solution, a great volume of hot concentrated brine,f this method 

* Plattner, as is well known, showed that gold, like silver, is ehloridized when 
pyritous ores containing it are roasted at a low red beau with common salt; an aurous chloride being apparently found, which, in the precence of chloride of 
sodium, has a considerable degree of stability, though it is decomposed at higher 
temperatures. This chloride of gold is insoluble in water, nnd, unlike chloride of 
silver, is not decomposed by mercury. It is butslightly soluble in brine, though 
readily dissolved by a solution of hypoculphite of soda or lime. A process pro- 
posed by Kiss for the simultaneous extraction of silver and gold frcm pyritous 
ores is based on these reactions. t 100 cc. of a solution holding 15.0 grams of chloride of sodium, dissolve at 90° 
C., 10.0 grams; at 4(1°, 6.0 grams; and at 14°, 3.5 grams of cu prous chloride; while 
100 cc. of a solution holding 5.0 grams of chloride of sodium, dissolve at 90° 
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of separating silver from solutions containing a considerable amount 
of copper is not in all cases practicable. 

Among the plans which have been proposed for the separation of 
the silver from these saline solutions are those based on fractional 

precipitation. This is effected, as at Oker, by the use of sulphide 
of sodium; or better, by diluted suiphuretted hydrogen gas, as 
got by the action of air mixed with carbonic acid on the waste cal- 
ciuin-sulphule from Leblanc's soda-process. In the latter case, the 
whole of the silver is, according to Gibbs, carried down with 
the first six per cent. of the copper. Snelus blows finely-divided 
metallic iron into the solution, and finds the first twenty per cent. 
of copper thus precipitated holds four-fifths of the silver. For the 
extraction of the silver from the mixed suiphides it suffices to con- 
vert the silver into a sulphate, as in the Ziervogel process. For the 
separation of silver from precipitated copper, J. A. Phillips, by a 
process patented in 1877, makes the material into a paste with water 
and a mixture of common salt and carbonate of soda; and, after 
calcinatiori in a reverberatory, gets the silver in the form of chloride, 
which is dissolved out by brine from the oxidized copper. 

The solvent power of solutions of chloride of sodium for chloride 
of silver is diminished by dilution, and upon this fitet, aj)parently, is 
1 eised for ti e separation of silver, paten ted iii 1877 iii Great. 
Britain by Jardine & Chadwick, which consists in diluting the strong 
lixivium from the salt-roasted ore to about specific gravity 1.10— 
1.12, and adding thereto, in the form of a dilute solution, about 
half a pound of acetate of lead to the ton of liquid. The precipi- 
tate, which after a time separates, consisting, in large part, of sulphate 
of lead, carries with it a portion of chloride of silver, and, it is said, 
a trace of gold. 

The most elegant method for the separation of silver from these 
mixed solutions is, however, that patented by Claudet, and exten- 
sively applied in Great Britain. It depends on the almost complete 
insolubility of iodide of silver in solutions of chloride of sodium, and 
consists in adding to the lixivium. in which the proportion of dis- 
solved silver has previously been determine,d, a dilute solution of a 

2.8 grams, and at 40°, 1.4 grams of cuprous chloride. This substance, contrary to 
the received statements, is not quite insoluble in water When the cuprous chloride is boiled with distilled water an amount equal to about 1.35 grams to a 
liter passes into solution, and is in part thrown down on cooling in a white crys- talline form; the solution, at 14° C., still retaining about 0.90 grams to the 
liter. The above numbers are only approximations. 

soluble iodide just sufficient in amount to convert the whole of the 
silver into iodide of silver. The precipitate, which separates after 

forty-eight hours of repose, is washed with dilute chlorhydric acid 
to remove adherent copper-salts, and then consists chiefly of a 
mixture of sulphate of lead with iodide of silver, which is reduced 

by metallic zinc, the iodine being thus recovered for further use. 
Treated in this manner, the calcined Spanish ores yield for each ton 
20 grams of silver containing 1.3 per cent, of gold, amounting, ac- 
cording to Lunge, to about two-thirds the entire amount of precious 
metals contained in the ore. The presence of dichloride of copper 
in the solution interferes, by the production of a cuprous iodide, with 
the separation of the silver as iodide; and hence the calcination of 
the ores with salt must be so conducted as to give the copper in the 
condition of protochloride.* 

The extraction of copper from its ores by roasting with salt is 
limited to pyritous ores poor in copper, which yield, by their pre- 
vious calcination, a large proportion of peroxide of iron; the pres- 
ence of this being necessary to the effectual chloridizing of the copper 
in the furnace. When applied to richer ores this method fails to 
render the whole of the copper soluble, for reasons which are made 
apparent. by the investigations of Mr. Thomas Macfarlane, described 

by him in 1865. 11e found that while copper-ores, such as ehalco- 

pyrite and bornite, when calcined with salt, either alone or with an 
admixture of pulverized quartz, yield but a small portion of their 
copper in the form of soluble chloride, such a mixture of ore and 
salt, with twice its weight of peroxide of iron, and a little pyrites to 
furnish additional sulphur, if caleined at a iow temperature, and 
without stirring, gave up nearly all its copper to water as a soluble 
chloride. It was made evident, from these and other experiments 
described by Macfarlane, that the mass of heated peroxide of iron, 
in the presence of air, favors the conversion of the sulphur into a 
sulphate, through which the decomposition of the common salt and 
the ch]oridizing of tile copper is effected.t 

These conditions are most fully realized when a material like the 
caleined residue of Spanish pyrites, containing in 100 parts about 4 
parts each of copper 'and sulphur, and 80 parts or more of peroxide 
of iron, is calcined with a sufficient amount of common salt, in which 

* For an excellent account of wet processes for the extraction of copper, see 
Friedr. Bode, in Dingier's Polytechnisches Journal for January—March, 1877, 
vol. ccxxxi, pp. 254, 357, 428. 

- Canadian Naturalist, second series, vol. ii, pp. 219—231, and vol. iii p. 457. 
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case, as we have seen, the chloridizing of the copper is nearly com- 

plete. Ignorance of these conditions has more than once led to 

failure in attempts to appiy this process of copper-extraction. 
Unlike the method of chioridizing by roasting with salt, that de- 

pending on the use of a solution of ferrous chloride with salt is a 

general one, applicable to all naturally or artificially oxidized copper- 
ores, which may be readily and cheaply chioridized by its aid.* 

When applied to copper ores containing silver, however, this shares 

with the salt-roasting process the disadvantage that the silver is at 
the same time ehloridized, and if not present in too large an amount, 
is dissolved, while the dichloride of copper, formed by the reaction 
between the oxide of copper and the ferrous chloride, precludes the 
use of Olaudet's method of precipitating the dissolved silver by a 
soluble iodide. 

There is a large class of copper-bearing ores and furnace-products 

containing., besides silver, and in some cases gold, portions of anti- 

mony and arsenic, often accompanied by lead, the treatment of 
which, either by the wet or the dry way, offers many difficulties. A 

simple and economical general method, which will effect a complete 

separation of copper from silver and gold on the one hand, and from 

arsenic, autimuny, and lead on the other, has hitherto been a desid— 

eratuiii in metallurgy. From the want of such a process considerable 

quantities of refined copper extracted from Western ores and mattes, 
and carrying from 40 to 50 ounces of silver per ton, have of late years 
been sold in our markets. 

With my friend, Mr. James Douglas,Jr., of Phnixville, Pa., I 
have devoted much time to the metallurgical problem thus pre- 
sented, and as the result of our joint labors have now to bring before 
the Institute of Mining Engineers a novel wet process for the ex- 
traction of copper from its ores, which will, I think, be found to 

meet the required conditionn. The new method is based upon the 
reaction described by Wöhler between sulphurons acid and a solu- 
tion of protochloride of copper, which gives rise to insoluble dichlo- 
ride with the elimination of one-half the chlorine in the form of 
(thlorilydric acid, and the simultaneous formation of sulphuric acid, 
as simply expressed in the old notation by the formula, 

2CuCI + SO2 + HO = Cu2C1 + HCI + SO,. 
The resulting acid solution, when brought in contact with cupric 
* A process of copper-extraction, based on this principle, is the subject of 

United States letters.patent, granted to T. Sterry Hunt and James Douglas, Jr., 
February 9th, 1869. 

oxide, will take up as much copper as it originally held, which may, 
in its turn, be thrown down by sulphurous acid. In this way, the 
solution of Copper from an oxidized ore, and its precipitation as 
clichioride, may be repeated indefinitely, provided chlorine be sup- 
plied each time by the addition of a sufficient amount of some solu- 
ble chloride. 

The reaction between sulphurous acid and a solution of proto- 
chloride of copper goes on slowly at ordinary temperatures, but is 

very rapid between 80° and t0° C. Solutions of sulphate of copper 
mixed with an equivalent of chloride of sodium, and holding 8.0 per 
cent. of copper, after being treated at 90° C. with an excess of sul— 

phurous-acid gas, retain less 1.0 per cent. of dissolved copper; while 
in the presence of an excess of sulphate of copper and sulphnrous 
acid the precipitation of the chlorine from chloride of sodium is 
nearly complete; sulphate of soda and sulphuric acid remaining in 

solution in accordance with the equation 
2CuO,SO, + NaCI + SO,= Cu,Cl + NaO,S03 + 2S0, 

The suiphurous-acid gas for effecting this reaction on a large scale 
is readily got in sufficient purity from the burning of iron-pyrites in 
the ordinary kilns used by the makers of sulphuric acid, care being 
taken that an excess of air he avoided. A Knowles pump, constructed 
for the purpose, has proved an efficient means of injecting the heated 

gas into the liquid. By this reaction we have found it easy, in 
repeated trials with a small experimental plant, to throw down in 
three hours' time 125 pounds of copper from an eight per cent, solu- 
tion, the liquid still retaining about one per cent, of copper dissolved. 

The acid liquors, when the reaction with suiphurous acid is com- 

plete, have exchanged their bright blue color for a pale green, and 

now contain in solution an excess of sulphurous acid, which must 

be got rid of before using them to dissolve a fresh portiun of copper. 
This wry be effected by keeping back a small portion of the chlori- 
dized copper-solution, and after the action of the gas is complete, as 

may be known by the changed color and the sulphurous odor of the 
liquid, adding the reserved portion thereto, by which means the 
excess of sulphurous acid will be oxidized. The chief part of the 
dichioride of copper separates during the passage of the gas, but i 
further portion is deposited on the cooling of the solution. 

The excess of sulphurous acid may also be got rid of by blowing 
a current of hot air through the liquid after it has been withdrawn 
from the precipitated dichioride, and best while the process of sat- 

VOL. x.—2 
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urating it with oxnle of copper is going on. This, when got by the, 
calcination of suiphuretted ores, contains more or less suboxide of 
copper,* which, with chlorhydrie acid forms a portion of cuprous 
chloride, and the separation of this, under these circumstances, may 
be prevented by Ihe action of atmospheric oxygen. 

Cuprous chloride is quickly transformed into dupric oxychioride by 
atmospheric oxygen, and when dissolved or suspended in an acid 
liquid is by this means readily converted into a enpric salt, which 

may be again reduced to cuprous chloride by the action of sulphurous 
acid. In this way, like the nitric oxide in the leaden chamber, the 
cuprous chloride acts as a medium through which suiphurous acid 
and oxygen are made to combine and to form sulphuric acid. The 
two reactions of oxidation and reduction just described may go on 
alternately or simultaneously in the liquid, and thus it happens that 
when an excess of air enters the pyrites-kiln, so that considerable 
free oxygen passes with the suiphurous acid into the copper-solution, 
the dichloride is either separated slowly or not at all, while at the 
same time much sulphuric acid is formed. By taking advantage of 
these reactions between oxygen, suiphurous acid, and chloride of cop- 
per, we may at will increase the solvent power of our acid bath. 

In apply lug tins iiev p1OC(S of copper—extraction to a roasted 

sulpimuretted ore or matte, which we will suppose to contain a por- 
tion of silver, we begin by dissolving therefrom by water the sul- 

phate, which, with proper care in roasting, should contain not less 
than one-third of the copper of the ore; taking care to add t.o the 
water enough of some soluble chloride to chioridize and render 
insoluble any sulphate of silver which may be present. From the 
clear lixivium thus obtained, after adding the requisite amount of 
chloride of sodium, the copper is precipitated, as already described, 
by the action of suiphurous-acid gas. The resulting acid liquid, 
freed from the excess of suiphurous acid by the addition of a re- 
served portion of the original solution containing copper chloride, 
and still retaining more or less copper, is now used to dissolve the 
oxide of copper from a portion of the lixiviated ore; the process being 
aided by heat, and, if the formation of dichloride of copper is to be 
feared, by the injection of a current of air, which may be made the 
means of heating and agitating the mixture. If the ore contains 

* I have found calcined sulphuretted copper-ores to contain, in addition to 
soluble cupric sulphate, and insoluble oxides of copper, a small port1n of a 
cuprous •componnd, which, though insoluble in water, is dissolved by a hot and 
strong solution of common salt, and is probably a cuprous sulphate or sulphite. 

silver, either in the ftrm of metal or unoxidized sulphide, we have in 
the chlori(le of copper which isfirmned the best agent for bringing it 
to the condition of chloride of silver. This will be found in the resi- 
due after the extraction of the copper, together with any gold which 

may be present, lead as sulphate, oxides of antimony and iron, and 
earthy matters. Cobalt, nickel, and zinc, if present will, however, 
be dissolved, afl(1 not being precil)itated by suiphurous acid, will, by 
successive operations, accumulate in the solution, and may afterwards 
be extracted.* From the residues thus deprived of copper we have 
found the silver to be readily dissolved by brine,t after which, if gold 
be present, it may be removed by chlorination, or the two precious 
metals may be extracted together from the residues by amalgamation. 
\Vhen, as in the ease of certain mattes from Utah, for example, the 
residues contain a large amount of lead as sulphate, this may be 
recovered by smelting, and a base bullion got containing the precious 
metals. The same result may also be attained by smelting the res- 
idues with an admixture of a lead-ore. 

Chloride of silver is soluble to some extent. in solution of cupric 
chloride, and is then in part carried down with the cuprous chloride 
in the precipitation of the latter. The formation of cupric chloride 
may be avoided by adding to the solution of sulphate of copper 
little more than the amount of chloride of sodium necessary for the 
conversion of the copper into dichloride. In this case, as we have 
seen, the acid liquid after precipitation by suiphurous acid will con- 
tain chiefly sulphuric acid, though still holding sufficient eupric 
chloride to effect the cliloridizing of any silver which may be present 
in time ore. 

The dichloride of copper, as obtained by precipitation, is a white 

coarsely crystalline powder, having a specific gravity of 3.376 (Play- 
fair and Joule), and, as we have seen (note on page 14), is nearly 
insoluble in cold water. After being washed from the acid liquid, it 
may be readily reduced by placing metallic iron in the moist di- 
chloride, which should be covered with water to exclude the air. 
The action spreads rapidly through the precipitate, so that a single 
mass of iron will, in a few hours, change a considerable volume of 
dichioride around it into pure spongy metallic copper. The reduc- 
twa of copper from solutions obtained in those wet processes where 

* For observations on the association of nickel and cobalt with certain coppcr 
ores, see Appendix I. 

For notes on the solubility of chloride of silver in solutions of common salt 
and other chlorides, see Appendix 11. 
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the copper exists as protochioride, often accompanied by salts of iron, 
entails a considerable loss of metallic iron, and gives a copper which 

-is impure from the presence of basic iron-salts. The reduction of 
the solid dichloride, however, presents none of these disadvantages. 

Forty-five parts of iron suffice to reduce one hundred parts of cop- 

per; the precise ratio being as 28.0: 63.4. The ferrous chloride 

which remains in solution may with advantage be used instead of 
chloride of sodium for cliloridizing subsequent solutions of sulphate 
of copper, ferrous sulphate being formed which, as it accumulates, 

may be separated by crystallization from the acid liquid. The 
ferrous dichioride required to chloridize twenty parts of copper 
would equal about sixty-one parts of hydrated ferrous sulphate. 

Another mode of treating the diehioride, which may in some cases 

be resorted to, consists in decomposing it., best at a boiling heat, with 
a slight excess of milk of lime. The dichioride is by this means 

converted into a dense orange-red suboxide of copper which, after 

being washed from chloride of calcium, in a filter-press or otherwise, 
and dried, may be rea(lily reduced to metallic copper in a reverbera- 

tory furnace. For this reaction, 28.0 parts of pure quicklime are 

required for 63.4 parts of copper, and the resulting chloride of cal- 
cium may he used instead of chloride of 50(1mm or chloride of iron 
for chioridizing solutions of sulphate of copper. In this case, there 
will be formed an insoluble sulphate of lime or gypsum, while the 
free sulphuric acid of the solution is replaced by chlorhydric acid. 
The use of the chloride of calcium would, however, require an addi- 
tional operation, since, to avoid the presence of the precipitated 

gypsum either with the dichloride or the undissolved residue of the 

copper-ore, it would be necessary to add the chloride of calcium to 
the clear copper-solution, and, after allowing time for the gypsum to 

subside, to transfer the liquid to the vats in which the copper is to 

be precipitated by sulphurous acid. There may, however, be local- 

ities in which the cost both of metallic iron and of common salt is 
such as to render advantageous the decomposition of the dichloride 

of copper by lime, provided there is no silver to be extracted. 

We have heretofore considered only the case in which the acid 

liquor got by precipitating the copper from neutral solutions in the 
form of dichloride is used to dissolve successive portions of oxide of 

copper alone. This can be done in the case of pure ores free from 
other strongly basic oxides, if without loss, yet without any gain of 
acid save what conies incidentally from the portion of sulphuric 
anhydride which is given off in the calcination of pyrites, or from 

the reaction between sulphurous acid and oxygen in the presence of 
chloride of copper, as already explained. If, however, as is more 
often the case, we are treating artificially oxidized suiphuretted ores 
or mattes, which yield by roasting a mixture of oxide and sulphate 
of copper, it will be apparent that by the repeated use of the present 
process there must result a constantly augmenting proportion of free 
aci(l in the liquid. 

This may be made clearer by examples. Let us suppose a solution 
holding in a cubic foot (equal 1000 ounces of water) 63.4 ounces or 
two equivalents of copper in the form of sulphate. To convert this 
into protochioride would require two equivalents or 117 ounces of 
chloride of sodium, but for the production of the dichloride, as we 
have seen, one equivalent, or a little more, will suffice, or, in place 
thereof a corresponding amount of ferrous or calcic chloride. When, 
by the action of sulpliurous acid, the whole of the copper is reduced 
to the cuprous condition, and in great part thrown down as di- 
chloride, the previously neutral solution will contain two equivalents 
or 98 ounces of sulphuric acid* (oil of vitriol), which, if a larger 
amount of chloride had been added, would be in part replaced by 
chlorhydric acid. These two equivalents of acid are capable of 
taking up two equivalents, or 79.4 ounces of oxide of copper, after 
which the solution will contain, as at first, 63.4 ounces of copper. 
If, however, we add to this acid solution, instead of simple oxide of 
copper, a calciued ore or matte in which one-third of the copper is 
present as soluble sulphate and two-thirds as oxide, it is clear that 
when the acid is saturated we shall have in the liquid, besides the 
63.4 ounces of copper from the oxide, one-half as much more, or 
31.7 ounces of copper which were already present as sulphate in 
the roasted ore; making in all three equivalents or 95.1 ounces of 
dissolved copper, which are, in their turn, to be converted into 
dichioride. Now, as the amount of acid set free in this reaction is 
equal to that originally combined with the copper, it follows that 
the liquid after the precipitation of the dichloride will contain three 
equivalents of acid, instead of two as before. If to this we add, a 
second time, enough of the mixture of two-thirds oxide and one-third 

* While we recognize the dyed nature of copper, oxygen and sulphur, and 
the bibaicity of sulphuric acid, it is simpler and more convenient for the cal. 
culations of the manufacturing chemist and the metallurgist to use, as we have 
done in the present paper, the older notation, and to speak of 81.7 parts of cop. 
per, 8 parts of oxygen, 40 parts of sulphuric oxide, 49 parts of oil of vitriol, 36.5 

parts of chlorhydric acid, and 58.5 parts of chloride of sodium as equivalents. 
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sulphate of copper to neutralize these three equivalents, we shall 
have four and a half equivalents of dissolved copper, from which, by 
a third repetition of the process of precipitation by snlphurous acid, 
four and a half equivalents of sulphuric acid would be set free; so 
that in place of 98 ounces we should have 22O ounces in the solu- 
tion ;—an amount which a fourth repetition of the process of satura- 
tion and precipitation would raise to six and three-quarter equiva— 
lents or 330 ounces of oil of vitriol. 

If; instead of a mixture containing one-third of its copper as su] pliate, 
we have one in which only one-fourth is sulphate and three-fourths 
are oxide, we should get by saturating with this a solution con- 

taining two equivalents of acid, and subsequent precipitation with 

sulphurous acid, a liquid holding 2.66 equivalents of free acid, 
which by a third repetition of the process would yield :3.55, and by 
a fourth 4.73 equivalents of free acid, in place of the 2.00 equivalents 
which were present after the first precipitation. 

The above calculations are founded on the supposition that the 
roasted ore or matte contains, besides the oxide of copper, no base 
that would be attacked by dilute acids. In fact, however, oxides of 
lead, zinc and, more rarery, nickel and cobalt, may accompany the 
copper—oxide, and give rise, the first to an insoluble and the others 
to Solul)le suiphates, consuming more or less acid. Ores containing 
more or less carbonate of lime (often with carbonate of magnesia) 
are also of frequent occurrence, and here is seen a great advantage 
which this mode of copper-extraction possesses over all the other 
wet processes; for since lime and magnesia, and their carbonates, not 

only neutralize free acids, hut throw (lOwn copper from its solutions, 
the treatment, by these processes, of ores containing any considerable 

proportion of calcareous matter is impracticable. With the process 
here proposed, which generates an abundance of free acid, the ex- 
traction of copper from ores which do not contain an excessive 
amount of calcareous matter presents no difficulty except such as 
arises from the mechanical obstacle created by the formation of 
gypsum in the solutions. The accumulation of acid in the bath is 
indeed so rapid in many cases that it will become unnecessarily 
strong, and may be diluted with water; vhile that portion not needed, 
after being deprived of the last portions of copper by the action of 
metallic iron, may be rejected unless it retains in solution other 
metals of value. 

It will he seen from the foregoing description that the new process 
here described resembles those which, at the beginning of this paper, 

we have placed in Class II, inasmuch as the oxidized copper is sepa- 
rated from foreign metals by dissolving it in sulphuric and ehiorhy— 
drie acids; with the difference, however, that the acids for this pur- 
pose are generated in the process itself, by the action of sulphurous 
acid; while the copper is separated from its solutions in the form of 
dichloride, the reduction of which to pure copper is readily effected 

by the consumption of a minimum amount of metallic iron. At the 
same time, any silver or gold which may be present in the ore is left 

undissolved, and in the best condition for subsequent extraction by 
well-knowis methods; while the saving of cobalt and nickel, of lead, 
or of antimony, should these be present in quantities of economic im- 

portance, may be subsequently effected by very simple processes. 
The apparatus for this new general method of copper-extraction is 

simple and inexpensive. The chlorine required in the precipitation 
of the copper being recovered for further use, the only reagent con- 

sumed, except the sulphurous acid—which is a waste product 
from the roasting of suiphurous ores—is an amount of iron which is 

equal to less than one-half the weight of the copper, and may be 
recovered in the form of sulphate of iron,—or, instead thereof, the 
same quantity of caustic lime.* 

APPENDIX I. 

The presence of small portions of cobalt and nickel in cupri- 
ferous pyrites is not uncommon, and mixe(l earthy oxides of copper, 

nickel, and cobalt have been found in considerable quantities in Mis- 
souri. A greenish, translucent, amorphous mineral, with black 

stains, resembling chrysocolla in appearance, from some place in 
Western Nevada, where it was said to be abundant, and to have 
been mined for the manufacture of sulphate of copper, was brought 
to me in 1876, and found to contain considerable quantities of both 
cobalt and nickel. One of two closely agreeing analyses by my 
formeF pupil, Mr. Hardman, made at the Mass. Institute of Tech- 

nology, in 1877, gave for this mineral as follows: Oxide of copper, 
9.63; oxide of nickel, 3.23; oxide of cobalt, 3.88; peroxide of iron, 
3.08; peroxide of manganese, 2.40; lime, 1.04; magnesia, 0.10; 
alumina, 13.01; silica, 42.97; water, 18.38 = 97.72. The cobalt 

* United States letters.patent, No. 227,902, for this method of copper-extrac- 
tion were granted to Thomas Sterry Hunt and Jtmes Douglas, ,Jr., Mey 25th 

1880. 
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4. Fusion in a shaft furnace for black or pig copper, and con- 
centrated or double mattes. 

5. Treatment of the salamanders. 
6. Fining and refining. 

1. BOASTING THE ORE. 

The roasting of the ore is effected in three sheds, each 34 feet 

wide, and 300 feet, 280 feet, and 240 feet long respectively. They 
are 8 to 10 feet to the first timber, and 20 feet to the peak of the 
roof. These three sheds are capable of holding 42 piles, 16 in the 
first, 14 in the second, and 12 in the third. These piles are 17 by 
20 feet, and 8 feet high in the middle, and contain 100 tons of fresh 
ore and about 50 tons of partially roasted ore, so that in all, each 

pile holds about 150 tons. The bottom of these ore piles is made 

directly on the ground. Very fine ore is put down first to a depth 
of from ten to twelve inches. In taking UI) this fine ore after roast- 

ing the ore floor is hollowed out, so that it gradually becomes deeper. 
Over the fine ore three cords of good wood are placed in two rows 

beneath the whole piles; three rows are made upon the outside so 

as to form a barrier to hold up the sides of the pile. The ore, which 

is brokii to about the size of the fist, is piled over the wood. It 
is dumped from ('arts un(lCr the sheds, to form the ends of the 

pile, and is shovelled to the sides and the centre. On the sides 

and ends it is left to take its natural talus. The outside of the pile 
is covered with ore in pieces about the size of a hickory-nut, and the 
fine unfinished ore is placed on tie top and sides of the piles, then 
the very fine screenings over this on the top and sides. On the bot- 
tom at the sides the piles almost touch. Three piles of fresh ore 
were being roasted, two were being taken down, three were l)eing 
built, and two roasting spaces were empty at the time of my visit. 
The carts come in quickly as they are wanted. They are loaded 
from a bin at the end of the inclined tramway coming from the 
dressing-house, by drawing a slide. 

As the ore contains a very large amount of sulphur, owing to the 
presence of so large a quantity of pyrrhotite, but little fuel is re- 
quired for the process. The greatest part of the heat is due to the 
sulphur in the ore. The pile soon settles from the burning out of 
the wood, when the men make the cracks tight with fine ore, leaving 
only just enough of them open at the bottom of the pile to insure 
the propagation of the heat from below up, and to draw it to any 
point where there may have become too cool, which is easily accom- 

plisheci, owing to the way in which the pile is built. It requires 
but little labor to take charge of such a pile since, if it is properly 
constructed and kept free from the influence of high winds, the heat 
of the burning sulphur spreads itself upward in laye sufficiently 
horizontal to insure a nearly equal distribution of the heat. The 
ease, however, with which the air has access to the pile, will cause 
some irregularities, as will also the size and nature of the pieces of 
the ore, so that it is never uniformly roasted. In driving off the 
sulphur, sufficient must be left to form the matte, but enough must 
be driven off to insure that, as much of the iron as possible shall 
pass at once into the slag. The pile is lighted at the four corners. 
It takes about twentyfour hours to get it well burning. Fine ore 
and small pieces are put tound the bottom against the wood, after it 
is well started, to prevent its burning too fast, the thickness of the 
cover being varied in order to regulate the rate of burning. It takes 
about six weeks to burn a pile. When taken down it is about three- 
fifths roasted, and the rest goes into a new pile. The fine ore on the 
bottom is generally entirely agglomerated, so that it has to be broken 
with a pick or sledges. Any ore that is not well roasted goes into 
the new pile. The piles are discharged before they become cold. 

'1'! ICC 11) ('II 011(1 two Ii ()ISCSO 0(1 ca its are req (lived to hr ii ig t lie 
ore to the pi1es. Four mcii are required to clean them up, and dress 
and break the masses, which have become agglomerated in the pro- 
cess of roasting. Two piles a week were taken down (luring my 
visit. There are usually about seven broken piles in process of re- 
moval at one time. The men at the piles work on ten-hour shifts. 

The analyses of the roasted ore is given below. 
No.1. No.2. 

Copper 4.68 394 
Iron 39.08 38.38 
Sulphur 6.76 7.64 
Alumina 1.79 2.68 
Manganese 0.40 0.86 
Lime 8.10 8.01 
:Msgnesia 088 0.65 
Silicious residue 15.20 17.52 

In order to be sure of an average result the assay sample for No. 
I was taken from the carts going to the ore furnace, a shovelful being 
taken from different parts of each cart. For No. 2 the ore was taken 
from the different piles, the sample being taken from the bottom to 
the top. 

As the ore and the mattes made from them are roasted in the open 
air, the sulphurous smoke given off from these piles is injurious to vege- 

VOL. x.—3 
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tation, so that the region over which it reaches is completely denuded. 

No very great inconvenience results from this at the present time, as 
the company owns all the territory affected. Much of the sulphur 
thus lost might be made a source of reven lie to the company by 
utilizing it in some process of working the poor ores, now an ob- 

stacle to the opening of the mine, and an incumbrance on the sur- 
face. The cost of wood, it is true, is very small, but if this ore were 

roasted in furnaces, less wood would be used, and the roasting would 

be more thoroughly done. All the conditions under which roasting 
in piles is profitable exist at the Knob, but the very best wood is now 

used in the process instead of refuse and poor material. A furnace 

plant to do the same work would require an outlay, but in the end 

would be cheaper in fuel, and require a ranch smaller stock of ore 

in the piles, which is really equivalent to an increase in the product 
of the mine. If the poor ores are ever to be worked it must be by 
some method which involves the saving of the sulphur. 

The roasting of the ore is imperfectly done, but the ore is of such 

exceptional purity that there are but few disadvantages resulting 
from the hasty roasting, the most serious one being that the matte 

is not as rich as it might be, and more foreign matter than necessary 
must be put through the next operation. 

DETA1LD srATESIKNT OF COST OF ROASTINO AT ORE kNOB; TAKEN FOR 

FIFTEEN MONTHS, FROM ANTJAR 1ST, 1879, TO APRIL 1ST, 1880. 

Hauling to ore sheds, 
3 men at 75 cents, $2 25, $3 05 l 2 carts and horses at 40 cents, $0.80, f 

Placing ore and caring for ore heaps, 1 man $1.00, 3 men 75 cents, 3 2.5 

(Average amount of ore roasted per day 50 tons of 2000 pounds.) 
6 30 

Average amount of fuel used per daj1 cords of wood at $1 85, . 2 77 

$907 
01814 

The ore is delivered in cars on the tramway near the furnaces. 
Of the piles of ore, at the time of my visit, 3 were being made, 

20 were roasting, 5 were being cooled, 10 were cold, and 4 places 
were empty. 

2. FUSION FOR MATTES. 

The roasted ore, as soon as taken from the piles, is carried to 
the shaft furnaces, Plate II. The furnaces used for smelting ore• 
and matte are almost identical in construction. There are eight ore 
furnaces, which, when they are all running, produce forty tons of 
matte, or about five tons each in twenty-four hours. Four of them 

were not in blast. The furnaces are rectangular in section, and have 
two tuyeres in the back of the furnace 3 inches in diameter, with 
nozzles 2k inches in diameter. The tuyeres converge so that lines 
passing through their centres meet at 21 inches from the nozzle. 
The material of which the furnace is built, as shown in Plate II, is 
partly soapstone and partly firebrick. The whole oi the furnace 
below the tuyeres is made of crushed quartz. 

The furnace is 2 feet 4 inches wide at the tuyeres, and 3 feet 10 
inches under the tymp. It is 8 feet 10 inches high on the tuyere 
side, and 9 feet 4 inches on the breast side. The plan gives a sec- 
tion on the line of the tuyeres and at 00 above, showing that the 
interior tapers slightly on all sides except at the breast. The tymp 
is made of a piece of soapstone 6 by 12 inches, which goes across the 
whole front of the furnace. Above this stone the walls are 8 inches 
thick, built half of firebrick on the inside, and the other half of 
common brick* on the out.side toaheight of 40 inches,wherean iron 
bar 1 by 4 inches supports the soapstone above on the tuyere side. 
There is a soapstone 12 X 18 X 54 inches above the tuyere. The fire- 
brick is here carried up 4 feet. The red brick is carried part of the 
way to the same height, and the rest only 3 feet, the soapstone here 
being supported by an iron bar of the same size as on the breast 
side. By this arrangement the whole of this part of the flirnace can 
be taken out without disturbing the rest. The tuyere is 12 inches 
above the hearth, which inclines to the front so as to be there 18 
inches below the centre line of the tuyere. The dam-stone S, does 
not exist in the ore furnace, but goes across the front of the pig- 
copper furnace, which is in all other respects exactly similar; it has 
a rounded cut on the inside and also on t.he under side. 

On the front of the furnace is a fore-hearth made of pieces of cast 
iron bolted together. It is 5 feet wide and 30 inches high next the 
furnace, and 28 inches wide and 2 feet high Ofl tile front. In the 
middle of the front a spout is bolted on for the slag to flow over. 
This box is filled and carefully packed with a mixture of equal parts 
of steep and river sand. The steep is made of one part of burned 
clay and two of charcoal dust. The hearth is then finished in 
crushed quartz, when the tap hole is cut out through a hole made 
on one side through the cast-iron plates, and is closed with quartz 
sand, wetted so as to pack. It is easily opened with a pointed 
iron bar at first, but in about ten days it gets hard, and has to be 

* The bricks made at the works are now used exclusively in the place of 
common red brick. 

Cost for 50 tons, 
Cost per ton, 

L. 
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cut out with a steel-pointed tool. The soapstone which is used in the 

construction of the furnace comes from the neighborhood, and is con- 

tracted fisr at fixed prices. 
The bricks used are made at the works, of two-thirds of crushed' 

quartz and one-third clay. The mixture is sun-dried and built into 

the furnace, and dried and burned in place. No bricks are burned 

outside of the furnace. 
Next to each furnace, and connecting with it directly, is a large 

dust chamber, which is 4 X 8 X 16 feet on the inside. Access to 

it is had by a door on the casting floor, which is closed and luted 

tight when the furnace is at work. Between the furnace and the 

dust chamber there is an arched opening three feet wide, to ad- 

mit of free circulation. 
The cost of construction is given in detail below: 

COST ON COPPER FURNACE AT ORE KNOS, NORTH CAROLINA. 

144 cubic feet best soapstone, at $1.08 $155 52 

117 common soapstone, at 96 cents,..11 32 

1 M. firebrick 10 00 

3 M. common brick, at $6 18 00 

210 feet railroad rails, 50 pounds per foot, about ii tons, 
I \'i1'((i h(r 

JU lt(t, I 1 00(1 iron arol bolL encl 
20 square feet cast plates, 1 in. thick,700 pounds, at 3 cents, 
Mason's wages 
Helper's wages 
Mortar 
Blacksmith's work 

The charging bed is made on the level of the throat with six loads 
of roasted ore, containing about 1500 pounds each, which is spread 
o1it over the charging floor directly behind the throat of the furnace. 
The charging floor is 22 feet wide and 120 feet long. It is con- 

tinuous for the furnaces in both the lower and upper houses. Over 
the ore one load of about 800 pounds of cleanings from the front 
of the furnace is then spread. One load of the tips of the slag 
pots. containing foul slag, weighing about 1500 pounds, and one 

load, or 1200 pounds, of flue dust, mixed with clay, are then put on. 

This mixture of flue dust and clay consists of two-thirds of the 
former and one-third of the latter. The charging bed so composed 
is mixed with a shovel, and ten shovels of the mixture are charged 
to one basket holding about two bushels of charcoal, the size of the 

charge depending upon the heat of the furnace. 
The slag runs continuously over the spout on the fore-hearth into 

a slag-pot placed in front of the furnace. To keep it from chilling 
charinal in sinai1 pieces is placed on the runner. A)olIt flair bushels 

per shift of twelve hours are used for this purpose. 
The fore-hearth is always cleaned out just before tapping. Gen- 

erally it is cleaned twice in the course of the twelve hours. Im- 

mediately after the last cleaning it is tapped. The tapping is made 

twice in twenty-four hours; 90 slag-pots per shift of twelve hours 
are filled. About half the slag used in the furnace is rich slag, 
which is added for a flux. The matte runs into a casting-pit lined 
with a steep made of one part of burned clay and two of fine char- 

coal. It is about two feet deep and four feet in diameter. The 
matte is taken off in disks as it cools, by means of hooks. This is 

the best method of casting, as it brings it into thin sheets so that it 
can be easily broken. Each casting-pit makes from nine to thirteen 
disks weighing about 1500 pounds apiece. 

A campaign in the ore and matte furnaces lasts from 40 to 60 

days. The men work on shifts of twelve hours in all the furnaces, 
the shifts changing at 1 A.IsI. and 1 .isr. If all the six ore furnaces 

were running on good ore, the output of the works would be not 
far from 500 tons of matte per month. The mine did not, how- 

* The dust chamber and chimney are for two furnaces. 

One-half cost of dust chamber and chimney for one fur- 
naee,* $230 72 

Cost of furnace, 476 16 

Total cost of one furnace, - . . . $706 88 

Dust Chamber. 

18 M. common brick, at $6, i tons railroad rails 
pounds round l.inch iron, at 4 cents, 

Mason's wages 
Helper's wages, 
Mortar 
Blacksmith's work 

C'himrsey, 

16 I1. brick for stack, at $6, 
Mason's wages 
Helper's wages 
1000 pounds iron, round and square, 
Blacksmith's work 
Mortar 

(10 00 
U 82 

21 00 
65 00 
10 00 
5 00 

10 00 

$476 16 

$108 00 
6000 
3844 
2700 
1000 
1200 
800 

$9600 
3000 
1500 
4000 
600 

1100 

$461 44 
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ever, produce enough to keep more than two matte furnaces running 
in July, 1880. 

The analysis of this matte is given below: 

The slags flowing from the furnace are separated into poor and 
rich. The rich slags are put directly back intq the furnace; the 
poor are sent to the dump heap. The analysis of the rich slag 
from both the ore and the matte is as follows: 

Copper, 
Iron, 
Sulphur, 
Alumina, 
Manganese, 
Lime, 
\I;tgnsii, 
Silicious residue, 

These slags are a little more basic than a bibasic silicate. They 
are not, however, very infusible, owing to the large quantity of iron 
they contain. They flow freely from the ftrnace, but are a little pasty. 

The analysis of the poor slag is given below. It was made of 
a sample taken from the slag heaps of both furnace plants. The 
sample was taken from all parts of the piles. It was collected in 
two carts, the whole of it crushed, and the sample for analysis taken 
from the crushed material: 

Copper,. . . 
Iron, . . . 

Sulphur, . . 

Alumina, . 
Manganese, . 
Lime, . . . 
Magnesia, . 
Siliclous residue, 

The poor slags do not differ essentially in composition from the 
rich, except in the quantity of copper they contain. They are gen- 
erally produced a little before and at the time of casting. It would 

be better if these slags were more acid; they would separate more 
easily and attack the sides of the furnace less, but the iron would 
not be so rapidly separated nor the matte so rich. It is the very 
large quantity of iron present which makes all the difficulty in 
working the furnace and causes the short campaigns. 

These sings run higher in copper than those made on Lake Supe- 
rior, but I think will hardly be made poorer with the present fuel. 
If made with less copper the composition of the charge would have to 
be changed, or they would probably have to be submitted to a special 
treatment as at Pittsburgh, or be melted separately in a cupola as 
on Lake Superior, which would not pay. It would be much better 
to run the slags a little higher in silica, when more of the copper 
would probably pass into the matte. The slags in both these works 
are said to run as iow as 0.25 per cent, in copper. 

The number of slag-pots required for each ore furnace is seven. 
These pots, as shown in the figure below, are made of east iron with 

SLAG POT 

lugs on the sides, so that they can be easily taken up and tipped. 
They stand on three legs, one of which is at right angles to the 
plane of the other two, so that it stands firm, and so that whatever 
way it stands it can be easily taken up by the slag buggy. The 
total number of slag-pots filled in the course of twelve hours is 
ninety. From the ore furnace four of these pots will contain rich slag. 

Copper, 
Iron, 
Sulphur, 
Alumina, 
Manganese, 
Lime, 
Magnesia, 
Silicious residue, 

28.41 
47.00 
2.08 

1.85 
40.83 
2.87 
4.84 
1.17 
9.87 
1.12 

25.96 

• 0.57 
4083 
1.82 
4.29 

• 1.11 
9.59 

• 1.11 
27.56 
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Only two of the ore furnaces were working in the lower furnace— 

house at the time of my visit. They were working well, but I 
think there would be an improvement if the ore were more carefully 
sorted. The casting is made about once in eight hours. Twice in 
the interval the furnace is worked to get rid of the accumulations of 
iron which form in the lower part of the furnace. The first iiidica- 
tion of a foul hearth is a foul slag. 'Whenever the matte runs over 
with the slag the furnace is sounded and the charcoal over the 
apron is taken off to remove the obstructions. 

The sticking in the furnace is caused by insufficiently roasted 

ore, and too high a temperature, which causes an energetic reduc- 
tion of the iron, of which there is a very large quantity in the ore. 
When the obstructions are to be removed, the charcoal on the fore- 
hearth is drawn away, and the hearth worked with a heavy bar and 

sledges, and the accumulated material (charcoal, iron, and matte 

mixed) is drawn with a rabble over the side of the furnace, and cooled 

with water. This is repeated as often as necessary until the matte is 
cast. These half-melted masses of iron are put back into the fur- 
nace, if small, but if large are put to one side to be treated by them- 
selves. After the furnace has been cleaned the slag does not run 
again for au hour or more. 

Wlieii the furnace commences to engorge the charge is let down 

(at 4 A.M.). At 8 A.M. the furnace can be chiselled, which will take 
from three to four hours. The fore-hearth is then packed and the 
furnace filled with charcoal and allowed to stand from three to four 
hours and then charged. The furnace will be about twenty-four 
hours out. The furnaces were formerly chiselled once a week; it is 
now done about once in twenty days. The material so accumulated is 

always put to one side, to be submitted to the special treatment No. 5. 
The blast for the six furnaces, four ore and two matte, in the 

upper furnace-house, is a No. 5 Root's blower, with a conduit-pipe 
18 inches in diameter. The engine uses one and seven-eighths cords 
of wood per day. For the four ore furnaces in the lower furnace- 
house a No. 4 Root's blower is used, and the engine uses one and a 
half cords of wood per day. 

Each furnace has one charger above and one below per shift of 
twelve hours, one slag-man, and one keeper. Besides these there is 
one slag-dumper for all the furnaces. The slag boy, in addition, 
picks the slag and brings it back to the furnace. The carts bring 
all the slag necessary for a charge. 

3. ROASTING THE SINGLE MATTES. 

The matte is broken up and is roasted in piles. rrluiS roasting is 
careful lv 1one, hut the same is true of it that was said of the ore roast- 
ing. The mattes require more fuel than the ore, and as they do not 
contain any arsenic or antimony, they could be roasted much better 
in a furnace, where they would be under complete control, than in 

piles, where t.hey are exposed to the weather at all times. For this 
roasting there are three sheds, 240, 120, and 75 feet long, respect- 
ively, and 24 feet wide. The floors of all these matte sheds are 
paved with brick or stone. The piles are 14 by 14 feet, or about 
half the width of the shed, so that they can be turned from one side 
of the shed to the other. They are about five feet high, and as close 

together as they can be piled. There are fourteen piles in the long 
shed, and thirteen piles in the other two together. The pile is made 

by covering the floor of the shed with about two inches of fine char- 
coal, over which about one and one-fourth cords of good wood is 

placed, then one layer of large pieces and one layer of fine pieces. 
The quantity of wood to be used requires judgment, as the mattes, 

especially the rich ones, are very fusible, and are likely to become 

agglomerated, in which case they would have to be picked out, 
broken, and passed through another roasting, which is never so 

completely done on these agglomerated masses as on the original 

SMELTING THE ORE FOR SINGLE MATTES—TOTAL COST CHARGED AGAINST 
AMOUNT OF ORE SMELTED—LABOR AT FURNACE. 

Two furnace-keepers, at $1.00 
Two furnace-chargers, at 80 cents 
Two slag-rollers, at 80 cents 
Hauling ore, slag, clay, etc., to and from furnace, two 

one man at 60 cents 
Cost for keep of one horse and repairing cart, 

Average ore smelted in furnace per day, 13 tons. 
Cost per ton for labor, 
Cost per ton for charcoal, 54 bushels at 5 cents, 

.$200 
- . . . 160 
• . - . 160 

men at 75 cents, 
• . . . 210 
• . . . 40 

$7 70 

$ 60 
272 

Cost per ton for labor and fuel 

Ore, . 13,686 tons. 
Mattes, 4,326 tons. 

Total, . . . . . . 18,0013 tons. 

Amount of charcoal used 
Number bushels of charcoal used per ton, 
Cost of charcoal per bushel, delivered at furnace, 

979,938 bushels. 
- 54 
• • 5 cents. 
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mattes, which are cast thin for the especial purpose of having the 
action of the roasting such that the sulphur may be driven off; even 
to the interior of each piece, which can only be done when it is thin 
and flat. 

The matte is brought in carts to the pile and dumped on it, and 
is then broken on the pile with hammers to about the size of the 
fist. In breaking the matte on the piles small pieces of black copper 
are sometimes found in it. These are carefully picked out. This 
black copper is formed mostly with the thin mattes from the next 
fusion. As the ore is so very pure, and contains no arsenic and anti- 
mony, the formation of black copper with the mattes is of little con- 

sequence. If it was formed in the ore fusion it would contain a 
very large amount of iron and would make very rich slags. Fortu- 
nately there is but very little of it. It is not kept separate from 
the other black copper, but is taken to the refining furnace. 

As the concentrated mattes are very fusible, they should be broken 
to very small pieces and scattered about over the pile, so as to be in 
small proportion in any one place, and in this way to avoid any 
danger of agglomeration. There is but a small quantity of these 
thin mattes, so that the danger from fusion is not very great. When 
the l)ile is taken down all the fused or agglomerated pieces are 

picked out and put to one side, to be broken and put into the next 
pile, with the matte not sufficiently roasted. The parts which are 
finished are red and honeycombed. They are larger than they origi- 
nally were, but have about the same weight, owing to the absorption 
of oxygen. The pieces that are not sufficiently roasted are collected, 
and are put on the outside of the piles. 

It takes about five days to burn a pile, and the matte is roasted 
six times before it is ready for the furnace, taking about a month. 
From the first to the third roastings it takes ten days to finish each 

pile; the fourth and fifth, fifteen days each. As the piles occupy 
about half the width of the sheds they are turned from one side 
of the shed to the other, any agglomerated or large pieces being 
broken as they are transferred. Eah pile contains about thirty- 
two tons. The number of piles required for the matte furnace is 
seventeen. One of these is being taken down fully roasted; one is 
being built with raw matte; two are being turned and fired every 
day by two sets of men. There are thus thirteen piles burning every 
day, and four not burning. Very often the material is taken to the 
furnace hot. One and a quarter cords of wood and eight bushels of 
charcoal are used for roasting one ton of ore. 

Two boys and one man are required to bring the matte. Besides 
this there are two men and one boy for each pile, to look after and 
turn it, or four men and two boys to do the whole work of roasting. 
One horse and two boys are employed in hauling the matte. 

The analysis of the roasted matte is given below: 

Cost of one fire,. . $4 86 

Cost of six fires � 16 
Hauling to sheds, 2 men at $0.75, I horse and cart at 

$0.40, $1.90. 
One and a half day to each rile at $1.90 per day, . . 2 85 

Cost per pile of 64,000 pounds $32 01 " " ton, 

4. FUSION FOR BL4CK COPPER. 

The roasted mattes are now fused for black copper and concen- 
trated or double mattes. Two furnaces were constructed for this pur- 
pose, but only one of them was in use. They are exactly similar to 
the ore furnace, except the presence of the dam-stone, which is ho! - 
lowed out on the back side and underneath. The furnaces are of 
necessity low, on account of the very large quantity of iron, which 
would be reduced if they were high. The pressure of the blast is 
three-fourths of a pound of mercury or twenty-one inches of water. 
The tuyeres are three inches in diameter, and are made of bronze 

They have been in use for two years. 
In addition to the roasted mattes all the slags from the refining 

furnace—some of which, as vill be seen by their analyses, contain 
considerable nickel and cobalt—are added to the charge in the fur- 
nace. The charging bed is made of three loads of matte weighing 
1700 pounds, one load of rich slag, and fifteen shovels of clay to 

Copper, 
Iron, 
Sulphur, 
Manganese, 
Lime,. 
Magnesia, 
Silicious residue, 

2 

COST OF ROASTING TN SINGLz AND DOUBLz MArrxS. 

Labor each turning, 8 men at $0.75 each,. 
Wood " " 1 cord at $1 85, 
Charcoal " " 8 bushels at $0.05, 

- . $225 
221 

40 

$1 00 
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• . • 94.24 
• . . 3.38 
• . . 0.74 
• . . 0.02 
• . . 1.35 

99.73 

2 Furnace keepers, at $1.00, 
2 Furnace chargers, at 80 cents, 
2 Slag rollers,at 80 cents, 

Average amount of matte smelted per day, 13 tons. 
Cost per ton for labor, . 

-4 bushels at I tents, 

$5 20 

$1 90 

$7 10 

each load of ore. It has been found necessary to add this amount 
of alumina in order to make poor slags. Nine shovels of the 

charge are made to one basket of charcoal, containing two bushels 

and weighing 18.5 pounds. The men employed are the same as iii 
the other furnaces. The casting is done in pigs, which weigh from 

50 to 400 pounds, according to their length. The quantity of black 

copper produced in twenty-four hours is 3500 to 4000 pounds, aver- 

aging about 85 per cent. The possible output of each of the two fur- 
naces is from 45 to 60 tons of black copper per month. The matte 

produced amounts to 3000 pounds, and averages about 55 per cent. 

This matte fbrms a thin coating on the top of the black copper, and 
is easily detached from it by a blow of the hammer. It is called a 
double or concentrated matte, or sometimes a thin matte. It contains 
considerable quantities of shot copper, but no attempt is made to 
separate this. It is not kept by itself, but. is charged in the roasting 

heaps with the other mattes. Pieces of black copper are often 
attached to it, which are carefully picked out bjr the men breaking 
the mattes on the roasting piles. 

The shot copper in the sample of which the analysis is given 
below amounted to 1.04 per cent. When this was carefully sifted 

out the rcsilue contained 

the mattes, which form a thin film on the top, and are, for this rea- 

son, sometimes called thin mattes. 
The sIngs which flow from the furnace are caught in a slag-pot as 

before. About one hundred sucil pots are taken from the furnace 
in twelve hours. The four taken just before casting are always rich. 
Occasionally a rich tip or knob will be found among the others, but 
this indicates careless working. 

The labor is the same as in all the other furnaces, except the labor 
of cleaning the pigs. 

COST OF SMELTING ROASTED DOUBLE MATTES. 

$200 

Labor per day 
Hauling to furnaces, mattes, clay, fluxes, etc., 2 men, 75 

cents; I horse and cart, 40 cents 

Copper, 
Iron, 
Sulphur, 
Lead, 
Manganese, 
Lime, 
Magnesia, 

54.93 
20.08 
23.44 

of which appeared in the ore, A little lead, only a slight trace 
shows itself here. 

The black copper contained: 

Copper, 
Iron, 
Sulphur, 
Lead, 
Lime, 

52 
2 72 

Cost per ton for labor and fuel ,...$324i 
5. TREATMENT OF THE SALAMANDERS. 

All the loupes and salamanders which form in any of the furnaces 

are treated in the winter season for the copper they contain. They 
are collected during the rest of the year, and are deposited on the 
side of the slag heaps. They contain a large amount of copper, and 

were formerly a source of considerable loss, since all the attempts to 
treat them as part of the ordinary charge failed. The treatment 
consists of oxidizing and then sweating them in a German hearth, 
made by taking out the breast of one of the black-copper furnaces 
in tile upper furnace-house. The furnace is heated with charcoal, 
and the salamanders piled up against the tuyere side and covered 

with charcoal, and a powerful blast turned on. This serves to 

oxidize the iron, and in order to scorify it a little quartz is added. 

The product is a rich matte, which is treated with the other mattes, 
and a black copper, which is put with the other black copper. There 
is about four times as much black copper as mattes. The slags are 
very rich, and contain at least 1 per cent. of copper, and are treated 

These pigs are cast in sand, and as soon as cool are broken with 
sledges to get them into a shape to be easily handled, and to separate 
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with the matte in the furnaces. They run out in a stream on the 

ground. The furnace is charged three times in the twenty—four hours. 

When the charge is exhausted the matte and pig copper are removed 

and a new charge put in. The cost in twenty-four hours is, two 

men at $1 per day, two at 75 cents, and 300 bushels of charcoal. 

The repairs to tools cost about 25 cents per day. About two tons 

of salamanders are smelted in this way in twenty-four hours. This 

work is only done in the winter-time, as the men at any other season 

would be greatly inconvenienced by the heat. The blast used is at 
about half a pound pressure. 

6. REFINING PIG COPPER. 

The refinery furnace, Plate 3, is a reverberatory adapted for 

wood, arid holds a charge of 10,000 pounds. It is thoroughly 
braced with iron to prevent cracking from expansion. The out- 

side is built of ordinary briek two bricks thick; the inside and 

roof are made of firebrick. The fireplace is made for wOod, and 

is really a wood gas-producer. It is 4 feet 6 inches long by 4 
feet wide. The top of the grate bars is 6 feet 3 inches below the 

roof, 4 feet 10 inches below the bridge, and 3 feet 8 inches above the 

ash—pit. They are made of i-ails supported on two iron stij)1)orts. 

The roof of the furnace is continued over the-ash pit up to 20 inches 

from the end wall; from here the fireplace rises 3 feet 8 inches with 

a width of 20 inches to within 14 inches of the top, where it is nar- 

rowed to 14 inches. The total depth of the fireplace above the 

grate-bars is thus 10 feet. It is covered on the top with a heavy 
iron door of the whole width of the furnace, counterpoised so as to 

be raised with the least expenditure of time and force. The fire- 

bridge is 4 feet 6 inches long and 2 feet 2 inches wide, and 14 

inches below the roof. The laboratory is 10 feet long, 4 feet 6 

inches at the fire-bridge, and 7 feet in its widest part. The hearth 

inclines from the bridge on au sides to the working door under 

the flue, where there is a small sump just large enough to admit 

of the ladle being put in it to take out the last traces of copper. 
The height of the roof is uniformly 2 feet 3 inches over the 

whole surface of the hearth except to within 2 feet of the flue, where 

it dips to 18 inches at the flue. The flue is 14 inches wide and 

4 feet above the level of the working door. The area of the fire- 

place is 16 square feet, that of the hearth 36 square feet; of the 
bridge 9 square feet; of the furnace-flue 4 square feet, and that of 

the main flue 8 square feet. Their relative relations are therefore 
1: 2+: : +: 

As there is not sufficient pig copper made for continuous running, 
the furnace is lighted once a week; this is a bad plan, both for the 
working of the furnace and for the economy of fuel. When cold it 
must be heated from eight to nine hours to get it into condition to 
receive the charge. It is besides much more difficult to make good 
copper on a freshly-heated hearth. It would be much better to 
allow pig-copper to accumulate until there was enough of it to make 
a continuous run for some time. This would both improve the 
quality of the copper and diminish the expense in fuel. 

When the furnace is brought to a white heat the hearth is re- 
paired by filling up any cavities that may have formed in it with 
sand, beating it down, and making the sides and bottom with an 
even slope towards the sump under the flue. When this has been 
done the temperature of the furnace is lowered by opening all the 
doors. When it is reduced to a red heat the pig-copper is charged 
through the charging door on the side, arid so distributed over the 
hearth that it will be easily reached by the heat. The charging-door 
is then closed and luted, and the temperature raised to the point of 
fusion. 

It takes fiur men one hour to charge the furnace. It takes front 
five to six hours to melt the charge; the first skimming is then 
made. The analysis of this slag is given (No. 1) in the table below. 
The charge should be melted slowly in order to get the greatest 
amount of oxidation at this stage, so that the foreign metals may at 
once combine with the silica. The slags are not drawn until they 
cover the whole bath. These slags are pasty, and are drawn off with 
an iron rabble. 

The operation of refining, after the metal is in fusion, consists of 
three distinct phases, fining, refining, and ladling, the first one of 
which, the fining, now commences. 

The charge, after being crassed, is subjected to a very strong 
ox.dizing atmosphere, in order to slag out the impurities which rise 
to the surface in the shape of slags and crasses, more or less charged 
with copper, but all rich, which are carefully put one side, to be 
treated in the pig-copper fusion. These slags are skimmed as soon 
as they form in sufficient quantities, and in the intervals the charge is 
iabbled to make the oxides come to the surface, every twenty-five or 
thirty minutes, from three to twelve hours, until it boils from the 
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No. 1. 

Six hours 
after 

charging. 
40.50 
15.19 
26.50 
2.77 
0.66 
0.06 
1.17 

trace. 
0.42 

12.72 

100.51 
54.0 

No.1. 
22.67 
84.64 
4.66 
1.11 
0.10 
1.97 

trace 
0.71 
0.27 
0.60 

21.38 

No. 2. 

7 r.ss. 

26.00 
12.79 
30.88 
1.37 
1.23 
0.16 
2.70 
0.52 
1.27 

ft62 
20.39 

100.20 
18.26 

No. 2. 

15.54 
82.85 
1.87 
1.60 
0.22 
3.70 
0.71 
1.74 
1.87 
0.85 

27.89 

No. 3. 

2 AM. 
boiling 
ceased. 

48.50 
24.45 
8.91 
0.23 
0.33 
0.04 
1.35 
0.17 
3.88 

6.94 

100.16 
70.0 

No. 3. 

42.16 
13.48 
0.44 
0.64 
0.08 
2.63 
0.33 
7.53 

10.41 
0.00 

13.47 

No. 4. 

After first 
poling. 

30.00 
31.77 
10.87 
0.11 
0.63 
0.06 
2.02 
0.81 
1.09 

II 
19.94 

08.97 
58.21 

No. 4. 

40.30 
12.08 
0.16 
0.90 
0.08 
2.89 
0.44 
1.56 
2.90 
0.20 

28.48 

evolution of sulphur. This is owing to the fact that it has been im- 

possible to separate all the matte from the pig-copper before it goes 
into the furnace. It is allowed to boil as long as it will, generally 
from one to three hours. When it ceases to boil there is no more 

sulphur present, and it is rabbled from three to five hours, and 
crassed whenever necessary. 

The crasses consist of a very friable material, which contains a 
considerable amount of metallic copper in the shape of grains. Four 
samples were taken at the hours indicated in the table. The analyses 
of these are given below: 

ANALYSES OF TIlE REFINING CRIkSSES AS A WHOLE. 

Metallic copper 
Oxide of copper 
Protuxide of iron 
Sulphur 
Alumina 
Manganese 
Lime 
Magnesia 
Cobalt 
N ikl 
Ziic 
Silica 

Total metallic copper contained.. 

The metallic copper is in grains; tile oxitle of copper is mostly combined 
with silica, and partly free as oxide. 

MECHANICAL ANALYSIS OF THE REFINING CRASSES. 

1 2 3 4 
Metallic copper 40.5 26.9 48.5 30.0 

Siftiissgs 59.5 73.1 51.5 70.0 

ANALYSES OF THE SITTINGS. 

Copper 
Iron 
Sulphur 
Alumina 
Manganese 
Lime 
Magnesia 
Cobalt 
Nickel 
Zinc 
Silica 

The copper and iron contained in the above analyses correspond to: 
No. 1. No. 2. No. 3. No. 4. 

Oxide of copper Cu20, . 25.53 17.50 47.48 45.39 
Protoxide of iron, . . . 44.54 42.24 17.31 15.53 

The results of these analyses are remarkable. The analysis of tile 
ore, p. 28, showed only from 0.8 to 1.2 per cent. of nickel and 
cobalt. The ores are thus very poor in these metals. The slags, 
as a whole, show 0.58 per cent., in slag No. 1; 2.64 per cent, in No. 
2; 9.24 per cent, in No. 3; and 3.12 per cent, in No. 4. No. I is 
a bibasic silicate; No. 2 contains a little more silica than No. 1; 
No. 3 is a tribasic silicate, which contains a little more baie than a 
neutral silicate. They are all lower in silica than is desirable. 

The siftings show 0.98 per cent., in No. 1; 3.61 per cent, in No. 
2; 17.94 per cent, in No. 3; and 4.46 per cent. in No. 4, which 
shows that the cobalt and nickel are concentrated in the refining 
slags continuously up to the point where the sulphur disappears, as 
shown in No. 3. When the last slags are taken off they are quite poor 
in cobalt and nickel, and tile copper contains no trace of these metals, 
showing that if tile slags were treated as usual, by being put back into 
the black—copper flu rnac'e, the cobalt an(1 nIckel would be enf kcly lost. 
TI i is fact, so fitr as I k now, has I ICVCV been lot CCII 1 x'1( lie. TI ie 
amount of tile slags taken from the furnace is small, hut they should 
be separated, as the cobalt and nickel are valuable in themselves, and 
are only impurities in the copper. 

When all the slags have been removed the atmosphere of the 
furnace is still kept OXi(lizing, in order to remove any trace of im- 
purities except a very small amount of silver and lead. nbc metal 
is rabbled and test pieces are taken in order to ascertain its exact 
quality. . As this st.age—the taking of tests—is the most important 
part of the operation, great care was exercised in doing this, and 
three sets of samples were taken to determine the exact condition of 
the furnace at these different periods. The analyses of the three 
sets taken during the rabbling are given below for two sets, and six 
samples for a third. Thise all show remarkable freedom from im- 
purities of every kind. The dark-red samples were taken as the 
rabbling was cari'ied on, from No. 1 to No. 6; the first one after 
two hours' rabbling, the second after three hours, the third at three 
and a half hours, and the others from fifteen to thirty minutes each, till the impurities were completely oxidized. 

VOL. x.—4 
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FIRST SET; 1YARKRED SURPACES. 

No.1. No.2. No.3. 
4A.or. 5A.M. 6A.M. 

1.32 1.21 1.21 
none none none 
0.05 0.05 0.05 
none none none 

98.63 98.74 98.74 

The second and third sets were taken at much longer intervals; 
their analyses are given below: 

Oxygen 
Sulphur 
Silver 
Lead 
Copper, by difference 

0.34 
none 
005 

none 
99 61 

0.29 
none 
& 05 

none 
99.66 

0.29 
none 
0.05 

none 
99.66 

THIRD SET. 

No. 4. No. 

Oxygen 
Sulphur 
('ppi, b (lir(.len(P, 

1.38 
none 

.98.1,6 

1.44 
,io,,e 
98 50 

6. 

1.52. 
hone 
98.42 

The value of silver in all the rabbling samples corresponds to 
14.6 ounces to the ton of 2000 pounds. 

The operation of rabbling is continued for some time, in order to 
make sure that all impurities possible shall be separated as oxides, 
for which reason considerable oxide of copper is formed. This oxide 
dissolves readily in metallic copper, making the test pieces bright 
red. When the operation of rabbling is finished this oxide must be 
separated by a process of refining, for which purpose poling is re- 
sorted to. The operation of fining is one of oxidation. As very 
small percentages of oxide of copper dissolved in metallic copper 
make it useless for commercial purposes, it must be reduced with 
the greatest nicety by a carefully conducted process of red uction. 

When the assay shows that the impurities are oxidized, the rab- 
bling is discontinued, and the operation of refining, which is one of 
reduction, is commenced, For this purpose a green or very wet pole is put'into the copper and held in it., supported on a wooden crutch; all the airholes of the furnace are stopped tight, and the poling is con- 
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tinned until the slag is thick, generally two hours, so it can beskimmed 
off. The copper is then covered with charcoal and a fresh pole put in 
about 10 A.M., when samples are taken; the first one half an hour 
from the tune the second poling commenced, beginning at No. 1,and the others during the poling, every 15 or 20 minutes, till the copper is 
tough pitch, Wl)ich generally takes about an hour. The samples are 
bright and shining. 

The analyses of two sets of these samples is given below: 

FIRST SET. 

Oxygen, 
Copper, by difference, 
Silver, one determination for all, 
Lead, '' '' U 

I St Poling. 2d Poling. Casting. 
0.61 0.26 

The silver corresponds to 17.5 ounces to the ton of 2000 pounds. 

1st Poling. 2d Poling. Casting. 
Oxygen, 0.20 0.50 0.26 Sil.r 0.05 005 0.05 
Leel none flee none 

The silver corresponds to 14.6 ounces to the ton of 2000 pounds. As SOOn a.s the test shows the proper grain and silky lustre the 
metal is cast into ingot moulds by means of iron ladles covered with a 
wash of clay in water. These are first put into the furnace to bring them 
up to the proper temperature, during which time a piece of sheet- 
iron is put over the door. If put into the copper cold some of the 
copper would adhere and would have to be detached. After a time 
the ladles get too hot and are coated with a film of copper. To re- 
move this they are plunged into water. The skull, owing to the warh of clay, is then easily separated. The ladles are recoated with 
clay. They contain about 1 ingots of copper, which weigh from 
13 to 16 pounds. The ladles last four months; they are then cut off 
the handles and new ones welded on. The old ladle is worthless as 
iron, as it contains so much copper. The ladling takes two hours. It is necessary to heat up the furnace at least once during every oper- ation of the casting, when the furnace is out of repair, but when new 

Oxygen, 
Sulphur, 
Silver, 
Lead, 
Copper, by difference, 

No. 4. 
7 
1.38 
none 
0.05 

none 
98.57 

No. 5. 
8 

1.28 
none 
0.05 

none 
98.67 

No. 6. 
9 A.M. 

1.53 
none 
0.05 

none 
98.42 

SECOND SET WITH HLACK SURFACES. 

006 
trace 

SECOND SET WITH RLACK SURFACES. 
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it is not heated after the ladling commences. It takes four men to 
ladle; two men to tip, and two boys to pick out the ingots from the 
water-bosh. During the dipping the blacksmith, whose shop is near 
by, comes to assist. 

The man who tips the moulds stands on one side of the water- 
bosh with an iron rod, with which he picks oft' from the surface of 
the melted copper any specks which may float there which would 
render the ingot imperfect. It is his duty to tip the ingots, as soon 
as'they are sufficiently cool to allow of it, into the water-bosh. 

It is essential that the casting should be done at the lowest pos- sible temperature, and that the bath be covered with charcoal. In 
order to have a reducing atmosphere every precaution should be 
taken to have a complete combustion of the fuel, and no oxygen in 
the furnace. This is often not the case, and the copper is frequently cast from under a thick film of oxide of copper. 

Seven cords of wood, one-third of which is chestnut, and the rest 
oak, is used in twenty-four hours. 

The refining furnace was in such bad order that the results varied 
very much. The copper is consequently not of even, though always of high quality, and, as will be seen by the analysis of the ingot 
copper given below, the copper is often purer at the last stages of 
poling than in the ingot. That the ingot. vary in the amount of oxide 
they contain could be seen by the eye, but this was owing to the 
accidentally bad condition of the refining furnace. 

The operation of casting or ladling is very difficult., and can only be well done under the very best conditions. As the appearance of the 
ingot—the heat being uniform, and the copper being good, to com- 
mence with—depends on the way it is ladled, pains should, be taken 
not only to drill men for the purpose, but so far as possible to keep the same men at the works. An inexperienced man will splash the 
copper, which produces inequalities of color on the ingot and bubble- 
holes. The casting should be made by pouring quietly, so as to pro- duce the least possible motion in the metal, and this should continue 
until the last drop is out of the ladle. Many of the dippers scatter 
the last part of the copper, so that it often spatters as a rain into the 
next moulds. 

Produced from Matte Furnace, in Charges of 10,000 Pounds, yielding 80 per cent. 
Fine Copper. 

Two furnace keepers, at $1.25 
Carting, charging, and packing, five men, at 75 cents, Fuel used, eight cords of wood, at $1.70 per cord,* Fuel used, thirty-three bushels charcoal,t Sand and poles 

Coot of labor and fuel, each charge producing 8000 pounds of 
fine copper $20 10 Cost per pound for refining 25. 

A vertigo nlniiu it .iiieltel daily, 
Cost per ton for labor, as above, 

The cost Ibr soapstone, fire-brick, materials, tools, clay, etc., during 
fifteen months was $6001.03, or an average cost of 33 cents per ton. 

SUMMARY, COST OF SMELTING PER TON. 

Roasting the ore, labor and fuel 
Smelting roasted ore, Itibor and fuel, 
Roasting single and double mattes, labor and fuel 
Smelting roasted mattes, fuel and labor 
Refining pjg copper: as each ton of the ore yielded 105 pounds fine 

copper, the cost per ton of ore would be 
Superintendence and other expenses, as itemized, per ton, 
Repairs and materials, tools, etc. 

* Wood costs here $1.85 for all selected oak, $1.65 for mixed wood, and $1.60 for soft wood,per cord, and has been averaged at $1.70 
The charge for charcoal used in refining was included in the average taken 

of the coal used per ton of ore smelLed, and has been charged once against the 
ore. 

COST OF RERSNINu PIG COPPER, 

$2 50 
3 75 

13 60 

25 

OTBER DAILY NYPENSES. 

One superintendent, 
One watchman and night.boss, 
One blacksmith, 
Four engineers, at $1.10, each,. 
One weighman, . 
One charcoal receiver, 
Two dump men, at 75 cents, 
One stamp man 
One carpenter 

$388 
125 
100 
440 

75 
154 
150 

75 
100 

$15 52 
50 bus. 
31 cents. 

$OI8M 
3 32 
1 00 
3 24 

26j 
81 

31 
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Ore Knob. Lake Superior. Baltimore. 

• 99.80 99 830 99.650 
• 0.39 0.150 none. 
• none, mine, none. 

0.05 0.026 0.066 
001 0.016 0.044 

none. • none. 0.088 
• none, none. 0.035 

100.25 100.022 99.893 
14.6 7 3 19.75 

It thus appears that the amount of oxide of copper in the first 
casting sample was 0.24 per cent.; in t.he second, 0.26 per cent.; 
and in the ingot analyzed, 0.39 per cent. ; amounts which, although 
very small, are sufficient to make considerable difference in its value 
in the arts. The reputation of Lake copper is chiefly owing to the 
very small quantity of oxide of copper which it contains. The 
amount of' silver is suia]l, and though higher than in the Lake 
copper, is much lower than in other commercial coppers that I have 
examined. 

The tensile strength of the Ore Knob copper was found to be 30,660 
pounds, and that of Lake copper 3Q,790 pounds to the square 
inch. The difference is altogether insignificant. 

The store yielded a profit of $34,684.60 during the fifteen months 
ending April 1st, 1880, which, on a product of 17,920 tons of ore 
treated, reduced the cost of the ore to $1.93 per ton. 

The cost of producing the copper, independent of the store profits, 
is very low, and this is owing both to the extreme purity of the ore 
and the very low price of labor and materials. 

BESUM. 

Ore mined, from January 1st, 1879, to April 1st, 1880, 
Ore smelted, from January 1st, 1879, to April 1st, 1880, 
Fine copper produced 
Copper matte " 

Production, 
Construction, 
General expenses, 

$202,653 51 
09 

4,703 04 

Total 9957 64 
Cost of copper per pound, from January, 1879, to 

April, 1880 
Profit of store, from January, 1879, to April, 1880, 
Amount of copper shipped, 
Cost of copper per pound, less store profits, 
Total copper shipped 

TOlAL COST. 

Total, . • $254,163 54 

In concltrsion, I beg to express my thanks to Mr. J. E. Clayton, the 
general manager of the works, who gave me every facility to collect 

information, and prepared himself a number of the tables of cost; 
and to Captain John Dent, the superintendent of the smelting works,, 
for information given to me at the works and since my return. 

* Including all charges, freight, etc. 

In order to see exactly how the copper compares with other cop-. 
pers, ingots from Lake Superior and Baltimore were analyzed and 
tested. 

The analyses are given below. 

Metallic copper, 
Oxygen 
Sulphur 
Silver, 
Lead 
Arsenic 
Antimony, 

Silver, in ounces, to ton of 2000 pounds, 

Fine copper per ton of ore treated, 1051 pounds. 
Administration, 
Dressing 
Furnace labor 
Outside work,—engineers, macbinists, and blacksmiths, 
Underground labor 
Copper supplies, 
Provender, 
Transportation, 
Miscellaneous 

$303 33 
• . 72570 

1828 70 
56821 

1631 53 
4558 

• • 64675 
• 71O0 

9192 

Trial balance in 1880, on a run of fifteen months, to April 1st 
1880; 

12 cts.* 
$34,684 60 

1,640,750 lbs. 

IO,',A eta. 
1,609,237 lbs. 

DEBIT. 
Construction and supplies, $122 83 

Copper works,. . . 66,443 65 
Labor account, . . 99,632 47 
Mine supplies, . . . 3,499 24 
Provender, . . . 5,468 36 
Wood 31,494 71 
Expense account, . . 47,703 04 
Transportation, .. . 19,799 24 

Total, . . $254,163 54 

CREDIT. 
Store accounts, 
Real estate, 
Live stock, 
Balance1 

$79,264 48 
5000 

37100 
174,478 06 

Gross yield, 

21,223 tons. 
17,920 

1,640,750 pounds. 
244,325 

1,885,075 " 
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DiscussIoN. 
In answer to questions Professor Egleston replied as follows: 
With regard to the treatment of the iron containing copper, the 

temperature required for the purpose is so high that the men would 
hardly be able to endure it in any other season than in the coldest 
winter weather. 

As to the presence of gold in the copper ores of the South I 
should not like to state.it as a rule applicable in every case, but in 
the instances which have come under my observation the free mill- 
ing gold ores of the surface have turned into good smelting copper 
ores containing gold, when they have reached water. There has 
always been a theory which has been too generally believed, that 
the gold ores of the South all give out in depth. It is certainly 
true that they do give out as free milling ores, but I am inclined to 
believe that they will make good smelting ores below. 

The copper ores have not been treated in the wet way of late, be- 
cause there is too much lime in them. As a general rule the ques- 
tion whether an ore can or cannot be treated conies eventually to 
a question of transportation. Even with bad roads or high freights 
a rich ore can be treated by any process, while a poor ore can only be 
ieatcd by a vet process under the most favorable conditions, vhien 
La portion of anything but the available material (which, in this ca.e, 
would be copper) is attacked by the reagents. 

Sulphuric acid has not been made in these works because the 
gangue of the ore is pyrrhotite and contains too little sulphur, and 
there is no market for the material that would be manufactured as 
a by-product. A large district around the works is a desert, for it 
is impossible to make anything grow on account of the destruc- 
tive influence of the sulphur in the smoke. Sooner or later this will 
have to be condensed, and the weak and mother liquors of the acid 
which will be made, can be used on the poor ores,of which there 
are from twenty to thirty thousand tons lying broken on the sur- 
face, and a very large amount in the mine. This, however, would 
involve a market for the sulphuric acid, which is out of the question 
at the present time. The question is an important one, however, 
for the near future, as the absence of arsenic and antimony in the 
ore would make the acid salable, if there was only sufficient enter- 
prise to get the transportation, or to manufacture some marketable 
product which would bear the present or future high rates. With 
chalcopyrite and pyrites for a.gangue, either the one or the other 
being in large quantity, the acid could be made; but the copper in 
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1ocess for th estimation of copper, and received, not indeed the 

prize, but an honorable mention for the simplicity, cheapness, and 

elegance of his process. He directs that the copper and the aeconi— 

panying metals be obtained in the form of nitrates in solution in 

dilute iiitric acid containing not more than 0.100 gram of the pure 
acid in each cubic centimeter; to this solution is added a few drops 

of a solution of an organic acid, such as tartarie or oxalic, aiil the 

copper is then precipitated on platinum in the usual manner. It is 

claimed that the copper is obtained in beautiful reguline form, while 

zinc, iron, and nickel are not precipitated at all. 

In adapting this method to the analysis of copper alloys, I dis- 

solved the alloy in nitric acid, evaporated the solution to dryness 

to get rid of the excess of acid, dissolved the residue in water with 

the addition of a few drops of nitric acid, to dissolve the basic nitrate 

of copper formed, and to this solution added four or five drops of a 

concentrated solution of citric acid. This solution was then precii)i— 

tated in a platinum dish with a current from two Bunsen cells of 

about one quart capacity. In precipitating several saml)leS at oiice, 

I have it arranged so that the whole current traverses the row of 

dishes, the negative pole of each set being connected with the posi- 

tive pole of the next succee(ling one. In this case if n be the nuin- 

her of dishes, then n+1 is the number of battery-cells of that size 

used. 
Some of the results obtained by this method, and on duplicate 

portions by precipitation from sulphuric aci(l solution, are as follows: 

Sulphuric Acid. Nitric+CitriC Acid. 

98.00 99.42 
101.22 
100.41 

98.72 100.27 
99.60 100.45 

6693 
65.83 66.58 

In only one case was a smaller percentage obtained by the use of 

this method, and in that case the precipitation of the copper was not 

complete. In many cases, algo, in which the amount of error was 

less than one per cent., small quantities of copper escaped precipita- 

tion and were afterwards found in the solution. 

The metallic precipitate thus produced is of a much lighter color 

than ordinary copper from the electrolysis of the sulphate solution, 

but it is, as Luckow says, deposited in beautiful reguline form, 

which, however, hardly compensates for the error of perhaps one 

per cent, or more, which we see is, as a general rule, the case. 

Moreover, if the current is strong, after all the cojper has been 
throw'n down, zinc will be deposited on the surface of' the copper, as 
a dark coating, which may be recognized as such by dissolving in 
dilute sulphuric acid and applying appropriate tests. 

In the presence of the organic acid the formation of peroxide of 
lead on the positive pole is hindered, and in its absence it is very 
difficult to precipitate the whole of the copper from the solution. 

In order to obtain sufficient material fir analysis, to ascertain the 
cause of the excess in weight, the precipitation of the copper was 
made on a piece of l)latiIlIlln foil. On attempting to strip the de- 

posit from the foil, I found that it was extremely brittle, and scaled 
off easily; so brittle, indeed, that it could be reduced to an impal— 

palile powder in an agate mortar with very little trouble. This 
agrees exactly with the description of the allotropic copper of M. 
P. Schutzenhergcr, which was published in Cbmple.s Rendus, Vol. 

S, part 2. M. Schutzenberger obtained the material lie describes 

by the electrolysis of a ten per cent. solution of the neutral acetate 
of copper. He found that the product contained from five to ten 
per cent. of suboxide of copper. In the material which I pi'cparel 
from the nitric and citric acid solution, I did not find any suboxide 
of copper; on, the other hand, both carbon and hydrogen have been 
detectednd estimated. These latter were determined by combus- 
tion of the finely divided sample in oxygen; tile method used to 
estimate the suboxide of copper was that of Hampe.* however, 
oxygen is present, though as this test shows, not as cuprous oxide. 

The results of the analyses of several samples, prepare(l at different 

times, are given below. The determinations were all made on the 
amount of' one gram: 

a b c d e f g h 

Carbonic acid 0273 .0316 .0350 .0844 

.00938 

.0094 

.0322 .0324 .0846 

.0088 .0088 .0091 

.0054 .0045 .0074 

.0283 

.00771 

.0054 

Equivalent to carbon 

Water 

00744.00862 .00954 

0094 .0108 .0089 

Equivalent to hydrogen 00104 .00120 .00100 .00104 .0006 .0005 .00082 .0006 

Ratioofcarbontohydrogen 7.15 7.18 9.54 . 9.0 14.6 17.6 11.46 12.42 

Copper 

TOtaj 

.9683 

.97S84 

.9687 

.97912 

1 gram pig copper, 

I gram brass, 
L t 

Error. 
+1.42 
+1.42 
+1.49 
+1.55 
+0.85 
+1.10 
+0 75 

* Zeithchrift für .Analytische Chemie, 1878, p. 127. 
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time it had gained 0.0225 gram; it was then heated to 1000 C. for 
fifteen minutes, when it lost 0.0020 gram, giving a net gain of 
0.0205 gram. 

The amounts of carbon and hydrogen were determined in the sec- 
ond sample of the material from the acetate solution containing 
nitrate of soda, and in two samples from the chemically pure ace- 
tate preparation. Cu (CH,O)2 Cu (C2HO2), 

+Na NO. -. 

Amount taken 1.004 gram.* 1 gram. 1 gram. 
CO2 found 014.5 .0175 .0154 

Equivalent to C ,.....00395 .00477 .0042 

H2O found 0081 .0092 .0081 

Equivalent to H 0009 .001u2 .0009 

Ratio, C:H 4.4 4.676 4.666 

The cause of the rapid oxidation of these samples seems to be that 
the deposit is very porous, while that from nitric solutions is very 
dense. 

M. Schutzenberger mentions that he had at one time a consider- 
able quantity of this allotropic copper (sic) reduced to powder and 
dried in a vacuum, which at the moment when air was admitted to 

it, was transformed to ordinary copper, attended by a considerable 
evolution of heat. The amount of oxygen he found was not altered 

by this occurrence. 
To account for this phenomenon he frames the theory that the 

allotropic copper corresponds to cuprous copper, and that the mole- 

cular change to clipric copper is accompanied by the development 
of heat. But e can easily see how liable to spontaneous oxidation 
a large quantity of such finely divided material would be, when it 
contains both carbon and hydrogen in a weak state of combintion, 
and it is unnecessary to suppose the existence of another form of 
metallic copper to account for the phenomena noticed. 

The practical conclusions to be drawn from these results are, that 
some organic matters, and in all probability all, in the presence of 
nitric acid in the copper solution undergoing electrolysis, cause erro- 
neous results; that from a nitric acid solution, with no organic mat- 

ter, it is extremely difficult to separate all the copper; and that the 
old method of electrolysis from the sulphate is the best. 

DIsCussIoN. 

Dn. EGLESTON, New York: The paper which I have just read is 

one of great interest. It represents the work of my assistant, who 

* Oxidized by exposure to air and heating in air-bath before combustion. 

is a man of great skill in this particular line of his profession; for 
nearly a year in my laboratory. There will certainly be in this 
connection two subjects which must come up for discussion in the 
Institute before a great while, and these are "what is copper?" and 
"what copper is," and which will have, in a commercial point of 
view, as great or even greater interest than the similar discussion 
which took place a few years ago about steel. What is sold in 
the market as copper may contain anywhere from one-tenth to 
one per cent, of foreign material. Out of a very large number of 
analyses of the ordinary commercial coppers, the best sample that 
we were able to get contained only 99.91 per cent, of copper. This 
is much more important than it would at first sight appear to be, 
because there is a direct relation between the purity of the copper 
and its electrical conductivity. The presence of so small a quantity as nine-hundredths of a per cent, of foreign matter may be sufficient to 
take away more than ten i' cent. of the conducting power of the 
material. The manufacture of pure copper for the application of 
electricity to the industrial arts, which will in a few years be one of 
the greatest commercial questions to be solved, is therefore much 
rnoi'e important ths.i is generally supposed. This is not only true 
of copper, hut of its alloys. Certain alloys made from metals of high 
qua]ity have beconie of great commercial importance within a few 
years; but great difficulty has been experienced in manufacturing 
them, for while some of the alloys do not stand the test and are 
therefore rejected at once, others will stand it for a few weeks or 
months, and will then become brittle and worthless. I hope, there- 
fore, that this matter will receive from the chemists of the country 
the careful attention which it deserves. 

The paper of Mr. Mackintosh is the result of analyses of over 
seventy samples of copper and brass from different parts of this 
country in all stages of their manufacture. There are many samples of copper in which less than one-half of one per cent, of foreign 
material has made the copper perfectly worthless for certain large industrial applications, and it requires hut an extremely small 
amount to render it worthless for processes of conductivity. A 
change takes place in the alloys of copper which is partly physical and partly chemical, which may render the alloy useless after a cer- 
tain time, although it may satisfactorily undergo all the tests imme- 
diately after its manufacture. In view of the very small quantities of foreign matter which make the changes in copper, the question 
which Mr. Mackintosh has brought before the Institute is one of 
very great importance. 
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\%rh:ttever may be the method which is used for analyzing copper, 
there is one thing which must be very carefully taken into account, 
and that is the influence of organic matter in solution. It makes no 

difference what the method is, if organic matter of any kind gets into 
the solution the analysis of the copper will be likely to be incorrect. 

I have seen very large works make the determination of copper 
in porcelain vessels with platinum strips. We have found that 
under such circumstances it is impossible to get accurate results, 
for if even very small quantities of copper become detached from 

the strips and fall upon the porcelain the copper is in danger 
of oxidation. Mr. Mackintosh, has devised a very ingenious 
arrangement of copper wires switching into mercury, by which 

the whole current of the battery passes under a number of 
dishes, equally divided amongst them all, and if tllere is aiiy 
necessity for so doing, he can switch out one or two vessels and 

pass the current through the remainder. This system has been in 

use in my laboratory for over two years, and has worked most 

satisfactorily; it is so arranged that each platinum dish rests upon 
a metallic support, which passes underneath the vessels, and is con- 

nected with the battery by means of thumb-screws and wires. 

Extremely minute amounts of cobalt, nickel, oxide of Copper, 
and zinc will reduce the conductivity of the copper wire very 
largely. In flict, almost everything excef)t silver which may be 

contained in the copper will reduce it. In the case of iron I had 

occasion recently to ascertain that oxide of iron, which is generally 
neglected in the analysis of iron wires used for electrical purposes, 
is one of the most deleterious materials ever found in it. 

The experiments which I have been making during the last year 
have been on wires having different mechanical and chemical com- 

position; and in order to be certain of the results, we have gone 
so far as to solder wires together, some of which were afterwards 
drawn down, and others tested without being drawn, but no appre- 
ciable difference was found. Oxide of iron is certainly not evenly 
distributed throughout the mass, 'and causes the fibres to separate 
in such a way, both in the interior and the exterior of the rod, that 
this want of homogeneity may possibly have as direct an influence 
as that of the presence of an alloyed impurity. There is no doubt 
whatever about the effect of cobalt, nickel, and zinc. A series of 
experiments were made by the first cable company as to their effect, 
which have been fully confirmed by my analyses and experiments 
during the last year. The presence of silver would have the effect 

of raising the conductivity even in the presence of nickel and cobalt, since its conducting power is much higher than that of copper. 

S. P. SHARPLES, Boston: If there is any one metal which has in- terested me more than another during the last fifteen years that metal has been copper. While I was a student in the Lawrence Scientific School under Dr. Wolcott Gibbs, during the winter of 1866—7, he called my attention to some analyses that were made by Mr. E. V. 
McCandless, in the laboratory of the school. These analyses were 
published in the American Journal of Science and Arts, Janti- 
ary, 1865, the paper bearing date, October 1st, 1864. He found that he could completely Precipitate copper from a sulphuric acid solu- 
tion, using a platinum plate for the positive and a platinum dish for the negative electrode. The copper after precipitation 'as carefully washed with distilled water and dried in vacuo over sulphuric acid. Dr. Gibbs suggested that I should take some pure copper and dis- solve it in sulphuric acid with the addition of some nitric acid, and then evaporate to dryn over a lamp so as to expel the nitric acid and the excess of sulphuric acid, and then precipitate and weigh. After weighing the copper was again dissolved in the same dish and 

again evaporated to drive off excess of acid, dissolved in water, pre- cipitated again and weighed. This operation was repeated several times with closely agreeing results, thus confirming Mr. McCandless's 
work. The paper by Dr. Gibbs was published in German in Fre- 
senius Zeitschrift für Analytische C'hemie, Vol. 3, 1864. In Volume 8 of the same journal is a long paper by C. Luckow, in which he 
says he had first described this method in Dingier's Journal in 1866, or a year after it was described by Dr. Gibbs. I have been partic- ular in regard to dates, because this method, or some trifling modifi- 
cation of it, is republished every few years as something new. I have made many hundreds of determinations of copper by this method with uniformly good results. In the course of this work I have found that many of the precautions that we originally con- sidered necessary may he omitted. In the first place' a little nitric acid in the solution does no harm; the evaporating to dryness is time wasted. Care should be taken, however, not to have too great an excess of acid of any kind present If from any cause te find that too much free acid is present in the solution, it can be readily 

I 

neutralized by the addition of a little ammonia water, not quite L suflicient to neutralize the acid. The drying in vacuo is also 
unnecessary. Dr. Gibbs suggested that the water he removed by a 

VOL. x.—5 
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* Compiled by Mr. Maxwell Chapman. 

little alcohol, as this would evaporate in less time than water. This 

was tried with satisfactory results. The next suggestion (whose I 

know not) was that the alcohol might he burnt off; this also works well. 

The process of analysis which has been followed in my laboratory 

since 1871 is as follows, and it is just the same whether the substance 

be a matte, an alloy which does not contain metals thrown down by the 

battery in an acid solution, or an ore: Two grams of the substance, if 

it contains more thati ten per cent. of copper, or four or five if it is 

poor in copper, are weighed into a porcelain dish. This is treated 

with 5 c.c. of strong sulphuric acid, then a little nitric acid is added 

from time to time until the action ceases. It is then heated to boil- 

ing over a lamp, allowed to cool and diluted to about 50 c.c., boiled 

and filtered. If the substance is well ground, a single treatment is 

generally sufficient; if, however, any black residue remains, this 

treatment is repeated. If there is any lead in the ore it. is converted 

into a sulphate, and remains behind on the filter; the trace that goes. 

through nia be neglected, since it is not precipitated with the 

copper. The copper solution is filtered directly into the platinum 

dish, which should hold about 200 c.c., though with care one hold- 

ing 100 c.c. can be used. 

This operation generally is completed in half an hour from the 

time the ore is weighed. The precipitatiofl takes care of itself; the 

dish being placed in the circuit when the laboratory is left in the 

evening, in the morning we find the work finished. The solution 

is tested by taking out a drop and putting it on a white plate with 

a drop of hydnic sulphide; if the copper is completely precipitated 

the dish is removed from the battery, the solution poured out and 

saved if necessary for the determination of other substances. The 

dish is then washed with pure water, followed by alcohol; the 

alcohol is then drained out as completely as possible, and the little 

that adheres to the dish set fire to. This operation not only serves 

to dry the copper, but it also prevents the oxidation during the drying. 

A very slight bluing of the copper does no harm, as it will not per- 

ceptibly change the weight. The whole operation, from the time 

the precipitation is complete until the copper is weighed, need not 

take more than ten minutes. 

Within a few months I have had occasion to test the method very 

carefully. Cettain parties were dissatisfied with my results, which' 

they claimed were too high, and demanded my samples. The sam- 

ples had already been sent to an eminent chemist, who returned 
themto . me with his method of analysis. His results were about 

one-tenth of a per cent. higher than mine, while the method em- 

ploved by him involved about five times the work. I have had no 
further advices from the (lissatisfied parties, though they have had 
the samples for two or three months. This method bids fair to be— 
conic the standard method of copper (letermination in this country. I know of some heavy contracts in which it has been inserted as 
part of the agreement. 

In connecting the precipitating dish with the battery, I find it is 
better, when more than one dish is used, to connect the positive pole of 
the batters- with a sheet of metal or wire on which both of the dishes 
are set, and to connect the platinum strips with the wire proceeding 
from the other pole of the battery. In this way the current is divided 
between the cells, and the resistance is less than if the cells are in 
series. I find that two small Grove cells are sufficient for the Irpose. 

The commercial allowance for variations in analyses of copper 
ores is one-half of one per cent. ; the actual variation on analyses 
made by this method in duplicate does not often exceed one—tenth 
of one per cent. 

AX A XA L YSIS OF TIlE GAS UAL TIES IN TIlE AX TI1RA- 
CiTE COAL 11ILVES, FROM 1871 TO 1880. 

BY H. M. Cl-LANCE, M.D., AS5T. GEOLOGIST, PENNSYLVANIA GEOLOGICAL 
SURVEY, PIIILADELPUIA. 

THE following tables have been compiled from the annual reports 
of the Inspectors of Mines, to determine the percentages of fatal amid 
non-flital casualties from roof-falls and explosions of fire-damp. 

As we cannot assiinie that every accident has been recorded by 
the inspectors; as maiiy casualties terminating fatally after the lapse 
of a considerable period, are inevitably recorded as ".non-fatal ;" and 
as clerical errors may have crept into the corn pilation,* the figures of 
these tables cannot be considered absolutely correct, but the summary 
is sufficiently reliable to show he features I wiSh to differentiate. 

Under the heading "Miscellaneous" are included all accidents not 
directly attributable to explosions of fire-damp, roof-falls or falls of 
coal. Prominent among the numerous causes included under this 
head are premature or delayed explosion of blasts, accidental explo— 
sion of powder or cartridges, accidents from mine cars, falls in shafts, 

1 machine accidents, sliding of loose coal in pitching breasts, suffoca- 
tion by choke-damp, etc., comprising in all 48 per cent, of the 
total number of casualties. 

—_ 
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Falls of coal, though not properly belonging to the same class of 
casualties with roof-falls, have been included under this head. The 

general summary shows that 36 per cent. of the total number of 
casualties are directly traceable to falls of roof and coal, this per- 
centage constituting 44 per cent, of the fatal and 32 per cent, of the 
non-fatal accidents; or in numbers, there were 890 fatal and 1620 

non-fatal accidents from this cause in the nine years, from 1871 to 

1879, inclusive. 
Tn 1864 the accidents attributable to this class in the coal-fields 

of Great Britain reached 4.5 per cent. of the total number of 
casualties. 

Roof-falls are common to all mines and cannot be entirely avoided, 
even if the gratest precautions are taken ; hut they are especially 
occasioned by thick seams, by clods of shale or rock loosely adhcriiig 
to the roof; and, when the roof is fair, by inattention to the proper 
placing and renewal of props, by badly located shots spending their 

force upon the roof, by the ribratiom caused by shol.s fired in adjoining 
or distant workings, by d.iring breasts too wide, by improper renioval 

of props, and by explosion.s of gas. Falls of coal are similarly oc- 

casioned, but are most frequently the result of improper underholing 
or taking-up of bottom coal, allowing too large a mass of unsup- 

ported coal above the miner. 
The majority of casualties from roof-falls, and nearly all those 

from falls of coal, occur at or near the working face, and are directly 
attributable to the carelessness or poor judgment of the miner, or to 

his reluctance to take tile proper precautions and exercise the proper 
care, because these involve some additional labor and trouble for 

which he will receive no pecuniary reward. 
An extremely dangerous roof is occasionally met with,—notahly 

at Pittston, where it is locally called the "black rock," etc. It is a 

dark carbonaceous slaty shale, perfectly hard and firm when first. ex- 

posed, but it soon swells and softens from exposure to the atmosphere, 
and breaks off in large masses. A shale roof is seldom safe, but is 

particularly dangerous when but a few feet in thickness and loosely 
adhering to a firm sandstone roof; or if irregularly bedded in lens- 

shaped masses or fissured by cleavage joints. A large mass of such 
material may hang for a long period, sustained by its adhesion to the 
firm sand-rock above, only to fall without warning when this adhe- 
sion is lessened by exposure to the atmosphere, or from the vibrations 
caused by the firing of shots.* 

When the roof is in fair condition, falls are often occasioned by 
driving the working places too wide, or if they have originally been 

•of proper width, by "skipping" the pillars, or by the pillar coal 
spalling off in wedge-shaped masses as ShoWn by the accompanying 
sketch. 

The breast originally driven as indicated by the lines A C and 
B D becomes enlarged after a time to the size A' B' D C by the 
wedge-shaped masses A C A' and B D B' breaking off. If these do 
not actually drop oft the lines of fracture A' C and B' D practically 
increase the distance between supports from A B to A' B', greatly 
increasing the danger from roof-falls, for a roof perfectly safe when 
supported at A and B may be very unsafe when these supports are 
removed to A' and B'. Tile figure shows two cleavage planes xy and wz in the sandstone roof; which will allow a large mass to drop 
when the support is removed froi A. 

I 

Attention to the proper placing, renewal, and removal of props is 
of prime importance, and a systematic and periodical inspection of 
the roof in all travelling ways and working places cannot be too 
strongly urged. This inspection should be intrusted to a thoroughly 
competent, experienced, and intelligent mati only, invested with the 
necessary authority to enforce his ordets, and who should be held 
personally responsible for all such casualties occurring within his 
jurisdiction. I venture to suggest this as a means of decreasing tile 
number of casualties from roof-falls, feeling that in this respect 
nothing can he expected from the miner himself. 

Fio. 1. 

* See reports of the inspectors of Mines, 1878. P. 209, and 1879, p. 301, for 
illustrated examples of accidents resulting from similar conditions. 
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'When the roof is not known to be perfectly secure, mining should 

certainly be suspended, and the men removed to asafe retreat during 

the firing of shots in adjoining and even distant working places, to 

avoid the risk occasioned by the vibrations of the roof. 

The tables show a total number of 2510 casualties resulting from 

falls of roof and coal ; it would he interesting and instructive to 

know how many of these could have been avoided, had proper pre—. 

cautidns been taken. This is a matter beyond the control of the 

mine inspector ; his visits are necessarily made at considerable inter- 

vals, and although he rpay often he enabled to greatly diminish the 

danger from this cause, by ordering additional propping, etc., he 

cannot enforce the constant watchfulness and care necessary in every 

mine where the roof is unsafe. I am convinced that a large majority 

of these accidents are due to criminal carelessness on the part of the 

miner himself, to the recklessness that comes to all men inured to 

danger, and to the disinclination so frequently exhibited to under- 

take any additional labor that does not offer an immediate and posi- 

tive remuneration. 
The casualties from explosions of gas number 1127,—16 per cent. 

of the total number,—of which 225 resulted fatally. The number 

of recorded explosions from 1870 to 1880 inclusive, is 839. 

In a paper read before the American Philosophical Society, May 

6th, 1881, I have shown that 463 of these occurred from April to 

October, and the remaining 216 during the winter months, Novem- 

ber to March inclusive. The table is as follows: 

Explosion.s of Fire-damp, 1870 to 1880. 

January 
36 September, . . . 66 

February, . . . 
34 October March 
65 November, . . . . 52 

April 
79 December 58 

May, . . . . 
61 

' — 
June, . . . . 

56 Total, . . . 679 

This shows an average of 66 per month for the warm months, 

April to October inclusive, and an average of but 43 for the remain- 

ing (cold) months of the year, and certainly seems to point primarily 

to an impairment of ventilation from high temperature as the cause 

of the greater number of explosions during the warmer months. 

The accidents included under the head embrace 

48 per cent. of the total number of casualties, aggregating in all 

3403 of which 916 resulted fatally. 

The total number of casualties recorded by the inspectors for the 
nine years is 7040, of which 2031, or about 29 per cent., resulted 
fatallf 

The "summary of percentages,"—Table XIa,—develops a re- 
markably uniform relation between the relative number of accidents 
attributable to roof-falls, explosions, and other causes, and also be- 

tween the percentages of those terminating fatally each year. This 
is also evident in Tables XII and XIIa. 

TABLE I. 
Fatal Aecident.s in 1871. 

Roof-falls. Explosions. Miscella- 
neous- 

TotaL 

4 14 12 30 
20 2 34 56 
18 9 16 43 
12 0 16 28 
15 1 37 53 

69 26 115 210 

TABLE Ia. 

Non-fatal Accidents in 1871. 

Roof-falls. Explosions. 

Pottsville District, 
Ashland 
Shamokin 
Southern 
Middle 0 

Pottsville District,. 
Ashland 
Shamokin 
Southern '' 
Middle " 

Pottsville District,. 
Ashland 
Shsmokin 
Southern " 
Middle " 
Eastern " 

fl4! 

Miscella- TotaL 
neous. 

(118 
*98 *115 . 168 

1120 
1 18 36 

31 32 90 

f149 j-239 532 

TABLE II. 
Fatal Accidents in 1872. 

Roof-falls. Explosions. Miscella- TotaL 
neous. 

j36 
14 41 91 

13 1 11 25 
15 8 17 40 
36 5 2 67 

100 28 95 '223 

* January 1st to October 15th. f Totals only approximately correct. 



Pottaville District, 
Ashland LI 

Shamokin 
Southern " 
Middle 
Eastern " 

Potteville District, 
Ashland 
Shamokin LI 

Southern " 
Middle " 
Eastern LI 

Pottsville District,. 
Ashland " 
Shamokin 
Southern " 
Middle LI 

Eastern ' 

Pottsville District,. 
Ashland " 
Shamokin 
Souther&t LI 

Middle LI 

Eastern " 

ill 

TABLE III. 

5 
20 
13 

1 16 38 

6 29 46 

3 19 54 

33 115 264 

Total. 

77 212 379 

2 32 46 
14 56 91 

19 73 169 

378 685 

Miscella- 
neous. 

18 17 

3 21 
1 12 

Pottsville District, 
Ashland LI 

Shamokin IL 

Southern* LI 

Middle LI 

Eastern IL 

Pottsville District,. 
Ashlsnd 
Shamokin IL 

Southern LI 

Middle 
Eastern IL 

Pottsville District, 
Ashland II 

Shamokin 
Southern LI 

Middle II 

Eastern II 

Pottsville District,. 
Ashland 
Sham ok in 
Southern 
Middle 
Eastern 

Total. 

100 

95 
150 

• 25 32 48 105 

• 35 10 44 89 

173 107 259 539 

TABLE V. 

Roof-falls. Explosions. Miscella- 
neous. 

7 10 

0 15 
0 22 
2 8 
6 38 
3 40 

97 18 133 

Miscella- 
neous. 

28 43 
15 49 
3t 45 

3 33 
32 48 
1 80 

209 82 298 

Roof-fafls. Explosions. Miscella- 
neous. 

• 5 10 13 

1 17 

• 14 1 22 
18 4 15 
23 7 15 
20 6 18 

89 29 100 

Total. 

28 
26 
38 
21 
63 
72 

248 

Total. 

88 
114 
108 
77 

100 
102 

589 

Total. 

28 
27 
37 
37 
45 
44 

218 
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TABLE ha. 
Non-fatal Acc.ident in 1872. 

Roof-falls. Explosions. Miscella- Total. 
neous. 
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TABLE IVa. 
Non-fatal Accidents in 1874. 

Roof-falls. Explosions. 

22 
32 
59 103 99 265 

5 23 38 

24 64 121 

24 95 187 

53 182 346 

Total. 

23 51 126 

Miscella- 
neous. 

38 40 
7 56 

20 71 

Fatal Accidemts in 1873. 
Roof-falls. ExplosiOns. Miscella- 

neous. 

116 

TABLE lila. 

Fatal Aceidenls in 18Th. 

• 11 
• 11 

• 16 
11 

• 19 
29 

Ron-fatal Accidents in 1873. 
Roof-falls. Explosions. Miscella- 

neous. 

I 

TABLE Va. 

112 

Non-fatal Accidents in 1875. 
Roof-falls. Explosions. 

17 
50 
60 

• • 41 
• . 20 
• . 21 

TABLE IV. 
Fatal Accident's in 1874. 

Roof-fMls. Explosions. Total. 

35 

44 
26 

TABLE VI. 
Fatal Accidents in 1876. 

17 9 31 57 

39 1 29 69 

94 27 110 231 

* No report from this district in 1874. 

II 

* No report from this district in 1874. 



Pottsville District, 
Ashland 
Shamokin 
Southern " 
Middle " 
Eastern 

Pottsville District, 
Ashland 
Shamokifl 
Southern " 
Middle 
Eastern " 

pottsville District,. 
Ashland 
Shainokifl " 
Southern " 
Middle " 
Eastern " 

TABLE VIa. 

19 34 
14 9 
21 13 
28 17 
18 22 
44 21 

TABLE VII. 
Fatal Accide'nls in 1877. 

Roof-falls. ExplOsiOfl5. 

• 20 

3 
0 

11 

I 
0 

• 17 
— 

17 
• 25 
• 31 

Total. 

13 66 
25 48 
27 61 

29 74 

47 87 

55 120 

• 456 

Total. 

27 
29 
28 

9 26 
12 38 
8 40 

188 

Total. 

89 
58 

66 
61 

121 

174 

568 

Ashland 
Sh amok in 
Suuthern 
Middle 
Eastern 

Pottsville District, 
Ashland 
Shanukii1 
Soot lern 
Middle 
Eastern 

Ashland 
Sharnokin 
Southern 
Middle 
Eastern 

Years. 

1871, 
1872, 
1873, 
1874, 
1875, 
1876, 
1877, 
1878, 
1879, 

1871 to 1879, 

Roof-falls. Explosions. Miscefla- 
neous. 

4 11 15 
40 7 

44 12 71 

• 43 2 25 
• 34 2 63 
• 34 0 54 

Miscella- 
neous. 

• 10 5 9 
21 3 19 

-. 25 • 4 17 
15 2 8 
30 12 23 
30 3 26 

131 29 102 

Roof-falls. Explosions. Miscella- 
neous. 

26 115 
28 95 
33 115 
27 110 
18 133 
29 100 
12 61 
23 85 
29 102 .. 

Total. 

24 
43 
46 
25 
65 
59 

262 

Total. 

210 
223 
264 
231 

248 
218 
188 
187 
262 

2031 

1 
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Non-fatal Accident.s in 1876. 

Roof-falls. ExplosiOns. Miscella- 
neous. 
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TABLE Villa. 
Non-fatal Accidents in 1878. 

Pottsville District, 

Total. 

30 
89 

127 

70 
99 
88 

199 34 270 503 

Miscella- 
neous. 

10 12 

0 9 
0 11 

TABLE TX. 

Fital Accidents in 1879. 
Roof-falls. Explosions. 

0 
1 

12 TABLE IXa. 

Non-fatal Accidents in 1879. 
TABLE VIIa. 

Non-fatal Accidents in 1877. 
Roof-falls. Explosions. Miscella- 

neous. 
21 44 24 

27 7 24 

31 7 28. 

20 9 81 
24 63 

64 28 82 

197 119 252 

TABLE VIII. 
Fatal Accidents in 1878. 

Roof-falls. ExplOSiOns. 

Pottsville District,. 

.5. 

I 
I 

Pottsville District, . . . 5 

Ashland " • • • 13 

Shamokin " • • , 16 

Southern " • • . 15 

Middle " . • . 14 

Eastern " • . . 16 

Roof-falls. Explosions. Miseella- Total. 
neous. 

45 35 78 158 
40 18 53 111 

22 15 66 103 
. 44 8 48 100 

53 45 87 185 
39 9 86 134 

248 130 418 791 

TABLE X. 
Fatal Accidents, 1871 to 1879. 

69 
100 

• . . . 116 
94 
97 
89 

115 

79 
131 

Miscella- 
neous. 

6 
18 
20 
13 
15 
18 

85 

Total. 

14 
26 
47 
30 
36 
84 

187 
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TABLE Xa. 

Non-fatal Accidents, 1871 to 1879. 
Roof-falls. Explosion.s. 

TIlE RICH HILL IRON ORES. 

TABLE XII. 

• . . 144 
• . . 111 
• . 200 
• . 173 
• . 209 

144 
• . . 197 

199 
243 

1620 

77 

ieiscella- 
neous. 

149 239 
53 182 

112 373 
107 259 
82 298 

116 196 
119 252 
34 270 

130 418 

902 2487 

Roof-falls. Explosion5. Miscel]a. 
neous. 

Total. Years. 

1871, 
1872, 
1873, 
1874, 
1875, 
1876, 
1877, 
1878, 
1879, 

1871 to 1879, 

Years. 

1871, 
1872, 
1873, 
1874, 
1875, 
1876, 
1877, 
1878, 
1879, 

1871 to 1879, 

1871 33 .12 .55 
182, . . . .45 .13 .42 

lOOpercent. 

1873, . • . .44 .12 .44 u 
1874, • . . .41 .12 .47 
1875, • • • .39 .07 .54 U 
1876, . . • .41 .13 .46 
1877, (ii .06 .33 
1878, 42 .13 .45 
1879, 

1871 to 1879, 

. 

. 

. .50 

• .44 

.11 

.11 

.39 

.45 

" 
100 " 

Total. 

532 
346 

685 
539 
589 
456 
468 
503 
791 

5009 

Total. 

742 
569 
949 
770 
837 

674 
756 
690 

1053 

7040 

Total. 

TABLE XI. 

General Summary, 1871 to 1879. 
Roof-falls. Explosions. Miscella- 

— neous. 
213 175 354 
211 81 277 
316 145 488 
267 134 369 

• . . - 306 100 431 
233 145 296 
312 131 313 
278 57 855 

• . . . 374 159 520 

2510 1127 3403 

TABLE XIa. 

Summary showing Percentages. 

Explosiojis Miscella- 
neous. Total. 

1871, . . . .27 .28 .45 100 
1872, 32 .16 .52 

per cent. 

1873, . . . .29 .17 .54 U 
1874, • . . .32 .20 .48 ' 
1875, 36 .14 .50 
187c, . . . .31 - .26 .43 
1877, . . . .35 .21 .44 
1878, . . . .40 .07 .53 U 
1879, 31 .16 .53 u 

Roof-falls. 
Fatal. Non-fatal. 

1871, .10 + .19 = (.29) 
1872, .17+ 20=(.37) 
1873, .12+ 21=(33) 
1874, .12 + .23 = (.35) 
1875, .11 + .26 = (.37) 
1876, .13 + .21 = (.34) 
1877, .15 + .26 = (.41) 
1878, .11 + .29 = (.40) 
1879, .12 + .23 = (.35) 

1871—1879,.12+.24= (.36) 

Explosions. 
Fatal. Non-fatal. 
.03 + .20 (.23) 
.05 + .09 = (.14) 
.03 + .13 = (.16) 
.03 + .14 = (.17) 
.02 + .10 = (.12) 
.04 + .18 = (.22) 
.02 + .16 = (.18) 
.03 + .09 = (.12) 
.03 + .13 = (.16) 

.03 + .18 = (.16) 
$ 

5. 

THE RIcH HILL JR OX ORES. 

BY F. P. DEWEY, WASHINGTON, D. C. 

RICH HILL is situated in the famous car-wheel iron region of , Southwestern Virgiiia, and although it contains many iron ores, this paper will be devoted chiefly to its car-wheel ore. 
Geologically, Rich Hill is somewhat difficult to describe, as the strata of the region are seriously folded and contorted. It lies at the base of one of the primordial spurs of the Blue Ridge, the ore 

appearing as a sedimentary deposit on the limestone No. 2, some- times showing an imperfect stratification, but generally being an 

Miscellaneous. 
Fatal. Non-fataL 

.16 + .32 = (.48) = 100 per cent. 
.16 + .33 = (.49) = 100 " 
.12 + .39 = (.51) = 100 
.14 + .34 = (.48) = 100 
.16 + .35= (.51) = 100 
.15 + .29 = (.441 = 100 " 
.08 + .33 (.41) = 100 " 
.13+.38=(.51)=100 " 
.10 + .39 = (.49) = 100 " 

5' .13 + .35 = (.48) = 100 

II 
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The followin are partial analyses of second samples of Nos. 1, 
2, and 3: 

Metallic iron, 
I'hosphorus, 
Sulphur, 

1. 2. 
• . . 54.87 57.68 
• . . 0.083 Q.081 
• . . Trace. Trace. 

3. 
54.60 
0 0.50 

Trace. 
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irregular formation consisting of ore in lumps of all sizes, together 
with some sand and gravel, and is supposed to be Trenton. It is 

comparatively long and narrow, its longitudinal outlines being de- 

termined by Big and Little Reed Island creeks and New River, the 

latter flowing along its northern base for a mile and a half. Its 

elevation is 335 feet between the creeks and river, and its area is 

400 acres, of which at least 300 are ore-bearing. The ore has been 

very thoroughly tested by exploration shafts through its length for 

a mile and a third, and across its entire width. A careful calculation 

based t10fl this examination shows that it is a very low estimate to 

place the amount of ore at 2,000,000 tons. It is somewhat difficult 

to explore the ore by means of small shafts, as many of the large 

masses are considerably honeycombed in some localities; but no dif- 

ficulty would be encountered in approaching it l)y large open cuts, 

which is the most. convenient rav to mine, it. This difficulty of ex- 

ploring has prevented the shafts being carried to a greater depth 

than 34 feet in the ore, but there is no reason for supposing that the 

ore does not extend to a much greater depth. The following aver- 

age analyses show the quality of the ore to be most excellent: 
Nos. 1 and 2 are representative lump ores from opposite ends of 

the ore lands. No. 1 is situated 150 feet up the hill, and has already 

been explored to a depth of 20 feet. No. 2 is 250 feet up the bill, 
and has been explored to a depth of 34 feet. 

No. 3 is also a lump ore from very near the top of the hill inter- 

mediate between Nos. I and 2, from a surface opening for the sup- 

p1y of the forge. 
No. 4 is an unwashed fine ore occurring with No. 2. 

Time following ore is confined to a small area in the same locality as Xo. 3, and'is in excellent favor at the forge on account of its 
physical condition, being known locally as " Black sand ore ;" it is 
subjected to washing to lpae it for use 

Water, 
Silica, 
Alumina, 
Sequioxide of iron, 
Oxide of manganese, 
Lime, . 

l'hoe p ho nc acid, 
Sulphuric acid, 

Total, 

Ieta1lic iron, 
Phosphorus, 

11.63 
3.63 
252 

81.16 
026 
0.43 
0.40 
0.45 

None. 

100.54 

56.82 
0.155 

In 
been 
Hill: 

regard to the following ore little can be said, as it has never 
explored and is not included in the general estimate of Rich 

Water, 
Silica, 
Alumina, 
Sesquioxide of iron, 
Oxide of manganese., 
Lime, 
Magnesia, 
Phosphoric acid, 
Sulphuric acid, 

Total, 

Metallic iron, 
Phesphorus, 

13.94 . . 12 51 12 91 
5.26 . . 3.50 4.07 
4.17 . . 1.47 2.90 

75.96 . . 81.92 79.49 
0.32 . . 0.25 0.32 

13 0.17 . . 0.17 0.14 
0.37 . . 0.40 0.38 

. . 0.15 0.13 0.16 
Trace. Trace. . . Trace. Trace. 

Water, 
Silica, 
Alumina, 
Sesquioxide of iron, 
Oxide of manganese, 
Lime, 
Magnesia, 
Phosphoric acid, 
Sulphuric acid, 

Total, 

Metallic iron, 
Phosphorus, 

I 

I 

6.34 
2.96 

74.06 
1.35 
0.15 

0.46 
None. 

99.56 

51.85 
0.200 

57.35 55.64 52.79 53.20 
0.066 0.059 0.068 0.073 

Topographically it would be very difficult to imagine a more suit- able location for the manufacture of car-wheel metal. The ore being 011 1)0th sides of a small hill is very accessible, free from all liability to trouble from water, and, in fact, free from all difficulty in mining. At the confluence of the two creeks is a location presenting many ad- 
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vantages for a furnace; there is an abundane of water-power; the 
ore is within easy reach, and up the Big Creek there is' an almost 
unlimited supply of charcoal. - 

At the present time the only use of the ore is for the supply of a 
small forge of three fires making 100 tons of most excellent bar iron 

per year. The great and only drawback to the rapid improvement 
of the region is the lack of transportation facilities; the nearest pin 
on a railway is Martin's Station on the Norfolk and Western Rail- 
road, which is fifteen miles froni Rich Hill; but the completion of an 
ardently hoped for and expected branch railway in the near future 
will certainly make Rich Hill, with its many advantages, one of the 
most desirable positions for the manufacture of car-wheel iron. 

NOTE ON BLACK BAND IRON ORE IX WEST VIRGINIA. 

BY S. P. SHARPLES, S.B., BOSTON, MASS. 

HAVIN,G occasion a few weeks ago to investigate the subject of 
b]ackbad iron ore in West.Virgiuiu, I was surprised at being met 
at the outset with a denial of its existence. One gentleman went 
so far as to offer one hundred dollars an acre for any land in 'West 

Virginia that contained a seam or vein of even a single foot in 

thickness, and when shown the ore he acknowledged that it was 

genuine, but declared it had been imported. That black band does 

occur in West Virginia is to-day well known to a number of per- 
sons. There is a seam on the Gauley River of about a foot in thick- 
ness of good ore, which I understand Mr. Lewis and others are 

making preparations to work. The great trouble with black band 
ores as heretofore found in this country has been their limited ex- 
tent. At Fort Washington, for instance, they had a very fine show- 

ing of ore, but it soon gave out. 
It has also been asserted that the black band ores of the Western 

Coal Measures were worthless in 'the furnace, and Fort Washington 
has been pointed out as an example of the fate of any one who should 
undertake to work them. But they have been successful]y worked 
at Youngstown and in other parts of Ohio, and I am assured by old 
furnace-men from Ohio that there is not the slightest difficulty in 

working them if properly managed. 
The deposits to which I wish to call the attention of the Institute, 

are situated abit nine miles from Charleston, West Virginia, ann 
lie at the head waters of Davis Creek. This bed has not been 
fully explored yet, and has not been worked. Only one drift has 
been driven into it, and that only about sixty feet. But the bed 
has been found and identified over a tract of some 1500 acres. 

This ore is compact, and reseml)les in appearance cannel shale. 
Various analyses have been made of it at different times since 1871, 
whcu it was first discovered, with about the following results: 

For purposes of comparison, I give also an analysis of tile Helen 
ore, Hocking Valley, Ohio, and a Welsh ore: 

• Tue ore loses rather more than half its weight in roasting. 
The bed appears to hold its own over the area of which I have 

spoken, arid to run from four to five feet thick. 
'lhe analysis of tile black band ore on the Gauley River is almost 

identical with the above. 

NOTES OX THE HARD-SPLINT COAL OF THE KAXA W7IA 
VALLEY. 

BY STUART M. BUCK COALBUILO WEST VIRGINIA. 

Tisi term "splint" seems to have been adopted to describe the , fracture of the hard bituminous coals of West Virginia. It is not Ia scientific name, but rather a trade term, and does not indicate a 
teorrespondence with English splint. At present it is a popular 
word, and is very loosely applied to coals of various qualities, in the 
jdesire to ml prove their sale. The Kanawha splint is distinguished by its hardness, dull lustre, coarse fibrous structure, its purity, and 
tespecially its resistance to atmospheric influence. It kindles very 

readily, burns with a bright flame, but does not cake, so that a lump 
when half consumed, may be broken by a slight blow in its. plane )f cleavage, though it will resist a strong blow in any other direc- 
ion. I have seen pieces that have been exposed to frost and sun 

VOL. x.-—6 

Silica, 
1'Iuphorus, 

i\IetaIIic iron, 

Davis Creek. Helen. 
3.60 4.93 
.25 .87 
.41 1.07 

31.46 36.43 

ROASTED ORE. 
Sictallic iron 64. 

Lianelly. 
7.20 
.295 
.26 

33.68 

50.80 56.00 
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for a dozen years, that are now as firm, and ring as clearly when 

struck, as though freshly mined. 
rrhe principal splint vein worked on the line of the Chesapeake 

& Ohio Railway, is that known as the Coalburg seam. It has 

been regularly mined for the last seventeen years. The Kanawba 
& Ohio Coal Company began mining it on their property at Coal- 

burg, in 1884, shipping by river till the opening of the railroad, 
in 1872. 

The Coalburg vein worked at Coalbnrg, East Bank, and Pant 

Creek, is about 450 to 500 feet above the track of the Chesapeake 
and Ohio RaiIvav, and about 150 feet below the Fl.int Ledge, which 

is a stratum of gray, blue, and black flint, running very regularly 

through the country, and constantly referred to as a base—line for 

the location of the different veins. 
The section of the Coalbnrg vein is as follows, counting upwards 

from the slate floor: 
A. Bottom bench, hard splint. 
B. Middle bench, splint mixe(l with softer coal to some extent. 

C. Bone or "niggerhead," sometimes split by a thin layer of coal. 

D. Top bench of hard splint. 
The whole thickness of the coal, including the bone, is 3 8" to 

4' 8°, and counting the bone as belonging with the top bench, the 
three divisions are of nearly equal thickness. 

The niggerhead is from six to eight inches thick, and as it does not 

separate freely, an additional loss of two inches of coal is frequently 
inctirrecl. Constant watching is required to prevent the niggerhead 
from being loaded with the coal, as it is so similar in appearance to 

the coal, that in a dim light, or when coated with dirt, it is only to 

he distinguished by its greater weight. 
The roof of the Coalburg vein is usually a heavy dark slate, vary- 

ing much in character; sometimes so strong as to require little or 

no timber in a room of twenty-four to thirty feet wide, and again 
so bad that no posting will hold it in an eight-foot entry. At times 

the roof slate runs out and is replaced by the overlying sandstone, 

which is remarkably strong, so that usually no timbers are required 
in rooms of ordinary width, and after the pillars have been drawn, 
the roof has been known to stand for a long time, unsupported, over 

a space forty yards square. This character of the roof has its disad- 

vantages, as it makes the drawing of pillars more dangerous. The, 
sandrock will hold up for a long time, and then is liable to fall 
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!witli little warning, and in such masses as to crush down all supports, 
and break even beyond the face of the coal. 

The bottom slate, forming the floor of the vein, aries from half 
an inch to four feet and upwards, and is underlaid by a seam of soft 

biturninom, coal, one foot to three feet thick This soft coal is of 
little due for fuel, but if washed would nial e excellent col e 
\Then the bottom slate, which diides the splint Wind the soft coal, 

—does not exceed three inches in thickness, and there i any parting 
in the soft coal, the bearing-in or mining, is made below the slate, 

so as to avoid wasting the more valuable splint coal, and to gain 
additional height 

Theoretically and geologically, the coal seams of the Kanawlia 

Tvahlcy dip very regularly to the northwest at the rate of about fifty 
feet to the mile; but practically, the coal lies in basins, and the dip 
is so fru1uently reversed, that the question of drainage is often a very 

lannoving problem. rfhiel,e is not sufficient dip to concentrate the 
:watcr, and it is impossible to tell in advance what the dip will be. 
This adds to the difficulty of satisfactory and economical mining, 
owing to the danger of water whenever the roof is broken either by 

draving pillars, or by long—wall w'ork. The water finds its way 
throtigli the swamps as they are called, and drowns out the workings 

a distance. . The splint coal is prepared for market over an inch and a quarter 
screen, nd the nut coal is cleaned oer a half inh screin Thc 
rniuers arc paid by weight for the screened coal, and the bushel of 
80 pound the unit, for which, at present, the puce of digging is 

cents, or 98 cents per ton of 2240 pounds. On the railroad the 
,coa1 is sold by the long ton, but in the riser markets it is sold by 
,the bushel of 2888 cubic inches, measured in the barge. These 

-barges carry from 8000 to 12,000 bushels, and are usually twenty- 
four by one hundred and thirty feet, with five to six feet draft. 

Splint coal is especially adapted for use as domestic fuel in open 
'grates, and is valued by shippers and dealers for its ability to resist 

;breakage. It is a good gas coal, giving tests fully equal to the 

IPenn and Westmoreland, but it cannot be mined to compete in price 
ith the softer coals. 

It is a favorite locomotive coal, giving results superior to the 
Youghiogheny, and it is an excellent coal for blast-furnace use. It n be used without coking, and its purity is vouched for by the 
fact) that. in 1873—74 it was used in making so-called charcoal pig- 
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iron, and when it did not exceed two-thirds of the fuel charge, the 

result was said to be good. 
• In the preparation of the splint, as well as the softer varieties of 
bituminous coal, the a:n) is to avoid breakage in every possible way, 
so that the coal may reach its market in attractive form. The 

operator grudges every foot of fall in the screening and loading of 
his coal on the railroad or at the river, but when coal is shipped by 
sea it is so roughly handled iii loading and discharging vessels, that 
all pievious efThrts are rendered vain. There is great need of some 

decided improvement in this respect. 
There are a few points on which I would like to invite some dis- 

cuSsion 
1st. The probability of any relation between tile topography of 

the country, and the character of the coal-seams 100 and 300 feet 

below the surface. Tile most experienced miners claim that a rich 

flat mountain top will be nnderlaid by a good and regular seam of 

coal, and on the contrary, that any sharp, rocky point or ridge is 

likely to indicate a horseback or limIt below. They also look for a 

swamp, in every case, near tile crop of the coal. I have not l)eell 

able to trace any foundation for these claims, either in fact or 

theory. 
2d. The relation between splint and cannel coal. Tile Coalburg 

seam, now being worked directly fronting the Kanawha River, is 

supposed to be the same vein as that opened five miles back, on 

Paint Creek ; but in the latter place it has become thicker, and Pal't 

of the splint is replaced by cannel. Tile total thickness is about tell 

feet, of which two to three feet are cannel ; and the singular part is, 

that in one place tile cannel occupies the centre of the vein, while at 
a few hundred feet distance, it appears near the bottom. Pieces of 
coal may also be Ibund which show nothing but splint upon one side, 
while the other is banded with cannel. 

3d. I have noticed a peculiar occurrence of coal in the sandrock 

roof of the vein. In one place, where a fall occurred, exposing a 

section of the sandstone, it showed a number of blocks of coal mi- 

bedded in the rock; not stringers or layers, but angular blocks of 

splint, as well defined as though they had been picked off from a 
coal car and placed in the sand while it was being deposited. I 
have also had two singular specimens brought to me from the slate 

immediately underlying the splint. One was a piece of milk quartz, 
and the other of flint, both rounded, and of about ten pounds weight. 

4th. Has it been determined under what dreunistances the fibrous 
coal known as Dant or Mother Coal was deposited? 

OX TIlE SO L UTIOX OF PiG JR OX l ND STEEL FOR THE 
J)ETERJIL\T.J TIOX 0? P110 S7'JIOI? US. 

BY N. II. MUIILENBERG AND ThOMAS M. DROWN, EASTON, PA. 

IT is often a tedious matter to get a solution of pig iron or steel, for tile determination of phosphorus, which is absolutely free froni 
silica. Where pig iron rich in silicon is (lisSolved in iIdrOc1lloric or nitric acid in the usual proce(lure, it is necessary, not only tQ 
evaporate the solution to complete dryness, but to heat the dry residue for some iomirs ill an air—bath to a temperature of about 
120° C. Time oxide of iron is tlhmls rendered insoluble in nitric acid, and is only slowly dissolved by hydrochloric acid. 

In tile method of determ inig silicon by nitric and sIll phuric acid, 
described in the Transaclioris of the Institute, Vol. VII, page 346, and Vol. VIII, page 508, we obtain in one or two hours a so1uton 
of the iron in the form of ferric sulphate entirely free from silica, and containing free sulphuric acid. It occurred to us that this solu- 
tion might be made available for the determination of the phosphorus 
by the molybdate method. 

Tile fol lowi llg experiments were tried with unsatisfactory results. 
1st. The iron was precipitated by ammonia, the precipitate filtered, 
washed, and dissolved in nitric acid. 2d. The iron was precipitated as basic acetate and dissolved in nitric acid. 3d. The solution was 
neutralized by ammonia, and nitric acid added in small excess. In 
all these cases the phosphorus obtained by precipitating by ammo- 
Ilium molybdate and magnesia-mixture was too low. 

The following method was then tried with success. The filtrate 
from the silica and graphite was evaporated to small bulk and heated 
in a porce]ain dish on a sand-bat.h until fumes of sulphuric acid 
ceased to escape. The dry residue was taken up with dilute nitric 
acid and the solution precipitated by amflmouium molybdate. The 
phosphorus was weighed as magnesium pyrophosphate. The results 
were satisfactory. 
• To save time, the original solution of the iron in nitric and sul- 

phuric acids wa.s evaporated to dryness and heated as before until 

I 
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sulphuric acid fumes ceased coming off. Nitric acid was then added 

until all the iron salts were dissolved, and the solution was filtered 

off' from the silica and graphite. The filtrate was directly precipi- 
tated by molybdate solution. The results thus obtained were like- 

wise satisfactory as regarls phosphorus, but the silicon determina- 

tion by this method was frequently too high, owing to imperfect 
solution of the iron after evaporation to complete dryness. 

We have not tried the direct weighing Of the yellow precipitate 

by this method, but see no reason why it should not he Weiglle(l by 
those who prefer it. 

The following analytical results were obtained by N. II. Muhien- 

berg in the laboratory of Lafayette College on two samples of pig 
iron. The amount of borings taken was in all cases about on 
gram. These samples contained, respectively, 0.333 and 0.810 per 
cent. of phosphorus as determined by the following method : Solu- 

tion in nitric acid, evaporation to dryness, heating in air-bath for 

several hours at a temperature of 1200, re-solution in hydrochloric 

acid, expulsion of the hydrochloric by nitric acid, precipitation in 

small bulk, nla(le nearly neutral by ammonia, with animonium 

molybdate, solution in ammnia, and precipitation with magnesia— 

mixture. 
Sample No. 1. 

By evaporation of the original solution to By evaporation of filtrate from original solu- 

dryness. tion to dryness. 
Silicon. Phosphorus. Silicon. Phosphorus. 
2.397 0.334 2.400 0.333 

2.40 0.332 2.380 — 
2.45 0.332 2.396 0331 
2.44 0.327 2.399 0.318 

2.399 0,332 2.398 0.332 

2.41 0.329 — 0.332 

Average, 2A16 032 294 0329 

Sample No. 2. 

1.052 0.781 0.895 0796 
1.043 0.822 0.801 0.839 

0.875 0.832 0867 0.805 

0.899 0.810 0.844 0.798 

0.844 0.798 0.847 0.791 

0.843. 0.800 . 0.843 0.774 
0.828 0.802 0.854 0.771 

— 0813 
0.838 0.806 
0.839 0.820 

&verage, 0896 0.808 0.850 '0.796 
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LONGITUDINAL SECTION THROUGH BOILER & ENGINE ROOM 
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KO T/?S OAT GOLD-MILL CONSTR UUi'IOT 

BY AUGUSTUS J. BOWIE, 311., SAN FRANCISCO, CALIFORNIA. 

THE discovery of the auriferous cement gravel deposits in and 
near Deadwood Gulch, Lawrence County, Dakota Territory, in 1876, 
created a mining excitement, and rush to the Black Hills. Nunier- 
otis ten anti twenty—Stan)J) mills were built on I)eadwood Gulch 
Central City and the town of Deadwood sprang into existence, and 
became the centres of the mining industry of the Hills. 

Gold quartz (leposi ts were subsequently discovered and located on 
a so-ea]led mineral belt, extending from Whitewood Creek on the 
south, to Deadwood Gulch on the north. A northerly group of 
these quartz locations was purchased in December, 1877, by parties 
in San Francisco. who formed a company, incorporated under the 
name of the Father de Smet Consolidated Gold Mining Company. 
This company immediately commenced the work of exploration. 
The deposits were proved to be extensive, and easily mined, but it 
was found that the ore, on an average, would not yield more than 
$10.00 per ton* of 2000 pounds. 

At this time the cost of supplies and materials in the Hills was 
high. Miners' wages were .$3.50 per diem, and custom mills charged 
$6.00 ton. The successful working of mines on "the belt" 
necessitated cheap ntilliiig. The ores being of so low grade, this 
could be accomplished only with large and economically running 
mills. 

To insure the greatest possible econonly, the Father de Smet mill 

* Up to December 31st, 1879, the de Smet mine had produced bullion of the 
Value (f $718,211.63 from 76,155 tons of orer being an average value of $9.41 per ton. During the year ending December 31st, 1879, the mine produced 46,344 
%'n, which yielded $425,360.42, or $9.18 per ton. The total gross cost of work- 
ing f,r the corresponding period, including deadwork, exchange, legal expenses, 
etc., $219,914.82. The yield of the mine for the year 1880 (Engineering and 

Journal, February 5th, 1881), was $600,011, with total expenses of mining and milling, of $313,108. t The first 4083 tons extracted from the de Smet miner were selected, yielding 
$62,783.97 The next 25,728 tons produced $230,067.24. The total 29,811 tons 
Were weighed, and worked at custom mills. The yield of the first 409 tons front the Golden Terra Mine was $11.44 per ton. 
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(which was designed and constructed under the immediate super- 
vision of the writer), was built. on a plan different., in some respects, 
from any hitherto erected. The machinery, while of the most ap- 
proved construction, did not vary essentially from that of other 

mills, but the arrangement of the building was novel, to a great ex- 

tent., and has since proved so excellent, economically, that a (letailed 

description of it Inay be of interest to many. The special objects 
in view in the arrangement were: 

1st. The constant supervision of the batteries, tables, and sluices, 
and consequent safeguard against robbery. 

2d. Free access to all parts of the machinery, and room for hand- 

ling the same. 
3d. Very large ore-bin capacity, to insure steady milling. 
4th. The least possible manipulation of the material in all stages 

of reduction. 

Among the results attained by this construction of the mill be- 
sides those hereafter mentioned, the following may be briefly noted 

here. 
The building has been thoroughly tested, and at times there have 

been one and a half million pounds of ore in the bins without any 
resulting damage or straining of the structure. The rock breakers, 
which are fifty-three feet above the battery floor, have been run to 
their full capacity, with the whole mill in operation, without caus- 

ing much, if any, vibration in the building, or even on the car track 
in the top of the main division. 

An exceedingly limited number of employhs in the mill is 

requisite, namely: 
1 Head amalgamator. 
3 Assistant amalgamators. 
2 Feeder tenders. 
1 Chief engineer and mechanic. 
2 Assistant engineers. 
1 Fireman. 
5 Rock-breaker men. 
1 Watchman. 
1 Carpenter. 
1 Blacksmith. 

18 Total number of men required per diem to run the 
mill to full capacity. 

THE FATHER DE SMET GOLD MILL. 

The ground for the Father de Sinet eighty—stamp gcdcl mill, was brol;en about the first week of June, 1878. The site selected was on the s hill, some 650 feet northeast of the Justice shaft of the de Sn]et mine, at a point 400 feet below the mouth of the shaft, and at an elevation of 30 feet above the bed of Deadwood Gulch. A space 200 feet in length by 80 feet in width, was excavated, trenches and pits for batteries and machiner duly prepared, and the 
building erected on the SoJi(l slate country—rock. The material from the excavation was dumped over thehillside, so as to form, in front of the mill, a large area, which was subsequently used for a wood-yard, antifor other purposes. 

By reference to the accompanying drawings (Plates I. and II.), the following description of the construction and arrangement of the ni ill may be readIly understood. 
The Buildinq._'f he entire structure, which faces the north, covers a space 140 feet long and 60 feet wide. The elevation of the main building from the mud—sills to the apex of the roof is 75 feet. Its greatest length is east and west. It was constructed with three 

distinct compartments, which for purposes of description, will be 
designated as time east division, maui building, and west division. The sides of the structure are boarded and battened, and the roof is 
shingled. The whole is painted on the outside with two coats of 
metallic fire-proof paint, and the interiors of the west and centre di- 
visions are whitewashed. The east and west divisions are finished to correspond with the main building. The east division is 52 feet long and GO feet wide, and contains the engine, boiler, machine and lathe rooms. The machine—shop is well snpp1ied with all the necessary implements for mill work. The lathe s 30" x 23', and fitted with a full complement of tools. 

The main or centre division, 68' x GO', contains the batteries, rock breakers, and ore-bins. 
The west division, 20' x 60', is used for the clean-up room and repair shop. It contains a small cast-iron clean-up pan, tubs for 

panning out amalgam, tailings, etc. 
The accompanying plans show that the construction of the end divisions is quite simple, and a description of the same will, there- 

fore, be omitted. 
The building is provided with numerous double and single 
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windows. The portion of the battery floor adjoining the engine de- 

partment is, during the winter days, not as well lighted as desired. 

rfhis might be easily remedied by substituting glass for the hoards 

in the sides of the engine-room. A change in the style of battery 
bracing would improve the light over tile tables, and permit time use 

of electric illumination (luring the night. 
2JTateriuis.—Tiie timber used hi the construction of the building 

was the best available pine found in the hills. The mud—sills were 

hewn timbers, and the posts, beanis, caps, and rafters, were of sawed 

lumber. The timber for the cross-beams came in lengths of 30 foet, 
which were extended by fishing and scarfing as required. 

The shingles, laid 4'' to the weather, were such as could be ob- 

tained, heart shingles being, of course, desired. All the mortises 

and tenons were carefully cut and accurately fitted. 
Tile 1Iuin Fioo,.—Tile main building is erected 01) eight lilIes of 

mud—sills, each line being 71 feet long. Tile sill timbers are of 
different lengths, 18'' x 24'' in width and thickness. Those on the 
outer lines of mud—sills are secure1 lock—spliced together. The 

cross sills arc 12" x 21" and 62' long, bolted to the mud—sills with 

iron bolts, ninety -six -bolts in all being used for this purpose. 
The sills are laid on tile solid bed rock, and grouted with lime. 

Due precaution was taken to insure a perfect foundation, all weak 

places being dug out and filled in with masonry. 
Tile ground or battery floor is double 1danked, carefully lai(i With 

a pitch from the I)atteries to tile centre line of the building, along 
which lille, un(ler tile floor, run two sluices, one for each half of the 

mill, receiving the tailings as discharged from the plates. These 

two sluices incline towards one another, nieet in the centre of the 

building, and discharge their contents into a quicksilver trap placed 
at their junction. This trap discharges into a sluice, which runs at 

right angles to the sluices already mentioned, and in turn discharges 
into a second quicksilver tral), after passing which, the tailings flow 

into the gulch. 
Tile main structure is erected on the outer mud-sills. Tile lower 

frame of tile building is formed with twenty-four side posts of sawed 

timber, each 12" x 20" and 23' long. Each post is mortised ill the 

sills with a 4P mortise, 10,, deep, and double (lraW-piflhle(l. There 

are standing braces, with 6 feet to 8 feet run of 10" x 12" timber 

to every pot. The posts on each line of sills correspond with one 

another. They are set at irregular intervals of from 4 10" to 7' to 

suit the construction and arrangement of tile machinery. 
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Tile several spaces between tile posts, commencing on tile east end 
(tile numbers designating at omice both sides). are as follows 

Posts 1, 2, and 3. Space between each 4' 10". 
Posts 3 and 4. Space 5 foet. 
Posts 4, 5, and 6. Spaces 4' 10" each. 
Posts 6 and 7. Space 7 feet. 

r Posts 7, 8, and 9. Spaces 4' 10" each. 
Posts 9 and 10. Space .5 feet. 
Posts 10, 11, and 12. Spaces 4' 1o each. 
The side posts are capped with two sills (one on each side), 18" x 18" x 66' 8". Tilese sills are held to tile 1)oStS with double 

mortises and tenous (3" x 12") double draw—pinl)ed from l)Otil sides. 
Twelve cross—beams, 12" x 18" and ill length each, rest on 

these upper sills to which they are bolted with 1" iron drift bolts. 
Hanging braces, 12" x 12" with all 8—fQot run, connect tile cross— 

beams with the lower side posts, and stress-bolts of 1k" iron, with 
bevel washers on each end, run parallel with the braces. 

Tile Ose-shool Slory.—Upon tile cross—beams just described, mIme— 
diately over tile lower posts, stand twellty-fbur upper side posts, 12" x 16" x 24', each. These posts are mortised into tile lower 
eros—i)earus with a 4" mortise, and double draw—pinned, similarly to those in tile lower side posts. 

Twelve tie beams, 12" x 18" x 62' cal) the upper posts with 
which they are connected by means of mortise and tenon joints. Size of mortise, 4" wide, 16" long, deep. Tile centres of the 
tie-beams are supported by twenty-four shoot braces, 12" x 12" x 34' 
each, tile lower ends of the braces being niortised and bolted with 
-incii iron bolts into the cross—beams, at a point 6' ill from the side of the i)uildiug. 

Twenty-four strut braces, 12" x 12" x 16', connect the centres of the shoot braces on tile lower sides with the centres of tile cross— 
beams. 

The tie-beams and cross-beams are connected at their centres with king bolts, 1k" iron, 26' long, thus making twelve perfect 
braces, each forming a truss, and supporting the upper story of the 
building. Tile trusses were built slightly crowning. Tile twenty_four shoot braces are in turn strengthened by twelve 
sets of 6" x 6"gil•ts, upon which is securely spiked a double thick— 
ness of 2" plank with brbkenjoints. This forms a substantial brace 
longitudimially for the entire structure, and also serves as the floor of an oreshoot to the bills. Twenty-fotir horizontal bolts, lk" diameter, 
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bind the upper posts to the shoot braces at the centres, as shown in 

the plan. 
There are twenty-four (12" x 12") short posts supporting the 

lower ends of the ore-bins, and resting on the cross-beams. These 

posts are mortised at their upper and lower ends. 

The ore-bins are separate compartments, 4' x 4' 10,, x 8', con- 

structed with a double thickness of 2'' plank, anl lined on the bot- 

tom with iron. They are supported below by beams 12" x 14" in 

size, which at one end are mortise(l, tenoned, and (lonble draw— 

pinned to the lower side posts, and hung at the other end from the 

cross-beams by rods 1 " diameter by I 2V long. 
What have been described above as ore-shoots form in fact the 

upper parts of the ore-bins. For every battery of five stamps the 

bins have a funnel-shaped mouth and a door arranged for regulating 

the discharge to the fedei. 
The roof of the building, pitche(l at an angle of 42°, is of the 

ordinary queen truss 1)1a1. The rafters are 2" x x 42', and 

rest on plates 8" x 12", which lie on the tie—beams unmediatcly over 

the upper side posts. Ventilators are provided on the to1) of the 

building. 
Engine, Boilers, and Sliafting.—The machinery of the mill was 

constructed at the Union Iron \Vorks, San Francisco, Califiwnia. 

The engine was made sufficiently large to drive the present eighty 

stamps, and twenty additional, should the latter be required.* It is 

a horizontal engine, fitted with Meyers's cut—off known as size No. 

5. The cyhiiider is diameter with 42" stroke. The engine 

occupies a space of 5' x 21' Ii". The height from base to centre is 

24". The shaft is 9" in diameter. The whole weight of the engine is 

25,001) pounds. The balance-wheel is 18' in diameter, cast. in eight 

segments,t and weighs 19,000 poUnds. 
There are two boilers 54" in diameter, 16' long. The shells are 

and the heads '" thick. Each boiler contains forty-six tubes 

in diameter, spaced 4k" in vertical rows. The tubes are securely 

fitted in the boiler with an expanding mandril, and their ends beaded 

over. There are two manholes; at one end above, and at the other 

* The lumber for this addition was purchased in 1879. Two more boilers will 

be required if the twenty stamps are added. This change will necessitate detach- 

ing the west division from the main structure, and shifting it about twenty feet 

further west. 
t Weight of eight segments 14,360 pounds. Fly-wheel, centre, and follower, 

1320 pounds. 

below, the tubes. To the top of the boiler is riveted a 6" diamet 
chock with a 54 circle, and to this is bolted a 6" safety valve, fitte 
with brass valves, coml)lete with lever and ball. A 6" flange is als 
bolted to the sanie for the steam-pipe. Each boiler is provided wit 
a water-gauge fitted to its front with circulating pipes, and thre 
gauge cocks tapped in the front end. There is a steam gauge 8 
face with siphon and cocks, and one 6" steam whistle with 2" cock 

The steam drum, 40" in diameter and 12' long, is connected wit 
the boilers by two chocks 8" diameter, circle. The drum i 

proVi(led with a manhole on one end. A mud drum, in (liamete 
and 14' long shell (A. C. iron), thick, heads provided with 
manhole on left end, is connected with the rear end of boilers by tw 
chocks 8" diameter and 24" circles. On the underside of the mm 
drum there is bolted a 4" diameter blow-off elbow with a 4" diamete 
mud valve attached. 

The best No. 1 A. C. brand iron was used in the boilers, steam 
and mud drum, and the iron rolled to show the brand on the out 
side. The horizontal seanis of the shells were double riveted, am 
the rivets spaced to government standard and driven by hand. Tb 
edges of plates for the boiler, steam, and mud drums were bevclle 
on a planer before being rolled, and caulked inside and outside. 

There is a double fire front of cast iion 1" thick, 12' long, 6' 6' 
high, with a moulding around the edges. It is spaced to leave 4' 
between the boilers, and made with carrying brackets to hold th 
boilers, and cover the heads of the rivets, leaving the boiler heath 
flush with the fronts. It is fitted with fire and ash—pit doors. Th 
front plate consists of three pieces of wrought iron, one " x 6" x 12' 
and the other two " x 2k" x 6' to suit the fronts. The boilers 
supported by two boiler stands, 18 base, and 18" high, one bacl 
bearer x 6" x 11, two wrought—iron -hollow arches, and on( 
arch brace 1" x 8" x 10', are inchosed in double walls of brick 
so constructed as to form an air-chamber. The whole is held iii 
place with six anchor rods, 1" x 19' 6", with a nut on each end, 
eight tie-rods, 1" x 14' 6", with nut and washer on each end, and 
eight vall-braces 8' from centre to centre of holes. The grate 
surface is 12' wide, length of bars 4' 6" each. The front o 
the boilers is covered with a double breeching, made of the best 
Thornycraft iron, No. 10 g., and to this was fitted a smoke stack, 42" in diameter, 60' high, made f Nos. 10 and 12 Thornycraft iron, fitted with end and guyrod bands of.-" x 12" iron. The guyband 
iS fitted with four eye-bolts " in diameter. There is an iron 

A- 
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tubular heater, 24" in diameter, and 8' 7" long, front face to face 
of flanges. The shell is of " iron, fitted with cast-iron heats 3k" 
deep, and covers bolted to the same. The holes are tapped in each 
end for 2" gas l)iPe. The heater contains 24 tubes 2%" in diameter, 
and 8' long. Two chocks, 8" diameter, with 16" flanges, arc riveted 
to the heater 15" from each end, at right angles from each other. 
A flange 1 diameter, for an 8" galvanized iron pipe, is bolted to 
the outlet chock. A 1" draiu cock is fitted to the bottom side of 
the heater, opposite and under the outlet chock. 

To supply the boilers, and for other p1rposes, tlicre isa No. 5 
Knowles steam pu nip. The engine is placed on a stone foundation 
set in hydraulic ccment, the bed rock being excavated for this pur- 
pose. The anchor bolts are 11' long. 

The main shaft and driving pulleys are sitnatcd in the centre of 
the east end of the main building. r1hcse pulleys (96'' diameter), by 
meaus of six—ply rubber belts, drive 54/i i)tlll(ys on the counter— 

shafliug ; and eight other pulleys (also 54/5 in diameter) on this line 
shafting arc belted to 72" pulleys on the cam—shafts. The cam—shaft 
belts are provided with tightener pulleys 15" x 16'' in size. There 
are two lines of line shafting, one on each side of the main building. 
placed behind the batteries, and directly on the battery sills, the head 
ends being supported on pillow blocks. The machinery and line 

shafting are so placed as to be readily accessible. 
The Bafleries.—The batteries, sixteen in number, with five stamps 

each, are arranged in two lines, eight batteries on each side of the 
mill. They discharge to the centre of the main building. They are 
of the usual style, built independent of the building, and braced, 
one line against the other, with 12" x 18" timber, as shown in the 
plan. 

The battery blocks are of selected two—inch pi'i, spiked to- 
gether, broken jointed, standing on their ends, claulpe(i lougitudi— 
nahly and bolted. It was difficult to obtain sound tiirber of sufficient 
size to make the blocks in the ordinary way, and recourse was had 
to the style of block above described. 

Experience has demonstrated that this style of block is excellent, 
if not the best. Sound planks can be selected and put together, thus 
insuring a perfect material UOfl which to rest the mortars, a result 
not always secured when large timbers are used. 

The blocks ace placed in pits 12. feet deep sunk in the slate. The 
bottoms of the pits are levelled with a few inches of quartz sand, 
and the blocks are placed in position and securely clamped; quartz 

tailings are then run in, filling tip the remaining spaces between the 
blocks and the slate. Each stamp weighs 758 pounds, and con- 
sists of: 

I stem. 1.3' long by 3%" in diameter, weighing 320 pounds. I tappet, dinmeter of face, 9k"; depth, 10"; weight, 100 pounds. I bos head, 8i" 16t; 214 
I shoe, 8'' 9; 124 
The die is 8k" in diameter and 53" deep ; weight, 89 pounds. 

The tappets are set to drop the stamps froni 7/5 to 9k", eighty-five 
drops per minute being the calculated speed. The cam shafts are 
5" in diameter in lengths of 14' 6" eah, weighing 860 pounds. 

Moetars, Shoes, and Dies.—The mortars are of the gold-mill pat- 
tern, with lining for sides and ends. The frame and lining of each 
mortar weigh about 4900 potlnd]s. The accompanYing drawing shows 
their construction in detail. They arc set on the blocks and bolted to 
them, the tops of the blocks being previously covered with blankets. 
The groove shown in the centre of the bottom of thc mortar was 
made for the purpose of holding the die to its place, each (lie being 
cast with a corresponding lug. As the dies wore down, it was in- 
tended to introduce a false bottom, or heavy casting, 3" thick, fitting the bQttom of the mortar, and provided with a lug for the groove in 
the mortar, and a groove in thern top for the lug on the die. The 
object in view was to economize iron by wearing the (lies as thin as 
possible without lowering too much the level of their surface. Tile 
screens used are No.6, punched; size, 14" x 52". Expcrieiice has since 
shown that, with the frequent introduction of (lies, the sides of tile 
grooves chip, and the dies then require wedging. It has been further 
demonstrated at the mill that, when old dies were worked down on 
the false bottoms, the batteries by no means crushed as much rock 
as with new shoes and dies, though tile line of discharge was kept 
relatively tile same. This is accounted for by the irregular wear and 
tear of the shoes and dies, and the loss of weight. A very important 
question in milling low grade gold quartz is here presented, where 
economy requires that the largest possible quantity should be treated at tile smallest possible cost in the shortest time, with due reference to tue percentage of yield. 

The conclusions so far arrived at are: 
1st. That the square bottom is the best form of die. 
2d. That there is no economy in using dies after their surfaces 

have been irregularly worn to any great extent. In milling gold quartz almost the principal expense is the eon- 
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sumption of shoes and dies, and any method by which a saving can l)e 
effected here is most desirable. If the above conclusions are correct, it is economy to cast shoes and dies with the smallest depth practicable. This necessitates at least monthly replacing, but it insures the largest amount of work per stamp with the smallest conSumption of iron. i.. addition, it is estimated that the quantity crushed with new shoes and dies is so much in excess of that with those which are much 
worn as to well repay frequent renewal. 

Feeders, Tables and Taps.—Immediately over the shafting on each side of the mill is the feeder floor. This floor is spacious and well 
lighted. There are sixteen of Hendy's Patent self-feeders, eight on each side. They stand immediately back of the batteries, the lip of the feeder being on a line vith the mortar feed, and the mouth of the hopper of the feeder being directly under the ore-bin discharge. The batteries, sixteen in number with five stamps each, are arranged in two lines, eight batteries on each side of the mill. In front of each battery there is an inclined table covered with 
amalgamated soft copper plates. The tables are so located that they are all visible from any point on the main Boor of the mill, and are thus constantly under the supervision of the amalgamators. At the lower end of each table there is a Eureka ruhber,* which receives the tailings and in turn discharges them into a quicksilver trap. From the trap, the tailings p over a small amalgamated copper plate placed below the floor and thence run into the sluice, previously described, situated in the centre of the mill. The traps are narrow wooden boxes with a centre partition which extends to within a few inches of the bottom. The boxes are lined with movable amalga- mated copper plates. Above the main sluice, on a level with the 

floor, there is a track, on which runs a small car, used to transport material as may be required. 
Rock-breakers and Grizzlies.—The rock-breakers, two in number, l3lake's patent, 15" x 9" in size, placed immediately over the centre * These rubbers were taken out subsequently and replaced by amalgamated soft copper plates. The cost of running the rubbers and the small amount saved by them did not justify their use. Moreover, the quantity of material crushed per battery was too mich for the single rubber to work. The results were that the rubbers became virtually useless and the grinding entailed a loss in quick- silver. In the accompanying drawings the " cross-section through the main building, shows the mill with the Eureka rubbers as originally erected. From August, 1879, to April, 1880, inclusive (nine months), in working 48,422 tons of ore, there was a loss of 528 pounds of quicksilver, or very siearly ? of an of quicksilver to the ton of ore worked. This was after the rubers had been taken out. 

VOL. x.—7 GOLD MORTAR-CROSS SECTION 
NOTE . When self feeders areused, the mortar 

feed should be i wide instead of 21d a howu on plan. 
Scaict—lfoot. 
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of the apex of the shoot, are set on timbers laid longitudinally with 

the building on top of the upper tie beams, to which they are bolted 

with 1" bolts. They are driven with 10" belts from pulleys on the 
counter shaft, which is run with a jfl belt from a 66" pulley on the 
south line shaft. The mouth of each breaker is set on a level with 

a raised floor (on the upper tie beam), which is covered with wrought- 
iron plates, upon which the ore descends from the grizzlics. 

The monthly capacity* of the mill was originally from 4400 to 
5400 tons of quartz. Two additional rock-breakers have since been 

added, and the capacity of the mill has been increased to 6200 tons 
of quartz, and to a much greater amount (7500 tons) when the 
auriferous slate also is milled, which is now being done. 

It has been conclusively proved in the Black Hills t1at in milling 
low-grade quartz, there is great economy in large rock-breaker 

capacity. The breakers should be set to crush fine. Each rock- 
breaker is supplied with ore fed over two grizzlies (one on each side 
of the breaker). The grizzlies, 4' wide by 12' long, are set on an 
incline of 42, and extend from the rock-breaker floor to the car-way 
which runs along the top of tile mill. Each grizzly is composed of 

twenty-four bars of iron, , x x 12' set with spaces of 1k" be- 

tween tile bars. The total weight of the four grizzlies is 8160 pounds. 
The car-way in the main building connects with a tramway, which 

passes over the top of the west division, as may be seen in the plan, 
and extends to a self-acting elevator placed at the mouth of the 
lower tunnel of the mine. 

• 

TVater Supply.—Water for the batteries is supplied from a 20,000 
gallon tank inclosed in a room built against the south side of the 
main building. In the tank is a large sheet-iron drum, through 
which tile exhaust steam from the engine is passed to heat the water. 
The temperature in the Hills during the winter ranges from 00 to 

—35° F. From this tank, 2k" pipes distribute tile water through- 
out the mill. Between every set of two batteries, for tse on the 
tables, is attached to the water pipe a 1" hose with nozzle. The 

boilers are supplied from a 15,000 gallon tank placed behind the 

engine-room. 
Immediately above the mill, on the hillside, there is a tank con- 

taining 48,000 gallons of water for use in case of fire. As a pro- 
tection against fire a 2k" hose is always kept attached to a fire-plug 
in the boiler-room. On the rock-breaker floor, there is a fire-plug 
with hose attached. Water is delivered at this point by a direct 

The ore is estimated per car-load. 
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conilectiOn with the 6" main of tile Central City Water Company. There are two fire plugs outside of tile building supplied from the 
same source under a steady pressure of 100 feet, which, in case of 
need, could be increased to 400 feet.. In front of the mill are the mill blacksmith-shop, assay office, retort and smelting rooms, all of 
vfuich places are fitted with every necessary appointment fbr their 
respective work. 

C'os1 of Gortslrucjjon.—The cost of the construction of the mill 

$13,705 61 
378 00 
635 75 
8250 

70500 
85000 
20770 
35700 

$15,933 56 
• . 33915 

1109 35 
414 10 

• • 93247 
6830 

• 4460 
• 745ó 

$3 022 32 ..5,6P3 27 
88633 

35,556 73 
• 24,075 42 

66,131 75 

. $86087 63 
13,060 07 

19,652 44 
Potal cost of mill construction and material, $92,680 00 

TRAMWAY. 
Lumber and shingles, 
Labor, 
Survey, 

Sundries, 
Total 

GRADING MILL SITE. Labor, material, tools, etc. 

Grand total 

was as follows: 
hull lumber, 
Shingles, 
hllasonrv, 
Cemer.t, 
haul i rig, 
Planing Mill, 
Lime, 
Misc,-lh,neous 

Vhitev:ish log, 
C'lpr, 
Quicksilver, 
Belting, 
Fire—arms, 

Telegraph, 
Till Gate Company, 

Hardware, 
Nails 
Mm.hinerv, including lathe, 
Freight 

Total 
Deduct supplies on hand, 
Actual cost of all material and 
machinery 

on Construction, 
Labor on pits, tank (48,000 

gal.), mill, etc., 

$73,027 56 
15,000 00 

4,652 44 

1,528 00 
1,333 00 

• . 8700 
• • 18800 

3,136 00 

4,93 48 

$100,755 48 



A VOLUMETRIC ESTflL4T1OH OF MANGANESE LY FIG- 
IRON AND STEEL. 

BY FREDERICK II. WILLIAMS, ST. LOUIS, MISSOURI. 

TilE object of this paper is to bring to the attention of those 
members of the Institute who are interested in the subject, a method 
for the estimation of manganese, which has been frequently used in 

the laboratory of the Vulcan Steel Works during the last eight 
months, and which is deemed worthy of more general use. It is 

Simply an adaptation of well—known processes, fbr the purpose of 
determining this element in pg iron and steel. 

In general, themethod consists in precipitating the manganese as 
hi nox ide, dissolving in dilate sulphuric acid in the presence of an 
excess of a standardized solution of oxalic acid, an(I titrating the 
remainder of the oxalic acid left unoxidized with perruanganate of 
potash. 

For this method, thcrefi)re, two standardized solutions are needed, 
viz., a permanganate solution and an oxalic acid solution. 

The permanganate solution is wade so that 1 c.c. is equivalent to 
1 mgr. of iron. By using so weak a solution and keeping the bulk of 
the solution to be titrated down to 75 cc. or a little less, the accuracy 
of the irocess is greatly increased, since the final reaction is almost 
if not quite as sharp as if a stronger solution were used. 

The oxalic acid may be of- almost any strength, but if made so 

that 1 c.c. requires 3 cc. of th permanganate to oxidize it, it will 
answer well. 

The process is then, as follows: from 1 to 2 grams of pig iron or 
steel are dissolved in 40 to 50 c.c. of concentrated nitric acid with the 
aid of heat. As soon as solution is effected, in the case of steel, 
add gradually and cautiously, the solution heing kept boiling, suf- 
ficient pulverized chlorate of potash to precipitate the1 manganese as 
binoxide. Two grams will be a great abundance. In the ease of 

pig iron, first remove the carbon and silica by filtering the solution, 

through asbestos and washing with concentrated nitric acid. Filter 
the strong acid solution in which the binoxide has been precipitated, 
through asbestos with the aid of the filter pump. When it has en- 

tirely passed through wash well with water. Blow the contents of the 
funnel into the beaker in which the precipitation was made and 
rinse the funnel with a little water. 

MANGANESE DETERMINATIONS IN STEEL. 101 

Put into the beaker an accurately measured quantity of the stand- ard oxalic acid, a moderate excess over what the binoxjde is capable of oxidizing, add water to bring the bulk of liquid up to GO to 75 c.e;, then 3 or 4 c.c. of concentrated sulphuric acid, and heat to 70° or 80° C. for a few minutes. The solution of the binoxide is speedily -- ctcd with the aid of a little stirring. Finally titrate the hot solution with permanganate. The presence of asbestos does not obscure the final reaction. 
Suppose we have taken 1 gram of steel in which we suspect about one per cent. of manganese. Having separated the binoxide, we add, say 15 c.c. of oxalie acid of the strength already mentioned, and effect the solution as described. This 15 c.c. by itself would require 45 c.c. of the perrnanganate, but on titrating we use, say 25 cc., the difference, 20 c.c., is equivalent to 0.020 grams of iron. Since 1 equivalent of hinoxide of manganese converts 2 equivalents of a proto-salt of iron tO the state of a per-salt, as shown by the formula 

2 FcSO4 MuO, + 211,S04 = Fe, (SO4), + MnSO4 + 2IIO, the solving of the simple proportion, 112: 55 0.020: x gives the weight of manganese equivalent to the 0.020 gram of iron. The value of x is 0.00982, and the pa'- cent, is 0.982. The .rcsults by this method agree very closely with those obtained when the manganese is determined as pyrophospbatc.* Dtiphicates also, by their constant agreement, show the method to be reliable. In the last analysis on our records, the two result from the same sample were 1.112 per cent, and 1.108 per cent. in analyzing spiegeleisen, less than 1 gram may be taken. A detern-jjnatiomm can be made in two hours. 

MANGANESE DETERMINATIONS IN STEEL. 
DY WILLIAM KENT, M.E., PITTSBURGIT, PA 

DURING the (liSeUssions at the Philadelphia meeting in February last,f several speakers expressed their doubts of the general accuracy of chemical analyses of steel made by "iron-works chemists," and -- espeeiitlly of determBil)ations of manganese. Since the meeting, the discussion of the "practical value of chemical analyses" has been continued at some length in the columns of the Iron Aqe. 
* 

Compare paper by S. A. Ford, Transjj0 vol. ix, p. 397. f Transacti,,s, vol. ix, p. 529. 

100 VOLUMETRIC ESTIMATION OF MANGANESE IN PIG IRON, ETC. 



102 MANGANESE DETERMINATIONS IN STEEL.- 

In a letter to that paper I gave the results of ten determinations 

of the manganese in One cast of steel, showing wide divergence, and 

offered to give samples of' the same steel for analysis to any chemist 

who Shoul(1 request it-. Eight chemists wrote asking for samples, 

and from five of them I have received results, which I shall give 
below, together with the figures previously obtained, and a few brief 

notes on the methods used. 

At the time the first anal sis of this cast of steel was made, I was 

attempting to investigate the influence of carbon and manganese 

upon the strength and ductility of certain low-phosphorus open- 

hearth steels, and had almost arrived at the concinsiot) that muanga- 

nese had no traceable effect upon these properties. Steels of' about 

the same strength an(l ductility, made in a uniform manner of low- 

phosphorus stock, were found to be nearly uniform in carbon and 

silicon, but to vary widely in manganese. For instance, two piites, 

from different heats, were found to be nearly identical in physical 

properties and in ci teal ical corn positioii, except in manganese, which 

was reported by a chemist of large experience, and in whom I had 

every confidence (A. in table below), to be 0.431 and 0.98 respec- 

tively in the two plates. An accident led to these two plates being 

analyzed by a customer to whom they were sent as Samples, and he 

reported them to contain 0.324 and 0.320 Mn (C.). Meanwhile a 

second analysis was made by the first chemist of the heat in which he 

had found 0.434, and he customer 0.324 Mn, and he reported 1.14 

Mn. Two analyses, made sonic days apart, by a third chernis't (B.), 

of a piece of the same plate in which 0.324 Mn had been fimnnd, 

gave the figures 0.613 and 0.58 Mn. 

Here, certainly, was food for reflection, and I at once made up 

my mind to find out, if possible, how much manganese that plate of 

steel really contained. My own time being occupied with other 

matters, I was al)le to make only a single determination myself, 

using the acetate of soda m'oc with precautions, as described by 

Mr. A. A. Blair, in the reports of the United States Testing Board. 

The result was 0.303 Mn, a figure in which I had but little comifi- 

deuce, as no opportunity was afforded for duplication. 
A small piece of time same plate, about six by two inches, one- 

quarter of an inch thick, WaS then drilled over its whole surface, 

and a bottle filled with the cirillings. This bottle was then used in 

furnishing other chemists with samples, care being taken to give 

each about an equal proportion of coarse and fine drillings, so as to 

avoid if possible the suspicion that the steel was not properly Sam- 
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pled. I will now give the complete list of results, the names of the 
chemists being suppressed, as I have no authority to publish them 

Manganese Process. found. 
.434 Acetate soda and bromine. 

1.14 '' 
£1 0 

.613 0 0 
.58 0 
.33 
.324 
.451 " 
.453 0 
.303 Acetate, with modifications. 
.391 Acetate process. 
.385 Nitric acid and chlorate of potash. 
.406 
.408 } Acetate, with modifications, 

.38 
Acetate, with precautions; weighed as pyrophosphate. .38) 

.32 1 . Nitric acid and chlorate of potash. .33 .1 

The brackets indicate duplicate determinations, 
All of the results, except. No. 1,are known to have been obtained from the same plate. No. 1 was from the same cast, but whether or not from the same plate is uncertain. Nos. 3, 6, 8, 9, and 13 to 18 in- 

clusive, were from the bottle of drilhings above spoken of. Nos. 11 and 12 were from a small piece of the original plate, the chemist 
preferring to make his own drillings. Nos. 19 to 24, inclusive, 'ere from another bottle of drillings, the first having been ex- 

* 
Analyses 25 to 33 have been received since the paper was read at the Vir- gmni meeting 

Nitric acid and chlorate of potash. 
Not reported. 

No. 

3. 
4. 

6. 
7. 

8. 
9. 

10. 

11. 

12. 
13. 

14. 

15. 
16. 

17 
Is. 
19. 

20. 
21. 

22. 
23. 

24. 

25. 
26. 
27. 
28. 

29. 

30. 
.11 

33. * 

Chemist. 

A. 
A. 
A. 
B. 
B. 
B. 
C. 
D. 
1). 
E. 
F. 
F. 
U. 
0. 
H. 
H. 
I. 
I. 

J. 

K. 
K. 
K. 
K. 
L. 

L. 
L. 
L. 

.351 
.380 } Acetate ammonia and bromine. 

Acetate soda and bromine. 
.439 

Acetate soda cccl bromine, 
.313 Results 19 and 20 redissolved and determined by nitric .333 J acid and clilocite of potash. 
.3561 
.333 Nitric acid and chlorate of potash direct. 
.438i Acetate soda and bromine; weighed as pyrophusphiite, 
.3521 itric acid and chlorate of potash. .364 
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hausted. This second bottle of cirillings was purposely made very 
fine, a fluted reamer being used, and the whole thickness of the 
plate being cut away so as to secure as great accuracy as possible in 

sampling, in case there should be a difference in manganese, at dif- 
ferent distances from the surface, as is reported to have been found 

recently in England.* I will now give a few notes concerning the chemists and their 
methods 

A. is a clicniist, well up in years, of large and varied experience, 
and considered by a large clientage as a first-class authority, lie 
still uses the acetate and brom Tue process, and considers it the best; 
but I fear iie is laboring under a mistake, as I am informed lie (loes 
not use the lneeatitiolls thought indispensable by maiiy other diem— 

ists, to free his prceii)itate from alkalies and oxide of iron. 
B. is a young man of limited experience. He (lid US the acetate 

and bromine ploceSs until the Phila(lelpliia meeting, but has now 

adopted the nitric acid and chlorate of potash method, as described 
in Mr. Ford's papcr.t His result, No. 6, indicates that one or the 
other method, in his hands, is far from being accurate. 

C. is a steel—works' chemist. I know nothing further concerning 
him. He was employed by the customer referred to above. 

D. is a professor of chemistry. He reported that the determina- 
tions were made by his assistant, in whom he had every confidence. 
The agreement of duplicate analyses to within .002 of one pci cent.. 

is noticeable, especially as the figures are higher than those given by 
the majority of other chemists. To my mind they indicate a great 
uniformity of manipulation, with the possibility- of an inaccuracy in 

method, tending with such manipulation to a constant pins error. 
E. is only an amateur chemist, without suflicient experience to be 

confident of his own results. 
F. I know only through correspondence. his results, by two 

entirely different methods, show remarkable uniformity, when com- 

pared with the great divergence in results obtained by these meth- 
ods in the hands of other chemists. They would indicate that he 
has got rid of the common sources of error in tile acetate and bro- 
mine process,and lead toa strong opinion in favor of his accuracy in 

manipulation. He writes as follows, concerning his method: 
"The 1)recipitate of phosphate of ammonia and manganese was in 

both cases redissolved in hydrochloric acid ; a very little more phos- 
* Engineering, April 15th, 1881, pege 378. 

Transactions, vol. ix, p. 397. 
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pimate of soda added and reprecipitated with ammonia, then boiled 
until it assumed the crystalline form." 

G. describes himself to me as a cheriiist from Dr. Drown's labo- 
ratory. His results also agree to within .002 of one Pl cent., but 
am" 045 lower than those reported by D., and in my own opinion (" sur et to revision ") so much more accurate. He writes: "I use the basic acetate process, . - . wash tile precipitate Once on tile filter, redissolve in as little HCI as possible, repeat precipitation, wash 
thoroughly, unite filtrates, and evaporate to 300 c.c. Filter, dissoive in HCI the small amount of iron which has separated during evapo- ration, 'mud make a b isme acetate sepamation In 'ms small bulk as PO sible. Unite tile filtrates 011(1 precipitate with bromine, dissol'e 
piecipitate in HCJ, eigh a pvm ophophate, follos Ing Frccnmus's instructions " 

H I I new si' yeams 'igo 'is then a clit mmt of con1de1al)le e\pc_ rience lie v mites " fhe method ucd was time acetate of ammoni 
process, separation of Mn02 by Br and weighing as MnO4. This 
probably gives results a trifle low, but I consider it still tile best and most accurate process. The determinations resulted as follows: No. 1, 0.351 Mn; No. 2,0.380 'Mn. This you may say is not very satis- 
f.letoiy, but I detest maml'mne e determmn itmon in tec1, and hop some day some chiemm.t mll discover a process more s'mtmsf'tctor I. writes me that he has had five years' general training under some of the best professors of this country, and three years' special experience in iron and steel laboratories. "During the latter period," he says, "I have had many a wrestle with manganese, and have Come to tile conclusion that with proper care, and notwithstanding the time required, the bromine antI acetate method is by far the best that we have where anything like accuracy is required." His method he describes as follow-s: 

"A slight permanent precipitate is formed in the solution by Na,C03, then 4 e.c. of C,H40. of 1.04 specific gravity added for each 500 f fil solution As soon as the precipitate is dissolved, time solution is diluted with hot water to 500 c.c. for each 0.5 gram of iron or steel. The solution is then brought to the boiling-point, when the requisite amount of NaC2H,O, is added, the whole is boiled forafesv moments and allowed to settle. When nearly clear, as much aS Possible of tile solution is poured through a ribbed filter, boiling water is added to t.he precipitate, and the whole again brought to the bo1i, when it is allowed to settle, and the solution poured through Le filter. It is washed again twice by decantation with the áddi— 
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tion each time of ff5 c.c. of the same C2H40,; the precipitate is then 

brought on to the filter and washed with boiling water until free 

from chlorides. Let the filtrate stand on the steam bath over night. 

When dry, the residue is taken up in water with addition of about 

1 c.c. C2H40,. By this proce3s any iron in the filtrate will be left 

undissolved and can be filtered off. If I am in a hurry (instead of 

evaporating to dryness) I add a little Na2CO3 solution and evapo- 

rate to a suitable volume, the Mn is then precipitated with Br. 

The Mn is filtered off and weighed as Mn,O In regard to 

weighing the Mn as Mn,O4 the amount of alkali that it contains is 

very small, and when the percentage is under 2, the error from that 

cliuse is too small to be consi(lered. In fact when at — I made a 

series of tests on that subject by weighing the Mn first as Mn304 and 

then as Mn,P2O,, and found that up to 2 per cent. the difference was 

very small." 
Although this chemist is thus careful in describing the pains he 

takes to insure correct results, an(l shows evidence of being entirely 

scientific in his methods, I am inclined to the opinion that his 

results are far from accurate. The tests he refers to, as proving 

the small amount of alkali in the precipitate of Mn,04, I think, were 

made during his analyses of spiegels, and not of steel. A difference of 

.057 in duplicate analyses of spiegel maybe considered close enough, 

hut I think the majority of steel-works' chemists would not consider 

it close enough in an analyses of soft steel, which is desired to contain 

as little nanganese as possible, without red-shortness. The ma- 

jority of evidence in the above list is also against his figures, al- 

though they show a noticeable approximation to results Nos. 3, 4, 

and 5. I will leave a criticism of his method, as lie describes it, for 

other chemists.. 
J. writes a very brief letter with his results, merely stating that 

Nos. 19 and 20 were obtained by the acetate of soda and bromine pro- 

cess; Nos. 21 and 22 "by dissolving 19 and 20 in HC1, and proceed- 

ing as the 11N03 and KqO method directs;" and Nos. 23 and 24 

"by the HNO3 and KCIO3 process, without modifications." Although 

the duplicate determinations are far from being as close as those of 

chemists D., F., and G., they give strong indications of the inaccu- 

racy of the acetate and bromine process, as compared with the other; 

that is, as both are manipulated by this chemist. 

K.. has been an iron-works chemist for two years. lIe graduated 
under Dr. Drown in 1878. In his second result he says the pre- 

cipitate by. phosphate of soda was dissolved in hydrochloric acid, 
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nearly neutralized, boiled with acetate of soda, and reprecipitated by 
microcosmic salt. 

L. is one of the most prominent professional chemists in tile 
country, with an excellent reputation for accuracy. The first result, 
To. 29, is his own ; the next two are by his two assistants, all work- 
ing independently, and without knowledge of each other's results. 
The method was essentially that described by Mr. A. A. Blair in 
the reports of the U. S. Testing Board. It is the acetate of soda 
process, with great precautions taken to insure the freed6m of the 
final prec1tit1te from oxide of iron and alkali. 

My general conclusions from this investigation are 
1. That the manganese in this particular plate of steel is not above 

0.41 per cent., and is probably between 0.33 and 0.38. 
2. That both the acetate and the nitric acid processes are capable 

of giving correct results, if properly hand led, and if proper precautions 
are taken to insure, first, that all the manganese is preipitated 
and, secondly, that the final precipitate is not contaniin ted with 
alkali and oxide of iron. 

3. That the sources of error in the acetate process are very much 
larger than in the nitric acid process, and the errors in the former 
are apt to be so large as to render the analysis utterly untrustworthy 
and misleading. In this category I would place results Nos. 2, 3, 
4, 5, 17, and IS. 

4. That the possibilities of error in the acetate process are not yet 
fully appreciated by many chemists of large experience and reputa- 
tion. 

5. That the whole subject of manganese determinations ought to 
be made the subject of a reinvestigation by the great body of chem- 
ists, to the end of discovering a new, or perfecting an old, method, 
such that by it any chemist of ordinary ability could obtain results 
which a manufacturer could depend upon to be accurate within a 
reasonable limit, say .05 of one per cent. I must express my thanks to the gentlemen who have kindly 
aided me in this investigation, some of whom are members of tile 
Institute, although I am not at liberty to give their names. 

DISCUSSION. 

Da. T. M. DROWN, Easton, Pa.: I am sure that all chemists and 
Steel manufacturers will feel very grateful to Mr. Kent for tile pres— 

Qfltation of this very valuable "symposium" on manganese deter.- 

I. 

C 

S 



108 MANGANESE DETERMINATIONS IN STEEL. 

ñiinations. I think I recognize myself in his paper under the letter 

"D." The determinations quoted were made, as stated, by my assist- 

ant, Mr. P. W. Shirner, and I give in detail the process used by him: 

Weigh out I to 1.5 grams of the borings into a small beakr, and 

dissolve in nitric acid (sp. gr. 1.2). Evaporate nearly to dryness, and 

heat in an air-bath at 1400 C. for three to four hours. Redissolve 

in hydrochloric acid (sp. gr. 1.12); filter into a large beaker, and 

evaporate the filtrate to a very small bulk. Allow the solution to 

become cold, and add sodium carbonate solution till a slight per- 
manent precipitate remains after allowing tile solution to stand a few 

minutes. Then add, drop by drop, just enough acetic acid (sp. 

gr. 1.04) to redissolve this; and, finally, 10 to 12 e.c. more acetic 

acid and 200 c.c. cold water. 6 to 8 grams of sodium acetate are 

flow a(l(led, and, when solution of tile acetate is complete, water 

is poured in until the bulk of the solution is 1.5 liters. Boil for five 

minutes, allow the precipitate to settle completely, filter through a 

large ribbed filter, and wash a few times with hot water. The 

filtrate is evaporated to a small bulk (200 to 300 c.c.), and contains 

the greater part of the manganese. Throw the preCil)itatc with the 

filter into tile beaker in which tile precipitation was wade, and add 

enough hydrochloric acid to redissolve it. After filtering, evaporate 
the solution to get ri(l of the excess of acid, and wake another basic 

acetate separation precisely as before. The filtrate from this second 

precipitation contains the remainder of tile manganese, and is like- 

wise evaporated to a small bulk. 11 in evaporating either of the 

manganese filtrates, a precil)itate separates, this must be filtered off, 

dissolved in lly(lrOchlOrie acid, and a basic acetate separation made 

the filtrate is added to the main filtrates. The combined filtrates are 

concentrated to a bulk of 300 c.e. Bromine-water is added to the 

hot solution, which need not he heated to boiling. The solution is 

kept hot. and bromine-water added occasionally for two or three 

hours, water being added to replace that lost by evaporation. The 

precipitated oxide of manganese is filtered, washed thoroughly with 

hot water, dried, ignited, and weighed as Mn304. When much 

manganese is present., the precipitate by bromine is redissolved in 

hydrochloric acid, and precipitated by sodium phosphate with the 

usual precautions. 
Since these analyses were made Mr. Shimer has investigated the 

effect of the filter-paper on tile determinations. Two filters were 

used in the process, of unwashed Swedish (No. 2) paper, and he has 

found that this paper contains enough manganese to appreciably 
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affect tile result wllefl working on one gram of steel. By working a blank analysis a l)reciPitate was ol)taifled by bromine, which had 
appreciable weight, and gave a mangaiiese reaction. Further ex- 
periments showed that tile manganese in solution had its origin in 
the filter-paper. It would, thereflire, seem necessary, 'Vilere great 
acc. lcy is required, to make a ''dummy" analysis for a correction 
of the amount of manganese found. In the case under considera- 
tion this correction would have Probably reduced the l)erceiltage of 
manganese from 0.45 per cent, to 0.40 per cent. Subsequent (leter— 
minations of the manganese in tii is steel were made by Mr. Shiimer 
by tile method described by Mr. Ford (nitric acid and potassium 
chlorate) with the following results: 0.387 ami 0.390 per cent. 

Da. C. B. DUDLEY, Altoona, Pa. : The results obtained by Mr. 
Kent on the determinations of manganese, in the same sample of 
steel, by different chemists, are certainly very interesting, and show, as it seems to me, that there is great need of the matter being thor- 
oughly investigated, and some method agreed upon wiiicii shall, in 
(liufereut hands, give ii nilbrm results. rfhle met hod vhi id1 I follow 
is in use at the Shiefeld Scientific School at New Haven, unless 
their practice has been modified within two or three years. I make 
no claim to originality in it in any place whatever. The method is 
as follows 

Work on three grams of steel. Dissolve in aqua rcgia (2 parts HCI to 1 part IINO,), using 50 c.e., and evaporate to dryness. Take up in 50 c.c. hydrochloric acid and evaporate one-half or two- 
thirds of this. Allow the solution to cool, dilute to about 150 c.c. 
and filter. Next make a basic acetate separation of tile iron as fol- 
lows Nearly neutrahi7e with c'ubonate of soda, then add 30 cc of 
acetic acid and 25 grams of acetate of soda; dilute to about a liter, and 
boil for about three minutes I'hen pour the solution and precipi- - tate into a tall graduated beaker, holding about 1800 c.c.; fill up with warm water to about that point; mix thoroughly by stirring, and allow the precipitate to subside. When it has well settled 
siphon off three-fifths or two-thirds of the clear solution arid evaporate this down to about 300 or 400 c.c. Next neutralize with carbonate of soda, and then add caustic soda and boil a few minutes. This 
throws down all the metallic oxides in the solution. Filter, wash 
thoroughly, and dissolve the precipitate in the smallest amount of 

fleentrated hydrochloric acid. This may be done by spreading r out on a large watch-glass and dropping the acid on to it, 
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or by putting the filter in a beaker and adding the acid. After solu- 

tion is complete add a few cubic centimeters of water and filter, 

washing well. Theii make a second basic acetate separation, to re- 

move the last traces of iron. In this separation the addition of car- 

bonate of soda is carried a little past the neutral point, so as to ob- 

tain a small precipitate. If there is not enough iron present to give 

a precipitate a drop of chloride of iron is added. The precipitate is 

dissolved in dilute hydrochloric acid, and enough acid added SO that 

there is an amount about equal to one drop of free concentrated l)y- 

drochloric acid in tile solution. The volume of the solution need 

not be over 50 e.c. to 75 cc. Now add 2 grams of acetate of soda 

and boil. Filter into a flask holding about a liter, dilute to nearly 

that volume, w'arm to about 80° C., and add bromine-water to (us- 

tinet red coloration. The precipitate forms after a short time, and, if 

desired, the solution may be allowed to stand at a moderate temper- 

ature—say from 30° to 40" C.—until the bromine has disappeared, 

before filtration. Filter and wash thoroughly with hot water, then 

test the filtrate withì more acetate of soda and bromine-water to see 

if the manganese is all down. If any more comes down it of course 

should be added to the first. The precipitate is dried, ignited over 

the blast-lamp, and weighed as Mn,04. 
In my judgment the two basic acetate separations in the method 

described above are the critical points in the operation. In the first 

separation the main point is not to lose any manganese. It is im- 

material whether the iron is all separated or not, since there is an- 

other operation for that purpose. But if manganese is lost at this 

point an inevitable error of course results. In this method the pies- 

ence of acetic acid is relied on to prevent the loss of manganese. I 

am aware that there are good chemists who neutralize the solution 

and do not use acetic acid at this point. But the results of direct 

experiments made at the Sheffield Scientific School go to show that 

if there is not enough free acetic acid present, with a single separa- 

tion, loss of manganese results. On the other hand, the same exper- 

iments show that if the amount of free acetic acid is too great the 

iron is not all separated. In the first separation, therefore, since 

it is immateriá whether all the iron is separate(l or not, it is OnlY 

essential that there be enough acetic acid present to prevent loss 

of manganese. In a solution of about 700 to 800 c.c. volume, it is 

believed, as the result of experiment, that 30 e.c. of acetic acid is suffi 

cient to accomplish this result. The second basic acetate separation 
is even more critical than the first. Here there must be acetic acid 
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enough present to prevent loss of manganese, and not so much as to 
hold up the iron. As the result of considerable experience and a 
number of tests, I am inclined to think that if the directions given 
above are closely fi,llowed, the errors in either direction will be 
small. I have a number of times examine(1 the precipitate of iron 
i. jm this separation for manganese and have never found any; and, 
on the other hand, I have repeatedly examined the manganese oxide, 
after weighing, for iron, and only rarely have I found it. 

These remarks apply to the detei'mination of manganese in iron 
and steel, where the manganese rarely amounts to one per cent. I 
have had almost no experience with spiegels, and cannot say how 
well the directions given apply to them. It may be thought that in taking an aliquot part of the solution from the tall gradu- 
ated beaker the space occupied by the precipitate in the bottom of 
the beaker introduces some error. But (]ireet experiments made in 
the Sheffield School show that the error from this cause is no greater 
than that which arises where time basic acetate precipitate is filtered, 
owing to the difficulty of completely washing the large iron preeipi_ 

ii 

tate. 
I may add that I have made a few experiments with the method 

described by Mr. Ford and have obtained results agreeing very 
closely with those obtained by the above method. 

1TOTE OH THE FALLIHO CLIFF ZJHC MIHE. 

BY F. P. DEWEY, WASHINGTON, D. C. 

THE Falling Cliff Mine adjoins on the west the Bertha Mine, 
from which a large amount of first-class ore has been taken, pro- 
ducing the purest zinc known to commerce. The two mines are in 
the same bill, Bertha being on the northern slope and Falling Cliff 
on the top and opposite slope. The formation is No. 2 limestone. 
Although considerable exploration has been (lone by numerous shafts 
and tunnels (there being over six hundred feet of the latter), no satis- 
factory determination of the. dip and strike of the vein could be 
made on account of its contortions, the ore descending from the top to the bottom of the tunnels and rising again in very short dis- 
tances; but enough has been done to indicate a very large mass of 
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ore. The general character of the ore is similar to that in the Bertha 

Mine, being a silico-carbonate, with, a ]arger proportion o 

carbonate than in the Bertha. The quality is excellent, as shown 

by the following analyses. No. 1 and No. 2 are from different parts 

of the same shaft, which (lescencle(l through twenty 1et of ore with- 

out bottoming on rock; No. 3 is from a second shaft: 

Silica, 
Ferric oxide, 
Alumina, 
ManganEe oxide, 
Zinc oxide, 
Lime, 
Magnesia, 
Carbonic acid, 
Water, 

7.07 4.83 . 24.47 
1.44 4.07 . 2.10 
0.06 0.14 . 1.24 

0.21 . 0.16 
59.88 . 61.81 

0.16 0.57 0.53 
0.21 0.35 . 0.21 

23.88 29.07 . 1.80 
2.58 1.46 . 8.27 

Very careful tests failed to detect any tin, arsenic, anti folly, lead, 

copper, bismuth, or cadmium in the ore, although by assay a small 

amount of silver was found in each, and tl)e gangues of No. 1 and 

No. 2 contaiued a little lead and considerable barytes. 
The development of this mine is very much retarded by the lack 

of transportation facilities, the nearest point on a railway being 

Martin's Station, on the Norfolk and \Vestern Railroad, fifteen miles 

away; but it is hoped that this drawback will soon be removed. 

O.N THE FILTRATIOH OF WATER FOR IHDUSTRIAL 
P URPOSES. 

BY P. BARNES, SPRINGFIELD, ILLINOIS. 

Tun complete and accurate filtration of water (if the word accU 

rate may be thus used) for the feeding of boilers, and for many 

similar industrial purposes, although somewhat prac,tieed both at 

home and abroad, has been by no means common. Even if the exact 

line cannot be defined at which filtration begins to be called for, and 

will be found profitable, it is certain that in a large number of cases it 

may be employed with real advantage in the economy of fuel, and also 

in the greater durability of the boiler or other form of apparatus iø 

connection with which the water ma e used. It may be carried 
on without any attendant disadvantage of costly apparatus, or of 
complex fixtures of any kind, which are liable to get out of repair, 
perhaps at the time, of all others, when their service is most urgently neded. 

No special form of apparatus need l)e mentioned in this paper, nor 
n.ed there be any reference to other kinds or types of fixtures than 

F the time-honored device of an open sand-filled tank or basin. A 
brief discussion of these familiar details may serve to set forth the 
principles involved, and the entire practicability of applying them 
to the water-supply of nearly all kinds of industrial work. The 
general character of this discussion is the more desirable because the 
waters of difforent localities vary so widely, and so also do the ma- 
terials which, being found near at hand, can alone be used profitably in the filtering apparatus. 

It is too often supposed that a filter of any kind is, and must 
necessarily be, only a hopeless annoyance and perplexity to the 
workmen who have charge of it; but this comes chiefly from 
Using, or attempting to use, a fi]ter far too small for tile work, or 
else from some error in arrangement that ought to be (liscovered and 
corrected. Sometimes the effort is made to combine the work of 
filtration with that of heating tile water, if it be used for boilers, or 
possibly with the storage of the water in some tank of trifling 
capacity. In many cases the filter is set in some inclosed space, as 
an engine or boiler-room, where the interruption of cleaning becomes 
a genuine annoyance to all concerned. 

If a simple mechanical sifting alone be attempted, and in most 
eases this is all that can be brought within the limit of admissible 
cost, then the problem becomes really a very elementary one, and 
need not involve any more than the plainest forms of apparatus, and the simplest kind of manipulation for tile securing of' useful and very 
perfect results. These plain and even rude appliances are in fact 
tile ones which alone can endure tile inevitable rough handling and 
all the usual exigencies of this class of work. 

This discussion should include 
1. A description of the basin or inciosure for holding the filter- 

ing medium, 'and, if needful, for the storage of the water after tile 
filtrat.jo1 

2. A note of tile method of putting in the materials used for the 

1.' 

I 

VOL L—8 
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filter-bed, as adapted to the wide variety from which selection may 
have to be made, and also to the ordinary character of the water te 
be treated. 

3. An explanation of the simple method of working under ordi- 

nary circumstances. 
4. A description of the method to be employed in cleaning the 

filter, this being almost the sole working cost of the operation, for 
the first cost of construction may be kept within so moderate a limit 
that the interest charge upon it will be trifling. 

1. The filter—basin or tank should be divided at least into two 

parts, so that one may be at all times ready for service. If the water 
is likely sometimes to be heavily charged with mud, a larger number 
of compartments become needful, for the time needed for e1eaning 
is thus increased, and it is then all the more desirable that the 

apparatus in which the water is to be used shall be al ways definitely 
protected from injury by the mud brought in from the source of 

supply. These compartments should be of ample size, for the filter- 

ing process to be perfect must he carried on slowly. The mechanical 

sifting out of the fine impurities can only be done by passing the 
water through a fine—grained or dense medium, and hence the move- 

ment of the water through this medium must necessarily he slow. 

If space can be found, very large basins are desirable, although useful 
results are obtained in tanks of quite limited size. The outline may 
suit the scare wlich can be devoted to the basin or tank, being either 

rectangular or circular as may be needful. 
The choice of location for the filter-bed may be made to suit the 

exigencies of any given case. The basins may be put at the source 

of supply, perhaps at a distance from the works, the clean water 
alone being brought through the pipes. On some rivers the material 
of the hank itself is found to he an admirable filtering medium, so 

that the cutting or sinking of a plain trench in this material fills the 
whole requirement. Some filter "galleries," on an extended scale, 
have been thus made with excellent results. In some cases wells 
have been sunk by the side of a canal, and from them very pure 
water has been drawn in ample quantity, which, if taken direct from 
the muddy canal, would have been subject to a w'ater tax, as well as 

wholly unfit for the required purpose. 
If an open basin be employed, a screen should be so placed as 

to intercept leaves and similar material, so that they may not be 

widely scattered and more troublesome to remove. The inlet_pipe 
should be led in above the usual water-level, so that the amount, 
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and character as to cleanlincs of the supply may be constantly observed. The outlet is necessarily led away at time bottom of the tank, and it should have, at the nearest practicable point to the filter, an open discharge, from One pipe into another, or into a storage reservoir, so that the purity and the amount of flow may be approxi- a noted 'it a gl'ince The olume of 'iter pas lug thc filter i ill ob olisly (liminisim as the sand suifice becomes S itnr ited or IT filled with mud or silt, and thus, by the flow from an open outlet, the co'i P ti e condition of the fi t r m'i 'it once he noted 
2 The in itei ul and method of filling muct be uifcd to the w 'iter which is One grade of fineness of the surface n]ay be quite sufficient at one Season of (lie year and doubtful or iniperfect at mothei 't the bottom of the b'isin 'i l'i r of tiles, 01 coam ely broken rock, should be laid, so that an ample and uniform outlet 

may be had far the water from all parts of the surface area. This tile bottom may serve also a useful purpose in time storage-room, \yhi(h it furnishes for the clean water. For the nest layer coarsely broken brick, ore, slag, or coke' should be used, or, indeed, any mate- rial which vihl not become softened by soaking in the water, and which is of a rat her rough or angular character in its fi'actu re. The next layers may he of the same material more finely crushed, so I that at lenth, at the upper surface, the whole shall be nearly or quite hI e 'i fine s md, such as ill p'iss t foit or sit) melm sci een— Th15 method of filling 'iffords in the best posiblc ' 'my the Oppor tunity of cou ecting any imperf€ct oil lag, for, by chi'inging fi oni one filter bed to the alternate, the fast may be repacked, or 'i finer material may be put on as needed, until the required result is reached. 'my iron wotls one of the bcst of 'ill mateimals IS uii'ihlv to be found, viz., hard coke, which, when crushed fine, resembles very closely the 'mninvd chaico'ml o uui em 'illy rnplo) ed for the finest 
filtering, eitliu foi household ei Re or foi the higher ci iss of m inn— factui ing In fiw w 01 ds, 'ilmost an) thing c'in be rn'ide to ei c as 
filtering mqtei ial which can be (1 tished fine enough to act as meehaiijci1 barrier to the sediment or mud borne by the Water, and there are very few works or regions in which some kind of rock cannot be obtained. 

3. In tIme working of the filter, the uniform downward soaking [away of the water alone needs to be provided for. For this purpose water should be as uniformly distributed as possible, and should led on to the filter very quietly. To prevent any disturbance of the fine sand surface, a quantity of coarser rock or sand should be 
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9)read to break the fall or flow of the entering water, or a simple 

timber or plank apron may he laitI. This method of filtration is 

obviously suited to the cleansing of any quantity of water, whether 

small or large, tI to the maximum capacity of the filter. The 

smallest quantity is as perfectly dealt with as the largest, and the 

whole apparatus need suffer no material injury from any prOl)able 

standing for a time unused. 

in some climates an open-basin filter would be subject to freezing, 

and thus to a complete stopping. As soon, however, as the area or 

number of basins required for an given establishment has been 

determined, a simple shed or inclosing roof can be erected at no 

great cost, which, with the constant flow of the water, will be found 

ample to prevent obstruction from freezing. In extreme cases the 

tanks or basins must be fully inclosed in frost—proof casings, or 

placed inside of some permanent building which can afford the 

needful protection. 
No method of dealing with the waste water from a manufacturing 

establishment is so effective as filtration, so far as freeing it from 

impurities held in suspension are concerned. WThen elements held 

in solution must be removed or neutralized, the problem becomes a 

difficult one, anti its solution, in the large majority of cases, quite 

passes the limit of admissible cost. 

4. The gradual diminution of the outward flow from the filter— 

bed, at the open discharge pipe referred to, gives all neetled warning 

of the choking or filling up of the surface of the sand stratum at the 

top. When this has reached the fixed limit, the flow of water is 

turned into one of the duplicate basins, and the first is sutlereti to 

become empty and to dry away for cleaning. As a rule, the mud 

and other obstructing sediment will not be found to penetrate deeply, 

and hence the removal by scraping or shovelling of a thin layer from 

the surface, of from one to three inches, will be found to restore quite 

fully the flow of water when it is again turned through the filter. 

Care must be taken in this shovelling or scraping that none of the 

silt material is rammed or "puddled" into the crevices of the sand 

which remains, for few things of its kind are more impervious to 

still water than a stratum of "puddled" clay or similar material. 

If time enough be taken to let the water soak away quite completelY 

from the filling, then the saturated surfiiee can be very readily 

shovelled off and removed. More of the surthee material can then 

be spread, or the water turned 01) at once, in ease the top layer Wa 

originally made thick enough to permit several eleansiimgs without 

THE FILTIIATION OF WATER FOR INDUSTRIAl, PURPOSES. 117 

removal or replenishing. The sand may be washed and returned if 
it be at all iii scanty supply; hut if crushed coke be used, its rough 
surfaces vill eventually become so charged or coated with mud as 
to render it unfit for use. 

It has been remarked that the cost of this cleaning is really the 
'e working expense attending the use of this class of filtering 

apptratus, and this cost need not. be great, or indeed more than quite 
trifling. The filter must be of the p111uitive type tlmns described in 
order that the common labor, which alone can be charged with the 
detail of such things, shall make no mistake in the refilling or the 
cleaning required. 

An important though indirect advantage attending the use of a 
filter which has no connection with the work of heating the water 
treated in it, is that the laying off for cleaning may be done at any 
time, l)rovi(letl only that a separate compartment is so arranged that 
the flow may be turned through it without any delay. It is obvious 
enough that duplicate filter—heaters may he provided, but as a rule 
they are not, and imcnce the needed cleaning of the filter compartment 
must be done when the heater can be .sl)ar(l or is idle, as on a 
Sunday. This necessity is liable to lead to the running of the filter 
longer than it should be run, and to a general haste and imperfect 
cleaning when fimmallv it is attempted. This ends at length, or is 
very likely to, in an imperfect working of the whole apparatus, and 
a complete abandonment of tile attempt to filter the water at all. 
It; on the other hand, ample filtering appliances are provided, of the 
elementary type described, then the barrier thus erected for the pro- 
tection of the higher classes of apparatus, from sand and debris of 
all kinds, is rendered very complete and permanent. 

Sometimes, too, an unexpected deluge of mud is brought in through the water-supply, which, in a very short time, and almost wholly 
Without notice, fills up solid time pipes, pumps, and heaters, and even 
finds its way into tuyere pipes and into boilers in hurtful quantities. 
Against such damage as this, no guard can be maintained so effective 
as that of an open filter of ample area and fitted with these plain 
attachments If the water needed for boilers is at all charged with 
OIly matter, a good sand filter may be relied upon to remove a 
large part of this hurtful element, which, in many instances, has 
led to the formation in the boiler of a fioceulent deposit upon the 
more highly heated plates, and to their serious injury by its non— 

cOndmietimmg power. 
Careful attention has been given to this subject by railroad mana- 

I 
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gers for the protection of their locomotives, but, as the quantity con- 
siimed in this service is comparatively small, an important part of 
the purification of the water may be effected by giving it time to 
settle in a tank. There still remains, however, even after the matter 

mechanically suspended has been wholly removed, the frequent 
presence of salts of lime held in solution, and the incrustations (lue 
to these arc often exceedingly troublesome to deal with. They are 
such, too, as cannot be eliminated except by heating, and then on]y 
in part; but these methods of purification at best are costly, and 

quite apart from the PUl)0SC of the prese1t papcl. 
In the first study of a location for a large works, the quantity of 

water is usually the first question to be considered, while the quality 
is held as secondary. This may be the more safely permitted if care 
be taken, in the outfit of the works, to provide the filtering fixtures 
iieeded to restore the quality of the water, if doubtful or bad, to a 
normal and reasonable standard. in any ease, the cost of this part P IR 0 0 E E D 1 N U S 
of the general apparatus may very justly be taken as an investment 
for the insurance of the more costly parts of the machinery against 
one of the causes of injury, from which delay and damage may result. 

OF TIlL 

In all the strictly modern works improved appliances are to be 

found in many of the departments, and improved methods of working H A. IR1R I S B II 1 U, P A , M E E T I N U are continually sought for and adopted. The use of filtered water, 
when it can be had at so trifling and quite nominal a cost, is one of 
these steps in advance in the management of the great masses of OCTOBER, 1881. 
steam and other machinery of the present day, and it is worthy of a 
more careful consideration and more frequent adoption than it has 
received. With the tendency to constant advance in steam pressures, 
iii temperatures in and around furnace pipes and fixtures, and in the 
crowding and driving of hydraulic machinery in general, there is 

need of the use of the very best water supply that can be had, for 
the best, whether from natural or artificial sources, is in iio way too 

good for tile intense service required 



LOCAL COMMITTEE OF ARRANGEMENTS. 

Henry McCormick, Uhairman; David Wntt, .cereary; H. H. Campbefl, A S. MeCreeth, S. El Ch:tuvenct, C. E. Staflrd, George S. Comstock, Jones 
Vistr, E. C. Felton, F. W. Wood, Harvey Fisher. 

CITIZENS' REcEprION COMMITTEE. 

Governor H. M. Hoyt, Hon. John C. Hermen, Hon. Simon Cameron, Hon. J. 
D. Cameron, W T. Hildrup, Charles L. Bailey, W. IV. Jennings, Lane S. 
Hart, H. H. Cart.r, Gilliard Dock, P. T Wierman, Jr., James Boyd, D L. 
J,tu', Dr. P J. Dunott, S. C. Gilbert, William J Hose, James Lynch, Dr. 
H. B Buehler, William B. Lamberton, John Witer, G. II. McCauley, David 
Fleming, John Q. Denney, M. R Olmsted, H. S. Gross, Henry Gilbert. John B 
Mcl'hr'Non, Lyman D. Gilbert, F. W. Forman, L. S. Bent, A. J. Dull, F. R. 
Leib, Dr. G. W. Rily, James McCormick. 

The opening session of the meeting was held in the hail of the 
Young Men's Christian Association, on Tuesday evening, October 
2.5th. Mr. Jones Wister, of the Local Committee of Arrangements, 
introduced the Hon. John C. Herman, mayor, who, in a brief ad- 
dress, extended to the members present a welcome to the city of 
Harrisburg; Lieutenant.Governor Stone made an address of wel- 
come on behalf of Governor Hoyt and the Commonwealth of Penn- • - Sylvania. 

President Metcalf responded, on behalf of the Institute, to the 
cordial addresses of the mayor and lieutenant-governor. 

The following persons proposed for members and associates of the - 

Institute, and recommended by the Council, were unanimously 
elected :* 

1EMBEP. 
William F. Aldrich ,...Montevalln, Shelby Co., Ala. 
George H Blake Steelton, Dauphin Co., Pa. L. Bertram Cady Salisbury, N. C. 
John B. Church Potteville, Pa. 
Walter S. Church, . . . . Pott,cville, Pa. 
Frank L. Clark Pittsburgh, Pa. 

* In the following list are included those elected ata subsequent sessiont'f 
S me(OrI. 
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At the conclusion of this session an excursion was made, by special 
t.iin provided by the Pennsylvania Railroad Company, to the fol- 

lowing works: The Pennsylvania Steel Works, Loch el BoIling 

Mill, Paxon Furnaces, Paxton Rolling Miii, Central Iron Works, 

Chesapeake Nail Works, and Harrisburg Car Manufacturing \Vorks. 

An exl.ibition of the effect of the blasting compound, described by 
Mr. Rand at the morning session, was made at the limestone quarry 

adjoining tile Paxton Furnaces. At Steelton the members were 

invited to lunch by the I'ennsylvania Steel Company. 
In the evening there was a reception at the Governor's mansion, 

given by the citizens and ladies of Harrisburg to tile visiting mem- 

bers and accompanying ladies. 

On Thursday au excursion was made by special train, provided 

by the Cumberland Valley Railroad, over the Cumberland Valley, 
the Dillsburg and \Iechanicsburg, Harrisburg and Potomac, and 

South Mountain railroads. Opportunity was afforded on tli is trip 
to visit the hematite ore mines of the Philadelphia rind Reading 
Coal and Iron Company, tile Carlisle Iron \\Torks, the hematite ore 

RuneS 01) the line of the South Mountain Railroad, Laurel Forge, 
and Pine Grove Furnace. Mr. J. C. Fuller kindly entertained the 

party at his house at. Pine Grove. On the return to Harrisburg the 

Indian School at Carlisle was visited, under the guidance of Captain 

Pratt, U. S. A., and his teachers. 

The third session was held on Thursday evening. Mr. Troilius's 

paper on Chemical Methods for Analyzing Rail Steel was read and 

discussed. 
Written communications on this paper were read (in absence of 

the authors) from Messrs. Gayley and Farrell, Emmerton, Dewey, 

Mackintosh, Wright, and Cabot. 
There were aiso read at tiuis session the following papers: 
The Analysis of Iron Ores containing both Titanic and Phos- 

phone Acids, by T. M. Drown and P. W. Shinier, of Easton, Pa. 

The Great Flat-Top Coal-field of New River in Virginia and 

West Virginia, by Jed Hotchkiss, of Staunton, Va. 

The fourth session was held on Friday morning. Papers were 

read on a 'rest Support for the English Cupellation Furnace, by F. 
C. Blake, of Mansfield Valley, Pa., and Ofl Improvements in Fire- 
brick Stoves, by Julian Kennedy, of the Edgar Thomson Steel 

Works, of Pittsburgh, Pa. 
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General J. F. Hail exhibited, by request, a series of lithographic 
plates illustrating Timby's method of harbor defence by revolving 
turrets. 

The following papers were read by title: 
TtLthod of Assaying Silver Bullion, by F. C. Blake, of Mansfield 

Valle. Pa. 
Notes on tl)e Geology and Mineralogy of Sal) Juan County, Col- 

orado, by Theodore B. Comstoek, of Eureka, Colorado. 
The Analysis of Statistics, Second Paper, by A. W. Hale, of New 

York. 
The Chrysolite Mine Fire, by C. M. Rolker, of Leadville, Cob- 

The Presence of Tellurium in some Commercial Coppers, by Dr. T. 
Egleston, of New York. 

The Binding of In-walls of Blast Furnaces, by S. I-I. Chauvenet, of Harrisburg. 
The fidluwing resolutions were offered and unanimously adopted 
\Vur. EAS, The A nericiiri I ntitnte of Mining Engineers lis been tb' recip ient ol ni i,ual ittsiitin neil spitalities in Ilarrisbur.' and vicinity, which call for grateful rccoii itiun. 
Rc.o1re,/, That w ii e we rca Zn the on s,l tisfietory ch tractor of mere for ni ;il 

resol cli (ii of the ri ks, wi in Ii can it best lot t i in perfect] y cx press our 5(fie if oh- I iga tion we desire to plane ii pon Oil r m nil tee an eXpress)) fl of our indebted ness toGovenir and Mrs. hoyt, (lie citiZens and ladies of Harribiirg, Mr. J. U. 
Fuller, of I'i ic Grove, the Cornwall Ore Bank Company, and the President and offieci s of tile I'eenv I vania Steel Company, for their charming and hospitable entertitinhients to the I'ennsvhvanuii Pliiladelphiia and Reading, Cumbenland 
Valley, Seth Mountain, Ilarrisbur.. and I'otoinae, Mechnicsljur., and Dihls— 
hurg, and the Cornwall railroad companies for the favors of transportlttioru i cciii Ira inn to the pr prie tors and u Ificere of wines a :id works for the ii any ft vors shown to the Institute, arid to the Local Commitiee for their adini able 
arrangc.Iicnts and thoughtful solicitude for the pleasure and profit of the visiting nenibi.rc 

ILeeoL,ed, That tile Secretary of the Institute be instructed to give suitable 
iressin to our sentiments in letters of acknowledgment and thanks. 

Mr. Birkinbine gave notice that he would offer an amendment to liule VI at the next aiunual meeting. The President then announced that, in accordance with the pro— 
granime, the meeting was foi'nually adjourned ; but that there WOul(l be a supplementary sessiotu in tile evening, when Mr. T. F. With— 
erbec, who was unable to arrive in time for the regular Sessions, Would read his paper on the Use of High Explosives in the Blast 
Furnace. 

P 

rado. 
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At the conclusion of the morning session an excursion was made 

by special train, provided by the Philadelphia and Reading Railroad 

Company, to the new Colebrook furnaces, and the Cornwall Ore 

Banks near Lebanon. The party were kindly entertained at lunch 

in the Opera House in Lebanon by the Cornwall Ore Bank Com- 

pany. 
In the evening the members and their ladies were invited by the 

Pennsylvania Steel Company to a complimentary banquet at the 

Lochiel House. 

PAPERS 
OF TIlE 

HARRISBURG, PA., MEETING, 

OCTOBER, 1881. 



THE INDUSTRIES OF BARRISBURG. 

BY S. ii. CIIAUVENET, HARRISBURG, PA. 

HAPJITSBUBG is situated on the Pennsylvania Railroad, oie bun— 

dred and five miles from Philadelphia,two hundred and forty—eight ni ilcs 
from Pittsburgh, afl(1 ninety miles from Baltimore, and has running 
through it the Pennsylvania, Northern Central, Philadelphia and 
Reading, and Cnmber]and Valley Railroads, and the Pennsylvania 
Canal. Surrounded by a thickly settled farming country. from 
hich to di s n itl\ e labor, ithin e iy dist ince of anthi 'iute and 

[- bituminous coal, with ores and limestone near at hand, and with the 
Susquehanna River as a never-failing water supply, Harrisburg has 
advantages far manufacturing which warrant the investment of the 
capital that has already been made, and has a future as a manufac— 

turing city second only to Pittsburgh and Philadelphia. 

THE PENNSYLVANIA STEEL COMPANY, 

L. S. BENT, SUPERINTENDENT. 

The works of this company, the largest in harrisburg, lie be— . tween the Penn l ama and the Philadelphia ind Reiding Railroid, 
on the Peniivlvania Canal, and are essentially devoted to the manu- 
facture of Bessemer steel rails. Capital stock, $2,000,000; invested 
in business, S.5,000,000; wages per month, $80,000; employs 2000 
men; capacity, 100,000 tons of rails per year, which is being in- 
creased to 130,000 tons. . The plant, as it now stands, comprises five Bessemer converters, two 
7-ton and three 8-ton converters, two 15-ton open-hearth furiiaces in 
operation, and two 30-ton open-hearth furnaces in course of construe— 

one blooming mill, one rail mill, seven steam hammers, two 
furnaces in operation, two blast furnaces in course of construe- 
foundry, pattern shop, maclime shop, blacksmith shop, and frog 

op, and merchant mill in course of construction. 
Bessemer Xo. 1 was built in 1865, with two 7—ton converters, 2 

cupblas, 3 feet diameter, and 3 iron cupolas 6' diameter, 
VOL. x.—9 
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and has a capacity of 500 tons in 24 hours. The blowing engine is 

a horizontal condensing engine, with two steam cylinders, 40" x 60", 

and two blowing cylinders, 54" x 60." Pressure of blast, from 20 

to 25 pounds. 
Bessemer No. 2 was built in 1881. It has three 8-ton converters, 

served by two hydraulic ladle cranes, in two casting-pits, and six hy- 

draulic cranes for setting and drawing moulds, handling bottoms, etc. 

The hydraulic pressure is 300 pounds per square inch. The blowing 

engine is a compound horizontal, with a high pressure cylinder, 25" 

x 70", and low pressure, 50,, x 70", with separate air-pump con- 

(lensers, and also a Bulkley condenser attached. Pressure of blast, 

25 to 30 pounds. This engine was built in the Pennsylvania Steel 

Company's shops. There are four iron cupolas, 6 6" diameter, and 

four Spiegel cupolas, 3' 0,, diameter, blown by two No. 7 Baker 

blowers, or two three—cylinder blowing engines. 
The capacity of this Bessemer has not yet been determined, as it has 

only been in operation two weeks. There are many points of im- 

provement over the old Bessemer, which cannot be deseribcd in this 

paper. All the castings, boilers, roofs, wrought—iron work, and 

engines of this plant were made and erected by the Pennsylvania 

Steel Company. 
The Blooming Train is three high ; rolls 34/i in diameter, driven 

by a vertical condensing enginej 44" x 54" cylinder. The ca- 

pacity of this mill has never been determined, but is easily 600 

tons in 24 hours. The ingots are delivered hot to the blooming 

mill from the Bessemer, and charged into four Siemens heating fur- 

naces, six ingots being a charge for each furnace. The ingots are 

14 inches square and make four rails each. The blooms are cut 

under a 4-ton steam hammer (Sellers), and are loaded by a hydraulic 

crane on buggies, which are pulled by a water engine to the rail mill. 

The Rail Train is three high; rolls 23" diameter, driven by a 

40" x 60" engine, with Bulkley condenser attached. This train has 

rolled 1916 rails in 24 hours. The saw-train is Gustin's patent 

Two straightening presses and four drill presses handle the rails a 
fast as rolled. 

The Open Hearth Furnaces, built in 1875, consisted of two 6-ton 

furnaces, which were enlarged later to 15-ton capacity. The nesc 

open-hearth furnaces in course of construction are each 30-ton. Each 

furnace has a casting-pit, and the two are served by five hydraulic 

cranes. 
A 14-ton Steam Hammer is placed between the blooming mill and 
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rail mill. Under it heavy shafts, cross—heads, and piston rods ai 
forged. When not in use for heavy work it hanimers special ste 
into slabs and billets. 

A 4-Ion hammer, adjoining the blooming mill, and a 1-ton han 
in the rail mill are used almost exclusively for slabs and bihlet 

The Foundry, 60' x 225', has two cupolas, 5' 0!' diameter, tw 
core ovens, and five 15-ton steam cranes. All ingot moulds ar 
made here and all castings for repairs and new work. The capacit t of the foundry is 40 tons of finished castings a day. 

The Pattern Shop has two circular saws, one Daniels planer, on 
hand planer, a handsaw, and one lathe, and bench room for fourtcci 
men. 

The Jfachie Shop is 75' x 230', and contains thirteen lathes, fron 
96" to 10"; five planers, which take from , square to 20" square 
one 4$" boring lathe, one 84" boring and turning machine, three 10 
radial drills, two drilling machines, two shapers, two slotting ma 
chines, two horizontal boring machines, two bolt cutters, one pip cutter. 

The Blue! siiutl, Shop, 60' x 71, contains to 1000 pound ste'un 
hammers, and 14 fires. 

The Boiier Shop, 75' x 127', contains 3 drill-presses, 2 shears, 1 
punching—machine, bending—rolls, and 1 hydraulic riveting—machine. I In this shop all steam-boilers, draft-stacks, and iron roofs are built. 

The Fioq Shop, 60' x 400', has a capacity of $30,000 to $40,000 
per month in railroad frogs and switches, crossings and interlock- 
ing apparatus. It contains 14 planers, 6 drill-presses, 2 slotters, 2 lathes, 1 milling-machine, 1 shaper, 1 pin—machine, 1 steam-ham- 
mer, 1 combined punch and shear, 1 single punch, I steam-riveter, 1 hydraulic bending-machine, 10 fires, and 1 heating-furnace. A 
new frog shop is to be put up immediately, 80' x 400', with im- 
proved facilities. . Blast Furnaccs.—No. 1, 14' x 60', is blown by a vertical con- 
densing_engiiie, 84" blowing cylinder, 48" stroke; it has 4 pipe- t Ovens, of Kent's pattern; the fuel used is anthracite coal and coke; j. the ores are native Pennsylvania, Virginia, and New Jersey, and 

and African. The product is 50 to 60 tons per day. o. 2, 20' x 76', is blown by two vertical condeiisiiig-engiiies, x 48"; 3 Whitwell stoves, 18' x 60'; fuel and ores are the same No. 1; vrodtict, 840 tons per week. The product of both fur- 
naces is used in the Bessemer. 

No. 3 and N0. 4 blast-furnaces are each 16' x 65'. They are to 
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be blown by vertical condensing-engines, x 2 blowing cyl- 

inders to each engine, with a capacity of 22,000 cubic feet of air per 

minute. These engines are being built by the Pennsylvania Steel 

Company. Each furnace has 3 Whitwell stoves, 18' x 60', and will 

use the same fuel and ores as Nos. 1 and 2. 

A Merchant JIIill is in course of construction. The building, 100' 

x 400', will contain one 12—in, roll train, and one 20—in, roll train; 
the first driven by a horizontal hughes & Phillips engine, 22" x 

30", the second by a horizontal Porter-Allen engine, 32" x 48". 

The Heating Furnaces are Sweet's patent. 

THE L0CIIIEL ROLLING MILL COMPANY, 

HENRY I1'COIIMICK, PRESIDENT. 

This company has a capital stock of $400,000, and employs from 

550 to 600 men. 
The plant consists of a rail-train, 19-" diameter, driven by a 42" 

x 42" vertical engine. At present it is rolling rails from blooms made 

by the Pennsylvania Steel Company. The blooms are heated in 8 

coal-furnaces, and the capacity of the train is 750 rails in 24 hours. 

Puddle—train, 19" diameter, driven by a x 48" engine, With 

12 double-puddling furnaces; product, 45 to 50 tons in 24 hours. 

Bar-train, 16" diameter, with 2 heating-furnaces ; product, 22 to 

25 tons per (lay. 
Guide-train, 9" diameter, with one heating-furnace; product, 11 to 

15 toils per day. 
Butt-train, 16" diameter, with one heating-furnace; product, 18 to 

20 tons per day. 
The bar, guide, and butt trains are driven by one engine, 32" by 

32". 
Blast Furnace.—One stack, 14' x 52', closed top, pipe ovens; fuel, 

anthracite coal and coke; ores fossil, Cornwall and Dillsburg, and 

mill cinder; product; 7500 tons per annum. 

IRON WORKS OF THE McCoRMIcK ESTATE, 

HENRY M'COIIMICK, TREASURER. 

• Harrisburg Nail Works were built in 1810, and located at Fair 

view, directly opposite Harrisburg, on the Northern Central Rail- 

way. 
Tile plant consists of 2 roll—trains, 19" diameter, one puddle and 
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o nail plate roll-trains, 9 double puddling-furnaces, 3 heating-fur— 
and 75 nail machines. 

The puddle-train is driven by water power, and the nail plate— 

train by a 200 horse power engine. Product, 10,000 tons of nails, 
naii-1 'ite, and muck-bar, per year; 350 men and boys are employed. 

Paxton Rolling Mill was built in 1869 (John Q. Denny, super- 
jntendcnt). It contains 3 ro]l—trains, largest 30" diameter, 5 double 
furnaces, 5 beating-furnaces, and 1 steam hammer. The product is 
9000 tons per year, of boiler, skelp, and tank iron ; 200 men are 
employed. 

Paxton Blast Furnaces, McCormick & Co. 
No. 1 stack was built in 1855, 14' x 50'; blown by an 84" x 84" 

engine; pipe ovens in use, but Whitwell stoves are now in course of 
construction. The product is 10,000 tons per year. 

: No. 2 stark was built in 1872, 15' x 60'; blown by 84" x 84" 
engine; 3 Whitweil stoves; fuel, anthracite coal and coke ; ores, 
York County, Pa., magnetic, Corn wall, and fossil ore from Juniata 
Oount,, Pi The product is 22,000 tons per )ear, ibout 300 men 
are employed at both furnaces. 

CHESAPEAKE NAIL WORKS, 

CHARLES L. BAILEY & CO. 

Capital invested $500,000; employs 300 men, and pays $165,000 
wages annually. 

The plant consists of 16 single puddling furnaces, 3 heating fur-. 
naces, 3 re-heating furnaces for nail plates, 2 bluing furnaces, 1 an- 
nealing furnace for clinch nails, 1 puddle train, 81 nail machines. 
The annual product is 10,000 tons of muck bar, and 220,000 kegs of nails. 

CENTRAL IRON WORKS, 

CHARLES L. BAILEY, PRESIDENT. 

Capital $200,000; employs 120 men, and pays $100,000 wages 
'--'.7 

The plant consists of 5 double, and I single puddling furnace, 3 
Ig furnaces, 1 puddle miii, 1 plate train (3 high rolls), 32" r, driven by a 36" x 60" engine. 
e product is 8000 tons of plate iron and 7000 tons of muck bar. 

88" wide and ordinary lengths, from No. 10 to 1k" thick 
rolled in this mill. 
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This firm is now putting in another plate train, 25" diameter, 3 

high, driven by a 25" x 60" horizontal engine. 

HARRISBURG CAR MANUFACTURING COMPANY, 

W. T. IIILDRUP, SUPERINTENDENT. 

Capital stock $500,000; invested in business, $1 ,000,000; em- 

ploys 800 men; amount of monthly pay roll $26,000. 

The number of cars built daily is 12 to 15, with a daily consump- 

tion of 30 tons of charcoal iron, 15 tons of anthracite iron, 40,000 

to 45,000 feet of lumber, and 15 tons of bar iron. 

The average value of cars is $600, and the total yearly product 

about $2,500,000. 
This cotnpany,—oae of the most prosperous in Harrisbnrg,—has 

a blast furnace, which is being remodelled. Its sawmill is the largest 

in the city. 
Foundcy and Machine Department of the iTarii.dnnq Gar Manu- 

facturing C'o.—Iii this establishment are iunnufactured portable and 

statioiiary engines, all kinds of foundry and boiler work, arid agri— 

cultural implements of various descriptions. Its capacity is one port- 

able engine per day, and 10 toils of foundry castings, also an annual 

production of 500 corn-planters. The number of men employed is 

175. 
LIE WISTER BLAST FURNACE. 

This furnace was built in 1867, originally 14' x 45', but recently 

altered to 14' x 60'. It is blown by a 30" x 48" horizontal engine, 

geared to drive two blowing cylinders 72" 72". This engine blows 

260 cubic feet of air per stroke, and is capable of running 30 to 35 

revolutions per minute, at a pressure of 6 to 7 pounds of blast. 

There are three batteries of boilers, two of which give ample steam 

power. Two Kent 8-inch pipe ovens heat the blast to 10000 or 

11000 F. Only one oven is blown through, leaving one in reserve. 

Fuel, anthracite, coke; ores, Diilsbur, Seizhoitzville, Corn- 

wall, and for two years past, about one-third from Spain and other 

foreign countries. Capacity, 45 tons per day. 

THE LOUISE FURNACE, 

W. H. WOODWARD & DANIEL KING, PROPRIETORS. 

This furnace was built in 1875, but was not blown in until 1880. 

The stack is 10' x 50', blown by a 60" x 60" horizontal engine, 

with pipe ovens, built by Raymond & Campbell, of Middletown, Pa. 
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Fuel, anthracite coal and coke; ores, hematite from tile Cumber 
land Valley, an(l Dillsburg magnetite. 

The product is from 120 to 130 tons per week. 

HUMMEL, FENDRICK & Co. 

Ihis firm has lately begun the manufacture of bar iron and tirc 
The plant consists of a small merchant train and two heating fur. 
naces. 

JACKSON MANUFACTURING COMPANY, 

JAMES I. CHAMBERLIN, PRESIDENT. 

The business of this company, which has recently been reorganizN 
and incorporated, is the manufacture of a wide range of minint 
implements. At present they man uflicture only steel barrows. Tiii 
product is shipped chiefly into the mining regions of the West, larg 
consignments being constantly made to Pueblo for mining purpose 
in Colorado I hey ha e also exported quite a lal ge number of bir 
rows. 

Capital invested, $50,000; present capacity of works, 15 to 2( 
steel baii ov per d'I), enll)lo) ing 20 to 25 hands 

Tills industry has been but recently est'iblished in Hairisburg, am 
the aboe worl s are iiot )et fully completed At prisent only foui 
furnaces are in opelation, but eight others %ill Soon be erected T1i 

princip'sl product will be chain b'ile-ties, and the capacity of th 
works is estimated at 3000 per month. A small Baxter engine i 
employed to drive a fan for fires, and an oven (8 x 2' x 6') is used foi 

Japanning tile chains Twele men are employed 

EAGLE WORKS. 

This establishment is owned by Mr W 0 Hickok, and has beer 
in operation about '25 or 30 years. It embraces a machine siio 
fitted up fbr doing all kinds of machine work, an iron foundry, I 
brass foundry, and a wood-work shop, and gives employment to froni 
60 to 120 men. It has a large local trade; but its principal pro- 
duct is a class of machine work,—ruling machines, ruling pens 
sawing machines, press boards, table shears, etc.,—that is extensively 

sold in Europe, South America, Cuba, and Australia. 

HARRISBURG CHAIN WORKS, 

JOSHUA IV. JONES, PROPRIETOR. 
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I{ARRISBtJRG STEAM BOILER WORKS. 

These works are owned and operated by Robert Tippett's Sons. 
They were built in 1863 by Robert Tippett. Their prillcil)aI busi- 
ness is the manufacture of steam boilers, furnace work, stacks, etc. 

They ship 1)unche(l and shaped iron to Ohio, Alabama, and Tennes- 
see. The works employ 60 hands, and have a capacity of 30 tons 

per week. 
J. D. MARSIIBANK & SoN's WORKS. 

These works manufacture steam and hot-water fittings; also, va- 
rious descriptions of heavy and light castings. The annual value of 
their product is $30,000, and they give employment to 35 hands. 

In addition to the above, there are numerous other iron industries 
in Harrisburg. 

Bay Bros. carry on a general fouiidry business, with a probable 
annual capacity of 500 tons. 

The Wilson Manufacturing Company are manufacturers of agri- 
cultural implements, and make a variety of castings. 

HARRISBURG FIREBRIcI< WO1UCS, 

GEORGE W. BUEHLEu, TREASURER. 

These works were built in 1869, and have been in successful ope- 
ration since that date. They manufacture firebrick for blast furnaces, 
steel works, and rolling-mill use, and have a capacity of 2,000,000 
brick per annum, which amount could be readily increased. The 

clays used are from the several well-known deposits in ev Jersey, 
and from Clearfield, Clinton, Dauphin, and Lebanon counties in 

Pennsylvania. All the firebriek are made of these several clays com- 
bined in various proportions as best suits the intended use. 

A forty horse power engine is employed in grinding and mixing 
the clays. The works give employment to 30 hands. 

HYDRAULIC CEMENT PIPE WORKS, 

HENRY J. BEATTY, PROPRIETOR. 

These works have been in successful operation during the past 
eighteen months, manufacturing cement drain-pipes, and cement 

ware, or artificial stone. The product is sold throughout the whole 
of Central Pennsylvania. The capacity of the works is 25,000 feet 
or drain-pipe per annum. The capital invested is $15,000, and the 
works give employment to 12 men. 
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HARRISBURG COTTON MILL, 
GEORGE CALDER, JR., PROPRIETOR. 

This mill was built some 25 years ago. It has 8000 spindles ax 
280 looms, with a capacity of 2700 bales cotton, producing che 
-ts drilling, four—shaft twills, duck, warps, yarns, etc. The nur 
ber of hands employed is 260, and tile monthly pay—roll amounts i $4500. 

The lumber and saw—mill interests are quite large in Harrisbux 
and vicinity, and there are two large sash, door, and blind factork 

There are also two fiouring mills, owned by the McCormick E 
tate,—the Paxton mill, with a capacity of 400 barrels per (lay by ti 
new process, and the Lochiel mill, with a capacity of 100 barre 
per day. 

BRUSHER, M0CULL0CII & Co. 

This firm have recently begun tile manufacture of handles fi 
axes, picks, etc. Capacity, 150 dozen handles per day; employs 4 
men. 

THE AXALYSIS OF IROI ORES CONTAINIHG 130TH 
PHOSPHORIC AXD TITAMC AGJDS. 

BY THOMAS M. DROWN, M.D., AND P. W, SIIIMER, MY.., EASTON, PA. 

THE precipitation of phosphoric with titanic acid, by boiling a 
iron solution which had been reduced to the ferrous condition h 
sulphuretted hydrogen or sulphurous acid, was first noticed byE. 1] 
Bogardus in 1874.* Since that time, as far as we are aware, not muc 
has been published on the relation of these two acids to each othex 
and to silicic acid, in the ordinary course of analysis of iron ore 
Tile following investigation may perhaps aid in clearing up some o 
the obscure points in tile analysis of titaniferous ores. 

THE DETERMINATION OF PHOSPHORUS 

From two to five grams of the finely powdered ore are weighe into a beaker and treated with about 50 c.c. of hydrochloric ack 
(sp. gr. 1.12), evaporated to dryness, and heated in an air-bath fo: 

* American Journal of Science, III, 8, p. 334. 

4 
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an hour to 110° to 1200 C. To the dry mass are added 50 cc. of 

hydrochloric acid (1.12), and the solution filtered off from the in- 

soluble residue. On washing this residue with water the filtrate 

often runs through turbid. This can be avoided by washing with 

dilute nitric acid, or, better, with an acid solution of ammoniurn 

nitrate. The filtrate contains the greater part of the phosphoric 

acid, but the residue may contain a notable amount. 

Treatment of the Residtte.—Fuse the residue with sodium car- 

bonate and extract with water. Sodium phosphate and silicate go 

into solution and sodium titanate remains insoluble. Filter, acidify 

the filtrate with nitric acid, evaporate to dryness, moisten with nitric 

acid, and dissolve in water. Filter from the silica, concentrate the 

filtrate, neutralize nearly with ammonia, and precipitate with ammo— 

nium molybdate. This is the best niethod of separating the phos- 

phorus from the insoluble residue. The greater part of the phos- 

phorus niav, however, be extracted from the moist residue by washing 

with ammonia. 
Treatment of the Filtrate.—Evaporate to a small bulk, and add 

enough nitric acid to drive off all the hydrochloric acid on evapo- 

ration. If the concentrated solution is clear, add ammonia until 

a slight permanent precipitate is formed ; redissolve this in a few 

drops of nitric acid, and add ammonium molybdate solution. 

In the ores of which we are speaking, a precipitate generally 

separates on evaporating to a small bulk. The addition of more 

nitric acid with continued heat often redissolves this ; in this case, 

the evaporation must not be carried too far, or the precipitate will 

again separate. This precipitate contains phosphoric acid and 

titanic acid. If it is impossible to get it into solution in nitric acid, 

it must be filtered off and washed with ammonium nitrate solution. 

It is then ignited, fused with sodium carbonate, extracted with water, 

and the filtrate, after acidifying with nitric acid, precipitated with 

molybdate solution. 
After the addition of the ammonium molvbdate to the main solu- 

tion, as mentioned above, it is heated rather hot, say from 50° to 

70° 0., for half an hour, with frequent vigorous stirring. The 

precipitate is' usually allowed to stand over night, but if filtered 

within two hours, there will be no appreciable amount of phosphorus 

unprecipitated. The yellow precipitate is filtered off and washed 

well with a mixture of 325 c.c. of nitric acid (sp. gr. 1.2), 100 

c.c. of ammonium hydrate (sp. gr. 0.96), and 100 c.c. of water. It 
i then dissolved upon the filter in dilute ammonia. The 'solution 

0.016 0.027 

4.636 4.747 
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will 1h1y run through turbid, and a gelatinous resi(lue will re— 

main in the filter. The solution is heated for some time and filtered, 
and this residue, which contains both phosphoric and titanic acid, is 
treated, together with the gelatinous residue insoluble in ammonia, 
wit' nitric acid, and the resulting solution precipitated with ammo— 

nium i.,olybdate. By heating and stirring, the phosphoric acid can be 
completely precipitated in an hour, so that it will not retard the analy'— 
.sis materially. rII1e solution of this yellow pi'ecipitate in ammonia is 
to be added to the main ammoniacal solution, and magnesia mixture 
added with the usual l)recattio11s. By active stirring after the addi- 
tion of' magnesia mixture the complete precipitation of the Phos- 
phoric aci(l may be effected in an hour or two.* In the analysis of 
an ore containing 4.74 per cent., of phosphoric acid (mostly as apatite) 
and 0.G5 pa" cent, of titanic acid, the phosphoric acid was found (in 
duplicate anal vscs) as follows 

I. II. 
Phojhoric acid in the hydrochloric acid solution, . 4.370 4 330 
Phoilric acid in the residue insoluble in hydrochloric 

acid 0.250 0.390 
Phosphoric acid in the precipitate which separated from 

the solution of the yellow precipitate in ammonium 
hvd rate 

* The action of stirring, or other agitation, in hastening precipitation, although 
well known, is not, I think, as often made use of in analysis as it might be. t In order to make a successful determination of titanic acid, it is necessary to have good potassium bisulphate. This can seldom be bought in a condition 
fit for use. It usually contains water; sometimes an excess of sulphuric acid 
it also usually contains an inso'uble silicious residue. To prepare it for use, it S dbsolved in water and filtered, the solution evaporated to dryness, and fused 

: Until all the water is driven off and the mass is in quiet fusion. It is sometimes 
necessary to drive off some sulphuric acid. It is then powdered for use. Bisul- 

s. Phate thus prepared will not mount excessively in the crucible, and a quiet fusion 
at a red heat can be obtained. 

DETERMINATION OF THE TITANIC ACID. 

One to two grams of the finely powdered ore are weighed into a 
large platinum crucible. Potassium bisulphate to the amount of 12 
to 15 times the weight of' the ore is nextweighed out in another vessel. 
Mix the ore in the bottom of the crucible with about one-quarter of 
the bisulphate, and fuse until the excess of sulphuric acid is nearly all 
driven off, During the progress of the fusion, the lid must be lifted a 
very little at short intervals, in order to watch the state of the fusion. 
It should not be allowed to rise above two-thirds the height of the 

F 

Total, 
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crucible. Add now another quarter of the bisulphate, and heat 

again as before, until nearly all the excess of sulphuric acid is driven 
off. Then add the remaining half of the hisulphate, and heat until 

the whole mass is in quiet fusion. Too much sulphuric acid should 

not be driven off at this stage, or the subsequent solution in water 

will he retarded. The fused mass may be poured out into a large 
platinum dish, or it may be removed froiii the crucible in one lump 
by inserting a stout piece of platinum wire while still soft, and al- 

lowing the mass to solidify about it. A gentle heat on the outside 
of the crucible will quickly loosen the mass, which may tiow be 
lifted out easily. The former method is preferable, because of the 
thinness of the mass and its readier solubility. 

When the iiiass has become cold, it is dissolved in plenty of cold 
water. This usually requires at least twelve hours. When it is evi- 
dent that ah.h has dissolved but silica and sihicates,* filter into a large 
beaker. This insoluble residue should, after ignition, be again fused 
with bisulpliate and tested as below for titanic acid. To the main 
solution we add sodium carbonate solution until a slight permanent 
precipitate is obtained, then 3 to 4 c.c. of sulphuric acid of 1.23 

SI). gr. This redissolves the slight precipitate and makes the solu— 

tion sufficiently acid. Add now sulphurous acid in excess, and di- 
lute largely with water (1 to 1.5 liter) ; cover with a watch-glass, 
and boil about two hoursadding sulphurous acid solution and water 
as the evaporation goes du. 

The titanic acid is precipitated, and with it phosphoric acid and 
oxide of iron. Filter hot (best done by means of a siphon), and 
wash \vith hot water. This precipitate of titanic acid and phosphoric 
acid is not finely granular like that of pure titanic acid, but is floe- 

culent, and shows no tendency to mn through even a very porous 
filter. It is dried, ignited, and weighed. In spite of the fact that 
it contains a very notable amount of iron, it is usually white after 

ignition. It is fused with sodium carbonate and extracted with 
water. Sodium titanate and oxide of iron remain insoluble, while 
sodium phosphate goes into solution. The residue is dissolved in 

sulphuric acid (sp. gr. 1.23), filtered, neutralized with sodium car- 

bonate, 2 to 3 c.c. of sulphuric acid added, and then suiphurous 
acid as above. The titanic acid precipitated from this solution is 

free from phosphoric acid and iron. 
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If, instead of fusing the first precipitate of titanic acid with sodium 
carbonate, it is re-fused with potassium bisulphate, there will remain 
on treatment with cold water an insoluble residue containing titanic 
acid and phosphoric acid. 

The following analytical results will illustrate the foregoing de— 

Scii1 on 

First precipitate of titanic acid containing phosphoric acid and 
iron (in duplicate), per cent. .40 

No. 1 was fused with sodium carbonate and treated with water as 
above. It consisted of— 

3.18 
No. 2 was fused with potassium bisuiphate, and gave: ilesidne insoluble in cold water 1.83 

Precipitii te by boiling the sol ii iion 34 
Sesquioxide of iron, by difference, . . .23 

2.40 
The titanic acid Precipitated by boiling (.34) contained both phos— 

phone acid and iron. 
The residue insoluble in cold water (1.83) was fused with sodium 

carbonate as described above; it gave 

.34 
The complete analysis of the original precipitate (2.40) thus 

shows 
Titanic acid 
Phosphoric acid, 
Sesquioxide of iron, by difference, 

1. II. 

Titanic acid, 
Phosphoric acid, 
Sesquioxide of iron, 
Loss, 

• 0.65 
• 1.60 

.84 

.09 

Phosphoric acid, 
Titanic acid 
Sesquioide of iron, by difference, 

96 
42 
45 

1.83 

The precipitate by boiling ç.34), similarly treated, gave: 
Phosphoric acid, 
Titanic acid 

Sesquioxide of iron, by difference, 

* In ores containing lime, calcium sulphate is often found in this insoluble 
residue. 

.05 
.12 
.17 

• .54 
• 1.01 

.85 

2.40 
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The titanic acid is here doubtless .10 per cent. too low, Owing to 

the many fusions and precipitations to which it was subjected. 

DETERMINATION OF IRON. 

If the ore contains less than one per cent. of titanic acid, no 

appreciable error wiii result from neglecting it. If it contains more 

than this, the iron must be determined in the filtrate from the titanic 

acid. The first precipitation of titanic acid contains iron. This is 

separated by the sodium carbonate fusion, and may l)e added to the 

main solution after separation of the titanic acid. The iron is then 

determined by reduction with zinc and titration with pernianganate. 

DETERMINATION OF SILICA AND ALUMINA. 

When an iron ore containing phosphoric and titanic acids is 

treated for silica by the usual method (fusion with sodium carbonate, 

solution in dilute hydrochloric acid, evaporation to dryness, and 

separation ofsilica at 1100 C., solution in hydrochloric acid and water, 

and filtration from the insoluble residue), the silicious residue consists 

of silica, titaiiic acid, 1)hosphoric acid, and iron. In the case of an ore 

containing 3.50 per cent. of silica, this residue (which, in spite of the 

iron in it, is white after ignition) amounted to 6.11 per cent.. The 

presence of phosphoric acid and iron with the silica of course renders 

worthless the estimation of alnniina by diflerence. 

Before speaking of the detefmiuat.ion of the silica, we will con- 

sider how we may get the phosphoric acid and lion into the main 

solution where they belong. The insoluble residue (containing silica, 

titanic acid, phosphoric acid, and iron) is fused with sodium car- 

bonate, and extracted with water. Sodium phosphate and silicate 

dissolve, and sodium tit.anate and ferric oxide remain behind. 

Acidify the filtrate with hydrochloric acid, and evaporate to dry- 

ness; take up with hydrochloric acid and water, and filter off the 

silica; add the filtrate to the solution to be precipitated by sodium 

acetate. Dissolve the residue insoluble in water (containing the 

sodium tilanate and ferric oxide) in sulphuric acid, and separate the 

titanic acid from the iron by boiling, as usual. Filter from the 

titanic acid, and add bromine-water to the filtrate, in order to oxidize 

the iron, boil, and precipitate the iron with ammonia. Filter and 

weigh it with the precipitate of iron, alumina, and phosphoric acid, 

separated as basic acetate. 

Some titanic acid may go into the filtrate, which is to be precipi- 

tated by sodium acetate. In this case, it will contaminate the pre 
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cipitate of iron, alumina, and phosphoric acid. It is therefore nec- 
essary, after this precipitate has been weighed, to grind it in an 
agate mortar, and weigh out accurately as much of it as possible, 
fuse with potassium bisulphte, and determine the titanic acid in it 
by '-lung, etc. The titanic acid thus found is to be dedticted from 
the weight of the original precipitate. There will not in all cases 
be titanic acid in this precipitate, but it is not safe to omit testing for it. 

The silica may also be determined by fusing the residue from the 
second bisulphate fusion for titanic acid with sodium carbonate, and 
separating the silica, as usual. Or it may he determined by fusing 
1 to 1.5 grams of the ore with sodium carbonate, dissolving in 
hydrochloric acid, and adding an excess (50 c.c.) of sulphuric acid (1.23), and evaporating until all the hiydrnch]orie acid is 
driven off £his renders the silica insoluble By now diasol_ 
ing the ferric sulphate in a laige excess of hydiochioric 'icid h) aid of heat, everything goes into solution but the silica. When 
this point is reiched, it is knon by the absence of e er thing but 
transparent gelatinous silica floating in flocks in the clear solution. 
Calcium sulphate may contaminate the silica, if the ore contains 
much lime; but it does not look like gelatinous silica, and dissolves 
on dilution with water. 

The following determinations illustrate the foregoing description 
I. II. Insoluble in hydrochloric acid, . 6.11 per cent. 5.88 per c5nt. 

Fused with sodium carbonate and extracted with water; solution 

I. II. 

Phosphoric acid, . 

Residue contained: 
I. 

. 1.03 Phosphori6 acid, . . .71 

Titanic acid 

Sesquioxide of iron, . . 

II. 
65 Titanic acid, . . .65 

1 33 Sesquioxide of iron, . . .53 

Tofals. 

Silica, 
I. II. 

. . . 
Phosphoric acid, . 
Titanic acid, . . 

Sesquioxide of iron, 

. . . . 3.31 
. . . . 1.03 
. . . . .65 

1.33 

3.63 
.71 
.65 
.58 

containe(l 
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Silica made insoluble by sulphuric acid, 3.40 
Silica from residue insoluble in bicuiphate, 3.70 

Residue insoluble in bisuiphate, . . 4.01 

DISCUSSION. 

Mit. JULIAN KENNEDY, of Pittsburgh, said that the slow solution 
of the potassium bisulphate, after fusion, could be avoided by the 

following procedure. When the fusion is complete, enough con- 

centrated sulphuric. acid is added so that the resulting mass shall be 

pasty on cooling. This mass may then be dissolved promptly by aid 

of heat, the excess of sulphuric acid preventing the separation of 

titanic acid. The excess of acid is subsequently neutralized when 

the titanic acid is to be precipitate(I by boiling. 

THE A VAILABLE TONAG E OF THE BITUMUQO US COAL- 
FIELDS OF PEXXS YL TTAMA. 

BY 11. M. ChANCE, M.D., ASSISTANT GEOLOGIST, rENNSYLVANIA 
GEOLOGICAL SURVEY. 

THE great outspread of the coal measures over portions of thirty- 
one of the sixty—seven counties of Pen usylvania, and the large num- 

ber of workable seams comprising the coal series,—together with 

some workable seams lately shown to belong to the (so—called) barren 

measures,—create the impression that these fields contain a practi- 

cally inexhaustible supply of fucl, and those who have estimated or 

attempted to estimate their available tonnage have generally pro- 

mulgated this view. 
But the actual total contents of this coal-field is of no importance to 

us at present.; calculations including all seams, whether thick enough 

to mine or not, whether pure enough to furnish a marketable fuel or 

not, whether accessible at reasonable depth or not, are of no practical 
value. As coal producers, we are interested not in the total contents, 

but in the total amount of easily accessible coal of good quality con- 

tamed in beds thick enough for remunerative mining. The estimates 

contained in this paper refer exclusively to workable and accessible 

coal of commercial value,—we may call it "available" coal. 

I am not aware that any one has as yet attempted to estimate iii 
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detail the amount, of available coal in each county and in each bed. 
Heretofore the data to do tins have hecn lacking, but now, since the 
completion by the Geological Survey of the series of county reports, illuati ited h gcologmc lli colni cd counts maTh, it i pos.ib1c to take 

= up each county separately, and estimate in detail the approximate 
c.oim (if each seam. — 

The iei ii ti tastes, to w Ii ich I lia c i efet ied s lad lug the 
elements (if (letai essential to accuracy, have generally been made 
by mimIt iplv lug the total area covered by coal measures by an as— 
seined areraqe of the united thicknesses of the workable seams. 
Thins some estimates place this area at between twelve and thirteen 
thousand inarc miles, and tile average coal thickness at from fifteen to thirty foet, or the amount of avai able coal at from 180,000,000,000 to 30O,0O0,UOo,Qo Ions. By reference to tile tables accompanying this paper it will be'seen that these figures greatly exceed the total of my (letililed estimates. 

Calculations based on an assumed average tl ickness of coal must necessariI give untrustwot'thy results, because it is not l)ossible to determine a priori, and in advance of (lctailed estimates, tile average coal tiiickiiess in a field when every bed is subject to more or less 
radical varisition in its thickness and quality. Tile compiled columnar sec.tioii of the coal measures accompany- ing this IaImer (scale 200 feet to 1 inch) shows sixteen important workable seams, besides several beds of minor importance, but no one of tiiee seams is of workable thickness and quality over its entire area, and many of them—notably the thickest and best— extend into but a few of the thirty-one coal counties, while ten or twelve of these counties contain only tile lowest seams of tile series. In countme containing thiioughout their entire area peritent seams of coal, large deductions are to be made for areas over which the coal thins out to an unprofitable thickness, or becomes locally - too impure to furnish a marketable fuel. I have not attempted to calculate the several coal areas with any great degree of accuracy; with few exceptions, the areas are expressed I Ifl acres reduced from measurements based on a unit of five square miles, hence these acreages nearly all appear as multiples of 3200 acres. The maps from which the calculations were made are drawn on a Scale of two miles to one inch, and as these are necessarily only - approximately correct, both in the ground plan and coloring, a - finer differeitiation votiId but lend false pretensions of accuracy to 

S*rSrk necessarily involving errors of considerable mmagnitude. 
VOL. X.—1O 

II. III. 
3.48 3.54 
3.74 
5.03 —— 
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Seams less than two feet thick have been ignored. The ai 
beds from two to three feet thick are calculated down to water- their areas beneath water-level have been ignored. Seams 
three to five feet thick are estimated to a depth of one hundre 
fifty feet beneath water-level. The areas of seams more thai 
feet thick are computed to a depth of four hundred feet be water—level when their quality and thickness arc known. The of beds more than fi)ur feet thick, lying above water—level, but laid by a great thickness of superimposed measures, have beei eulated so as to include a dislanee of from one to two miles their outcrop lines, varying with the (lip. The maps from which the areas were computed are colorel i1 tints to represent the subdivisions of the carboniferous syste rocks, as follows: 

Upper Barren Coal measures. 
Upper Prud ucti ye Coal measures. 
Lower Barren Coal measures. 
Lower Productive Coal measures. 
Conglomerate series (with coals). 

- The low-ct edge of the Upper Productive tint limits the Pittsbi 
bed; the Lower Barren tint defines the Freeport upper coal, and Lower Ppoduetj'e tint the Brookyjile coal-bed; the areas of ii mediate or higher scams were estimated from assumed interme( 
outcrop lines. 

After computing the total area of each persistent seam in 
county, the percentage of this area over which the bed is of VI able quality and thickness and its average thickness were arbitra assumed after a careful study of the data Published in the coti 
reports. It is evident that there is here introduced a large persc j error; it is impossible to entirely eliminate such errors, but t can hardly be large enough to seriously impair the value of the . clusions. The mass of facts published in each county report tl oughly demonstrates the character and value of each coal seam, limits this personal error between comparatively narrow bounds. But no matter how much time and care are spent upon such wo the personal error must always be a factor of some importance. E in the anthracite regions, which are so thoroughly developed by act 

)flining as well as by an immense amount of prospecting work, th seems to be some difficulty in estimating the available coal. In report on the Philadelphia and Reading Coal and Iron Compan y, Mr. Joseph S. Harris estimates the available coal of i 
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BITUMINOUS COALS OF PENNSYLVANIA 
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anthracite regions at 13,999.8 square miles one foot thick,—eqniva_ 
lent to about 15,600,000,000 tons,—and the coal area at 483 square 
miles. In a pape1 read September 1st, 1879, before the American 
Association for the Advancement of Science, Mr. P. W. Sheafer esti- 
mates the available tonnage at 26,361,076,000 tons, placing the coal 

area at 470 square miles. It is evident that the discordance between 

these two estimates is due to an unavoidable persoilal error; Mr. 
Sheafer estimating the average coal thickness at nearly double that 
assumed by Mr. Harris,—the estimates of coal areas diffi'ring very 
slightly. 

The coefficient of error is p1olIably greatest in the counties contain- 

ing very small available arcas,—these have been most liberally 
estimated ; but in the counties containing ]arge available areas the 
eatimates are prolethly much less than the actual amount, as I have 

strenuously endeavored to underestimate rather than exaggerate the 

available tonnage. 
The actual average coal contents per acre for each foot of bed nieas- 

urement is somewhat in excess of 1650 tons, but (led ucting one—eleventh 

for slate, bone, and sulphur partings, I have assumed an average of 
1500 tons per acre for each foot of bed measurement. 

The total amount of available coal, limited as above to depth, 
thickness, etc., is 33,547,200,000 tons* Assuming that 75 per 
cent. of this can be won in mining we have 25,1 60,400,000 tons as 
the posible product ; sufficient to supply the whole world with fuel 

for eighty or ninety years at the present rate of consumption. 
There is little doul)t but that under good mining management 

fully 75 per cent. of the coal can be recovered. Under favorable 

circumstances, more than 90 per cent. should be won at mines worked 

on the long-wall plan or on a modification of the long-wall and 

panel systems. 
The total available tonnage may be divided thus: 

...10,957,20),000 
• . . 19,585,800,000 
• . . 3,003,200,000 

Excluding coals less than three feet in thickness we have an avail- 

able tonnage of 30,544,000,000 tons, and if 75 per cent. of this is re- 

covered we have 22,908,000,000 tons as the possible output fro° 
seams three feet or more in thickness. Probably two-thirds of tl)i5 

* The estimates do not include the Broad Top coal-field. 
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amount lies favorably situated for mining, and at ordinary prices fot 
labor can be mined and p1sced on the cars at ai average cost not ex- 
ceeding one dollar per ton; but the remaining third lies beneath water— 
level, or beneath a thick covering of superin]posedl measures, and ill probably cost from one dollar and a quarter to one dollar aiiu half per toti at the ptesent price ot labor. This two-thirds 
15,272,000,000 tons, accessible above water—level, and contained in 
beds not le- than three feet tlick, is sufficient to maintain the pres- ent. averane yearly output from Pennsylvania for about eight hun— : died ycaN, or to supply the whole world for fifty years. The ahi1ic of l)1odluction show a yearly increase of about 6 per cent, from 1864 to the present time. If this ratio of increase is 
maintained, the yearly output will reach an enormous figure in th irtv or forty years (as shown in the first column of the following table) btit as West Virginia, Ohio, Indiana, and several of the Western States are rapidly (levcloping their coal resources and taking their sh:ue of the increased deniaud, it does not seem probable that this 
percentage of increase can long continue, and I have accordingly ealculated another table on a scale of (lecreasing percentages of in— 
crea.se,—shown in the second cOluuisun,_cstimated on a basis of • 
l6,vOO,00o tons production in 1880. 

Year. Yearly Tonio,ge. Ycaily Tonnage. Yearly Increase. 

lS0 . . . . 16,000,000 16,000,000 . 
1850 . . . . 2S,640,000 H 2S,640,000 6 per Cent. 
1900 . . . . 51,265,600 46,396,800 5 
1910 . . . 91,765,424 68,000,000 4 
1920 164,270,219 91,120,OfO 
1930 . . . . . . 111,160,450 2 " 
94o • . . 122,84d,000 1 * 

--....-....- 

Although the figures of the second column are much smaller than th050 of the first column, they still are in my opinion much in ex- cess of any output we will ever reach in Pennsylvania. I am in- clined to think that the ratio of increase will (limit) ish more ra1)idy, Say 1 per cent, every five years,—that the maximum output will bc reaehe(] between 1900 and 1920, and will not exceed 50,000,000 

I 

Beds over 6 feet thick, 
Beds from 3 to 6 feet thick, 
Beds from 2 to 3 feet thick, 

Total, 
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tons per annum. At this rate more than five centuries will be re- 

quireci to exhaust the coal. 

Seams less than three feet in thickness, unless of unusual purity, 

or located in the counties forming the northern edge of the coal-field, 

are of little importance at present; nearly all the coal now marketed 

coming from seams averaging three and a half feet or more. Many of 

the smaller and more impure coals will never be marketed, although 

they will answer well to supply the local demand for domestic use 

and small manufacturing establishments. Probably 10 per cent. of 

the total available coal will be used to meet this demand, but only 

a small percentage of this will actually be won in mining, as small 

mines (country banks), worked vicariously from year to year, are 

almost invariably mismanaged, and more than one-l' ' the coal 

irrecoverably lost. 
The possil)le output from beds above water—level, and more than 

three feet thick, has already been estimated at 15,272,000,000 tons. 

it will he safe to assume that one-third of this will be of sufficiently 

good quality to furnish good coke, an amount (5,090,606,660 tons) 

sufficient to smelt 2,500,000,000 tons of iron ; the remaining ten 

thousand million tons vi1i furnish excellent gas and steam coals. 

The average workable thickness and available tonnage of each seam 

arc shown in the following table, which is illustrated by the columnar 

section (page 146) drawn on a scale of two hundred feet to an inch. 

pper Barren measures: 

Washington bed, S'—3', . . 787,200,000 - 787,200,000 
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C'onglo,ncrate series: 
IMercer coals, 
Quakertown bed, 2', 
Sharon coal horizon, 

1,028,600,000 

Total . 33,547,200,000 

UPPER BARREN MEASURES. 

The Upper Barren measures furnish but one workable seam, the 
Upper Productive measures five beds, the Lower Barren measures 
three or four coals attaining workable size in parts of three or four 
counties, the Lower Productive measures eight workable seams, and 
the Conglomerate series three or four seams, workable over limited 
areas in tile northwestern counties. 

This series furnishes but one scam of commercial importance, the 
Washington bed, wliieh attains its best development in Washington 
and Fayette counties, but is not persistent as a workable seam in 
any other county. This series of rocks contains (see section) several 
other seams, but they arc usually very thin and of poor quality, 
although one—the Wayiiesburg "A bed — may prove workable 
over a small area in Fayette County. 

UPPER PRODUCTIVE MEASURES. 

TVtynesburg Bcd.—T his is a seam of great importance in Greene 
and Washington counties, attaining also a good thickness in Fayette 
and Westmoreland, holding the fifth place among the productive 
coal seams. Professor Stevenson's admirable maps show its depth 
beneath the surface at almost every cross-road and town in Greene 
and Washington eounties.* 

Uniontown Bed.—This is locally workable in parts of Fayette and 
Greene counties. It is of little importance. 

Sewickley Bed .—_T he same remarks apply equally well to this bed, 
and to the 

Redstone Bed, which is also locally workable in Westmoreland 
and Allegheny counties, with an average thickness of from two to 
three feet. 

Pittsburgh Bed.—This is the best and most valuable seam of the 
bituminous coal area. It ranges from six to twelve feet. in thickness, 
and according to my estimates contains nearly one-third of the avail- 
able bituminous coal inPennsylania Its most extensie areas are ' Sec Reports K, KK, and KKK, of the Second Geological Survey of Penn- 
Yh'ania. 

• . 032,600,000 
57,600,000 

• . 38,400,000 

Upper Product eve measures: 
Waynesburg bed, 3'—5', 
Uniontown bed, 2&3', 
Sewickley bed, 3', 
Redstone bed, 2'—3',. 
Pittsburgh bed, 6'l2'v 

C 

H 

2,126,400,000 
312,000,000 
432,000,000 
326,400,000 

10,438,800,000 

Lower Barren measures: 
Brush Creek, Coleman, etc., beds, . 878,400,000 

13,035,600,000 

S78,400,000 
L,wer Productive ,neasures 

In Westmoreland, Fayette, and Alle- 

gheny counties 
Millerstown bed, 3' 
Freeport upper bed, 8'—5', 

Freeport lower bed, _fV, 
Kittanning upper bed, 2'—4', 
Kittanning middle bed, 2'—3', 
Kittanning lower bed, 2'—6', 

Clarion coals, _3/ 
Brookville bed, 2'—4', 

2,084,000,000 
28,800,000 

3,764,800,000 
2,385,600,000 
1,596,000,000 

829,800,000 
4,225,200,000 

696,000,000 
1,627,200,000 

17,217,400,000 
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found in Fayette, Washington, Allegheny, Westmorel and, and 

Greene counties, Small areas also occurr'ig in Indiana, Somerset, 

and Beaver counties. . The purity an(l quality of this coal, an(l the 

excellent character of coke made from it,—the famous Counellsville, 

—render it many times more yaluabie than any other seam. 

In parts of Washington and iii Greene County it lies deeply 

covered beneath a great thickness of overlying measures, but its 

depth at almost any point can he easily determined from Professor 

J. J. Stevenson's maj)S.* 

LOWER BARREN MEASURES. 

In Indiana, Somerset, and Butler counties this series contains 

several beds, attaining workable size over limited areas, and in Arm- 

strong and Beaver counties there is also a small quantity of iuineable 

coal in these measures. It will probably he worked principally to 

SupPly the local demand. 

LOWER PRODUCTIVE MEASURES. 

In Fayette and Westmoreland counties the coals of this series Con- 

tain a large amount of available coal ; in Allegheny County the Free— 

port coals will furnish a large supply, hut they are always of inferior 

quality. The tonnage of these three counties available from the 

Lower Productive measures was estimated en masse, the data not 

being sufficient to warrant a finer (lifferentiation. 

Millersiown Bed.—T his is locally workable in Butler County ; it 

will be mined to meet the local (leiuafld. 

Frceport Upper Coal.—fhis bed is workable in parts of fifteen 

counties. It furnishes some excellent coal, is often a superior coil- 

ing coal, and in the western counties is always a strong steam and 

often a good gas oal. A small area of this seam in Clarion County 

is of a " block " character, and the coal has been used raw in a small 

furnace (10' x 33') to smelt the limestone carbonate ores. This bed 

ranks third among the productive seams. 

Freeport Lower GoaL—A bed of great importance in Jcffirson, 

Iiidiaa, Clearfield, Cambria, Armstrong, Centre, and Allegheny 

counties, and workable in parts of Beaver, Butler, Elk, Blair, Cam- 

eron, Westmoreland, and Fayette counties. It ranks fourth among 

the productive seams, and will furnish a large supply of good steam, 

coking, and gas coals, the character varying with the locality. 

Kittanninq Upper Goal.—Near]y all of the cannel coal in Penn- 

* Reports K and KK. 
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sylvania occurs at this horizon. It is the celebrated "Darlington 
bed. The seam often consists partly of cannel and partly of bitu- 
niinous coal, but is most frequently a bituminous seam of fair quality, attainio workable thickness in parts of Butler, Armstrong, Somer— 
set (bea . 0"), Beaver (cannel), Indiana, Jefferson, Elk, and Ly— 
coming counties. It holds the seventh place among the productive 
seams. 

- 

Azltaonuiq JJk1le GoaL—This becomes locally workable in But- 
ler, Lawrence, Jefferson, Armstrong, Elk, Cameron, and Clarion 
counties. It will furnish probably one—half as much coal as the 
Kittanriiug Upper bed: 

kittanninq Lower Goal.—In twentv—tvo counties this bed attains - a workable thickness and ]ies above water-level, favorably situated 
for milling. Tile seani lettered "B " in Clinton, Bradlhrd, Lycom— 
lug, Tioga, and Sullivan counties has been considered its eastern 
eqivalent.* Along the Allegheny escarpment it is an excellent 

— - - coking coal, and in tile w'esterii cotiuties often a good gas coal, and 
alwa) 5 a troiIg steam coil In point of pioduction it pi obably 

- - ranks second only to the Pittsburgh bed ; but the lreeport Upper coal m iv poibly equ 11 or slightly ecced it in the sinount of eihy accessible coal It a erag s from two to fhur feet in the western, and fi om tIn cc to feet in the e itei n eountics 
Giw ion IJcsl —fln is foi mcd in tn o subdi isions in some of the 

Western con II ties, its upper split being In os n as the "Sci iii) grass " 
coal t Its output will probabl be applied almost exclusi ely to '. satisfy the loc'il demnd It sometinie5 fu1ilihes coal of excellent 

qualit), but the bed is u'.uall) quite thin 
Bioo/uile Bed—BuT "A" oftlie -hlegheny escarpment counties It will be about equally pioducti e with tile Kittanning LTpper seam, but often furnishes a very suiphurous fuel. 

CONGLOMERATE SERIES. 

JJJereer Goals.—The Mercer Upper and Lower coals are workable 
Over limited areas in Lawrence, JefFerson, McKean, Elk, Meeer, 

Venango, and Forest (?) counties. Excepting in McKcan, where 
Proximity to market enhances their value, and in Mercer County, 

they attain their best development, they are of little impor— 

* 
Reports HHHH, H5, end H6, showing "B" = Lower Kittanning coal. f Reports V, VY, QQ, QQQ. 
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tance. In Elk and Jefferson they will yield a considerable tonnage, 

but in the latter county at least this will be applied almost exclu- 

sively to meet the local demand. 

Quakertown GoaL_Workable over a small area in Mercer County. 

Sharon Coal.—In Mercer County this is a bed of great value, but 

its available area will be exhausted in the near future. This horizon 

will furnish a small amount of coal in Crawford and Warren coun- 

ties, but in the latter county it is thin an(l of inferior quality. Its 

available tonnage has been estimated on a most liberal basis. 

The area actually covered by the bituminous coal measures in 

Pennsylvania is about 9000 square miles. The Upper Productive 

series extendS over but a small fractional po'rtion of this area; the 

Barren measures cover a considerable area, hiding beneath a thick 

covering large areas of the coals of the Lower Productive measures, 

otherwise easily accessible. The limits adopted in making these 

estimates necessarily compel the exclusion of many such areas in 

computing the available coal. 

Estimates in detail for each county arc given in the following 

tables in alphabetical order. It may appear that in many cases very 

small areas are assigned to persistent scalDs occurring over large 

areas. The exl)lanatioll of this will be found in the impure or 

variable character of the bed, or its depth beneath water-level, or 

beneath superim)OSed measures over a 1)ortion of the area. rUhe 

casual observer is apt to form a favorable opinion of the quality, 

thickness, and regularity of coal seams not warranted by the actual 

facts. Finding several banks working on the same bed at diflèrent 

localities in a county or township, at all of which the bed is of fair 

quality and thickness, he is naturally led to infer that the seam will 

be fbund of equal value over all the area he has examined; but he has 

perhaps had iio opportunity of examining an equal or greater num- 

ber of trial openings, at which the bed was found to be worthless, for 

these have all been abandoned, have fallen shut, and the openings 

are almost obliterated. Unless this fact is kept constantly in vieW 

and due regard is given to the variable nature of most of our bitu- 

minous coals (especially the smaller seams), estimates based on bed 

measurements made at working banks will almost invariably exag- 

gerate the true amount of available coal of marketable quality. 
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Allegheny county. 

I 
Average 

NAME OF BE,). Coal Acres. Tons. Square Miles, 
Thickness. 1 foot thiek 

Redstone 2' 32,000 96,000,000 100 
Pittsburgh 10' 112,000 1,680,000,000 1750 
Lower Productive Coals, . 6' 80,000 720,000,000 750 

Total, 2,396,000,000 2600 

Armstrong C'ounfy. 

Freeport Up,e 
Freeport Lower 
Kittunniiig tpper 
Kitlanning Middle 
Kittantiing Lower 
Cladou Coal 
Brookvil]e 

3' 
3' 
3' 
3' 
21' 
21' 

128,000 
48,000 
64,000 
32,000 
80,000 
12,800 
6,400 

Total, 

768,000.000 
216,000,000 
288,000,000 
114,000,000 
360,000,000 
48,000,000 
24,000,000 

1,872,000,000 

$00 
225 
300 
150 
375 
50 
25 

1950 

Beaver 
Pittsburgh Bed 
Brush Ci'eelc 

Freeport Upper 
Freeport. Lower 
Kittanojur, Upper 
Kittanning Lower 
Clarion Coal 

8' 
3' 
3' 
2Y 
2' 
2' 
2' 

county. 
800 

16,000 
35,200 
12,800 
64,600 
51,200 
6,400 

Total, 

9,600,000 
72,000,000 

158,400,000 
48,000,000 

192,000,000 
153,600,000 
19,200,000 

652,800,000 

10 
75 

165 
50 

200 
160 
20 

680 

Blair County. 
4' F 

2' 

4' 

Freeport Upper 
Freeport Lower - Kitt5i0. Lower 
Brookyille 

Kittan,j,,,, Lower (0 B"), 
.flrOokville (Bed "A"), 

ITI 

3,200 19.200,000 20 
3,200 9,600,000 10 
4,800 25,200,000 26 
6,400 38,400,000 40 

Total, 92,400,000 I 96 

Bradford County. 
4' 4,480 26,900,000 28 
2' 6,400 19,200,000 20 

Total, 46,100,000 48 
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Lower Barrens 
MiHerstown Bed 
Freeport Upper 
Freeport Lower 
Kittan ii ig Upper 
Kittan ni ug Middle, . 
K it tan ci ng Lower 
Clarion 
Brookville 

Freeport Upper 
Freeport Lower 
Kit tail clog Lower (' 11'' 
Brookville (. A") 

Kittancing Middle 
Kittait sing Lower 
Clarion Coal 

Freeport Upper 
Freeport Lower 
Kittan fling Lo seer 
Brookeille B0d 

Freeport Upper 
Freeport Lower 
Kittanning Middle 
Kittatinitig Lower 
Clarion 
Brookville 

Butler County. 
A vera go 

Coal 
Tt,i,k less. 

3' 
3, 
4, 
6' 

3, 
3' 
2' 
3' 

Cambria County. 
3' 89,eoo 
2' 64.000 3' 128.000 
3' 8:1,200 

Cameron County. 

Sqeare Mites, 1 loot thick. 

225 
30 

440 
:40 

300 
2)0 
1.50 
150 
150 

1775 

3' 3,200 14,100,000 15 

3' 9,600 .13,203,000 43 
3' 16,000 72,0110.000 75 

Total, 129,000,000 135 

Centre County. 
4' 12.800 76.800,000 80 
4' 32.000 192.OOit,000 200 
4' 51.200 345,600,000 300 
3' 44,800 134.400,000 210 

Total, 748 800,000 850 

Freeport L' 

Freeport Lester 
1(itta in i ig Lower 
Brookville 

Upper Barretis 
Waynesiu.. 
Uniotio5,,, 
Sewieieiey 
Redstone 
Pittsburgh 
Lower Productive Beds, 

2 2.6 (56 
64,000 
09,600 
64,000 

NA3IE OF Ben. Acres. 

48,000 
6,100 

7 ((.4 00 
3,200 

83,200 
44.800 
32,000 
4 8.0110 
32,000 

Total, 

Tons. 

216,0 00,0 0 0 

28,800.000 
422,400,000 
28,800,000 

371,400(100 
201,6(10.000 
111.000.000 
11.1,000.000 
1.14,000,000 

1,704,000,000 

470,100,000 490 
243,000,000 250 
672,000,000 700 
37.1,400,01(0 390 

Total, 1,75G.00,000 1830 

Clearfield County. 
Average OF BCD. Coil Acres. Tons. qoare Mites, Ttnckiies. 1 loot thick. 

4' 133,600.000 139 4' 384.000,000 400 
604,000,000 630 3' 288,000,000 300 

Total, 1,410,400,000 1469 

Clinton Cozintj. 
Kittanniug Lower ("B"), 3' 9,600 43.200,000 43 Brookville ("A ") 2'. 6,400 19.200,000 20 

Total, 62,400,000 65 

Craü ford County. 
Sharon Horizon I 3' 3,200 14,400,000 15 

.Elk County. 
Freeport Up1ie 5' 3.200 24,000,000 25 Freeport Lowe 5' I 6,400 48,000.000 50 Kittannitig Upper 2Y 16,000 60,000,ooo 62 Kittanniug Middle 2' 28,000 105,000,000 11 2 Kittaunin,v Lesser 3' 48,000 216,000,000 225 Clarion 2' 57,600 172,800,000 180 Mercer Coals 3' 64,000 288,000,000 300 

Total, I 913,800,000 955 

Forest county. 
Sharon and Merger 

Ho.} ? 2' 1,280? 3,800,000? 4? 

Fayette County. Clarion County. : 
3' 3.200 16,800,000 17 
4' 3.200 19,200,000 20 
2' 25.600 76.800.000 80 
3' 96,000 432,000,000 450 
2' 32.000 96,000.000 100 
2' 12,800 48,000,000 , 50 

Total, 688,800,000 717k 

3, 
5' 
3, 
3, 
3, 

12' 
4, 

25,600 115,200,000 120 
35,200 264,000,000 275 
48,000 216,000,000 225 
48,000 216,000,000 225 
25,600 115,200,000 120 

160,000 2,880,000,000 3000 
128,000 768,000,000 800 

Total, 4,574,400,000 4765 



Pittsburgh Bed. 
Barren Mea,ires. 
Freeport Upper 
Freeport Lower 
1 ttitn ti P p per 
Kittaii ii ug L5wer (' B ''), 
Brookville, 

Freeport Upper 
Freeport Lower 
Kittait ning tjpe 
Kittaniting Middle 
Kittanning Lower 
Brookville 
Mereer Coals 

Kittanning Middle 
Kittanning Lower 
Clarion 
Mercer Upper 
Mercer Lower 

141,000.000 I 150 
192,000,000 200 

1.152,000,000 1200 
210.000,000 250 

96,000,000 100 
288,000,000 300 
72,000,000 75 

Total, 2,184,000,000 2275 

225 
1000 

90 
75 

250 
210 
225 

Total, i 1,992,000,000 2085 

3' 48,000 216,000,000 225 
2' 32,000 96,000,000 100 
2' 12,800 38,400,000 40 
3' 6,400 28,800,000 30 
2' 6,400 19,200,000 20 

Total, 398,400,000 415 

19,200,000 20 
33,600,000 35 

Total, 52,800,000 55 

Kitta ''-' Lower 
Clarion 
Mercer Upper fercer Lowe 
Q ualcertown 
Sharon 

Clarion 
Mercer Coals 

Kittanning Lower ("B"), 
Brookville ("A ") 

Tons. Sq'are Miles, 5 foot thick. 

l2 
75 

100 
250 
60 
15 

Total, 192,000,000 i 512k 

2J.tcKcan County. 
3' 3,200 14,100,000 15 2' 9,600 20,800,000 30 

Total, 43,200,000 45 

Potter County. 
3' 3,200 ]4,400,000 15 2' 3,200 9,600,000 10 

Totnl, 24,000,000 25 
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NAME OF Sco. 

Greene County. 
Average 

Co,tt Acres. 
Thick less. 

Waynesbur,. 
Uniontown 
Sewicklev 
Pittsburgh 

Tons. Square Miles, 
1 foot thick. 
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JJIei'cej' County. 

160,000 1,200,000,000 1250 
32.000 96,000,000 100 
48,000 216,000.000 225 
96,000 1152,000,000 1200 

Total, 2.664,000,000 2775 

Indiana County. 
7' 12,800 4' 32,000 4' 192,000 2' 64,000 2' 32,000 3' 64.000 
2' 19,200 

— 

Average Nsise Or Ben. Coal Acres. — 

Thickness 

2' 
3' 2' 
2' 
2' 
3' 

3.2 00 
16,000 
25,600 
64,000 
19,200 
3,2 00 

12,000,000 
72,000,000 
96,000,000 

24 0,00 (1,00 0 
5 7, 1; 0 0, 000 
14,4 00,000 

Jefferson County. 
3' 48,000 
4' 160,000 3' 19,200 3' 16,000 2' 80 000 
3' 44,800 
3' 48,000 

216,000,000 
9(;0,000,000 
86,400,000 
72,000,000 

240,000,000 
201,600,000 
216,000,000 

Lawrence County. 

Sullivan County. 
Kittanning Lower ("B"), I 3' 2,560 

Somerset C°ounty. 

11,520,000 I 12 

Lycoming County. 
Kittanning Upper ("D"), 4' 3,200 
Kittanning Lower (" B"), 3' 6,400 

8,—i 0' 
6' 
4' 
4' 

3, 

Pittsburgl, 
Lower Bane,,5 
Freeport Upper 
Kitttitttiing Upper ('' ''), Kittaitnj,,g Lower (" B •'), Brookvill ("A") I 

Rittanning Lower (" B "), 
(" A ") 

(Platt) 42,000,000 44 
41,600 374,400,000 390 
51,200 307,200,000 320 
80,000 480,000,000 500 
64,000 336,000,000 350 
51,000 230,400,000 240 

Total, 1,770,000,000 1844 

Tioga County. 
6' 12,800 115,200,000 120 3' 3,200 14,400,000 15 

Total, 129,600,000 135 



Warren County. 
Sharon Horizon . 2' 3,200 I 9,600,000 10 

The reports already published by the Second Geological Survey 
of Pennsylvania, descriptive of the bituminous coal area, now imm- 
ber twenty-one octavo volumes, besides two volumes and one atlas 
on the fossil flora of the coal measures, and a special volume on the 
coke industry of the Youghiogheny. Nearly all of these reports are 
illustrated by geologically-colored county maps on a scale of tWO 

miles to one inch. Besides this series of maps, there is another 
series now in preparation on a scale of six miles to one inch, which, 
when completed, will be published in atlas form. At some time in 

the near future it is my intention to construct from these maps aD 

accurately-colored map of the bituminous coal area. I had hoped 
to illustrate this paper with such a map, drawn and colored to shoW' 

the relative areas of the principal productive horizons, but as the 
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maps of Canibria, Somerset, Clearfield, and Centre counties are hot 
yet completed, I have thought best to wait until all of these are 
finished and approved by the State geologist. The estimates of areas and tonnage in these four counties probably contain larger errors than apv of the remaining districts, as it is impossible, in the absence of the geulogically-colored maps, to limit the productive areas with 
any great degree of accuracy. 

The tables showing the county tonnage develop the fact that each 
county contains an average of but four or five accessible seams of commercial importance. 

2 counties Contain 9 important seams. 
2 8 
4 7 
2 
2 5 
7 4 
2 3 
7 2 
3 1 

If the counties are tabulated according to their available tonnage we find Fayette standing at the head, followed by Washington, Greene, Al legl lenv, \Vestmoreland, Indiana, Jefferson, Armstrong, Somerset, (2ainbria, Butler, Clearfield, etc., but we must not lose sight of the fact that this may not be the order in which they stand in reference to their present value and importance as coal-producing areas. Mr. Joseph S. Harris, in his able report on the Philadelphia and Reading Coal and Iron Company's property, has clearly shown that the pi'csen money value of any coal area (lepends largely upon the time at which development is commenced, the time elapsing be- fore its maximum output is reached, and the time occupied in ex- 
hausting the tract, the present money value rapidly decreasing as any one of these variables is increased. 

The same principle is Ufl(loubtedly applicable to the bituminous coal areas. Those areas, so situated that their development can be 
econolBieally prosecuted at present or in the near future, possess a much greater relative present value than areas not so favorably Situated, thus some of the counties forming the noithern urn of the bituinjious coal area are, because of their proximity to the North- ern markets, and their preseit development, of much greater present importince as coal producers than centrally located aleas containing any times as much available coal. 

VOL. x.—11 

160 TONNAGE OF BITUMINOUS COAL-FIELDS OF PENNSYLVANIA. 

Yenango County. 

NAME OF Ben. Average 
Coal 

Thi,k ness. 

Kittannitig Lower 
Clarion 
Brook vi I p 
Mercer Coals 

\\ashitglon 
1\ayiis-sbttr_ 
Piusbuegli 

\'iavneshttrg 
Redstoiie 
Pittsburgh, 
Lower I'roductive Coals, 

Acres. Tons. Sq1re Mile,, 1 toot thtck, 

2F 3,200 1 2M00,000 121 
2' 6,100 19,200,000 1 20 
2' 3,200 9,600,600 10 
21' 3,200 12,000000 12 

Total, 52,800,000 55 

JJ'aslilngton County. 

128,000 672,000,000 71i0 
3' 1 28,00(1 576,000,000 600 
6' 320,000 2,8$0,000,OtiO 3000 

Total, 4,128,000,000 4300 

JVestnioreland County. 
3' 19,200 86.100,000 90 
3' 25,600 115.200,000 120 
8' 137,600 1,651.200,000 1720 
4' 96,000 576.000,000 600 

— 

Total, 2,428,800,0110 2530 
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The amount of coal excluded from these estimates on account of 

poor quality, depth beneath water-level, or beneath overlying rocks 
is very great. As these estimates prove the existence of an amount 

of easily accessible coal of good quality sufficient to supply the de- 

mand for several centuries, estimates of the tonnage of these impure 
seams or inaccessible areas would be of no practical value to the 

present generation. 

CHEMICAL METHODS FOB ANAL YZEG BA IL-S TEEL. 

BY MAGNUS TJSOILIUS, CHEMIST TO C. P. SANDBERG, LONDON, ENGLAND. 

I NT ROD U CT I ON. 

BY C. P. SANDBERG. 

SINcE the discussion on steel rails in America has forcibly drawn 

attention to the value of chemical analysis, if not as a necessary Stip- 

ulation, at least as a guide to control the usual nlechallical tests, 

some doubt has been thrown upon the accuracy of the analytical 
results obtained by (lifferent chemists. 

To any one having the least acquaintance with chemistry, it iS 

quite clear that if exactly similar results are to be obtained from the 

same borings of steel, exactly the same methods must be used by 
the different analysts. Hence the necessity (if complications are to be 

avoided) of establishing what I may call standard or normal meth- 

ods, to be used both by the inspectors and by the chemists at the 

works. Remembering that the application of chemistry to steel— 

rail inspection is yet in its infancy, it is of great importance to poS- 

sess a perfect acquaintance with the best methods in use. 

Being myself a grateful pupil of Professor Eggertz, of the School 

of Mines in Sweden, it occurred to me, two years ago, that I could 

not do better than start a laboratory of my own, and engage one of 

his pupils, Mr. Troilius, for the purpose of analyzing the steel bor- 

ings from mechanically-tested rails, so that I might thus obtain 

without delay thoroughly accurate determinations. 

Moreover, in order to carry on the operations in perfect accord- 

ance with the methods used at the steel works in England an(l Ger- 

many, where I had to control tile manufacture, I deemed it desira- 

ble to allow Mr. Troilius to go through a course of training t 
thse works; and I gladly seize this opportullity of expressing my 

grateful acknowledgments to several works in England and in Ger- 

many for affording every facility for such an exchange of inforifla- 

tion as was found necessary in arriving at the best analytical metho 
to be used. 
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The value of this preliminary training has already become cvi— 
- dent, for, after working a year in my Own laboratory, we find that 

the results hardly ever differ from those obtained at the works; or, at any rate, they rarely differ from the results of those professional chemists who check the same borings in case of any discrepancy. inas... -. as this work is principally executed for A merica, it naturally follows that if it is checked by American chemists, it will 
be of interest, both for them and for the chemists on this side of the Atlantic, to know the methods of analysis followed in the two 
countries. Wit-b this view. 1 beg to introduce the following paper, which has been very carefully worked out by Mr. M. Troilius, and, 
therefore, deserves the attention of tile members of the Institute. I Can only say of tilis paper, as I have said in my own on "Rail Specifications and Rail Inspection in Europe,"* that it fully explains the methods, which I have hitherto adopted, with excel lent 
results. But, if any better methods Can be sllggested by American 
chemists, I shall only be too glad to modify my present mode of 
vork i ng. 

It remains for me to add that Mr. Troilius will have great pleas- ure in answering any questions that naiv be addressed to him, with referene to the following methods for the application of chemistry to steel—rail illspection. 

CHEMICAl, METJ-IODS FOR ANALYZING RAIL—STEEr,. 
USEFUL APPLIANCES. 

One of the most useful and necessary appliances in a steel lab- 
oratory is tile hot—plate. An iron plate, 12" x 18" x s-" thick, heated froni below by a good Bunsen burner, vili answer very well. Or, if more convenient, the plate may be combined with a coke fire and a muffle-furnace, the coke fire thus heating both the plate and the rnufflefui.jiace. In any case tile plate should be ileated iii such a manner as to have a boiling temperature at Only one part, from Which part tile heat should gradually (lecrease towards the edges. Th us 
arranged the Plate forms a very satisfactory substitute for water— ths, dryillg_boxes, etc., as vihl be seen in tile following descrip- tion of tile methods. There is no risk of destroying beakers, etc., sufficient experience in working tile plate has been acquired. A plate of this kind has been in use in the Royal School of Mines 

* 
Transactions, vol., ix, p. 193. 
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in London, for about fifteen years, but, as far as I am informed, it was 
Mr. Snelus who first employed a plate in this way at Dowlais, and 
it has since become universally used in English and Welsh labora 
tories. I should also mention that it has been successfully intro- 
duced in the Stockholm School of Mines, in accordance with my 
suggestion last year in the Jernkontorets Annaler. In German steel 
laboratories the water—bath and other more "scientific " 

appliances 
are more generally in use than in England and Wales ; in fact, I 
have not so far seen the plate used in any of the German steel 
works which I have visited. It is necessary to have the plate placed 
under a good draught, so as to remove all the noxious fumes which 
are evolved during the operations conducted on the plate. 

As regards other useful appliances, belonging to a well—fitted steel 

laboratory, they are all more or less common, or are only occasion- 

ally used, and (10 not deserve as much attention as the above-named 

plate. Fluted funnels, however, are worthy of being mentioned as 

being somewhat quicker to work with than ordinary plain ones. 1 

have not found them in use on the Continent as frequently as in the 
United Kinglorn, but they are now beginning to be somewhat more 

appreciated, even in Continental countries. 

CA IIBON DETERMINATION. 

Eggertz's color-test is a very accurate method for determining car- 

boa in rail-steel, provided the operator has sumeicrit experience and 
takes all the necessary precautions. At the same time this nicthod 
has the great advantage of being very rapid. It is now nearly 

twenty years since this method was described in Sweden and Ger- 

many by Professor Eggertz, and very shortly afterwards Mr. C. P. 

Sandberg published an English translation of the method in the 

chemical Xew&* In Great Britain the color-test is now very largely 
used, every blow in the Bessemer converter being thus tested for 

carbon, and in the hands of skilled manipulators it gives great sat- 

isfaction. In German steel-laboratories the color-test is not so nitiCil 

used as in Great Britain, and costly arrangements are often em- 

ployed for carrying out determinations of carbon by the combustion 

process on a large scale. For the daily control of rail-steel, botv- 

ever, this is rather an impracticable arrangement, when results, cecIl- 

rate within 0.01 per cent., can so rapidly be obtained by the color_test. 

Experience soon taught the manipulators at steel works to niodil) 
the method in many respects, so as to attain greater rapidity, thus 

* Chemical News, vol. vii., p. 254. 

CHEMICAL METHODS FOR ANALYZING RAIL-STEEL. 165 

deviating from the directions given by Professor Eggertz in 1862. There has, however, been Some uncertainty as to many of the de- 
tails, and as Sonic rather serious discrepancies have occasionally oe— 
curred, especially in analyzing the harder classes of steels, there have not beeii '- ati ig people who (lelloUnce the whole method. It is, there- 
fore, with great pleasure that I am able to accompany this paper with a tiansl ition of I'iofeesor Fgci tz'b 1 cecnt ai tide ou the sub 

ject s the contents of this 'U tick, or, st lea t the moie impoi tant 
points, were kiidl communicated to inc some weeks before it was 
published in Sweden, I have had ample opportunity of applying ..L tile experience thus gained, and have found it thoroughly corroboN 1ated by my own results. 

The most 11111)01 t tnt ficts in Profe or Eggei ti's ppr tre con tamed in the rules given for (1) quantity of acid req u-ed-for each OJ gram ofsteels of different percentages ofcarbou, and (2) minimum addition of vater required for each 0.1 gram of steels dissolved in nitric acid, to remove the iron color. 
Referring to tile complete* translation for further information, I will now explain how I carry out my determinations of carbon in rail-steel by means of the color-test. My mode of man ipulatiou is the same as that used at most English and Welsh steel works, with the modifications of the two above-mentioned new rules of Professor 

Eggertz. I use 02 grain of the steel for testing, and along with every set of samples 0.2 gram of standard steel is dissolved. This is indis- pensable with the mode of procedure I adopt, no precautions being taken to exclude the sunlight, etc The solution is effected in -, test_tub, 6 inches long and about finch internal diameter. Tile dimejsi1 of the test-tubes are not a matter of great importance, but they should not be too narrow. 
Tile nitric acid I always allow to flowinto the tubes from a grad- uated burette, this being by far tile best way of adding the acid. The tubes ale then put into a beaker 4 to 5 inches high, hslf filled ith water. The beaker may be advantageously covered with a perforated tin plate, and the tubes put through the holes and thus steadied. Heat '8 then applied, and boiling is continued until the steels are dis- :_J. This seldom requires more than half an hour, and is greatly pr9moted by the jumping of the tubes in the boiling water. When 
The accompanying translation Contains an addition made after publishing Srtiele in Sweden, and is thus believed to be more complete than any trims- - which has already appeared in print. See Appendix. 
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the solution is completed, the tubes are put into cold water, and th5 
determination of carbon is thereupon carried out by means of the 
carbon-tubes. The carbon-tubes are generally bought in sets of three 
tubes, one of which is graduated, and the other two not. The tubes 
in each set are selected carefully, so as to be of the greatest possible 
uniformity as to dimensions and quality of glass. Their capacity is 
20 c.c. 

In raw ordinary work I put the standard-steel solution into One 
of the ungraduated tubes, measuring off by aid of the gradnated 
tube, and in very particular analyses I use standard-steel solutions 
of different colors in both the ungraduated tubes. This helps the 

eye to catch faint differences in tint. The solutions for testing are 
put into the graduated tube. 

The differences in tle results, which are sometimes obtained when 

analyzing the harder classes of steel by the color-test, are not ob- 
served as far as rails are concerned, and I find no difficulty in ob- 

taining accurate results in this case. In flict, as far as my experi- 
ence goes, the carbon in rails is that clement which can be most 
easily accurately determined, and this by the simple color—test. But 
even for harder steels a very much greater certainty is now secured 

by the method described in Professor Eggertz's latest publication. It is always desirable, if not necessary, that the standard steel 
should have a percentage of carbon not differing too widely from the 

average percentage of carbon in the steels for testing; especially when 

dealing with very soft steels one finds the necessity of having a low 
standard. 

In w'orking this method for carbon estimation, when the carbon 

ranges from 0.10 to 0.80 per cent., I have obtained accurate (leter- 
minations with great rapidity ; and this, indeed, is the great value of 
the method, which is best seen by its application for ascertaining the 

carbon in every blow, even at the largest steel works in England, 
where hundreds of charges are made per day. Ordinarily, a boy is 

trained to do this work, under superintendence of the chief chemist, 
and consequently the cost of execution is but very small. 

The plan of dissolving rapidly and then cooling the tubes, as just 
described, w'as originally employed by Mr. Sne]us at Dowlais. 

PHOSPHORUS DETERMINATION. 

The greater numberof steel works which I have visited use Eg 
gertz's molybdic method for determination of phosphorus in steel. 

Except in Sweden, however, it is only at one large works in Ger- 
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many that I have seen this method carried out in the w'ay originally J by Professor Eggertz; and at that works superior appli- ances, enabled the manipulators to obtain pretty quick, and cer— 
tainlv very accurate, results, even when using weighed filters, and wo' "fl' upon the small prescribed quantity of I gram. At other 
German works it was the practice to redissolve the phospho-molyb_ date obtained, and to finish the analysis by the ruagnesia method. s But at all the English and Welsh vorks with which I am ac- 
quainted the phosphorus is estimated by weighing the pliospho- 
molybdate itself. Several grams of the steel are always used, and the precipitate is generally brushed off from the filter. Oulv at one Welsh works have I seen it gently burnt, so as merely to incinerate the filter. 

The former of the two lastnamed modes of niaiiipulation is the one I use. Like so many other usefil modificatious in the chemistry of iron and steel, this plan was originally introduced at Dowlais by •Mr. Snelus. In the following pages I will describe the process, and at the same time refer briefly to the Welsh "burning" method and to the magnesia method, etc. 
The Biushiag Alethod.—Thie solution of the steel for the (leternhi- nation of phosphorus is an easy operation. Not less than 5 grams of steel are dissolved in a mixture of equal volumes of strong nitric and hydrochloric acids. (I use for this purpose nitric acid 1.42, and 

hydrochloric acid 1.195 sp. gr.) No loss, through escape of phos- phorus, in combination with hydrogen, is hereby incurred. The Solution is evaporated to dryness, and heated until all dark fumes have ceased to escape. A beaker or a porcelain dish may be used, accordiiig to circumstances, and evaporations, etc., are performed on the hot plate. By the evaporation to drynass the complete solution of the steel is secured, all organic matter is destroyed, and the silica can be separated, which is advisable if it is present in any noticeable 
quantity. 

The dry mass is then dissolved in strong hydrochloric acid, the excess of acid removed by evaporation, hot water added, and the Silica filtered off. (If little, or no silica is present, it is of course un- 
necessary to filter it off and the precipitation of phosphorus may then at once be proceeded with.) The filtrate is evaporated down to a Small bulk, so that it is only just fluid; it is allowed to cool, and then about 4 c.e. of the strong nitric acid are added. A little riising Water is introduced, so as to make the bulk about 20 e.c. The beaker '8 

strongly shaken in the right hand, while from a pipette, which 

I - 
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is held in the left hand, 20 e.e. of the solution of molvbdate of am- 
monia are allowed to run into the beaker in a thin stream. 

The solutioo of inol bdate is prepared by dissolving 100 grams 
of molybdate of ammonia in 1000 c.c. of water and 100 cc. of am- 
monia, 0.88 sp. gr. It is of no advantage to use less strong solu- 
tions of ntolvbdate than. this, as one has then to empioy a ]arger 
quantity of the same, and thus obtain a greater bulk, the work being 
thereby retarded. 

After pouring in the solution of the molybdate, a few drops of 
ammonia (0.88) are added, and the beaker is shaken until the precipi- 
tate of iron has disappeared. The phospho—mol Mate is then com- 

pletely down, and you hae only to leave the beaker on the less hot 

part of the plate at least for one hour ; allowing it during that 
time to settle, and shaking it up again repeatedly. After the 
last slinking the precipitate must separate distinctly, and leave a 
perfectly clear, supernatant solution. There is no danger of getting 
molybdic acid down, even if you were to boil for a moment or to use 
a large excess of molybdate, provided that there is a sufficiently large 
quantity of nitric acid present. But, if there is arsenic in the steel, 
this will conic down along with the phosphorus and cause too 

high results. The use of the animoniacal solution of niolybdate of 
ammonia causes a considerable elevation of temperature; hence, as 
will be shown below, the precipitation of arsenic. 

After settling, pour the liquid on to a good Swedish 4-inch filter; 
wash the filter with cold water, containing' 1 per cent, of nitric 
acid, until it is quite white; wash the precipitate in the beaker once 

by decanting with ordinary water, moderately hot ; and, finally, wash 
the precipitate down on the filter, and collect it at the centre, with as 

few washings as possible with ordinary water, moderately hot. The 
filter should be quite white before the precipitate is washed on to it. 

If the washing is conducted in this way 1)0 loss will be incurred 
in dissolving, neither will the fluid run through turbid. The solu- 
bility of the phospho-molybdate precipitate, at 16° C., is given by 
Professor Eggertz as follows: 

If to the solvent be added a solution of molybdate of ammonia, 
equal to about half of its volume, the solvent action seems to be con- 

siderably lessened. 
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After washing, unfold the filter containing the Precipitate upon another filter, and put it on the e(lge of the plate to dry. The un- folded filter sl'ould be covered with a large watch-glass, so as to pre- vent dust from getting into it. As to the temperature for drying, this is means so essential a point as is often supposed, and the 
precipitate may be dried for hours at a temperature between 100° and 140° 0. without changing its percentage f phosphorus in any note- 
worthy degree, as stated by Professor Eggertz, whose results in this 
respect are compiled in the following table 

Temperature Loss per cent. of Weight of Precipitate. flOI(iØo C. 0.40 
1000_1200 0.20 
]200_1400 0.05 

95°—140° 0.65 

The total loss in w'eight is thus only 0.65 per cent, when drying at 140° C., and this has no practical influence, considering the small amount of phosphorus in the Precipitate and the large quantity of steel operated upon. The precipitate also retains its yellow color at the temperature of melting lead (32.5° C.), hut gets black at the 
temperature of melting zinc (400° C.). When dry, the precipitate is shaken down into a weighed l)latinnm, or porcelain dish, the brush not being a)phied until nothing more can be loosened from the filter by mere shaking. It is a convenient practice to hold the filter in the left hand, and fo knock gently on this hand with the other, 

Having thus given the outlines of my mode of using the molyhdic method, i would ad(l the following precautions, which are necessary for attaining accurate results 
ist. Removing excess of hydrochloric acid from the solution by evaporation 
2d. Adding the solution of molybdate in a very thin stream, Shaking well. 
3d. Great care in the washing and brushing off. As for the weighing it is advisable to dry in the vessel repeatedly, and weigh two or three times before finally deciding the weight. In Egge lz's o iginal method there is used for the determination of ;Phosphorus in steel only 1 gram. The solution of the molybdate is :-l from 100 grams of pure molybdic acid to 422 c.c. ammonia 0.95 sp. gr.), and 1250 c.c. nitric acid (1.2 sp. gr.). By using such ft SUiahl quantity of steel one advant.age is gained, viz., that no 

I • 

In pure water 
In water, with I per cent, of nitric acid, 
In hydrochloric acid, 1.12, 
In nitric acid, 1.2 

I part in 10,000 
1 6,600 
I 550 
1 190 
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evaporation after separation of the silica is required, the bulk being 

very small if the washing has becii carefully performed. But of 
course brushing cannot he applied when such a small quantity of 
steel is taken ; weighed filters must then be used. 

As to the precipitation in this case you may manage to have the 
iron solution of 15 to 20 c.c. volume, and add to the same at least 

half its volume of the above—mentioned solution of iuolybdatc. The 
solution is well stirred and left at a tern pcrature of 40° C. for one 

to three hours, after which the precipitate is collected on the weighed 
filter, (lried, and weighed. 

In vcdcu it is of great importance to keep the temperature not 

above 40° C., as some of the very purest Swedish irons and steels 

contain arsenic, which wiil come (lowil as a yellow precipitate similar 

to the phospho—molybdate. At 70° C. this arsenio—inolybdatc 

(containing 4.11 per cent. of arsenic) comes down pretty quickly, and 

on boiluig it pt'ecipitates at once. It is easy to understand how 

important it must be to avoid estimating the arsenic as phosphorus 

in, for instance, a Danneniora " Walloon " iron, where the phosphorus 
may be only 0.01 per cent, or less. If the right temperature be 

neglected the phosphorus would, perhaps, appear to be 0.02 per 
cent. ; but this would still be serious in such pure material. In fact 

it is to be feared that many mistakes on the part of consumers of 

Swedish steels are committed through overlooking the presence of 

arsenic. 
It falls beyond the limits of this paper to describe Professor Eg- 

gertz's method for separating and determining the arsenic in steel, 
and I have only to mention that I have not been troubled with 

arsenic in aiiy of the rail—steels with which I have bad to do. 
The But-ning IIIeihod.—As to the method of burning the pre- 

cipitate above referred to, I may say that I saw it practiced two 

years ago at a large w'orks in South Wales, but not until lately have 

I had time to try it myself. At the works in question it was the 

practice to put the wet filter containing the precipitate in a platinum 
crucible, and to place this in the forepart of a hot muffle_furnace, 
so as to incinerate the filter. A certain correction, as I was told, 

was made for the expelled ammonia, before taking down the result. 

However, I have found, hitherto, that by adding the filter to the 

precipitate after determination by the brushing method, in the 

usual way, and putting it all into a weighed porcelain crucible, then 

carefully charring the filter and burning it over a gentle flame from 

a Bunsen burner, no very different results are obtained; indeed in 
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most cases I have found the weight, after burnjjg, only so much 
higher than after brushing, as would correspond with the weight of 
the filter—ash, aud in no case have I found it less than after brushing. It ajtpears that 140° C. is the highest temperature that can be 

en only drying of the precipitate is intended, for at higher 
temperatures the filter-paper begins to change. But as far as the 
above-named experiments show, it is quite feasible to incinerate the 
filter without practically altering the composition of the precipitate. A continued series of such experiments will give a list, the av- 
erage of which will show the accuracy obtainable by the burning method. 

.Maqnesa ]Ict1iods.—In some laboratories it is usual to redissolve the phiospho—molybclate obtained, and then to precipitate with mag- nesia-mixture. This is a rather slow and wasteful way of procedure, and the direct (Riley's) method seems then preforable. In the direct method one may use at least 10 grams of steel. The 
kydrochloric acid solution is reduced by means of sulpliite of soda, the excess of sulphurous acid is removed by boiling, the solution is then neutralized w'ith ammonia, and bromine added so as to oxid- 
ize about 0.3 to 0.4 gram of iron. The sesquioxide of iron is prc- 
cipitated by means of acetate of soda, and The whole of the phos- 
phorus in the steel is supposed to be precipitated along with it. The precipitate is filtered off and dissolved in hydrochloric acid, about 13 grams of citric acid are added, and the solution is neutral- ized with ammonia; 20 to 30 (Irops of magnesia—mixture are then 
added, and some ammonia. The whole should be left for two (lays, and be stirred up now and then during that time, before it is finally filtered ; the precipitate is washed with ammnoniacal water, ignited and weighed. 
It is difficult to see wherein the advantage of using this method 

lies, as compared with the direct weighing of the PliOspho—molybclate. The ignited pyro-phosphate of magnesia contains 27.95 Pet' cont. of phosphorus, and an error in weighing must have, therefore, a Serious influence on the result, unless a very large quantity of the steel is used. But altogether, the magnesia method requires much more 
time, skill, and labor, than the molybdic method. To this should be added the statement by Professot Eggem tz, that it is exceedingly difficult to obtain the reagents used in the magnesia method free from phosphorus, whereas in the molybdie-acid method it is only the nitric acid which may contain phosphorus. Too high results 
are, therefore, frequently obtained by the magnesia method. 
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In conclusion, I may say that the above-described brushing 
method, which I use daily, has given very accurate results, as the 
same borings have been checked by some of the leading chemists of 
the day. As to the time required, if several analyses are j)erfOrnled 
at the same time, and suitable arrangements made, two or three or 
even more results may he obtained in a day. 

SILICON DETERMINATION. 

For determining silicon in rail-steel I use the aqua-regia and the 

sulphuric—acid methods. The former has been sufficiently described 
in connection w'itli the phosphorus determination, and I will here, 
therefore, only mention the princi pal (ietai Is of the latter. 

For each gram of steel I use 14 c.c. ofa mixtureof sulphuric acid 
and water,'in the proportion of 1 of sulphuric acid to 6 of water. If 
I wish to estimate the silicon only, no oxidizing of the solution is 

necessary, and I have only to boil (with exclusion of the air as fhr 
as possible) until all is dissolved, and then completely evaporate the 
water so as to render the silica insoluble, The white salt is then 
taken up with hot water and a few drops of strong hydrochloric 

acid, and the silica filtered off and washed with hot water containing 
5 per cent, of nitric aci(}. 

If manganese is to be estimated in the filtrate obtained, the solu- 
tion should be boiled with a few cubic centimeters of nitric acid for 
about one-quarter of an hour before evaporating down. After dis- 

solving the salt in water and hydrochloric acid, boiling should be 

continued for another quarter of an hour before filtering off the 

silica, so as to insure the manganese being converted to manganous 
oxide. The silica must in this case be washed, first with ordinary 
cold water, and then with the nitric—acid water, which should flow 

into a separate beaker, and not into the first filtrate, where it might 
produce a higher state of oxidation of the manganese. I find that the aqua-regia and the sulphuric-acid methods yield 
results which are quite uniform and concordant. The sulphuric 
acid method can be quite as rapidly used as the aqua-regia method 

by means of the hot plate. Two years ago I worked this method 
in a steel laboratory in Wales, and the chemists at the place took 
such a liking to it on account of the absence of the disagreeable 
fumes, which are evolved in the aqua-regia method, that they started 

working it for the daily determination of silicon in their pigs. At 
the present time they use' the sulphuric-acid method exclusively, 
and are by practice enabled to work it quite as rapidly as the aqfla 
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regia method. Besides being a neater method, the sulphuric_acid process effects no inconsiderable economy in daily practice, where otherwise large quantities of aqua regia must be consumed, When using acid water, as in the sulphuric_acid method, or strong hydro ic acid, as in the aqua—regia method, for washing the silica, I make no deduction for filter-ash. The best Swedish filter— paper does not leave any practically estimable quantity f ash when treated in that way. Otherwise a deduction is made according to Eggertz's formula 
Ash, rarns 0.0001 D', D being the diameter of the filter in inches. 

MANGANESE DETE[1MINATION 
For determining manganese in rail-steel I use the acetate of am- monia and bromine pioccs,s, with final addilioo of ammonia, as usual in Ei]glill and Welsh steel laboratories. In Gerniany, the method with acetate of soda and bromine or chlorine, and no final addi- tion of a strong base, is used, and in Sweden the acetate of soda and bromine method in accordance with Professor Eggertz's directions, In dcsciiliing my mode of operating, I will also try to point out the great differences between the method wiih ammoniacal sails and bro- mine and ammonia combined, and the methods with fixed (tllicdine sails; and to show what are tile p1ecautions to be taken in each case to attain accuracy. 

Bromoie and Ammonia Proces's.3 grams of steel are dissolved in a flask of 1 liter capacity by aid of aqua-rcgi the solution is boiled down and finally dried. The mass is then dissolved in hydro- chloric acid5 by boiling; water is added to about 750 c.c. volume, and the solution neutralized with ammonia or carbonate of ammotua. If too much ammonia is added, care must be taken in]mediately to add some hydrochloric acid and to boil for a short time, so as to pre- Vent manganese being precipitated. When neutralization is com- pleted, add 20 to 30 cc. of strongly concentrated, thick acetate of ammoiiia, and boil until you see the precipitate settle clear after lifting the flask off from the lamp. If the superuatatit liquid will not become clear, add cautiously a few drops of strong ammo- nia (0.88), shake the flask and boil for a moment again. In this Way you are certain to obtain a clear supernatant liquid, but you must be very careful not to add too much ammonia, as the mauga— * Ihe Cii left nifty in thi, case be filtered off and estimated If this is not re- quir the steel is sinipi) di solved in dilute h drochloric acid and the solution Oxidized by means of nitric acid, and boiled before neutralizing. 
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nese may then be partly precipitated as hydrated oxide. After set- 

tling, the clear liquid is passed through a filter of 10 inches diameter 

into a large flack, arid finally tile precipitate of basic acetate of oxide 

of iron is poured on to tile filter and tile renminder of the fluid 

allowed to filter well off When no more drops seem to come from 

the funnel, the basic acetate is washed down into tile first flask by 

means of l5uuiing water, an(l hydrochloric acid is added. The flask 

is well shaken and heated to boiling in order to insure the remainder 

of tile manganese being present only as manganouS oxide. Neutral- 

ization and precipitation are then repeated as before, and the filtrate 

added to the first one obtained. For rail-steel I find two preeipita— 

tions like these quite sufficient, thi manganese in Shell steels rarely 

exceeding 1 per cent. nt for spiegeleisen, ferro—manganese, etc., it 
is certainly desnabIc to iedissolve twice, as tile more manganese 
there is in the substance, the more of it vill be retained iii the iron 

precipitate. Anyhow, it should be borne in mind that a good boil- 

ing is necessary after every re-sol hitioll, in order to convert the man- 

ganese to niangailnUs oxide. 
The collected filtrates, contained in the large flask, are then allowed 

to cool (this takes only a short time, the first filtrate cooling the sec- 

ond and SO on), about. 4 c.e. of bromine are added and the flask well 

shaken, so that tile fluid may he well saturated with bromine. It is 

safest always to add so much bromine as to have quite a reddish 

color in the solution. Ammonia (0.88) is then added in excess and 

tile flask well shaken. At first the solution generally becomes quite 

colorless, hut after continued shaking tile brown color begins to be 

more and more evident, mid soon the ox ide of manganese separates 

in I tlnips. It is then boiled for a few iiii nu tes, tile precipitate al- 

lowed to settle and then filtered off, washed with hot water, dried, 

igflite(l, an(l weighed.* 
It is necessary to have tile solution quite cold, and a large excess 

of bromine 1)rCSellt, when precipitating tile manganese in this way. 

If the solution be hot, a violent evolution of nitrogen gas \vill take 

place, and the manganese remains in tile solution. Insufficient 1)ro- 

flhihle also causes only a partial precipitation. One may write tile 

reactions in this process as follows 

I. Insafficieni brorniee: 

2{MnO2(C,H3Oi) + 5Br + SNH,+ (x +2)H,0 = (MnO,+ xIJ,O) + 
!1 O,i CH,O), —— 5N I14Ir + 2[N H40(C,H30)] + N. 

* The precipitate is always to be tetd Cur iron, unless the iron has been pr5 
viously removed, which is generally the case. 
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II. So,ffieienl bronnne: 

31n02(C2113O)+ 5Br + 8N11, + (x —i- 2)H2O = (nO, + x1120) + 5NIJ4Br + 2[N1140(c 1130)] + N. 

The a'lvfl'ltages of the method just described consist chiefly in the rapidity with which tile precipitatiofl, filtering, and washing of the 
manganese precipitate take Place. The washing is very quickly finished by aid of hot water, no fixed alkaline salts being prcsent. Tile amnionineal salts do not prevent the Pleelpitation of manganese by hroiiiine and ammonia COmbined, and this was never disputed by any of' the chemical authorities Oil the Continent, although it is so stated in a paper on the estimation of manganese in the Journal of the Iron and S/eel Ins/i/u/c for 1877. Fi'escnius, Eggert; and others assert that tile manganese cannot be precipitated in the solution, after separating tI ie iron, by bromine alone, if a Ill moo iaea I salts are present, noel this is easily ascertained by experiment. The following description of Professor Lggertz's method will, I trust, show the differences in the two methods clearly enough. Eggei'z's JIe(liod._Pi.os5oi. Eggcrtz, and, following in his foot- steps, the ehienlists of Swedish steel works, use 3 grams of the steel for testing. The solution, the evaporation, and the processes be- longing to the precipitation of the iron, offer nothing new to be mentiotied here it is only to be said that the bulk, in which neutral- ization is eflicted, is prescribed to be 1lot less than 500 c.c. Carbonate of soda is used for neutralizing, and a little hydrochloric acid is always added at the end of the process. GO c.c. of a strongly concentrated solution of acetate of soda are then added and boiling is continued for five minutes. Filtering and redissolviiig are effected as usual. Tile solntjori containing the manganese is evaporated dow4l to 400 to 500 c.e., and heated to 500 C., a few drops of bromine are adde(l and tile Solhition is stirred. The manganese then l)l'ecipitates as hydrated dioxide. It is allowed to settle on a water- bath, filtered oft washed with cold water containing 1 per cent, of hydrochloric acid, igllited and weighed as tetra-oxide. Or it may he eoflectcd on a yeihed filter, dried at 1000 C., and weighed as hydrated di- oxide (3MuO2 + 1120), containing 59.14 per cent, of manganese. If a wnloniac ii salts re present, the 1)1 eelpitation of' the nianga— will be partly or wholly prevented. It is necessary to employ large excess of acetate of soda, otherwise the manganese will be '--l incompletely. This is best understood by the follow— equations 
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I. Insufficient acetate of soda: 

2[MnO,(C2ILO)2] + 2Br + (x± 2)1120 = (Mn02+ xH1O) 
MnBr, + 4[H0(C2H30)]. 

II. Sifficient acetate of soda: 

Mn02(021130)2-)- 2Br + 2[Na0(C,H3O] -F (x + 2)1120 = (MnO, -F 

xH2O) —F 2NaBr + 4[110(c2H30)]. 

By comparing these equations with those of the bromine and am- 

monia pl'ocesS, I think a pretty clear view may be had of the differ- 

ent conditions of the two methods, without further comment. 

After what has just been sliowii, there is no disguising the fact 

that the bromine and ammonia process is more rapid and convenient 

than the i"° with fixed alkaline salts; but it should be here 

pointed out that a great mistake is often conimitted in saying tlat 
it is impossible to free the precipitate from alkali by washing. Pro- 

fessor Eggertz has stated that by means of coid water containing one 

per cent. of hydrochloric acid the precipitate may be easily freed 

from alkali. In Germany, where the fixed alkali method is used, 

this mode of washing is not so frequently known as might be sup- 

posed, and at one works 1 was told that experience went to show 

that by using chlorine instead of bromine the washing of the lire- 

cipitate with ordinary hot water could be more easily effected. 

When chlorine is used for precipitating the manganese, no ammo- 

niacal salts must be present, otherwise the explosive compound Cl,N 

may be formed. Oii the other hand, in the ease of bromine and 

ammonia, no explosion need be feared. 
The different methods, of which the outlines have now been given, 

yield quite concordant results when carried out by experienced hands, 

and for rail-steel there is certainly no preference to be given to any 

of them so far as accuracy goes. According to my own working, 

the results should not vary more than 0.05 per cent., and the time 

required for an estimation one day; of course several assays can be 

made at the same time. As to rapidity, the bromine and ammofl 

process will no doubt prove the best, for reasons stated above. 

There are many volumetric methods for determining manganese, 
but as far as I have seen, none is more rapid than the gravimetric 
method with bromine and ammonia. A new volumetric method 

has been recently devised in the Stockholm School of Mines, and 

will shortly be published. 
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5UI PHLR DFTER',fr'.ATrO I dissolve 5 grams of steel in aqua regia and separate the silica in the usn'il w 'iy In the boiling olimtion the sulphur is 1)1 CC11)1— tated bs rnean of 2 c c of a Co1Icentrate1 solution of chloiide of bnum Jiling is continued fom a 'homt time, nd the solution is then left to stand during one night The iljdi ite of b ir t, before being NI en upon the filiem, is de- canted i ejcqtedh itli hot w fler Some di ops of lm drochloi i acid must be added to Prevent oxide of iron from being preeil)itated. By washing carefully in this wa accurate results are secured, always provided that the reagents are l)tmre. Time punt of the reagents is, indeed, the difficulty in tins method, as it is alniost exceptional to find the acids bought as "special " free from sulphur. The sulphur must. be est nated in the reagents and the necessary deduet05 made. There are chemists, however, particularly in Germany, Who assert that even with pure reagents von will get too high results by th0 aqffi-regia method. They therefore misc the broinimic method, lead- ing the gases from time steel (lissolving in dilute hydrochloric acid through a sol t ion of bromine in by (1 roch I eric aei I. TI e smmlj liii— retted hdi'ogcu is thus oxidized and can be Precipitated in the usual way, by means of chloride of barium. 
As far, however, as I have been able to see, time bromine method gives too low results. I have had to (letern]il]e the sulphur in steel with the aqua-regi;I method against chemists using the bromine method, and on some occasions I have found 0.08 per cent., Wlihl the others have found only half of this, 0.04 per cent. By means of Eggertz's silver-plate, however, I easily ascertained that 0.04 I cent. was much too low. The experiment was carried out by hanging a clean, small silver-plate over time gases evolved from 0.1 graw of steel, dissolving iii 1.3 c.e. of sulphuric acid of 1.23 sp. gr. The plate then got a decidedly more bluish than brownish color, Whereas if the percentage of Sulphur bad been only 0.04 per cent. the Color woul(1 have beeii simply brown and iiot blue at all. This Plate method was worked out by Professor Eggertz, and has been many years in use at all blast furnaces in Sweden for the daily sting of every cast of pig iron. The plate method will yield very results for percentages of sulphur between 0 and 0.04 per cent., this is quite sufficient for Swedish irons. But for sulphur over i per cent., the method is less accurate, except in extremely well- ained hands, and one can only make a rough estimation, as a VOL. x.—12 

a 
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rule. The relations of the colors of the plate to the percentage of 

sulphur is shown by the following table 
No color, 
Slightly yellowish 
Yellow 
Yellow-brown, 
Brown 
Blue, 

Between brown and blue there are numerous variations in color. 

A certain red tint signihes 0.10 per cent., but this can only be learnt 

by practice. 
APPENDIX. 

THE COLOR-TEST FOR CARBON IN IRON AND STEEL. 
BY V. EGO ERT?.. 

(Tramlated from the Swedisti by B. Troiltus.) 

The first description of this method appeared in the Jernkon— 

torcis Annalci', for 1862, page 54, and in the Berg wad J-JiIten— 

mãnnisclse Zeilung, 1863, page 373. Subsequcntly, several additions 

were made to this description in the Jcrnkonlorefs Annalci', 1874, page 

176, and in the Berg nail IIc(tensnannisclie Zcit'ung, 1875, page 440. 

At that time I considered that it would be practically sufficient to 

determine the carbon in tenths of a per cent., but I now find that 

even hundredths of a per cent. are required. 
For commercial pui'poses, however, iron and steel is generally 

stamped with only whole or half tenths of a per cent. of carbon, it 

being chiefly for the softer irons and steels with carbon between 0.10 

and 0.25 per cent., that the gI'eater accuracy in determining the car- 

bon is required. 
Pure hydrate of oxide of iron, containing 0.1 gram of iron, and 

free from chlorine, will give a yellow—greenish solution when dis 

solved in 2.5 c.c.,of nitric acid, specific gravity 1.2. The solution 
will lighten somewhat on addition of 1.5 c.c. of nitric acid, but not 

so much as when water is added instead of nitric acid. \Vhcn but, 

the solution has a much darker color than when cold. By adding 
4 c.c. of water in either of these cases so as to make the hulk up to 

8 c.e., the iron color will be totally got rid of. Hence the i'iile fur 

color—tests for carbon, that the solution of iron must be (lilute(l 1th 
a volume of water at least equal to the volume of nitric acid used 

for dissolving the iron, and that the volume of the solution nIUSt 

tiot be smaller than 8 c.c., when the color is to be observed. 

* For each 0.1 grain of iron.——M. T. 
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The nitric acid as well as the water must be entirely free from chlorine or hydroehloi'ic acid, which would give a yellowish color* the solution, even if present in only very small quantities. The quantity of' nitric acid slioii 1(1 correspond to a certain extent to the amount of carbon supposed to he present in the iron. For iron 
containing carbon 0.2.5 per cent., 2.5 c.c. ai'e thiu used for each 0.1 
gram, for 0.3 ier cent. 3 e.e., fbr 0.5 per cent. 3.5 e., and, finally, for 0.8 P cent. 4 c.c. For steels with more carbon 5 c.c. should be used. The last-named quantity is also to be nsed for wlute pig irons, of winch, however, 0.05 gram only is carefully weighed out for each test. 

When the amount of carbon is quite unknown 2.5 c.c. of nitric acid ai'e a(lded to start with, and then more until it is indicated by either the color or by the quantity of separated carbon-substance that no mm t lcl(1 is antcd little mm e qci1 Ui iii the qu Intity Just mcntion,d does no h'srm, if on]', n equal olumc of qtei h afterw'ud addl Thus for lnU pitt non 7 c e mv ' II bc t ii en so as to prevent a too quick precipitation of organic matters alter 
diluting. With too little acid a too dark solution 'il I be obtained. Thus, if 0.1 gram of steel containing 0.8 per cent, of carbon is dis— soled ni 2 5 c e of niti ic acid onl',, in'tc iti of 4 cc, the oloi of the 1'ition vill, after dilution, represent a percentage of carbon equal about 0.9 per cent. 

The iron 6r testing is to he finely divided either by fihing,f by of a good clean file, or by means of a boring machine (w'hich is preferabIe), or by rubbing with hai'd steel edges, 01' by crush mw in a steel mortar, if it is very hard. 
The test-tubes fhr dissolving the steel should have an internal diameter of 15 mm., and a length of 120 mm. The tubes are to be Jeaned out by means of coarse filter-paper rolled together and vell 

CUt at the edges. 0.1 gram of the iron or steel for testing, or in the of w'hite pig, 0.05 gram, carefully weighed, is tlieii put into the e, and 2.5 e.c. or more of nitric acid of specific gravity, 1.2 added. -- acid may be readily measured off in a little measuring glass of mm. diameter, and 75 mm. length, and graduated so as to show or half cubic centimeters, The tubes are covered with small 
Only 00001 gram of chlorine produces a distinct yellow color in a solution Li gram of iron (from hydrated oxide of iron) in 2 5 c c. of nitric acid. This re be noticed even on addition nfl 5 cc. of nitric acid and 4 cc. of waler, Pon further diluting the coloration becomes less distinguishable. Worn off particles from the file may, however, greatly increase the percent. eof carbon in the iron. 

- 0.00 per cent. 
001 
0.02 
0.0i3 
0.04 
0.20 
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watch-glasses (23 mm.), and Imt into a cylindrical vessel of copper- 

plate, having a height of 100 mm., and a diameter at least of 120 

mm. This vessel is covered with a copper-plate provided with a 

thermometer and holes for the tubes. The holes are marked wth 

engraved figures. The vessel is to contain vater and a few grams 
of paran to prevent the evaporation of the former, and is heated 

to 80° C. by means of a gas flame. This temperature should be 

kept UI) all the time. rhe tubes are shaken now and then, and the 

solution is completed when no further gas—bubbles appear. One and 

a half to two hours, or sometimes longer time, is required to effect 

complete solution, the time depending upon the amount of carbon 

in the iron. 

Up to the present time this has been the ordinary way of proceeding, 
but it is shown by experience that the keeping up of the tempera- 
ture of 80° C. requires more care than lois been generally taken. Of 

course, this has been of less influence as long as fresh weighings of 

the standard steel have been dissolved along with every set of sam- 

ples for testing. But if it is desired to avoid the frequent dissolving 
of standard steel and to use 1)ei'nate1t standard solutions (see further 

down) then the iron must always be dissolved at the same tempera- 
ture. For this 1)urpose it is the safest way to put the tubes into 

boiling water. By this means the time for dissolving may be short- 

ened to about three-quarters of an hour, and the color of the fluid 

vill then turn out a little darker than by dissolving at 80° C. If, 

occasionally, greater rapidity is required the solution may be effected 

liv l)oihing over a lamp-flame; between the flame and the tubes 

there should be put a brass-gauze with the tubes resting on it. The 

color will in this case generally be somewhat darker than when dis- 

solved at 100° C. The reason for heating to 80°C. instead of 100° C. 

tins been, that in the latter case there is sometimes a reddish -yellO5 
ish deposit formed on the glass; when brought down into the fluid 

this matter makes the solution turbid. The deposit must be dis 

solved by shaking if possible, otherwise it must be filtered off. It 

consists of nitric acid and oxide of iron. This is borne out by the 

fitet that it also arises by heating a solution of pure hydrate of 0xidc 

of iron in nitric acid. 
All gas bubbling having ceased, the tubes are taken out of the hot 

water and put into a beaker containing cold water. They shoU 
he covered in some way so a to be totally excluded from the day 

light, which would soon give too light a color to the solutions. 

protected] iii this way the solutions vi11 retain their color for maul 
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days. The burette for (letermining the carbon should have 30 c.e. capacity, and be graduated into tenths of cubic centimeters, and he provided .. .. one large and one small mouthpiece at tile upper end. The solution is brought illto this burette, through a filter, if nec. sary, as Ihr instance if the fluid is turbid, or graphite is precent. Then ditih1cd water is to be added; the quantity of water, iucludiii the water tied for Cleansing the test-tube, must be at least equal to 
- 

the quantity of nitric acid used, and the total volume must not be less than S c.e. when it is to be compared with the standard Solution. The stand 11(1 solution is ppi ed by (]issol lug staiidai ci tcc! P should he diluted with w tei so s to make cacti cii bic ceutimi tci of same correspond to 0.] per cent, of carbon. It may also be care- full3 diluted with more w atei so as to ha e ec h cubic ccntuflctei 005, 0 02, 0 01, oi 0 005 per cuif of eai bou, of 0 1 i m of 11011 or steel ucd 1 oi emplc, dissol £ 0 1 gi am of tandai il StC( 1, containm 0 S pcr cent ofearhon, in 4 c c of uiti i acid, qud add \\ itc i to 8 ec I he solution is to be careful]3 ruicd aftcr uic hi addition of water; othewi50 the lower part of the fluid will appear too clark. After ini\ifl it Ic it one minute slioultl he allow cd foi the fluid to run down the sides of the burette before reading oil; which is done at the upper border of the fluid. 
The abc> c mentioned taudard solutions, repi eent1ng the tot ii, - hal fifth, tenth, and twentieth of the standard, may be marked and as follows: 

Peent,,gc (fc,tri,n To be owl for iron with mr cc. for 0.1 griun of iron, a pereem ige of curbo N , . . 0 10 . . . . 0.8 ioid more • . . 0.05 0.4 —0.80 

N • , . . 0.005 . . . . 0.04_ 0.08 
The smallest percentage of carbon* found in iron in this country )8 0.04 per cent. A good daylight is required when using the last- flamed stanclai'cl solution, and this remark applies to all eolorinlet_ ::c tests. 

The dilution cannot be carried farther than twenty times the J solution in the case of using the ordinary hurettes of about —.n. diameter. But one can sharply distinguish the difference in -r between ordinary distilled water and a standard solution diluted forty times its original volume, and, therefore, if one uses burettes 
means of (lie iodine method 0.038 per cent, of carbon was once found in Rflls of a Swedish Lancashire iron. I 
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of 24 mm. diameter, it will be possible to approximately determine 
the carbon in iron Containing only 0.02 per cent., supposing such 

soft iron to be produced. In this case measure off 1 ce. of the "N" 
solution in a delicate measuring tube and dilute to 40 c.c. Thus 1 

c.c. will be equal to 0.0025 per cent. of carbon. Pour this standard 
solution into the 24 mm. tube. rjj tube should exactly cor- 

respond with another graduated 24 mm. tube, in which 0.4 gram 

of the iron for testing is to he dissolved in 10 c.e. of nitric acid, the 
solution diluted to 32 cc., and then more until the colors agree. For 

instance, if' the colors agree at 35 c.e. bulk, you find the pem'cettage 
of carbon thus 

0.0025 )< 35 - 4 = 0.022 per (Cut. 

Hitherto it has been the usual practice to compare colors by holding 
a piece of thin filter-paper behind the tul)cs. In this way, however, 
one is much dependent on the (listribution (f light in the room, 

which, therefore, ought to have for this purpose only one window. 

For most people's eves the left—hand tube vill appear somewhat 

darker than does the right-hand tube. For this reason it was On- 

gi nal ly prescribed that the tube conta i ni ug the sol u t ion of iron or 

steel for testing should be kept to the right so as always to have it 

in the same position. In order to avoid being dependent on the 

room I work in, and to lessen the difference in color between the left 

and right—hand tube I now most. advantageously use a contrivance 
in shape of a little camera, into which the tubes are put. The 

camera is made of wood 6 mm. thick, and is open at both ends. the 

inner sides are blackened. The internal height is 80 mm., width of 

forepart 26 mm., and width behind 120 mm. The tubes are 1)ut ii) 

the forepart through apertures in the upper part of the camera, and 

steadied at the bottom by a gutter of copper plate, and at the upper 

part by a brass-wire. The box is closed at the vider end by means 

of' thin filter—paper5 nailed to it. Burettes and tubes should be 

closely of the same quality as to color, etc., and be wiped with clean 

linen before being put into the camera. 
We have of late been using as standard steels two Bessemer 

steels, one of which contains .80 per cent. and the other one .16 pet 

cent of carbon. These steels are kept in pieces 12 mm. square. 

Samples from these pieces are always taken at right angles to the 

longitudinal axis The carbon in these steels was determined by m 

* This can also be effected by applying a screen holding a glass adapted to 

ese as to convexity or concavity, and having about 40 mm. diameter. 
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by aid of the iodine—method, as described in the Jernkontopcf,s An- 
naler, page 47. 5 gram.s were taken for each test. Three anal ses of the harder steel showed .79, .81) and .82 p' cent, of 
carbon, and two analyses of the steel containing .16 per cent. agreed very close1. These carbon determinations also agreed very well with those of I)r. A. Tamm, whose results liv combustion are de- scribed in the Je iiontorcls Anna icr, 1874. The iodine method is now modified, so that. instead of Using iodine directly for (hissolving the iron or steel, a solution of iodine in iodide of iron is used. This arises from tIme difficulty of obtaining pure iodine. The sol u— tion now used is prepared by (lissol ving 10 grams of iron in 5(1 

grams of iodine, and adding another 50 grams of iodine, which is 
readily dissolved. The solution is filtered and water passed through the filter until a hulk of 100 cc. is reached, 10 ce. of this solution are req uired for 1 gram of iron. With regard to the dim in ution in 
weight. of filter-paper on being treated with acid, we have generally 
•used platinum filters for collecting the eai'honacenus matter. how— e er it is somewhat diflicul t to obtain good platinum filters, and therefore it seems preferable to use filter-paper wInch has been treated with hydrochloric and livdrofluoric acids,* whereby tIme in- 
organic ingredients arc almost completely extracted. A filter of 60 mm. diameter thus treated does not give more than 0.0001 grain ash. The carbonaceous mass should be dried on a water-bath' at a ; temperature of 9•5°—98° C. For this purpose the mass is put into a crucible, and the crucible then put into a glass tube, closed at one end and having a length of' 130 mm. and diameter of 35 mm. The 
Upper end of the tube is closed by means of a cork, through which 
hangs a thernionieter. The crucible may be inserted or removed by - means of a bent brass wire. 

Even for white pig iron better results than might be epectedt are now obtained 1w the color test. The difficulty in this Case lies in the use of only 0.05 gram, and still diluting to a very large Volume, which renders a slight error in observation very important. The solutions of white pig iron should be rapidly read off because y soon become turbid with a precipitate of organic matter. This ifteoflveiience may be, to a great extent, removed by using 7 e.c. -.-5d of 5 c-c. of nitric acid. 
The mode which lie carbon is p 1" 
* Fresonjus's Zeitsebrift, 1879, p. 582. t Jernkorto Annaler, 1874, and Berg und Utittenrnãnnjsche Zeitung, ]875, 440 

I 
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or " 
hardening carbon," does not, influence the color test 

otherwise than to render the solution less (lark in the latter case, 
when the carbon is more intimately combined with the iron. Thus 
a steel containing 0.8 per cent, of carbon showed only 0.55 per cent. 
after strong hardening and crushing. After reheating the steel to a 
low red heat, the original percentage of carbon was again obtained. 
By aid of the iodine method 0.8 per cent., of carbon was found in 
5 grams of the hardened steel. A piece of iron containing 0.3 per 
cent, of carbon, Upon being ha in mered down cold from 12 in in. to 6 
mm. square, showed the same carbon before and after haniincring. 

Different kinds of iron and steel behave very differently during 
dissolving, sonic solutions becoming colored at once, others only 
after heating. The final color, however, after diluting with water 

generally tallies very well with the color of the standard. In case 
there should be ally difference in tint,—vellow or brown,—it is best 
to notice the intensity of colors, which can be done by holding a 
thin filter—paper behind the tubes, and observing through which 
tube one can most easily see certain dark points in the paper, etc. 
It is a matter of course that some are able to use the color 
test with greater advantage than others, according to their different 
eyesights; but eyesight may he considerably improved in this respect 
by pi'actce, as shown hv experience ; in flict, only very few have 
hitherto been found incapable for this work. 

The following experiments have been made with regard to the 
influence on color exercised by foreign substances in iron and steel 

Jllanqancse.—0.o5 gram, contai ned in carbonate of manganese, 
was dissolved in 2,5 and 5 c.e. of nitric acid. The color thus ob- 
tamed was brown, owing to the presence of a little oxide of man- 

ganese. After heating to 1000 0. a small precipitate was obtained 
(in all probability hydrated dioxide), and the solution assumed a 

slightly reddish color, which disappeared after diluting with water 
to 8 or 10 c.c. These experiments show that the color test may be 

used for determining tile carbon in ferronlanganese. A ferroinan- 
ganese containing 80 per cent, of manganese showed 4 per cent. of 

carbon by the color test. 
.Pliosphorus.—0.001 gram, contained in phosphate of sodium, w55 

added to a solution of 0.1 gram of ii'on (as hydrated oxide) in 2.5 c.C. 

of nitric acid and 2.5 c.e. of water; no difference in color was noticed 
after this addition.. Iron containing 5 per cent. of phosphorus is dif- 
ficult to dissolve, and with 10 per cent, of phosphorus it is insoluble 
in nitric acid. 
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Sulphto'.—O.OOi gram, contained in sulphate of magnesia, was added to .. "utioii of iron in 2.5 c.c. of nitric acid and 2.5 c.c. of' water. The color of the solution reniainecl unaltered Neither (lid any alteratioji in color take place when 0.01 gram of manganese, 0.01 gram of Phosphorus, and 0.001 gram of sulphur (all contained in the abovemefltiolie(] salts) were added to a Solution ofO.1 gram of iron (as hydrated oxide) in 5 C.e. of nitric acid an1.5 c.e. of water. The same quantities, when added to a solution of 0.1 gram of tal]dard steel with 0.8 per cent, of carbon, (lid not alter the color here either. 

Uoppei'.——O.OOi gram was dissolved in 2.5 c.c. of nitric acid and 2.5 c.e. of water. No coloring of the solution. 
Silicon in iron and steel is, to a very great extent, dissolved in nitric acid on iieatiig, even if In nips of silica he seen floating about at the beginning of' the dissolving pl'occss. 0.4 pci' cent, of siheon in steel has no influence whatever on the color test.. Silicious pg irons al'vavs conaiII graphite, which must be filtered off together with the silica which may possibly have remained insol ii ble. Teng.st.n 'in iron or steel is converted into tumigstic acid (W'03) when the iron oi' steel dissolves, It is insoluble, and must be fil- tered off 

(7iroium.__O,002 gram, contaiijcd in hydrated oxide, when dis- solved in 2.5 cc, of nitric acid and 2.5 c.e. of water, gave a graish— blue color to the solution, After addition of vater to the (loubje Volume this color grew less distinct. On addition of more \vater the Color gradually grew inter, and at 40 c.c. it (lisappeai'ed. It is difficult or even impossible to dissolve ill nitric acid iron or steel 
-. containing niuch chromium. 

Vanadimn,_0,00i gram, contained in vanadic acid (V205), when dissolved in 2.5 c.c. of nitric acid, gives a faint yellow color to the Solution. This color disappears after adding 2.5 c.c. of water. Nickei._._0,1 gram, when dissolved in 2.5 c.c. of nitric acid, gives a green color to the solutioji, This color remains visible after adding 2.5 c.e. of water, but disappears at 8 or 10 c.c. volume. Oobalt.O,i gram when dissolved in 2.5 c.c. of nitric acid gives, is well known, a red color to the solution. After adding water to C.c. this color is hardly visible, but may, however, not be consid— d removed before diluting to 40 c.c. In my paper of 1862 I pointed out the desirableness of having :t standard solutions of inorganic matters, instead of those J by dissolving burnt sugar in spiriLs of wine, the latter so- 

1 
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lutions getting lighter after some time, particularly after prolonged 
exposure to the sunlight. Many propositions have been made of late, 
in various journals, with regard to this matter, and compounds of 

iron, cobalt, and nickel, as well as potassium bichromate, have been 
recommended for the purpose. I have experimented upon several 
such mixtures, and lately, at the suggestion of Professor F. L. Ekman, I have tried the chlorides of iron, cobalt, and copper, and I find that 
these yield the best results, as they allcw of the production of any tint 
in yellow, brown, or green. Such mixtures, diluted with water con- 

taining 0.5 per cent. of hydrochloric acid of 1.12 specific gravity, 
have been found to remain unaltered even after a long exposure to 

sunlight. The mixture grows more and more yellow by adding 
hydrochloric acid drop by (Irol) only. I prepare my standard solu- 
tions as follows : By adding to the neutral chlorides water contain- 

ing 1.5 per cent, of hydrochloric acid for tile chloride of iron, and 
0.5 per cent, for the two other chlorides, I prepare solutions of a 

strength corresponding to 0.01 gram of metal per cubic centimeter. 
Ihen 8 c.c. of the iron solution are mixed with 6 cc. of the cobalt 
solution and 3 c.c. of the copper solution, and about 5 c.c. of water con- 

taining 0.5 cent, hydrochloric acid are added to the mixture. At 
a temperature of 18 C.* this solution shows exactly the same color as 

a solution of steel in (lilute nitric acid corresponding to 0.1 per cent. 
of carbon ier cubic centimeter. Tile solution may afterwards be 

diluted with water; containing 0.5 p- cent. of hydrochloric acid, to 

any standard color required. Tile addition of water is almost di- 

rectly I)roportioaal to the percentage of carbon. It need scarcely 
be mentioned that tIle quantities, 0.1 gram for iron and steel and 0.05 

gram for white pig iron, must be correctly weighed out wIlell arti- 
ficial standard solutions are used. 

Now that permallemt standard solutions can be obtained, it seems 
to be the right time to apply tile old method for the determination 
of copper in ammoniacal solutions. This method was adopted by 
Mr. J. Blodget Britton, of Philadelphia (Fresenius's Zei1sehrft, 1871, 

p. 245),t for colorimetric tests on iron and steel. He uses several 
tubes of the same size and quality having equal volumes of standard 
solutions of different strengths in tile different tubes ; he dissolves 

* This is an addition made since the paper was published in the JernkontoreO 
Annaler.—M. T. 

f From Mr. F. 0. Soderberg, at the School of Mines, Stockholm, standard 
solutions, artificially prepared, as well as standard steels, are obtainable. The 

permanent solutions are kept in closed glass tubes, to each of which belongs 9 
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the steels fos- testing in similar tubes, and finally dilutes these solu- 
tions with water to the same Volume as the standard solutions. By 
comparing these he is able at once to deterniine to the ilull(]re,ith of 
one per cent. by using 1 to 2 grams for each test. For his standard 
solutions he used burnt coffee, which he considered to be better than 
burnt sugar. 

Gi-eatcr accuracy in color tests nay also be obtained by looking at 
the solutions in the tubes from above, instead of from One side. In 
ti-us case, however, the bottoms of lie tubes must be perfectly alike. 
A suitable light must he provided, and the columns in tile tubes 
must all have the same height. I trust that a strict observation of tile (lirections now given will 
essentially remove the cliffleulties wilich have leen experienced in 
using the color test, as well in ti is country as abroad. It should 
also be borne in mmd that the properties of iron and steel are not 
dependent oii the amount of carbon alone. 

efore concluding this paper I have to thankfully acknowledge the service reIl(lere(1 by Mr. C. G-. Dahlcrus, mining engineer, in 
working out the results now published. 

DiSCUSSION ON CRRMI4L JL!ETIIODS OF ANALYZING 
RAIL-STEEL. 

AUSTIN FARRELL and JAMES GAYLEY, Missouri Furnace Co., South St. Louis, Mo : The discussion of chemical methods for the analysis of iron and steel, which has been one of tile results of Dr. Dudley's papers on steel rails, bids faim- to be of great value in instituting comparisons of the methods in use in the lab- 
oratories of' our numerous iron and steel works. We have found, in our experience in making comparative determinatiomis (especially of phosphorus) with other chemists, that the greatest variations in results are caused by the use of different methods. One case in particular has come under our observation where there was a 
marked difference in results from two laboratories, but a close 
agreement was subsequently obtained by the adoption of the same 

Corresponding burette. Those having burettes may send them to him in order to get suitable tubes for the standard solutions. 

:1 
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method. An analysis, at the present stage of iron and steel Inanu- 
facture, is not, as it. formerly was, a matter of curiosity, but rep- 
resents dollars and cents, and that not only in the disposal of 
the product, but iii the economy of every-day working. It is of 
the utmost importance, then, that chemists connected with iron 
and steel works should agree upon standard methods, which, if 
not generally accepted, may be resorted to as decisive in adjust- 
ing the difficulties which so often arise between buyer and seller. 
The paper of ir. Troilius is of great interest, as it gives the methods 
in daily use in iron manufhcturing districts abroad. In accordance 
with Mr. Sandberg's suggestion, and at the request of the Secretary 
of the Institute, we give a description of the methods used in our 
laboratory in the analysis of Bessemer pig iron. 

Phosphorus Determination.—2.5 to 3 grams of iron borings are 
treated with nitric acid (sp. gr. 1.2), using 10 c.c. of acid for each gram 
taken, and heated on a until effervescence ceases ; 5 cc. of 
hydrochloric acid (sp. gr. 1.12) foreach gram of iron are then added, the 
solution evaporated to dryness,and heated in an air-bath for one hour at 
a tempcraturaof 1200 C. Take up with the least possible amount of 
concentrated hydrochloric acid, and when the OXi(le of iron is dis- 
solved, add nitric acid and drive off the hydrochloric acid by evapo- 
ration, a(lding a little nitric acid from time to time. Finally, con- 
centrate to small bulk and then dilute sufficiently to l)reent the 
acid from attacking the paper, and filter; or, what is preferable, filter 

through asbestos, using a Bunsen pump. If the bulk of the filtrate 
is too large, concentrate by evaporation; nearly neutralize with 
ammonia, add molybdate solution, and allow to stand on a water- 
bath from 20 to 30 minutes; then put the beaker in a warm place 
for 2 or 3 hours. If the solution is nearly neutral, a complete 
precipitation takes place. The yellow precipitate, after being thor- 
oughly washed, is dissolved in ammonia, the filtrate nearly neutral- 
ized with hydrochloric acid, slightly warmed, and allowed to stand 
from 1 to 2 hours in order to separate any silica which may be pres- 
ent. It is again filtered, if necessary, magnesia-mixture added, stirred 
vigorously, and allowed to stand until the snpernatant fluid becomes 
clear. It is then filtered and ignited while still wet. Below are some 
comparative analyses, made in connection with chemists at different 
Bessemer works, using the niolyhdate method, and reprecipitating 
with magnesia-mixture. As we have not these chemists' permission 
we cannot give their names: 

In the method of determining phosphorus by weighing the yel- low precipitate directly we find that the results obtained are too 
high. It is an interesting fact which we have noted, that in labora- 
tories where this direct method is generally used, the double precipi- tation is resorted to in cases of special importance. 

Sulphur Delcrmination.—In the determination of sulphur we gen- 
erally use Dr. T. M. Drown's method,* and find it very satisfactory. Recently we have used with much success, on low-sulphur irons, Elliot's method as (lescribcd in the communication of Mr. Etnmerton. 

Silicon Ddci nunalion —\Yeigli out into a smsll sized beakci fi om 05 to 1 grain of iron borings Add from 8 to 12 c c of ater, rnd fi om 
1 to 2 c c of conccnti ited sulphui Ic. acid, heat until cffei vecence 
cease., then old from 1 to 2 c of coneentrited niti ic acid and e rate to di) nc e Moisten with concentrated h5 (Irochioric acid , acid 
from 20 to 30 cc of water, boil until the iron alts dissole, filter, wash thi cc ti mea with w irm w 'rter, twice with boiling water containing 5 per cent, of nitric acid, and then twice with warm water, and ignite without di) ing I lie a ersge time for nod ing a deterinin'ttion i 
from seventyfive to ninety minutes. The results obtained are very satisfactory. 

Manganese De1errninaiion._ye use the method described by Mr. 
Ford,t aiid find the results very satisfactory. 

J. W. CABOT, Johnstown, Pa.: 'ai'bon Delerniinafjon,__\ylieii all t.he necessary precautions are taken, the Eggertz color-test is doubt- less very satisfactory and accurate for carbon in rail-steel; but it may also give very wild results if these precautions are neglected. In dissolving the steel, if the acid is poured on in such a way as to become very hot, there is danger of a loss of carbon-color. Some of the iron may also be converted into a difficultly_soluble oxide, These two sources of error can be avoided by pouring the steel-bor- 
'ngs into the acid instead of the acid on to the steel, so that there will lways be a large amount of acid with a small amount of undissolved 

DISCCSSION ON ANALYZING RAIL-STEEL. 189 

Misourj Furnace Co. Bes.seTner Wor]s. 
0.112 . . 0.114 
0.0.52 . . 0.053 
0.145 . . 0.141 
0.131 . . 0.132 
0.098 . . 0.100 

- * Tr,n SCC(infla, Vol. ii, p. 224. f Transactions, vol. ix, p. 397. 
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steel, the dissolving vessel being kept cool by standing in water. It 
does not seem to be of importance whet her the final (1 issol ving is 
done at 90° or 100° C., provided the time is varied correspondingly; 
the higher the heat used the less time being allowed. In flict, a very 
satisfactory w'av, I have found, is to boil the acid solution gent]y 
over a lamp far about eight minutes. This will insure the complete 
solution of the carbide of iron, and in a number of comparative 
trials has given the sanieintensitv of color as the s'me steel dissolved 
at a lower temperature and iii lOllger time. Tile fact that the car- 
bide and oxide of iron Somcti ines (I issolve with difficulty is another 
source of error. It is desirable to filter tile solution betbre conipar- 
ing, to free it from suspende(l silica. 

In regard to tile amount of steel taken far analysis, it would seem 
that it should be at least 0.5 graIn, 1r the reason that slight inac- 
curacies in the weighing and subsequent treatment would not so 
largely appear in tile result as they vonld if only 0.1 graIn, or 
0.2 gram was taken. If a liii I gram i used the possi )lC error is di- 
vided by tell ; and this is no mere (hstinction without a (lilTerence, 
for tile fact must be considered tilat this kind of work is done, and 
fli ust always he (bile, by pero is rho are not analysts. J udgi ig tile color of tile slit Oils by means of a rack of graduated 
standard solutions is, I think, more rapid and more eon 'cn cut than 
corn paring with a sta nda 1(1 Steel (lissol Ved eacll time. In order to use 
the latter method it is necessary, in exteilsive practice, to have a large 
piece of steel standardized, and, if it. is true, as I presume will not 
be disputed, tlñst the carbon content of (liffrent parts of a large 
piece of steel—especially esse ncr steel—varies as much as 0.02 per 
cent., tue StaIldar(l itself niav introduce such an error in to the esti- 
mation. Ofcourse it would ill t do to take tile average carbon content, 
unless it were possible to use, 'viuli every set of estimations, standard 
borings wilicli won 1(1 be a fbi r a vcrage sam pie. By working with 
standard solutions t Ii is d ifficu I Iv call be obviated in part, because a 
niuch Snlal Icr, 811(1 presu mat mlv jim re homogeneous piece of steel may 
be used as a standard. If so Iliciemit care is taken in the preparation 
of the fixed stai alard, SO t hat t remains fixed, or is corrected before 
it gets noire t han 0.01 ler cell t. tioni the truth, this latter method 
seem s to I e eve a Inn re accurate t ia ml t lie other. 

By having a series of colors mmoh, as Professor Eggertz suggests, 
with inorganic solutions, graduated to every two—hundredths of a per 
cent. froiii 0.20 to 0.50 per cent,, 811(1 te4ing the pe1n1aIleiicy of the 
colors by means of at least two small standard steels, at stated inter— 
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vals, and observing all the conditions, carbon estimations, accurate 
to 0.01 per cent., can (lOUbtiess he made with great facility. 

.fllangaacse Deterrnination.__The following method for the estima- 
tion of manganese, given somewhat in detail, has proved in a large number of cases to be very accurate and satisfactory. One grain of steel is (liSsolved in 15 c.c. of nitric acid (sp. gr. 1.2) in a small beaker, evaporated to about lOc.c., then diluted and poured into a large flask and furtiler diluted to about 750 c.e. Acetateof soda is added till the solution becomes deep reel ; then, about as much more of the acetate. This is boiled a minute, and the precipitate allowed to 
settle, tile flask being laid on its side. Tile clear liquid is poured through a large plaited filter, and tile precipitate dissolved in 15 cc. of nitric acid, and a second separation made, the whole contents being then throvii on the filter; ammonia is added to the filtrate until there is a (listilict precipitate, and then bromine-water (4 to 5 c.c.), drop by drop. After standing a few minutes the solution is heated to hoihng, being constantly stirred to make the precipitate collect, and bromine—water added at intervals. After boiling five minutes the lamp is placed at one side, vhich causes the precipitate to roll into a ball on the other side of the beaker, which allows the clear filtrate to be siphoned ofF and the precipitate to he washed very thoroughly with hot water. If the filtrate shows no yellow tint it is entirely free from manganese. 
Of man tests made of such filtrates no instance of manganese remaining in tile Solution hiss been found. This precipitate will con- 

tain, besides the mixed oxides of manganese, invariably traces of oxide of iron and silica, and sometimes traces of cobalt and nickel. But., as the last two seldom occur iii weighable quantities, the pre- cipitate need only be corrected for iron and silica. After igniting at a heat approaching whiteness for fifteen minutes, and weighing as 
Mn,04, it is dissolved in hydrochloric acid, the chlorine boiled oft acetic acid (oi' acetate of ammonia) added, and the iron precipi- tated with ammonia, and filtered off with the silica. A trace of 
manganese is often thrown down with the ir6n, so that it must be dissolj 011 tile filter and again precipitated and filtered on to the same filter, washed, ignited, and weighed. When this is sub- tFcted from the gross weight. there is left the true weight of Mn104. If nickel and cobalt are present, in weighable qnantit.is, they must of Course be estimated and subtracted from the first weight. The 'nethod is not as rapid as could be desired, requiring three or four 

I 
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hours for completion, though a dozen estimations may be made in a 

(lay. 
Phosphorus Delermination.—For ordinary rail-steel, I think a 

very good way is to take 1 grani for analysis, as more than this gives 
so large a bulk of precipitate that it is not conveniently washed. In 
precipitating I think it advisable to use a large excess of niolybdate 
solution, and allow it to stand at least three hours, at a heat of about 
900 C. Instead of brushing off, or igniting the phospho-molvbdate, 
it seems to me preferable to dry and weigh the filter and precipi- 
tate in a light weighing—tube with ground—glass cover. Duplicates 
done in this way should not differ more than 0.002 per cent. 

IF. P. DEWEY, Washington, D.C.: carbon Delermimalion.—For 
the rapid estimation of carhon I use the Eggertz color-test with a sin- 

gle standard prepared from caramel, the color corresponding to 0.01 

per cent, per cubic centimeter on a gram. The solution of steel is 

prepared in the ordinary way at a temperature of 870 C., an(l the 

comparison made, when solution is complete, as rapidly as pos- 
sible, with a minimum exposure of the apparatus to the light. Al- 

though I have used this method a great deal, I am not thoroughly 
impressed with its accuracy, but its rapidity recommends it highly 
where a great many determinations are required daily. My lack of 
confidence in the method arises from an occasional anomalous result, 
and also from the luck of agreement in the results obtained by differ- 
ent chemists working on the same sample. Mr. Troilius and others 
claim that results accurate within 0.01 per cent, can be obtained; this 
1 doubt very much, and even if such accuracy can be obtained, it is 

not the rule. My own experience, and the recorded experience of 

others, show that it may give percentages widely different from the 
truth. On the other hand, when working on on class of steels of 

nearly the same percentage the results are strictly comparable, though 
not always as close as 0.01 per cent.; and this fact, combined with its 

rapidity, eminently fits it for a steel-w-orks' method. I do not wish 

to be considered as condemning the method, but I am convinced that 
the accuracy claimed for it has been over-estimated, and that its 

proper function is simply to control at the works. 
The following are results in my possession obtained by the chem 

ists of both English and American steel-works. 

H 
Stop] No. 1. 

(5aii. uia Ic th rongiiou I.) 0.16 IJ.i (I 

i-tool No.2. 
(Same mm Je t])r(fflg]twlt,) 

SIc] No.2. 9.22 .\ttIci OtILiple) (1.39 

Wheii the greatest accuracy is required I much pm'cfer to dissolve 
the steel in amumnio—eupric chloride, and burn the residue in oxygen 
gas in a porcel:un tube. This is necessarily a longer process, but . when a number of determinations arc made at once, only a small 
amoluit of tine is ('OuSumcd by each dctci'rninatioji. 

Phosphorus .T)e(errninalion._I have two methods for phosphorus, 
dependiur 1]) sm the time in vh ich a result is required. For con— 

trolling the ruti of the works I proceed as follows: Not less than two 
grams are dissol-cd in nitric acid (sp. gr. 1.2), with the addition of a j small amount of dilute hydrochloric acid, and the solution evapor- ated to (irviess, When thoroughly (117 the residue is heated to 
120° to 130° C. for an hour and a half. rihis residue is gener— b considered as insoluble in nitric acid, but in the last three 
years I have never once railed to bring it into solution by adding a 
moderate amount of strong nitric acid (sp. gr. 1.4), covering securely, and warming gently fbr ten to twenty minutes, according to the 
amouiit of steel taken. After solution, the excess of acid is evapor_ * ated off until a thick syrup is obtained, which is diluted sufficiently and filtered. The filtrate is treated with ammonia until a slight per- Iflanent prceil)itate is formed, the necessary amount ofa nitric acid sol u— 
tion of niolybdic acid is added, and the whole kept warm and agitated 
OCcasionll) for two to three hours,at the end of which time the p- Clpitate is filtered off and weighed. It has been my plan to filter 

througli counterpoised filters, wash with water containing 1 per cent. of nitric acid, dry at 120° C., and weigh; but since the introduction the Gooch filtering crucible I have been ery much pleased with 8 
Working, and propose,—in the future, to filter through that, and '-:J all weighing of paper. In the case of steels low in silicon, 

ecially soft steels, the evaporation to dryness may be omitted, by ;hieh means the process is very much shortened. The second 
VOL. x.—13 
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method allows the molybdic precipitate longer to separate, and the 
fluid is kept warmer. After filtering, the precipitate is dissolved in 

ammonia, and the phosphoric acid pieipitate1 by magnesia—mixture 
and ammonia. The time allowed for this precipitate to separate is 

dependent in a great measure upon the amount of agitation which 
can be given the fluid. With a great (lea! of agitation it may safely 
be filtered in three hours, and I suppose with constant agitation it 

might be filtered sooner. I regard tile SeCon(l metho(l as much 
more accurate than the first, the objection to the first being tile 

liability of incomplete I)1ecipitation of tile phosphorus from the lack 
of sucient heat, or, what. is more common, the precil)itatiOn of free 

molybdic acid from an excess of heat.. 
Silicon Delcrmincition.—I have been in tile habit of dissolving in 

aqua regia, evaporating and separating in the usual way, and fusing 
the residue with mixed carl)onates, but I have recently tried the 
nitric and sulphuric acids method of Dr. T. M. Drown, and propose 
to adopt it permanently.* 

Manganese Determination.—I use the method given in Mr. Kent's 

paper at tile Staunton meeting, tinder Chemist I. It is as fol- 

lows "A slight permanent precipitate is firmed in the solution 

by sodium carl)onate, then 4 c.c. of acetic acid (sp. gr. 1.04) added 

for each 500 c.c. of final solution. As soon as the precipitate is dis- 

solved, the solution is diluted with hot water to 500 c.c. for each 0.5 

gram of iron or steel. The solution is then brought to the boiling- 

point, w'hen the requisite amount of sodium acetate is added, the 

whole is boiled for a few moments, and allowed to settle. When 

nearly clear, as much as possible of the solution is poured through a 

ribbed filter, boiling water is added to the precipitate, and the whole 

agin brought to the boil, when it is allowed to settle, and the solution 

poured through the filter. It is washed again twice by decantation, 
with the addition each time of 0.5 c.c. of the same acetic acid ; the 

precipitate is then brought on to the filter and washed with boiling 
water until free from chlorides. The filtrate is allowed to stand Oh 

the steam-bath over night. When dry, the residue is taken up in 

water with addition of about 1 c.c. of acetic acid. By this process any 

iron in the filtrate will he left undissolved, and can be filtered off. 

If I am in a hurry (instead of evaporating to dryness) I add a little 

sodium carbonate solution and evaporate to a suitable volume; the 

manganese is then precipitated with bromine The nian 

* Tran.sacions, vol. vii, 437; vol. viii, 508. 
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ganese is filtered 
- 
off and weighed as Mn304 The amount 

of alkali that it contains is very small, and when the percentage is under 2, the error from that cause is too small to be considered. I 
made a series of tests on that subject by weighing the manganese first as Mn304 arid then as Mn,P207, and found that up to 2 ier cent. the difference was very small." 

While the results given in Mr. Kent's paper seem to be strongly 
against the method, I am yet to be convinced that there is a uni- 
formly better method. I have tried the precipitation of manganese by potassium chlorate in strong nitric acid solution, and am quite favorably impressed with it., but I am not familiar enough with it 
yet to express a decided opinion. In regard to the precipitation of 
manganese by ammonia and bromine combined, in the presence of ammoniacal salts, I may say that I have used that process for the estimation of the small amounts of manganese occurring in many native silicates with excellent results. 

Sulphur Dcü'rrninajion.I have two methods, a rapid and a slow one. When in a hurry I dissolve five grams or more of steel in 
hydroehloij acid, and the gas through an amnnioniacal solution ofcadmic sulphate. As soon as solution is effected the acid is boiled, and the evolution flask is filled with boiling water. The cadmic 
suiphide precil)itatecl is then filtered off on counterpoised filters, washed first with water containing anirnonia and then with water, dried at 1000 C., and weighed. This is not a rigidly exact method, but as results can be obtained in two or three hours it has its advan— 
tãges. When accuracy is required I use the method of Dr. T. M. Drown,* the steel being dissolved in hydrochloric acid, and the 
gas passed through potassic permanganate, and the sulphur eipi— tated as bane sulphate. For this process I keep a separate bottle of aeid and one of potassic permanganate, in which I determine the amount of sulphuric acid, and always apply the suitable correction to the analysis I have seen the bromine process used with very Satisfactory results. Of all the methods described by Mr. Troilius it seems to me that his method for sulphur is the only one open to 
Very serious objectioti, and the precipitation of a small amount of bane Sulphate in the presence of a large amount of iron certainly IS a Very grave objection. I have frequently had considerable trouble fl 

freeing bane sulphate from iron where the proportion of iron -O Sulphate was much less than in this case, even when using much 

* TranscicEjons vol. ii, p. 224. 
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more than "some drops of h droch]oric acid" in the wash-water, 
and washing many times by decantation. 

J. B. MACKINTOSH, Hobok-en, N. J.: Carbon Dcterrnination._ 
Since I never have enough steels at one time for analysis to render 
it worth while to prepare standard solutions, I use the combustion 
method. Two grams of the sample are treated with a concentrated 
solution ofcnpric chloride, with theaddition ofenough ammonia topro. 
(111cc a permanent precipitate, and, finally hydrochloric acid is added, 
and, if necessary, more copper so]ution to dissolve the l)iecIPitated 
copper. The solution is filtered through an ordinary small funnel, 
loosely stopped with asbestos, and washed with hydrochloric acid 
and water as usual. The filter is then dried in an air—bath. \Vhen 

dry the asbestos, with nic,st of the carbon, is placed in a platinum 
boat, and the carbon which remains attached to the side of the funnel 
is collected together by a small bunch of slightly moistened asbestos 
and added to the rest. The combustion is perfirmed in a stream of 

oxygen, and the resulting carbonic acid is absorbed by soda—lime. 

Phosphorus J*terminafion.—I dissolve, according to the sample, 
from 2 to 10 grams of steel in a mixture of nitric and hvdro- 
chloi'ic acid on a sand—bath, boil the solution with occasional addition 
of hydrochloric acid till all th nitric acid is destroyed, and evapo- 
rate to dryness. The residue is then redissolveci in hydrohloric 
acid, water is added, and suiphuretted hydrogen passed into the solu- 
tion till the iron is reduced to the ferrous conditien. In order to (10 this 
it is necessary that the nitric acid should have been perfectly expelled, 
for otherwise the sulphuretted hydrogen will be decomposed, with 

separation of sulphur, a little nitric acid acting as in the manufhc- 
ture of sulphuric acid, being continuously destroyed and as contin- 

uously regeiierated. By this operation any arsenic which may be 

present in the solution will be separated as suiphide, and will not be 

present with the phosphorus in the subsequent stages of the proCC 
The solution is then boiled to expel the excess of sulphuretted 

hydrogen, and without filtering off the sulphur and sulphide of ar- 

senic, if present, a few cubic centimeters of permanganate solution 
are added, and then ammonia in quantity sufficient to preei1)itate al1 

the ferric oxide in the solution, and with it all the phosphoric acid. 
This precipitate is filtered as rapidly as possible, and without washing 
is dissolved in hydrochloric acid, and the sulphur, ete. filtered Out. 

I 
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— '-c acid is then added to the solution, which is boiled to peroxiclize he iron, and then ammonia, and the filtered Precipitate, once washed, is dissolved in nitric acid. This solution is, if necessary, colicen— tmted to about 50 c.c., and the solution of molybdate of ammonia is then blown forcib] into it from a pipette, which will prevent the 
:precipitation of the nio]ybdic acid. 

The rnolybdate solution used is made by dissolving about 130 
grams mo] bdate of ammonia Ifl 1000 c.C. water, with the addition of a little free ammonia. Ten cubic centimeters of a Solution of this strength should precipitate about 0.02 gram of phosphorus. The solution is then heated, though not to boiling, is removed from the source of heat and a ui mon ia grad ti ally added till the yel- low precipitate forms; then, if any iron has been precipitated, it is redissolvecl with nitric acid in slight excess. After standing on top of the air-bath for 3 to 4 hours it is filtered and washed with a solution of nitrate ct animon ia slightly acidified 'vith nitric acid. The ltrate is allowed to stand over night, with fresh addition of molybdate solution in case the precipitation has not been complete. The preci pilate, after having been thoroughly washed, is dissolved in ammonia. Any iron vlneli may be present is dissolved in drochloric acid and a few drops of citric acid, and the solution made :.. with ammonia and added to the main portion. The solution is allowed to stand for an hour, then filtered, and magllcsia-mix ture added, and the ])meeipitated atnmouiUm_magl)esium_pl)051)f treated as usual. 

Sulphur I determine in the same manner as Mr. Troilius; man- 
ganese by acetate of soda and bromine; amid silicon by the aqua re- gia method. 

BENJAMIN B. WTRIGHT, Pittsburgh, Pa.: A TToluanefrie Method of Estiniatiisg Phosphori._Three grains of steel, or less, are dis- vlvecl in 30 c.e. of nitric acid (sp. gr. 1.2), the solution is dried on a sand—bath, and heated till no more flumes are given off, in Lr to destroy any organic matter. The dried mass is then dis- J in strong hydrochloric acid, and the solution evaporated to .l hulk by boiling. The boiling will change any l)Yrophosphoric d,foruied by the heating, hack to the ordinary phosphoric acid. The .tiou1 of iron is allowed to cool audi a strong solution of a ni mon — nitrate added. This solution is made by dissolving 600 grams chemicl pure amnionium nitrate in water and diluting to a er; 10 e.c. of this solution are added for each grain of metal 
igiiial]y taken. - 

I 

* I have since found thnt small quantities of phosphoric acid pass into the 
trate which may be regained by repetitions of the precipitations. 
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The solution of iron is then filtered into a beaker and about 15 
cc. of water are added. The solution is now ready for precipita- 
tion. I have found that the al)ove large amount of aramonium ni- 
trate insures the precipitation of all the phosphorus, notwithstanding 
the presence of hydrochloric acid in the solution. 'flie solution is 
then heated on a water—bath to between 75° and 85° C., and the phos- 
phoric acid is precipitated by the addition of from 20 to 25 cc. 
of a nitric acid solution of aniuioniuin molybdate, made according 
to the formula in Fresenius's Analysis. The solution is kept at the 
above temperature for one hour, when the precipitation will he coin— 

plete. It is jiii portal] t that the solution he kept between the above 
limits of temperature, as a lower temperature than 75 C. will not 

complete the precipitation in an hour; while a higher temperature 
than 85° C. will precipitate niolybdic acid. The yellow precil)itate 
is filtered off and washed with a six per cent solution of aninionium 
nitrate till free from iron. 

The precipitate is then dissolved in dilute ammonia, and the solu- 
tion transferred to a flask. 50 d.c. of dilute sulphuric acid are added, 
and from 5 to 10 granis of granulated zinc, and the solution is boiled 
hard for 30 minutes. The action nnist be vigorous to insure the coni- 

plete reduction of the molybd ic acid, and if the zinc is all dissolved 
before that time more must be ad(led. At the end of the thirty 
minutes the reduced solution is poured off froni the zinc, if it is not 

all dissolved, and titrated directly with standardized potassium per- 

manganate solution, and the amount of phosp!oius in the steel cal- 
culated directly from the number of cubic centimeters of pernian- 
ganate used. 

The solution when ready for titration is almost black from the 

sulphate of sesquioxide of molybdenum formed by the reduction 
of the molybdic acid; but on the addition of the permanganate 
the color is entirely discharged, and the usual pink end-reaction of 

the permanganate can be clearly seen. 
I have found by careful analyses that the precipitate made by the 

above method is of absolutely uniform composition, and that the 
amount of phosphorus in it is 1.54 per cent, of the amount ofnio- 
lybdic acid ; so that if the molybdic acid in the precipitate be deter- 

mined, the amount of phosphorus may readily be calculated from it. 
In standardizing potassium permanganate for this analysis iron 

wire is used. According to WTernike,* the iron standard multiplied 

* Fresenius's Zeitschrift, xiv, p. 1. 
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by .903 equals the molybdic acid standard; and from my analyses the amount of molybdic acid in the precipitate, multiplied by .0154, 
equals the phosphorus in grams. Then by multil5lying the amount of iron rel)resented by I c.c. of the l)ernanganate by the l)1'Odtlct of these two numbers (.0139) the amount of phosphorus represeute(l 

Tby each cubic centimeter is found. The permanganate should be of 
P such strength that 1 c.c. equals about .0075 grams of iron ; then 

1 c.c. will represent about .0001 gram of phosphorus. In making the analyses on which the above figures are based I determined the phosphorus in the yellow precipitate by the usual 
magnesia—mixture, with the necessary lrecautions to avoid the pres- ence of mol bdic acid in the pyrophosphate of magnesia, and in the filtrate from this precipitate determined the molybdic acid volurnetri : cally. 

Three hours and a half are generally required to complete an 
analysis for phosphorus in steel by this method. Pig irons require about fifteen minutes more on account of the difficulty of filtering the solution. The time on an analysis of steel is divided about as follows 

3 20 I have made two analyses for phosphorus by this method, carrying ;On the operations together, in 3 hours 35 minutes. In conclusion I can give the following results of comparative an- alyses which I have made; those in the first series being made by the Use of molybdie acid and double precipitation, the phosphorus being deterniined as magnesium pyrophosphate; those in the second series 
being made by the above volumetric method: 

Dy Grayimetric Analysis. By Volumetric Analysis. .070 .070 
.085 .084 
.087 .084 
.071 .070 

Weighing, dissolving, and transferring to dish, 
Dryi rig 
l)issol ring, adding ammonia nitrate, and filtering, Preii pita Li on 
Filtration a iid washing 
Red Iletion 

Titration, 

hours. Minutes 
o 15 

0 15 

0 15 
0 30 .0 5 

Irons and Steels. 

2, 
3, 
4. 
5, 
6, 
7, 

• 036 

.024 

.125 

.033 
.023 
.125 



F. A. EMMEBTON, Joliet, Illinois.—The following are the tuethods 
used in the analysis of steel in the laboratory of the Juliet Steel 

Company 
('arbon Dctcrminalion.—One grain of steel is used for each test, 

the di'illings being put in test—tubes 8 inches long, and 1 inch 

diameter, set in a suitable rack ; 15 c.c. of nitric acid (sp. gr. 1.2), 
are run into each tube from a pipette, the tubes in the rack being 
partly immersed in cold water to pre'eiit the reaction being too vio- 

lent. The tubes are closed loosely with glass bulbs, a little larger 
than the mouth of' the tubes, and are set in a water—bath kept at 

90° C. for a half hour. The rack containing the tubes is then set in a 

pan of cold water to (:001 the solutions, which, in a few minutes, are 

filtered throtihi 3—inehi filters into a set of test—tubes, 5 inches long, 
and as near as possible inch diameter. The colors are then com- 

pared with a set of standard colors, corresponding to every even 

Ii n nd red th of a per ecu t., ranging from .1 6 per cent, to .44 per cent. 

The standard colors, of course, are kept in tubes of the same size as 

those into which the solutions to be tested are filtered, and ai'e made 

from a mixture of the solutions of burnt eoffie and caramel in alcohol 

(hinted with its own volume of water, and are found not to vary more 

than .02 per cent, in a month. They are renew'ed generally every 
three or four weeks, of'tener in summer, and less often in winter. 

Tests silo\vil)g more than .44 per cent, carbon are made by dilut- 

ing to half strength with water, and comparing with standard colors, 

doubling the readings obtained. Tests showing less than .16 per 
cent. carbon are made by comparing in graduated comparison-tubes, 
with a diluted solution of steel, the percentage of carbon in which 

has previously been determined by comparison with the standard 
colors. 

I prefer using one geam of steel for the tests to a smaller amount, 
as the error from dirt in the drilhings and from careless weighing are 

rendered less in effect. On account of the length of the tubes in 

which the solution takes place, and their being stoppered with glaSS 

liulbs, loss from evaporation amounts to nothing, and the filtering 
of the solutions does away with an error caused by fine scale in su 
pension. 

Silicon Delerrainalion.—The method is essentially that of Dr. T. 
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M. Drown, though the solution is made at once in a mixture of 1 

part concentrated sulphuric acid, and 4 parts nitric acid (sp. gr. 1.2); 
f 20 c.c. 0f this mixture suffice for the solution of 1 gram of steel. 

The watch—glass is allowed to remain on the dish, which is pusi1edl 
on to a hot part of the sand-bath, where the solution goes (lOWn to 

dryness in less than fifteen minutes. 'I'hie watch-glass prevents loss 
from spattering, and by so doing allows the solution to be boiled 
down in less time than it could be brought to dryness otherwise. 
Determinations made in this way can he completed in less than 
forty—five minutes with the use of the filter—pu nip, which I use in all 
filtrations. 

Suipltui' Dciei'minalion.—Thie method used for sulphur is that of 
A. H. El liott. Five grams of steel are (hissol ved in about 80 cc. 
hydrochloric acid (1 in 2, in a 300—c.c. flask. The evolved gas is 
led through a solution of pure caustic soda free from sulphides, which 
absorbs t I IC su Ii din retted hydrogen as su I ph ide of sod in iii. A bout 
40 c,.c. of the caustic soda solution (1 in 5) are used, amid it is ar- 
ranged in bottles or tubes, in such a way that the gas shall bubble 
through it at least twice. 

The steel unix be ilissolved quite rapidly w'itliout fiar of' any sul- 
phur passing time caustic soda unabsoi'bed. The solution in the flask 
is brought to boiling, and as soon as tile steam rises to tile stopper 
the flame is taken away, and air is aspirated through the apparatus 
for a few minutes. The caustic soda is washed out into a 500-cc. 
beaker, and made up with cold water to 200 or 300 cc. Tt is then 
acidified with strong hydrochloric acid, which liberates tile sul— 

phiretted hydrogen retained in solution by the large excess of 
liquid pi'e.seit. Starch solution is added, and the suiphuretted hy- 
drogen titrated with a standard solution of iodine, each cubic cen- 
timeter of' which equals about .0005 gram sulphur. If much sulphur is present the liquid takes on at first a reddish 
color, clue to thie finely—divided separated sulphur, hut at the end time 
blue color of the iodide of starch comes out plainly, and the titration 
may be stopped accurately with the last drop. 

The iodine sohution is made by dissolving 5 grams of iodine with 
the aid of 7 grams of' potassium iodide in a little water, and diluting to a liter. Its strength is found by titrating against a hyposuiphite 

rsolution of kiiown strength. The latter is made by dissolving 25 
grams of hvpnsnhphite in a liter of water, to which about. 2 grams of 

* Chemical News, vol. xxiii, p. GI. 
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The following analyses were made by my assistants: 9,.'.... 032 10,..'''' 163 

.083 

.031 

.152 
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an)moniunl carbonate are added to prevent the solution from chang 
lug. The strength of the hyposulphite solution once ascertained, it 
is a simple matter to find the value of the iodine solution at any 
time. The hyposuiphite solution may also be standardized, as sug- 
gested by Elliott, by means of a solution of potassium bichromate. 

The liyposulphite solution prepared as described may be relied 
upon to retain its strength without essential change for several 
months at least; and the iodine solution does not uteed to be tested 
oftener than once in three or four weeks if kept 1)lopcr1Y Stop- 
pered. The testing of the iodine solution, however, need not take 
more thait five minutes. 

The caustic soda used for absorbing the sulphuretted hydrogen 
should be free from suiphide, and may be readily tested for its pres- 
ence by acidifying some of the solution, adding starch as iii regular 
titration for sulphur, and then adding a drop or two of the iodine 
solution. If the caustic soda is free from sulphide, the blue color 
should he fi)rmed and remain after the addition of the first (Irop. 
There is, however, very little difficulty in obtaining caustic soda 
which will stand the above test. 

This method is both accurate and rapid, and very satisfiictorv in 
use, for in duplicate determinations it invariably gives the same re- 
sults, agreeing to the third place of decimals. I have compared this 
method with one described by Fresenius,* which, he says, agrees 
perfectly with the acetate of lead method. It consists in passing the 
gas evolved from the solution of steel in hydrochloric acid through 
a sufficient quantity of a solution of bromine in strong hydrochloric 
acid. This solution of bromine oxidizes the sulphur completely to 

sulphuric acid. The bromine is stibsequently boiled oft, and the 

greater part of the hydrochloric acid evaporated, the residue diluted 
with hot water, and the sulphuric acid precipitated by barium chlo- 
ride. I obtained the following results in comparing the two methods: 

Elltotts Iodine 
Method. 

• . .309 Sulphur, percent 
• . . .089 

070 

If there is an error in this method it is one inherent in several 
methods in common use, and that is a slight loss due to the sulphur 
which remains in the solution, and in the insoluble residue in the 

* Fresenius's Zeitschrift, vol. xiii, p. 37. 
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flask. This error, however, is inconsiderable, and not as great as is likely to arise from impurity of the barium sulphate in method 
depending on the recipita t iou of the .5 iii ph ii r l)y ha ri u n cli bride. The method requires very little attention and may be Completed in half an hour, though in my laI)orator- it generally takes about forty-five minutes to carry out a determination from beginning to end. 

Phosphorus De(errniiuttion.._iO grams of steel are dissolved in about 150 e c of nitric teud (p gr 1 2) in a he't! ci (,f tbout 500 cc capait 4tfter a few minuts the beiker iS ptishe(1 on to the hottest part of the sand-bath, the cover taken o and the solution boiled down to dryness iii less titan an hour. The beaker is kept on the s md bath for thou t half hour longol, then tkeu off quid oolcd and sufficient strong hydrochloric acid added to dissolv0 the dry macs I he bemi ei Is "et on the 'tuid b'ttlm g'tun, heated ute ii boihiim fir a few m in utes, and after coni pkte solution, diluted with two or three times its olume of cold w Iter flue icid u nO eomp1ctei neutralized with strong ammonia, the precij)itated oxide of iron dis- solved in a slight excess of strong nitric acid, and about SO c.c. of molybdate solution added. The l)eaker is set away nu a warm place for at least four hours. The yellow precipitate is caught on a filter, washed w ith dilute molybdate solution 'urid dissolved iii (DI mon i2 
(1 in 4). A small beaker is set under the funnel containing the 
precipitate, some dilute ammonia is ponied on to the filter uuid then a hole in puinchid through tile point of the filter and hi its contents washed unto the beLer b) means of more dilute aninionu t dont turn (I in a small wash-flask. A slight excess of magnesia_mixture is therm 
added, and the beam er set v for two hour0 t least I he precipi- tate s then caught on a filtei, slightly washed with dilute anlmoniq, and dissolved in hydrochloric acid (1 i11 2), the Solution in this case : filtering through the paper into a beaker in which has been placed a small pinch of citric acid. The filter is washed two or three times with hot water, and the filtrate neutralized with strong ammonia, and then one-third of its volume of strong ammonia added. The beaker is set aside for at least four hours, and eventually the precipi- tate collectedi on a filter, which is thrown wet into a weighed platinum crucible, in Which it is ignited. After the filter is burnt the precipi- tate is treated with a drop or two of nitric acid, which leaves the 

.PYrophospliate perfectly white. This method may be carried out 

.aCcurate1y in twenty-four hours, and never requires more than thirty [hours for its completion. - 
Jfanganese Determinatjon._The manganese method is essentially 

Sample. 

No.1, 
2, 
3, 

8 

Fresenius's Bromine 
Method. 

.296 Sulphur, per 

.091 
.074 
.007 
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are given oft; otherwise the results obtained will be too high ; but 
the above method of treatment obviates this difficulty entirely. 

As carried out in my laboratory the method requires about forty. 
five minutes for a complete determination. Correct results have been 
obtained by it in forty minutes; forty-five minutes, however, is ample 
time. 

Silicon and inauganese ruBy sometimes be determined advan- 

tageously from the same sample of steel, the filtrate from the silica, 
before washing with hydrochloric acid, being used for the manganese 
deterni inst ion. 

THE USE OF HIGH EXPLOSIVES IN THE BLAST FURNACE. 

BY T. F. WITIJERBEE, PORT HENRY, N. Y. 

IN a paper read at the Lake Superior meeting, August, 1SSO, an 

account was given of the successful use of Rendrock ad Monaky 
powder upon a scaffold and salamander in the furnace. On April 
5th, 1881, the same trouble called for like treatment, which, though 
not so immediately successful, was on the whole more instructive 
than the first trial, and points, I trust, to a reasonably sure remedy 
for all such difficulties. Up to December 4th, 1880, foundry and 
mill iron were made from Old Bed and New Bed rnagnetite, and 

Kearney red hematite, when a return was made to Bessemer iron, 
from an inferior quality of New Bed ore as compared with that 
used during first blast. January 18th, 1881, New Bed, Chateaugay, 
and East-shaft, a newly-opened Bessemer deposit of Nessrs. \Vith- 
erbee, Sherman & Co., were first used, and continued up to February 
13th, on a fuel charge of 8Q per cent, anthracite and 20 per cent. 

coke, the product on the three ores being about 10 tons more per 
day than on New Bed alone. 

From this time until March 11th all coal was used, and New Bed, 

Chateaugay, arid East-shaft ores, up to February 22d, and from that 
date Chateaugay and New Bed, the product falling off 9 tolls 

per day as a result &f not using coke. It is fair, however, to state 
that the furnace was not in good condition during this period, being 
over-burdened, and the New Bed ore was, temporarily, uncommonly 
poor, for reasons of no particular interest here. It required to 

properly flux it at least 140 per cent. of limestone, and 101 per 
cent. was actually used. March 11th, all Chateaugay ore and 30 
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per cent. coke were charged, with the effect of increasing the make 
1 26 tons per day imp to the time our trouble began. 

Although the working had been very good during this short run 
of twenty-one days, some trouble was indicated on account of the 
peculiar behavior of the blast which vent tip as high as 

14 or 15 pounds as a result of a stop of not more than five or ten 
minutes at casting, requiring hours of hard blowing to bring it down 
again wlifle, if no rnoie thaii one or two minutes Were lost, t Would 
start off nornial—say, 10 pounds. The following is a detailed ac— 

count of t lie beginning and end of the troll Ide 
First Day.—At 5 A.M., Tuesday, April 5th, 9 beds (15 tons) of 

No. 2 iron \were east; after casting, black cinder melted fast until 
9 AM., when a sup occurred upon checking the blast to stop the 
cinder notch. All the gas was then turned on to the stoves. The 
usual 11 AM. cast was not attempted, as the quality of the cinder 
indicated that no iron would be found. At 5 P.M. a cast was made : of 1 beds (18 tons) of fair No. 3 and No. 4 iron. Tuesday night 
we got a hole through the tuyere breast between No. 1 and No. 2 

ç tuyeres, and heaved out an immense amount of mushy stock—coal, 
lime, and sticky cinder. 

Second Day.Wednesday, April 6th. Took out south cinder 
arch and heaved out the same material ; also worked out a large ! hole pointing a trifle upwards, clear past the centre of the crucible, 
and about level with the tuyeres at its inner end, in the best ib1e 
location to repeat tile experiment of a heavy blast, as before de- 
scribed. Tile fact that tile hole pointed upwards made tamping more 
difficult, so extra precautions were taken. A 5-inch pipe with an 
end welded in was packed into tile hole with damp clay, and then 
cooled by a stream of water injected into it. The cartridge consisted 
of a piece of 3k-inch gas pipe, plugged with wood at each end, and 
loaded with 13 ordinary lé-inch Rendrock cartridges, with two 
lines of fuse and exploders leading out. This was shoved into the . S-inch pipe, tanuped or sealed with a ball of clay and fired with all 
Possible dispatch, as the S-inch case was red-hot. It failed to ex- 
plode, as also did a second one, and from tills cause probably caine 
all of oui subsequent trouble. The powder was then tested and 

found worthless. During the night some improvement took place; runs of cinder from the south cinder arch, and at least 75 tons 
mushy stock blown out, until it was banked up as high as the , half way around the stack, making a stop necessary to clean 

P. At this time we had four good tuyeres at work. Procured a 
ise of 50 pounds of Atlas powder. 
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Third Day_Thursday, April 7th. Discovered hole burned in 
the bustle wind pipe, 12 inches wide by 48 inches long. This was 
mended by taking out the 9—inch brick lining until the pipe Was 
sound (about. .5 feet) and forcing a car—wheel into each end, luting 
with clay between the flange and brick I ining; these were held apart 
by a I i—inch bar, with a collar at one end aiicl nut at the other. 
The space was fi lied in with loose bricks grouted up solid with 
cement. A cast- iron plate was also bolted up into the bottom to 
cover the burned holes. This operation took sixteen hours. Upon 
starting, three t uveres were fou iid open and the hearth solid at their 
level. Nothing could be tapped out, and iron soon began to seal 
up the tuycrcs. In one hour after wind went on No. 3 blowpipe 
burned off; and upon shutting down to stop it, all the tuvercs were 
filled solid with white iron. Six hours (billing fliilcd to open a single 
one. 

Fourth Day.—Fridav, April 8th Got a small hole through No. 
4 tuvere, but could not maintain it. Also p t in a small leaky 
charcoal tuvere, marked No. 8 on the drawing (Fig. 1). close up under the mantel. This opened into live stock above the ob- 
struction, hut its cinder could not be tapped out. It, however, gave 
some gas for the stoves, and in that respect w'as of subsequent. 
benefit. The north cinder arch was also taken out this day and a 
hole worked in back of it about 2 feet, not far enough to allow of 
ranch execution from an explosion. However, it was charged with 
25 Atlas cartridges, the heaviest charge yet used. Before loading, a 
test was made to ascertain the danger, by putting a handful of pow— 
der into a dry pine box similar to the caitridge case to be used. It 
remained three minutes and a half in the hole before it ignited, 
showing that there was but little risk, especially as the real cartridge 
case was wet and coated over with blue clay. The explosion (at 5 

P.M.) had but little effect on the salamander; blew off one tuyere 
plate and racked the casing outward a trifle. It disclosed a solid 
leathery red-hot niass, containing but little coal and much lime. 
Men were at once set to drilling to get a hole up through to live 
stock. By hard vork and liberal use of powder some progress was 
made. At. 12 midnight a hole was got through to No. 8 tuyere, 
and good fall of cinder came away. Perhaps the greatest benefit 
derived from this tuyere was the encouragement it gave us at this 
particular time. It was tapped several times before morning, and - 

strong hopes were entertained that it might be induced to cut down 
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to No. 3 tuyere, which was taken out and much drilling done to get a hole through, but without success. 
Fft/ Thiy.—Saturday April 9th. The drift or shaft up through the salamander had progressed so far that some (lust and gas came 

through. No. 9 breast and bronze tuyere was put at work, hoping that sufficient wind would pass in to open it. Blast was kept on Nos. 8 and 9 until Monday morning, none going through the latter. Considerable cinder was got away from No. 8, and in the meantime it burned out and was replaced by another leaky one. 
- &vn/ Daq.—Moiiday April 11th. No. 8 gradually failed (luring preceding night, and by morning could not be cleared of cinder. At 10 A.M. wind was taken off and work resumed on the shaft. A - hole was fiuially worked in that would take a case of 8 cartridges, which blew a bole up through into clean dry coal, 2 feet square, 14 - 
feet from the bottom and 7 feet above the tuyeres. No. 9 was reset and wind got on by 11.45. A break-out occurred at 12.15 and.at 12.30 cinder began to run from south cinder arch—" forge at first, but soon changing to "hot." More ga came through than was wanted In two honis clean coal 'ippeared 'it No 9 tuyeie This tu) ci C w 'is tipped out at the bottom of the north uiicler 'ii ch Eighth Dag.—Tuesda, April 12th. Nos. 4 and 5 tuyeres were drilled open. Previous to this the iron dam plates were taken down and a large cavity blasted out toward No. 6 tuyere, where mostly .al was found. 
Ninth Duy.—_Wednesday April 13th. No. 9 tuyere was taken Out at noon and No. 6 put at work in its place; at 1 .ai. got wind into No. 1 tuyere; at 2 cast 3 beds of iron, the first in eight days; 3 n.M., reset dam plate and got wind into No. 4 and No. 5 5. 

Tenth Day.—Thursday April 14th. Put in cinder arches and No. 2 tuyere. No. 3 was opened many times, but did not 
permanently open until over two weeks hadpassecl. The was badly banked up on the side of Nos. 2 and 3, perhaps a result of the work of No. 8 tuyere, which could only be drained the hole first opened, showing a ridge between it and the opposite At this time the trouble was fairly over, and there only re- flamed for us to resume the regular charges, which had been replaced fuel and cinder oniy. A few rounds were charged, until the 13th, -n three-fourths of the ore was put on and soon increased up to e usual weight. 

VOL. x.—14 

-1 
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In similar cases where the crucible becomes solidly filled with a 
gummy mass, entirely shutting out the blast, it seems to me that 
the best treatment is: 1. To try the effect of a heavy explosion near 
enough to the centre of the furnace to make it possible to break a 
hole up through, or at least to disrupt the mass enough to permit 
the blast to pass through, which will soon melt it out. The reasOn I recommend this plan first is that its success depends almost 
wholly upon getting a hole properly located, and of course the sooner 
this is begun the more chatices for accomplishing it. To be sure, 
raising the tuyeres will, once in a while, do as well, hut that is often 
difficult, and sometimes inipossible, owing to the construction of the 
furnace. 

2. Should the first fail, or should it be impossible to get a hole in 
the propel' location early enough, then there remains the slower, 
though probably surer, method of blasting up through to good fuel. 
This opinion is based upon the fact that such obstructions are sel- 
dom of any great thickness. Water casings, wrought—iron bosh- 
casings with extra tuyere holes, high mantels and thin walls ought 
to make the loss of a furnace of rare occurrence, as they would 

permit access to the obstruction in the shortest possible time. The 

plan of melting out with a blowpipe, successfully used at the Edgar 
Thomson works, is not overlooked, but its details are not known by 
the writer. 

In loading holes overhead it was found sufficient simply to hold 
or prop the cartridge-box in the hole, usually by a +-inch iron rod 

serving as the handle, and dispense entirely with tamping. Small 

drills, say U inch, work the best, and in case a large hole is required 
it is best to drill two or three close together and break out the core 

by firing light charges in one. 
As to the danger to life or property, it may be dismissed as of no 

account, providing that the precautions indicated are always taken, 
and the loadig done by a reasonably cool-headed person. In such 
trouble as that described, much depends upon the faithfulness and 

energy of the men, and I cannot too highly acknowledge the serviCC 
of my two keepers, McDonald and Norton, especially the latter. 

The blast at this furnace terminated July 2d, 1881 ; the matenah 
were then shovelled out. Your attention is called to the drawing 

(Fig. 1), where the heavy solid line shows the lining when new, and 
the heavy irregular line its condition after three years and a half 
wear. In Vol. IV, p. 375, of the Tran.saction.s, I condemned tile 
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as too large, proof of which is shown by the (lestruction of the er pai't of the lining, hut the most conclusive evidence has n its general working. 
In July, 1879, owing to a strike, this furnace chilled, and, in 

ng repairs, the brickwork was only disturbed about 3 feet above d 3 feet below the tuveres, as shown by the heavy dotted line at It vii be noticed that it was necessary to "step out" the bricks :r the tuveres in or:ler to get even I (3 inches on the tuyere breasts, i that a quick return was made to meet the old brickwork, .3 inches thick in tile bosh-casing, leaving quite an abrupt shoulder at the tuyeres. 
In the hearth of 1878 alternate tuveres were projected further in 

(Nos. 1, 3, and 5), i. e., there Were two tuvere circles, one of 6 feet nd one of 7 feet 3 inches diameter. (See Fig. 2.) Upon hastily repairing in 1879 iii long tu ci s ii u e uscd, giVIng ' (3—foot cii Je in VIeW of what was found in cleaning out, I would like the 
opinioi of our furnace members as to what error of construction was due tile fact that the wood with which this furnace was filled remained Oil tile boshes, as shown, two years! Was it too large a khl, gi\'m rise to tile formation of a "chimney," or too small a tnyere circle (6 feet) ill 1879, or both? The lining was cut to its ;present Size viien usig the tuyere plan of 1878 (7 feet 3 iches eirele), which is about the diameter of the bell (7 feet (3 inchcs), and -i-h would seem that the wood escaped main lv for the reason that the tnyeres projected too far in. I may add thia thus bell u orked better in a 1(3 foot bosh thin in 17, which I am inclined t.o thiiik is reasonable to expect. This 

Wood was placed around next to the lining, to protect it while filling the bell, and was found as placed, in a vertical position, strongly ompactec1 together, but by no means crushed. It was protected by fine, dusty, carbonaceous covering (small coal and coke in part), md, as found, was not sealed up i ith cinder, though this had flowed 
OVer it at Sonic time, as the cracks in the charcoal are often found )lled with it. In thickness it was about 12 inches, located as shown n drawing. The bosh as formed by it and its covering was 35 from the bottom, at which point th,e bricks were first found .e. The material that passed through this wooden bosh amounted 

136,159 tons of coal, coke, ore, and stone, in two years, and the work done by the furnace was during this period. The above .11 seer-n to indicate that boshes suffer less from abrasion than Q fusion and chemical action. 
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i 

10 
5 506 
3 222 
3 208 
3 354 
3 420 
3 406 
3 600 
3 688 
3 776 
2 864 

1 864 
4 952 
3 1040 
3 1120 
3 1216 
3 131)4 
3 1792 
3 1418 
3 1504 
3 1560 
3 1610 
1 1672 

per. 

6 1672 

6 1728 
7 1784 
8 1840 

40 1840 
8 1896 

S l.a 
3 ( I 

3000 1100 
30(10 1500 
3000 1510 
3000 1590 

3Q00 1300 
3000 1500 
3000 1590 
3000 1316 
3000 15(10 

3000 15(10 

3000 1308 

3000 1500 

3000 1516 

3000 1510 
3000 j51( 
30(0 1500 

3(11(0 1300 
208 3000 3000 15")) 
41(0 3000 31(00 12)10 

61)0 3000 301)0 1590 

8(10 301)0 I 31(00 11'' 
10(10 3000 3000 1500 

1000 3000 3000 1500 

1200 3000 3000 15081 

1400 3000 3000 
1600 3000 3000 1508 

1600 3000 3000 1501 

1800 3000 3000 1508 

THE FLANHER Y BOILER-SETTING FOR THE PREVETIO 
OF SMOKE. 

DY CRAS. A. ASHBURNER, PHILADELPHIA. 

THE appliances which have been proposed, and the modificati0 
in the construction of boiler-furnaces which have been made for tile' 

prevention of smoke, and the utilization of what are ordinarily hicd 
the waste products of combustion, have been innumerable.t 

To complete the record, I append a 

MEMORANDUM OF FILLING. 

j. 

0 
0 

1500 
1500 
15110 

150)) 
1500 
1501) 
120)) 
1200 
1000 

1000 
900 
800 
700 
(108) 

500 
500 
500 
500 
500 
500 
500 

DATE. I 

Aug. title, 1879 14 Cords.° 

Aug. 12th 

Aug. 13th 

full to hop 

Aug. 14th, fired at 2.21 P.M. 

Aug. 15th 

Aug. 16th, put on blast at) 10.40 AM.; first eiuder,1l 
P.M. 

Aug. 17th, firat iron,7.30 AM. 

78 Ill 
144 
177 
210 
243 
300 
344 
300 
432 

432 
476 
550 
364 
600 
652 
696 
724 

700 
8)18 

036 

836 

836 
864 
920 

920 
948 

A layer of wood was placed next lining, 13. to 2 feet thick, about half the hetghl offurna'"1 to protect the brickwork. Tile charges (except the wood) were dro1,pe.d l,y the belt tstetd' 
lowered by tates, as usual. Iron made first day, 20 tons, mottled; iron made second 0ay, Stone, 2' 
2, 203 tons, No. 3. 

p.. 

t There is now open in London an exhibition "of apparatus of all kinds deVis 
to prevent smoke." 
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The Flannci, boiler setting, hich I wish briefly to desci ibe to - 

the members of the Institute, Contains probably no one new original device; but it is rather a new combinatjoii of parts which, in its 
pmctical working, effectually prevents smoke from being thrown off fm the chimney, and utilizes the heat units contained in the prod— 

- uets generally lost. The quantity of fuel required to produce a given result is, iii consequence, reduced. 
As early as 1858 one hundred and three (hifferent Plans of boiler- furnaces for the prevention of smole were submitted at one time to the Steam Coal Collieries' Association, NewcastletIl)olI_Tyiie r1 a report upon these plans made by Messrs. Longridge, Armstrong, and Richards011, the furnaces were divided into seven distinct groups, according to the principles involved in their construction The plans which have been proposed since 1858 have been, in most cases, more practical, more economical, and more efficient applications of the aame princij)les. 

The products of the combustion of bituminous coal, on a simple furnace fire-grate, are generally considered to he steam, carbonic acid, - carbonic oxide, and soot. Of these, the first two are incombustible the last two combustible. To these four products may be added the nitrogen of the air. 
In cases, even, where the draft of air through the grate-bars is not excessive, there is a certain amount of tlilconsulne(l oxygen which passes through the boiler flues with the l)roducs of eombus_ -. tion. Absolutely perfect combustion of bituminous coal produces only Steam and carbonic acid. The iore nearly a furnace approaches this result, the mm-c efficient it is in economizing fuel and in time pre- -Vention of smoke, or, more strictly speaking, soot, which is the solid carbon contained in smoke. 

The economy of cornbustjo1 in the Flannery furnace lies in the et that the soot and carbonic oxide (which pass off through the &chimuey of an ordiiary furnace) are almost entirely converted into rbonie acid before leaving the boiler flues. It is not my purpose : claini for this furnace the greatest economy of construction Or d', or even to make comparisons with other furnaces or boiler- s which have been devised to accomplish the same end, but hy to describe a boiler-setting which, by experience, has been —J to he practical and economical and which seems to accomplish 1 that the designer claims for it. It is impossible for me to state precise terms the value of the increase of heat obtained. As a Practkl results differ so widely from theoretical computations 
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is now in use, are: The total absence of smoke, though a dirty a' 

THE FLANNERY B0ILER-SETTIG 215 

tL1y bituminous coal is used; a total saving of about 33 per cent. of the coal required in an ordinary boiler-setting, with the use of the same boiler and engine; and a great saving in the labor required to 
keep the fines clean. 

The front portion of the furnace may be constructe(l after any of the ordinary designs which are applicable to a plain cylinder, cylin- der-flue, cylinder-tubular, or the other general forms of steam boilers in common use. The boiler which is illustrated by the accompany_ lag drawings is an ordinary cylinder_tubular boiler which is being erected at Beloit, 'Wisconsin, for the Rock River Paper Company. , The most important points to be noted in this boiler are: The 
gas-flues at G (Fig. 1), where the temperature of the products is equalized; the secondary grate, A, with incandescent coals through - which the pl'o(lucts are passed, and the air-ducts, C, above this grate, where heated air is introduced, whereby combustioji is completed in the chamber I. 

- After combustion has taken place at the front grate, N, the pro- ducts re 'ulting therefrom pass under the boiler and over the bridge-wall, M. At the rear end of what is called the combjistio11_ flue, and a chiort distance (about 1 foot) hack of the end of the boiler, the gases and soot are deflected by a firebrick wall downwards, and caused to pass through 25 circular flues in the lower part (Figs. 4 and 5). These flues are 3 inches in diameter, and 1 foot 3 inches 
long. In the furnace which has been working for some time at Akron, Ohio, there is but one large opening in this wall, but the substitution of a number of smaller flues is thought to be a deeided impros-eniejit. The flues are cleaned when necessary from the ash-door, E; the ashes may be taken out from the door E, i,or, better, from the door H (Fig. 1), which is placed for this pur- Pose. In practice the flues do not become coated with soot. After going through these flues the products pass up through the ! Watergrate A, which is covered with incandescent coal. The fuel there may consist of wood or anthracite coal, or, better still, coke. $The grate is surrounded by a firebriek wall perforated by holes, B, ' 'i lead into an air-duct opening at the doors B' (Fig. 2). This t is only used in kindling, or when the fire on the secondary -a becomes dead. In cases where limestone water is only to be a tile grate is employed instead of a water grate (see Fig. 5). • latter is, however, adjustable, and can be readily replaced when pipes become coated with lime or burnt. Immediately above 

that they can best be made after the determination of empirical 
values. The most important results to he noted, where this furnace 
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the surface of the incandescent fuel there is a second air-duct. C, C', 
which is similar to the first, and which admits of the constant in- 

flux of air. The air is heated before entering the furnace by a free 
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I from which the ultimate products pass through the boiler-flues and 
are carried off by the chimney at the front end of the boiler. 

La 
F- 

140 
I-u 
i—F- 

0c 
IuO 
03 
Cl) 
0) 0 
0 

'a 

a 
Ui 
I- 

I- 

z 0 
I- 0 
lii 

C,, 
Cl) 0 x 0 

z 0 
I- 

'a 
-J 
UI 

'a 

circulation around the wall confining the incandescent coals. The 

charging door for this grate is at F; I is the combustion_chafl1 
- The products of combustion which come from the front grate and 

flter the restoring flues, G, are a mixture of carbonic acid, carbonic 



218 THE FLANNERY BOILER-SETTING. 

oxide, air, soot, and steam.* In substituting a number of flues for 
one large one, a greater surface is gained, and the gases are more 

homogeneously heated. Of course these flues cannot give out any 
more heat than the absorb from the heated products as they come 
from the first grate. As the heat of these products is variable, due 
to firing and other causes, the heat of the flues will be an average of 
the heat of the products, and the gases as they enter the ash-pit of 
the second grate will have a more uniform heat than before entering 
the flues. \Vhen these products enter the incandescent coal on the 
second grate the carbonic acid unites with a portioll of the carbon of 
the fuel and forms carbonic oxide. This is a direct loss of heat 

units.f The heat, however, is regained by the carbonic oxide thus 
formed uniting with the oxygen of the air introduced through the 
ducts C, and carbonic acid results. The carbonic oxide which 
conies from the front grate is raised above the point of ignition by 
the incandescent fuel and unites with the oxygen of the introduced 
air and forms carbonic acid. The excess of atmospheric air enters 
the coals on the second grate and undergoes the same conversion as 

that which took pla with the air entering the first grate. The par- 
ticles of carbon, forming the soot from the first grate, are raised to 
incandescence and, uniting with the air from tile ducts C, form 
carbonic acid. The steam is decomposed in passing through the coals 

on the second grate, the oxygen uniting with the carbon forming car- 

bonic oxide, which is afterwards converted into carbonic acid above 

the surface of tile coals. The liberated hydrogen unites with the 

oxygen of tile air introduced through the ducts C, C and again 
forms water. The ultimate products resultin from combustion in 

the Flannery furnace are, thus, carbonic acid, steam, and a snlali 

amount of carbonic oxide,t but no soot. 
A number of the Fianuery furnace-settings have been constructed, 

and after a trial extending over several months have produced more 

than anticipated results, in economizing fuel, in the consumption of 

soot and consequent prevention of smoke, and in a reduction in the 

labor, especially in that required to clean the flues. 

* Nitrogen is not considered, as it does not directly affect combustion. 
One pound of carbon in burning to carbonic acid gives out 14,500 heat unit'1 

one unit being the amount of heat required to raise one pound of water fran' 
39° to 40° Fahrenheit. The same amount of carbon in burning to carbonic oxide 

gives out 4400 units. 
If the furnace is properly fired, and the draft properly regulated, all the cfl 

bonic oxide should be converted into carbonic acid in the combustion_chamber I. 
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At the Akron water—works, recently constructed, two tubular 
boilers, 5 by 18 feet, with 64 4-inch fines each, llave been set Oil the 
Flannery svstenL Two Worthington pumps have been erected, one a conlponn(l high pressure, the other a compound condensing. Up to the present time the high pressure PIIniP and one boiler have alone 
been in service. The facts which have been noted in regard to the 
efficiency of the furnace have been very general, hut they are such 
as to indicate its economy. The furnace has been fired (lay and 
night, for eleven days, with 14 tons of a dirty, bituminous slack 
coal, which is mined in the vicinity of Akron, and sold at the works 
for $1.00 per toii. On the second grate Conuellsviile coke has been 
used, costing $6.00 p' ton. For every toii of coal burned 300 
pounds of coke have been used, the coke costing $0.90 per ton of . coal consumed. The total cost of fuel for eleven days was $26.60. The reservoir attached to the works is 210 feet above tile pumps, and 2700 fcet (l1tant The consumption of s utet Ins becn about 
1,000,000 gallons a (lay. To do the same work tile boiler with the 
usual eettnlg would ha e lequired at least 35 tons of coal, tt a cost of $3j 00 

The a em ce sa ing winch n ould result In mliot cases ft om tile use of the Flannery furnace, would un(lonbtedly he greater than that 
shown at Akron, vhcre the coal used is very poor, and the cost cx- 
ceptionally low. At Akron local conditions made it necessary to return the gases from tile smoke-arch to the rear of tile boiler where . the cliiuliley stands, through a flue 40 inches square and 27 feet 
long. This is considered to be a disa(lvantage. I am informed by . th superintendent ofthe works that the labor required to run this 
boiler is one-half of that which is ordinarily required with the usual : Setting. 

The advantages which are claimed for this boiler-setting are: 
Economy of fuel and prevention of smoke; economy of labor; more even action of the boiler and its longer continuance in service, due to time small amount of deposits in the flues. . The system is particularly applicable in the setting of boilers 
where continuous service is required, where the cost of fuel is great, Wilere the space occupied by fuel is valuable, or where the produc- -n of smiioke is objectionable. 

I 

I 

I 



TEST SUPPORT FOR TIlE EHGLISII CUPELLAT1OX 
FUJI NA GE. 

BY F. C. BLAKE, MANSFIELD VALLEY, PA. 

THE test of the English cupeflation furnace should be so sup- 
ported that the cupeller carl change readily the elevation of the test, 
and at the ame time watch the litharge channel. It is also import- 
ant to raise or lower either side, Independently of the other, in case 
of uneven wear of the side walls or of the breast. If the refined 
silver is poured from the test, it. is much better to control the lower- 

ing of the test from the front than to raise the back by screws or 
a lever. In order to enable the cupeller to manipulate the test with 
one hand, when tile litlearge is running, and to pour the refilled 

a EaIOjBlocIc Fig.t. So tF.t b Tra Bolts 0 1 0 C Ssppo,LBars d Book Scrow 8 Test Plate 

silver from the test without aid, I have altered the common support 
to tile test, as shown in the accompanying drawing. 

The common method of supporting the test is by four screws, work- 

ing in cross-bar nuts beneath the test. The points of the screws set 

into the test plate upon which the test rests. These screws are usuallY 
worked by pounding or pulling upon the heads, which may be either 
small pulleys or straight bars, as shown on the back screws in tne 

drawing. The screws are also worked by turning a crank, which IS 
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connected by gearing to the heads of the screws. The test is some- 
times supported upon wedges, but wedges are difficult to manage 
quickly if considerable change in elevation is to be made. Tile altered form of support is shown in Fig. 1. Square bars are 
clamped to the under side of the test-plate, shown in Fig. 2. These bars extend a short distance in front of the furnace, and are bent out- 
ward, in order that the turn—bolts above may not interfere with the test front door. The back palt of the test-plate rests, as usual, upon •two screws. The front support—bars are connected by turn-bolts and a cross-piece to a Harrington pulley-block, hung from the girder above. It will he seen that the elevation of tile front of the test can be readily changed by the working of the pulley hand-chain, which can be easily done with one hand. 

The turn-bolts, working with the back screws, allow a change to l)e made in the elevation of the sides. Ordinarily they are not often used. Tile front of the test can be lowered by the cupcller in front 
sufficiently to allow the test to run clean of silver or rich silver-leadi without tile use of a lever at the back. The lJIilIcipal advantages in this method of supporting are as follows 

1. Tile test can be raised or lowered quickly and evenly. 2. When changing the elevation of the front tile cupeller can al- 
ways watch the litharge channel. 

3. The test is controlled from the front when silver or rich silver- lead is poured. 

THE BINDIa OF IEWALLS OF BLAST FURNACES 
BY S. H. CHAUVENET, C.E., HARRISBURG, PA. 

THE binding of the boshes and inwalls of blast furnaces has always been an expensive piece of work. When the old stone stack was re- placed by the iron shell, the brickwork was kept at a thickness of five feet or more. These five-foot walls were still too thick, and the Practice now is to have as thin walls as possible and to have a free Circulatioii of air about the brickwork of the furnace. The "bas- ket," or lattice-work binding, accomplishes this object, but it is 
Pensive, as to first cost, and, if any change in the diameter of a fur- -- has to be made, it necessitates an alteration of the binding or Jf the thickness of the walls. 

Fig. 2. 

I: 
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in the year 1S79 I had Occasion to alter a furnace, built as shown 
in Fig. 1, to the shape shown in Fig. 2. The walls were reduced 
from sixty to thirty—two inches in thickness, leaving a space between 
the lower l)art of the inwall and the outside of the bosh. That part of the bosh below the mantle was bound with T rails; but, above the 

mantle, brick piers, E, E, were built, twelve inches in thickness and 
three or four feet apart,—similar to those shown in Fig. 4,—having the mantle for a base, and filling the space between the bosh an' 
the inwall. The space between the shell and the inwall on this fur- 
nace was filled with broken blast-furnace slag. Of course this style of binding for the bosh would only be applicable to furnaces with 
low columns. 

THE BINDING OF INWALI OF BLAST FURNAC 223 
A furnace with high columns and the inwall bound with brick piers is shown in Fig. 3. The piers are four and a half or five feet from centre to centre, as shown in the Section 0 D, Fig. 4, and be- tween each two piers a hole, twelve or eighteen inches in diameter, is 

it in the shell, just above the mantle. There is a corresponding hole :t Under the tunnel_head plates. This makes the space between einwall and the shell a ue through which cold air is drawn. Any 

Fig. i., Fig. 2. 
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mortar, and a space is left between the back of the pier and the shell 

for expansion, varying in width with the fire-brick used and the size 

of the furnace. The piers are stiffened laterally by circular iron 

bands built into them at two or three points. 
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gas escaping through the brickwork is carried off and, should a bad -_ 

leak occur, a man can be lowered to it after the removal of one of 

the tunnel-head plates. The piers are built of red brick laid in 

Fig 4. 



Major J. \V. Powell, haii.nzan; F. P. Dewey. SeIeai?/; S. F. Etuwon, A. S. Hewitt, J. E. Hilgard, Charles Knap, 811(1 F. W. Tz1510r. 

THE opening session was held in the ball of the new National 
Museum, on Tuesday evening, February 2lst. President Metcalf introduced General •W. T. Sherman, one of the Regeuts of the Smithsonian Institution, who read the following address: 

ADDRESS OF GENERAL SHERMAN. 

Mn. PJisII)JNp AND GENTLEMEN: I have been invited to meet 
you here this evening to extend to you the cordial greeting of the 
regents of the Smithsonian Institution, and to assure you that they most happy to have it in their power to place at your disposal this beautiful hall, dedicated to science and art. 

This National Museum is the property of the United States, of :ji the regents of the Smithsonian are simply the custodians, and board has delegated to its secretary, Professor Baird, the right e'l its use to the National Academy of Sciences and like kin- fred societies, among which we are glad to class the Institute of 
fining Engineers. It is eminently fit that you should meet here t this, the nation's capital, under a roof partly your own, devoted o natural sciences, and in the shadow of the Smithsonian, founded the exclusive purpose of collecting and diffusing knowledge mong men. 
Of all the workers employed on earth no single class seem to me pore worthy the respect of their fellows than those who seek be- eath the surface for the useful minerals and metals which contribute - largely to the wealth and comfort of mankind. In no branch of titnan industry does intelligence come so immediately in contact labor. To the mining engineer chemistry, mineralogy, and 0logy are as reading, writing, and arithmetic to the merchant; 

LOCAL COMM ITTEE OF A RHANG EM ENTS. 
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and algebra, trigonometry, and geography to the navigator. There 
is no business or profession where ignorance is so fatal, or mistakes 
more disastrous. No single interest has done more to build Uj) Our 

present empire, and, in my opinion, on no other single interest except 
agriculture does the future grandeur and stability of our country 
more depend than on its mines and mineral wealth. I do not mean to tire you with figures or statistics with which 
you are doubtless more familiar than I am, but I cannot refrain 
from giving a very few out of the great mas which have been se- 
lected by those engaged iii compiling the late census of 1880. 

Product for year ending June 1st, 1880, . . 40,311,459 
Value of product delivered $49,044,498 
Total capital, real and personal, . . . $89,999,101 

Number of men employed above ground, . . 13,842 
Number of men employed under ground, . . 76,512 
Number of boys, under 16, above ground, . . 755 
Number of boys, under 16, under ground, . . 5,366 

Total employde, . . 96,475 

COPPER. 
Product for year ending •June 1st, 1880, Value of product 
Total capital, real and personal, 
Men employed abovc.ground, Men implored under ground, Boys employed above ground, Boys employed under ground, 

Total employ6s, . . 6,116 

Of copper, the Lake Superior region furnishes 90 per cent, of all, and yields puie Copper enough to cover 25 acres with a sheet one inch thick. 
The amount of gold produced in the census year 1880 was I $33,379,. The amount of silver is reported as $41,110,957, making the aggregate of the precious metals, used as coin the world over, $74,490,620 
These figures are official; they do not exaggerate, but fall short v the whole truth. They exhibit the net products of some of our mines. When we follow the metals in their development for the ':s of civilized men, when we remember that it takes 2 tons of iron ore and from 2 to 2 tons of coal to make a ton of pig-iron, Worth from $20 to $26, that by further manipulation this same ton 's worth $40 to $60 for railroads, from $60 to $100 for me- uses, from $2000 to $4000 a ton in the shape of needles, and it for watch-springs this value becomes $1,000,000, there is opened question of manufactures not pertinent to this occasion; but the mining engineers, give the initiative to this most important )ject, von delve into the earth and reach the fountain source of is stream of vital industry. I, mysel was in the New Almaden icksi]ver mines of California as early as 1847, and saw the Indian 
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IRON 

Product for year ending June 1st, 1880, Value of product, . . Total capital, real and personal, 
IMen employed above ground, Men employed under ground, 
Boys, under 16, above ground, 
Boys, under 16, under ground, 

Total employés, 

ANTHRACITE COAL. 

Product for year ending June 1st, 1880, 
Value of product 
Total capital, real and personal, 

Number of men employed above ground, 
Number of men employed under ground, 
Number of boys, under 16, above ground, 
Number of boys, under 16, under ground, 

Total emplovés, 

BiTuMiNous COAL. 

Ease of 100° Meridian. 

• 27,433,329 tons. 
• $40,331,981 

$150,161,196 

15,564 
36,952 
11,921 
3,802 

68,239 

7,971,703 tons. 
$23,167,007 
$61,782,287 

16,345 
13,735 
1,339 

249 

• . 3l,(i8 

50,665,140 lbs. 
• $8,842,961 

$31,675,096 

• • 2,755 
3,069 

202 
• . 90 

lVest of 100° Meridian. 

Product for year ending June let, 1880, 
Value of product at mines, 
Total capital, real and personal, 

Number of men employed above ground, 
Number of men employed under graund, 
Number of boys employed above ground, 
Number of boys employed under ground, 

Total employês, 

1,477,736 tone. 
$3,272,470 
$8,479,573 

621 
• • 2,812 

8 

• . 3,441 
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miners with pick and crow-bar collect the beautifu mineral, load it 
into raw—hide sacks, pack it on their backs, and run like rats up 
notched poles to the mouth of the mine, whence it was hauled i 
ox-wagons to the furnaces in the valley below. 

I saw the first specime1s of gold found in Sutter's famous mill- 
race, and witnessed all the changes from the common tin—pan to the 
cradle, the long-tom, the hydraulics, the arrastre, and the hundred— 

stamp mill, roaring like the anvils of the Gods, with flumes 30 miles 
long, to bring the water needed to separate the metal from its 
matrix. 

I have been down in the copper mines of Lake Superior, with 
their oscillating engines and inclined railways leading to the deepest 
pits, where the highest science and ingenuity of man have reduced 
the necessary labor to the minimum, and produced that beautiful 
and most useful metal at little over 16 cents_a pound. I have also seen Mr. Hill's reverberatory furnace at Blackhawk, 
Colorado, with its roaring flames under the hot blast, melting down 
rock to a fluid, the useless slag successively skimmed off till the 
precious metals remain below, and are drawn off into the compara- 
tively small matte. This again is reduced to a fine black powder 
as unlike silver as a pot of lamp—black ;• yet chemical ainities 
draw out the iire crystals of beautiful silver, and a further process 
eliminates the gold, and leaves still a valuable residue of lead, 

copper, and iron. 
I have been down in the deep mines of Nevada where the ter- 

restrial heat suggests a hotter place; where steam-elevators bring 
up the mineral, and steam—pumps deliver an abundance of hot water 
to supply the rotaries; and I have seen coal and iron mines of every 
conceivable kind in all quarters of our country, so that I have had 

some experience, and can bear willing testimony to the industry, the 

skill, and ingenuity of our mining engineers everywhere. 
The sinking of shafts, the running of galleries, the disposal of 

waste material, the guarding against water and rock—slides, the pre- 
vention of fhtal gases, all combine to make your life a continual 
warfare with nature, and call for a courage equal to that of the sol- 
dier in battle; but as the soldier will follow his leader to the death 
when convinced of his skill, so will the miner penetrate the earth 
to its inmost recesses if convinced of the skill of his engineer. This 
is a great and sacred trust, for which you should be fully prepared 
by previous study, reflection, and experience. I am confident that 

you will prove equal to every change and emergency which maY 
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arise, and your meeting here is most auspicious, if by comparing your personal experiences you can make the occupation of the miner —-e safe and more profitable than it has heretofore been. 
There is in the business world as much friction as in mechanics A constant vital mental force is ever necessary to overcome old habits and methods to which the miner clings with as much tenacity any other class. But we know that change is written in broad characters across the face of nature. True, to-day is as yesterda-, and the coining spring will bring forth its flowers as in the past, but there was no steam-engine at the beginning of this centur-; the 

photograph and telegraph were unknown fifty years ago; vitbiji twenty years have been added to the stock of human knowledge the lephone and electric light, and these things are now as essential to human life as food and clothing. We know not what new inven- tions are yet to be, but we (10 know that the man who holds hack too long and clings to the familiar knowledge of the past, refusing new knowledge, will be left behind in the great race of life. I-Ic will be as the passenger of the old stage-coach, left in a mud-hole, whilst his neighbor will be hurled along at the rate of 30 miles an "r in the modern steam-ear. So the mining engineer must keep pace with the mechanical arts ; must utilize every new and approved eontrivaI](.e to diminish human labor and increase net profits, else he will lag behind and see his neighbor plosper. In Egypt you can find to-day the same 01(1 wells and pumps worked by camels and asses as were there in the (lays of Moses; and in Mexico you will find women down on their knees grinding corn with the matate, - and the old arrastre going round and round with its mule; whilst in the most inaccessible corners of California, Nevada, and Arizona the cough of the steamengine is heard, and the thunder of the stamp- mill shakes the earth. It is not for us to say which system produces largest measure of human happiness. It suffices for us to know that we prefer the latter, and mean to reduce mining to an absolute Science, yielding the largest profits, and increasing the comfort and •y of the miner to equal those of the farmer. The Smithsonian accepts the past, and only deals with new know-I- ce,—the "increment,"— so that when you are down in the fissures the earth and discover any new metal, mineral, or principle of ".l law, we expect you to add your mite to that colossal column of human knowledge which towers high above the Pyramids of and in return we will be most happy to reciprocate by Supply that which we gather from the uttermost Parts of the earth. The 

I 
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Republic of Science has no earthly limits. It embraces the heavens 

above, the world below, and the waters under the earth ;—so, my 

friends, we are a common brotherhood, and we trust that wisdom 

will govern your counsels, and that honor and success will crown 

your labors. 

Major J. W. Powell, Director of the United States Geological 

Survey, and Chairman of the Local Committee of Arrangements, 
then spoke as follows 

ADDRESS OF MAJOR POWELL. 

MR. PRESIDENT AND GENTLEMEN, MEMBERS OF THE AMERICAN 

INSTITUTE OF MINING ENGINEERS: I bid you welcome. It is ap- 

propriate for me thus to greet you only because of my relation to 

the Geological Survey prosecuted under the direction of the General 

Government. The work in which my collaborators and myself are 

engaged is intimately related to that in which you are professionally 

employed. 
Mining engineering must have a sound basis in structural geology, 

but the general structural geology of the country can only be dis- 

covered and delineated by the great agencies of government, and 

hence our own, alike with all civilized governments, is engaged in 

prosecuting this department of research. 
But the Geological Survey is also engaged in researches in mining 

geology. In the past two or three years the Comstock lode, from 

which three hundred millions of bullion have been taken, has been 

the subject of most minute and careful examination by a corps of the 

Geological Survey. Another has been engaged in the examination 

of the Eureka mining district. Still another in that marvellOUS 

group of mines at Leadville, Colorado. Other corps have been 

engaged in the examination of the coal of the United States, of the 

iron mines, of the copper regions, and of the industries in the prO 

diiction of the precious metals. 
The purpose of these researches is somewhat more general than 

that in which you are individually engaged. The Geological Sur- 

vey seeks to discover: 
First. The geological structure of the country. 
Second. The geological relations and palingenesis of ores and other 

mineral deposits, and to discover the laws and modes of their ocC 
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- Here the work of the official geologist ends, and here the 
work of the mining engineer begins. It is for him to develop in- 

dividual mines and to discover the sites of ore-bodies and other 
raluable deposits, and to develop the machinery for the working of 
mines, and metallurgical processes by which crude materials may he 
wrought into forms best adapted to the wants of man. This gives ise to the ptofession of mining engineering. So the body of geol- 
ogists and the body of mining engineers of tile country are coin- 

nentary to each other, and constitute one profession, and work 
a common purposc,—the development of one of the most impor— ant groups of industries in the civilized world. 
The successful mining engineer must be highly endowed. He must 

beageologist, a mineralogist, a chemist, a metallurgist, a mecbanician, 
—--1 with all these, he must have that practical knowledge of the affkirs 
of his profession that gives facility in the adaptation of means to 
ends. For no two mountains have the same structure, no two de— 

have the same form, no two ores have the same constitution, 
DO two mines present the same problems; and thus in the mining 
engineer knowledge and skill are alike demanded. With all of 

ie must go professional pride and integrity, fbr the ardor of en— 
siasts must be checked and the wiles of sharpers thwarted. 

In this field nature has concealed her bounties that they may not 
found by tile fool. The uninstructed eye sees no gold in the 

ck, no silver in the ore, no iron in the mountain, no coal beneath 
ic plain—only to the eye of science are these secrets revealed. In 

his field, when native products are discovered, the hand of igno— ance cannot seize them; the fool cannot unlock the treasure box. 
)nly the hand of science, armed with the powers that are harnessed th machinery, can bring them to our possession. In this field the 
tive products when gathered cannot be utilized by the ignorant. a fool l)ol(ls not the wand of transformation ; but science turns 
e rock into gold, the ore into silver, the iron into engines, and the )al into power. In this field science and art go hand in hand. It was, therefore, peculiarly fitting that the men engaged in this 

ork, the scientific artisans, the mining engineers, should associate a corporate body for the promotion of knowledge and the devel- ent of technology. Such is the purpose to be subserved by this 
anization. How well this purpose has hitherto been accom- 
shed is known and attested. 
ince the organization of the Society nine volumes of Transaciio 
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have been published. These volumes contain four hundred and 
thirty—four pape1s, which may be classified as follows 

1. Metallurgy of iron and steel, one hundred and ten papers. 
2. Metallurgy of silver and silver mining, twenty—two papers. 
3. On various metallurgical processes, fifty—one papers. 
4. Gold and gold mining, seven papers. 
5. Mining and mechanical engineering, thirty—two papers. 
6. On the mining and smelting of copper, fifteen ipei. 
7. Chemistry and assaying, twenty—six papers. 
S. Economic geology and mineralogy, thirty—three papers. 
9. On coal mining and the geological relations of coal, forty 

papers. 
10. On the natural occurrence and metallurgy of zinc, antimony, 

bismuth, lead, nickel, graphite, and tin, eleven papers. 
11. Concerning salt, three papers. 
12. On ore—deposits and the working of mines, nineteen papers. 
13. Mining tools and machinery, twenty—six papers. 
14. Miscellaneous papers and addresses, thirty—nine papel's. 
The list of the authors of these iaiers is a catalogue of illustrious 

names of scholars, eminent writers, and successful engineers. The 
whole constitutes a body of literature of which any scientific associ- 
ation of the world might well he proud. 

Civilization was born when the ancient cities were built on the 
shores of the Mediterranean. Prior to that time mankind was or- 

ganized in tribes. Since that time the nations have been organized. 
In the passage of mankind from tribal to national society in the 

growth of modern civilized states, the most important element is 

the growth of eorporations,—voluntary associations of men for sp( 
cific purposes,—industrial, educational, and charitable. The evolli— 

tion of these corporations is the most important chapter in the 
history of the institutions of the civilized world. Progress made 
by mankind, from the building of tile pyramids for glory, to the 

mining of the Comstoek lode for its three hundred millions of 

bullion, is due more to these institutions developed by voluntary 
associations of men than by tile institutions of government. These 

voluntary associations have been the most potent agencies in the 

progress of mankind from tile earliest to tile latest civilization, and 
the sociologic philosopher who has to deal with the progress Of 

society, finds that the people of to-day, in tile most highly developed 
governments, are more influenced by voluntary corporations than by 

governments themselves. 
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In the history of governments the drama Presents an exciting plot where ambitious actors walk the stage, and governmerj5 with their legislatures, their rulers, their courts, their armies, and their navies, appear in rapid sequence before us, and the play is heroic and tragic. 
In the history of corporations the parts are played by bodies of men voluntarily associating mid working togeter. To make fields in the forests, to work mines in the rno1intnns, to navigate rivers, and to sail the seas, and to spread commerce throughout the world these agencies have been more potent in the civilization, and more potent in the culture of mankind, than all the agencies of govern- 
It is within the memory of the men beflre me that liistoriails have come to understand that written history has been too much occupied with governments and armies anti navies, and has neglected the major part of hitory,_thie part affcting most the intercst of mankind I hei e La e sp nag up in the I it (ICC ide or two hi ito— risn thii oughiout tile ei ih,cd w ot Id, iho aie 1 cw i iting hito b) tracing the devchopiiiejt of institutions of culture and of civihiza_ 'i. Of all liii man institutions those relating to industries have been 4 efficacious, most beneficent. Technojo2y has done more for than sociology, institutions of art more than institutions Of governfllC]• 

- Jf we begin in the early history of mankind at that time when y tribal govern rents were known, when the state, the whole body ofa people organized under one government, was but a body of kin— dred, and trace mankind through )r1ns of states, by changes of gov- eminent5, until the modern states of civilization appearing as empires, ingdoins, and republics are established and study earefluhly the H.y of these changes and the course of this progress, we discover -t the theories of government are developed not by the eloquence f statesm not by the wisdom of rulers, not by the judgments of so much as by the development of industries appearing in lining operations the maiiufhctig works, the eommerciI through which the relations of men have changed and y has advanced. By the force of civil institutions relating -.j to indnstris mankind has made progrss, and slowly but exoi'abh, states have grown from savagery to civilization. Again, technoloy has done more for mankind than philosophy. 
L, 

has never grown through internal agencies; philosophy 

PROCEEDINGS OF THE ANNUAl, MEETING. 

S 

I 



Arthur V. Abbott, 
George J. Atkins, 
William L. Austin,. 
James F. Beattie, 
A. P. Berlin, 
Abram Bruner, 
II. 0. Burchard, 
Charles S. Burt, 
Byron W. Cheever,. 
Townsend V. Church, 
James B. Converse, 
Walter G. Coolidge, 
George H. Cornell, 
Edward Daniels, 
Asbury Derland, 
A. H. Emery, 
George W. Eustace,. 
John II. Flagler, 
M. N. Forney,. 
Henry Gannett, 

MEM BEES. 

....Brookly n, N. Y. 

Newburgh, 0. 
Charleston, Arizona. 
Connellsville, Pa. 

• • . . Hazieton, Pa. 
Pittsburgh, Pa. 
Washington, D. C. 

Marquette, Mich. 
• . . . Ann Arbor, Mich. 

• . . . Chicago, Ill. 
IcKeesport, Pa. 

• . . . Chiëago, Ill. 
Youngstown, 0. 
Washington, D. C. 

ing Springs, Pa. 
New York City. 
Jersey City, N. J. 
New York City. 
New York City. 

hington, D. c. 

PROCEEDINGS OF THE ANNUAL MEETING. 237 236 PROCEEDINGS OF THE ANNUAL MEETING. 

has grown only by the culture which proceeds from technology. 

Philosophy would to-day be soaring in the absurdities of mythology 
or wading through the mire of metaphysics but for science, which 

was born of technology. Philosophy was mythology with its t.hau 

maturgics and poetry. Then philosophy was metaphysics, with in- 

determinate propositions and occult proof. Now philosophy is sci- 

ence, and there is nO philosophy but science. Technology is the 

father of science, and science again is the father of technology. 
Arts give birth to sciences and sciences give birth to arts, and thus 

in alternating generations they multiply to bless mankind. 

Again, gentlemen, I welcome you, as the representatives of science 

and art, to \Vashington and to the national halls of science and art. 

President Metcalf, after replying, on behalf of the Institute, to the 

addresses of welcome of General Sherman and Major Powell, gave 

an outline of the comprehensive work of the Institute, and expressed 

the pleasure that the members had in meeting within the walls of 

the national headquarters of science,—the Smithsonian Institution, 

The following persons proposed for members and associates of the 

Institute, and approved by the Council, were unanimously elected :* 

Stephen W. Goodyear 
Henry 0. Hoffmann, 
F. N. Hofstott 
William S. Hutehinson 
W. R Hutton 
Isaac E. James, 
Lieutenant D. D. Johnson, . 
R. R. Jones, 
Thomas M. Kin 
Benjamin B. Lawrence 
E. P. Lee, 
Thomas H. Leggett 
Edward P. Lilsenring 
Stuart Li ndsle 
Herman Livingstone 
William Main 
A. Mark hun 
Charles A .Marsliall, 
James H. itI ayo 
0. E. liehae1is 
Philip \V. Moe,. 
Wilhelm Molin '....Troy 
George Murray, 
Albert H. Nicholson, . . 
John H. Paddock 
Henry W. Parkliurst, . . 
John 1E. Pearson 
F. N. Pease 
John C. Peters, J. C. Porter 
S. A. Richards, 
Samuel M. Riley 
Denis H. Riord,tr, 
Kenneth Robertson 
George W. Sergeant 
David 0. Saylor 
C. H. Scharar 
Walter B. Scott, 
Henry J. Seaman 
Henry H. Stambaugh 
Frederick J. Stanton 
Charles P. Tacker 
W11ian, Thaw, Jr. 
Abraham H. Vandling J. H. E. Waters 
Valentine W. Weaver, • . 
Charles G. Wei 
J. S. Wentz 
E. L. Wiles 
Albert H. Wbf 

,...Chjc 
• ''-..Pitt ,...Monts 

,...Aude ,...Cats 

. 

. 

. 

Cleveland, 0. 
Waterbury, Conn. •...Kansas City, Mo. 
Pittsburgh, Pa. 

ago, Ill. 
Baltimore, Md. 
Tombstone, Arizona. 

. Governor's Island, N. Y. 
ago, iii. 
burgh, Pa. 

zuma, Cob. 
hicago, Ill. 

Batopiliis, Mexico. 
nreid, Pa. 

Clifton, Arizona. 
kill Station, N. Y. 

Brooklyn, N. Y. 
Markhamvillo, N. B. Canada. 
Johnstown, Pa. 
ironkline, Mass. 
Frankford, Philadelphia. 
Wore eater, Mass. 

, N. Y. 
Leadville, Cob. 

. Orinoco, Venezuela. 
t. Johesbury, Vt. 

. Bismarck, Dakota. 
Hod5 on, N. Y. 
Altoone, Pa. 

ureka, Nevada. 
Pittsburgh, Pa. 
Joliet, Ill. 
Ashland, Pa. 
Tucson, Arizona. 

ford, N. J. 
New York City. 
Allentown, Pa. 
Providence, Pa. 
Tucson, Arizona. 
Catasauqua, Pa. 
Youngstown, 0. 

heyenne, Wyoming. 
Philadelphia. 
Pittsburgh, Pa. 
cranton, Pa. 

Silverton, Cob. 
. Coplay, Pa. 

Ontonagon, Mich. 
Mauch Chunk, Pa. 

ago, Ill. 
Chicago, IlL 

* This list includes those members and associates who were elected at the 

session of the meeting on Friday morning. 



The status of the following associates wa changed to member: 
Charles P. Bleecker, Philip E. Chazal, Anton Fernekes, Clark Fisher, 
Howard V. Furman, Frelerick R. Hutton, Wlieaton B. Kunharcit, 
Jose1)!! T. Monell, Kiugo Nambu, Willard Ide Pierce, Donald B. 
Toucey, Herinanu T. Vulté. 

The I'resident appointed Messrs. G. VT. Brarnwell and W. S. 

Dwight as serutincers to examine the ballots for officers of the 

Institute, and to report at a subsequent session. 

After the adjournment of this session the members attended the 

reception of Major and Mrs. Powell, at their house, 910 M Street. 

The second session was held on Wednesday morning, when the 

following papers were read 
A Process for Making Artificial Fuel from Anthracite and Bitu- 

minous Coal Dust, and the Applicability of the Process to the 
Solidification and Utilization of the Slacking Lignites of the West, 
by E. F. Loiseau, of Philadelphia. 

Coals in Mexico, Santa Rosa District, by W. H. Adams, of Chi- 

cago, Ill. 
The New Mill at Batopilas, State of Chihuahua, Mexico, by J. 

C. F. Randolph, o New York city. 
Comparative Efficiency of Fans and Positive Blowers, by Henry 

M. Howe, of New York. 
A New Ore-pulverizer, by C. Henry Roney, of Philadelphia. 

The session on Wednesday afternoon was devoted to the memory 
of Alexander Lyman Holley, who died January 29th, 1882. Dr. 

SR. VT. Raymond, at the request of President Metcalf, presided at 

this memorial session. Remarks were made by Messrs. Willian 
Metcalf, R. W. Raymond, T. S. Hunt, A. S. Hewitt, W. P. ShiiL 
Ashbel Welch, E. D. Leavitt, Jr., C. E. Dutton, R. W. Hunt, I 
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teston, G. VT. Maynard, T. C. Clarke, Martin Coryell, J. H. Rick- - -i, 0. Chanute, J. F. Holloway, Charles Macdonald, and J. D. 
Veeks. The Secretary read cable dispatches from England, which 

nad been received during the day, from E. P. Martin, E. Windsor 
SRichards, C. P. Sandberg, G. J. Snelus, S. G. Thomas, and the of the Institution of Civil Engineers. Written conlmi,nj ations and telegrams were received from P. Barnes, J. C. Bayles, A Cosgrifi, VT. E. C. Coxe, VT. 11. Jones, W. F. Mattes, E. C. 

echin, H. P. Rothwell, M. V. Smith, J. C. Smock, and VT. J. 
-ylor, which could not be read at length for lack of time; and it was announced that the printed report of this memorial session sould include contributions from fi cnda of Mr I-Iollev t ho did not have the opportunity of speaking at the session. 
The following resolutions were adopted 

Retolved, That in the death of Alexander Lyman Holly, forrncri' I'resjde,tt - the In Ci tu to, we n on r n the ci epartu re it ot on iv of it great invent, >r and en gi— pioneer iii C lie itppiietltictns of science, and beneittetor of rntiitkind, but also, more Ic to , of a true corn rail e and dear fri end, the memory of wit ose strong nd gentle epirit is indissolubly blended with the sootal ti-tory of thlo orgsnjzu tien, as h genius, eittit tini and acti V ty Were p( tent fec tors in i t professi coal 

Resolred, That the chairman of title meeting be requested to deliver, on some aitabie future occasion, an address, in commemortution of th life and life-work of Mr. Holley. 
Resolved, That Cite Council of the Institute be requested to take into considera_ n the publication of a memorial volume, to contain the above- r,tenti,,ned ad— 'as, the proceedings of this meeting, and such other matter as may be derned .pedient 
Rcsolverj, That we extend to the American Society of Civil Engineers, and to .te American Society of Mechanical Engineers, our sympathy in this groat loss, Ustaineci Iv theni as well as ourselves. 
Resolved, That a committee of five be appointed to take charge, after consuita. ion with the Council, and in co-operation with such similar committees as may ...-ituted by our two sister-societies, of the execution of the measures proposed see resolutions, and to represent the American Institute of Mining Engi- in any further proceedings that may be taken for the same purpse. solved, That a copy of these resolutions, together with the assurance of our 'end sympathy, be transmitted by the Secretary to the family of Mr Holley; hat copies be sent also to the secretaries of the American Society of Me- c-_cent Engineers and the American Society of Civil Engineers. 

[At the next session of the Institute, Dr. SR. W. Raymond was 
Pointed chairman of the committee, provided for by these resolu- 

one, with power to name the other members of the coinniittee.3 At the conclusion of the session Dr. Raymond read a letter which had received fi.on Mr. Holley in the year 1876, and also a letter 
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Francis I. Dominick, 
H. L. R. Entmet, 
J. WI. Farquhar, 
0. H. Gibson, 
Thomas B. Kerr, 
Wiliet Rose, 
Henry H. Sawyer, 
Walter H. Weed, 
G. Norman Williamson, 
Charles A. Wittutaek, 

ASSOCIATES. 

Clintonville, N. Y. ...NewY ork City. 
Easton , Pit. 
Freiberg, Saxony, 
Pittsburgh, Pa. ...lrw in, Onto. 
East Hampton, Mass. 
Brooklyn, N. Y. 
Irwin, Cob. 
New York City. 
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addressed to him by Mrs. Holley, desiring him to express her thankq 
to the members of the Institute for their kind expressions of syn_ 
pat!iy, and to say to them how deeply Mr. Holley had been inter. 
ested in the work of the Institute, and with what brotherly aflectio 
he had always regarded its members. 

The fourth session, on Wednesday evening, was confined to papers 
and remarks on "Iron and Steel as Structural Materials," with espe- 
cial reference to the memorial to Congress of the American Society 
of Civil Engineers for the appointment of a test commission. 

The following persons took part in the discussion : Ashbel Welch, 
Charles Macdonald, General Meigs, Captain Lyle, E. D. Leavitt, 
Jr., T. C. Clarke, 0. Chanute, A. P. Boiler, T. Egleston, G. S. 
Morison, P. Roberts, Jr., and William Metcalf. 

The fifth session was held on Thursday morning, Vice-President 
Thompson presiding. 

The following papers w'ere read 
First Aid to the Injured, by Professor H. S. Nunroe, of New 

York city. 
Electrical Apparatus and Processes for the Mining and Metallur- 

gical Engineer, by N. S. Keith, of New York city. 
Notes on some Newly Discovered Mineral Regions of Southern 

New Mexico, by Professor B. Silliman, of New Haven, Conn. 

On Thursday afternoon the members, and accompanying ladies, 
visited the White House, and were received by President Arthur, 
and subsequently visited the Treasury Department, where they were 

received by Secretary Folger and shown over the treasury building. 

On Thursday evening there was a subscription dinner at Wormley'S 
Hotel. 

The sixth and final session was held on Friday morning. 
The following papers were read: 
Late Developments in the Siemens Direct Process, by U. W. May- 

nard, of New York city. 
Some Peculiarities of the Gold Deposits of North Carolina and 

the Bald Mountain Volcano, so-called, by Professor W. C. Kerr, Of 

Raleigh, N. C. 
Notes on the Behavior of Manganese to Carbon, by Willard P. 

Ward, of Savannah, Georgia. 
The following papers were then read by title: 
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The Southern Soapstones, Kaolin, and Fire-clays and their Uses, y Professor P. H. Mell, Jr., of Auburn, Ala. The Amount of Oil remaining in Pennsy1vafl and New York, byH. E. Wrigley, of Philadelphia Notes on the Luerniann Front, by George Asmus, of New Yoik city. 

The Crystalline Rocks of Virginia compared with those of New ::gland, by Professor C. H. Hitchcock, of Hanover, N. H. Contributions to the Metallurgy of Nickel and of Copper, by W. C. Eusts and Henry M. Howe, of Boston. Some Dnft Depo its of Fossiljfeions Hematites in £einesee, by Edward Nichols, of Ridge Valley, Ga. 
Phosphorus Determinations in Pig Iron and Steel, by F. E. Bach- man, South St. Louis, Mo. 
Instruments for Projectioii Drawing, by Professor J. M. Silliwan, f Easton, I'a. -- 
The Gold Fields of the Southeri Portion of the Island of San Domingo, by R. P. Rothwell, of New York city. Notes on the Large Blasts at the Glendon Limestone Quarry, by Frank Firmstone, of Easton, Pa. 
Hoefer's Method of Studying Faults in Veins, by R. W. Ray- , of New York city. 
The Occul'lei]ce of Gold in the Potsdani Formation Black Hill5, by W. B. Devereux of Globe, Arizona. lation of Iron Mines in New York and New Jersey, by J. C. Smock, of New Brunswick N. J. On Chimney Draught, by Professor B. W. Frazier, of Bethlehem, Ia. 

A Review- of the Ste. Genevieve Copper Deposit, by Frank Nich of Ste. Genevieve Mo. 
Topographical and Geological Modelling, by 0. B. Hardeii, of •ladelphia 
Note on Manganese in Bessemer Rail Steel, by J. W. Cabot, of rohnsto,11 Pa. 
The Geo1oy and Veins of Tombstoiie, Arizona, by W. P. Blake, f New Haven, COnn. e Mining Work of the United States Geological Survey, by F. Emnious, of Washington D. C. 
Upplernent III to a Catalogue of Official Reports upon Geolog Surveys of the United States and Territories and of British ?rth America, by FredericJ Prime, Jr., of Philadelphia. X.—1G 
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The annual report of the Council was then read by the Secretary: 
The Council, in accordance with the rules, reports to the membe 

that the affairs of the Institute are in a highly satisfactory conditioit, 

The receipts for the year have been fortunately large, which has 

enabled us both to fund the life-memberships, and to meet the un- 

usually heavy expenses of publication. The financial accounts of 

the Secretary and Treasurer, duly audited, show the following re- 

ceipts and expenditures for the year: 

SEcRETARY AND TREASURERS STATEMENT OF RECEIPTS ANO DIsBuRsE- 
MENTS FROM FEBRUARY 1ST, 1881, TO JANUARY 31sT, 1882. 

DR. 

Balance at last statement 1054 20 

Received for dues from members and associates,. 8568 00 
'a '' life-membershi1 500 00 
" from sale of publications, . . . 926 25 

for binding T,'ans-aclions 72 50 
authors' pamph1et . 306 90 

'' '' eleCtrOt3'pes 61 45 

Interest on United States bonds, . . . 27 00 

deposits, .. 46 05 
$11,762 35 

CR. 
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The ninth volume of Transactions, covering the period from May, to February, 1881, has been issued and distributed as usual. Ft has not hitherto been found Possible to issue these annual volumes bore promptly, owing to tardiness of the authors in writing or re- rising their papers. This necessary delay, is, however, of no great oss to the members, since the pamphlet edition "subject to revision" ves a reasonably prompt publication of the papers read before the nstitute. In addition to the regular publication of the papers, re have been issued in book form, an edition of the papers on el Rails, by Messrs. Sandberg, Dudley, and Holley, with the scussions at the Philadelphia and Virginia meetings, and also a parate edition of Raymond's lossary of Mining and .iletallurgicaj 
The usnal three meetings have been held—in Philadelphia, Staun- .a, Va., and Harrisburg, Pa. rf1ese meetings were largely attended, nd w8re highly successful, both professionally and socially. There rere elected at these meetings 208 nieinbers and 48 associates. Dur— ' the yeai' 5 members have resigned, and 25 members and asso— 's have been dropped from the rolls for the non-payment of' dues. t mew bers have died: J. R. Cameron, Henry Chisholm, Henry Clark, Maurice Healy, J. L. Jernegan, William Lorenz, Jr., Dr. WTendel, and Alexander L. Holley. The membersl-iip of the IStitute now comprises 6 honorary members, 848 members, 125 sociates, and 51 foreign members; a total of 1030. 

The following resolutions, submitted to the Institute by the Cowi- were adopted 

WHEREAS The American Institute of Mining Engineers, on the twentv.ejxth .y of March, 1879, leased for the term of ninety-nine years, to the Pennsylvania ruseun and School of Industrial Art, in Philadelphia, the mining and metah is1 collet of' the Institute derived from the Centennial Exhibition, and s Th Pennsylvania Museum and School of Industrial Art has sug- d to the institute, that the educational value of the above_mentioned collec- would be increased if they were transferred to the Nutionitl Museum in ton, therefore 

eloped That the American Institute of Mining Engineers Consents to the king nf the leaoe to the Pennsylvania Museum and hool of Industrial Art, esired by the latter, on Condition that the collections of the Institute be 8ferred in their entirety to the National Museum in 
Washington; and 

i, That a committee of three members of the Institute bc appointed by of tile Institute to take all necessary action in this matter. 

I 
-4 

--1 

I 

Paid for printing volume ix, Transactions, . $2060 81 
" binding 

" " . 600 50 

printing pamphlet edition of papers, . 18.58 71 

" " " on Steel Rails, . . 147 50 

Glossary of Mining and Metal. 

lurgical Terms 

Paid for printing circulars, etc. 

binding Transactions and exchanges, " drawing and engraving, 
lithographing 
postage 
freight and expreseage 
statioraery 
telegrams 
insurance 

stenographer, " rent of oce, 6 months, 
" rent (storage of Tiansactions), 6 months, 

Secretary's salary, . 
" assistant's salary, 

and assistant's expenses at- 
tending meetings 

Paid for incidental expenses of meetings, 
" 900 United States 4's 

Excess of receipts over expenditures, 

133 00 
117 40 
171 33 

1028 55 
27775 
745 67 
223 13 
46 02 
21 80 
47 50 
'2500 
60 00 
25 Oh) 

2000 00 
712 50 

148 86 
82 88 

1010 25 
$11,543 71 

- 
. $218 64 
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In accordance with these resolutions, President Metcalf appointed 
as committee, Messrs. P. Roberts, Jr., H. S. Drinker, and Willi 
G. Neilson. 

The scrutineers appointed at the first session of the Institute pre. 
sented their report, declaring the following persons elected as officers 
of the Institute: 

PRESIDENT. 

RICHARD P. ROTH WELL New York City. 

VICE-PRESIDENTS. 

(To serve until February, 1884.) 

WILLIAM BURYHAM,. 
ANTON El,.ER5, 
A. S. McCREAIa, 

Philadelphia. 
Denver, Col. 
Harrisburg, Pa. 

PROCEEDINGS OF THE ANEUAL MEETING. 

Resolved, That we tender our thanks to the retiring President, Mr. William Metcalf, for the faithful discharge of his official duties during tile past year, and for tile genial Courtesy he has always shown in the management of our nd we trust he will a1wa's remember his official Connection with the Institute - 

h as much pleasure as it will give the members to remember tile meetings at which he presidsd. 

President Metcalf responded briefly to the latter resolution, and then declared the meeting adjourned. 

After the adjournment of this session the members visited the of Printing and Engraving. 

THOMAS M. Dow, 
SECRETARY. 

Easton, Pa. 

The following resolutions were then offered and unanimouslY 

adopted: 

Resolved, That the Secretary of the Institute be instructed to express the thoflt5 

of the members to Professor S. F. Baird, Secretary, and to the Regents of tb 

Smithsonian Institution, for their kindness in offi'ring the hail in the NatioflA 

Museum for the sessions of the Institute; to General Sherman, for his addr 
to the Institute ; to Major and Mrs. Powell, for their generous hospitality Ofl 

occasion of their reception to the visiting members and ladies ; to the ClOne" 

Club of Washington, f9r their courtesy in extending to the members the privO 

leges of the club; and to the efficient Local Committee of ArrangemefltS 
their painstaking efforts to promote the success of the meeting. 
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T. N. ELY,. 
CHARLES MACDONALD, 
MAJoR J. W. POWELL, 

Pa. 
York City. 

D. C. 

MA NA GERS. 

(To serve until February, 1885.) 

ThEODORE D. RAND, 

TREASURER 

Philadelphia. 

I 
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01V CHL'iLVjy DRA UQJJq' 

PROFESSOR B. W. FRAZIER, LEIIIGII 
UNIVERSITY, BETIILEBEM, PA. 

I PROPOSE in this paper to treat of the chimney merely as a heat ngine, as one of the devices resorted to in practice for the conversion of heat into mechanical work. For the sake of simplicity and clear- ness in the discussion, let us consider the Sulect in its simplest form. I Conceive a chamber, heated from vithout, in free communication one end with the external atmosphere, and at the other end open- ng into a vertical chimney. Let the cross-section of the chamber be SO great, relatively to that of the chimney, that we can neglect the J energy of the air passing through the chamber. MTe will lect, also, all passive resistances to the passage of the air. We assume that the cross-section of the chimney is constant, and hat the air in passing through it neither gains nor loses heat. The foilowiolg symbols vill be employed in the discussion: p, the normal pressure of the atmosphere, which, it is assumed, the Pressure existing at the level of the chamber. Po 10332.9 ilOgrams per square meter. 
the pressure of the external atmosphere at the top of the limney. 
the absolute temperature of melting ice by the centigrade 1d. This is assumed to be the temperature of the external air at -e level of the chamber 7 273°. 
the absolute temperature of the air as it passes from the amber to the chimney. 
the absolute temperature of the air as it issues from the JUn fley. r 1,, 4 are the temperatures, as recorded on the centigrade ther. Ometer, corresponding to the absolute temperatures 7, 7 re- rtively. 4 00 C. 

FIn general, t T— 273. 
Z, 13 represent the intrinsic energy of the air at the tempera- T0, J, respectively. 
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v0,v,, v3 represent the volumes of one kilogram of air at the fol. 

lowing pressures and temperatures, viz.: 

For v0, p and T0, 
For v2, Po and 7', 
For v3, P2 and T3. 

8 represents the weight of one cubic meter of air at some pressure, 

p, and temperature, T. 
1 1 1 1 

In general 6 _. Thus, ö = = —, 63 = = 1.29318 
V Vo V2 V3 

kilograms. 
- 

i = the ratio between the specific heat of air at constant pressure 

and that at constant volume. r = 1.408. 
= the specific heat of air at constant pressure. S 0.2375. 

11= the height of the chimney in meters. 

u = the velocity of the issuing air in meters per second. 

E= the actual energy of the issuing air. 
Let us follow the changes which the air undergoes. As it enters 

the chamber, the air has an intrinsic energy (J), corresponding to 

its temperature (7). We have assumed its actual energy to be so 

small that we can neglect it. A work of propulsion (TV) is performed 

upon it by the external atmospheric pressure. The air is heated 

within the chaml)er to the temperature T,, its intrinsic energy being 

thus increased to I2 at the same time a work of dilatation (TV0) is 

performed upon it, which, according to our assumption, takes place 

at the constant pressure o. In passing up the chimney, the pressure 

of the air is reduced from Po to p2. It consequently expands, and, 

as we have assumed that in the chimney no heat is either gained or 

lost, its temperature is reduced to T3 and its intrinsic energy to I. 
In its ascent it overcomes the resistance of gravity, thus perfOrmhhig 

the work (Wg) of lifting itself through the height of the chimney. 

As it issues, from the chimney it overcomes the back pressure (p2) 

performing an amount of work which ,we shall designate TV6. It 

finally leaves the chimney possessed of the intrinsic energy 13 and 

the actual energy E. By adding together on one side of an eqUS 

tion the quantities of energy brought in by the air and communicated 

to it from external sources, and of work performed on it by fv01)g 
external forces, and on the other side the quantities of energy carried 

off by the air, and of work performed by it against opposing external 

forces1 we shall obtain an equation from which we can get an expr 

Io+J+(I—)+Wd+wb++E. (1.) 
In this equation the terms (12— J) + TY represent the energy 

communicated to the air iii the shape of heat, which is absorbed 
y in increasing its intrinsic energy, partly in performing the kof dilatation. 

The following are the expressions for the intrinsic energy of the 
air: 

— J?0V0 i — Po V0 1 — p0v0 T' -i' 
The expressions for the different quantities of work and of actual 

energy are easily obtained under the assumptions which we have 
made: 

= Po = Po (v2 — 
H. 

jJ?b — P2 V,. 

E 
2g 

The relations between the pressure, volume, and temperature of 
Jie air are given by the following equations: 

Po 'o — Po V2 P2 V3 T0T2 
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sion for the actual energy of the issuin air. We thus get the equa- 

From these equations we get: 

po (' — v0) Po 

T P2 V3 
= p V 

Substituting these values for the terms in equation (1), we get: 
jV0 T,-q', —q; _1+PoVo+7__1 T +7oV0 T 

Solving this with reference to E cancelling, and arranging, we get': 

= H+p0v0 
T0 

___ V 



In order to get an expression for H in terms of the volume and 

pressure of the air, let us assume that the change of pressure in the 

external air, between the top and the base of the chimney, is effected 

without gain or loss of heat. The variation in the pressure of the 

air, corresponding to an infinitely small increment of the height 
above the surface, is given by the equation: 

dh = — dp. 

But, according to our assumption, 
1 

= o (2)r (t)v. Po V0 Po 

Substituting this value for in the preceding equation, we get: 

1 

dh = _0V1. 

Integrating between the limits o and H for h, Po and , for p 
w get: 

1 1 H - p2 
—- 

fdh = pvvf_p7dp 

—T0 
(4.) 

If one kilogram of air at 1, were allowed to pass from the pres- . sure p to the pressure p, expanding without gain or loss of heat, [ its temperature would be reduced to and it would suffer a loss f intrinsic energy ( Ii), which would be equal to the work of 
expansion ( lV), and this work would he entirely absorbed in increas— 
ing the actual energy of the air. An expression for the actual energy of the issuing air, under these circumstances, could be obtained by adding to the work of expansion the work of propulsion of the 
atmosphere, and subtracting from their sum the work of the back 
pressure. Thus 

E0 = TV' + w — w'6. 

117/ — TTT p — 

v— 1 
'-p T 

0 P2 V1 =2o o 
7j;l__PoVo(;;7 

JVIIVoToPoV{ _(e) 
Making the necessary substitutions and arranging, we obtain: 

(5.) 
The work of lifting one kilogram of air through the height of the - 

is equal to the actual energy which the same weight of air d acquire in passing without gain or loss of heat from the ress11re Pu, at the temperature 7, to the pressure p,. As the dif- erenc0 in pressnre between the base and the top of the chimney is • wholly to the action of gravity, the conclusion, just stated, is --e which we might have expected. It may be expressed in other FOrds by saving that the work of gravity outside of the chimney, in 
descending current of cold air which restores the equilibrium itroyed by the draught of the chimney, is equal to the work of 
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As the expansion of the air from Pu to p2 takes place without gain 
or loss of heat, we have: 

-7 7 
Pay2 =p2V3 

v—i v—i = ('Vu\\ = (Pz 
T, 't1 "Pu' 

T3_ (i 
v—i 

" "Pa' 
Consequently 

PoVo 
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Substituting this value for H iii equation (2), we get: 

= Pu V { 1 — () v 

} 
T, — 

(3.) 
Pa 0 Or 

(2.) 

=ifPv{i —() 

- 1 71 71 
v 
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gravity overcome by the heated current of air rising within the 

chimney. 
It is evident from the foregoing that the actual energy of the hot 

air issuing from the chimney is derived wholly from the heat im- 

parted to the air, and that its amount relatively to the work of 

gravity is expressed by the fraction T 
T0 a fraction which may 

have values greater or less than unity, as T is greater or less than 

2 ?,. 
The analogy is evident between these results and those obtained 

in a previolls discussion of the work performed in heating the blast.* 

The balance of work favoring the movement of the air (neglecting 
the work of gravity), if cold air were made to pass up the chimney, 
is analogous to the work of the blowing-engine. The actual energy 
which the cold air would possess, under these circumstances, in leav- 

ing the chimney is analogous to the actual energy of the jets of cold 

blast. In the chimney, however, this energy is completely absorbed 

in overcoming the adverse work of gravity, while in the case of the 

hot blast it remains intact, to be increased by the actual energy 

transformed from heat. In both cases the expression for the arnomlt 

of actual energy derived from the heating of the air is the same. In 

the case of the chimney this constitutes all of the actual energy of 

the issuing air, while in the hot-blast oven it adds itself-to the actual 

energy communicated by the blowing-engine. The analogy is appa- 

rent, also, in the accompanying diagram representing the ehanges iii 

the pressure and volume of the air. It is evident that the work of 

gravity, like the work of the blowing-engine, is represented by the 

area Pm v0 v1p, (corresponding to the area p a b p0 in the diagram on 

p. 323, vol. vi), and that the energy transformed from heat is repre- 

sented by the area v0 v, v3 v1 on the accompanying diagram (cor- 

responding to the area a o d b). This area represents, consequentlYi 

* Transactions of the American Institute of Mining Engineers, vol. vi, p. 313 

ON CHIMNEY DRAUGHT. 255 

actual energy of the issuing air. A difference between this dia— 
-ran) and the similar one illustrating the eflhct of heating the blast 
in the much smaller curvature in the former of the lines v0 v1 and 
v, (corresponding respectively to the lines a b and c d of the 

ther diagram), representing the adiabatic expansion of the air. The 
urvature of each of these lines is indeed so small that its divergence 
from a straight line would be inappreciable, and it has been drawn 

a straight line on the diagram. This is due to the fact that in 
the case of the chimney the (lifference in pressure is an extremely 
mall fraction of the normal pressure. In consequence of this it has 
iso been necessary to construct the ordinates, representing pressures, a much larger scale than in the diagram for tile hot blast. It is clear from the foregoing discussion that in equation (4) E —nts the energy of the issuing hot air. As the expression for 

U' 
(—) is the same as that for tile height of a column of air of the 

4ensity J,, which would cause the velocity of efflux u, the equation 
time value of E expresses also the head, measured in hot air, i the chimney can create. I call attention to tins fact because ..e confusion has existed with regard to it. It has been supposed 

hat the expression which we have obtained for E, viz., 
represents tile head produced by a chimney measured, not in hot air, in cold air of the temperature Tn and that u represents in con- 
sequence the velocity with which the cold air flows into the furnace. 'u the files of Engineering for 1878 and 1879 will be found a dis- 
èussion by partisans of these two theories. Even Péclet fell into 
error upon this subject. In the third edition of his Traité de la Glma- 

he states that the formula H represents the head in cold 

which a chimney can produce, basing his conclusion on sonic 
perinments which he had made to detem-mine the comparative ye— 
y of efflux of cold and of hot air. These experiments, however, he admitted, were lacking in exactness, as the temperature was 
-ly estimated, not measured. In the fourth edition of Péclet's 
k, the editor, M. A. Hudelo, proves, by a discussion based upon 
principles of thermodynamics, that the expression referred ta —t represent the head in hot air. 

By comparing the amount of heat converted into work by the chine- ' With the total expenditure of heat, we can get an idea of the 
teney of the chimney as a heat-engine. 

I 
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To each kilogram of air there is imparted by the chimney a quan- 

tity of actual energy equal to H kilogrammeters. The 

quantity of heat thus converted into work is equal to All 
in which expression A represents the heat equivalent in calories of 
one kilogramineter. 

The total expenditure of heat is represented by the expression 
S (? — T). The ratio between these two quantities is the coeffi- 
cient of useful effect of the chimney as a heat-engine. 

But 

Consequently 

T' '77 
AH 

y p0v0 

C 
— 1 1 = 0.29 = 0.0000363 H 
7 Po'o 991 

The denominator, v, 7991, represents the height in meters of 
a column of air at the unifhrrn density o0, which would produce the 
normal atmospheric pressure p,. As H represents the height of 
the chimney, which rarely exceeds 100 meters, it is evident that even 
for the highest chimneys the coefficient of useful effect is extremely 
low. 

If for instance, H = 50 meters, C = 0.001814. In this case the 
heat utilized is less than two-thousandths of the heat expended. 

It is worthy of remark that the coefficient of useful effect of a 

chimney, as a heat-engine, depends only upon the height of the 

chimney, to which it is directly proportional, and that it is entirely 

independent of the temperature within the chimney. 
To explain this low degree of efficiency let us substitute in the ex- 

pression for (Ythe value of Hgiven by equation (5). 

v—i 
C=11—(\7— q2_q'3_q'0_ 

"Po' 
— 

The low degree of efficiency of the chimney is due to the very 

slight fall of temperature which the air suffers in expanding, and this 

is occasioned by the small difference between the atmospheric preS51 
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at the top, and that at the base of the chimney. A chimney might be 
compared, in this respect, to a non—condensing steam engine, in which 

e pressure of admission of the steam was but a few grams per 
square centimeter, or an ounce or two to the square inch. 

To see how small these differences of temperature and pressure 
are, let us determine them for a special case. Let II 50 meters, 

546°, consequently 12 273° C. 

v—i 
7 

12 

(P2)°i —0.29 2:9982. 

p2 = 0.99376 p0 10268.48 kilograms per square meter. 
Po — O.OOG24p 64.48 kilograms per square meter. = 0.9982 T, = 545°, 1 = 272°. 

0.9982 '1 272.5°, t1 = — 0.5°. 
—13 — 1. 
— 4 0.5°. 

The fall in the temperature of the air, iii consequence of its cx- 
as it rises in a chimney 50 meters high, is only 1° C., when 

initial temperature is 273° C. ; but even the small quantity of 
corresponding to this decrease of temperature is twice as great that ultimately converted into work, for the compression of the 

xternal air from P2 to Ps, according to our assumption, causes its 
emperature to rise half a degree from to T0. A common method of measuring the efficiency of a heat-engine is .e determination of the consumption of fuel which it requires per Our and per horse-power. 
We can estimate this quantity for a chimney: Let n = the num- of kilograms of air delivered by the chimney per second, and let LP. the horse-power of the chimney. An engine of 1 horse- er is capable of performing a work of 75 kilogram meters per see- d: 

H. P. = -- 11T 
75 T 0 

Let b = the number of kilograms of coal burned per hour, and the number of calories utilized in heating the air per kilogram fuel burned. 
VOL. x.—17 
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It is evident that be = the amount of heat absorbed per hour by the air. But this quantity of heat must equal the product of the 
weight of air heated by its specific heat and by the rise in its tern. 
perature. We have thus: 

be = 3600 n X 0.2375 x (',_ 
From this, and the expression for h.P. given above, we obtain: 

h — 75 < 3600 x 0.2375 x 7 17507125 
lip.— dil d11 

Tf c = 8000 calories, rather a high estimate, 

If H== 50 meters 

b 2188 fl7 — 7T 

b = 43.8. 

The consumption of fuel required by a chimney of this height to 
supply the power for producing the draught is 43.S kilograms per 
horse—power per hour; more than forty times the consumptiou of the 
best modern steam engines. It is true that in the case of the chim- 
ney the power is applied directly to the air, and that, in consequence, the loss in its transmission through mechanism is avoided ; but this 
advantage is very far from compensating the chimney's low degree of efficiency as a heat engine. Assume, for instance, that a fan with 
a coefficient of useful effect of but 0.25 is driven by a steam engine of comparatively low efficiency, consuming 4 kilograms of coal per 
indicated horse-power per hour; the consumption of fuel in this 
case would be 16 kilograms per effective horse-power per hour, less 

than two-fifths of that required by the chimney. 
Even for mines, where H, representing the depth of the upc.5t 

shaft, can much exceed the height of the highest chirnney, furnacc 
ventilation can be proved to be theoretically, as ithas been found 

practically, inferior in efficiency to mechanical ventilation, except 
for very great depths. G-uibal fans have been found to give a c0C01 

cient of useful effect, varying from 0.30 to nearly 0.75. Assume 
coefficient of only 0.40, and a steam engine as motor requiring 
much as 4 kilograms of coal per indicated horse-power per hour; 
mechanical ventilation would, under these circumstances, require 
consumption of 10 kilograms of coal per effective horse-power pet 
hour. 

H== 17507125 — - 
10 X 5000 

— 3o0. 
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In the case of furnace_ventilation the amotlnt of heat utilized in neating the air to the mean temperature of the upcast shaft is not kely to exceed 5000 calories per kilogram of coal burned. The depth of shaft, at which furnace_ventilation would equal in fficiency the imperfect type of mechanical ventilation described bove, can be obtained by substituting for C in equation (6) 5000, for 10, and solving the equation with reference to H. 

I 

(6.) 
IUS: 

-n: 

It would require a shaft 350 meters deep to render furnace venti as efficient as mechanical ventilation of this cOmpar:ltively - t type. 
Suppose, now, that the fan has a coefficient of 0.60, and that it is riven by a compound condensing engine of the best modern con- ructioii, requiring, say, 1.2 kilograms of coal per indieate(l horse_ wer per hour; in this case 1 effective horse_power would be le- yeloped by the combustion of 2 kilograms of coal per hour. Let also suppose that the furnace_ettiJatioi could be so iml)ro%ec1 hat 6000 calories could be utilized for each kilogram of coal burned; nder these conditjo,s the depth of shaft at which the efficiency of 

1 
furnace would equal that of the fan, would be given by the equa- 

jj 17507125 — 1459 2 x 6000 
- Th5 latter value for H (1459 meters) consi(lerably exceeds any as yet attained in mines. 
The reasoii for this inferiority of fhrnace_ventjlatjon is evidently same as the cause of the chimney's small efficiency. The (liffer. flee betveei the pressure of the air at the bottom of the deepest and that at the surface is so small a fraction of the former, that e fall in temperature of the air, owing to its expansioii as it rises I the upcast shaft, is a very small fraction of the absolute tempera_ which it possesses when it enters the shaft. 

Consequently a 7 small portion of the heat communicated to the air is utilized by into work. This fact does not seem to have been clearly prehended by all writers on the subject. André, for instance, in Paring the two methods of ventilation, remarks: "With a prop_ constructed furnace and a fairly dry shaft it is hard to see, when 
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we consider how he heat is app1iecl in the two cases, how the advan 
tage can be on the side of the machine."* 

To return to the chimney ; it is evident from our discussion that 
it is a most wasteful form of heat-engine, and that a certain supply 
of air cati be furnished by a fan, or other, blowing machine, with a 
smaller expenditure of heat than by a chimney. It may seem sur 
prising, in view of these facts, that chimneys have iot long since 
been superseded by more perfect apparatus for producing currents of 
air. It must be borne in mind, however, that to realize the full 

economy incident on the substitution of a fan for a chimney it is 

necessary that all the heat be utilized which would otherwise escape 
through the chimney. The temperature of the products of combus- 
tion of the fuel must be reduced to that of the external atmosphere 
before they are allowed to escape, and the heat thus abstracted from 
them must be applied to some useful purpose. This is frequently 
impracticable. Owing to the disagreeable and deleterious nature of 
the gases issuing from furnaces it is frequently necessary that they 
be discharged at a considerable height above the surface, in order 
that they may be diluted with much puie air before coming into con- 
tact with animal or vegetable organisms. A chimney of some kind 

is, therefore, in general a necessity; and, since it is frequently im- 

practicable to utilize completely the heat of the gases of combustion 
before they reach the chimney, it is plain that in such cases it is well 

to apply to the generation of a draught the heat which would other- 
wise be wasted. Add to this the fact that a well-designed and well- 

constructed chimney requires, after being once put into operation, 
very little care or expense, continuing steadily and automatically to 

produce a draught, as long as the fire is properly tended, and it 
will be seen that its retention is in many cases justifiable on the score 

of economy. Indeed, in many instances where fan-blast has beeii 

substituted for chimney-draught, the goverping motive has been, I 
conceive, not economy in t.he performance of the work of supplying 
the air, but rather the attainment of other advantages incident Oil 

the use of blast; chief among these are a greater facility of control- 

ling the combustion in the fireplace, and the avoidance of an iii- 

draught of air through the furnace doors. This latter advantage 

may prevent waste of a much more valuable material than coal, 

namely iron, as in the puddling or heating furnace. 

Notwithstanding all this, however, it may be safely stated as 

* A Practical Treatise on Coal Mining, page'497. 
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ound, general rule of practice, that fireplaces and furnaces on a large cale should be so designed that no heat which can be otherwise 
rutilized shall be applied to the production of draught through the 
chimney. The application of this rule would result in Substituting ins or other blowing machines for chimneys in some cases, in 
hers it would cause the chimneys to be designed with large dinien— 
ions, so that they could produce the requisite draughts with a corn— 
)aratively low temperature of the escaping gases. 

By changing the usual arrangement, and placing the chimney be— 
ween the fireplace and the furnace, it would be theoretically p— le to produce draught by a chimney without any waste of heat. 

efficiency of the chimney as a heat-engine would not thereby be 
nproved, but, as the heat rejected by it would be utilized in the 
irnace, the result would be a complete utilization of the heat, pro— :1 the temperature of the gases could he reduced to that of the ternal atnlos1)here before they left the furnace. There would be further advantage that a chimney of given dimensiojis w'onld e a more active (lraught than by the usual arrangement, since es within it would be very hot, having very nearly the tem— of the fireplace. To produce a certain draught., therefore, a smaller chimney would suffice. The structural difficulties, how— 

ver, connected with this arrangement, since it would require the ""e to be built on a level with the top of the chimney, would in lost cases render it inapplicable. Besides this, it would be difficult a practice to avoid a considerable waste of heat by transmission 
rough the walls of tile chimney, filled, as it would be, with highly_ beated gases. It is possible, however, that under some exceptional onditions it might be advisable to adopt this arrangement. 

IESTRTJAIEHTS FOB PBOJECTIOH DRAWIHO. 
Y PRoFEssoR J. M. SILLIMAN, LArAYErrE COLLEGE, EASTON, PA. 

ISOMETRICAL drawing and clinographic projection are generally referred to perspective drawings for representation of small objects 
complicatej mechanisms, as they present to the eye a sufficiently nrate picture of the object, while they possess great advantages r perspective in the simplicity and rapidity of execution, and the 

ility they give for taking measurements directly from the draw- 
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The object of the instrument here described is to facilitate con. 
structions to any desired scale in isometrical drawing, cabinet and 
crystallographic 1ojection, and stress diagrams in graphical statics. 
As shown in the accompanying drawing (Fig. 1), it consists of a 
frame, which may be readily clamped to any drawing-board, having at its further extremity an accurately turned revolving cylinder A, actuated by an adjustable spring B, which tends to wind upon it the two fine wires shown at c c, which, passing through the eyes are attached to the drawing-frame by clamping screws. This 
frame is adjusted so as to bring its edge PP parallel to the line DD 

Fig.I 

through the eyes. The frame may be freely moved to any pare of 
the drawing-board, the wires while winding or unwinding being 
kept taut by the action of the spring. 

The eyes, through which the wires pass, are turned by a tOO' 

whose cutting edges are quadrants, so that a uniform distance may 
maintained between the points of contact at the eyes when the fra 

is swung to the right or left, and there will be no kinking of the wires. A section of one of the eyes on a larger scale is shown at D'. By this arrangement all the edges of the drawing_n.ame Preserve their parallelism in all positions on the board. The drawing_frame is rectangular, having graduated edges bevelled to " thickness they may be used both as scales and rulers. The movable arms FF can be clamped at any angle, and are shown in position for iso- metrical drawing. 
For cahii]t projection an arm may be clamped in any assumed direction for the projection of the co-ordinate line which is Perpen— 
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TI 

Eig.2 
Scale 

Fig.3 
Scale 

2 

to the plane of the paper. In the execution of these draw- S, any line parallel to a co-ordinate axis may be constructed by Ifloving to the required point the zero point of the edge set to that axis, when the line of any desired length may be immediately drawn. -ne set of edges is divided into ", and the other set parallel to be first into thus enabling the construction of drawings on a reat variety of scales. 
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By adding to the frame two arms pivoted at PP, moving out- 
wards from the vertical, and by setting one in the direction of a ray of light as projected, and the remaining three in the directions of 
the projections of the ray on the co-ordinate planes, the outlines of 
shadows may be rapidly drawn. The side arms may also be advan- 
tageously used in construction of stress diagrams in graphical statics. 
The drawing-frame can be temporarily removed from the board by 
simply inverting it over the roller. 

The drawing of crystals is greatly flicilitated by the tise of a frame 
actuated on the same principle, provided with edges having the re- 
quired directions and graduations to represent the axes of crystals in the rectangular and hexagonal systems. Forms for this purpose intended for use with the T square are shown in Figs. 2 and 3. 
The first is for the drawing of crystals in all the systems except the 
hexagonal, and the second for the hexagonal. In these the edges have the directions of the projections of the axes and the required 
graduations; the zero points of the scale being on the same horizontal 
line XY, so that by sliding the scale along the T square, the axes 
may be successively drawn to any scale, and any measurements re- 
quired during the drawing of a crystal may be readily made. 

In drawing crystals in the isometric system it is frequently con- 
venient to make use of an auxiliary circumscribing cube, the lower 
front right corner of which may be pricked off on the scale AB 
while the point 0 of the scale on the left is at the centre. 

TOP OGRAPHICAL AI'TD GEOLOGICAL .MODELLLYG. 

BY 0. B. HARDEN, PHILADELpHIA. 

IN working out the geological structure of a complicated district, 
where the problems are difficult to solve by the ordinary methods in 
use, a model, upon which all the geological and topographical data 
may be put, will be found of great value, bringing, as it does, all 
the facts in their proper relationship at once under the eye. In 
the teaching of structural geology, also, a model is of great value, 
since the student can thus have before him, in miniature, a repr& 
sentation of the rocks, as he wouldsee them in place. Topographu 
cal models may often be useful in suits at law for damages in rail- 
road accidents, or for trespass against mining companies, etc., in order 
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show the jury an accurate representation of the surfhce or un- dergrouncl features in dispute before them, without going out of court; and, in any case where a more graphic representatioi is needed than is given by an ordinary map, as, for example, when a board of directors wishes to know the precise positions of mines, furnaces, or other Pieces of property a model answers all require- ments. A good model has, furthei-rnore, an sthetic value, for, when 

- 
Jored to nature and tastefully framed, it is not only a work of sci- ence, hut of art. 
The method here described is that adopted by Professor Lesley in modelling for the Second Geological Survey of Pennsylvania, and is very ready and accurate. The prerequisite to a good model is, of course, a good map, with the elevations represented by contour lines. Intervals between contours corresponding to a difference of 10, 20, or 100 feet in altitude will be found most useful, according to the adopted. In a strictly accurate model the vertical and horizon— l scales would be the same, for, if the vertical be larger, the height of the mountains and dip of the rocks will be exaggerated; but where a large area of country is modelled, the height of the moui1ains and ridges beat's such a small ratio to the area to be represented that such a model seems very flat, and conveys but a fluint idea of the tolg_ mphy as it would appear, to any one but an experieticed topographet., walking over the ground. The vertical scale is, therefoi-e, advan- ly made greater than the horizontal, to give the general im— which the topographical features would have in any partic— locality. The models of the Survey, with one or two exceptions, ve been made, however, with both scales alike. A base large enough to represent the area to be modelled is made by screwi plaited boards together of a sufficient thickness for 5rength. The lowest contour line is then traced upon the base with Stylus and black paper, care being taken to register correctly as as the map is laid upon it. The lumber used by cigar-box kers is best suited for modelling, if of thickness required by the l scale, and it can be obtained planed to order without extra jense. The thinnest boards obtainable will average about Its of flinch in thickness. On a scale of 1600 feet to an inch a board of fl inch thick, will, of course, represent ioo feet in height. The ":t contour line and the one next above it are then traced upon a srd, or boards, cut the exact size of the base, and temporarily led upon it. The board is then cut along the lower, or outer ?, of the two contours (following the windings of the line With 
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great care) with a little jig-saw, such as is used for making scroll 
work, brackets, etc. The upper, or inner, line is left to register th 
next layer of boards. After the board is marked, a few dowel hol5 
should be put through it with an awl, into the boards below, to in- 
sure the pieces going into their proper places after being cut. Th1 
board is nailed to the base with little sprigs, enough sprigs being used to prevent the boards from springing. A magnetic hammer 
can be used to advantagc in lifting the sprigs, and putting them in 
place. Care must he taken not to split off the ends of the boards 
where they form the end of a mountain or ridge. Should this occur, 
they call be stuck on with glue, which should also be used Where 
sprigs would split the board. The next higher contour line is then 
taken, and so on, until the highest elevations on the map are reached. 
The wax for shaping tile model is made of the following ingredients: 16 parts of yellow beeswax, 8 parts of corn-starch, 1 part of Vene- 
tian red, 4 paits of Venice turpentine, and 1 part of sweet oil. This 
becomes quite plastic by tile warmth of the hand, and is put on all 
over the model, filling in from tile e(lge of one board to that of an- 
other, until it presents a smooth even appearance, and afac simile of 
tile topography. Considerable care and tinle are required in rubbing 
on tile wax. No more should be put on than is required by the 
contours. Tile edges of the boards should just be seen through the 
wax. The tools used Ill tile waxing are bone scrapers, like those 
used by moulders. Elevations of less than tile thickness of a board 
can be put on with the wax, or the full thickness of the board may 
be put on, and reduced by sandpaper, as required by the elevation. 
Tile model is then varnished with shellac and rubbed well with lin- 
seed oil, care being taken to get the oil into all the low places, as 
on this depends the facility with which tile negative can be removed 
after the setting of the plaster. Care must also be taken not to use 

too much oil, as an excess is likely to cause air-hubbies, that would 
produce corresponding depressions in the plaster negative. Four 
strips are no screwed around the model, so as to be plaster-tight' and 

high enough to make the negative of sufficient thickness for strengti' 
The model is then made level on tile floor and the plaster is poured 
over it. The plaster, which should be of the best quality, is pre- 
pared by mixing with water, by tile hand, until it becomes of the 

requisite stiffness, nearly approaching a paste, though liquid enough 
to pour, and is free from all lumps. In pouring the plaster, care 
must be taken to avoid the formation of air-bubbles. Should there 
be an insufficiency of plaster, more should be mixed and poured ofl 
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without loss of time, for it soon sets; but even when great care is ex- ercised, the two portions are liable to separate at their common sur— At least, this will be a weak place ill the nodel. When the ilas set. to the condition of a claw, astraightedge should be run over the top of the sides, to take off the superfluotis material and to make tile bottom of the negative level. It is then left to dry for half an hour, after which the side-pieces may be taken o and the negative removed from tile model. Befire becoming dry, tile plaster 'y be made I)erfectly smooth by rubbing with a linen rag. The , after being allowed to dry thoroughly is scraped with tools made for the purpose. Oil the smoothing up of tile negative depends e appearance of tile Positive after casting. Iii tile negatie of eourse, tile lllotflhtaiils appear as depressions, and the valleys as dc— vations, and if too much plaster is taken off of the bottom of the it makes the mountains so much the higher. Tile negative len coated with shellac varnish, oiled with linseed oil, and incloscd i four side-pieces, high enough to give the requisite thickness to ithe nlodcl. A cast is then made, which, when dry, is ready for the Scraping process. Tile sides are also smoothed for tile cross-sectiojis. t is then varnished, and is ready for the paint. The plaster is very fragfle, and, when large models are made, they have to be quite thick. Great care has to be taken in moving them to avoid any straining of I parts. The corilers, too, require protection. Tile topographical ""s may be put on first in pencil as a guide in coloring. Oil colors used, rubbed up with drying oil and turpentine. Railroads, ens, etc., may be represente(1 in black; the streams in white. The Outcrops of tile different geological formations are put on in appro- colors. If only one copy is needed, the wooden model may be painted, and serve as well as a plaster cast, only that the wood will shrink in time, and, perhaps, crack. A Very pretty specimen of this method of modelling is a "Geo- 'Hl Model of part of Blair, Bedford, and Huntingdon Oonn- es, Penns'lvanja" by Mr. E. B. Harden, from surveys by Mr. H. Sanders. It has been phototyped by Gutekunst, of Philadeh ia, and published in the Proceedings of the American Philosop/ei. tiSocidy, 'lumber 109. 

I 
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BY WILLARD' P. WARD, AM., ME., SAVANNAH, GEORGIA. 

I DESIRE to put on record a fact in relation o the effect of man- 

ganese on pig iron which I have never seen in print, and which may, 
perhaps, hot have been observed by anyone except myself. 

In 1875, while experimenting on the production of ferroman- 
ganese in a blast furnace, I had burdened the furnace with a charge 
which I calculated would produce a 15-per cent. spiegel. The fur- 
nace was very hot, having been running for a couple of days on a 
very light burden, and making a burnt iron, preparatory to the 
experiment I proposed to make to produce a high grade of spiegel. I calculated that the charge would begin to work in the fur- 
naco in about twelve hours after it was put on. After the lapse 
of that time Icommenced to watch the furnace carefully, but found 
little or no change in the appearance of the metal, although there 
was a very decided change in the cinder, showing that the roan- 

ganese ore had come in work. The iron was quite gray and very 
tough. The character of the cinder was good for a spiegel cinder, 
and I could not imagine where the manganese was going to, as it did 
not appear to be in either metal or cinder in anything like the quan- 
tity indicated by the charge. The next morning things were still in 
the same condition. The furnace was very hot, the cinder good., and 
the iron very gray. I was then sorely puzzled. I had never heard 
of a gray iron with over 4 or 5 per cent, of manganese, and had no 
notion that an iron with more manganese could be gray and tough. 
With great difficulty a piece for chemical test was broken from a pg• 
Not less than a hundred blows from a heavy sledge were required to 
break it off. I took the specimen to the shop and directed that some 

borings from it should be brought to the laboratory, as soon as 

possible, whither I myself at once repaired to put things in readi- 
ness for a rapid manganese determination. In about half an hour 
the machinist came in with the iron specimen in one hand and about 
a dozen blunted and broken steel drills in the other, saying that it 
was impossible to drill the iron. There were several little depres- 
sions in the iron, which was malleable enough to be indented by the 

point of the drill, but not a chip had been cut from it. The metal 
was never subjected to further physical tests. A chip broken from 
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a sharp corner and analyzed showed 16 per cent, of metallic man- ganese. 
Not long after it occurred I mentioned this phenomenon to the late Mr. A. L. Hohley, who said that lie had never heard of such characteristics being shown by so high an alloy of iron and man— - Other gentlemen in the steel trade, to whom I have men- tioned it, were equally surprised. - I have already mentioned that the furnace was abnormally hot at the time, and this, I think, accounts for the whole thing. I believe that at a sufficiently high temperature graphitic carbon will separate from manganese pig just as it will from an iron pig at a much lower temperature. If the temperature at which the metal is produced be too low, carbon will not separate from pig-iron. Furnace heat js hardly ever high enough to cause the separation of graphite in spie- geleiscn, and hence it has seldom been observed. When the metal is produced at a high enough temperature to allow the deposition of graphite in spiegeleisen, the metal is tough and strong, just as gray iron is tough and strong. otherwise the metal containing combined carbon is hard and brittle, just as white iron is hard and brittle. In discussing the effect of manganese on steel rails tins observation Imay be of some value. It will be remembered that Dr. Raymond, the Virginia meeting last spring, in the discussion of Dr. Dud— 's paper, showed, by the application of the method of least squares a hypothetical equation, that manganese had no effect on the wear f the rail. Now, if we admit my observation of facts to be correct, .e have a practical confirmation of this mathematical demonstra_ ion. The temperature of molten vrouglitiron, which prevails in e Bessemer converter when the spiegeleisen is added, is certainly her than that of the furnace when I made gray manganese pig, d the manganese may very likely exist in the rail in the same con— ition that it did in my pig; if so, it should have a tendencr only make the rail hard and tough, thus increasing its wearing power, ..t only to a very slight degree, as the amount of manganese is very mall in proportion to the iron. Hardness in a rail cannot be oh— hctionable unless it is accompanied by brittleness, 
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BY W. H. ADAMS, M.E., CHICAGO, ILL. 

I DOUBT if many of our engineers know of the existence of coal- 
fields extending over hundreds of miles of territory bordering on 
and lying contiguous to the Rio Grande River in Mexico. Essential 
as these facts are to those contemplating the starting of industrial 
works along our frontier, 1 have not been able to learn that any sur- 

veys or examinations have been made of these deposits, and I trust 
the preliminary and unofficial investigations lately made by my- 
self may be found of interest, especially to those of our members 
whose experience has been with poor fuel, or in districts remote from 

railway facilities. While it is true that Northern Mexico is gener- 
ally bare of charcoal-making timber, yet no greater mistake can be 

made than to condemn the light, quick—growing woods found ni pro- 

fusion, and which cannot be excelled in flame or heat-producing 
qualities for boilers, reverberatory furnaces, or hearths. No country 
could be surer of a full supply of wood if wise legislation in regard 
to irrigation and preservation of young timber were adopted and en- 

forced, but the beneficiation of the low-grade ores of Mexico de- 

mands a more dense fuel for furnace work, and, fortunately for metal- 

lurgists, who will hereafter make this frontier a base of operatiofl, 
there have been disclosed, near the surface, seemingly inexhaustible 
beds of semi-anthracite and bituminous coals. 

No extensive openings have as yet been made, and my own work- 

ings at the Cedral mines are all that can yet be said to prove the 

quantity and quality of the coal, other openings furnishing only 
corroborative evidence. Our location (one hundred and ten miles 

west of the Rio Graiide River) is on the western line of the depos- 

itory basin, as it has existed since the period of activity along the 

volcanic line. The region farther inland I have not examined, but 

the elevations, as a rule, are much greater, though from the nature Of 

the formation, they are not necessarily barren ground. 
Beginning at the base of the Santa Rosa Mountains (location 0t 

the Cedral mines), we find very interesting breaks in the foot-hillS, 

disclosing the stratified rocks from the volcanic centres to the valley 
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Trly every inclination of dip, from horizontal to vertical, tells the 
story of plutonie forces exerted for an incalculable period of time; 
lad at elevations, for from fifty to seventy-five miles around, we find 

c lavas, covering the foot hills, while over the surface of the 
reat plains, that extend two hundred and fifty miles to the eastward, 
waves of trachytic lavas are found imbedded in deposited limestone. 
The seat of volcanic action can be perfectly located at several points 

ong the range, and in every case the eruptive forces have laid 
bare the stratification to such an extent that there is no difficulty in 
locating the line of transition rocks. Dikes of slate which mark 

Nheir inner boundary are found invariably at certain (liStances from 
the largest known deposits of silver—bearing ore, and have bCcn 

out by myself as positive indicators of the presence of vain— e vein matter, inasmuch as the strata of slate, which yield readily 
to pressure without losing their cohesiveness, form a dam or wall, 

behind, or in, which all metallic substances were held until changed 
chemically or deposited by gravity in seams of the easi]y broken 
limestone. No better instance can be found of deposition of silver 
in its various forms—sulphide, chloride, antimonide, etc.,—in traiis— 
ition slates than is here seen, where several large workings are open 
to inspection. From their nearness to the coal measures, the moan— 

tains, which are protruded into the plains at this particular point, 
oftbr a giett noelty in producing \eltical eins of coal nearl qn- 
.icitic in character, which I have opened to a depth of 240 feet. 
Coal of a more bituminous nature is found outcropping on the rivers 

y, forty, and sixty miles to the eastward, and lignites are met 
th in many places over a wide extent of country drained by the 
o Grande River. The inference is that the heat which changed 
metamorphic rocks, drove off the bitumen, and that the nearer 

)ne approaches the mountain-line the better is the product. 
The rocks may be classed as Triassic, all the characteristic fea- 's being here observable; such as indurated clays of varied colors; 

compact limestoues, dolornitic in places; variegated and even 
-red sandstones, silicious and, argillaceous; gypsum in beds; d rock-salt evidently in enormous quantities at no great depths, 
the streams, pools, and lakes are more or less saline over the 

fltire southern portion of the basin. Artesian wells along the 'a of the Mexican National Railway, about Lampasos, invariably 
- .v salt water before and after reaching the coal seams, and brack- - water is also found in the northern belt-line, while the central 

ortion affords unlimited supplies of pure water from stratified lime- 
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stone. To the eastward, breaks in the horizontal strata disclose Sand. 

stone, shales, fuller's—earth, grit—stones, etc., while surface openings at 
several points along the Sabinas River, above ordinary water level, 
show veins of coal of good workable thickness and excellent quality. 
The amount of sulphur contained in the coal is considerable, and 

finely disseminated, but not so great as to'require a washing opera- 
tion. 

Passing farther to the east, openings have been made about Eagle 
Pass, in a circuit of twenty miles in Mexico, and notably at the mouth 
of Seco Creek. Surface indications are, however, observable over the 

plains at numberless points between mountain-chain and river. At 

Eagle Pass the Permian system undoubtedly commences, the gray 
and green—white sandstone showing itself in the bed of the river, and 
at several places along the Rio Grande River the opportunities for 
observation are equally perfect. Here the character of the coal 

changes, and lower grades of bituminous coal and shales are found 
in wide veins, but so mixed with clay and grit as to be of little value 

commercially, so far as yet developed. I cannot believe these beds 

to be brown coal or lignites, as generally stated, the geological for- 

mation being certainly too old for lignite; and although we have 

examples of good coal in the Tertiary, I know of no evidence of the 

presence of lignites in the Perinian. 
Down the river more recent formations outcrop, and in the neigh- 

borhood of San Antonio true brown coals of woody texture are 

found. Without a knowledge of the lines of upheaval, which are 

generally easily traceable, the casual observer would not note that 

Eagle Pass is, say, 500 feet higher than San Antonio, with all the 

strata inclining towards the latter, and showing the coals of Eagle 
Pass to belong to an older period. 

The future commercial value of this basin of coal (which underlks 
one of the richest agricultural districts of Northern Mexico, awl 

adjoins a mineral chain of known large extent and exceptional rich- 

ness) is yet to be determined. At present my own work is upon 
the upheaval veins, and, being preparatory only, differs in no wa 
from ordinary work on a perpendicular vein. The coal cokc 

easily, producing about 60 per cent, in weight of good coke, and 

while I am not now prepared to give details or analyses, yet the 

extended underground workings and the new bank of fifty oveastO 
be erected this spring will furnish a practical demonstration, whi 
I shall be pleased to show to travellers. 
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LATE DEVELOPMENTS IN TIlE SIEMENS DIRECT 
PRO CESS. 

BY GEORGE W. MAYNARD, NEW YORK. 

IN this paper I desire to embody the results of some personal ob 
ervations of the working of the Siemens direct process as I wit- 

nessed it for a part of three days at the works of the Siemens-An- 

derson Company, in Pittsburgh. This preliminary investigation was 

to have been followed up by one extending over a considerable period 

of time, and would have embraced analytical and physical tests. 

Circumstances over which I had no control, resulting in the tempo- 

rary suspension of work, have postponed the presentation of a coin- 

plete paper. If the opportunity is afforded me, I purpose doing 

this at a future meeting of the Institute. To those interested in the 

development of the process, reference is made to the papers of Dr. 

Siemens in the Journal of the Iron and Steel Institute for the years 
1873 and 1877, and to the paper of our late lamented brother, 

Holley, in the 8th volume of the TransacLions of our own Insti- 

tute. 
Dr. Siemens, in the introduction to his paper "On the Manufacture 

of Iron and Steel by Direct Process," read before the Iron and Steel 

Ibstitute in September, 1877, says: "In mixing comparatively rich 

iron ore in powder with about 25 per cent, of its weight of pounded 

coal, and in exposing this mixture for some hours t.o the heat of a 

common stove or of a smith's fire, metallic iron is formed, which, on 

being heated to the, welding-point on the same smith's hearth, may 

be forged into a horseshoe of excellent quality. The admixture 

with the ore of some fluxing materials, such as lime or clay, will, in 

most cases, be of advantage to rid the iron of adherent slag." This 

is t.he keynote of the Siemens direct process. 
Dr. Siemens says further: "If we regard the production of wrought 

iron from an abstract point of view, we perceive that we have to ac- 

complish two things, viz., the deoxidation of the ore, and the fusion 

of the earthy matter mixed with it; and if we calculate the amount 

of carbon necessary to accomplish this end, weshall find that in using, 

say, hematite ore, consisting of peroxide of iron with from 10 to 15 per 

cent, of silica, we shall require barely 40 per cent. of carbonaCe0 

matter per ton of iron contained in the ore to effect its reduction, 90d 

also the fusion of the slag." 
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In Dr. Siemens's own language, the rotative furnace is worked as ..s: "The ore to be smelted is broken up into fragments, not 
ceeding the size of peas or beans; to it is added lime or other 
uxiug material, in such a proportion that the gangue contained in ' ore and flux combines, with only a little protoxide of iron, into 

basic and fluid . slag. A charge of, say, 20 cwt.. of ore is put into he furnace, when fully heated, while it is slowly revolving. In ibout forty minutes this charge of ore and fluxing material will a been heated to bright redness, and at the same time from .5 to cwt. of small coal of uniform size are added to the charge, while e rotative velocity is increased, in order to accelerate the mixture f coal and ore. A rapid reaction is the result; the peroxide of iron, being reduced to magnetic oxide, commences to fuse, and at the 
Bame time metallic iron is precipitated by each piece of carbon, e the fluxing materials form a fluid slag with the siliceous gangue the ore. The slow rotative action is again resorted to, whereby mass is turned over and over, presenting continually new sur— to the heating lining, and to the flame within the rotator. Dur— the time of this reaction, carbonic oxide, besides the hydrocarbon 'l in the coal, is evolved from the mixture of ore and carbon, ?d air only is introduced from the regenerator to effect its i within the rotating chamber. The gas from the gas pro— is entirely, or nearly entirely, shut off during this portion of e process. When the reduction of the iron ore is thus nearly coni— 
eted, the rotator is stopped in the proper position for tapping off e fluid cinder. After this the quick speed is imparted to it, whereby e loose masses of iron contained in it are rapidly collected into two r three metallic balls. These are taken out and shingled in the ual way of consolidating puddled balls; the furnace is tapped sin and is ready to receive another charge of ore. In comparing n theoretical grounds this method of producing metallic iron the operation of the blast furnace, it will be at once perceived -, whereas in the blast furnace, the products of combustion flsist chiefly of carbonic oxide and issue from the top of the ace at a temj)erature exceeding 350° C., the result of corn- u in t.he rotative furnace is carbonic acid, which issues from e regeneratj.e furnace into the chimney at a temperature rarely ceeding 175° C. This proves at once a great probable saving of ?l in favor of the proposed method, and this saving is increased by amount of coal consumed in the puddling process. It may, however, 
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be asked why the rotating furnace should admit of the complete cow. 
bustion of carbon, whereas in the blast furnace such complete cow. 
bustion is, as is velI known, not possible, because each atom of car- 
bonic acid formed would immediately split up into two atoms of car- 
bonic oxide, by taking up another equivalent of carbon from the coke 

present. will serve to elucidate this point: 
In the rotative furnace streams of carbonic oxide are set up within 
the mass under reaction ; and this carbonic oxide, on reaching the 
surface, meets the current of intensely heated air proceeding from the 
regenerators, and completes with it perfect combustion within the 
free space of the chamber. The carbonic acid thus generated comes 
in no further contact with carbon, consequently it cannot split up, 
but is drawn away unchanged into the chimney, while the evolved 
heat is taken up by the sides of the chamber, and transmitted by 
reverberation and conduction to the mixture of ore, fluxes, and 
coal." 

In the same paper from which the above extracts have been made, 
Dr. Siemens said " 

Although I have not yet been able to deter- 
mine accurately the amount of fuel consumed in the gas producers, I feel confident that a ton of iron balls is produced in a full-sized 

rotator, working continuously, with a total consumption of fuel 

exceeding 25 cwt., and a ton of cast steel will be produced with a 

consumption of 40 cwt. of common coal." 
Later on we shall see if the results of late obtained begin to 

justify the prophecy. The process was introduced into the United 
States at the works of Park, Bro. & Co., Pittsburgh, in 1878. After 
a time it was pronounced a failure. The reason for this verdict wa 
their inability to manufacture bar iron from the hammered bloom, 

the excessive oxidation naturally causing a great loss. It is some- 

what remarkable that both Dr. Siemens and the Messrs. Park should 
have made the same mistake. The balls are made up of partick. 
of pure iron and more or less fluid slag; the almost entire absence 
of carbon and the rapid oxidation deprives them of cohesiven' 
so that any effort to make iron by simply shingling, reheating, and 

rolling must fail. All experience up to the present has taugh' 
us that the blooms are eminently fitted for the open-hearth proc' 
and for this alone. Great credit is due Mr. R. I. Anderson, of 

Pittsburgh, for having erected a rotator at Tyrone, and for av1g 
boldly increased the dimensions of the furnace much beyond tl)O 
of Dr. Siemens's furnace at Towcester. The Toweester furnace r' 
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feet long by 8 feet in diameter, and took a charge of 30 ewt. of mixed with 8 cwt. of small coal. The Tyrone rotator was 11 et by 11 feet. On referring to Mr. Holley's paper, I find that in ri average week's work with highly siliceous ore having about 50 r cent, of iron, the charges were: Ore, 4000 pounds; reducing al, 600 to 700 pounds; limestone, 250 pounds; scale and cinder, ) pounds. The yield of blooms was 1600 to 1700 pounds per barge, or 80 to 85 per cent, of the iron in the ore. The producer coal as 3800 pounds per ton of blooyns. The week's work was 19 oper- ations producing 14 tons of blooms, The results obtained at Tyrone ,..'e considered sufficiently satisfactory to warrant the construction of large plant at Pittsburgh by the Sienlens-Andersoii Steel Company, Fhis plant is located two and a half miles from Pittsburgh, on the fonongahela River, at what is known as the " 
Upper Works." It is nit on a side hill, and is well arranged for economical handling of materials. A side track from the Baltimore and Ohio Railroad in on the upper level, where coal, ore, and limestone are d J on to the platform leading into the crusher house. There are f Blake's largest sized crushers, which discharge into small ones .aced below, where the ore is reduced to the necessary fineness for reatmeat in the rotators. By means of continuous bucket belts, ore is elevated to bins placed over a tramway, which extends into reducing houseanci over the rotators, From the time that the coal, and limestone are charged into the Blake crushers, there is handling of material until the cinder and finished product is ady to be drawn, The hopper ear holds a full charge. The ore delivered is very vet, and it should be dried by some simple de- , such as a revolving cylinder used fordrying ores at stamp mills, rotator plant consists of four vessels measuring ii feet 4 in diameter and 12 feet in length inside the shell. The yes- are lined with Woodland fire-brick 4 inches thick, The bricks (1 well, but the shrinkage is said to be about one-sixth of the 'gina! volume of the brick. The brick lining is glazed by melt- roll scale in the rotator and revolving it, and fettled by the ad- of ore. From 24 to 48 hours are required for the thorough fling ofa furnace. The entire charge of ore, limestone, and redne- coal is introduced at once. The vessel is slowly rotated at the e of one revolution in every 15 to 18 minutes. In about four hours g begins to form, and when it becomes perfectly liquid is hped off. The flow of slag continues until the completion of the 

I 
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heat and drawing of the balls. I witnessed the whole or part of 14 
heats during my stay, viz., the drawing of some of those chargesi 
on the day befdre my arrival, together with the entire work from 
the charging to the drawing of the heats during my stay. The ores 

employed were a red hematite from Lake Superior, from the Dalliba 

Mine, said to average 60 per cent. in metallic iron, and a brown 
hematite from Tyrone, said to average 40 per cent. There has not 
been sufficient time to have analyses made under my own observa. 
tion. 

In view of the fact that the men, previous to the starting of the 

rotators, had had no experience iii this kind of work, they certainly 
acquitted themselves very creditably. More skill, however, is required 
in shingling, but this will soon be attained. In looking over the 

record of 80 heats, which represent the number where iron has 

actually been produced, one cannot but be impressed with the favor- 
able results. There has been less of failure than usually attends the 

starting of a new plant and new process with unskilled labor. I 
have the details from which the following summary has been made 

Ui) 

Ore used, 
pounds. 
46,750 

137,000 
164,600 

Result of 31 heats. 
102,700 

Result of 21 heats. 

For the week ending December 10th, the low-grade brown_hema- 
tite ores were used for the most part. Where ores of more uniform 

grade were used the percentage result has been improving. Several 

charges with Lake Superior and Tyrone ore have yielded over 50 

per cent., and I have no doubt that an average of 50 per cent. C1I 

be kept up with this mixture. The average time for 48 heats, 

through good and bad, from the charging of the ore to the rawiflg 
and shingling of the balls, has been a little over nine hours. WIth 

more experience the time will be reduced to eight hours, or 

charges in twenty-four hours, and a product of 15 tons of blooU 
Tue present force of 35 men would be adequate for 6 rotators, 

that it will be seen that the labor cost on the ton of blooms may be 

materially reduced. The pay-roll at present is as follows: 
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For the week ending December 12th, 38 tons of hammered blooms 
were produced, of which flw details of cost were: 

38 tons.) $1070 

.$2816 
200 

Cost per ton $3016 

But in regular working the .rotators would have produced. 90 
tons; therefore, under this :tssiitnption, we have 

• . . . $1152 00 
14400 
5760 
925 

- 37800 
• . • . 35100 

90 tonS.) $2091 85 

Cost per ton $2524 

Dr. Wuth informs me that his analyses of the blooms have 
'hown them to be of exceptionally good quality, while the steel 

Two crushers, 
One laborer, 
Two laborers filling cars, 
Two engineers, 
Two firemen, 
Two shinglers, 
Two shinglers' helpers, 
Two heaters, 
Two heaters' helpers, 
Eight furnaceusen, 
One cinder wheeler, 
Two gas-makers, 
Four gas—makers' helpers, 
Two laborers unloading cars 

Per day. 
$125 
125 
125 
200 
150 
300 
200 
300 
250 
140 

. 125 
200 
135 
125 

Week 
ending 

December 3d, 
December 10th, 
December 17th, 

December l9th—22d, 

Iron obtat-ned, 
pounds. 
15,761 
36,713 
76,0S 

48,482 

Per cent. 
result. 
34.3 
29.3 

46.2 

47. 

59 tons Lake Superior ore, at S, 
15 tons Tyrone ore, ;tt l, 
600 bushels reducing slack, at 1 cents, 
4 tons ii ,nestone, at $1, 
2650 bushels producer coal, ii 6 cents, 
Pay-roll 

Per ton 
Repairs and sundries, 

• . . . $472 
60 

• . . . 24 
4 

159 

3.51 

144 tons Lake Superior ore, itt iS, 
36 tpus Tyrouc ore, at $1, 
1440 bushels reducing clack, sI 1 cents, 
9- tons limestone, at $1, 
6300 bushels producer en:,!, LI 0 cents, 
Pay roll 

Per ton, 
Repairs and sundries, 
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made with them in the open hearth is superior to that made syith 

scrap iron or scrap steel, usually purchased for decarburizing. i 
am informed that the percentage of inclosed cinder in the hanimereji 
bloom ranges from 10 to 15. A very important fact is that the 
ost of open-hearth steel will be materially reduced by the substi- 
tution of blooms for Bessemer and rail scrap, for which forty-five 
dollars per ton is now paid. 

Based upon the cost of materials as taken from the company's 
books, extending over a period of one year, I have made up the fol. 

lowing estimate: 

THE ESTIMATED COST OF MANUFACTURING OPEN-HEARTH SPRING STEEL 
BY SUBSTITUTING SIEMENS DIRECT BLOOMS FOR BESSEMER SCRAP. 

Cost of pig, castings, mill scrap, furnace scrap, spiegeleisen, and ferroman- 

ganese $15 58 

Siemens direct blooms 13 67 

Fuel, sand, fire-clay, nozzles, sleeves, black lead, oil, moulding sand, rnoulds, 
cost of melting. (Deduction for loss and credit by pit scrap), . . 7 93 

Cost of ingot steel 37 18 

The results thus far obtained at Tyrone and Pittsburgh are indeed 

very encouraging, but they still fall far short of what Dr. Siemens 
has set out to accomplish. The item of coal first presents itse'f as one 

which might deter the adoption of the process at points where coal 

is not as cheap as at Pittsburgh. The very cheapness of the coal 

has.probably been the cause of its lavish use. To show how nearly 
Dr. Siemens's ideal of one and one quarter tons of coal to one ton of 

blooms has been reached, I will cite the result obtained at Landore 

from August, 1881, to October. For these figures I am indebted 

to Mr. Holley: 

111 charges madein 21 days 13 hours =5.2 charges per 24 hours' continuous work- 

111 tons Somorrostro ore. 
66 tons 12 cwt. scale. 

177 tons 12 cwt. minerals, yielding 107 tons 9 cwt. 2 qrs. blooms =60.53 per cefli. 

on weight of minerals charged. 
24 tons 19 cwt. 2 qrs. coals for reducing. 

135 tons 10 cwt. 0 qrs. coals for producers. 

160 tons 9 cwt. 2 qrs. for 107 tons 9 cwt. 2 qrs. blooms = 1.49 tons of coal per to 
of blooms produced. 

Metallic iron—No. 1, 51.394 per cent.; No. 2, 54.95 per cent. 
No. I received 7th June, 1872, ex ' Deux Menes." 
No. 2 received 13th April, 1872, cx "St. Joseph." 

9th November, 3681. 
ANALYSIS OF LANDORE SCALE, FROM LANDORE. RECEIVED FROM TOWCESTER 

ON 15TH AUGUST, 1875. ANALYZED BY H. W. LE NEVE FOSTER. 
Iron—Peroxide 36.600 
Iron—Protoxide, 60.300 
Sulphur .137 
Phosphoric acid .058 Silica 

100.975 
Metallic iron, 71.8 per cent. 
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ABSTRACT OF REPORTS OF ROTATOR AT LANDORE. 

- Charges. 

a 
Date. .3 

ZI a 

1891. Days. Mrs. Tons. 
Aug. 22, 7.10 AM., to 

Aug. 27, 5 P.M 28 5 10 28 

Aug. 29, 110 AM., to 
Sept. 2, 9.25 P.M 23 4 17 23 

Sept. 5,7 AM., to Sept. 
8, 6 P.M 17 3 11 17 

Sept. 26, 9 AM., to- 
Sept. 28, 1.10 AM.. . 13 2 18 13 

Oct. 17, 8.50 AM., to 
Oct. 25, 11.40 AM... 30 

j 

5 5 I 30 

21 13 111 

T. C. 

16 16 

.35 

T. C. 
27 30 

26 0 

23 0 

32 15 16 

10 4 

Product. 

2. 0. IC 
a 

T. C. Q. 

26 4 1 58.51 

22 6 0 60.60 

10 6 2 60.00 

12 16 0 61.40 

29 16 3 432.10 

107 9 2 60.53 

T. C. Q. 

6 60 

5 

3 16 2 

2182 7 

6150 18 0 

24 39 2 68 12 

15 26 0 

33 0 

135 10 

9th November, 18S1. 
ANALYSIS OF Two SAMPLES OF SPANISH IRON ORE FROM LANDORE Cost- 

PANY'S PRIMITIVA MINE. RECEIVED FROM LANDORE COMPANY ON 
24TH MAY, 1876. ANALYZED BY A. WILLIS, F.C.S. 

Iron—Peroxide, 
Manganese—Oxide, 
Sulphuric acid, 
Phosphoric acid, 
Alumina, 
Silica, 
Calcium oxide, 
Magnesia, 
Loss on ignition, 

No. 1. 

.077 

80 
ace. 

nil. 
trace. 

.180 
8.StlO 
.380 
.020 

11.100 

100.09.5 Total, 

At Landore the time for each charge has been a fraction short of 5 hours. Total, 
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The Siemens direct process may now be said to be fairly beyond 
the experimental stage. It only needs the working out of minor 
details to give it an established commercial foothold in connection 
with the manufacture of Siemens-Martin or open-hearth steel. 

Since my visit at the works, direct blooms have been worked with 

mixtures as given below. The ingots have, however, not yet been 

weighed, and the exact losses can consequently not be given. 

JANUARY 4TH. 
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JANUARY 9TH. 

JANUARY 5TH. 

JANUARY 6TH. 

JANUARY 8TH. 

Pounds. 
• 11,0.50 

3,175 
• 2,275 
• 8,060 
• 4,720 
• 200 

29,480 

Pounds. 
• . . 10,600 
• . . 2,050 

8,530 
• 7,010 

• . . 200 
• 200 

• 28,590 

Pounds. 
10,680 

• 6,125 
• 7,615 

• . . 4,310 
- 200 

• . . 28,930 

Moulds, 
Furnace scrap, 
Mill scrap, 
Direct blooms, 
Iron punchings, 
Manganese, 

Total, 

Moulds, 
Furnace scrap, 
Mill scrap, 
Direct blooms, 
Spiegel, 
Manganese, 

Total, 

Moulds, 
Furnace scrap, 
Direct blooms, 
Iron punchings, 
Manganese, 

Total, 

Grafton metal, 
Moulds, 
Furnace scrap, 
Mill scrap, 
RaiFends, 
Direct blooms, 
Spiegel, 
Manganese, 

Total, 

; 
Moulds 
Grafton metal, 
Furnace scrap 
Direct blooms 
Spiegel 
Manganese 

Pounds. 
8 240 
2,460 
9,200 
8,640 

200 
. . 200 

Total 
28,940 

JANUARY 10TH. 

Monids 
Furnace scrap 
Grafton metal 
T'uncliings 
Direct blooms 
Spiegel 
Manganese 

Pounds. 
8100 
8,680 
2,100 
3,150 
6,315 

200 
200 

Total 

JANUARY 11TH. • 

Moulds 
Furnace scrap 
Grafton metal 
Direct blooms 
Manganese 

Pounds. 
6,540 

10,010 
3,530 
8,180 

00 

Total 
28,460 

JANUARY 12TH. 

Wheeler metal, 
Grafton metal, 
Mill scrap 
Furnace scrap 
Direct blooms, 
Iron punchings 
Manganese 

Pounds. 
4,360 
5,735 
5,275 

780 
9,430 
2,930 

200 

. . 28,710 

Pounds. 

Total, 

The following shows run of one rotator for each day while in 
L Operation since I left the works: 
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DISCUSSION. 

DR. EGLESTON, New York city: Do I understand that the pro- 
__:rs of the Siemens-Anderson process do not intend to manufac- 

ure merchant iron, but only blooms to be used in some open-hearth 
process? 

Mn. MAYNARD: Yes. 
DR. EGLESTON: If that is so, and it is understood that this pro- 

cess is to be used not for the manufacture of merchant irons, but only 
for the purpose of making material similar to iron sponge, to be 

treated afterwards in an open-hearth furnace, I see no reason why 
this direct process should not l)e successful. The difficulty with all 
direct processes has been not that iron cannot be made from the ore, 
but that the products contain so much oxide of iron and other mi- 
purities that they require to be sunk in a bath, on a priiicijle similar 
to the pig and ore, or the pig and scrap process of the open-hearth 
furnace. 

The question of phosphorus in these pioducts is merely a question 
of temperature. Berthier showed, in 1837, that nearly all the pilos— 
phous in iron can be eliminated if the slags are removed in the 
puddling furnace before the welding heat necessary to get the iron 
into a ball is reached; but if the temperature is raised high enough 
to make the balls, the phosphorus goes out of the slag into the iron. 
This principle has recently -been applied to the manufacture of mer- 
chant irons from poor pig, the slag being removed from the furnace 
and replaced by pure slag. A similar thing was done some years 
ago in a blast furnace, at Buffalo, working on ores that contained a 
large amount of phosphate of lime. The furnace was made to work 
so cold that the whole of the phosphate of lime went into the slag, 
and not into the iron; the moment the attempt was made to make 
gray iron, the phosphorus went into the iron, and not into the slag. 

WILLIAM METCALF, Pittsburgh, Pa.: I must declare myself a 
heretic on the whole subject of so-called direct processes. Having 
experimented largely, and at a large cost, in both the Siemens and 
the Dupuy direct processes, I have to say that the chemical result was 

always good, and the commercial result was always bad; and I have 
come back to my original opinion that there is no process more direct 
and simple, with assured commercial results, than that of the blast 
furnace and the Bessemer converter. 

The most important admission made in the paper of Professor 
Maynard, and in the discussion, is that the product of these direct 

- s can not be used as wrought iron. This admission clears 

I'3i°L 
C) 
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away a great deal of mist, and, if heeded, may save further experj 
menters much disappointment and heavy losses. The reason the 

material will not answer for commercial wrought iron is that it is 

always full of oxygen and is too red-short to he worked. This is a 

matter that can be corrected easily in steel making, but it cannot be 

cured economically, if at all, in the making of wrought iron. 

Mr. Holley, with his clear insight into such matters, saw this years 

ago, and settled down to the opinion that the process might be macic 

valuable as an adjunct of the open—hearth process, and that that was 

its only value. 
I must say I am still skeptical even upon this point, and the facts 

given in the papel are not sufficient to base an opiniOn upon; we 

want longer runs, covering a year or more of regular hard work, 

with accurate records of the consumption of material, and of the 

amount and cost of output. There is much machinery about these 

furnaces, and it must be tested by hard running before we can esti- 

mate its value, and then we must compare the cost of p1ait, repairs, 
wear and tear, labor, etc., for each ton of output, with the same 

items by the old process, before it will be safe to announce success. 

The paper states that steel can be made by this process with two 

tons of coal per ton of steel. We can do, and are doing regularly, 

year in and year out, about as well as this by the most (so-called) in- 

direct process, namely, through the blast furnace, puddling furnace, 

and crucible. Here are the figures, taken from records kept with 

great care, and running over years of steady working: 

Total for the three processes, 

These are no fancy figures; with ordinary care the work can be 

done within these limits every day in the year. 
Now as to quality: Mr. Holley has shown that by the use of the 

Danks-Bouvard puddling furnace, iron can be made containing 0.082 

per cent. of phosphorus from pig containing 0.815 per cent. of that 

substance; also irons with 0.004, and less than 0.007 per cent. Of 

phosphorus from pigs containing, respectively, 0.04 and 0.07 per cent. 

Further, this iron has good commercial qualities, and has been made 

by thousands of tons, with a consumption of 1,161 pounds of coal per 

ton of 2240 pounds of iron. Mr. Weliman, of Cleveland, saw this 
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rocess at work and brought to Cleveland a lot of pig iron and about 

n tons of blooms. He analyzed the pig, and also analyzed every -n of the lot separately, and found Mr. Holley's report to be 
correct without exception. If anything more were desired, the addi- 
ion of the Bell—Krupp washing process would result in eliminating 

osphorus absolutely. 
\Vhat we need now, to convince us that this direct process has any 

alue at all, even for open-hearth practice, is the erection of a plant 

:espable of producing 100 to 200 tons a day; that plant should be 
to its full capacity for a year, and its output and cost should be 

compared with the Creusot practice, the Eston practice, or American 
:Besserner work; thus we should know which process is most direct, 
cheapest, and most reliable in quality. 

As to the loss of iron: in the blast furnace there is no loss; in pud- 
hing there is a loss of about 8 per cent., and in the. crucible there 

no loss; in the Bessemer process the loss is a little heavier than in 
puddling, and in these direct processes the loss varies from 20 to 50 
or even to 100 per cent., according to the luck in working. The only 

way to avoid very heavy losses is to have an open-hearth h always ready to receive the balls as soon as they are formed. 
So far, ptactice has proven that the cheapest, safest, and most 

.rect process begins at the top of the blast furnace. 
HENRY 1\1. HOWE, Troy, New York: In spite of its commercial 
ure I still believe that Blair's is the best direct process yet offered, 
least in places where ore is comparatively dear and coal compara- 

cheap, such as Pittsburgh. The protection against loss from n of the sponge, by allowing it to cool completely in a highly 
ing atmosphere, appears to me more complete than in any other 
process. When the process was being worked, the loss, which 

about 15 per cent., was not greater than it then was in the best 
pen-hearth works which were using blooms. 'What the process 
aeded more than anything else was a more rapid method of cooling 

sponge. This I think could have been done in about half the 
e actually taken, and the output of each furnae could thus have 
-i greatly increased. 'With proper management I do not believe 

.-a furnace would have failed. 

Fuel used per ton of pig iron, 
Fuel used per ton of muck iron, 
Fuel used per ton of crucible steel, 

2240 pounds 

1120 " 

4576 " 



TTAL tTA TION OF IROH MINES IN HEW YORK AND 
YEW JERSEY. 

THE question of the proper valuation of mines of iron ore was sug. 
gested to me by the difficulties experienced in getting answers for the 
United States Census Office, while I was engaged in the work of cal. 

lecting the statistics of mines in New Jersey and New York. The 
answers to the questions relating to values of real estate of mine prop. 
erties varied so greatly that it was necessary to revise them according 
to some general principles of valuation. Generally the returns of mine 
proprietors seemed to be too low. There were, however, examples 
of 'hat would be termed excessive valuation. The subject appeared 
to be of practical importance, and led to the paper here presented. 

The following table of selected mine statistics is given, prefacing 
the discussion of the principles of valuation. It is in part made up 
of census returns and partly of data obtained directly from mine 
owners and managers. The mines which were selected for the sev- 

eraigroups and mining districts include nearly all of those from 
which the more full and carefully filled returns \vere received, and 
are also representative of their respective districts. Hence the 

averages obtained from them become good types of these groups or 
districts. The mines of New Jersey appear in sixgroups, each con- 

taining from three to eleven mines, or, in all, thirty-four mines. 
The magnetic iron ores of New York are in four well-marked groups, 
and there are twenty-six mines in them. Then follow the red 
hematite mines of St. Lawrence and Jefferson counties; and, lastly, 
the brown hematite groups of iDutehess and Columbia counties, and 
those of the adjacent parts of Connecticut and Massachusetts. The 
whole number of mines represented by the table is eighty-eight, of 
which twenty-eight are hematite mines. The first column gives the 
value of the real estate; the second that of the plant; the third 'S 

the sum of these two, or the capital invested. Then follow the 
number of men employed, the amount of wages paid during the 
census year, and the value of materials used in mining and preparing 
the ores for mar1et.* The seventh column gives the total expend' 

* The value of materials is somewhat uncertain in many eases, as royaItieSa 
included under this head. Likewise, under wages, the cost of explosives and light 
is often included. Hence it is impossible to draw the line sharply between th80 
items of expenditure. 

- 

tures, or cost of the ore. The product in tons is in the eighth col- 
umn, while the cost per ton is in the ninth. The last column of the 
table shows the ratio between the real estate value and the product. 

A '2 ' 'o 5 S , . ':i 30 0 .z • L. 's 
I 

E 

Warren Co., 3. J., 6272,200 872,101 0345,394 411 8118,7o1 023,902 0343,543 43,547 3.27 Sc. Susex Co , itiiil 
wetern ,,rt ,f 

— 
— — — Slorris CoN. J., 29 ',OOO 71,000 364,000 374 13°,43S 53,511 101,949 8 ,Y4o 2.24 3. 

Che ter, Stout 
Co, N.J 2o0,000 40,290 290,290 233 66,347 l6,1u2 82,299 40,440 2.01 6. Mine Hill—Iron- 

I dale Jia1i,,o. . 
— SIorri (N.J., 710,000 174,300 834,300 972 36,063 101,504 469,5S9 11 154 4.01 6. 

ant—Mt. I N J , 540,000 152,000 692,000 639 300,990 125,093 426,063 154,543 3.39 41 Northern pert of 
F — Morris Co., N.J., 925,000 

129770 1,054,770 1,01, 425,314 161,009 56,323 517,9'S 3.96 61 
NewJereySrine , ,2,993,200 $630,464 83,632,664 3,446 51,414,723 $484,173 $1,898,896 560,310 1.38 91 

Orange Co., N. V., 805,080 62,300 867,300 383 130,814 37,960 168,774 77,001 2.19 10. 

Putnam Co., N.Y., 522,030 44,805 566,835 434 165,465 46,040 211,465 66,s00 3.16 7.1 
Essex Co., N. Y.,. 1,474,377 505,595 1,979,972 1,268 457,223 242,052 799,275 506,543 1.57 , 2.5 

Clinton Co., N. V., 375,000 115,500 490,500 699 190,870 38,800 229,670 80,645 2.84 4.6 Red Hem attle. 
St. I.awrenee and 
Jefferon Coon- 
ties, Is. 3o8,000 10..,000 460,000 366 F 152,689 28,500 181,189 84,o,4: 2.lo 4.2 Hematite. 

Dutche s and Ce- 
lunibja Coun- 
ties, N. V 066,049 208,000 1,174,049 593 181,087 68,945 250,032 124,957 2.00 7.7 Hematite. 

881,000 33,500 414.500 180 60,667 20,558 81,220 31,141 2.61 12.2: 
Hematite. 

L51e, Mass., 157,000 59,000 216,000 311 109,121 41,792 150,813 49,4.54 3.05 3.1' 

OTE.—Tlse tons are 2240 pounds. 

The fii'st observation to be made on this table is suggested by the 
iscrepancies that are apparent when capital and product are cons- 

Sared, as is done in the last column. The differences in the ratios e' 
product to capital are greatest in tile groups of magnetic iron ore •"s of New York and the hematite mines of Connecticut and 

•dssachusetts. In the latter State, $3.17 of real estate produced a 
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ton of ore, whereas, in Connecticut, it required an investment valued 
at $12.23, or nearly four times as much. Although much of this 
difference is inherent in the mines, and due to great disparity in 
actual value, some part of it must be credited to imperfect valua. 
tion, and a more accurate method of valuation would tend to the 
equalization of these ratios. Another observation to be made is the 
variation in the cost of the ore per ton, ranging from .$4.01 to $1.57. 
The greater cost is found to he in the groups of deeper mines. The 
larger proportion of open workings or pit work reduces the average 
cost. The larger size of the ore bodies also lessens the cost; and the 
more expensive tile plant, when compared with the total expendi- 
tures, the less is the cost of the ore. And, in general, the labor ex- 
penditure seems to enter more into the cost than the value of mate- 
rials used, although the separation of these classes of expenses is 

nearly always incomplete. Other points for consideration and coin- 

parison will suggest themselves to the reader who may examine the 
table. 

The elements which enter into tile problem of valuation are ninny 
and diverse. Some of the principal factors are capacity, accessi- 

bility, ease of mining, facilities for working, nearness to transporta- 
tion lines, cost of labor and materials, and demand for tile ores. They 
might be summarized as accidents of place and time. Hoskold, in 
his Engineers' Valuing Assistant, says: " A rule cannot be laid 
down expressing the attendant risk of mining adventui-e, as nearly 
all mines exist under circumstances differing w'ideiy from each 
other. It is a matter of experiment; each mine must, therefore, 
stand upon its own merits." While this statement must be accepted 
as eminently wise and cautious, still, in the valuation of mines, it IS 

necessary and desirable always to learn something of the history of 
the mines in any given district in which we may be required to put 
values upon new or btit partially developed localities, and also to 

study their statistics. Their success or failure must, to a certain 

extent, guide us in new ventures. And these features are quite as 

important to know as are the geological relations and modes of oc- 

currence of the ores to be won. Hence it is that the eharacteriSt 
features of any mining district become at length apparent in the 

working statistics, and such statistics, when properly studied, indicate 

capacity, extent, facilities in working, etc. And, therefore, almost 
the first question regarding any mine is what of its surroundings, 
not only so far as concerns the association of ore androcks, but alsO 

the results of mining enterprises in the neighborhood or district. 
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g examined them and ascertained tile characteristics, it will 
prudent to keep in niimmd that they ni-c not to be reversed in 

any new undertaking, without extraordinary skill and energy in 
management or a fortunate concurrence of favoring conditions. -. The further examination of localities, with a view to their proper 

valnatioii, must note the extent of ore-body, the probable capacity of 
productioii, and the length of profitable working peiiod. These in- 
quiries ivolye the study of the structure, depth of ore beneath the 
surface, nature of the ore, tile facilities for exploitation and mining, ie cost of labor, materials, etc., the accessibility to lines of trans— 

i, and the extent of the demand, together with prices. To 
,a into the discussion of all these elements would exceed the limits )f this paper, and only a few generalizations can be given, which ..j be accepted to a limited extent as safe guides. The enduring character of our iron mineS in New Jersey and in New York is to be noted, as it bears so closely upon this question of their 
value ; it is particularly true of tile magnetic iron ore mines. ny of them have been worked steadily for long periods, and some 

them figure in our colonial history. Their production previous to 1840 was comparatively small, and the larger part of the aggre— ;e amounts obtained from them belongs to the past three decades. 
Notwithstanding the extent to which they have been opened, there .a no signs of exhaustion. It seems entirely safe to assert that 
may of these ore bodies, now 50 largely explored, are practically in- 

oible, at least by known methods of profitable mining. They re an enduring species of property. There are, however, examples f exhaustion and abandonment, as well as many cases of temporary 
iuspension, owing to causes outside of capacity for producing ore in 
luantity. Out of the list of one hundred and fifteen mines given n the Geology of New Jersey, published in 1868, twenty-five had 

been abandoned before 1881. In the period from 1867 to 1882, v-five others had been started into activity and run their 
making together fifty suspensions in that period. Of the 

mines which had been abandoned, tile working i)eriods ran k from ten to one hundred and sixty years. It would not be 
.ossible to arrive at any very reliable average between so wide ex- 
fremes. In the same fifteen-year period thirty new and productive 
'nes had been opened in the State, and contributed largely to its -. 

1 product. That some of these abandoned localities may again e Worked cannot be doubted. From these general statistics it is - t that no definite term can be assigned as probable for the 



working history of any mine. And what is true of New Jersey ap- 
plies with quaI force to New York, especially to the mines of 
Orange and Putnam counties. In this connection it must be statJ 
that the numerous smaller ore openings have been omitted, as not 
belonging to the class of producing mines. In order, therefore, to 
arrive at some fair average period of productiveness, recourse was 
bad to the total production of many representative mines and its 

comparison with the output for the census year. In the case of all 
the older mines this total product is a rough estimate at best. It 
is approximately correct in the mines opened within the past thirty 
or forty years. Now, assuming the rate of the census year (in 
many respects a good representative of our working mines), it is 

easy to ascertain how long it would have taken to raise the total 
amounts estimated as coming from them. From fifteen to thirty- 
five years would have sufficed in all of our larger mines, both in 
New Jersey and in New York ; in others, from four to ten years. 
The average for safety may be put at fifteen years, as applicable to 
the mines now vigorously worked, and also to those newly opened, 
which-promise to do quite as well. 

Having assumed the working term and the annual product the 

remaining essential factor in all cases is the profit per ton. This was 
obtained by subtracting the cost from the average price at the mine 
in the several districts, as follows: 

New Jersey mines $4.16 $3.38 $ .7S 

Orange County, N. Y. 3.00 2.19 Si 
Putnam County, N. Y. 3.00 3.16 —.16 

Essex County, N. Y 3.30 1:57 1.73 
Clinton County, N. Y. 45Q* 2.84 1.66 
St. Lawtence and Jefferson counties, N. Y., . 2.70 2.15 .55 
Dutchess and Columbia counties, N. Y., . 3.90 2.00 1.90 
Connecticut mines 4.80 2.61 2.19 
Massachusetts mines 4.00 3.05 .95 

These elements are sufficient t-o give the basis for valuations, SO 

far as the several districts are concerned. The problem is in the 
nature of an annuity, and knowing the term and amount received 

annually the question is, what is it worth? In the ctise of the �eW 

Jersey mines the value of the real estate was placed at seven times 
the annual dividend or amount of profits. Thus, for example, 
taking the thirty-four mines in New Jersey, according to the tabi 

* The high price of these ores is due to the amount of separated ore for forge 
- use. 

o . e, their prod net was 560,340 tons, which at 78 cents per ton, would yield a dividend of $437,065.20, and that multiplied by seven 
gives $3,059,456.40, as their valuation. It remains to fix the rate of 
interest and to allow for a return of the investment,, or what is known as a redemption fund. Authorities differ so widely that it is almost an arbitrary matter to assign any figure. The mean range is from :8 to 20 per cent. The rate- allowable for redeeming the principal :J not exceed 4 per eent.,—that of our most reliable trust-fund ! investments. Owing to the great- permanency which characterizes 
many of' our iron-mine properties, 10 per cent. has been thought to 
be a reasonable profit upon the capital, and 4 per cent, sufficient for its redemption. Turning to Hoskold's tables we find that the pres- ent value of l per annum in fifteen years, allowing interest at 10 
per cent. upon tile purchase-money, and redeeming the capital at 4 
per cent., is $6669, or nearly the arbitrary multiplier which was used in the case of the New Jersey mines. WTith a higher rate of 
interest, c. ., 20 per cent., the multiplier would be 3.061. These are the general pricipies which have been employed in the valua- tion of nearl all of the nnnes of New Jersey and in many of New York. As already stated they are subject to alnost endless modifi— 

tion, owing to the ever-varying combinations of the other essential 
which need to be taken into account and which vary - with almost every mine. 

TilE 1\TEW MILL AT BA TOPILA 8, STATE OF-CHili UAR UA, MEXICO. 

BY JOhN C. F. RANDOLpH, E.M., NEW YORK. 

THis mill being now in successful work, it seems proper to record Lsome professional memoranda concerning it. It is jutenued to handle an unusual ore, in a locality difficult of access, and its arrangerneit and method of procedure present some novel features of interest. It Was prepared for the San Miguel property at Batopilas, State f Chihuahua, Mexico, owned by the Consolidated Batopilas Silver 
lining Company of ew York, at present under the management ex-Governor Alexander H. Shepherd. This property contains a 

series of more or less parallel veins, worked through a deep ross_ctjt tunnel 1300 feet in length. The vein rock of these veins S calespar in diorite. While, near the surface, ruby silver, black 
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silver, and even chloride of silver are met with in many of the reins 
of this locality, the main ore at a depth, both in the veins of the 
San Miguel property and of the rest of the district, is native silver 
ore in calcite, of all grades from " brosa" and " 

chispeado 
" 

ores 

($10,000 to $25,000 to the ton) downward. This mill was not de- 
signed to handle the high-grade solid ores, for which the metallurgy 
will always remain practically the same, viz., dry or wet stamping 
foii stamp silver, scorification with lead in a cupola or a cupel fur- 
nace, and cupellation. While the actual value per year of the mas- 
sive ores is exceedingly large, it is represented by quantities seldom 

surpassing 1 to 3 tons per month. The real business of the San 

Miguel property in quantity, and of all the other veins of the district, 
lies in the large amounts of low—grade native silver ores, containing 
40 to 200 ounces a ton, which invariably accompany and surround 
the strings and shoots of high grade ' brosa." These ores have 
hitherto always been neglected in the district, since the only means 
of reduction at hand consisted of arrastres. Until very recently tile 
total plant of the San Miguel propel'ty consisted of three arrastres. 

By this primiti'e plant more thaii $3,000,000 of bar silver were pro- 
duced in the 10 years preceding the purchase of the property by the 

present company, solely from the high—grade ores of the first bonanza 
on tile Veta Grande vein. Since the purchase and transfer of the 

property (January, 1880), up to the time of starting work uI the mill 
now to he described, these three arrastres produced the major part of 
about $500,000, paying thereby all the working expenses, and an ag- 
gregate of 20 per cent. on the cost of the property. During this period 
from January, 1880, to date, some $2,000,000 of ore averaging $56 t 
toii in native silver has been developed in the yet but partially pros 
pected bonanza at thej unction of theVeta Graude and Mesquite veins, 
which has been left in place and stored in levels awaiting the erection 
of the mill. Through this large amount of ore most valuable 

strings and pockets of heavy brosa silver have been encountered, and 
from this source have come the profits of the first two years of tIll' 
new enterprise, while an immense reserve w'as being prepared for the 
future. This low-grade ore contains the silver finely disseminated 

through it, and seldom, as in the higher ores, as either nails, ferns, 

wires, sheets, or tacks. Most of the silver in it would pass a 40 to 

60-mesh screen. 

Concerning the handling of this kind of ore, carrying the silver 
in native form, there is no precedent. 0niy one other locality in the 
world has produced anything similar to it in character and quantitY 
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tviz., the Silver Islet mine of Thunder Bay, Lake Superior, Canada. The mill erected there, however, represents very different conditions tand very different material. At Silver Islet the silver is invariably jn the form of complicated alloys with cobalt, nickel, and other 
metals, as represented by the new minerals huntilite, animikite, and macfarlandite. In Batopihas the silver is pure crystallized silver, and no alloy of any kind has ever been detected in it. Since tile 
metallurgy Of the complicated alloys of Silver Islet was exceedingly needing the use of furnaces and cheap fuel, and since the local itv itself vas not favorable for these operations, the problem in 
constructing a mill there resolved itself into a concentrating opera— tion in /oco, with the intention of transporting the rich concentrates 
produced to a point more favorable for reduction. The reduction has in effiet always been carried on at Detroit, Michigan. Tile mill at Silver Islet consists solely of stamps and Erue vanners, and offers little assistance for the solution of the problem at Batopilas; and even were it of the class desired, it is not sufficiently well le- 
signed to be a model. 

At Batopilas, the reduction must be complete, and the only method 
allowable is one where tile ore shall enter the mill at one end and . the Silver bars shall leave it at the other. To this course tIle ore Jf snts no special difficulties of metallurgy, and tile only ob— itacles to carrying it out effectively in the 'large way are those offered .y the topogl'apil) of the country, which makes the transportation of nlaellinerv difficult. Batopilas is some 300 miles from the Gulf of California, in the southwest corner of tile State of Chihuahua, and is the same distance from the city of Chihuahua to the east. Th only transportatioti possible is by mule back, between the limits of 150 pounds fbr side packages, and 280 pounds for back packages. The is exceedingly rough and precipitous, and the sectionalizing 

machinery for transportation in such small packages, which, when 
I, should be unimpaired in efficiency, stability, and value, Offered in itself a problem of no ordinary difficulty. The peculiar ore be handled, the utter lack of guiding experience with similar ores, Lnd the absolute necessity of shipping only bar metal, made it incum- t that this mill should be very careilly designed, and not merely an effective plant for one method and one class of material, but t it should allow the widest variations both as to procedure and S to material treated. The intention was, therefore, to design a wet mill of great fiexibiliey and power of adaptation, so that the lost effective and economical method of treating all occurring ores 
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might be arrived at without any radical alterations of the original 
construction. 

Since the ore to be treated of the native-silver class admits equally 
well of pan amalgamation or concentration, and since all of the other 

occurring ores could undoubtedly he effectively treated by couceutra. 
tion with or without a subsequent roasting before amalgamation, th 
plan of the mill seizes on both these methods and combines them so 
as to operate them either singly or together at the same time for dif. 
ferent batteries. This seemed the more desirable since, although the 
native-silver ore is equally amenable to either pan amalgamation 
or concentration, it is by no means certain which method will give 
the most economical and satisfactory results in that locality until 

they are brought down to comparative figures on the same ore. For 
the same reason the mill has been erected as a steam mill, with the 

intention of connecting it with the cxisti ng water—power at a later 

date, in ordcr to allow of the fullest flexibility as to power. 
The mill is a 15—stamp mill with place fi)r 20 stamps. (See accorn- 

)anying plates.) It is built on a side hill behind the old Hacienda 

de Beneficio, and consists of six steps, the lowest of which is in the 

yard of the prese1t hacienda. The first step consists of the ore floor, 
on which the ore is delivered from the tramway, constructed simul- 

taneously with the mill and for the purpose of supplying it. This 

tramway is one mile long, and crosses many arroyos and gulches on 

arches of masonry. It was a most expensive construction on account 
of the difficult topography. The first plan was to build an overhead 

tramway of the wire-rope type, but the exigencies of mule-hack trans- 

portation made the transportation of long cables (liffidult and uudc 

sirable. The ore before leaving the mine yard is cobbed and sorted, 

in order to separate any high-class ore from it. It therefore arrivC 
on the ore floor pro perly sized for the stamps without the interventiol) 

of a jaw crusher the transportation of which, in even well—section51 

ized form, would be difficult. The ore is bulk-headed on the ore floor 

back of the stamps, and shovelled to the Challenge self-feeders, one Of 

which belongs to each battery. On the second step are the self- 

feeders and the batteries. The stamps are 650-pound stamps, wit)) 

10-foot stems, 3 inches in diameter, and provided with Coleman 

patent tappet. The stamps are throughout of the California tyl 
with high mortars and separate cam shafts. While some coarse silver 

will remain in the batteries, the majority of it will pass the screen5 

as a pulp. From the screens branch the pulp-launders, which, uniting 

together below, form one main launder and conduct the stamped OI' 
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to the pulp-boxes on the fourth step. Beneath these launders on the 
hird step are four Frue vanners, with distributing launders at right 

angles. By means of gates and plugs, the pulp from any individual or from all of them, can he stopped in its course to the pulp— boxes and at once diverted to the necessary Frue vanners. By this neaus an immediate change of operation for the whole mill, 01 for 
my desired battery, can be effected at a. moment's notice. The pulp- joxes on the fourth step are 12 in number, and are built of solid 
nasonrv, plastered inside, since the usual wooden pulp-boxes soon 
)econie uc1css in a tropical climate. On the pulp—boxes there is a track, provided with turn-tables, by means of which the pulp is 

ransferred by a car from the box that is being dug out, to the pan o be charged. The fifth step is devoted to the amalgamating appa- which consists of six 4-foot combination pans, with east-iron bottoms and wrought-iron sides, three 7—foot settlers of like con— 
struction, one 4-foot clean-u p pan, two small laboratory pans, a flier— 
dury safe, and a travelling hoist above the pans. A small Sturtevant 1ver also takes power on this step for the blast to the cupellation urnaee. The sixth and last step of the mill contains an English cupeIlation furnace, a retort furnace of four retorts, pot furnaces, and office. On the same step \yith the pans, but in a separate building, here are two tubular boilers, 42 inches by 14 feet; and on the same p with the vauners are two horizontal engines, with 10—inch by 2O-inch cylinders, connecting separably, by clutches, to a common 

pulley. The water for the mill is ptiniped by a Deane steam— 
ump to a reservoir above the stamps (not shown in the drawing). t is proposed when the mill has got into such steady practice, ith the use of steam, as to make it proper to throw out of work the achincrv driven by the existing water-power, to make such altera— ions of the (litch and turbines as will allow the connection of the •" pan-shaft of the mill with the turbines by means of wire-rope nsmission, amid by this means to insure the fullest command of 
uple power at all seasons of the year. The main objects, therefore, held in view for the San Miguel mill 

Vere (1), to erect a mill which would interfere as little as possible 
tiring construction, with the existing business of the hacienda; (2), 
design it for the largest variations in process and class of material, th the use of but one well-arranged plant (for a new locality, diffi- It of access, and an ore never before handled by machinery, the gest freedom for experiment and comparison was deemed vital); • to give it the largest means of power, so that in the wet season, 

I 



'hen water is abundant, and dry wood scarce, the mill can be driven 
by water-power, and, on the contrary, in the dry season, when these 
conditions are more or less reversed, steam-power can he used. Th 
Batopilas River carries so abundant a supply of water throughout 
the year that in all probability the eventual practice will he eutirels' 
by water-power th whole year, except at times of accident to the 
water—power, when steam will prolnptly replace it. There may un- 
doubtedly he times when, owing to great drought or leakage of the 
ditch, the water—power will not be am pIe, and in this event the mill 
will be (Iriven temporarily part by water—power and part by steam- 
po\ver, a possibility conteni plated in the design. 

To insure an increase of production during the erection of the 
mill, a small plant of 5 stamps, 2 p, 1 settler, 1 Frue vanner, and 
2 turbines, was sent down with the other machinery for temporary 
use in the yard. The intention was to continue working the 3 
arrastres up to the moment of the erection of this temporary plant, 
and then to cut them off from the water—power and throw the power 
on the machinery. This was done almost in the manner planned, 
and the arrastres were given up some months since. In the same 

way, the plan was, Ofl tile completion of the 15—stamp mill, to throw 
it into work by steam—power, and then, moving the temporary 5—stamp 
mill to its proper place (increasing tile effective strength of the mill 
to 20 stamps), at once to make such changes of the water-power as 
would allow the 20-stamp mill to be driven entirely by water-power, 
with the engines and boilers in place simply as a supplementary 
plant for accidents and emergencies. 

The rationale of the method of handling the ore will be readily 
seen. The ores which can arise on the San Miguel property and ill 

the district are: 
A. Surface Ores.—Chlorides, light ruby silver, dark ruby silver, 

stephanite, and freieslebenite (never found to a greater depth than 
200 feet, and in many veins entirely wanting). 

B. Ores Below 200 feet.—I'.Iassive silver (unusual); brosa sUrer ( silver, calespar); chispeado silver (- silyer, - calespar); data 
silver, up to 800 ounces to the ton; azogues, amalgamating ores, 40 

to 200 ounces. 
Of class A, none are as yet known on the San Miguel propertY 

since all the workings are from a deep cross-cut tunnel. As some 
of the workings are now 300 feet above the tunnel, and daily ad- 

vancing upward, these ores may at any time arise for beneficiat10' 
Other properties in the district, of which the workings are st 

hallow, are producing more or less of these ores, and a handsome rofit can at any time be made On tlleir purchase. The main ore of the district is shown in class B, of which only the assive solid silver is unusual. Since the null is designed mainly these ores the procedure with them will be first spoken of. I. The brosa and chispeado ores vili he stamped either wet or iry (in the latter case with a horizontal screen) for time obtaining of arnp silver. If stamped wet, the operation will be in One of the batteries of the main miii, through a Screen, sending time pulp by he launders at vil I either to coneentm'atiom1 or pan amalgamation. f stamped dry, it will be done by a 3-stamp Nova Scotia battery, with open frout and ii orizon ta I screen (not shown in the tl ra Wing), svhicll has figllred Prominently ill this operation in tile past history r the property. In either event, the stamp silver will go to Scori— cation with lead (as in tile past), or direct Smelting, with lead or galeua, in a cupola, if this is found preferable, and thou to cupel latinn., ease of smelting in a cupola, tile stamp silver would need a quartz— flux fir tile caleSpar, while, in seorification, the carrying off of calcspar is purely lllechanic.aj by means of tile litharge, and gives ther heavy losses in lead amld Silver. Il. Ihe clavo and azogues ores are the main raison d'lre of tile '1 under discussion. They run from 40 to 800 Ounces in native lver. Whii the clavo ores (containing nails and tacks of silver )arsely sprinkled in them) are greater than the brosa and chispeado amount, tlley are far less in amount than the azogues, or amal— ..l]ating ores, witii which brosa, ehispeado, and clavo Silver are ,rrou1lded. These two classes of ore being fed by the Challenge beders to tile several batteries, pass through tile screens to tile lunders, and the pulp goes directly to amalgamation or to concen tion, since these ores can with equal facility be either amalga_ bated or comicentrated 
In ease of amalgamation every two pans empty into one settler, I the amalgam discllargcs continuously from tile settler by cup_ -siphon connection to the amalgam safe, in which it is strained he anlaiglm goes from the strainer to the washing-pan, and it is ped that by this nlecllanical washer the amalgam can be thoroughly '"1 from pyrite, mispiekel, and bleude, and that the retort silver be very fine. The old practice with the arrastres, where the amalgam was washed by hand, gave a retort so full of blende and rites as to necessitate cupellation of the retort silver in order to rodiuce fine bars. 
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'lIed badly, from single blows, which were considered fbirly to 
represent the condition of the steel at the time. In regard to the 
mechanicalcondition and treatment of the steel, it was made just as — even wore care being taken with the mixtures, the heat at 

vessel, the casting, and every detail of manufacture likely to af— _t its rolling; while, in the blooming—mill, extraordinary pains 'ere, of course, takeii with the heating and rolling. 
Following is a tabulated statement of the manganese Percentages, with corresponding observations on the rolling qualities of the steel, J also the dates on which samples were taken. 

5>ate. Manganese. Steel rolled 

April lltliwdlUi 
16th and lSth .59 Well. 

11th .02 Medium. 
20th .57 Badly. 

L 
21st .43 Very Uadlv. 

21st .46 Badly. 

aol .75 Medium. 
2d lOS \Vell. I 

A curve is also given in the accompanying diagram drawn with 
rnanganese perceutages, as ordinates and days on which they were ktermiued as abscissa, each large vertical space representing .1 per 

t. of manganese, the horizontal distances being days. For corn- ison with this, an approximate curve of rolling is shown in clotted 
being plotted with horizontal distances as days, as before, and 



304 NOTES ON LARGE BLASTS AT GLENDON LIMESTONE QUARRY 

vertical spaces representing the rolling of the steel from "well" to 

"very badly." 
in this series of results the manganese was apparently the only 

element, either in the chemical composition or mechanical constitti. 

tion, which varied at all commensurably with the variation iii the 

rolling of the steel. It would seem fair, therefore, to attribute to it 
the variation. 

It may be noticed, in this connection, that we have here an in- 

stance of rail-steel made on a formula somewhat similar to Br, 

Dudley's, the result of which was decidedly unsatisfactory. 

HOTES OH THE LARGE BLASTS AT THE GLEHDOIY 
LIMESTOHE QUARRY. 

BY FRANK FIRMSTONE, GLENDON IRON WORKS, EASTON, PA. 

SINCE the blast fired August 15th, 1878, which was described by 

Mr. Clark,* and up toNovember, 1881, we have fired three smaller 

blasts, one in the southwest corner of the quarry, and two in the but- 

tress of rock left standing by the first blast iiear the month of the 

main gangway. 
We intended to keep an exact account of the stone thrown down 

by each blast, but the large quantity required by the furnaces iflCt 

the beginning of 1879, and the time taken up by more impoi'tant 

matters, have caused tins to be neglected, so that it is not possible to 

separate exactly the cost and quantity of stone obtained during thi 

time by the old method from that furnished by the large blasts; yet 

as the latter quantity has been much greater than the former., 5011W 

notion of the value of the large-blast plan may be reached by cofll 

paring the figures from September, 1878, to Noveriber, Wit!' 

those for times when the old system was exclusively used. 

Since 1878 wages havebeen raised, lowered, and again raised,'1 
to get a year of sufficiently large production for fair comparison it 

necessary to go back to that ending April, 1872, when wages 

supplies were different from present prices and from those of i8 

THE METALLURGY OF NICKEL AND OF COPPER. 305 

r this reason the two most important items are given below in 
only and not in money: 

The labor includes siedging all stones above about one foot cube, 
loading on cars, and delivering by horse-power over a railroad about 
a quarter of a mile long to the furnaces, and dumping there; the - includes all that used in block holes and driving gangways, addition to that used in the large blasts. 

Steel, tools, and supplies show a considerable proportionate re— '' but the money value of this item is small in both cases. 
There has been a slight reduction in the average grade of labor 

employed, and a corresponding reduction in average wages coin- 
pared at the same rates. 

In addition to the great reduction in powder and the considerable 
1 prod net per man per day, we consider the method by large as decidedly safer than the old plan. The chances of blasting 's are greatly reduced by doing away with the sand blasting; ere is no climbing along the face to drill and blast, arid very little "bar" down loose stones, and the loaders and sledgers, working 

enerally at a greater distance from the face, are less exposed to in- ";' from falling stones. 

OHTRThUT1OYS TO THE JIIETALLURGY OF 1'TJCKEL AYD OF COPPER. 

BY W. E. C. EUSTIS AND H. N. HOWE, BOSTON. 

TuE processes which form the subject of this paper have been 
perimented on in the laboratory of W. E. C. Eustis, but have 

passed beyond the experimental stage. The first is the invention . J. L. Thomson, of Capelton, Quebec, Canada, the others have -J invented by the writers. 

Tnoisos'5 PROCESS FOR TEE EXTRACTION OF NICKEL. 
s consists essentially in first rendering the nickel magnetic, and a separating it from the materials with which it is mechanically 

VOL. x.—20 

I 
Stone delivered to furnaces, 
Stone per pound of powder, 
Stone per roan per day, 

Apr11, 1871, to 
Apr11, 1872. 

58,051 tons. 
roe 

3 68 0 Tee 

Sept. 1st, 1878, to 
Nov. 1st, 1881. 

190,180 tons. 

433 ice 

I 

* Transactions, vol. vil, p. 266. 
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mixed by means of a magnetic separator. In the case of oxidize1 

compounds of nickel it would generally be desirable to bring the 
nickel to the metallic condition, in which it is most highly magnetic. 
The compounds of nickel with SUII)llUr would probably, in the ma. 

jority of cases, be most readily separated by bringing the nickel ap. 
proximately into the state of subsulpliide, in which condition it is 

also magnetic. 
In most cases where nickel occurs with a considerable proportion 

of the heavy metals it would be best to effect the magnetic separation 
before fusing the material, since, on fusion, the nickel would enter 
into a chemical combination with the other metals present, as an al- 

loy, matte, speise, or similar compound, from which, of course, the 

magnet could not separate it. 
For cases where nickel occurs with a large proportion of iron, the 

following plan has been proposed by the writers : The either natu- 

rally or artificially oxidized compound of nickel is treated with a 

mixture øf carbonic oxide and carbonic acid, or of other reducing 
and oxidizing gases, in such proportions that they are capable of 

reducing nickel so nearly to the metallic state as to render it mag- 

netic, but still containing so much èarbonic acid or other oxidizing 

gas as to be unable to reduce iron to that condition. It cannot be 

positively stated that it is possible in this way to render nickel mag- 
netic without at the same time rendering iron magnetic, but experi- 
ments made by the writers render it probable that this can be 

effected. Having rendered the nickel magnetic, it can then be 

separated with the magnet from all matter with which it is me- 

chanically mixed. 
This method of reducing nickel with a mixture of gases not suf- 

ficiently reducing to render iron magnetic is an application of a gea 
eral method patented by the writers. 

Experiments tried with the nickel ores of Orford, Quebec, CaiIa(la, 

which contain a small portion of pure millerite, with calcite, pyroN- 

ene, and chrome garnet; gave a concentrate containing over 60 per 
cent, of nickel. Cobalt would probably, in most cases, follow the 

nickel into the concentrate. 

The ores of the Crown Mine, at Eustis, Quebec, Canada, coflt 
chalcopyrite, pyrite, marcasite, and intermediate compounds, conth'" 

ing copper in every possible proportion from nothing to 30 per cent. 
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these sulphuretted minerals is mixed a variable amount of .s gangue. The writers found that,, on burning these ores heaps or in kilns, all the snlphurettecl minerals became mag_ so that, on making a magnetic separation, the whole of the r passed into the concentrate, only a trace being found e non-magnetic portion. Although the method is map— 1e to the Crown ores on account of the small amount of gangue vhicli they contain, yet sulphuretteel ores of copper might, in nianv cases, be thus treated advantageously if they contained much gangue.' 
The necessity of first pulverizing the burnt ore is a drawback to as to all other methods of concentration, since the difficulty of ' suhsequen fusion is, of course, greatly increased by the fine of division of the ore; it places, however, the concentrate in an xcellent state fbr treatment in the wet way, The consumption f power in pulverizing a burnt ore is very much smaller than in ."'lverizing the same ore when raw, which is so much to the acivan— thge of the magnetic separation as compared with the ordinary me- chanical separation. 

The fbllowiug obvious extension of the above principle is pro— ed by the writers: Any metal existing in chemical combination any oxide or sulhide of iron, or nickel, or cobalt, or with any w combination of either of those metals capable of being rendered gnetic, can be separated by the magnet from all gangue and other with which it is mixed, excepting such materials as would neeessariI be rendered magnetic by the treatment. which renders rnagnetic the metal which it sought. The sel)aratiofl of gold bearing pyrites froth quartz and other angues might sometimes be advantageously effected in this way. 

ELECTROLYTIC METHOD FOR SEPARATING NICKEL AND OTHER 
METALS. 

Thi5 process consists essentially in the precipitation of nickel and r metals from their moltel) slags, on bars of iron or other metal Pserted in the slag. The process of Rivot and Phihipp5 precipitates per from its molten slags on iron bars. Our experiments prove not only iron, but even copper precipitates nickel from its fused Icates, and, conversely, that neither nickel nor copper will pre- tate iron from its slags, nor will nickel precipitate copper from 1preous slags. 

MAGNETIC PROCESS FOR STJLPHURETTED COPPER ORES. 
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In the experiments, an oxidized salt of the metal which e 
sought to precipitate was fused with silicates of iron and lime, and 
with nitre or some other strongly oxidizing flux, to insure the corn 

plete oxidation of the metal before the attempt to precipitate it was 
made. After complete fusion, we inserted into the slag a bar of the 
metal on which it was proposed to precipitate the metal contained in 
the slag. 

On suspending iron bars in nickel-bearing slag, they were 

rapidly coated with a beautiful covering of nickel, in many cases 

adhering tenaciously, and having a surface resembling Etruscan 

gold •in texture. The nickel, as it precipitated, would run down 
the sides of the bars and trickle from their ends, forming lit- 
tle buttons in the bottom of the crucible. These buttons con- 
tained considerable quantities of iron, although the iron bars were 

suspended some distance above them. From this it is to be 

inferred that the iron alloyed with the freshly—precipitated or 
nascent nickel while the latter was running down its sides. Whe- 

ther it w'ould be possible to precipitate nickel at so low a tempera- 
ture that iron would not alloy with it, we áannot state; but that 

nickel is precipitated from its slags at temperatures considerably 
below its melting-point is indicated by the following experiment: 
When copper bars were inserted in a melted nickel-bearing slag, 
the sides of the bars were rapidly coated with metallic nickel. 

Now at the point of contact of the slag with the copper bars, the 

slag can have been but slightly above the melting-point of copper, 
and therefore far below that of nickel. For the solid part of the 

copper bars cannot have been hotter than the melting-point of 

copper. The melted layer of copper (if any) on the surface of the 

solid portion must have been very thin, as otherwise it would have 

trickled down the sides of the solid portion, and, being very thin, 

its outside surface can have been but little above the surfaCe 

of the solid portion, which latter could not have been hotter than 

the melting-point of copper; and, finally, the layer of slag which 

was in contact with the thin film of copper on the outside of tliC 

copper bars must have been but infinitesimally hotter than the surfa 
of that melted copper. Nevertheless, from the comparatively cOol 

surface of contact between the copper and the slag, nickel did rapidly 

precipitate. 
To make this precipitation of metals from their fused slag 

more thorough and rapid, we propose to pass a current of elee 

tricity through the slag while it lies melted on the hearth of 

ELECTRICAL APPARATUS AND PROCESSES 

reverberatory or other suitable furnace. The furnace_bottom would F be made the anode of the current, and the metallic bars inserted into the fused slag would act as cathodes. In many furnaces the bottom contains sufficient metallic matter to make a very efficient cathode, but a carbon bottom, such as has been used for the produc- tion of ferromanganese on the open hearth, would probably act much more efficiently. 
The writers hope at another time to present to you further facts as to the relative positions of the metals on the scale of electropositiveness at these high temperatures, and in slags of differ- ent compositions and different degrees of acidity. 

ELECTRiCAL APPARATUS AHD PROCESSES FOR TIlE IlI]Q7HG A2TJJ JIETALL URGICAL EiVGI1TEER 
EY N. S. KEITH, NEW YORK CITY. 

No one of the live subjects of the day, to which the attention of the mining engineer and metallurgist should be turned, is of greater interest to him than electricity in its applications to various mechanical, chemical, and metallurgical operations. The object of paper is to call the attentioti of my fellow-members and asso- iates of the Institute to various new, as well as comparatively old, .relopmeijts in the science and art of electricity which seem to promise results of advantage. To0 many of the comparatively old applications have been ne— iected by the mining engineer, which, if he had given them a place mnong his appliances, would have assisted him greatly. The ide- raph may be noticed as one. Its use is, however, confined to a )erson having skill in the manipulations of the key, the reading of e alphabet and familiarity with the sounder. One of the simpler rmsthe call-bell_has a range of application far greater as to istance and convenience than the old wire-pull, or the hoarse Voice the windlass_man or the bucket_dumper. A few Leclanché cells, 0 or more electric bells, and a mile or more of wire judiciously l will put the superintendent, at his office, in communieatjon the foremen of his mills and mines, so that by the aid of a code Signals, great advantages may be gained without necessitating knowledge of the Morse alphabet, or of the mechanical voice of the nder. The telephone furnish a means of communication be-. 
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tween the often widely separated places of duty, which will save 
many a step, much loss of time, and wear of horse and body. i 
can be used by anyone who can speak. 

But I wish to call attention particularly to a description of n 
applications of electricity which the miner and metallurgist will 
find, before long, so essential to his profession that their theory and 
practice will he tanght in the schools the same as metallurgy, miner. 
alogy, and chemistry now are. That which we may call the new 
electricity is due to the practical development of the theory of the 
conservation of energy, and the consequent production of mechanisth 
for the generation of currents of electricity of any desired quantity 
and tension. So new is this electricity, in fact, that even the re- 
cent graduates of the mining schools know little or nothing of its 
modes of production or of its applications in practice. I will speak of the new applications which are the result of the 
extensive prodction of machinery for generation of electricity. 
First comes that which appeals sensibly to the eye—light. It 
has been fully determined that there is no light, except daylight, as 

cheap as that produced by the voltaic arc ; none so pure in color, 
none so bright. Many arc lights are in use in rolling—mills, maehne. 
shops, hydraulic mines, surface works, and other places. The miner 
needs the electric light in the shaft—house, the stamp—mill, and at 
the furnace. If he has no engine at the shaft-house the one at the 
stamp-mill or furnace can be used to run an electric generator, 50 

that not only his shaft-houses can be illuminated, but also his mill 
or furnace, and even the road between, much cheaper than he can 

produce one-tenth of the light by the use of candles or kerosciit, 
and with much greater safety. 

It is doubtful, however, whether the voltaic-are light will be of 

any great practical utility in na'rrow veins of mines, because the 

light produced is too great in quantity and much more than 
needed, by far, in the narrow space. Nor in the headings or stop€5 
is it applicable, as it requires in such places too frequent moVing. 
The work at the new railroad tunnel through Bergen Hill, at W ee 

hawken, is successfully and economically lighted by eleven arc lights 
placed upon the circuit from one electric machine, two and oneliaIt 
miles long. The conductors are of well-insulated copper wire, Car- 

ried along the ground, upon poles, down and up the shafts, and int° 
the various headings. The men can do more and better wO14 
the good light. In lighting the banks at hydraulic mines, in irOfl 
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ore pits, in open cuts of railroad work; in thet in all large spaces in which night-work is carried on, this light has no equal. Take now, some of the applications of electricity which can be used by the miner and metallurgist if he has at his main engine, or r-wlieel, a suitable generator of electricity. He may be sink- lug a shaft at the top of a mountain where it would he impractieal)le to place or operate a steam-engine. If he places there an electric motor, and connects it with a generator by Conducting wires, he will have power at his command at the shaft, which, by the mere turning of a switch-handle, will work the whim or windlass, and hoist ore or rock, or work a pump. I have an instance at hand where electricit- is now used in mining for the transmission of power, in the Loire Valley, in France, at the works of the Compagnie de ha Ferronire. One Gramine machine is employed as a generator of electricity, and another as a motor attached to a drum which stands at the head of an inclined plane 1 10 meters long, with a grade of 4 centimeters per meter. The generator is 1200 meters from the motor. The load raised is about 800 kilograms (17G0 pounds), and the ascent is made in one minute and a half. The work goes on with great regularity. The starting and stopping can be done as as desired. By means of a galvanorneter in the circuit one nn tell at any moment \Vhat is being done at the incline, whether ' work is stopped, whether the wagons are coming up filled, or etc. The work is about two—thirds of a horse-power. By means of this current one can ignite blasts, and work dee- tric drills, which are said to be economical in comparison with the steam drill. The operator can stop and start the drill at will, and have all the advantages of mechanical movements without the personal attention of an engineer at the shaft. He can all his works from a central station at the mill, or other place he has available power. Branch wires can be taken to the boratory, where the electric current will aid him in his analyses I tests, and with it he can heat, boil, cupel, roast, and perform all operations of the laboratory which require heat, power, or the ermination of chemical affinity. It will detect imperceptible . in iron and steel bars, and determine the amount of carbon in • Think of melting metals by the fall of water! The sugges- of it even, not so many years ago, would have secured our ex- Ommunication 
It would take too long, and far exceed the proposed limits of this aper, for me to enter into the particular modes and apparatus for 
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carrying on the various operations which I have enumerated; but I will briefly describe a few practical operations which can be car. 
ned out on a large scale. 

For quite a number of years, in the neighborhood of Swansea, in 
Wales, a method of refining copper and separating such gold, silver, and other metals which the impure copper may contain, has been 

practical operation on a large scale. P]ates of black copper are made the anode in an electrolytic bath, consisting of a solution 
of sulphate of copper. Other thin plates of pure copper are made 
the cathode in the bath. By the electrolytic action of the current, 
produced by an electric generator, copper alone is dissolved from the 
black copper, and is deposited in a pure state upon the cathode. The 
impurities of the black copper sink to the bottom of the vat, and 
are removed from time to time and treated for their contents of gold and silver. The cathodes, as soon as they have reached the desired 
weight, are removed, and the copper thereon is melted and cast into 
bigots for the market. This process has been found more economical 
than any other for accomplishing th' same result. 

An analogous process is the one invented by me for the refining 
and clesilverization of base bullion. The bullion, in plates, is plaeel 
in a solution of acetate of soda and sulphate of lead, and is so con- 
necteci with the source of electricity as to be an anode, while plates 
of other metal are the cathode. Lead is dissolved and deposited 
electrolytically; and the deposit is practically pure. I have invented 
an improvement on this process, which consists in taking the skim- 

mings of zinc, lead, and silver, which come from the kettles in the 

process of desilverization by means of zinc, and putting theni in 

bags as an anode, dissolving both the lead and zinc, electrolyticrily, 
and depositing them together as an alloy, or mixture, upon the 

cathode plates. The contents of gold, silver, etc., are retained in 
the bags, and are treated for these metals by smelting. The coiil 
bination of pure lead and zinc is removed from the cathode anti 

added to the next., or some other succeeding lot of base bullion, 1)Ut 

into the kettles for desilverization, and in that manner the process 
continues. In place of treating the whole mass of bullion by electro- 

lysis, I get, in the first place, by the zinc desilverization, say, 80 per 
cent, of the base bullion as market lead; and, say, 22 per cent. of 

mixture of rich lead and zinc, which goes to electrolytic treatment. By 

adding then, the pure lend and zinc to the succeeding lot of bulliOn, 
I effect the desilverization, and remove from it, as market lead, 
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t approximt equal to the quantity of lead which is in the Jlion l)laced in the kettle. . The process which ha within a year or two been reintroduced by Siemens for melting steel by electricity can be applied to melting other metals and materials. The apparatus for this operation is omparatively simple. Take a black-lead crucible of proper size and put it in another suitably larger, and in the space between the walls of the two pack some good non-conducting material like as- bestos. ILntroduce through a hole in the bottom of this combination a carbon rod, like one used in the electric arc light, and lute around Pt well with a paste of clay and graphite, so that it forms a con- to the interior of the inner crucible. Next provide a cover, with a hole in the centre of a size to admit freely another carbon rod. Now place above the crucible the mechanism of an electrin [lamp so that the carbon carried by its movable rod can enter the crucible through the hole in the cover. Place in the crucible an amount of steel, or other metal, put on the cover, pass through the - 
in it the carbon rod, and connect it with the movable carbon 'icr of the lamp; connect the body of the lamp with the positive - of the current generator, and then connect the carbon which )asses through the bottom of the crucible with the negative Pole. J:ate1y the upper carbon vihl be automatically witlidrawi slightly from contact with the metal in the crucible and form a vol- • 

arc at that place. Fusion goes on rapidly, so that some pounds f steel can be fused in twenty minutes. The lamp mechanisni serves to keep the carbon rod at its proper separation from the metal. iemens says that there is no other equally economical mode of 
fhsin 

small amounts of steel; because there is none which so con- ntrates the heat upon the material which it is desired to fuse. r1 fact the fusion takes place before the outer crucible is raised any nsiderable degree in temperature. 
The latest development in electricity is in the so-called "Storage" fit. By the term "storage of electricity," I do not desire to be 1_T=j literally, any more than I would be so understood in peaking of the store of heat in coal. It is merely a convenient term, which avoids giving a chapter in physics. The first stor-. of electricity, other than in its so-called static condition, was tcted by Planté in his well-known secondary battery. In this :e, as in all subsequent arrangements for storage, energy is absorbed fl the decomposition of water by electricity, which is again given as a current of electricity when the proper circuit is furnished; 

I 

I 
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or, better said, when the proper association of materials is made 
The value of this arrangement of Planté, and the scope of applica. 
tion of its modifications has not been recognized until recently. 

There is nothing to be gained by expending zinc and acid for the 

production of electricity to effect chemical decomposition for sake of 
the subsequent reverse action as electric current, for the battery can 
be used directly whenever such current is desired. But the recent 
mechanical means of generating electricity have so cheapened its pro- 
duction that it is now sometimes desirable to store up the electricity 

produced, as it were, in some portable form, so that it may be util- 
ized in a place which is not available for its direct production and 
use. 

The line of development which has received the greatest attention 
•is the one of which Planté's secondary battery is the type. Faure's 

arrangement is the most prominent. The capacity of both depends 

upon the porosity of the surfaces of two lead plates; one in con- 
nection with the positive, and the other with the negative pole of a 

source of electricity. Planté's cell acquired its limited capacity by the 

result of repeated oxidations and reductions, effected electrolytically, 
of the surfaces of the lead while in a bath of acidulated water, 

Faure increased this capacity by applying a coating of oxide of lead 

directly to the lead plates, so that the increase on a given surface, in 

comparison with Planté's, is in the proportion of 2000 to 75. 
The operation of charging and discharging these cells is as follows: 

A source of electricity, having an electromotive force somewhat in 

excess of two volts, is connected, as before stated, with t.he two leal 

plates in a bath of water acidulated by sulphuric acid, and the cur- 

rent is allowed to flow in them for a time, limited by the current antI 

capacity. The result is that the coating on one plate is peroxidized 
and the other has its coating of oxide reduced to metallic lead. If 
the source of electricity be then disconnected, and the wires which 

are attached to the lead plates be kept separate, the charge will be 

only very slowly dissipated. But if the wires be connected, either 

directly or through any conducting substance, an electric currelit 

will flow in the reverse direction to that which was passed through 
the arrangement from the source of electricity, until the orig11i 
condition of oxide on both plates is resumed. The action Of the 

current through the plates is first to decompose the water of the solii- 

tion in which the plates are immersed; the oxygen goes to the pose 
tive plate and is absorbed in peroxidation, while the hydrogen go 
to the negative plate and acts there as a reducing agent, making 
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metallic lead from the oxide. The reverse action takes place when 
the wires are connected. So it will be seen that the original electric 
reurrent determined a chemical affinity, which, when circumstances 
[allow, reassci'ts itself with the development of a current of electricity. 
On a future occasion I expect to be able to describe a storage battery f my own invention, the particulars of which I am not at pres- 
ent prepared to give. 

Sir William Thompson found one million foot—pounds of electrical 
energy stored in a box weighing, with its contents, 180 pounds, made 
by Faure, at Paris, which he set fi'ee by use in Scotland. 

The decomposition of only one pound of' water by electricity ab- 
sorbs about 5,300,000 foot—pounds of energy, which can he drawn 
at will from the storage battery through an electric motor. This 

equals 2 horse-power for an hour. The waste of power in the pro— 
h: cess of storing is not yet well determined, but the economic results , promise to he favorable, and if expectations be realized, the applica- tions of " bottled electricity 

" will be many. 

DISCUSSION. 

PROF C 0 fHOMPSo Cm you give me any information with 
regard to a possible pollution of' the atmosphere b the electi'ic light 
through the foi'niation of compounds of oxygen with nitrogen? M. KEITh: I cannot say that there are any specific data on this 

point. Ozone is l)robably formed, and that may possibly act upon 
nitrogen of' the atmosphere to form nitric acid. Some investigators have sai(l that nitric acid can he detected in the neighborhood of the voltc arc, but not in deleterious quantity. Ozone acts to oxidize 

organic matter, and to that extent may be a purifier of the atmos- 
phere. 

MR. G. W. MAYNARD: I am glad to bear testimony to the 
Utility of the electric light in mills. I have seen it in use in several 
mills having from twenty-six to sixty stamps, with great success. 
The apparatus used were generally those made by the Brush Corn- 
any, and of the arc type. The light has a very penetrating qual- 

especially useful in the dust of dry stamp-mills. Under its 
the amount of work done by employes is very materially in- 

Electricity is used for the refining of black copper in South 'Wales, the Messrs. Elkington. I believe they use a chloride solution "d of a sulphate, so that insoluble chloride of silver is formed 
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at the anodes. A very large. number of tanks are used, and the 
electric generators are those made by Wilde, of Manchester, Eng. 
land. This process is also in use at Mansfield, Hamburg, and other 
places in Germany. 

Mn. H. M. HOWE: Will Mr. Keith tell us whether one pound of 
his apparatus, including apparatus and contents, will contain as 
much energy as one pound of coal; and also, roughly, what will be 
the cost of 1000 foot-pounds as stored in this manner, that we may 
see how the cost of energy so stored compares with its cost when 
stored in coal? 

MR. KEITH: The comparative aggregates of energy are due to 
the combinations of two elementary substances in each case. In one 
to the union of oxygen and carbon for heating water in the produc- 
tion of steam for an engine; and in the other case to the union of 
oxygen and hydrogen to form water'with an incidental current of 
electricity. The amount of energy due to these unions is well known. 
Tvclve parts of carbon combine with thirty-two of oxYgen to form 

forty-four of carbonic acid, with a freeing of energy equal to about 
11,000 foot-pounds. Two parts of hydrogen combine with sixteen 
of oxygen to form eighteen of water while 6800 foot-pounds of en- 

ergy are freed. Our best steam apparatus utilizes scarcely 10 per 
cent, of the energy due to the combustion; but it is a very poor 
electric motor which will not utilize more than 50 per cent, of elec- 

tric energy supplied to it. Some recent machines are said to utilize 
from 85 to 90 per cent. Thus it will be seen that, pound for pound, 
the electric energy is the greater. The energy due to the union of 

oxygen and hydrogen to form a pound of water exceeds five million 

foot-pounds; 'and this can be stored for use electrically in apparatus 
weighing not two hundred pounds. 

Mn. HowE: So there is more available power in one pound of 

your machine than in one pound of coal? 
Mn. KEITH: I cannot now say that when we take into considera- 

tion the weight of apparatus. But in the matter of materials which 

go to develop the energy; yes, and in the proportion of about four- 

teen to nine. And in the matter of available energy, this is prob- 
ably large enough to more than counterbalance the weight of ap- 

paratus. 
PROF. SILLIMAN of New Haven: I have had some experience in 

the deposition of copper by the dynamo-electric machine, both practi- 
cally and theoretically. The process may, in my judgment, be made 

a commercial success. In the particular instance to which I allue 
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it was not commercially successful for the want of a large enough dy- namo. We had not at that time one of sufficient "quantity." One 
was begun by Mr. Weston, at Newark, of suitable magnitude, but 
failed of completion owing to destruction of his works by fire. It is 
merely a question of cheapness of power and the use of a suitable ._i; always with the understanding that the attempt must not 

based upon doing work beyond the capacity of the dynamo. Steel wires are coated with copper at the works of Wallace & 
eons, at Ansonia, Conn., for use in telegraphy. Copper enough is 

deposited on them by electricity so that small, strong conductors are 
prodnced, equal in conductivity to the much larger and heavier iron 

heretofore used. 
Mn. KEITH: I doubt the relative economy of the use of dcc- 

tricity in the separation of gold from silver. The process used in 
the government assay office and mints gives by-products, which 

very much of the expense of separation by means of acids. 
MR. HOWE: While black copper is successfully refined electro- 

lytically at Birmingham and Mansfield, copper refiners in this 'ry in vain endeavor to learn how to do it. I have clients who 
ould pay any reasonable price to the man who could carry out the 
ectrolysis of argentiferous black copper rapidly and cheaply. This i one of the great needs of the copper industry in this country. A very interesting process for the extraction of aluminium from its 

:0xidized compounds has lately been described to me by its inventor. The alurninous compound is placed in a carbon crucible, which is 
connected as the cathode of an electric current of great intensity. A arc is then thrown across from another electrode against this hon crucible, the current thus first melting and then decomposing aluminous compound, metallic aluminium being deposited on the s of the crucil,le. 

Mn. KEITH: I have heard such a process vaguely hinted at, but t say that I do not understand how aluminium can be produced 
Lexcept by some variation of the process. 
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THE SOUTHERX SOAFSTOXES, KAOLIX, ATD FIRE. 
GLA YS, AXD THEIR USES. 

BY PROFESSOR P. II. HELL, JR., PH.D., AUBURN, ALABAMA. 

AMONG the minerals exhibited at the Atlanta Exhibition of 1881, 
soapstone, kaolin, and asbestos were well represented. The first two 
occur in large quantities, of very pure quality, throughout the South. 
The last is somewhat limited in amount, yet in certain localities it 
exists in masses sufficiently large to pay for working ; in North Car- 

olina, Georgia, and Alabama it has been mined with some profit. I 
would, in this papei, call special attention to the minerals soapstone 
and kaolin, because their many valuable qualities seem to have been 
almost entirely overlooked by our Southern manufacturers. Steatite, 
particularly, occurs in such large quantities, and generally in such close 

proximity to the great iron legions of Alabama and Georgia, that it 
is amazing that the iron companies will persist in sending abroad 
under heavy expense for firebrick. It would require a much 
smaller sum of money to quarry this rock and place it at the various 

furnaces ; and the results obtained, I am sure, would prove its su— 

peiiority over the majority of firebrick brought into this region. 
Soapstone, as well as kaolin, is found throughout the metamorphic 

regions of Alabama, Georgia, South Carolina, and North Carolina. 
Below will be found seven analyses that I have made of this mit- 

era], taken from various points in the four States above mentioned. 
I have also subjected these same specimens to severe fire—tests, and 

the results were very satisfactory. The tests were conducted in the 

following manner: Small portions of the compact variety were care- 

fully weighed and placed in a Fletcher's new crucible furnace for 

gas, and subjected for half an hour to a heat that will in 12 minutes 

fuse iron. The only effect upon these specimens was a slight change 
in color to a darker shade, a small loss in weight, due evidently to 

the evaporation of water, and, in one or two specimens, a slight de- 

gree of fusion on the sharp edges. 
The first specimen subjected to investigation was taken from a 

large outcropping in Tallapoosa County, Alabama. 

Specific gravity, 2.88; hardness, 1.9; color, blue gray. 
Composition 

Water 2.68 
Silica 546 
Iron oxide 2.10 
Alumina, 15.02 
Magnesia 15.35 

10061 
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The second specimen came from Randolph County, Alabama, it is found in large quantities. 
Specitic gravity, 2.64; hardness, 2.8; color, blue gray. 
Cotnpoition 

The third specimen examined was taken from Clay County, Ala— 
where the outcropping is bold and extensive. I had occasion to use this rock several years since in building a 

furnace fr treating refractory gold ores, and I used it, at the same 
time, to incasc a large boiler that supplied the engines with steam. After ion and constant use th rock, exposed directly to the fire, 

exhibited but little wear, and but a slight fusion on the edges. 
Specific gravity, 2.89; hardness, 4; color, dark gray. 
Composition 

9.9.48 

The fusion of this rock in the furnace, mentioned above, was pos- due to the presence of iron. 
The fourth analysis was made from a specimen of very pure soap- found in extensive beds near Dalton, Georgia. This property, I understand, is now owned by Nr. W. W/. Lampkin, who lives in 

I.alton. The stone is superior in texture, and has the color and k of alabaster. It would make beautiful mantels, and hearths. 
Specific gravity, 2.95; hardness, 2; color, white. 
Composition: 

Sioa, 
I ui oxide, 

SIu.ncsia, 

200 
77.15 

• . .25 
• . 1.30 
• . 20.00 

100.70 

\Vater, 
Sfliea, 
iron oxide, 
Au mine, 
.11 Ignesia, 

93 

23 

IVater, 
Silica, 
Iron oxide, 
Alumina, 
Magnesia, 

160 
61.00 
2.51 
7.29 

27.72 

100.12 
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The fifth specimen, from Northeastern Georgia, gave the following 
results: 

Specific gravity, 2.80; hardness, 2.8; color, blue gray. 
Composition: 

The sixth specimen came from Anderson, South Carolina. It 
was sent me by Professor Charles H. Franin, who informs me that 
the mineral exists in large quantities. - 

Specific gravity, 2.9; hardness, 1.8; color, blue gray. 
Composition 

9964 

The last specimen examined came from Swaine County, North 

Carolina, on the line of the Rabun Gap Railroad. 

Specific gravity, 2.82; hardness, 1.8; color, blue gray. 
Composition 

100.23 

These analyses indicate the great value of soapstone for furnace 

linings, and the subject is, at least, worthy of the serious consider 
tion of the iron manufacturers. From the development that is now 

going on in the iron regions of Alabama, there will be required in 

a few years a large outlay of capital to supply the necessary fire- 

brick to keep the furnaces intact. And yet, if the deductions drawn 
from the above analyses are correct, the substitution of soapstone 
will save a considerable amount of money, and the results, I think, 
will be more satisfactory. 

THE SOUTHERN SOAPSTONES, KAOLIN, AND FIRE.CLAYS 321 

The Chewacla Lime Works, situated in the eastern part of Lee tv, Alabama, have made a trial of this rock. The kiln has a of 250 barrels a clay. The company were so much en— couraged that they have adopted soapstone as a lining, and it has been found equal to New Jersey firebrick. The rock is hauled sonic listance by wagons to the furnace. 
t In using Soapstone for furnace purposes, care should be taken to cut the blocks so that they may be placed with the croSs-section of the grain exposed to the fire. This will obviate the tendene- to crumble or to flake. 

The Indians made use of this mineral in many localities of Ala- bama, in the manufacture of various utensils. There are mans- ::avations in Tallapoosa, Chambers, Coosa, Clay, and Lee conntje,s j the beds of this rock, that were supposed by the inhabitants to have been made for precious metal. Not for from Tallassee Falls, there was an old Indian village called Tuckabatcha, north of which a bed of soapstone outcrops. The Indians of this village Were well acquainted with this locality, and seemed to appreciate its value, becanse they resorted to the spot for the purpose of niakin culinary utensils. They Iid a unique way of making these vessels, which cOnsjsted in inscribing the circumference on the foce of the rock, and excavating until the desired depth was reached, when they would :k off the mass and finish shaping. The impressions of these vessels ate seen on every portion of the excavation that they have at this point. At the Site of the old village fragments of these Utensils are still to be found. 
The next mineral of importance in this connectioir is kaolin substance is found in many portions of Alabama and Georgia, its purity is all that could be desired. Near Jacksonville, Ala- ma, and four miles northeast of Louina, in Randolph County, of ... same State, some excellent and extensive beds have been found. Specimens from the first locality gave, on analysis by Professor J. . Mallet: 

Water, 
Silies, 
Iron oxide, 
A u ni in a, 
Magnesia, 

2.84 
70.84 
1.16 
2.64 

22.17 

99.65 

Water, 
Silica, 
Iron oxide, 
Alumina, 
Magnesia, 

Water, 
Silica, 
Iron oxide, 
Alumina, 
Magnesia, 

3.01 
65.00 

• . .72 
• . 3.78 

27.72 

Combined silica, 
Free silica, 
Alumina, 
Peroxide of iron, 
Lime, potash, etc., 
Water 
Undecomposed mineral, 

39.75 

• . . . . . .78 

13.38 

99.61 s is a fine specim of white clay, soft and easily worked. VOL. x.—21 
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From the second locality, the analysis of J. W. Mallett gave: 
Combined silica 
Free silica 
Alumina 
Peroxide of iron 
Potash, lime, and magnesia, 
Water 
Undecomposed mineral, 

This is a much finer specimen than the one preceding. It is uni- 
form in texture, and quite soft. The absence of iron from the last 
analysis indicates a clay excellent in quality for the manufacture of 
porcelain. 

Some fire-clays are found in Alabama that will make excellent 
brick. Near Claiborne, on the Alabama River, is a finely divided 
silicious matter that is called by the people living there "chalk." 
This seems to answer well as a base for the manufacture of firebrick. 
It is infusible, and only requires the addition of clay to give it the 

proper adhesive properties to make good brick. 
It is found in vast quantities, associated with •buhrstone. This 

silicious matter passes across the State east and west, cropping out 
at innumerable points in bold relief. The natives use the rock quite 
extensively for building chimneys, and for making hearthstones, and 
those that have been exposed to heat for years indicate but little 

change. 

PHOSPHORUS DETERIhYATIOS IH PIG IRON A1D 
STEEL. 

BY F. B. BACTLMAN, AC., SOUTH ST. LOUIS, MO. 

THERE is such a great variety of opinion conerning the best 
method of determining phosphorus in pig iron and steel, that a hst 
of determinations, on a uniform sample of pig iron, together with a 

short description of the methods used by different chemists, and a 

few experiments on the accuracy of some of the methods used, may 
be of interest to members of the Institute. 

All the results given in List A are from the same lot of drillugs, 
thoroughly mixed, except Nos. 8 and 9, and 28 to 32 inclu5' 
which are from the same pig, but were taken at a later period. 
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LIST A. 

x . uani; t. Phosphorus 
Method. 

I A I 0.151 1 Molvbdate and magnesia 2 - 
3 0.1.52 1 
4 B 0.153 
S 0.15191 

modified 6 C o.is f 7 1 0.152 '' 0 0.1.54 1 " 
E 1.1.50 x 10 F (i.i.j " mdifij 11 ( r 0.141 1 '' '' 12 G 0.14.5 f " 13 11 0.143 " " 

modified 14 1 I 0.104 1 " 
1.5 [ 0.165 j 16 .1 0 147 I direct 17 .1 0.1.50 f " I J 0.144 " 
19 .1 ".154 " 
211 .1 0.150 " and magnesia, modified 1 ,r 0.1 u " direct 22 .1 0.1-17 " 
2$ K 0.1.51 Aptje method 24 K 0.1-52 
25 L 0.1106 Slaguesja or citric acid 20 L o.u'j 
27 L 0.100 2 L 0.097 I :: :: —J M 0.100 
SO N 0152 \Iolvlsh,te and magnesia, modified 31 N 0.151 J ' " 32 () 0.151 1 i " " " o 0.152 f I 

0.145 " direct P 0.l1 " and magnesia, modified 80 P 0.147 5 
37 P 0.150 J I P 0.147 " " P 0.109 " " 1' 0.139 1 " 

direct 41 p 0.140 42 1' 0.152 " 
and magnesia modified 

I 43 0.141 " 
direct 44 11 0.121 I " 

The brackets indicate duplicate determinations. A. is a P1ofessor of analytical chemistry. The analyses were made y his assistait, under his direction. The assistant has had a large perience, and was formerly chemist of an iron works. He uses 1 call the "molybdate and magnesia" method, as follows: Dissojv5 in nitric acid, evaporates to dryness, heats in an air several hours at a temperature of 120° C., dissolves in hydro_ 

17.44 
31.92 

e 
72 

99.30 
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chioric acid, filters, expels hydrochloric with nitric acid, ll'ecipitit in small bulk, made nearly neutral by ammonia, with ammoniwii 
molybdate solution [100 grams molybdie acid, 400 e.c. aminoi 
(0.96 sp. gr.), and 1000 c.c. nitric acid (1.2 sp. gr.)], filters, wa'h 
with ammoninm nitrate [325 c.c. nitric acid (1.2 sp. gr.), 100 e.c. 
ammonia (0.96 sp. gr.), and 100 c.c. water], dissolves in ammonia, 
precipitates with magnesia—mixture [magnesium sulphate and inn— 
monium chloride, each 1 gram, ammonia (sp. gr. 0.96) 4 c.c., wat(r 
8 e.c.], filters, washes with ammonia—alcohol (1 alcohol, 1 ammonia, and 2 water, by btil k), ignites, and weighs. Before the precipitation 
w'itli magnesia-mixture silica is separated if present. 

B. is a steel—works chemist, and uses the same method as A. 
C. is the general superintendent of a furnace company making 

Bessemer iron ; lie was formerly the chemist. He uses the same 
method as A., except that after dissolving the yellow precipitate in 
adds hydrochloric acid to acid reaction, then ammonia till the pre- 
cipitate formed redissoives, allows to stand several hours, and filters 
from separated silica. 

P. is connected with a company making Bessemer iron. He uses 
from 2 to 4 grams of iron, dissolves in nitric acid, adds hvdio- 
chloric acid, evaporates to dryness, heats one hour in air bath at 120 
C., and proceeds like chemist C. 

F. is a Bessemer—steel-works chemist; his method is like A's. 
F. is a Bessemer-furnace chemist, and works like D. 
G. is a chemist of a charcoal-furnace and car-wheel-works. Ilk 

method is the same as A., but lie writes: "I an) not surprised at my 
results being low, as I neglected some precautions which I should 
have taken." 

H. is a Bessemer-steel-works chemist. He dissolves in nitric nell, 
evaporates to dryness and heats an hour on a sand bath, dissolvis 
in hydrochloric acid, neutralizes with ammonia, redissoives with 

nitric acid and precipitates with molybdate, lets stand in a warl 
place four hours, filters, dissolves in dilute ammonia, pi.ecipitatt 
with magnesia-mixture, lets stand two or three hours, filters, di 
solves in hydrochloric acid (1 in 2), adds citric acid, neutralizes with 

strong ammonia, adding one-third the volume in excess, and ]( 
stand four hours or more according to the amount of phosphoru' 
present. His result (0.143), is low, and I understand from P., vb° 
has frequently checked him, that he is often as much as twO-hiL1' 
dredths lower than himself. 

1. is a Bessemer-furnace-company chemist. He dissolves 4 tO 

3 grams of iron in nitric acid, evaporates to dryness in a platinum dish, ignites, "till all the nitric acid is driven off and the combined rhon burned," takes tip in hiydrochloi.ic acid, evaporates low, iieu— ilizes with am Inonia, precipitates with Inolybdate, washes, precipi- tates with di! ate nitric acid and moly hdate, and proceeds like C., owing for the solubihity of the animomunn1anesjiini phosphate dilute ammonia. His results (0.164 and 0.165), are the highest of lot. The Similarity of the methods of H. and I., with so great in their results, seems to indicate either inaceui.a.y f or careless nlanipnlatioii probably the former. J. is a commercial chemist, whom I know only through corres— ondenee. He dissolves 1 gram of iron in a half-liter flask in nrm nitro—hvd,.ocjiloj.;0 acid, filters, evaporates to dryness on a rn bath, separates silica by moistening with water and evapo— to drvue,s five or six times, takes up in nitric acid, filters, aporates to S or 10 c.e., precipitates with 25 c.c. of molyhdate sohti— —, filters through teighed paper, washes free from iron with water ntaining 2 per cent, of nitric acid, dries till tile blue stain appears, I weighs. "1.63 per cent, of this precipitate is phosphorus." Yos. 16, 17, 18, and 19 were obtained by this method; No. by solution in nitric acid, evaporation to dryness, driving off all I, solution in hydrochloric acid, replacing hydrochlori0 by nitric, proceeding as above; No. 21 by reduciig the filtrate from the icon determination with a bisu Iph ite, precipitating as acetates, sol u— n in nitric acid, precipitation with molybdate, and weighing as agnesiutn pvrophosphate. J. says that he could not obtain good ults by weighing the yellow precipitate by this method, as it geuer- y contained a quantity of free molybdic acid. The silicon deter- flination was made as follows: Haifa gram of iron was treated with c.c. of sulphuric acid (1 in 8), heated, 1 c.c. of concentrated nitric d added, evaporated to dryness, and heated till nitric acid ceased be given o moistened with hIydroehloricacitj dissolved in 10 c.c. water, filtered, washed twice with water and three times with hot r containing 5 per cent, of nitric acid. This modification of Dr. M. Drown's method is due to Frederick H. Wjlljaiiis It can be fllpleted in one hour, and is accurate for irons not containiiig tita- .n. For phosphorus J. used 2.7927 grams, and acids in propor- 1, neglecting tile washing with nitric acid. The method is original h this chemist, No. 22 was made by solution in nitric acid, subsequent treatment being the same as 16 and 17. In this 
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analysis. p1ospliorus was lost through incomplete solution, i1 
salts being rendered insoluble in nitric acid, or by incomplete pre- 
cipitation caused by silica in solution. 

K. is a Bessemer-steel-works chemist. He always uses the acetic 
method, and says there are a great many small points, which, if not 
thoroughly understood, lead to low results; a fault too often appa- rent in determinations made by this and allied methods. 

L. is a firm of commercial chemists, one member of which is a 
professor in a prominent technical school. They use the citric acid 
or magnesia nietliod. The uniformity with which they obtain low 
results is remarkable. Result No. 25 (0.1100) was first reported by 
them, and when iron from the same pig, but a different lot of drill- 
ings, was sent them, with the express purpose of "settling definitely 
the question of results on phosphorus," they reported 0.096, 0.100, 
and 0.097. Their method is to dissolve 5 grams of iron or steel in 
50 c.c. of nitric and 5 drops of hydrochloric acid, warm and concen- 
trate till syrupy, and evaporate with 20 c.c. of hydrochloric acid, 
repeating the evaporation till all the nitric acid is expelled. Dilute, 
filter, (lilute the filtrate to about 000 c.c., add ammonia till a slight 
permanent cloud forms, then 7 to 10 c.c. of ammonium bisuiphite. 
Boil off the excess of sulphur dioxide, cool, add ammonia till a pre- 
cipitate forms, then 40 c.c. of acetic acid, and boil twenty minutes; if' 
the precipitate is small or slightly colored, add 5 or 6 drops of fei'rie 

chloride; filter, dissolve the precipitate in hydrochloric acid, add 2 

or 3 grams of citric acid, evaporate to 30 c.c., cool, add ammonia to 
alkaline reaction, and precipitate with magnesia—mixture. After 10 

or 18 hours filter, wash slightly with dilute ammonia, dissolve the 

precipitate in hydrochloric acid, add to 1 gram of citric acid, re- 

precipitate, adding a few drops of magnesia-mixture, filter after six 

or eight hours, and wash with dilute ammonia (1 in 8). 
M. is a commercial chemist, who works essentially as L., but usN 

but one gram of citric acid, and does not redissolve the magnesia 
precipitate. His results are also always low, so far as my experie1 
goes, but not as low as those of L. The nearest approach to accil- 

racy which I have seen in his work was 0.147 per cent, in an irOB 

which contained 0.152 per cent., L. having found 0.122 per cent. 
N. is a laboratory boy who thought he could do what he had 

seen others do. He used the method given under C., and his resultS, 

0.152 and 0.154 per cent., show the ease with which this method cafl 

be worked, this being the boy's second determination of phosph0t' 
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0. is a Bessemer-steel_works chemist. He dissolves 3 grains of iron or steel in nitric acid, evaporates to dryness, and heats on a sand-bath till the acid is driven oft; (hissolves in hydrochloric acid, rplaces lly(lrochloric by nitric, filters from graphite and silica, neu- tralizes with ammonia, dissolves the precipitate in nitric acid, and as under C. 
P. is myself. I am assistant chemist in a Bessemer_steel_vorks 

laboratory. Result No. 35 was obtained on a l.0-gram sample, king as under C. Nos. 36 to 42 are experimental auahyses,—36 .d 37 by the same method as 0., hut forcing the analyses to see if reliable work could be done in one day. I could have weighed the 
precipitate in eleven hours safely, but had to leave it till next morn— so that it actually required twenty-three hours. In No. 38 I ollowed chemist 1. (who reported 0.164 and 0.165 per cent.) to see if the method alwa s gives high results. The final precipitate was 

.waslied with animonia_alcohol, in which it is insoluble. The result, .147 pci' cent., is slightly low, as I had expected. un No. 39 I olved in nitric acid, and as soon as solution was complete, flu— and precipitated with molybdate, proceeding as usual. The , 0.109 per cent., which is 27.8 per cent, low, shows that all 
phosphorus is not obtained where there is not a complete separa- n of silica, a fact to vhich my attention was first called by Dr. T. Drown. Nos. 40 and 41 were obtained by the direct molybdate 

nethod, as follows: Dissolve 1 gram of iron in uitric acid, add 5 c.c. f hydrochloric acid, evaporate to dryness, drive off the acid on a 
Sand_bath, take up iii hydrochloric acid, replace with nitric, filter, bring filtrate to 15 c.c., precipitate with 20 c.c. of molybdate solu- , filter through counter_balanced filter-papers, dry t 1100 C., d weigh. 1.63 per ceut, of the precipitate is, or is supposed to be, hosphorus, I had been obtaining high results by this method, "1 was informed that by allowing more free acid to be present I not evaporating the filtrate to 10 c.c. as I had been doing, the esults would be more accurate. But this slight variation in the roeess carried the correction too far, and brught low results, as the case with No. 34, worked in the same way. Eggertz's 'l method gives low results, but this modification of it will almost anything you please, according to the amount of phos- irus present and the degree of concentration, and yet one can flost always get good duplicates by uniform manipulation. Q. is a 

Bessemerfurnace_company chemist. He uses the same hod as H. 
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It. is a Bessemer-steel-works chemist. He uses the direct lnoly1 
date method, but whether it is Eggertz's original method, or a fllo(lj. 
fication, I cannot say. 

The following lists give a comparison of results by the citric anti or magnesia method and the niolybdate-niagnesia method 

LIST B. 

'mi rith the per Ch emist, with the per 
Itf'trk centege Of plmsphw'ue by ('ciltage of phosphorus by the Citric-acid method, the niolybdate-maguesia 

method. 

Lot 17. L, 0.134 P, 0.155 
" " 

L,0.134 

L, 0.135 

L, 0.135 

M, 0.142 

N, 0.138 

18. L,0.126 
" " 

S, 0.133 

L, 0.139 

P, 0.144 

P, 0.144 

P, 0.170 

P, 0.173 

P, 0.144 
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LIsT 0. 

Chemjt with percentage Chemist, with the per- Mark, of phosphoru5 by the celitege of phosphorus by direct molybdate method, the mo]ybdatenngj0 
method. 

Pglron. 
No. 1. P, 0.161 1', 0.1.58 " 2. 0, 0.151 , 0.145 

2. 0,0.153J 
2. P, 0.152 

2. P, 0.153 

3. P, 0.181 P, 0.168 
3. P, 0.183 , o.io 
4. P, 0.157 

D, 0.150 
4. P, 0.158 p, 0.152 " 4. . 

F, 0.1.54 
5. 0, 0.145 0, 0.151 
5. P, 0.140 0, 0.1.52 
5. P, 0.139 P, 0.151 

Steel. 
No. 6. P, 0.137 

P, 0.137 

P, 0.070 P, 0.068 
8. P, 0.076 P, 0.072 

j " . P, 0.078 P, 0.070 
10. P, 0.077 ,P;O.069 

The foregoing results show that the direct method is far from accurate in my hands. 
The next list is a comparison of results by the molybdate_magnesia Ilo(1 with the method proposed by N. H. Mnhlenberg and T. M. Drown in a paper "On the Solution of Pig Iron and Steel for the Deternjinatjon of Phosphorus," read at the V'irginia meeting of the American Institute of Mining Engineers, May, 1881 :* 

* See page 85. 

15. 

20. 

U 

U 

U 

'' 
L, 0.126 

L, 0.084 

L, 0.088 

L, 0.122 

M, 0.147 

" 1.57. 

'' '' 
P, 0.152 

D, 0.150 

F, 0.154 

S., the only new letter appearing 
mercial chemists. 

in this list, is a firm of CotlI 
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LisT D. 

No. 

1. 

Molybdate-magnesia 
Method. 

Percentage of phosphorus. 

. 
Sulphuric Method. 

Percentage of phosphorus. 

0.1540 0.1560 

/ 

2. 0.1340 0.1349 

3. 0.1550 0.1530 

4. 0.1530 0.1550 

5. 0.1130 0.1139 

6. 0.1510 0.1520 

Average. 0.1433 0.1441 

These results prove conclusively, to my mind, the accuracy of this 
method. All the results by this sulphuric method (as I call it) were 
obtained in one day, or from eight to ten hours, so that the method 
is rapid as well as accurate. I used 3 grams of iron or steel, dissolved in 
35 c.c. of nitric acid, evaporated with 6 to 7 c.c. of concentrated sul- 

phuric acid till fumes of the latter were no longer given off; mois- 
tened with nitric acid, dissolved in water, and proceeded as usual, 
neglecting the second separation of silica. The yellow precipitate 
separates almost instantly, aiid may always be filtered in less than 
half an hour. The magnesia precipitate separates in two hours, if 
tile solution is kept below 25 c.e., and is stirred briskly for a few 
minutes. The only drawback to this method is the unpleasantness 
of the sulphuric acid fumes about the laboratory. Result No. 42, 
in list A, is by this method. 

I will now give a detailed description of a modification of the molyb 
date-magnesia method, as used by myself. I think it reduces the 
actual working time to as low a figure as any really accurate method. 
Results may be obtained in eleven hours, and, in regular working, 
results are reported in twenty-four, saving two days on the time em- 

ploy-ed by the method of chemist A., on which this modification 
based. Dissolve 3 to 5 grains of iron or steel in nitric acid (1.2 sp.gr.), 
when solution is complete add 5 c.c. of hydrochloric acid, evaporate 
to dryness, and heat on a sand-bath till all the acid is driven off 

There is no danger of the formation of any pyrophosphate. The 
5 c.c. of hydrochloric acid prevents the formation of basic salts, and 

allows faster driving without danger of spattering. Dissolve ' 
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concentrated hydrochloric acid, using as little as possible, evaporate quite low twice with 30 c.c. of nitric acid, taking care not to render . the iron oxide insoluble in nitric acid, dilute, and filter from the graphite and silica. The presence of the graphite and silica during this part of the operation renders the solution less liable to spatter when near dryness, and can in no way hurt the analysis; it also saves time which would he lost in evaporating a large amount of wash water if filtered from the hydrochloric acid solution, and, more— 
over, the nitric acid solution filters much more rapidly than the hydrochloric. I prefer a No. 4 beaker for this part of the operation. The filtrate and washings, which need not exceed 1.50 c.c., are neu- tralized completely with ammonia, and a slight excess added; con- centrated nitric acid is then added till the solution is of a reddish 
yellow, then molyhate solution in large excess, from 40 to 60 c.c. The beaker is heated to about 80° 0. for twenty minutes, then 

-. allowed to stand at 50° C. for one to one and one-half hours, filtered, the precipitate thoroughly washed with an acid solution of alnlnouium nitrate [niade of 325 c.c. nitric acid (1.2 sp. gr.), 100 c.c. ammonia (0.96 sp. gr.) and 100 c.c. water] dissolved in dilute ammonia, acidified with hydrochloric acid, and ammonia added till only the slightct T:S is perceptible The solution is then heated on tile steam-bath all odor of ammonia is removed, and the silica, which always separates, has become fiocculent. It is filtered through a close No. 2 
filter, ammonia added to the filtrate, which is then precipitated with t-mixture, and stirred briskly for several minutes. The silica which separates often contains a trace of phosphorus, which y be neglected in ordinary work, but may be regained by wash- ilig the paper once or twice with hot nitric acid, precipitating with molybdate solution, heating, filtering after fifteen or twenty minutes, A: ing in ammonia, and adding this solution to main solution. the final Precipitation is to take place rapidly, the solution should t exceed 30 c.c. As soon as the solution is perfectly clear it may filtered. In this ease, as in the case of the yellow precipitate, a y clear solution indicates complete precipitation, but as long there is the slightest trace of the precipitate floating in the solution e is danger f incomplete preoipitation. It is now filtered through two_inch paper, washed with a solution of 1 part alcohol, 1 part am- 

!flonia, and 2 parts water, by bulk, transferred to the crucible without lying, and the full heat ofa Bunsen.burnerfurjied on till the paper begins to char. The burner is then turned low, the carbon burned 'at a dull red heat, and the precipitate weighed as soon as cool. 
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ble (liscoloratlon of the soil by iron-rust along the line, and a little 
digging revealed goOd ore near the surface. The harder parts of ti5 
(like were the most prominent, and its direction governed the (lirectioii 
of location of the claim. This (like varies in width from a few feet to 50 
feet or 70 feet, and dips to the westward atan angle of from 550 to 65°. 
It cuts indiscriminately through shales,qnartzites, and limestones, and 
is evidently of igneous origin. The contact, however, with the 

abutting edges of the disrupted beds is not always marked by any 

great change in their appearance or composition, though in places 
there is obscure metamorphism, impregnations of silica, and sonic 
modifications of structure. The dike itself has a distinct vertical 

lamination or structure through most of its substance, and is more 

or less peietite&l by veiulets of quartz. In some portions it is 

highly crystalline and nearly barren, and in others consists chiefly 

of a fcldspathic base, in which the feldspar crystals are obscure. 

It passes into a feisite, which, in the decomposed portions of the 

dike, and when slaty in structure, might be mistaken for the partly 
decayed sliales or quartzites. Large portions of the (like are so 

penetrated by quartz as to consist largely of it, a ad in igli I Ic c.il lid 

uartz, although close examination will show the I ,rcencc of 1db 

spar. 
__________ _______ - — 

I 
——— — 

( Il 
/ i' \ 

',- 

'l'he aceom pa lvi l1 cross section (Fig. 2) of the chief part of the 

(like taken on the tirst level of the Head Centre mine, upon the 

Contention lode, will convey a better idea than can be given ill 

words. It shows the vertical structure, and the general distrihu 
tion of quartz in vertical seams or layers, and in one place a viig, 

or cavity, in which there are distinct quartz crystals. Iii genet8l' 
however, combs of quartz crystals are wanting; tlit 

Fie. . quartz being in an amorphous, subvitreoiis state, or 
the form of chert. The lamellar arrangement of tlui 

quartz near the central part of the section is shown by 

the little cut of full size (Fig. 3) of a fragment ground 
down to a plane surface. The lines represent the 1ayel 
of quartz; the intermediate spaces arc filled \Vith fell- 

spar. This lamination is typical of the vertical strti 
ture of the dike. Another fragment, with less quartZ 
taken at a distance of about two feet from the 
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lucre is also a coniderabJe amount of mineralization of the (like .y iron pyrites diseiii mated irregularly in its sn bstance in cubical rvstals, 1104 of which have dissolved out and left the cavities only to indic ltc t hut foi iou pie (( e, m ii in in onie pl l( c a in sss f porphyry or of quartz. Although the mine has been worked to a depth of 600 feet, and there are some 12 to 15 miles of drifts, levels, and winzes iii the Contention and adjoiuin mines, tile unde— 
;coriipoed ores below the water—line have not yet been reached and 
mil]ed, ainl all tile ores above are in the decomposed and OXidized nditioii co/union to surface ores. A large part of the ore is highly iarged with red oxide of iron, to such an extent that the clothing the miners becomes saturated with the rouge-like powder, and the lailings at the mills are blood—red. r There has been an extensive decomposition of the porphyry, pecially along the upper 300 fact of the dike, resulting in the for- ion of quantities of white clay, kaolin, sometimes perfectly snow— s'hite and pure, but generally more or less mixed with red oxide of This kaolinizatiois extends in places to the adjoining shales, there are some white, clavlike, interstratjfied beds which may, on rUier examination, be found to be altered felsitic offhoots from I dike. It is not et possible to say what the exact nature of the - below tile water-level will be found to be. The only metallic ntents so far found, with the exception of the pyrites and some alenite and lead carbonate, are gold and silver in a comparatively state; part of the gold, if not all, being free, and the silver 
urring chiefly as chloride, or horn-silver (with probably souse 
ide), in crusts and films, also occurring in minute crystals upon 

consists chiefly of a felsite base with obscure crystals of feldspar spar— y distributed. Examination shows it to be penetrated irregu- larly by veinlets of quartz, as shown by the accou]panyiii sketches from ground and polished surfaces. (Figs. 4 and 5.) 

Fin. 5. 
F,. 4. 
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cleavage surfaces. The average value of silver and gold in the ores 
worked last year was about $70 per ton. The gold has of late ii_ 
creased from 20 to 25 per cent. of the value of the product, the rest 

being silver. 
GOLD IN PORPHYRY. 

One very interesting fact is the occurrence of free metallic golJ, 
together with chloride of silver, in the midst of the porphyritic rocks, 
at a distance of many feet from the portiolls of the porphyry carrying 
quartz in veins, and disseminated. This gold is found chiefly in a 

portion of the rock apparently d ioritic, containing finely—dissemi. 

nated hornblende. In decomposing, this porphyry becomes steatitic, 
and in places appears to be changing to serpentine. The gold is 

found in thin sub—crystalline flakes and scales, chiefly in and along 
thin seams and cracks in the mass of the rock, as if it had been 

infiltrated and deposited from solution. This is probably the fact, 
and the magnesian nature of the rock has no doubt exerted an im- 

portant influence in its deposition. Free gold is also found in quartz 
in th usual manner of association, but even in such specimens the 

crystalline feldspar of the dike is found. 

METALLIZATION OF THE DIKE. 

The time and manner of metallization of the dike may be consid- 

ered as open questions, for a solution of which we must wait until 

the mining extends below the permanent water-level of the forma- 

tion. It seems most probable that the rock, at the time of its intru- 

sion, was pyritous, and the strata adjoining it no doubt were. It is 

not impossible that there may have been a concentration of the pre- 

cious metals in the dike from the surrounding beds, the result of the 

decay and change of the pyrites diffused in the strata. On the other 

hand, we may suppose that the dike has been the source of the silver 

and gold we find in and about it. 
In either case the vertical laminated or stratiform structure par 

allel with the walls has been an important factor in the distribution 

of the metals, and in the changes and modifications of the original 
condition of the dike. We may readily conceive of such vertical 

planes of structure affording planes or lines of least resistance to 

vertical movements, while the abutting ends of the strata, in contact 

with the walls of the dike, would offer great resistance by friction. 

The condition of the dike along a great part of its course seems jo 

sustain and verify this hypothesis. There has evidently been C011 

siderable movement of parts of the dike upon itself resulting in the 
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formation of heavy clay seams and brecciated layers of porphyry and 
quartz, sometimes occupying a medial position along the dike, some- times at one side or the other, and again along the line of contact with the country rocks. Such seams and brecciated ground are some- times wanting, and the structure and condition of the dike remain 
unchanged. 

The whole of the dike with the adjoining strata have been sub- 
jected to extensive movements and displacements, shown not only by breaks of continuity, but by the brecciated cross-courses and seams - 
traversing both the ineoiis and stratified formations. One of these faults resulting in a throw of the northern portion of the Contention lode 150 feet to the west, and partly outside of the west side-line of the claim, has recently led to expensive litigation. The faulting seam or break has been drifted upon between the two ends of the 
disjonited dii e It consists of a heavy breccia of fragments of the 4 adjoining strata, together with a strong clay sali, mai king the plane of gretcst movement and slip Its direction is southwest and — northe ist 

In addition to the lateral movement there have been extensie vertical displacements, and it is probable that the lateral shifting may be ieferied to them It would be premature to attempt an exact description of the numerous faults and mechanical changes to which the dike hqs been subjected They require fuithei study and sur ey \1i Isaac E James, so long and well known upon the t Comstock lode as an accon)1)hishe(l mine engineer, now in charge, and has the subject under investigation. We owe the first determi— nation of the nature and position of many of the ertical faults and ! throws to his careful observation and surveys. Without now enter- 
ing into precise descriptions of particular displacements, it will suf— flee to give a sketch indicative of what has occurred, pioducing such a confused lecurren of ore upon certain levels of the mine, as to lead at one time to the supposition that there were several dikes of 
porphyry and ore oer a breadth of five or six hundred feet rihe movement appears to have been from the west eastward and 
downwards, the top of the dike being carried off in successive blocks by the sliding of masses of the stratified formations partly upon the planes of deposition of the beds (these dipping eastward and afford- f lug surfaces of easy movement), and partly upon steeper planes of fractui-e generally dipping eastward, as shown in the outline sketch 
section, which may be taken as typical This disruption of the dike, with its attendant fracturing and 

I 
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BEDDED ORE DEPOSITS. 
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brecciation of the country rock, accompanied by the movement of the dike upon itself, and the formation of heavy clay seams, has Pro- vided favorable places for the accumulation of ore. It is generally found in the softer and most broken portions of the dike, coincident 
no doubt, with the regions of greatest original metallization and 
subsequent movement, attended b clay seams. Such clay seams, with the accompanying ore, have by some been considered as marking 
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These also are associated with dikes and vertical fissures nearly parallel with the Contention lode. One of the longest and best de- fined is the West_Side lode, which may be traced for about two miles, until it passes into the underlying granite. Its northern prolongation appears to cut across the loughnut claim, and to connect with the :vei'tical fissure and quartz croppings at the Discovery shaft on the 
Goodenough. 

A second line of fissure cuts across the auticlinal line of the for— - 
mations at the open cut on the Toughnut, and crosses the whole of the Goodenough into the WTayTJp claim beyond. This has been followed on ore from the Open cut to the Way-Up, Ond is connected with the chief lateral bedded deposits. A lode has also been followed in the same general direction from the claim called the " 

Defnce," across the Tonglinut into the Goodenough. This lode is marked by very heavy croppings of quartz and flinty bould- ers lying above the limestone On the snrfhce. 
In the fissure extending into the WTaY_Up claim the ore was found in layers and bunches following the plane of the vein, extending upwards and downwards along its course in nearly vertical shoots or ore-bodies, but breaking off into the adjoining strata in fiat bed- like layers, particularly where the vein intersects the lower limestone 

resting on the novaculite beds. These bedded ofThhoots from the are often of considerable lateral extent, following the planes of stratification on either side. We cannot yet state with confidence iat the exact origin of these bedded deposits is. They may be due the decomposition of nodular masses, but they are generally de- Josited in the limestone as if by replacement. They may be regarded s filling irregular cavernous spaces eroded from the strata by metal- rous solutions, and without any regularboundarj5 These bedded 
masses (10 not have a symmetrical arrangement of the ore, except such 
Las may be referred to stratification or deposition by gravity. It is to he observed that these bedded masses of ore occupy the lime- Stones rather than the silicious or argillaceous strata, as we might t)ect from the greater soluhility of the limestone. Inasmuch as limestone strata are folded and turned up in different direc— the intersection of the liInestoue with the vertical plane of the is an irregular line. At such intersections the walls of the fis— - are corroded away and are obliterated, or are further apart than here the fissure cuts the siliciou5 beds, the shales, or the quartzites. 

the limits of a second or subsequently-formed vein, following the 
dike and independent of it. This theory, formed under the inspi- 
ration of the necessity of narrowing down the veiti and throwing it 
as far west as possible, in order to secure a greater length of it upon 
the Head Centre ground, would be fl)Ore defensible, if in the stopes 
any vein structure referable to a later deposition could be found. 
Instead of the fragments of broken porphyry, shale, anl quartz 
being cemented together by quartz, they are loosely aggregated, and 
show clearly that the formation is due to mechanical force and attri- 
tion. The clay seams are also not certain boundaries of the ore; it 
occurs on both hides of clay seams. The clay cannot, therefore, be 

taken as separating ore from waste. The seams, moreover, are not 

continuous, but give out, and in some parts of the (like are absent. 
The only place qpon the lode where water has been reached is 

upon the Sulphuret claim. At this point the lode intersects strata 
of limestone, and there is a bedded layer of ore following the strati- 
fication and connected with the dike. This ore is chiefly galena and 

iron pyrites. Very little has yet been taken out. So also in the 
Head Centre ground, at a higher level, where the (like intersects 

]imestone, a bedded or interstratified layer of ore occurs. But the 
best examples of bedded deposits in the district are in the Toughflut 
and Goodenough claims before referred to. 
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In this respect the formations are similar to many abroad. Mo5. 
senet' represents bodies or shoots of ore corresponding in their 1)iteli 

to the intersection of strata with the plane of a vein. Wallace de- 
scribes a series of strata in the North of England consisting of lime 
stones and shales traversed by lodes productive in the limestone, but 

poor when passing through sliales. Other examples might be cited. 
In extent, the bedded masses of the Goodenough and Toughnut 

claims have been much greater than the ore-bodies of the vertical 

fissures, and it may be said that the greater part of the production 
has been from the beds or flats. They extend irregularly between 
the two fissures a distance of about 400 feet, measured diagonally 
along the dip. It is noteworthy that they follow the stratification, 
and then suddenly break across it vertically, following a crack or 
break of the bedding, and then expand again horizontally for some 
distance to another, dropping down by a series of Steps from one 

layer to another in and between the himestones. 

The ores found in these bedded deposits in the liniestones are much 

more plumbiferous than the ore of the feldspathic dikes. Galenite, 

blende, and iron pyrites are abundant in masses, which, within the 

reach of oxidizing agencies, are largely converted into oxides and 

carbonates. 
- 

Bedded ores of this nature are also found in the limestones of the 

Blue Monday claim contiguous to the vertical fissure in the west- 

ward prolongation of the 'West-Side lode, or vertical orehearuhg 
fissure. This contiguity of the bedded deposits of the camp to the 

vertical fissures and dikes, and the occurrence of bedded ores wheI 
the dikes intersect limestone strata, lead me to the opinion that the 

* Annales des Mines (6) 9, p. 10. 
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metalhizatioii of the district is due to the igneous intrusions, and that 
these intrusions, with the accompanying impregnations and ramifr- 
ing veinlets of quartz, are the true locles, or that may be 
followed with confidence in the search for ores. 

THE GOLD FiELDS OF THE SOUTHEHN PORTIOF OF 
THE ISLAM]) OF SAN DOMINGO. 

DY RICHARD P. ROTUWELL, NEW YORK. 

Ix the year 1881, I visited San Domingo, in the interest of 
French capitalists, to examine and report upon certain "conces— 

sions" of gold-bearing gravel and quartz veins, on the Isabella and 
tlaina rivers and their tributaries. 

This district is periodically reported to be extraordinarily rich, and there is cast around it the glamour of the mysterious shipments of gold, credited, in romance and in more or less romantic history, to 
Columbus and the Spaniards of the fifteenth and sixteenth centu- 
ries. Since considerable sums of money and several valuable lives 
have been lost in the unsuccessful search for its profitable mines, it s desirable to place on record some of the information collected 

rning the value of these famous gold fields, with the hope of 
facilitating the work of those who may hereafter be called on to in- 
vestigate these claims, and of preventing the unnecessary waste of 

It is needless to ad(l that the capitalists for whom my investiga- tions were made abandoned the enterprise they had in view, although - ) doubt similar schemes will be brought forward many times in- 
future, as they have been in the past, under the fervent advocacy- too sanguine enthusiasts. 

Since the time of the Spanish occupation of the Island of San 
Domingo, in 1497, when Columbus found the natives wearing Iflents of gold, more or less of the precious metal has been obtained 

by washing the gold-bearing sands of several of its streams. t is said that during the Spanish domination, when the native In- 
lans were held in the most abject servitude, a certain amount of 

was required of each one as the result of his labor. Under this 

7. 
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powerful stimulus, the sands of the chief gold-bearing streams were 
washed over, and we find, to—day, pits and other excavations along 
their banks, said to have been made at that time. These pits are 
found along the streams that to-day are known to be the richest, and 
it is a reasonable supposition that, under the strongest inducement 
which can be applied to stimulate the prospector—torture or death, 
in case of failure—but few really rich placers could have escaped dis- 
covery in what was then a comparatively thickly settled country; 
and, indeed, the comparatively large shipments of gold at that time 
are proof of tile thoroughness with which the search vas carried on. 
Yet with all this, while San Domingo was known at that time as a 
very rich gold field, its production has never beeii very large, and 
for tile past few centuries, tilough it has never entirely ceased to 

produce, its output has diminished to a quite insignificant amount. 
Nor has this resulted from ignorance of tile fact that many of the 
rivers of the island are gold-bearing, and that gold—bearing veins 
also exist; for innumerable efforts have been made to interest capi- 
talists in their development, and an anion nt of information concern- 

ing the country, its placers, and quartz veins, much greater than is 

usually necessary to secure tile development of a rich mineral die- 

trict, has for many years been available. Yet to-day we find mining 
operations confined to tile preliminary works for hydraulic niining 
in the northern-central part of the island, and to the explorations 
which were made during tile early part of 1881, in the southern 

portion of tile island, at the point which furnished most of the gold 
lfl tile time of Columbus. Tile impression which these facts natu- 

rally produce on tue practical mind is, that the plicers of the islatal 
are either exhausted, as has happened in so many other countries, 
and tile quantity of gold now existing there i too small to pay in 

ordinary mining operations; or that there are obstacles to success I 
the climate, labor, government, or some other essential elenlent, 
which interfere with the working of the mines. These are the points I shall endeavor to consider in this communication. 

By far the most important source of information concerning tile rnin 

erals, and the value, in a mining sense, of this district of Sailto Dc5 

mingo, is tile work of the late Dr. William M. Gabb, "On the Topog- 

raphyandGeologyof SantoDonlingo."* Dr. Gabb devoted the three 

* Dr. Gabb's Report was first published in the Transactions of the Arneri" 
Philosophical Society, vol. xv., new series, pp. 49—25. 
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years, 1869—71, to tile Survey of the Republic, and his report leaves little to be added upon the geology of tile (listrict. I shall merely state that my personal exanlillation of tile district fully satisfied me bf the general accuracy of Dr. Gabb's geological determinations and statements. Indeed, his appreciation of tile probable value of the Isabella placers, and of tile vast number of quartz veins in the vicinity of tile -Jaina River, have been substantially confirmed by the assays and tests of tile ore made for tile gentlemen for whom my cx- amlilatioll was undertaken I ilrefr, therefi)re, where Dr. Gahb's (lescription and views cor- respond witil my own, to give his own words. 
According to Dr. Gahb, the main or central illOuntain cilail is composed of a central core of eruptive rocks (svenites), which have upheavcd and contorted tile sedimentary strata overlying and flank— iilg them. Tills core does not extend tile entire length of tile chain, but begins near tIle middle, as a great irregularlysilaJ)( mass lv iig obliquely across the axis of tile range. Its eastern end is abrllptly I cut oW in the region of tIle Jaina. Overlyill tll is syen itic rock, pushed up, nletamorpilosed, folded, and broken by it, is the great series of slates, conglomerates, and linlestones belongin to the Crc- taceotls forlllation. These cover tile greater part of the island, and are tile oldest formatjn yet (liscoveredl within its limits. Tile sedi- mentary rocks, overlying tile older rocks and forming the coast forma— -tion, are (If Miocene and Ph iocene age. file eruptions of the central range, and Consequently tile age of the island, Dr. Gabb says, "could t have been earlier than tile period of tile WIlite chalk of Europe, d the plobabi1ities are in favor of their occurrence during the long "e period The nletamorphisii1 of the Cretaceous was llpleted before the deposition of the Miocene began." "Almost '7wllere the metanlol.phosed slates carry quartz veins, sometimes Irren, sometimes auriferous. These veins are usually small, rarely rore than a foot or two in width, although One instance occurs on e Upper Jaina River, where a width of over twenty feet is attained. 11110 case have I had reason to suppose these masses of quartz to l)e '1 fissures, ill tile ordinary sense of tile term. In every instance, i a good out-crop occurs, so that. its nature could he clearly out, the quartz is found interbedded or interstrat;fied with the ate, following its contortions and intimately united on tile sides. other words, they are true veins of segregation. They are most Ilimerous ill the vicinity of the injected masses of crystalline rock. 

347 
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They occur also quite abundantly in the whitish taleose rock of the 
main ridge One strongly-marked feature has been observed 
to characterize all of the veins. Those nearest to the intrusive rocks 
are always gold-bearing; and those at a distance from them are in- 
variably barren. This has been abundantly proven by innumerable 
examinations. No vein-mining for gold has ever been undertaken 
on the island, but I have caused numerous analyses to be made of 
specimens from various localities, always with the above results; 
and further, as a natural influence, every stream running through the 
metamorphic rocks in the immediate neighborhood of masses of 

syenite carries gold in its sands, while all of those running exclu- 

sively in the syenites, or at a- great distance from them, are without 
the precious metal. Thus the Nigua and Jaina rivers are barren at 
their heads, but, immediately on entering the slates, they and all of 
their tributaries are gold—producing. . . . East of the Jaina River, 
that is, east of the eruptive rocks, no goii has ever been reported 
[in the quartzJ. It is also in this formation that tile little copper of 

the Nigua occurs." 
Dr. Gabb emphasizes this opinion in many other places in his 

report, in speaking of the quartz veins which are everywhere 
abundant in the metamorphic slates. In his chapter on the ge- 
ology of the legion south of the main range, he says: "The district 
east of the Jaina furnishes but very few items of interest for the 

geologist. It is a plain, nearly level, or at most gently roll- 

ing, in part open grassy Savaiinas, varied by long lines of trees 

bordering the water-courses, or in clumps scattered over their surface, 
and covering every depression. - . . The high range, east of Bassimo, 
which separates the waters of the Jaina from those of the Ozanat 

and its tributaries, and which gives rise, on its eastern side, to the 

isabella, is made up of clay slates, rarely talcose, and sometimes jas- 
pery. They are much traversed by quartz veins, some, at least, ol 

which are auriferous. A little gold has been found in the bed of 

the Isabella, though not enough to be of importance. In the latter 

river, a greenish-gray fissile claystone is the prevailing rock. . . . 

the woods of Monte Pueblo, and on Madrigal Creek, this rock vara 
from a clay to a t-alcose slate, covered with a heavy red soil, the rock 

traversed by innumerable little quartz veins rich in gold. The 

whole surface- of Monte Pueblo is auriferous. The greater part, If 

not all, of the soil would pay for washing; but unfortunatelY tl 
deposit is too shallow to warrant the expensive ditching necessary 
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carry water from the Jaina to a height of perhaps forty feet above its level, opposite that point, to rach the required level. The ag— 
gregate quantity of gold is probably not sufficient to cover the cx- 
pense of a (hitch of two or three miles long, that would be necessary." 
[Lower down on the Isabella, the sands are much poorer, and the 
length of the necessary ditch many times as long and much more ex- 
pensive.] "I have obtained from an average of a dozen to a maximum of forty ' colors' or specks of gold from a single panful of dirt over the greater part of this area." 

Below the mouth of the Mano, the Jaina channel divides. Here there is a little piece of flat river bottom, made up of sand and 
pebbles, and, in 1869, l\Ir. Ohile 'prospected'it thoroughly, with a view to beginning milling operations. He found gold in al most of his pits, l)ut did not seem to discover sufficient in any one place to warrant further proceed ings. 

- "South of the Madrigal, on the eastern side of the river, although the hills still retain fer SOnic (listauce a height of two or three hun— 
dred feet above the river, the grassy surface of the savannas begins to encroach on the forest. The slates continue cropping out to the stir- face in a few places for four or five miles here with a recognizable high southern dip, until in the Porto Rico Savanna they are finally hid— den by the gradually thickening margin of tile savaOna gravels, riiade 
up entirely of debris of the rocks of tile Upper Jaina. Still farther 
southi, in the savanna of Santa Rosa, t-hese gravels, with their red 
sand, angular fragments of quartz, and the little streaks of black a sand in every little rain—wash, remind a Californian irresisti— -y of the foot-hills of the Sierra Nevada. They are in places ihightlv auriferous, and, though not probable, it is yet not impossi- that here, if anywhere, spots may be found where hydraulic might be prosecuted with Success. I say not probable, be- the small amount of gold in the l)lesent bed of the river seems dicate that the quantity would be proportionately still less when sI over so wide an area West of the Jaina, below the nouth of the Mano, is a hilly region of slates, bounded on the west by -e syenites, which extend across to the Upper Nigua. These hills are traversed by numerous dikes, and are full ofquartz veins. The slates e an inextricable mixture of green, gray, brown, and blackclaystones, 

iouslycoloredjaspery slates, and some more or less talcose. Among ie first I found, a couple of miles below the mouth of the Madri- a black rock, slightly arenaceous, very compact, and full of white 
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grains. This is certainly a metamorphic shale, and yet, from its 
appearance in hard specimens, might be mistaken for a POrphyritie 
rock. . . The quartz veins are usually very small, hardly over a 
few inches in width, and seem to he limited also in horizontal and 
vertical extent. A. few, however, can be measured by feet rather 
thati inches, and Mr. Spear spent Some weeks in making an experi- 
mental opening on one, of nearly three feet wide, to ascertain its 
character. The result of his excavation was to disclose a vertical 
vein, with well—defined margins intercalated in the shale. The quartz 
yielded a little gold by the ordinary nilner's test of grinding in a 
mortar, and washing the powder. It is donbtful, however, whether 
the quantity would have been sufficient to warrant earnest mining." 

On the ridge overlooking the mouth of the I\Iano, at the head of 
two streams, called the A nones and Caballo, which unite and run into 
the Jai na a ni i Ic or in ore below ti ie mouth of th Madrigal, is the 
largest quartz vein I have seen on the island. It crops out on the top 
of the ridge, and its down—hill side is so covered with soil and great 
blocks of quartz, that it is impossible to ascertain its exact width 
from a mere surface inspection. It is certainly from twenty to 

thirty feet thick, and may be much more. Fragments of the quartz 
are found the whole length of both streams. Gold is found in every 
eddy in their caflons, and I obtained it by washing even the diit 
from the hill—sides. The quartz, as it appears on the surface, is more 
or less cavernous, the cavities lined or filled with peroxide of iron. 
On crushing it in a mortar and washing it, I obtained bright go1] 
in little flakes. . . . ot only is this vein auriferous, but many of 
the smaller ones must contain their share of the precious metal. 
Over an area of several square miles of this vicinity, not only (10 

the streams yield gold, but the earth on the hill—sides, and even 
on their summits, contains it. About La Horca, we found gold 
everywhere, and throughout the woods are innumerable pits, often 

twenty or thirty feet in circumference, and many feet dee!), whence 
the Indians mined the clay and gravel, and, carrying it to the near- 
est stream, washed it. It is doubtful, however, if placer mining 
could be made profitable on a modern scale. Not but that the dirt 
is rich enough, but its quantity in any one place is not sufficient to 
warrant the construction of expensive ditches, and the slow process 
of carrying the earth to the water in the Indian style is too labori 
otis and costly to be thought of. Although innumerable little 
streams intersect the hills, none carry sufficient water for sluIces. 
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Possibly some of the larger creeks, like the Caballo, Anones, Jivanfi, etc., might pay moderately to wash their channels, but they would be exhausted too quickly to make them an object of attention alone. The women constantly wash gold in the creek beds, and also in 
those of their tributaries, using the well-known 'batea' or wooden - bowl. They are content with a return of three or four reals (37k to 50 cents) per day. I have myself obtained in the Jivaná grains . worth its much as ten cents in the ordinary gold pall, and I have 
seen lu nips weighing a quarter of an ounce, obtained by women in the sa lie uainnep." 

"There can be no doubt as to the sources of this gold. It is true that it is usually more or less rounded, but a very little transporta- tion among hard stones vi1i suffice to produce this appearance. It is never found far away from or up-stream above the quartz veins. 
Where (J uartz is most abundant, the gold is also found in the great- est qua it it ies, and where the one [quartz] is absent, the other does 

i not occur. On tile liii h-sides, the a ii riferous ca it h is clearly (leriVed 
from the deconi position of the underlying slates, and finally, gold is nolviRre finnid ill those parts of the streams runtung only in the 
eruptive rocks, unless a belt of slate Crosses still higher up. Xor is it ever finiud in tile earth Overlying the syeuites. Throughout this 
region SVcllitie dike5 arc constantly eil()t1l1tci'ed, and tile upper half t of the Jivand runs through the parent mass, while veins of tile Sanle rack CFO out in several places in the lower part of its (oul'sc as well as t the niotithi of the Auones, and in thc bed of tile neighboring part of the Jaina. WTe have thus a further proof of the theory, aircady 
enunciated, that the proximity of eruptive masses is the cause of the presence of gold in tIle quartz veins of thus country." Dr. Gabb's explanation of thie origin of the gold—bearing gravels of San Domingo is undoubtedly correct. They come from the dis- , integration of quartz veins. The greater part of these appear, as he 
says, to he merely segregated veins, intercalated in tile metamorphic Slates, though some of them, which occur in the syenites, appear to be true fissures, filled, probably, by segregation from the country 
rock, as is indeed the case with most quartz veins. The important 
practical question is, whether these gravels and veins cintaiji sufficient d to make their exploration profitable. 

The vark of the Indians was confined chiefly to washing the avel follild in the beds of the streams, which were far richer then u now, mid far richer than that on the savannas and plains. 
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On some of the streams, they also dug pits of considerable extent, in 
the banks and small valleys which border the streams on which we 
now know of the existence of gold-bearing quartz veins. 

The fact that these ancient works, made when the whole country 
was thickly inhabited, and the gold-mining industry had attaine(I 
its greatest development, and was pushed with an ardor that tended 
much to the extinction of the native population of the island, were 
confined to the present river-beds, except in asmall number of in- 

stances, must be taken as an indication, if not an absolute pr.oof, that 
the gravel-beds, with few exceptions, (lid not contain paying quan- 
tities of gold, except in the concentrations of the river-beds. 

A great tiumber of tests of gravel from different parts of the 

plains and river-beds, supposed to he the richest, were made by 
two French engineers in charge of the exploration works, on which 
I reported in 1881. These tests were n)ade 'with the pan or 

"batea," by native women, experts in this work, and the results ob- 

tained showed an average of less than one cent per cubic meter. 
I visited a number of the more important openings made, saw 

the bed—rock in place at a great number of points in the l)lains or 

savannas, and tested myself', with the pan, some of the points in the 

river-bed which had given the highest returns. I also tested in a 

few places the gravel from the banks of the streams which were 

represented as carrying the most gold, and substantially confirmed 
the accurcy of those results. I found gold in many places. In none 

did I. find any very rich and it was evident that the gravel 
from the banks of the streams and' from the plains was very much 

poorer than that from the beds of the rivers. 
If the average amount of gold found had been en times greater 

than it was, it would still have been insufficient to make ecOnornl 

cally possible the working of these gravels on a large modern scale 

by any system of mining applicable to them. 
The amount of gravel in any one place is insufficient, even if it 

were rich enough to work, to justify the expense of bringing the 

water from the great distance necessary to get head or pressure, and 

there is no sufficient dump-room for the gravel, even if its quantitY 
and richness were such as to justify the bringing in of the water. 

So that the mining value of these gravel-beds is absolutely zero. 

There are quartz veins, also, on the Isabella River, but though those 

occurring near the junction of the metamorphic rocks and the syenite 
are doubtless auriferous to some extent, there is nothing now knOsi 
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concerning them that would give them any commercial value, nor are the prospects of success sufficiently promising to justify the cx— 
pen(liturc of' fui'ther capital in exploration work. The assays of numerous samples gave no gold. 

The greater part of the quartz veins of the Jaina are evidently - inteihedded veins in higjily silicious metamorphic slates near the contact of the syenite. They vary in thickness, from a mere string of 
quartz, running a few feet in length, to veins of sevcm'al feet in thick- 
ness, and of considerable, though unknown, length. They are, to all appearances, segregations of' silica from the surm'oundimmg rocks, and are (loubtless su1ect to the usual wide fluctuations in thickness, length, aid depth, which charac'tcm'ize veins of this character. There are, pm'obably, also q uam'tz veins in syenitic rocks which have a gcmiem'al north and south direction. These several veins have usually a clay parting on the walls, although, as the openings are ':thus flu' to a depth of only ten to twelve meters, whem'e the rocks are still (leconiposed, it is not certain that the quartz vihl not "stick" to the tin tltcm cd countiy tock '.s lien gm eater depth is attained Indeed, it is luulul piobable that the iuteicalatcd quamtz vill stick to the 

inclosing shales. I had a large number of average samples, sone of them over a n in weight, taken i'oni a number of different veins, and assayed. None of' these samples showed any paying quantity of gold, and most f the ore was found to contain none at all. There is never any gold visible in this quartz, and the results of the assays should represent airly the average value of the ore at the depths attained. We are fully justified in concluding that while probably several f the Jaina veins contain traces or small quantities of gold, none them carries it in any quantity which would justify the ex— 
penditure of capital 'even in exploration work. Engineers are fre- 
quently called upon to examine poor Property, and to explode over- 'guine estimates; but it i i-are to find so slight a foundation as (histrict of San Domingo affords fbr the magnificent reports of alcnlable riches which have been circulated periodically since the s of Columbus. The simple fact is this its placers, which were ever extensive, were long ago worked out, and thus far the most search has failed to find among time hundreds of quartz veins •nown a single one that contains paying ore. In addition to this, it may be stated in a general way, and without 

'Qing into the detailed information which abundantly substantiates 
VOL. x.—23 
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the opinion, that there are obstacles to success, in the form of cli- 

mate, labor, government, and other essential elements, so serious as 

to be scarcely second in importance to the richness and quantity of 
the gravel or quartz in determining the investment of capital in this 

historic district. 

TIlE A1OUXT OF OIL REJIAINIXG Di PEVKSYLVAIA 
AXD 2TEW YORK. 

BY hENRY E. WRIGLEY, C.R., PHILADELPHIA. 

THE BOUNDARIES OF THE OIL REGION. 

THE boundaries of the oil region in Pennsylvania and New York, 
as determined by the drill, embrace a much larger extent of terri- 

tory than is generally supposed, being nearly 200 miles in length 
from north to south, with an average width of 25 miles, covering an 

area, within somewhat irregular lines, of about 4250 square miles. 

After twenty years of development we find these lines practically 
the same as those laid down by McClure in his geological map of 

the United States, published in 1817, and denominated and colored 

by him as the "line of salt," which was found in quantity long 

before petroleum. 
The eastern line of the entire oil region lies in a northeast. and 

southwest direction, parallel to and some distance west of the 

Allegheny Mountains; the south line is substantially one drawn 

between the western boundary of Butler County and the tqwn of 

Kittanning in Armstrong County; the west line passes just outsi(le 

of Butler County, cutting off a small corner of Mercer, west of the 

towns of Franklin, Titusville, and Warren, into New York State, 

where it rounds off the end of this long strip in the counties of Al- 

legheny and Cattaraugus, and joins the eastern line, near Olean, New 

York, north of the city of Bradford. (See map.) 
The eastern line, starting from Kittanning, passes through the 

northeast corner of Clarion County, the southeast corner of Warren, 

cutting Forest County through the centre, and reaching the before 

mentioned extreme northeastern developments near Olean. ThIc 
lines have been taken broadly to include all territory that could ever 

possibly come into the question as oil-producing. 
These lines having been proved by the drill may be considered 
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final. But there are also structural reasons for their existence. The south line is final because the oil-gathering sponge-rock on that line is found at such a depth, owing to the dip of the strata from the northwest, that the known temperature of the earth at that depth 
precludes the existence of hydrocarbons in any other than a gaseous form. The string of gas wells from Leechburg to South Butler 

F County are brilliant and permanent witnesses to this fact. The whole of this section of these States was at one time a level 
I. plain, the Allegheny Mountains being only waves of upheaval; these waves dying out as they went more and more faintly towards 

A 

0. 
0. 

-5 
Scale of Miles 

the Ohio line. The vertical fissures left in the strata by these waves if upheaval allowed the gas to come up from the buried shale 
1,000 feet below, and condense in the pebble rocks under a solid . or cover of unbroken rock 1500 feet thick, where the drill t.apped in the form of oil. But where the rolls of the strata were so great 
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that the fissures extended all the way to the surface, the gas came to 
the surface too, and went off in the air as fast as it was made. 

The eastern limit is the line where all the fissures of the anticli_ 
iials and synclinals have come to the surface, and a very little re- 
search vilI satisfy one as to the certainty and finality of this line. 

The reason for the west line is just the opposite; the waves all 
died out and there were iio fissures at all, so the gas could not conic 

up. This same reason holds good on the north line all the way 
round to Olean, with this exception, that on the north line the fis- 
sures do exist; at a greater and greater depth as we go northward; 
and we can reach them by drill and torpedo if we go deep enough, 
provided we never exceed the safe depth for temperature of 2200 
to 2500 feet. We may safely assume that at a red—hot depth under 
the whole country lies the vast bed of the 1{uran coal shales, and 
the question is only one of distillation and outlet; of a conduit 
to some natural condenser with a strong cover near enough to the 
surface of the earth to be above the line of temperature, so that 
we can tap it with the (bill. o account is taken of the occurrences 
of oil from the upper light shales in the shallow wells at Mecca, 
Ottin, and elsewhere west of this western line, as they are totally 
unimportant factors in the general problem. 

GEOLOGY OF THE OIL REGION. 

Assuming the general surface 0f the country in Western Pennsyl- 
vania to be level, a board with its edges due north and south, east 

and west, tilted up slightly at the upper lft—hancl corner (represent- 
ing the city of Erie), will give the general idea of the dip of the 

strata throughout this section. It will show two dips, one to the 

east, the other to the south ; and, as the surface is level, these strata 
come successively to the surface as we go northward and westward 
The oil sands of Butler County, for instance, if projected into the 

air on the line of their dip, would be 1000 feet above the level of 

Lake Erie; so too, the same third oil sand that we find at Tidioutt, 
at a depth of 100 feet on the river bank, we find at 1800 feet in 

Butler County. The oil sands practically end and crop out all 

across the oil section on the line showll above Tidioute. 
Now there are four conditions necessary to the production of oil 

in quantity: 
1st. The oil shale, which exists under the entire region, and far 

outside of it at a red-hot depth in the earth. 
2d. Such vertical fissures, caused by upheavals in these secondary 
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strata, as will allow the gas generated by the heat of the cart]) from these carbonaceous shales, to escape upward to a point within, say 2000 feet of the surface. 
3d. Between this point and within, say, 100 feet of the surface, a cooler reservoir, either of coarse pebble rock or an aggregation of small fissures to receive the gas and condense it, either with or with- out presenre, into oil. 
4ti. Over this reservoir there must be a solid cap or cover of rock to confine the products of distillation. In the entire region south of Tidioute the third or oil sand is traced readily by the record of the wells, and the known dip of the rock of about 20 feet to tile mile, the level of the wells, if on a bill, being first taken from Some known point. In the entire region north of Tulioute the reservoirs are simply crevices and have no reference to sands, but the operator carrying his experience of oil sand with him from below-, drills his we] I down to a certain (lose gray sand oek as a guide. It is simply because lie finds that the genth'al horizon of tile termination of the vertical fiures at the upper end occurs in this particular line of strata. The gentle- ness of tlte waves of strata at this point and the insignificance of the dip account for tile general regularity of tile saud-rock. But great I perplexity is often caused by its occasional irrgularity. This entire long oil section of 4250 square miles may therefore be divided into two areas of pebble-rock and fissure territory respec_ tively, with the dividing line of the outcrop of tile pebble-rock a little above Tidioute. The oil region may be defined as that por- . tion of Western Pennsylvania and New York which, within the boundaries here defined, possesses all the four requisites mentioned for the production of oil in quantity. On the east there is no cover, on the west and north it is all cover and no crevices within reach of a proper depth of temperature, and on the south the reservoirs are all below the line of tempepature* 

THE PRODUCTION OF OIL. 
Until January 1st, 1875, the known area of oil territory was 

F 
3115 square miles. This embraced all that part of the oil section described as pebble-rock territory lying south of Tidioute, with but exceptions outside. Up to that time but 39 square iiles, 

* In vol. J, of the Report of the Second Geological Survey of Pennsylvania, fuller of these points can be found than the limits of this paper will permit. 



or about 25,000 acres, of this area had been found to be actual pro. 
ducing territory by the sinking of nearly 11,000 wells. 

During the next three years the discovery of fresh fields became 
more difficult, and as the average life of a well does not exceed two 
and one-half years, the price of oil steadily increased. This stimu- 
lated search to such an extent that before 1879 over 15,000 more 
wells were put down in all directions, resulting not only in the dis- 

covery of eleven more square miles of territory but in condemning 
a vast portion of the outside field. 

In 1879 Bradford had attained such proportions that its large 
product thrown on the market discouraged the expensive "wild. 
catting" and the deep—well sinking of the lower field ; since then 
there have not been added more than three and a half square miles 
of actual producing territory, making the total amount in the pebble- 
rock territory 54 square miles. 

- 

From the manner of " 
feeling one's way," with the drill in devel— 

opiug the lower country, the operator, in defining every five square 
miles of actual producing territory, condemned 60 to 100 square 
miles around him by his test-wells or antennw, Spread out in all di- 
rections. I believe this will be accepted as a fair estimate based on 

experience, and will dispose of at least 800 square miles. 
Now as the boundary lines of the entire oil section, ranging in 

length much over 400 miles, are all staked out by gas wells, dry 
holes, and failures, and as the area has been liberally estimated, we 

may safely draw around these boundaries a cordon of an average 
width of two miles, and that will dispose of at least 800 miles more. 

There is not one particle of the territory south of Tidioute and 
west of the Allegheny River, as far down as Franklin that has not 
either been exhausted or condemned for all purposes of quantity, by 

persistent and unmitigated "wild—catting." There is only left, omi 

the west side of the Allegheny all the way down below Franklin, 
a small belt or strip of land, what may be called uncertain land, on 
the west side of Butler County and the southwest corner of \Te_ 

nango County, not exceeding 180 square miles. 
On the east side of the Allegheny, below Oil City, there is only a 

small area of not more than 40 square miles in the north part of 
Clarion County and vicinity, which may possibly be oil-bearing. 
There is left on the east side of the Allegheny, north of Oil City, 
all that part of Forest County lying west of the great east boun- 

dary, still a wilderness, containing 350 square miles of uncertain 

pebble-rock territory, good for shallow wells (in spots, of from 100 

to 500 feet deep). There is left also in the interstices, so to speak, of these larger areas, and scattered over them, a number of small uuinvestigated producing areas which will, no doubt, be productive later to a small amount. 
Any one who will give the subject candid consi(leration will not claim 500 square miles of what may be called uncertain territory in I the pebble-rock division of the oil section; and the amount of actual oil territorv,judgin by the results of twenty years in the remaining 2600 square miles, will not be more than eleven square miles. I The 1200 square miles of the oil section north of Tidioute, which has been described as crevice territory, must be considered in an entirely different manner. The key to the exact location of the boundary line of the oil section in New York, on its north and F west lines, may be found in the following illustration: The crevice which furnishes the gas in the well at Fredonia, New York, on the lake shore, was found at a depth of 1500 feet below the bottom of the oil w'ells near Olean, New York ;* that is why they find only gas in 1/mat section. The crevice reservoirs lie deeper and deeper as the waves of disturbance die out northward and west- ward, until they pass that point of the line of temperature at which oil can exist as a fluid. This line which I have described as the final north and west boundary, can be readily tested by any one who will take time record of the wells on the lake shore and the nearest producing wells, and measure off to the point between them that calls for a mean geological horizon of 2000 feet from the mean gra- t dient of the surface. 

For the same reason no well in this section should be considered dry until it has been drilled at least 2000 feet, and well shot with torpedoes There are no doubt a number of wells which have been abandoned under the mistaken idea of the necessity of reaching a eertain sand, and which might have been driven several hundred feet to a good production. 
I: The proportionate area of actual producing territory in the crevice oil section will approach nearly to 40 or 50 per cent. It des not follow that the actual amount of oil obtained is necessarily much r than in the pebble-rock section, for the wells are scattered e widely apart over large areas, instead of being huddled together r a small bed of sponge-rock in the lower region. Assuming that much as 600 out of the 1200 square miles of crevice-rock section 

* See section of oil country in vol. J, 2d Geol. Survey of Penna. 
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will be found to be oil territory in the manner here described, BracL 
ford and the vicinity of Olean have already consumed 230 square 
miles, well determined and already on their decline. This is a matter 
of commercial record. The time occupied in this exhaustion is the 
fastest on record, only a little over two years. Some 80 more square 
miles of new territory are also now in full operation, around Rich- 
burg and elsewhere. 

With this simple outline of the oil field, and with the records of 
actual results, one can readily form an estimate of the amount of oil 

remaining. There is no necesity for republishing here the detailed 
tables of statistics of production of oil. The present situation is 

simply this: 

If 54 square miles of the lower actual territory produced in 
round numbers 108 millions of barrels of oil, then the eleven 
square miles left will give 

- 

If 230 square miles of crevice-rock territory produced 46 mil- 
lions of barrels, then the 370 square miles remaining will 

74,000,000 

Total 96,000,000 

It is only necessary to add that the present yearly out_put is over 
25 million barrels. 

conelu,sion.—T here are many minor questions that are necessarily 
excluded in a concise presentation of this subject, such as the possi- 
bility of resuscitating old oil fields; of the imperfection of the siir- 

veys of Western Pennsylvania; of the enormous waste and (lestrile- 
tion in the early oil developments ; of the origin of the oil; of the 

effect of the denser gravity of the surface—water on the oil in the rock, 
etc. 

The thought which the writer desires to present plainly in this 

paper, which is the result of many years of close observation, is 

that the oil. section has now reached a point of development whe;i 
the amount of oil remaining can be measured with sucient ac- 

curacy to predict definitely the life of the region. He does not 

wish to be considered a pessimist, he would be glad to ktiOS' 

that he is wrong; but the possession of a check-book is not of 

itself an evidence of wealth. We have had a certain fixed quantity 
of oil placed to our credit in the Bank. of Nature on which we 

have been drawing checks for twenty years; in 1875 we were 

checking out 6 millions, and in 1882 we are checking out 25 lfl1 
lions annually. Some day the check will come back indorsed "'° 
deposit;" and we are approaching that day very fast. 

PRESIDENT METCALF called the meeting to order, and asked Mr. Ashbel Welch, President of the American Society of Civil Engineers, to open the discussion. 

REMARKS OF MR. ASIIBEL WELCH. 

Gentlemen of the American In.slitui.e of )fininq Engineers.—As yOU well know an appl ieatiou is about to be made to Congress, by the American Society of Civil Engineers, for the appointment of a corn— 
mission composed of persois skilled in the production and use of 
iron, steel, and other structural materials, whose duty it shall be to test the strength, elasticity, and other qualities of such materials; not simph- the substances used as such, but the members of large structures composed of such materials, of tile forms and sizes in which they are actually used. As I understand, the papers that —ll be read here to-night will have for their object to show the itv for such tests, and therefore the necessity for the commis- asked for. 

. As the representative of the Society of Civil Engineers, I have to thank you, gentlemen of the Mining Engineers, for the great zeal with 
:Whielt you have taken up this subject, and seconded the efforts of rthe Civil Engineers; or, perhaps I ought rather to say, initiated the ' s to get a suitable commission appointed to obtain most vitally lmporfajt information which it is admitted on all hands we do not - 

.V lJise. 
In drawing up the memorial to Congress, in connection with some the ablest and best informed of our Society, and in all the discus- on the subject, I have been struck with the emphasis with hich the confession is made, that so little is known of tile strength of the larger-sized members constantly used in building structures f the magnitude which the present requirethents of the country now 

lemand. I presume the remarks made to—night will bring this out -y prominently. This is no disgrace, for with the means here- 
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22,000,000 
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tofore in use it was impossible to get the information required. A 
good preliminary step towards the acquisition of knowledge is to feel 
and frankly confess our ignorance. 

PAPER BY CHARLES MACDONALD. 

ON THE NECESSITY OF GOVERNMENT AID IN ORGANIZING A SYSTEM OF TESTS 
OF MATERIALS USED FOR STRUCTURAL PURPOSES. 

Jr may seem to be almost unnecessary to occupy the time of the 
Institute in further consideration of a question which has been so 

comprehensively treated in papers already on file in our own 
actions and in those of the American Society of Civil Engineers. 

Unfortunately, however, the results of these conéerted efforts have 
not been materially to increase our stock of knowledge in the direc- 
tion sought for; and as the necessity for this information is becom- 

ing more and more apparent as the demand for structural materials 
increases, it is believed that by continuing the agitation by means 

of discussions in this and kindred societies, whose members are 

vitally interested in obtaining reliable data as to the properties of 
the niaterials they are called upon to work with, public opinion 
may he educated up to the importance of exerting such an influence 

upon the law-makers of the country as will result in the formation 
of a competent board, with adequate means at its disposai, to carry 
out this great work in a manner alike acceptable to the makers and 
users of the materials in question. 

It may be proper in the first place to glance briefly at what has 

been attempted thus far, then to indicate some of the more impor- 
tant lines of needed investigation, and finally to consider reasonS 

why government aid may with propriety be sought for in carrying 
on the work. 

At a convention of the Society of Civil Engineers held at Chicago 
June 5th, 1S72, it was, on motion of General MTilliamn Sooy Smith, 

resolved, that, 

Whereas, American engineers are now mainly dependent upon formtl 
for the calculation of strength of the different forms of iron and steel, not based 

on experiments upon American materials and manufacture; and 
" Whereas, These differ greatly in many of their characteristics from those 

of foreign production, both in their nature and forms: therefore, 
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Pursuant to this resolution a committee was appointed, by whose 
orts Congress was induced to pass a law, March 4th, 1875, pm- 
ing for the appointment of a United States Board to Test Iron 

Steel, and an appropriation of seventy—five thousand dollars 
75,000) was made for that purpose. 
The board appointed under the law above referred to consisted of 

Colonel T. T. S. Laidley, Ordnance Department, U. S. A.; Comman— r L. A. Beardslee, U. S. N.; Lieutenant-Colonel Q. A. Gillmore, U. S. A.; Chief Engineer David Smith, U. S. N.; William Sooy 
lith, C. E.; A. L. Holley, C. E.; H. H. Tilurston, A.M., C. E., retarg; and they were ordered to report from time to time to the of the United States. 
It was deenied the first and most important duty of the board to 
ivide au accurate testing machine. This proved to be a more 

serious matter than was at first supposed. There were no machines 
in tile country which could be considered as giving anything snore .i approximate results; and to construct a new machine upon Iroved piinciples required much tinie and a large expenditure of 

oney; much wore, in fact, than was represented by the sum paid it. At length a nlacIuiI]e was completed, which for accuracy of e results obtained and range of power exerted, is unequalled, per— in the world. Owing to the length of time expended in corn— 
eting it, however, the original appropriation became exhausted, the board was legislated out of existence, having had scarcely a Opportunity to verify the capabilities of tile very instrument which d been brought to perfection under its fostering care, and through ..a projer use of which so much valuable information could be ob-. 

ained. 
As might have been supposed, the board did not confine its effi>rts ' the construction of this machine. About 150 specimens of steel e analyzed, and tests of their physical and mechanical proper.. made with a view to determine the relations between chemical: 

Onstitution and useful qualities. 
In wrought iron tile effects of reheating and rerolling were care— 
fly examined, and the report contains valuable information as to e different processes of making and rolling iron, the effects of 

ous kinds of strain, tile best methods of snaking cables for large 

"RESOLVED, That a committee of five he appointed to urge upon the United uates Government the importance of a thorough and complete series of tests of - n iron and steel, and the great value of formulN to be deduced from such neriments.'' 
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Although the board had ceased to exist, the machine remained the property of the United States. It is located in the Watertown 
Arsenal near Boston, under the immediate charge of the Ordnance 
Department of the army, and is nominally at he service of en- 
gineers and others who may be able to defray the necessarily heavy 
expense of working it for their own private benefit. So much fbr 
what has already been accomplished. Should the effi)rts now being made to revive interest in the subject prove successful, the field for 
investigation vil be found to be most- fruitful of results. To men- 
tion a few instances only In the department of bridges there were 
required for last year's construction pot less than 80,000 tons of iron 
and steel, representing, say, 50 miles of bridges, over which the safhty of life and limb is supposed to be assured by the accuracy of the 
calculations of the designer, no less than the quality of the material 
employed. Of this material upwards of 35 per cent, is in the form 
of compoun'd sections specially adapted to resist compressive strains; 
and yet until quite recently all the experimental data upon wheh 
such sections are designed were obtained through the instrumentality of testing-machines which, particularly at high pressure, are liaI)le 
to give erroneous results. 

Quoting from Mr. Holley's paper on the United States Testing- 
machine at \Vatertown,* alluding to C. E. Emery's device for over- 
coming packing frictioii 

It is certainly worth many times its cost in proving the worth- 
lessness of hydraulic testing-machines as heretofore constructe(l. 
The readings of the permanent weighing apparatus as compared with those of the cylinder gauge when the piston was not revolving. 
showed in some cases an error of 40 per cent." 
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It is safe to say that the recent fall of one of the most important bridges in the country would not have occurred, i at the time of its construction, the engineer could have tested full-sized sections of his material on- such a machine as the government now owns at Watertown Arsenal. 
r The tension members of bridges are in the form of eyebars vary- in sectional area from one inch to twenty inches. LTntil quite recently it as assumed that the same strain per sIuare inch might be 
applied indiscriminately without regaid to the size of the members, or to the amount of work done upon the material in the rolls; but the few bars which have already been tested at Watertown clearly indicate that this is a most erroneous assumption ; and one of the first duties of a testing board would he to establish the law govern- ing the diminution of strength due to increased section, and to estab- lish the relation between ductility and ultimate strength. Then ---onld üdlow tests to determine proper foi'm of head, and such other details of manufacture as might suggest themselves, - Of i'ol led beams there were prod need last year upwards of' 50,000 tons. This frm of product is used chiefly in floors of buildings, often to sustain great weight, as in warehouses, and somewhat also 

stringers in bridges. Their strength is estimated by theoretical ornitilas in which the physical constants arc taken from experiments upon Ireigu irons tested under circumstances entirely different from it are obtained in actual practice. Fortunately fbr the cause of •y in the use of such materials it is Probable that the formulas fl question do not represent the full strength, and that a consider_ amount of unnecessary weight is loaded upon our structures in 
onseqlmence; bnt there is all the more reason why the actual strength hould be determined by experiment., in order that a uniform factor f safety may apply to every member of a structure, or in other 

words, that it shall be equally strong in all its parts. Did time pei'niit, it would be possible to point out many other directions in which experimental knowledge is sadly needed, but if ;.g else were done thnn to determine practically the laws which )vern the strength of compression and tension members of bridges, "1 the flexure of rolled beams, a very great advance would he made o our modes of construction, and a greater safety would be assured o the hundreds of thousands of people who are constantly trusting L:: lives upon such structures. 
What has been said regarding the importance of testing Partic— constructions applies equally to iron and to steel; but there are 

vessels, and to determine how unifbrm strength can he secured in iron of different sizes in time bar, and how to make large masses 
equally strong with small pis. 

Alloys of copper-zinc and copper-tin-zinc were exhaustivel ex- amined and the results exhibited on a small triangular model from which may be obtained by inspection the characteristics of any pos- sible combination of these metals. 
- 

Extensive preparations had also been made for ascertaining ex- 
perimentally the strength of rolled beams and shape irons, for 
which we are now dependent almost entirely upon theoretical for- 
mulas. 

* Transactions American Institute of Mining Engineers, vol. vii, page 259. 



special reasons for investigating the properties of steel which should 
command attention. It is admitted to be the metal of the future, for large constructions at least; it is stronger and more homogeneo 
than the best iron, and owing to the substitution of mechanical ap. 
piances for wasteful muscular effort in its manufacture, there will 
come a time, and that before very iong, when it can be furnished 
commercially at less cost than iron, in large quantities and of uni- 
form quality. It only remains now to determine by a competent 
and disinterested authority what the general characteristics of this 
material are, to insure for it a continually increasing demand. 

At present the finished product of the converter is principally in 
the form of steel rails. It so happens that the best testing-machine 
for a steel rail is the track, and railroad companies, by careful in- 

spection, taken in connection with chemical analysis, are thus experi- 
mentally determining the quality of steel which answers best for that 

particular purpose. 
For other constructions, such as bridge and ship work, very dif- 

ferent qualities of steel are required, depending on the nature and 
direction of the forces to which it is subjected ; and until all sn(li 

questions are determined by competent and disinterested investiga- 
tors, the benefits to be derived from the cheap prodnetion of steel by 
the pneumatic or open-hearth processes, will for a long time be con- 
fined to the favored few who are engaged in supplying the demand 
for steel rails. 

It is hoped that enough has been said to establish the fact that a 

producing class of the community stands in want to-day of certain 
scientific information, which, if obtained promptly and in a manner 
to command universal acceptance, would tend to improve and en- 

large one of the staple industries of the country. From the nature 
of the ease such information can best he obtained by the assistan" 
of the General Government. Shall the effort be made to secure such 

assistance? 
It may he asked, why should the United States Government al)- 

propriate money for the purpose of making experimental investiga- 
tions which might as well be undertaken by those who are imnw 

diately interested? In reply to this, the following quotation from 

the, memorial recently presented to Congress by the American S 
ciety of Civil Engineers will commend itself: 

"And your memorialists further represent that there is no proS- 

pect that the necessary tests will be made without the aid of go\er 
rnent. Should private manufacturers or builders test their 

materials they might not give the public the benefit of their experi- ments; such experiments would not have that assurance or impar- tiality and that high authority which those made under the authority of the government would have. Experiments conducted by private 
parties would he so different in the objects, methods, and circiim— 
stances of applying tests as to render it impossible to properly collmite and verify them; they would therefore' be of comparatively little value in ascertaining accurate general results." I am aware that it is often a difficult matter for legislators to draw the line between public and private interests, and that in the 
multiplicity of claims made upon them they must be expected to 
look doubtingly upon anything that calls for money ; but it would 
seem that where such enormous revenues are derived by the country from the effort to secure the exclusive consumption of American 
manufactures of iron and steel, it would be asking no more than 
justice for the users of these materials that the government should 
lend substantial aid in determining their general characteristics. 

Again, the government of the United States is in possession of a 
ii most important element in the problem, the testing—machine already ":1 to; it represents a very considerable expenditure in money 

years of patient labor, which, it. is safe to say, would never have 
Ibeen expended had there notbeen a well-grounded hope that an 
[amount. 

of knowledge would be obtained through its instrumentality - :. :A would contribute largely to the general good. In its present shape this machine is utterly unable to meet the s of even such private demands as are made upon it. I am in- d by an engineer now engaged in the construction of one of the 
important bridges in the country, that he recently sent to 

nine steel eyebars to be tested, and it required seven and half days to make the tests, while the cost to his company was at rate of $15 for each bar. This is admitted to be due to the fact 
there are no means at the disposal of the department where— to engage an efficient permanent staff of assistants to handle the 

promptly, and the result is that a most valuable instru— t for scientific research is allowed to remain in comparative idle- 
for the vant of a few thousand dollars. 

As to the most effectual means of expending government aid in 
-e direction sought, there may be difference of opinion, but all are 

greed as to the necessity of obtaining results which may be ac— 
as authority alike by manufacturers, builders, and engineers. could be accomplished either by the appointment of a special 
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corn rnitteé, similar to the one created under the law of March 4th, 
1875, with an adequate appropriation to purchase materials and make a comprehensive series of tests; or failing in this, a moderate sum 
of money might be placed at the disposal of such an institution as 
the one under whose auspices we are now assembled, to be expended 
in testing such constructions as would be furnished from time to time 
by engineers and others in their regular practice, with the under. 
standing that all information thus obtained should become ptiblie 
property by regular publication in the Tcansaelions of this and kin- 
dred societies. Could we feel assured of the permanence of a special 
commission, the members of which could devote the necessary time 
to the work, this would (loubtiess be the mot satisfactory to a large 
majority of those interested. 

There are uncertainties, however, connected with all such special 
legislation in a government constituted as ours is, that should be 
carefully considered in this Connection lest we should be compelled 
to undergo a similar experience to that which befell the previous 
board, which, from no fault of its own, was brought to an untinicly 
end after having perfected the means by which, for the first time, 
really accurate testing could be done iii this country. It is to be hoped that eventually a Department of Public Works 
will be instituted, having co—ordinate power with other departments, 
as of the Interior, for example, to which all questions relating to 
the expenditure of public money, either for internal improvements 
or far scientific investigations connected therewith, may be referred, 
and through which the interests of the producing classes, including 
engineers, builders, and manufacturers, may receive that special con- 
sideration which their importance demands. 

Whatever method may be adopted will be liable to defects as a 
matter of course. We must be content to go slowly and surely, to 
be patient and judicious in advocating our claims, and above all to 
bear in mind that if our cause is a good one, as we believe it to he, 
and we do not succeed in impressing its importance upon Congress, 
it will, in all probability, be our own fault. 

REMARKS OF GENERAL MEIGS. 

I do not know that I can do any more than to express my entire 
concurrence in the views which have been already expressed by 
Mr. Macdonald. It appears to me that be has gone over the 

whole subject. I might add in regard to appealing to the Gover 

r 
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ment for an appropriation, that the Government itself is the largest } single user of these niaterials; the railroads together use more, but i there is no single Organization w'hich uses so much. Congress ap. . propriates the money with which are erected the large government structures that are fhund now in almost every city. It is stated in the J public press that it is contemplating the erection of a hundred new 
government buildings in a hundred cities thuis year. In all these t buildings the floors are supported Upoll rolled iron beams, and the 
principal materials used far roofs are iron. These buildings are all 
dependent for their cost Upon the size of their dominant members, and, as a consequence, upon the factor of safety which the engineer allows; so that as long as there is uncertainty as to the proper co- 

:efflcient of safety, perluaps from two to five times as much metal as is actually necessary may be put into these members. There are other materials used in build ings,—hrick, stone, marble, timber,— but these materials we buy by the cubic yard or cubic foot, they are 
comparatively inexpensive; metal we buy by the pound, and at this time we pay pl'etty high prices for the pound; so that if we can re- duce our general coefficient of safety, we save perhaps one-half to two—thirds of the actual cost of the material used. . Congress sits under a roof of iron, its building is crowned by an iron dome; it is about building a new navy and is considering whether it shall be of 

[steel or of iron, and the result will depend upon the comparative qual. 
tities of steel and iron. I see it stated by a gentleman, eminent in the actual practice of steel making, that his company is prepared now to furnish steel which shall be guaranteed a tensile strength of 

60,000 pounds to the square inch, with 30 per cent, elongation, One can hardly imagine a more admirable metal. 
Therefore I think that this society can with a good heart go to 

Congress, and if they can only convince some of its leading members of the necessity of more knowledge on this subject, it appears to me 
they must meet with success. 

F REMARKS OF CAPTAIN LYLE. 
I was very much interested in Mr. Macdonald's paper, and I can say 

Lthat there is nothing in it to which I cannot heartily subscribe. In 
8peaking of the want of knowledge that has existed, and still exists, arnong engineers in regard to structural materials, their strength, my own experience has taught me to doubt the reliability of the 
Prdinary testing machines. 
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in one case I tested a piece of metal for gun-barrels, using very 
small specimens, which gave a tensile strength of over 65,000 pounds to the square inch, and yet the barrel burst at a much lower Pres- 
sure. In another case a barrel burst iii service-firing with a pressure 
of from 25,000 to 27,000 iouncls pe1 square inch, as indicated by the 
Rod man pressure—gauge. I took a piece that was b]owii out, turned 
down the specimen, tested it, and it gave 88,794 pounds tensile 
strength ; yet the barrel had burst when subjected to not over 27,000 
pounds pressure to the square inch. These results made me hesitate 
about accepting any results from a testing machine of that size. 
Further experience in testing metals have tended to convince tue of 
the inaccuracy of small testing—machines. 

As to the machine at Watertown Arsenal, I know that there is 
such a machine, that is, I have seen it. I believe the original board 
(U. S. Board to Test Iron and Steel) published som of the results ob- 
tained with that machine. They got out a report, and of that report I know not how many copies were printed, nor how many were re- 
ceived by the engineers of this country. I cocilci not get one, thoulm I tried for some time. I have no doubt that you will find that the 
men who were most interested never received them. 

I had the curiosity to go, to-day, to tile Ordnance Office in order 
to learn what the machine was doing. I have now in my hand an 
official copy of a letter written by the commanding officer of Water- 
town Arsenal to the Chief of Ordnance, in answer to certain inquiries 
as to the capacity of the testing-machine at that point. I did not 
see the letter of inquiry, but understand that this letter gives short 
and categorical replies to the questions asked by the Chief of Ordnance. 

The letter reads as follows: 

WATERTOWN ARSENAL, February lnh, 1552. 
THE CHIEF OF ORDNANCE. 

SIR: I have the honor to reply to your interrogatories of the 10th inst., 
follows 

1st. The greatest number of tests made in a dy of 8l hours is seventy (70;. 
The least nember is one-half of a test. 

2d. The cost charged to private parties for tests is determined by the time taker 
to make them. 

3d. The machine is in constant use when Mr. Howard is not otherwise eflgflg 
in making out reports of tests made for private parties. 4th. The cost of running the machine is $18.00 per day. 

Respectfully, your obedient servant, 
Signed] T. T. S. LAIDLEY, 

Colonel of Ordnance Comman"S 

Under the present arrangement, from lack of funds and suffic1Cit 

force to operate the machine, it is manifest that the Watertown instru- ment cannot be depended upon to furnish tile data of which it is 
capable. It does not supply the information needed by the engineers of. the country at large. 

The act of Congress, approved February 24th, 1881, appropriated $10,000 for "preserving, using, and operating the United States F testing-machine at the Watertown Arsenal ; prodded, that tile tests of iron anti steel, and other materials flr industrial purposes, shall be continued during the next fiscal year, and report thereof shall be made to Congress." The fiscal year referred to ends June 30th, 1882. Tile reports made must be submitted to Congress at its next session, before they can be printed. The red tape involved in tite process of getting the reports printed causes great delay in their appearanee. The only way to have them promptly is to issue mu- letins from time to time; these bulletins to contain merely abstracts of the work 'lone and the results obtained. 
Special care should be taken to record all failures in experimental tests, as it is the failures rather than tile successes that are most F instructive. 
It seems to me that tile location of the machine is singularly un- 

fortunate, being in an out of tile way place, inaccessible except by local traimis, and so far from tile great centres of iron and steel manu— : facture. Governor's Island, New York harbor, has been suggested, but that is open to objection on the ground of inaccessibility. Frank- ford Arsenai, Philadelphia, has also been nlentiolled, but that is rather far from tile great central railroad depots. My own prefer- ence would be for New York city as a location, but that would involve a considerable expenditure of money for the purchase or rent of a suitable building, and tile introduction of Power for its manipu- lation. Again, tile risk of injury by fire is much greater in a city - than at some one of the arsenals. Tile risk and diffleuity of trans- portation should not be overlooked. 
But wherever the machine may be located, an active young man should be placed in direct charge for the sole purpose of operatillg It under the (lirection of a competent board. The idea of individual 

Ownership of tile instrument should be discouraged, and tile person n charge should appreciate tile fact that the machine is designed for .e benefit of the government and the engineering interests of tile 
entire country. It is my opinion that a commission or board of specialists should .e created to project and carry out tests with the machine. The 
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board should not be too large, else diversity of opinion will paralyze 
its effirts. The board should be subdivided into committees, whose 
members are experts or specialists in their own lines. There woul1 
he great necessity for this subdivision of the work. The board 
should be attached to one of the executive departments of the govern. 
ment, no matter which one, so as to have a recognized head, in order 
to leave its members untrammelled by the clerical labor incident to 
disbursements and accounts. 

I think army officers are ready and willing to work iu unison with 
manufacturers and engineers for the success of this great work. It 
has always been my own desire and practice to give the best in- 
formation in my possession on any point to those who desired it., 
no matter whether civilian or soldier, American or foreigner. Al- 
though there may be a few obstructers in the army, as elsewhere, I 
think I am justified in saying that the army is willing to aid in this 
work. I feel assured that the Chief of Ordnance will lend all the 
assistance in his power, consistent with his duty as the head of a 
great executive bureau of the government. 

REMARKS OF Mit. E. D. LEAVITT, JR. 

I DESIRE to state briefly my views respecting the great practical 
value of the Watertown testing-machine, and the necessity that 
exists for an able permanent commission to supervise its operations, 
in order that t.he results of all tests made thereon may be properlY 
worked out and rendered available for public use. 

It is doubtless known to the Institute that this machine has, for 
the past two years, been placed at the service of the public upon 
payment of a per diem charge. It was my privilege to be among 
the first to use the testing-machine, and the results of my first cx- 

periments were of such importance, owing to the great capacity and 
extreme accuracy of the machine, that it has since become my praC 
tice to have tests of all materials used in constructions that came 
under my charge, made at Watertown. 

As a consequence, nearly one hundred tests have been made on 

my account directly, and some two hundred and forty additional for 
work built from my designs. It may be confidently affirmed, that 
the factor of anxiety on all these structures is exceedingly small as 
far as the quality of material is concerned, and it is undoubtedly 
a very great. advantage for parties interested in construction to have 
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any tests that come within its scope made on the Watertown machine. The engineering professions, and through theiii the general public, do hot real) the advantages that they ought, when it is considered that. the machine is public property. It may be asked, why do not those who have made use of the machine make public the results of the tests that have come under their notice? To this the reply must be, that the interests of clients are generally paramount to the interests of science, leaving no time for properly working up the data for l)uI)lication. It is also natural that special information bought and paid for, should he con— sidcrcd personal property. Engineers are almost invariably very busy men, and rarely, very rarely, is there found one among us, who, like our lamented Holley, has apparently time and capacity for all things. 
My advantages have been exceptional, from the fact that. my residence is but a short distance from the Watertown Arsenal, thus affidiag the opportunity of being personal 1' present during tests, with very little loss of time. Such privileges can be enjoyed by very few of the profession without serious illconvenienee. Tile machine is operated in a first-class manner l)y those at present in 

harge, but with the ral)idly-illcreasing demand for tests, a larger force of experts is absolutely necessary, all of whom should be of such reputation as to command tile confidence of the profession and the public. 
There seem to be certain men who, like Regnault and Tvnclali, are born experimenters, and such men are needed for tile permanent 

commission, in order that the full advantages of the great testing- machme be realized. 
Our knowledge regarding the strength and behavior of materials under strain is yet very limited. The best and most experienced con- structors admit and lament this. In these days of high speed by rail- 

ways and steamships, of long-span bridges, and deep mines, engineers must know what, materials vill safely endure; life depends upon it, and every means available for increasing and disseminating infor- Inati(,u on a subject which is of such vital consequence to all should be provided. I freely acknowledge that I have learned more about structural 
materials through the tests made at Watertown during the last two 
yeais, than in twenty-five years' previous exl)erience. At the same 
time, I am aware that I have by no means secured all the advantages 
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to be obtained from the data in my possessioll, or that iii ight readily 
be secured by a commission of experts specially devoted to the duty, 
with ample time for observation, and provided with the best—known 

appliances for making experiments. 

REMARKS OF Mn. T. C. CLARKE. 

The history of iron construction in this country well illustrates 
the three phases of thought described by Angnste Cowte, the French 
philosopher. 

The first is the era of faith, when belief in the safety of structures 
rests on the authority of the designer. The second is the era of 
criticism, when plans of structures are analyzed with much mathe- 
matical skill, but the data upon which the chain of reasoning depends 
is assu med upon insufficient experi inent. The third, upon which we 
are now entering, is a scientific era, which demands experimental proof. It also demands that this proof shall be derived from experiments 
made on full—sized specimens, such as are in actual use, and not upon 
toy models. 

Until the construction of the United States testing—machine, now at 
•\%ratel.tow,n Arsenal, it was impossible to make such experiments with 
accuracy. We now have a machine in which we can test full-sized 

specimens of every part of a bridge or other structure that we want 
to use, and under the same conditions in which it is actually used. 
The next thing is to get moiiey to make these experiments available. 
No private individuals can afford to do it, and even if they could, 
they might wish to keep the results to themselves. So that the 
next point is that we want money, and that, I believe, everybody 
thinks we should ask Congress for. WTe want also, as has been 

said, some one who shall make a business of testing, and who has 

plenty of time. Persons who are employed in private business are 
too much in a hurry ; they want to do a thing and get done with it, 
and then do something else; but government officers are entirely fice 
from this feeling; time to them is of no account, and in experimeiit 
ing that is the very element that is of value; it does not do to be 

hurried; the great thing is to get it right and to test your results, 
and go over it, again and again. And the experimenter who operates 
the machine must be some person educated tip to the use of it. W'e 

t.hen want a general advisory board who will indicate a plan of ex- 

periments, collect the results, and publish them. Sonic experimet)ts 
were made the other day at the Watertown Arsenal upon full-sized 
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Phmnix columns. An one can see at once that these are very valu- able experiments because w have certain columns all of the same 
qnalitv of metal, the same workmanship, and the same cross—sections, and clifThring only in length. As far as these columns are concerned this would be all, but it would thcn suggest itself that we make cx— 
perinieits sith the same columns alike in other respects but with diffhrent cross-sections, and then test them made of steel, and so on. The engineer is often akcd, why don't you use steel ? We can't 
expect to know anything about it at all until experiments are made in the way that I have indicated in Some such machine as this. I venture to say that Messrs. Fowler & Baker, who expect to build the great bridge over the Firth of Forth, in Scotland, cannot find out any- 
thing about the trcngth of the parts of their structure, unless they have a machine equal to our government machine. Then, the last - thing of all, after having made the experiments, they ought to be pub— •lilied monthly and sold in all book—stores. Then every engineer could get a report, and would have questions to ask and suggestions to 
make, and would at ('ace write to the board and give them the benefit of his thoughts. These suggestions would be one of the most vaIn- 
able results of prompt publication. 

REMARKS OF MR. 0. CITANUTE. 

j In discussion of Mr. Macdonald's paper, I can say little more than to add to the general acknovledgmeis of ignorance, and like several of the gentlemen who have preceded me, make one of those 
confessions which are thought to be good for the soul. 

Having had some experience in the erection of bridges (luring past years, I am aware that we et need much information in order to proportion them to time best advantage. I would nIore especially like to emphasize three of the points mentioned by Mr. Macdonald, s among those upon which we lack 
knowledge; these are: first, the behavior of steel; second, the pro— portion of compression members; auid, third, the influence of the Size of a bar upon its strength per square inch. 

First, as to steel. While we all acknowledge this as the material of the future, our position may be said to he still one of expectancy. 
engineers are bold enough to employ it largely in bridges, and those who do, find such serious difficulties in obtaining uniform 

grades of it, are so puzzled by apparent anomalies and unexpected 
phenomena, that it requires considerable faith and courage to apply lt in large structural masses. A series of systematic experiments, 
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such have been partially made by various European nations in 
their government shipyards and elsewhere, by which we should be 
enabled to connect the influence of the chemistry of steel and of tie 
process of its manufacture, with results of the various modes of 
working the product into its final shape, would doubtless add so 
largely to our knowledge of modern structural steel, as to make 
reasonably clear much that we now only suspect, and give us the 
necessary knowledge and confidence to avail ourselves of the in- 
creased strength and economy which this metal promises. At preS— cut we know that the strength exists, but we also know that steel is 
brittle under many conditions ; and where human lives are at stake, 
where failure would involve such (lisastrous consequences, we dare 
not avail ourselves of the strength of that metal, unless reasonably sure that it will not break. 

Second, as to compression members of structures: They are now 
proportioned upon formulas which were framed many years ago in England, and which were based upon very few experiments, some 
thirty in number, if I recollect rightly. Not only were those cx- 
periments tried upon pieces materially smaller, and of diffrent 
shape from those which we now generally use, but they were made 
with English irons, which are found to differ in some respects from 
the characteristics of American irons. We have accordingly made 
some changes in the constant numerical factors of the farmnlas, to 
attempt to adapt them to our use, but we nO\V find from the experi- 
ments recently made at Watertown with the government machine, 
for Messrs. Clarke, Reeves & Co., that even the mo(lified formulas 
are erroneous, and do not agree with the actual condition of affhirs. 
In fact there is great uncertainty as to the actual strength of the 
bridges which we are daily erecting. Their strength is of course 
limited by that of the weakest part, but while we endeavor to make 
every Part equally strong, as well as we know how, yet we are 
almost entirely ignorant as to what is actually the weakest part of a 

bridge of any magnitude, and of just where it would give way first, 
if loaded to rupture. 

While no man knows exactly what weight will crush fiat say a 
4-inch cube of wrought iron; we do know that it begins to yield, 
without recovering its shape, at pressures of sonic 36,000 to 40,000 
pounds to the square inch. Accordingly with the aid of the for- 
mulas I have mentioned, we proportion compression members for an 
assumed crippling-point varying from say 35,000 pounds to the 
square inch for pieces of ten diameters in length, down to about 
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24,000 pounds to the square inch for pieces forty diameters in length, and upon these we allow strains varying from 7000 to 4800 pounds to the square inch, as working compressive loads; while in tension 
we allow some 10,000 pounds to the inch on iron, with a breaking strength of 46,000 to 50,000 pounds, and an elastic limit of 20,000 
poun(ls to the square inch. 

Now II) my judgment, the crippling—point of a compression piece 
corresponds more nearly with the elastic limit in tension, than w'ith the ultimate or breaking strength. The pi'ohabilities of any com- 
pression bridge member being strained up to the crippling—point, are nearly as remote as the probabilities of a tension member being strained up to its elastic limit, and to have all parts equally strong, should experiments jtistiIy this view, we should base our assumed 
margin of strength (you will note that 1(10 not use the term " factor of safity," as I think it misleading), upon the crippling strength and the elastic linilt of the material. As for myself, I believe that we are now making our compression members considerably stronger than the tension members; that if we were to break down a bridge by fair loading, granting of course that all the connections should be made stronger than the body of the Pieces they attach together, rupture would probaldy first take place in one of the tension mcmii— 

bers. But then while so believing, I do not know. I confess my 
ignorance upon this point, and until this ignorance is removed, I shall go on specif\-ing for proportioning bridges in the 01(1 way, and with the old Ibrmulas, 

Third. Not only is there great uncertainty concerning the actual 
strength of compression members, but we do not know accurately the strength in tension of full-sized bars worked to various diinen— 
sions, and with a difThrent amount of pulling and squeezing in the 
rolls. 

In the bridge specification of the New York, Lake Erie, and 
Western Railroad, we require that full-sized pieces of flat, round, or square iron, not over 4 inches in sectional area, shall have an 
Ultimate strength of 50,000 pounds per square inch, and stretch 12 per cent, in their whole length, while for bars of a larger sectional area than inches, we allow a reduction of 1000 pounds per square 
inch, for each additional square inch of section, down to a minimum of 40,000 pounds per square inch. This was adopted after consul- tation with various manufacturers of iron, who had large experience; but the discrepancies between the data which they furnished, and the views which they expressed when the printer's proofs of the spe— 
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cifications were submitted to them, showed clearly that they did not 
agree as to rçsu]ts, and that they too were in need of further experi- ments upon full—sized mew hers of various dimensions. 

In the government machine at Watertown, we have for the first 
time in this country, a machine adequate to obtain correct results 
lpon full-sized members. It has a capacity of 400 tons, while 
former machines at various bridge works had a capacity of only 
150 tons, and could not be trusted to work accurately to even 100 
tons. Tension members, being composed of several parallel bars, could be tested in detail, provided the dimensions of the bars did 
not exceed say 8 inches by 1 inch, but compression members, with. 
a sectional area of say 12 to 20 square inches, could not be tested at 
all, and resort had to be had to small models, which, as already stated, are not found to give the same results as full-sized pieces. Tests are made for two purposes first, to ascertain the best 
form in which the metal can be placed to resist the strains ; and, 
second, to ascertain the quality of the metal itself. Upon the latter 
point experiments are being made every day by manufacturers, 
bridge builders, and corporations which are erecting structures. 
Every time we contract for a bridge we test many specimens of the 
materials which go into it, and the corporation with which I am 
connected, has tried hundreds of experiments upon the quality of 
the metals it has used, which will be very much at the service of a 
testing board, should one be appointed. These experiments have 
been carried as far as we had any interest, that is to say, to the 1)Oiflt of ascertaining the quality of the metal furnished; but we have p- 
served many of the specimens, and a testing board could ascertain 
the chemical constitution of each, and, perhaps, be enabled to con- 
nect the various behavior of the specimens with their chemical char- 
acteristics and the process of their manufacture. 

For information as to the best forms, however, we must rely upon 
the government machine, and especially upon government aid, as 1)0 

single firm or corporation has sufficient interest, at stake to warrant 
it in planning and paying for the great cost of a systematic series Of 

experiments, to ascertain what are absolutely the best shapes intO 
which to put the members (chiefly those of compression), by testing 
full-sized pieces. Moreover, if any firm or corporation were to be- 
come possessed of information which is so much needed, it would 
probably endeavor to give it commercial value, and to recoup its 
expenses, to say the least, by keeping such information for itself as 
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long as it could, and the general public of metal-users would remain - 

in its present ignorance. 
It seems to rue, therefore, that the General Government is the 

proper party to institute and carry out the needed experiments, not 
so much because, as has been claimed, the materials to be tested are 
"American" iron, steel, and other metals, but because there is need 
of general information, which no single other party is likely to oh— 
tam and make public. The government has the machine, it has 
abundant. resources, and the manufacturers and engineers of the 
country, with universal good—will, stand ready to tender their aid : and technical knowledge. ov one word as to the organization of the inquiry and the doing of the work. There should be some general plan of Operations, and 
this would probably he best evolved by the deliberations of a com- 
mission, hilt the actual work will he chiefly done, as I think, by one 
man. That is to say by the' man who may be placed in general 
charge of tile experiments, and whose duty it will he (to (lrLw an 

% analogy from industrial organizations) to act as chief executive 
officer, or superintendent if von will, and to plan and draw deduc— 
tions from the various needed experiments. The commission, if 
Commission there be, may lay out the general plan, but it must have 
some one head in charge of the actual carrying of it out. 

But. how shall we secure the selection of the very best man to put into that position? He may be appointed in many ways. He may be selected by the President of the United States, or by the Secre- 
tary of War, or by the Secretary of the Navy, or by the head of 
one of the government bureaus, or by the commission which has 

- been suggested, and which would thus act (to refer again to indus- 
trial organizations) as a board of directors or trustees. It does not 
in my judgment make much difference how he is selected, provided we get the right man. A mistake may be made at first., and changes 
may have to he made, until the right man, a man like Kirkaldy, in 
England, is brought forward, who shall possess the necessary technical 
skill, the executive ability, and the high standard of accuracy and 
thoroughness to conduct the experiments, as well as the talent to 
deduce general conclusions from them. 

Upon the whole, I believe that the best way of selecting such a 
roan, would be through a board of commissioners. This plan has 
been found to work best. for joint-stock companies carrying on large 
operations, and I hope that Congress will organize the work through 
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a commission as prayed for in the memorial of the Society of 
Engineers. 

PAPER BY MR. ALFRED P. BOLLEU. 

ON THE NEED OF A NATIONAL BOARD FOR TESTING THE METALS OF 
CONSTRUCTION. 

IN the victories of peace as well as of' w'ar, the science of engineer- 
ing has played a prominent, if, indeed, not the leading part. While it might be interesting, and food for profitable thought, to 
trace the development of, engineering from early times in its bear- 
ings upon the social bettrnient of mankind, it will be sufficient on 
the present occasion to suggest a few, thoughts that it is hoped will 
aid the unprofossional listener to an appreciative consideration of the 
subject—matter laid down for to—day's discussion, and possibly lead 
the professional brother to a higher conception of the profession to 
which he belongs. 

Since the advent of the railway era, it is difficult to grasp the 
sequence of historic events that. have led to the wondrous develop- ment of mechanical science, making possible the civilization that is 
our daily boast, and opening up a vista of future intellectual and 
moral advancement among the nations of the earth, before whieh tl)e imagination becomes hopelessly lost. Even now, looking back 
over a period of only half a century, we often fail to realize the vast 
change in the relations of individuals and nations to each other, 
brought about by the results of those mechanical discoveries which, 
having wade the whole world kin, exercise a resistless levelling 
influence that bears fruit politically in the spread of republican ideas, 
and morally in the elevation of the individual through the facilities 
given to the dissemination of Christian ideas and general intelli- 
gence. In this view, it seems almost like a work of supererogation for a body of representative men of one department of that science 
to which the whole world owes so much, to meet here at the centre 
of our national life to plead not only for a practical recognition of 
the national importance of the work to which their lives are devoted, 
but also for national aid, on a scale beyond that. of private effort, to 
the end that mechanical science may be carried to a higher plaiie than ever yet attained, each step on the way being of material benet 
to every man, woman, and child in the community. Possibly this 
is strong language, but none too strong when we consider that the 
work for which we plead is one affecting not only vast scienti 
and commercial interests, but also human life, to a degree little ap- 
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preciated b- those whose occupation or calling is outside of pursuits in the domain of applied science. 
What so intimately affects the people in every household is worthy of the profbundest sympathy of the legislative powers, and the mem- bers of an' Congress who grasp this subject as its magnitude and 

importance demands, will live to see not only a great work performed in the interests of science and manufactures, but also a web of pro- tection thrown around every hearthstone in the land, by removing to a great extent the ignorance and empiricism to which too niany broken bridges, fallen buildings, and imperfect machines testify. It is popularly supposed that engineering is an exact science, . treadint, as far as it is developed, on positive data. If this were true there would be no need for a government commission for testing 1 the inctds of construction While engineering theory has bcui most J thoroughl' established, covering almost., if not entirely, all depart- ments of the science, engineering thct.s are in an unsatisfactory state, j and must remain so until experiments on the strength of materials are made on a scale which a national government alone can under— take. Dui'ing the last decade we have discovered the fact that our .. knowledge of' the propei.ties of iron and steel is less accurate than it was heretofore supposed, and that the physical data, in use all over the world, are based on crude experiments made on a scale utte'ly insufficient to determine the true value and application of the metals in the forms and masses as applied in the arts. To the layman, with all the triumphs of modern engineering before him, this statement 
may seeni contradicted by those engineering successes; but such works are always based upon a "factor of safety," made large enough by prudent engineers to cover up not only the imperfections of work- 
manship always inseparable from the best of human endeavor, but also those deficiencies of exact knowledge regarding the properties of metals used in construction. Every factor of safety, therefore, is 
composed of two parts, the factor of safety proper and the factor of 
ignorance. It is the determining if the exact proportions of this I factoi' engineering science now demands, that ignorance may be 
eliminated, and dishonesty prevented from taking refuge in the 
protection due to the margin allowed for the factor of ignorance. This factor of safety, such as it is, is the sole protection of the millions of people daily carried by the railways of the world and all the other modes of mechanical transportation, to say nothing of the occupants of innumerable public buildings and places of assem 

-blage. Further, as an economical measure, the establishment of a factor of safety based on exact data deserves more than a passing 
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comment—an economy resulting from a direct saving in the use of 
materials in the broadest sense, and in the prevention of their abuse. 

Measured by product, the United States is i'apidly coming to the 
van among the nations of the world in the manufacture of iron and 
steel, being second only to Great Britain. The past year witnessetj 
some 6,000,000 tons of iron and steel made in this country, the so- 
entific use and economical application of which becomes of the first 
national importance. It may be a revelation to some, that there is 
no standard of authority as to the strength of the metals of construc- 
tion, and that engineers are by no means agreed upon the limits of 
strain that may be impQsed on iron and steel under given conditions, 
Some years ago they thought they knew more than they do now, but under more exacting requirements, more extended observation, 
and higher technical training, they have arrived (with rare exce})— 

tions) unanimously to the conclusion that no authoi'itative data exists - 
for designing metallic sti'uctures, nor can exist until some centrai 
authority, like a national government, establishes a system of cx— 

perin1enting upon the metals on scientific principles, and on a scale 
that bears some proportion to the shapes and masses actually used in 
construction. 

From the preceding remarks it must not be concluded that en- 

gineers have all these years been practising a rule of thumb, and 
depending upon their intuitive perceptions for the successful practice 
of their profession. It must be remembered that metallic construc- 
tions are of comparatively recent date, and that their development 
is dependent upon a great volume of experimental data that takes 
more or less time to accumulate and analyze. Much experimenting 
has been done, and is now being performed continuously in all parts 
of the world by private individuals, either for trade purposes or 
private investigations. A considerable portion of such work gets 
before the professioii in a fragmentary sort of way, finally getting 
into our textbooks as authority, supplementing the English tables 
that have been handed down through all the engineerimig textbooks 
that have ever been published. And in this connection it is proper 
to confess that American practice is largely governed by the tradi- 
tion of English experiments, which have come before th world in a 
more accessible shape and greater fulness than could be elsewhere 
obtained. These English experiments, dating from the construction 
of the Britannia and Conway bridge-tubes, have ever since been 1)ub 
lished the world over as authority, and the names of Eaton, Hodg 
kinson, and Sir 'William Fairbairii, by whom those experiments 
were devised and conducted, will ever live as pioneers in the art of 
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iron construction, and he revered as long as the profession of engin- eering has a follower,_particnlarly that of Fairbairn, whose whole 
long and busy life was (lCvoted to experimental knowledge, and whose researches, to this day, are largely our guide in P1actice. The next step toward a still wore accurate knowledge of the constructive value of iron and steel was taken, when the experiments of Kirkaldy were made, about 1862, under the Patronage of one of Scotland's great ship-building firms, that of the Messrs. Napier & Sons, by whose 
permission they were given to the woi'ld, adding largely to existing knowledge. These experiments disclosed many important factors in the behavior of metals under stress, overlooked by all previous 
experimenters, and opened up a field of investigation that has ever since been profitably worked. But these, as well as all preceding ones, were conducted on what we may call specimen sizes of the various irons and steels nanufaetured in Great Britain, and, while valuable as far as they go, they are utterly insufficient as standards by which to judge the absolute value of structures as a whole, or of the parts of which they are composed, to say nothing of the fact that American intem'est is in American metals and not in British. 

Chemical composition, as affecting the strength of iron or steel, has 
only i'eecntlv claimed attention (growing primarily out of the Besse- mer steel industry), and cannot he neglected hereafter. It is a mat— tei' of comparatively recent record, that iron or steel in small bars hs a very different value from the same nietal rolled in large sizes, and that the shape in which such bars may be rolled very materially modifies their strength. In general we have discovered that while 
experimental specimen sizes, on which our tables are mainly l)ased, give comparative values for dilfarent qualities of iron or teel, they are misleading as to absolute values, only determinable by testing the sizes and shapes as used in actual construction. The question of abrasion has still to be investigated, and when one reflects that this is a vital question in the economical use of steel rails, the im- 
portance of such an investigation cannot be overrated. In steel, particularly, there is much to learn, at least by the profession at 
large; few engineers have the temerity to use it with the present lack of knowledge of its physical properties; yet it is a metal that the constructive demands of the age are forcing on the attention of 
engineers, and, as the metal of time future, a full and elaborate series of physical and chemical experiments upon such shapes and sizes as are needed in actual construction should be undertaken at the -' earliest moment. 

Another line of investigation is greatly needed, and that is the 

I 

I 



effect of vibration and impact, on which the life of metal structures 
largely depends. Some few investigations in this branch of experi- 
mental research have been made by Fairbairn in England, and in 
considerable number by the late Baron von Wober in Germany, both 
pointing in a general w'ay to a period of destruction under repented 
impact and vibration, s'hen such successive impacts strain the ma- 
terial beyond a certain point. It would make a long catalogue if 
we were to enumerate with any fulness the unexplored regions await- 

ing the investigator into the properties of the nietals, and would in- 
volve a degree of technical statement out of place in this paper. 

Enough has probably been said to awaken an intelligent interest 
in the thoughtful lay mind, and it is hoped it will bear fruit in season. 
The American Institute of Mining Engineers is only an advance 

guard in pressing the attention of this subject upon Congress. The 
two other representative hod ies of engineering science, the A meriean 

Society of Civil Engineers and the American Society of Mechanical 

Engineers, are thoroughly in earnest in the matter, and will soon be 
heard from, blending, as it were, with the voices of all minor socie- 
ties and mercantile associations, the factories, mills, and workshops 
of the country, in one harmonious demand that Congress shall con- 
sider the grand scheme presented to it for action ; a scheme in the 
interest of no faction or body of men, but in the interest of the whole 

ople. 
This idea of establishing a National Board for the testing of 

American metals is not a new one, and it is j)Ioper in this place 
to refer to past eflhrts in that direction. In 1875 such a hoard was 

constituted by act of Congress, on recommendation of the House 

Appropriation Committee, of which the lamented Garfield was chair— 

man. The members of the hoard were selected with great judgment, 
and represented satisfactorily the various departments of the indus- 
trial and engineering branches of science. The Ordnance Depart- 
ment of the army had previously been at work in this direction for 

ordnance information, and had already in hand the construction of 
a testing-machine on a new principle, and of such proportions that 

experiments could be made on a scale, and with a degree of accuracY, 
never before attempted. On the creation of the Testing Board the 
work of the Ordnance Department was consolidated with it, and 

everything promised fair for results that would not only he of ines- 

timable value to our own people, but be of great national credit. 
The board lost no time in organizing, and laid out an exhaust 

scheme of work, covering all possible uses of the metals, under sub 

committees for each special department of investigation. They at 
once took in hand the testing-machine, previously contracted for by the Ordnance Department, and used every effort for its early com- 
pletion. This was prolonged far beyond the anticipated time, and 
swallowed up in its cost almost the whole of the original appropriation of Congress, viz.: $75,000,—.-a sum far in excess of the original esti- 
mate, thus materially crippling the work of the board at the very outset. The testing—machine selected by the Ordnance Board, and approved 
by the National Board, is the product of years of labor and expen— [ diture on the part of Mr. Alhert H. Emery, civil engineer. It was the 

[ first one ever built on the magnitude contenll)hated, and involved 
such novel principles, leading to an accuracy hitherto unapproached 

[ by any other machine ever built or conceived of; that last year the 
I Massachusetts Charitable Mechanic Association, on the recommen- 
dation of a committee of Fellows of the American Academy of Arts 

[and Sciences, conferred its "Grand Medal " on the exhibit of the 
results of the testing—machine as the "single exhibit most conducive to human vel fare." Tb is in acli inc is one of the world's mechanical wonders. It will exert a pressure so delicate as to weigh to a nicety the strength of a hair or an egg-shell, and so powerful as to bring iuto play a force of 400 tons, and in either case with absolute accuracy. 

machine being a novelty in itself, like all new contrivances, could ot he confined to any initial cost, and had to be carried through from 
beginning to end, as every original effort must be, regardless of ulti- 

cost. In t.he meantime, during the building of the machine, the of the board did a great deal of independent work, largely 
preliminary, and often at their own expense. As before remarked, the 
Unexpected disbursements required for the testing-machine hampered ' board from the start; for while a great range of experiments was 
possible independent of the testing-machine, such as the breaking of 

li-sized girders and trusses, they all required an expenditure in a e way. Still, much valuable work was done, far more than is 
ralIy supposed, which has been admirably covered in a paper by H. H. Thurston, read before the American Association for 

Advancement of Science at its Nashville meeting in the summer 
1877. This paper sketches the organization of the committees, h the work laid out for each, and the recapitulation in this . of the division of labor and the scope of the investigations, will 

witness to the wisdom of the committee, and serve to emphasize 
previous remarks upon the importance of a National Testing rd for the industries of America. These committees were: 

VOL. x.—2.5 
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(A) ON ABRASION AND WEAR. Insfiuc5ions: To examine and report Upon th 
abrasion and wear of railway wheels, axles, rails, and other Iflaterjit 
under the conditions of actual use. 

(B) ON ARIoR PLATE. Inscuctions : To make tests of armor plate, Intl t 
collect data derived from experiments already made to determine the 
characteristics of metals suitsble for such use. 

(C) Ox CHEMICAL REsEARch. Iiistruclions: To plan and conduct investp5. 
tions on the mutual relations of the chemical and mechanical properties 
of metals. 

(D) ON CHAINS AND WrRR bras. Insrucfions: To determine the cl)Iriictir 
of iron best adapted for chain cables, the best form and proportions of 
link, and the qualities of metal used in the manufacture of iron and steel 
wire ropes. 

(E) ON CORROSION OF METALS. Insbudion.e: To investigate the subject of the 
corrosion of metals under the conditions of actual ue. 

(F) ON THE EFFECTS OF TEMPERATURE. In.str,tcions: To investigate tlte 
effects of variations of temperature upon the strength and other qualities 
of iron, steel, and other metals. 

(G) Ox GIRDERS AND COLUMNS. Instructions: To arrange and conduct experi 
ments to deter,nine the laws of resistance of beanis, girders, and cl- 
ttmns to change of form and to fracture. 

(H) ON IRON, MALLEABLE. Instructions: To examine and report upon tilt 
mechanical and physical properties of wrought—iron. 

(I) ON IRON, CAST. Instructions: 'I'o consider and report upon the mechanical 
and physical properties of cast-iron. 

(J) ON METALLIC ALLOYS. Instructiona: To assume charge of a series of 

periments on the characteristics of alloys, and an investigation of IhC 

laws of combination. 
(K) ON ORTHOGONAL SIMULTANEOUS STRAINS. Instructions: To plait sol 

conduct a series of experiments on simultsneous orthogonal strains, tnih 
a view to the determination of laws. 

(L) Ox PHYSICAL PHENOMENA. Instructions: To make a special investigetta 
of the physical phenomena accompanying the distortion and rupture ii 
materials. 

(M) Ox REHEATING AN]) REROLLING. Inctructjons: To observe and to exper- 
iment upon the effects of reheating, rerolling, or otherwise reWr 
ing; of hammering, as compared with rolling, and of annealing tie 
metals. 

(N) ON STEELS PRODUCED BY MODERN PROCESSES. Instructions: To iflVetO 

gate the constitution and characteristics of steels made by the Bessent, 
open hearth, and other modern methods. 

(0) Ox STEELS FOR TooLs. Instructions: To determine the constitution Sri 
characteristics, and the special adaptations of steels used for tools. 

The committees being without funds, for reasons previously state'l, 
were unable to do much more than begin their wisely_planned work, 

so that the board took measures early in 1876 to come before C,tmt 

gress for an additional appropriation, and, reinforced by the rn0r 
support of leading scientific associations and schools throughout the 
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country, asked for an appropriation of $50,000 to continue their : work. In July the Senate added an amendment to the bill for Situ- 
dry civil expenses of the government, appropriating .$70,000 for tite useof the boai-d to test iron and steel. This was opposed by the 

House members of tile Conference Committee, and the amendment was stricken out, and about time only satisfkction that could be oh- taiied for the opposition of the House was in the remark of its chair- man to a prominent engineer desiring light on the subject: "Can you tell time how many Denioci-aLs there are on that board ?" The ---xious inquirer left, a sadder and wiser man ; probably wonder— jf jp1 and steel had it ndiscovered p01 itical characteiistit.5, as as chemical and physical. A conipronl ise anlendl went, how— 
— , was finally agreed upon, covering an appropriation of 1 9,— F96.98, and at tile same time legislating the board out of existence June 30th, 1879. The work continued with the above fi taitcial 
support, and is a matter of record in the committee's reports, a St 'ry of which may he fhnnd in Professor Titurston's review of the 

work 
of the board, before noted. Strong efforts were successively made, tot only to secure the repeal of tile law (liScontinuiug the 

oard, but to continue the appropriations. These efforts wet-c not 'y- cordially met by tile President, but made by hini tile suheet of 
Special message to Congress. Prominent members of Corlgress .e personal efforts to maintain the board as a national institution, d every possible argument was used for favorable congressional on. All these efforts, however, failed, and tile board was corn- tIled to accept the inevitable, and calmly resign itself to annihila— as its ultimate and speedy fate. In the year preceding tile )oard's dissolution, tile House, by resolution, called for a report of 
work, no report up to that time having been presented. This 1t was subsequently presented to the House and ordered printed. the debate upon the work of the hoard, the speaker, and former 'rnlan of the Appropriation Committee, to whom allusion has 

made, showed decided opposition to the board and its work, and 
Presunably on the same ground. Finally, in June, 1878, the whole atter was settled by tile passage of a law practically remanding the 

'machine to the custody of the Ordnance Department, nmaking -cessible for the service of private parties, under a system of fees J cover the expense of operation and maintenance. 
This is, in brief; a history of the rise, decline, and fall of the Uni- - 
States Board appointed to Test Iron and Steel. It belongs to 
past, and we must comWeuce anew, referring only to so much of 
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the past as will serve to enlighten the future. What is wanted n 
is a more comprehensive law for the proposed new board than tli 
one creating the old, and one fully recognizing the national character 
of the work. To this end the powel's of the board should be fully 

defined, and all necessary provoi made for its successful opera. 
tion. Such a board should not be tacked on in any way to an army 

department, but should be an independent body, reporting to the 

Secretary of the Treasury or the Secretary of the Interior. The 
work is almost entirely civil work, just as much as that of the Coast 

Survey, and should remain in existence as long as there is a metallic 

question, so to speak, remaining unanswered. ow that the testing_ 
machine is an accomplished fact, the board could profitably spend 
$50,000 per annuw in experimenting, and the centre of its opera- 
tions should be in the city of Washington, to which point the test— 

ing-machine should be removed from Watertown Arsenal, its present 

abiding-place. 
The operations of the board should he reported in yearly volumes 

readily obtainable by the scientific macn and metal workers of the 

country, either by sale for the mere cost of publication, or by a proper 

system of distribution, whereby the object of its publication would 

be accomplished. There is a tradition that an edition was published 
of the only report made to Congress by the old board. But the 

report has failed to reach the very class of men who could profit by 

it, leading to a vague suspicion that its distribution was based on 

political and not scientific methods. If it is not possible, under the 

existing methods of distributing public documents, to give the board 

absolute charge of distributing the yearly reports of its own work, 

then tile manner of distribution should be defined by the law crea- 

ting the board. Too much attention cannot be paid to this branch 

of the board's work, since the very object of its creation would 1w 

defeated if the results of its work were not easily accessible to all 

seeking information they contain. 
We are now brought to the consideration of rather a delicate (jU 

tion, about which there are differing views, and that is, the remun(r5 

tion, if any, of the men engaged on the work of the board. This work, 

if properly attended to, would be an exceedingly engrossing one, cal1- 

ing for the practical abandonment, for the time being, of any other 

pursuit, and it would seem manifestly unfair to demand that such labor 

and sacrifice should be unrecompensed. Again, the great majority 
of men qualified for such work (and there are not many such availa- 

ble) would be deterred from accepting service on the board, from 

sheer financial inability to perform mmrecompensed labor. Whatever 
is worth doing is worth doing well, and to expect qualified men to 
do without recompense tile work called for by such a board,—a work 
that will so richly compensate the American people,—is to believe in 
a degree of self-sacrifice that SliOUl(l not be looked fi)r this side of , and should not be asked for. The only objection possible 

urge against a paid board, all or in part, is the one usually attach— 
.g to government salaried positions, and the possibility, therefore, 
F' unworthy or ilICoIDI)ctent appointments. In other words, the 

board might get into politics, and the question of the chairman of 
• H House Appropriation Committee, before related, would be asked 

With) re(loUbled en rnestness. 
Be this as it may, it should be thoroughly understood that the 

moment the proposed board takes on a political bias its usefulness 
's ended. Nor can such a board lend itself to the glorification of any .....vidnaI or set of men. Its aim is purely a scientific one for prac- tical ends, and as such must be established on its merits alone; and if this view is not prominently kept in the foreground, and made 
the basis of all legislation concerning it, the whole matter had better 
be dropped. Tile work of such a hoard is not a matter of one year -r two years; it may take ten years to cover the field as it should e covered, lint whether it takes a longer or shorter time, it should 
e constituted on such a broad basis as to be free froni haste in the 
eamim-iation of the various schemes of experimenting it must neces— 

hy undertake. We must not he impatient for results, but bear in l that the questions asked by the modern engineer are exceedingly 
plex ones, and that while lie \vould have been content a few years k to know the amount. of strain an iron bar, for instance, would 

-- J before rupture, he demands now to know the reasons that cause 
Ibrent bars to give different results, or the same bar to give differ- t results under varying treatment, or why a small bar behaves ''"'itlv from a large bar of the same material. And, further, a regard to steel, all that is known is so little compared with what 
yet to be learned about its properties and adaptations, that the 'l of research is almost appalling in its magnitude and intricacy. all these questions the yearly reports of the board would give 

nswers which would have the weight of undisputed authority. When the work of such a board is completed it would be a grand '"u of its work for the United States Government officially 
promulgate, as an American standard, the limits under which 

merican metals should be used, particularly in those works to the 
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stability and end urance of which human life is intrustcd ; and while 
perhaps it would be straining a point to add legal criminality ti a 
violation of such standards, the moral sense of the community would 
very soon attach such criminality, and bold would he the man, no 
matter how unscrupulous, to use metals excepting under the COiId_ 
tions oflicially prescribed. Science would have sway in the flicto. 
rics and workshops, and the days of the vendors of mantraps woull 
be numbered ; ignorance, if not 'ci iminated, would be kept unnler 
wholesome restraint, and the field of that useful but dangernus 
member of societv,—the " 

practical man,"—would be much i. 
stricted. 

The theme of the proposed 
" Board for Testing American Metals 

of Construction " is indeed an inspiring one, the for—reaching eone— 

quences being of vital interest to the American people. It is an 
endeavor, in the spirit of the age that is animating Ilunuan thought 
in all pai'ts oftlie world, to formulate exact knowledge. so that rules 
not only for safe practice but intelligent practice may be established. 

Engineering must ever advance towards ideal perfectiou, which is 

the perfect liarniony between theory and practice, the closer union 
of which administers to the necessities of mankind as well as to all 
wealth and luxuries,—in a word, to the betterment. of the whole 
human race. It is to contribute towards this end, as best it may, 
that the American Institute of Mining Engineers, relying on the 
wisdom and patriotism of the nation's rulers, meets on this occasion 
at the nation's capital, with Congress in session, to give VOiCe to Ihi' 
one overwhelming need of the engineers and artisans of America. 

REMARKS OF DR. EGLESTON. 

While I thoroughly appreciate the United States testing_machine 
at the Watertown Arsenal, and regard it as the most accurate tet- 
ing-machiuc that has yet been built, I wish that I could say that it 

is complete in all respects. I not only fully appreciate it, but I have 

given up advising the sending of material to be tested anywhere ele. 
It is five or six times more expensive to use this machine than any t 
the others, but the results which are obtained from it are, I tl1ii,k 

perfectly reliable, and of such a character that the tests are all coulpaD 
al)le with each other. It has proved, beyond a doubt., that the 

system of testing specimens of diminished area, and then calcuh:1t 

ing that the metal examined will be as many times stronger 
area is greater, is an absolutely vicious one. I am quite prepared 

t 
say, that, either from their limited size or faulty construction, iost ' 

the testing—machines which have been used for determining the 
values of the sections of reduced areas of the materials used in con- 
struction are not worth the metal of which they are made. 

But while I do not mean either to under- or over-value this ma- 
chine, I think that what is absolutely needed in the new departure which we hope to make is a series of tests that can be made without 
any testing-machine whatever. There are many (lark places in the 
characteristics of constructive materials, especially iron and st.eel, that. have never been cleared up. \Ve are manufacturing these ma- 
terials by the thousands of tons, and yet it is safe to say that we know 
very little about them. I remember very distinctly when every manufacturer believed that if sulphur was present in iron ore lie must I put in phosphorus, and if phosphorus was present lie must put in 
sulphur, and that these substances when present together would ex- 
actly neutralize each other. This was held firmly ii5 a matter of faith. It was a rude shock when some one announced that irons containing 
sulphur and phosphorus were both cold.short and red—short, and 
were cold-short or red-short in proportion to the amount of sulphur and phosphorus contained. About the year 1873 it was ascertained 
that it was not merely a question of the positive quantity of phos- 
phorus contained in the irons, but of the relative amounts of carbon, 
phosphorus, and silicon ; that with high carbon 'ye must have low 
silicon and phosphorus, and that with low carbon we might have 
high silicon or phosphorns. This was another shock which lcd, 
however, to very important results to the manufacturers. Since that 
time we have ferro—inanganese, ferro—silicon, and ferro—phosphorus, The whole metallurgy of iron and steel has undergone a complete 
revolution, who can say at what expense ? Arid why should not a 
government, which derives such a large revenue as the United States 
does from the manufacture of metals, and is such an enormous eon— 
suiner of theni, investigate their properties for the benefit of the 
whole people ? 
I spoke just now of ferro-phosphorus because I have recently 

learned that a cast iron containing 15 per cent, of phosphorus is so 
soft that it can easily be cut with a knife, while that containing 4 
per cent, is very hard, the hardness decreasing as the pereeitage of phosphorus increases. Before east iron containing these amounts 
had been found, who would have been rash enough to predict 
such properties of a substance whose only characteristic that we 
knew was to make iron and steel brittle. I have several times had 

[occasion to call the attention of this Institute to the very peculiar 
[Chemical properties of irons containing large amounts of phosphorus 
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and silicon, and to point out how indispensable they were for certain 
uses in the metallurgy of gold and silver. 'Who can say that wlie 
these materials have been properly studied and experimented upon 
we shall not find many other commercially profitable uses for Lila- 
terials at which every one now looks askance? 

Many of you are familiar with the careful and elaborate experi- 
ments made by Miller, Metealf, and Parkin, for the old Commission, 

producing steels of given quantities of carbon, silicon, sulphur, 
and phosphorus. The world does not know of these investigations. 
So far as I know no account of them has been published. The 
government is in duty bound to investigate these materials, or if 
already ]ost, the experiments should be made again. If the work of a commission, appointed by the United States, is 

to be commenced again, it will have not only to interest the public 
from a theoretical but also from a practical point of view. The 
pul)lic are not interested in merely scientific experiments, nor in 
tables of results obtained from the testing of materials by the 
methods ordinarily used by engineers. They do not doubt that they 
are valuable for some purpose of which they confess themselves to he 
profoundly ignorant, but they see no practical application of them. 

They do not see ally direct use in ascertaining the strength of smidl 
or even of large pieces of metal or stone. They are interested not 
so much in knowing the factors of safety of constructive materials, 
as in knowing the absolute safety of the structures themselves. I would require the commission to use the testing—machine 
continually; I would have it use the machine not on diminished 
sections, but on pieces of tIle full dimensions that are to be used 

in construction. Further than this, I would have the memheis 
of bridges and other composite structures tested separately. I would 
then have every kind of bridge put up and broken, the broken 

pieces reinforced, and the bridge again broken, and so on. It iS 

my opinion that when bridges had been broken once or twice the 
best form of every style of bridge would be ascertained to be some- 

thing quite different from what we now generally use, and the weight 
of material used iii them might be very much less. I would re 

peat tile same series of experiments for girders and trusses, the 
same for columns, and the same for the actual pieces used in everY 
structure where life, health, and comfort are concerned. If the 

public were fully assured that this was the purpose and ifltellt of 

the commission, engineers would not be obliged to ask Congress to 

appoint such a commission, the public would demand it. 

1,%rhiat I have said just now relating to iron materials should also 
be done for structures composed of wood, and I think that we would 
find in a great many cases that the structures tilat we are using are 
not only wrongly combined but are too heavy. We have been using 
wood since the world began. A few experiments have been made 
in regard to it, but very little is really known except what has been 
learned by certain manufacturers who have experimented upon it. 
For a whole year the testing-machine of the School of Mines was 
used to determine the strength of wooden materials. Tile results 
of these experiments were in many respects contrary to that which 
is ordinarily believed; yet these experiments, being made for private 
parties, were consigned to oblivion, and the world is no better off for 
their having been made. 

But these structures in themselves are not the only things in 
Whiell tile public has a direct interest. We know that metals and 
constructive materials undergo fatigue, that up to a certain point 
this fatigue will not cause rupture, and that if tile material is allowed 
a certain amount of rest between tile intervals of fatigue it will last 
a much longer time than if it has no rest. There comes, however, a 
time when tile fatigue is so great that it will overbalance the rcfresh 
ment and tile metal then breaks. Who knows now whether there 
is ally possible method of ascertaining beforehand when a metal is 
fatigued so as to prevent disaster from rupture? 

We do not know hut that we are constructing at the present time 
our bridges, girders, trusses, etc., with such factors of safety that 
the metal itself may be the cause of its own destruction. Every 
engineer knows of tile deleterious effect of superfluous material in l structures which are ta bear continued vibration or repeated shock. 

F 
We have reason to believe that disasters from overweight of the 
structure occur more frequently than has been supposed. We know 
something about the law of fatigue, but we do not know much; we 
know still less about the law of refreshment. It has been well 
known for a long time that if metals were placed in a testing 
machine and pulled to a certain limit arid then allowed to rest, 
they would bear a much greater tensile strain than if they were 
pulled apart at once. But we do not know the law by which this 
almost instantaneous refreshment takes place. I made a calculation some years ago, as chairman of the committee 
to assist the old commission, that if the tests as they were to be made 
should proe that the quantity of materials in constructions could be 
considerably lessened, and yet have as great, perhaps greater strength, 
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every navy yard of the government would save at least $100,000 a 
year. The government which can make anything like such a savjg is not only justified, but in duty bound to incur the expense neces 
sary to insure it. 

Iron and steel are not the only materials, however, which require 
investigation. My own researches during the last eighteen months 
have been upon copper and a series of its alloys, and to a very large extent upon brass and cartridge metal. This last metal is of great 
value, and is required to resist extraordinary pressure. And what 
is true of this is true of nearly every metal that is spun or struck- 
tip. In the course of these nvcstigations I took several series of 
samples, selected at random from many hundreds of thousands of 
cartridge cases ready for use, and loaded and fired the cartridges tin— 
til they could no longer be used. Many of these were useless after the 
first tiring, some of them were fired ten times, some thirty, and some 
as high as one hundred and fifty times. Now I ask why should not 
every one of these cartridges, made of the same metal, in the saiiie 
way, and with the same machinery, have stood one hundred and 
fifty times firing? After a patient investigation, embracing every side 
of inquiry, chemical, physical, and mechanical, I ascertained that 
the immediate Cause of rupture was the starting of the more volatile 
metal in each of these alloys. Why should exactly the same condi- 
tion cause the volatile metal to start, and the metal to become worth- 
less in one case, after the first firing, when in others it stood one lion- 
dred and fifty firings? Those who have not looked into this question of the separatiop of alloys under pressure, and the different veloci- 
ties of the cold flow of metals under equal pressures, have very little 
idea of its commercial importance. I have seen many tons of such 
rejected material as this in the manufactorjes of our Eastern States, 
every ounce of which was rendered useless from some such cause. I 
have seen hundreds of thousands of cartridges apparently good, but 
rendered after a few months of st.orage, at absolute rest, eolfll)letClY 
useless from the same cause, though they had stood the test of in- 
spection and trial when first made. I belive that this and other 
kinds of fatigue are perfectly preventable, but nothing but the work 
of such a Commission would be able to ascertain for the world at 
]arge what the means of preventing it are. 

It is easy to ask why private individuals should not make these 
investigations for themselves. The reply is, that the same investiga- 
tion, if made by private individuals, may be repeated fifty times anti 
at many times the expenditure necessary to have the whole subject 
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thoroughly investigated, and still no addition be made to the sum of 
human knowledge, for the results of every private investigation are 
kept secret. My own professional pl'actice is full of just such inves- 
tigations as these; some of them I am at liberty to speak about, but 
most of them are the private propert of those who had them made. 
Most manufacturers are unwilling, and justly so, I think, that th 
capital which they have expended in ascertaining these facts should 
be used by others, and they are especially unwilling that their Com- 
petitors should have the benefit of all their experiments and expen- 
diture, when they are likely to have a large profit in keeping the 
knowledge to themselves. I do hot think it is reasonable that any one should ask that the manufacturers who employ time, talent, and 
capital, in ascertaining the (lefects in their business, should give such 
results to the public for nothing. Sonic of them (10 it freely, and 
are to lie commended for it, hut we cannot blame those who do not. 
Just such information is, however, imperatively needed by the country .at large. The public should know the flicts and be able to utilixe 
them, but it is only the General Government which can secure the 
talent anti the money to make such experiments on a large scale, and 
in a thorough manner, and then distribute the in formation gratui- 
tously. My opinion is, that this coullnissiou, while it should use the United States testing—machine, or other machines built on the same or other principles, should also construct for itself apparatus tie— 

signed for special cases, which may or may not be used a second time; but that they should above all things make the experiments, to which I iave referred, of testing all such structures and materials as affect 
the public security, health, and happiness, wit II foil—sized structures; and, as I have pointed out to you, this cannot be done to a very large extent without many machines designed for special cases, which could 
be built at small cost., and which, in conjunction with the Emery 
machine, should be in constant use. Tile commission, if appointed 
by the government., should be expected to begin the work at once, and to make accessible by monthly publications, to engineers and 
others who wish to consult them, the results of those experiments, without theory or comment at first, arid then after a time, when 
they have multiplied them sufficiently, with deductions drawn from 
them. They should fully test all of the theories which have been 
evolved from their conclusions, and afterwards pul)lish them in the 
report to the proper department of the government., which report should be not only accessible to engineers, but distributed in such a 
way that the widest publicity may be given to the facts ascertained. 
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Every time I have heard the old commission spoken of the Lnite(l 
States testing-machine was alluded to in the sanie breath. This 
machine I believe to he, as I have said, perhaps one of the most re- 
markable and accurate machines that has ever been built, but to 
associate the work of such a Commission with a testing-machine, or 
any other single tool or investigation only, is a great mistake. As I have endeavored to point out, the subject is much broader than a 
testing—machine, which is a comparatively small factor in the study 
of material upon which so many human lives are every instant de- 

pending, and which is such a large factor in the happiness and pros- 
perity of every nation. 

REMARKS OF MR. G. S. Monrsor. 
(Read by Mr. Bogart, Secretary of the Society of Civil Engineers.) 

I HAVE had considerable experience with the testing-machine at 
the Watertown Arsenal, having had broken there sixteen large steel 

eye-bars, besides quite a number of iron bars and two compression 
members. So far as accurate and satisfactory results are concerned, 
the machine is all we could ask for, and the officers who have it in 

charge, together w'ith their civil assistantS, are thoroughly conversant 
with its details, and entirely competent to make the tests required. 
The principal defect is that the force is very inadequate. 

As the machine is arranged, the weighing apparatus is at one end 
and stationary, the measure of strain being carried from this to the 
scale—beam by the fluid in a tube so small that it looks like a wire. 
At the other end is placed the hydraulic press by which the power 
is applied ; this press is mounted on a small carriage and held 

by two eight-inch screws about four feet above the floor, which are 
of course strained in compression during tensile tests, and in tension 

during compression tests. When the stretch of the material has 

exhausted the throw of the plunger it is necessary to relieve tile 

strain, draw back the plunger, and move the carriage along, which 
is done by nuts turned by steam working on the large screws. 

Every specimen placed in the machine must be lifted above the 

large screws and lowered into position. To do this, crabs, runnulg 
on travellers, which span the entire room, are placed over the ma- 

chine, and by these the specimen can be lifted and put in place. 
The actual time required to make a test depends largely on the 

amount which the material stretches, but it may generally be saId, 
that for specimens which will stretch from two to three feet the 
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actual time will he from tw'o to three hours. This is, perhaps, as 
fast as tests of this kind should be made; but this would admit of 
making four tests per day, whereas, the actual work done by the 
machine is not much more than one test per day, nine tests, as stated 
by Mr. Macdonald, having consumed seven and one-half days. As 
the machine is now operated its actual capacity is not mmmcli more 
than three hundred and fifty tests of tension members per year, 
while it should be twelve hundred. Compression members can be 
more rapidly tested, as tile plunger-carriage does not have to be 
rnove(l. To get the full work out of tile machine it is simply necessary 
to add to the present staff of skilled men a force of unskilled men 
who shall perform the different kinds of manual labor required, and 
get Specimens ready during one test, so that the second specimen can 
be put in tile machine as soon as the first is removed, and who will 
perform, after and before the regular working hours, such work as 
does not require the immediat.e supervision of the skilled men. 

Tile actual charge for use of thìe machine is now eighteen dollars 
pem day, besides a small charge for preparing the report on tests, 
and a charge for whatever expense is incurred in fitting the Sj)eci- 
mens. This charge is a very reasonable one, and in the ease of 
large steel specimens, like tilose which have been tested for me, it 
amounts to about one—quarter the total expense of the test; tile 
value of the bars destroyed, and the miscellaneous charges for 
transportation and time like, being about three times the actual charge 
for the test. In connection with a piece of work which I now have 
in ilamid, I have already had thirteen tests made, and shall have 
about as many more before I get through, so that the tests nlade for 
this single structure vi1l occupy the machine for about one month as 
it is now worked. 

As tests are now conducted, the record of tests is the property of 
parties for whom they are made, and special instructions have been 
given to prevent these tests being made public. To secure the fullest 
benefit of this machine all tests made ought to be published by the 
officers in charge for the benefit of all who take an interest in 
them, and tile machine should be worked up to its full capacity. 
As the machine is the property of the Generhi Government., even if 
the present charge, which is little more than the cost of working 
the machine, is maintained, the general public are justified in de- 
manding that the results of its workings shall be given to them. 

In the matter of the use of steel for structural purposes this ma- 
chine is almost indispensable. The two points which must be con- 
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sidered in introducing a new material for structural p1rposes are, 
first, its capacity for use ; and, second, its ability to stand abuse. 
The capacity fbr use is measured by the elastic limit of the material, 
which is the real measure of strength to which the factors of safety 
should he applied ; the ability to stand abuse is determined by the 
behavior of the material after the elastic limit has been passed; and 
while this forms no measure of the strains which may be put upon 
the material, it would determine absolutely whether the material is 
fit for structural purposes or not. A material like glass, which is 
destroyed as soon as its elastic limit is passed, ir wholly unfit to sus- 
tain strains in construction. The old—fiishioned high-carbon steels 
had the same character, aud the material now demanded for stric— 
tural PIffPOSS is one which shall stand a great distortion after pass- 
ing the elastic limit and before rupture. The machine at the Water- 
town Arsenal is the only one now in existence which will deterniine 
these results on bars of thc size which it is desirable to use in struc- 
tures of such magnitude that it is important to use steel in them. 

This maclime has a capacity of 800,000 pouiicls, and in the course 
of cay experiments I have had occasion to work it, in several in- 
stances, to nearly 700,000 pounds. When it is remembered that about 
two—thirds of the whole stretch is accomplished during the applica- 
tion of the last 5000 pounds per square inch, and that this stretch, 
and the reduction of section at point of fracture, are the best measures 
of the ability of the material to stand abuse, the importance of these 
tests is at once apparent. Although I have had a number of full- 
sized steel bars strained beyond the elastic liwit in other machines, I have not yet found a machine which would break, or even develop 
any considerable part of the stretch, in any of the larger sizes of the 
bars which I have used. 

When it is remembered that the cost of making steel now hut 

slightly exceeds, and will pIobably soon be less than the cost of 
making wrought-iron, and that the elastic limit, which is the true 
measure of strain which may be safely applied, is about one-halt 
greater even in the lower and softer steels than in the best wrought- 
iron, the importance of a complete set of experiments which will 

develop the ability of steel to stand abuse, and so prove its adapta- 
bility to the purposes for which wrought-iron is now used, can 

hardly be overestimated. At present it is considered best to limit 
its use to those parts of structures which are least liable to sudden 
shocks and irregular strains, though it can hardly be doubted that a 
steel will soon be made of such uniformity and toughness that it 
will be preferred to wrought-iron for all uses. 
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PAPER BY Mn. PERCIVAL ROBERTS, JR. 

ON SPECIFICATIONS PolO TESTING IRON AND STEEL. 

I DESiRE to present this evening a few notes from the standpoint of a manufacturer upon the sulject of tests of iron for structural 
purposes; not that I have any new facts to which to call your atten- 
tion, but rather a statement of a few of the objectionable features of 
the plcseiit modes of operation, showing the absolute necessity of 
important and very radical changes. At the present tune, as most of 
you are well aware, proposals for materials are accompanied by cer- 
tain sl)ecifieations as to quality and tests to which the manufactured 
article must conform. Evolved in many cases from the inner con- 
sciousness of some one more expert in theory than in practice, we 
find a few of the specifications to be good, many bad, and some in- 
different. 

Appended are specimens of specifications of the most prominent en- 
gineers and railroad companies, which may be taken as representing the best and most intelligently framed specifications which we now 
have, and yet in some points scarcely satisfactory, owing to misunder- 
standing of tests as now made. To show the very varied opinions held as to proper quality of iron for bridge-work, I give the tests of 
two lots of iron made by inspectors with the results, which were re- 
ferred to the maker with the following comments: 

LOT No. 1. 

Test of Iron for Eyebars. 
Reduced area. 

Size. Per cent. 
4" x il" 26 

- Bent 120° around ii" bar with fracture. 

LOT No. 2. 

Test of Iron for Bridge. All measurements taken upon a parallel section of 10". 
Iron for tension members. 

Elongation. Per cent. 
25 

Reduced area. Elongation. Size. Per cent. Per cent. 5" x 1rY' 24 24 
Bent 1100 around 2" bar. This iron should bend 

and is therefore rejected. 

Breaking load. 
53,500 

Breaking load. 
48,320 

180° without fracture, 

Size. Breaking load 
per square inch. 

49,500 
51,600 

Elongation. Per cent. 
20 
27 



Size. 

31 > 1 
3 x j 3 x 
3 X 1 

The bar-iron was all too soft, hence lacked strength. Tests showed this; they bent 1200 without fracture. 

From the above we may see the very different opinions of engi- 
iieers with regard to the qualities suitable fr structural material. 

Again, to illustrate the very peculiar position in which manufac- 
turers are placed by this conflict of opinion, let me quote from the 
charge of Judge MeKennan to the jury in a case brought beforethe 
United States Circuit Court growing out of a condemnation of 
material furnished by the Messrs. Atkins, of Pottsville, to the Edge 
Moor Iron Company for the New York Elevated Railroad. I quote 
as follows : "There is no doubt about the fact that this iron was to 
be used in a structure of a particular character; that it was a par- 
ticular kind of iron, and that certain qualities were essential to the 
value of it in such use. It vil1 hardly be said that a man who was 

making a contract for angle iron of certain dimensions, and was told 
that it w'as to be used in a iarticular construction, such as this, for 
instance—over which it was to bear heavy weights, over which 
locomotives and passenger trains were to b carried—it would hardly 
he fair to assume that the parties intended that iron which would be 
suitable for use in a bridge over which people were to walk merely, 
was intended. Therefore, it is that the rule which I have stated is 
founded upon sound common sense; that where parties come together 
and make a contract in reference to a particular thing, and they both 
understand that it is intended for a particular use, that something 
which is not at all adapted to that use is not to be supposed to have 
been the subject of the contract between the parties In a 
bargain and sale of an unmanufactured article, which the seller is 
informed at the time of the contract is intended for a special purpose, 
there is an implied warranty that the article to be furnished is fit for 
the special purpose intended by the buyer. In such case the buyer 
necessarily trusts to thejudgment or skill of the nianuuitcturer. . 
The law implies a warrant on the part of these plaintiffs that the 
iron furnished by them under their contract should be adapted, in 

quality and otherwise, to such intended use; . . . . I do not under- 
stand that there is a serious contest here as to the quality of this 
iron. It was merchantable iron." 

Here we have it distinctly set forth, that there being no written 

or express agreement between the parties as to the quality of the 
material, it must he furnished suitable for its intended use. But who is tile judge of its fitness? What is the criterion of its quality when we are dependent upon a standard as shifting as opinion, with- out roo can make it? 

To illustrate once more a diculty which at present occurs, I give in the accompanying table a memorandum of tests made upon some flat 12" wide bars which were intended to meet requirements of Pennsylvania Railroad specifications, namely: Ultimate tensile 
strenith, 46,000 lbs.; elastic limit, 23,000 lbs.; stretch, 15 per cent. in 8". Two bars 12" X ' and one bar 12" X " being taken at random from a large number, a piece 10 feet long was cut from each one and sent to Watertown Arsenal. From each one also a piece 16" long was taken, and divided up the centre, half being sent to 
Fairbanks, and remainder retained at tile Pencoyd Iron Works. Froni each of these pieces; namely, 6" X " and X i", five test— - 
pieces were cut, being about I, wide, and tested with results shown in following table 
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Breaking load 

per equare inch. 
49,500 
48,320 
48,000 
48,000 

Elongation 
Per rout. 

20 
20.5 
13.1 
25 

Tensile Tests of 12-inch Iron Flat Bars. 
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In these results we see a great want of uniformity. By the 'Water- 
town tests the bars would be accepted, while by the Fairbanks tests 
two would be rejected. Some pieces by the Pencoyd test, would be 
accepted, while others, taken beside them, would be rejected. The 
elastic limit in 1)0th the Fairbanks and Pencoyd results is probably 
too high, owing to the method of observation. The 12" >< " bar 
at Watertown broke through a blister which opened at 31,000 lbs. 
per square inch, which accounts for the low tensile strength of this 
bar. 

We have, as it were, tested chips, and from them deduced the 
strength of timbers. Small samples of one square inch area or less, 
and a few inches long, have given us all we know of sections' for 
structures of many times that area and length. It may be well laid 
down as a law, that in bars of iron, whether round, flat, or square, 
the element of non-uniformity varies as the square of the sectional 
area. It is generally considered that iron of good average quality 
is capable of sIstaining an ultimate stress of 50,000 lbs. per square 
inch. A bar of a sectional area of one square inch should, and no 
doubt will, stand the above, but we err in concluding that a bar ol 
six square inches will sustain a corresponding stress. There is one 

point which cannot be too strongly urged upon all those who employ 
wrought-iron for structural purposes, and that is to pay especial at- 
tention to the shape of the section upon which they are calculating 
strains. The bar of one square inch, whether round, flat, or square, 
will give probably the same result, but put the same quality of iron 
into a wide, thin plate, angle or channel, and a very different result 

may be obtained. It is, I think, much the same as if the material 
of a rope was placed in such a form that all the fibres did not sii- 
tam an even share of the strain, and consequently, some being Over- 

taxed, yielded first, causing rupture at a lower stress than had the 
fibres all borne an equal proportion of the load. We pay too great 
attention to ultimate breaking strength at the expense of the other 
far more important qualities of elastic limit, reduction of area, and 
stretch. For if we strain a piece beyond its limit of elasticity it i 
only a question of time when its failure will occur. I have very hurriedly and imperfectly shown a few of the dis- 

advantages under which both the buyer and the manufacturer labor 
at the present day, owing to the methods of testing now emp1oyC' 
Where shall we look for a remedy? I answer that government test- 

ing-machines, such as the one now at 'Watertown, capable of testllig 
the largest sections of iron and steel, both rolled and forged, should be 
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erected at the principal manufacturing centres. Tests could then be made quickly, as the material is furnished by the mills. The testing also will be in the hands of competent persons, who, engaged in this work alone, will be much better fitted to conduct tests than those who now in ninny cases undertake theni. Upon these machines let experi- mental researches be conducted by properly appointed commissioners, among whom I deem it very essential that the manufacturer should be represented. To the engineer no doubt belongs the determining of strains and the calculation of parts, but very many questions will arise in the course of these investigations which can best be answered 
by those thoroughly acquainted with the practical details of nianu- facture. As one of the results of these researches I would suggest the framing of a standard set of specifications for tests to which iron and steel for structural purposes should be subjected. We have our standard weights and measures, why not our standard tests ? I be- 

t- lieve by so doing a better manufactured article would be obtained, as the mixtures of iron would not be continually changed to give here a little more elasticity, and there a trifle less stretch. This matter of government action is one of vital i1111)ortance. Year by year the employment of metal in place of wood for structural pur- poses is increasing in an enormous ratio, and we are ignorant, very ignorant, of the qualities of the metal we are using, and the strains which it will sustain. The thrilling story of a bridge disaster bears more eloquent testimony to this fact than any words of mine. It is not in the interest of any one section of country or class of 
people that the aid of the government is invoked. The expense to be incurred in these investigations is far too great for any individual 
corporation to bear, and the knowlege to be gained belongs to the nation. The citizen of San Francisco who travels to New York is as much interested in the safety of each bridge upon his route as he who lives beside it all his life. A beginning has been made, the 
testing-machine now in operation at the 'Watertown Arsenal is a 
grand monument to American engineering, and is it to be but labor wasted? I feel that this whole matter, if placed before Congress in its proper light, vould result in prompt and intelligent action. 

REMARKS OF MR. WILLIAM METcALF. 

One point of vital importance has not been touched upon this 
evening; it is the necessity of having a history of the mode of 
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manufacture of material tested, before an engineer can make safe and 
intelligent specifications. 

\Yiien a person buys material of a known brand, the manufacturer 
will properly decline to say what raw materials lie used, their pro- 
portions, or the way in which he worked them, because his com- 
petitors would seize UOfl such facts and use them to his disadvantage. For this reason all private records of tests, either of nianfacturers, 
constructing engineers, or others, are seriously defective. 

There is at present no way for an engineer to learn how to Specif the way in which his material shall be worked, based upon any velI- 
known general principles, and there is, consequently, no way for him 
to know, within bounds of reasonable certainty, the quality of his 
material except by testing each piece to ultimate rupture. To illus- 
trate: the only gun that burst in proof of several thousands made at 
the Fort Pitt Foundry, gave in tests : specific gravity about 7.26; 
tensile strength about 35,000 pounds per square inch. I speak from 
memory, but the figures are very nearly right. This gun was thus 
about perfect in physical tests, it was a sound casting, showing no 
porosity or flaws, and it was impossible for the inspecting officers to 
know the cause of failure. The founders knew exactly the cause of 
the trouble, and no more such guns were made. Again, in the ease 
of the large steel anchor-bolts for the St. Louis bridge: some of them 
broke at from 28,000 pounds to 35,000 pounds per square inch, and 
test pieces from these broken bolts gave a tensile strength of about 
115,000 pounds per square inch. The engineers and contractors 
were thoroughly puzzled until a friend told them that the steel was 
undoubtedly good, but that internal strains had been set up in the 
manufacture, and that it was probable that careful annealing would 
remove the trouble. I do not know what was done in this case, but 
after that time there were no more failures of that sort. 

A commission, such as is now proposed, could go to a manufacturer 
and ask him to make certain pieces from given raw materials to be 
worked in specified ways, a complete history of t.he manufacture to 
be kept and sent to the board with samples of raw, partially worked, 
and finished product. No person would object to doing this, as it 
would not involve the giving up of any trade secrets; and in this 
way, and this only, can engineers ever learn to avoid the most 
serious dangers to which they are now exposed. 
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CO3fMUNJCATJON FROM MR. C. P. SANDBERG.* 

(Sent to the Secretary in manuscript subsequent to the Washington Meeting.) 

HAVING been occupied in inspecting and testhig iron and steel these twenty years in Englaid and previous to that having served on tile Board of Iron Masters in Sweden, I have naturally been - 

very much interested in the subject of the use of steel for structures. I regret that I can ofThr but comparatively small experience on that 
head, having had principally to (10 with steel for railway plant and rails, but granting these to be a kind of "structure," and also that steel far rails has similar duties to perform in many respects, and is generally manufactured in the same way and at tile same works as steel for structures, properly speaking, I may be entitled to offer an opinion on the use of steel in construction. In a paper recently presented to tile Institution of Civil Engineers in London, Mr. Etviiig Matlieson has recommended that the Board of Trade rules should be amended so as to allow of a maximum straining of 8 tons per square inch instead of 6 tons. But it is equally necessary to fix the amount of ductility or elongation of the metal for such a strain as 8 tons. Strength and ductility should always be spoken of 

together. 
Mr. Matlieson says that steel can be manipulated in the factory in the same way and with the same tools as are used for iron. This can only be granted for mild steel, for hard steel would be spoilt by the rough mechanical treatment w'hich iron can stand, such as punch— ilig, for instance; and the remedy for regaining the strength lost by punching hard steel, viz., annealing, cannot always be applied. Noth— 

ilig O%' this fact better than the Puilching of steel rails of consid- erable hardness, w'hich caused fractures at all early period of stee!— [ making, and which resulted in the stipulation for drilling instead of 
punching the bolt-holes, which had been formerly applied to iron rails without any damage. In fact commissions to establish standard tests are now working on the Continent, principally in Germany, where 

* It is an interesting coincidence that about the same time of the discussion at the Washington meeting of the Institute of "Iron and Steel considered as Structu- ral Materials," the subject of "Steel fr Structures," introduced by a paper by Mr. Ewing Matheson, was under discussion in the Institution of Civil Engineers in 
- London. The remarks herewith presented to the tnstitute are, in the main, the - same as those made in the discussion of Mr. Matheson's paper, but as this discus- sion may not be seen generally by my fehlow-membe of the American Institute of Mining Engineers, I desire to contribute the results of roy experience also to the Transactions of the Institute.—C. P. S. 

F 
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the government, having taken possession of the chief railways of 
the country, are laying down laws almost impossible for the makers 
to fulfil. It is only a fortnight since the question was under dis- 
cussion at Berlin, where a paper was read by Dr. Wedding (of 
which a résumé is published in a recent issue of Stahl and Risen), 
under the title Classification and Specification for Iron and Steel. 

The main point of the German specification is that every charge 
or blow should be tested for tensile strength, but not accepted by 
the inspector at the works, but by the railway directors themselves 
after their own testing, by which system great delay and other in- 
conveniences in the execution of the order are caused, resulting 
sometimes even in the rejection of large quantities at the final in- 
spection on arrival at destination. This the makers naturally think 
unreasonable. 

An illustration of the tensile—strength test being aplied to railway 
structures of steel, as the principal guarantee ftr safety, with neglect 
of a test for concussion or impact, is just at present to be seen in 

Germany. The rail way authorities corn plain of more fractures 
there, and have in fhct fixed a price for the best invention for hold- 

ing a broken tire to the wheels, so that it will not fly and cause acci- 

dents; and they state themselves that in cold winters heavy breakages 
of the steel occur in rails, axles, and tires, notwithstanding that 
their steel has undergone test for tensile strength. On the other 
hand the makers complain bitterly against this mode of testing, as 

being slow and costly. On analyzing the steel it is generally found 
that silicon and phosphorus are present in large quantities, but as 

the carbon is low, consideral)le tensile strength and elongation caim 

still be obtained. What better proof can be needed on a large scale 
of the inefficiency of the tensile—strength test of steel for cases where 
concussion is to be endured? I have inspected rails with satisfaction 
fbr countries with far more rigorous climates than Germany, for in- 
stance Russia and Sweden, using the drop test only, neglecting the 
tensile strength. 

In America the control and inspection of the quality of steel 
overdone in another direction, viz., by chemical analysis, so that 

steel, even for rails, is now nearly always chemically analyzed and 
the composition stipulated in contracts. I have had ample expcr1 
ence to enable me to say that both these methods are impraetick 
as proposed in Germany and America for rails, and that a strict II 
spection with the heavy falling or drop test at the works is quite 
sufficient both for economy and safety. But working particularly fir 
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America, I have been obliged to accommodate myself to the stipu- 
lations, and I have analyzed steel, both for rails and for blooms, in 
conjunction with makers. I have made in my own laboratory more than 800 analyses, during the last twelve months, of steel from all the principal makers in Great Britain and Germany; and have estab- lished a system of combined mechanical and chemical testing, which is at least workable or practical as a sort of combined control, run- 
ning regularly with the production, without interfering more than is 
necessary with the execution of the contracts. 

This system consists in the resident inspector at the works testing the product mechanically, generally with the falling weight. Then 
borings are taken from the very spot where the steel has been tested, and these borings are divided between the makers and myself for 
chemical analysis. It is a great satisfaction for me to state that the results almost invariably agree. This is the very best proof of how well chemistry is now ap)lied at almost every steel works, and reflects great credit upon the Royal School of Mines, 'here most of these chemists have received their training, under the guidance of Dr. John Percy, s'ho has also greatly contributed to our knowledge of steel-making plocesses through his works on iron and steel. The suggestion of supervision of the whole manufacture, in order to see that there are used suitable ores, pure fuel, and material, 
liroimgh the various processes, I would venture to disapprove. I think any interference with the maker in this respect w'ould be almost worse than the American or German methods of testing the 
ready p1oltict; and although the maker should give everyfa- cilitv at the works to execute specified tests, he should at least be left free in choosing his own raw material and the mode of working it, so as to attain the desired end. I have always held that in test- 
ing an article the niodus operandi should, if possible, be adapted to the functions it has to perform in practice, such as tensile strength and ductility for structures of dead load, density and homogeneous- ness for abrasion, tenacity for concussion, etc. 

Bridges having to support trains running with anything like 
speed are exposed to concussion, therefore the material in them 
should be tested for concussion, just as are rails and axles and tires. This is all the more necessary, as steel, with an excess of silicon and 
phosphorus, will roll apparently well and even give pretty good results in tensile strength if the carbon is at the same time low. Such steel 
would, in rails, be almost superior to the pure steel. I have had, for the purpose of comparing wearing results, Bessemer steel rails 
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made in Sweden of their pure material, laid down here in London, 
and found them not so durable as those made in England, notwith- 
standing the latter were more impure. Happily, however, for the im- 

pure steel rails, there is but little work put on them before they are 
laid that is apt to impair their strength. But very different results 
might he obtained if the same material were used for structures in 
which it had to undergo the barbarous treatment of punching, slot- 

ting, and bending cold, beforecoming into its place. It would be 
better if tile deficiency in strength was discovered by fracture occur- 

ring in any of these operations than if it stood them and afterwards 
failed as a member of the structure. 

Bitt in large practice only a small percentage, taken at random, 
can be tested, and the inspector xviii, of course, have to rely upon 
the bulk being like tile sample tested, or, in fact, upon the regularity of 
the production. \OW there has been no doubt great progress made 
in steel—making as regards regularity, but perfection is still not 

reached, as every engineer knows, without peri1ips knowing the 
reason. For instance, in the Bessemer i ocess it is necessary that 
the proper raw material should be uscl as far as the phosphorus oes 
(which makes steel cold—short, an(t therefore should not be used in 

higher degree than what is anticipated to remain in the steel). Sili- 
con is a more frequent cause of irregularity, for even with the unifbrm 
contents of silicon in the pig—iron used, the heat during the blow dIe— 

cides whether tile 'hole of the silicon goes into the slag as silicate of 

iron, or only a pait of it. There is ito sign, excepting the heat of 
tile charge, to guide the maker when the silicon is out, as there iS 

with tile carbon, consequently tile amount of silicon in tile ordinary 
Bessemer steel may vary considerably without any sign in the prouS 
to indicate it ; an(l, admitting that it is a hardening substance, lair— 

ticularly when it amounts to 0.25 per cent, or more, it is tile t1iOst 

prevalent cause of irregularity in the hardness of Bessemer steel. 
this out in a paper read before the Institution of Civil 

Engineers fimrteen years ago,* and it seems strange, with all 
tile advancements in Bessemer steel—making, that such a cardinal 
fault should not have been overcome in that long time. Until there 
be a means of knowing how much silicon is blown out (like the 

carbon), before tile steel is tapped, I fear the regularity of Bessemer 
steel will always be more or less irucertain. Granting tilat it has 

lately become more regular through using less silicious pg to start 
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with, and maintaining a more uniform heat, still one blow might 
give only a trace of silicon, and the following one 0.50 per cent., and 
even 0.75 per cent, with tile same carbon and other constituents, and 
there is no means of knowing that this is the case from any sign in 
tile working of the process until the product is tested mechanically and chemically. Blowing a little longer will not always reduce the 
silicon, but rather cooling the charge by letting it stand, or thi'owitig 

F 
in cold crop-ends or ingots so as to obtain a semifluid bath, which 
alows the slag to be intimately mixed with tile metal ; wild tile 
matai is quite fluid, and the slag flows on the top, you may blow a 
bag time without any silicon going out. 

It is almost certain that the carbon in the molten pig iron ill the 
i Besenter vesSel is oxidized from the action of the slag and not from 

tile exvgen from corn pressed air. In fact tile same chemical action 
takes place ill the oxidation of carbon and silicon as in the puddling or in Ilte open-hearth process, as explained by Professor Seftröni in 
the School of Mines of Fahlun, forty years ago. Hence the necessity of the thorough ad UI ixture of tile metal and slag, which can only 
exist in the semifluid state of tile metal, hefoi'e any combustion of 
carbon or silicon can take place. I have only mentioned tins to 
show one of the principal difficulties winch makers have to con- 
tend with in obtaining regularity in tile hardness of Bessemer 
steel. 

On the other hand, experience shows that a certain amount of 
silicon is absolutely necessary to give, solidity to tile ingot, and judg- 
ing from experience, derived from the comparison of hundreds of 
analyses with tile ordinary inspection and mechanical testing, I would state that 0.10 per cent, is the minimum amonnt of silicon 
which should exist in solid steel ingots suitable for rolling into clean 
rails, angles, or any ordinary flange sizes, and that anything under' 
this amount, as, say 0.04 per cent., according toDr. Dudley's formula 
for rail-steel, gives blistering ingots and double the amount of 
Wasters ill tile finished article. Silicon is needed to absorb the oxide 
of iron, whicil otherwise causes cracks in rolling, produced by over- 
blowing. 

Tile best proof of tilis statement is, that tile only complaint which I have llad of blooms inspected for American railmakers, has been 
that they are giving more wasters, where the silicon is low, through cracks in rolling. I have also ilad the same experience in my own rail inspection when the steel has less than 0.10 per cent, of: 
Silicon. 

* Minutes of Proceedings, volume xxvii., page 408. 
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As far as I have been able to judge by mechanical testing, corn. 
bined with chemical analysis, such steel shows little or no diminu. 
tion in strength or ductility with 0.10 per cent, of silicon, This 
is confirmed best by the fact that steel for guns is sometimes allow((j 
this amount of silicon in order to start with solid ingots; and I 
would, fhr the same reason, as far as structures go, venture to ac- 

cept steel with 0.10 per cent, and for rails 0.25 per cent, of silicon 
without risk of breaking, and should be quite content if I could 
be sure of always obtaining no greater variation in cases where the 
carbon and phosphorus are4low. I regret that I cannot give, without breach of confidence, the 
analyses made in my laboratory in the course of my practice a in- 
spector, but I may mention the extreme limits of each impurity out 
of more than eight hundred analyses, of w'hich a very large portion 
has been checked by the makers themselves working upon the same 

borings, which were all taken by my own assistants from mechani- 
callv—tosted steel at the works. 

Garbon may be taken as a medium at 0.2 per cent., yet 0.40 per' 
cent, is steel of average hardness. Outside of these limits 17 per (eat. 
of the analyses gave lower, and 9 per cent. higher carbon out of 891 

analyses; thus showing, even with this great toleration, from 0.25 
to 0.40 ler cent., a ]arge quantity of overblown or softer, and also 
of underhlowu or hardci' steel than the stipulated range. 

Silicon—Allowing a variation from 0.05 per cent, to 0.25 per 
cent., I have found 20 per cent, under and 12 per cent, over thee 
limits out of 824 analyses, showing much greater variation than the 

carbon, and thus adding materially to the irregularity of Besseintr 
steel. If 0.10 per cent, is taken as minimum 50 per cent. of the 
tests show less silicon. 

P/iosp/iorus.—Allowing 0.05 to 0.10 per cent, as the variation f'r 
ordinary Bessemer steel, there have been 11 per cent. with less con- 
tents than the minimum, and 23 per cent. with more than the max- 
imum out of 851 analyses made. 

Sulp/ior.—Taking the average variation to be 0.03 to 0.06 1)(r 

cent., there have been 20 percent. with less than the minimum, and 2-1 

per cent, with more than the maximum ; but this impurity i 
more interest to the maker than the consumer, having the effect of 

making the steel red-short. 

.2lIangunese.—Taking the average variation to be between 0.5 aIld 

O8, there have been 31 per cent. under the minimum, and 32 per 
cent, above the maximum, out of 329 analyses made. 
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Admitting that each of these substances present in the steel in 
amounts beyond the average variation above stated is exceptional, and that some makers, and even countries, are producing a purer and more regular steel than others, still these figures will speak for 
themselves as to the regularity of the composition of Bessemer steel, 
They show how much more is to be desired in this direction, and 
also how great variations in chemical composition can be tolerated 
without any risk. This is especially true of rails, for which these 
analyses have been made, in connection with mechanical tests, which 
the rails have all vithstod in sucient degree for safety. These results indicate greater regularity in the Siemens than the 
Bessemer steel, probably because of the greater time allowed for test— 
ingshefore tapping. This also applies to basic steel, which is com- 
paratively free from silicon, as is also Siemens steel, 

As Mr. Matheson suggests that all possible modes of testing should be applied to reach a proper classilication of the metal, and 
to obtain the required degree of hardness for each particular puipose, I am surprised that he has not. mentioned the chemical mode of test- 
ing for steel in structures, wInch I have been forced to adopt for rails a great deal more than I desire, and even more than I think neces- 
sarv for that article, But I cannot deny that chemistry, applied in 
conjunction with mechanical testing of steel, has thrown a remark— 
ably lucid light UPOfl the whole snbjcct, in explaining why such and 
such phenomena occur; and as chemistry, from the beginning of steel— - 
making, has been an assistance, and is still a great assistance to the 
maker, it may be of equal value to the engineer or consumer. But. 
there is the danger of overdoing it, as has been done in America, by 
stipulating fixed formulas, which hardly any one can fulfil, and which 
are not at all necessary. 

In conclusion, I wish to say that, while the American steel-makers, as well as those in Germany, unite in suggesting practical normal 
methods to engineers, and in resenting any undue and impracticable 
modes of testing steel, those of Great Britain have not done so yet. This is the more remarkable, since their Iron and Steel Institute, as a body representing the steel trade, affords them every opportunity of suggesting normal or standard methods, which might be of great 
practical value to producers as well as to consumers of the new metal 
steel, 
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THE MIYIHG WORK OF THE UHITED STA TES GEOLOGI. 
CAL SURVEY. 

BY S. F. EMMONS, WASHINGTON, D.C. 

IN the year 1879, Congress, acting under the advice of tile Na- 
tioni Academy of Sciences, discontinued the temporary surveys or 
explorations under Hayden, Powell, an(l Wheeler, and established 
as a permanent organization the United States Geological Survey, 
making it a Bureau of the Interior Department. A great step was 
thus taken toward obtaining the greatest practical results from the 
expenditure of the public money for geological purposes. The 
recommendations of the National Academy also contemplated the 
consolidation of all the various organizations for the mensuration 
and mapping of the country—such as the Coast, Engineer, and 
Land Office Surveys—under one single head; which, also, should 
assume the duty of providing the maps necessary as a bsis fi)r the 
work of the Geological Survey. But this useful measure did not 
meet the approval of Congress, and the various mensuration surves 
were left in .satu quo. 

With the final establishment of a permanent Geological Survey of the United States, it became necessary to adopt a plan of work 
which would enable it in time to take the prominent, rank among 
the older surveys of other civilized nations of the world, which is 
justified by tile great wealth and mineral resources of the country it 
is destined to study. The somewhat vague wording of the organic 
law under which it was created, directing an examination of the 
geological structure, mineral resources, and products of tile public 
domain, left tile details of the policy to be pursued very largely a 
matter of discretion with its director. That adopted by Mr. Clarence 
King, the first director, as forehadowed in his Annual Report to the 
Secretary of the Interior for 1880, was one whose distinguishing 
feature was the prominence that should be given to economical 
geology, or the practical application of geological investigations to 
the development of the mineral resources of the country. In earlier Government Surveys, which were topographical re- 
connoissances iii a practically unknown region, geology occupied a 

secondary and unimportant position. With the Fortieth Parallel 
Survey, inaugurated in 1867, and its successors, the Hayden, Powel1, 
and Wheeler Surveys, geology became an essential object of tile 

work, but Owing to the want of already existing maps topography 
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necessarily absorbed a large portion of their labor and funds. Even 
these, however, were rather of the nature of geological reconnois- 
sauces than of surveys properly so-called—the conditions of the 
work demanding that a given superficial area should be covered each 
year, without allowing time for complete and thorough investigation of any particular class of phenomena Or series of deposits. Their 
labors had nevertheless furnished an adequate knowledge of the 
general geology of the great Cordilleran system in the United 
States, as well as general topographical maps of an area sufficient to 
serve as a basis for more accurate and detailed studies, which might 
occupy, for a number of years to come, all the force which could 
be employed with the funds Congress would probably be willing to 
appropriate. 

Therefore, instead of continuing reconnoissanee work over tile 
remaining unexplored area, it was decided to make detailed mono- 
graphs of particular districts in the region thus partially known, for the purpose of illustrating geological phenomena of special interest; and thus give time for topography to precede geology, as it properly should, in tile as yet unmapped regions. 

An important change in the manner of carrying on the geological 
work, introduced by Mr. Ring, was that of dividing the country into departments or divisions, over each of which should be placed a geologist-in-charge with an cffice at some central point, to whom, 

- under tile general supervision of the director, was intrusted the entire 
responsibility of planning and carrying out the work in his division, and the choice and general direction of his assistants. This change was favorable both to efficiency and economy, since by it the annual 
expense of transferring large parties from Washington to the field 
was avoided; and tile ernployés, becoming more and more familiar 
with the character of their particular district,, could work up their 
material in the immediate vicinity of their field of labor, and would • be enabled to do more rapid, and at the same time more accurate 
work. 

In pursuance of the idea that more attention should be given to the practical application of geology to the development of mining 
industry, tile work of the survey was distributed under two main 
heads—General Geology, and Mining Geology; which, while inde- - 
pendent, should mutually assist each other. In time it was intended that in each division a distinct corps should be occupied in each of 
these branches, whose combined labors would result in giving us not 
only a geological map of the whole country, but an intimate ac- 
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BY S. F. EMMONS, WASHINGTON, D.C. 

IN the year 1879, Congress, acting under the advice of the Na- 
tionl Academy of Sciences, discontinued the temporary surveys or 
explorations tinder Hayden, Powell, and Wheeler, and established as a permanent organization the United States Geological Survey, 
making it a Bureau of the Interior Department. A great step Was 
thus taken toward obtaining the greatest practical results from the 
expenditure of the public money for geological purposes. The 
recommendations of the National Academy also contemplated the 
consolidation of all the various organizations for the mensuration 
and mapping of the country—such as the Coast, Engineer, and 
Land Office Surveys—under one single head; which, also, should 
assume the duty of providing the maps necessary as a basis for the 
work of the Geological Survey. But this useful measure did not 
meet the approval of Congress, and the various mensuration surveys 
were left in slatu quo. 

With the final establishment of a permanent Geological Survey 
of the United States, it became necessary to adopt a plan of work 
which would enable it in time to take the prominent rank among the older surveys of other civilized nations of the world, which is 
justified by the great wealth and mineral resourccs of the country it is destined to study. The somewhat vague wording of the organic 
law under which it was created, directing an examination of the 
geological structure, mineral resources, and products of the public 
domain, left the details of the policy to be pursued very largely a 
matter of discretion with its director. That adopted by Mr. Clarence 
King, the first director, as forehadoved in his Annual Report to the 
Secretary of the Interior for 1880, was one whose distinguishing 
feature was the prominence that should be given to economi1I 
geology, or the practical application of geological investigations it) the development of the mineral resources of the country. In earlier Government Surveys, which were topographical re- 
connoissances in a practically unknown region, geology occupied a 

secondary and unimportant position. With the Fortieth Parallel 
Survey, inaugurated in 1867, and its successors, the Hayden, p0vehl, 
and Wheeler Surveys, geology became an essential object of the 
work, but owing to the want of already existing maps topography 

necessarily absorbed a large portion of their labor and funds. Even 
these, however, were rather of the nature of geological reconnois- sauces than of surveys properly so-called—tue conditions of the work demanding that a given superficial area should be covered each 
year, without allowing time for complete and thorough investigation of any particular class of phenomena Or series of deposits. Their labors had nevertheless furnished an adequate knowledge of the 
general geology of the great Cordilleran system in the United 
States, as well as general topographical maps of an area sufficient to serve as a basis for more accurate and detailed studies, which might 
occupy, for a number of years to come, all the force which could be employed with the funds Congress would probably be willing to 
appropriate. 

Therefore, instead of continuing reconnoissance work over the 
remaining unexplored area, it was decided to make detailed mono- 
graphs of particular districts in the region thus partially known, for the J)urpose of illustrating geological phenomena of special interest; and thins give time for topography to precede geology, as it Properly should, in the as yet unmapped regions. 

An iniportant change in the manner of carrying on the geological work, introduced by Mr. Ring, was that of dividing the country into departments or divisions, over each of which should be placed a geologist-in-charge with an office at some central pointY, to whom, under the general supervision of the director, was intrusted the entire 
responsibility of planning and carrying out the work in his division, and the choice and general direction of his assistants. This change was favorable both to efficiency and economy, since by it the annual 
expense of transferring large parties from Washington to the field was avoided; and the ernphoyes, becoming more and more familiar with the character of their particular district,, could work up their 
material in the immediate vicinity of their field of labor, and would 'be enabled to do more rapid, and at the same time more accurate work. 

In pursuance of the idea that more attention should be given to the practical application of geology to the development of mining industry, the work of the survey was distributed under two main 
heads—General Geology, and Mining Geology; which, while inde- 
pendent, should mutually assist each other. In time it was intended that in each division a distinct corps should be occupied in each of these branches, whose combined labors would result in giving us not 
only a geological map of the whole country, but an intimate ac- 
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qnaintance with its mineral resources, and some definite knowledge in regard to the vexed question of the origin of ore deposits. In 
the two field-seasons that have elapsed since the adoption of this 
programme, with the limited funds appropriated for the use of the 
survey, necessarily but a small portion of the work contemplated has been accomplished. Nevertheless a number of monographs are 
now in process of publication, which will, it is hoped, pro'e the 
wisdom of the programme above sketched. Their possible field of 
usefulness will certainly be enlarged by the fact., that they will be 
procurable by all who desire them, at the cost of publication. 

The work of the minin geologists of the survey is that in which 
the members of the Institute will naturally feel the most direct in- 
terest. As a brother mining engineer, I feel that it may not be in- 
appropriate for me atthis time t.o give some account of the manner 
in which that. portion of the work intrusted to me has been carried 
out, in accordance with the above general progi-anime, and to offer 
to your consideration and criticism my idea of the principles and 
aims which should govern such work. 

rThe mining geologists of the Government should, it seems to tic, 
bear to the mining engineers of the country a somewhat similar re- 
lation to that which the latter hold to individual owners, and the 
mining public at large. The duty of the mining engineer toward 
his employer, the actual or prospective owner of a mining lropert', 
is to place before him in an intelligible manner the character, mode 
of occurrence, and probable quantit and value of the mineral de- 
1)osits which his property may contain, and the best method of util- 
izing them. Tile duty of the government mining geologist., whose 
field of observation is vidr, and whose facilities for carrying oil 
work are greater, differs only in this, that his views should be more 

comprehensive and his study should take in the general interests of a 
group of mines or of a whole mining region, rather than of a single 
mine. In neither case, however, can trustworthy results be obtained 
except they be founded on a sound and accurate knowledge of the 

geological structure of the region in which the deposits are found. 
In coal deposits, it. is true, tile necessity of a geological basi for 

reports has long been generally recognized. But, in respect to 
metallic deposits, how many of the hundreds of mining reports that 
are made every year in this country have any foundation of actual 
geological data? But few, indeed. I have been forcibly struck by 
this fact, in the course of my investigations, when I have endeavored 
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by the study of reports on regions I had iot yet visited, to obtain 
some definite idea of their geology. 

.' Nor is this true only of this country; it applies also, though perhaps in a less (legree, to older countries. Look even at the classical work 
on ore deposits of our respected Von Cotta, which is a compilation, made by a man whom we all acknowledge to be thoroughly conipe- 
tent, of the best scientific data obtainable at tile time he wrote. 
How little satisfactory information can be gathered from it of the ! actual geological relations of the deposits (lescri bed. Why is this? I And in what say should it be ieniedied 9 If e ask the mnnng 
engineer why he has not given more geology in his report., his 
answer will pi'obably he: First., that nothing had been ptibl ished on 
the geology of that region ; second, that the persons by whom he 
was employed desired practical results, not theories. 

Of the t\%o reaons thus gi en the flu t is ccrtaunly a alud one, and the want of published data is one which it. should be he first duty of the Geological Survey to supply. The secon(? is the cx— 
pression of a prejudice, unfortunately too common in the public mind, in favor of practical as opposed to scientific mining—a preju— dice for which mining engineers as a class are partly responsible. 
Fortunately this prejndice is gradually (lisappcaring. Ten or fifteen 
years since it was so strong that the fact that a man was a graduate of Freiberg, or other European mining academy, was almost suffi- cient to bar him from employment in a Western mine; while, to- 
day, in Leadville, among the most successful miners and metallur- 
gists, are found prominent the names of graduates of Freiberg and other European schools, such as Eilers, Meyer, Grant, and others. 

Nor is this prejudice confined to untechnical men. Many mining 
engineers, while freely admitting the necessity of a geological basis for 
determining the value of coal, iron, petroleum, and allied deposits, consider it at best in the nature of an ornamental or decorative ad- 

• dit.ion to a report upon metallic mines. In my opinion, hov- 
ever, there is no inherent reason why, with sufficient study and in- 
vestigation, the geological relations of metallic deposits should not 
the determined as accurately as those of coal and iron. The subject, - it is true, presents greater difficulties, and in the rapid advance of 
geology at the present day, the geologist and the mining engineer have been pursuing somewhat divergent paths—the former confining biunself more and more to special branches of theoretical study, and the latter to the technical and mechanical side of his profession. In. 
Proepn's excellent work, Archiv der Geologie, a chapter is given,. 
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gincer, is at work upon a report on its " Mechanical Appliances uetl in Mining and Milling ;" also to be illustrated with complete dratv_ 
ings of machinery, and to contain a most valuable (1 iscnssion of the 
eflective resnlt of different systems, founded on actual expennlents and theoretical cairn lations. 

Such papers, prepared I specialists het fitted for the particular 
work, should acconlpanv every monograph, whenever there is my 
particular process or niechan ical appi noire in the €1 istrict examined of sufficient. importance to justify the labor and expense. An annual review of the economical condition of mining industry, as deduced from accurate statistical information, is no doubt a he— 

gitintate and nii portant branch of the work of the Sn rvev, and in 
laying the foundation for this work we have been greatly assisted by the liberality of General Wa I ker, the Sit pr" nteiidnt of the Census. 
The collection of mineral statistics for the Tenth Census was placed by ii ml under the management of the Director of the Survey, and 
flicihitics thus nfThrdcd for doing the work in a manner which the 
funds of the Survey would not have admitted of. 

The valuable work of Dr. Ray wand had been so long since d is- 
contiti ned that the field to he exam i ned was statistically tin known, 
and it was (leterflln]cd to collect the desired ìfornmatiou by means 
of act nal visit of tra ied cal lectors to every mine, in ill, or smelting 
work in the country, armed with tile most exhaustive series of ptes- 
tions in regard to every phase of the work going on which our ii— 

gen nitv could devise. We realized, in the cow nienceitient, t lint ab- 
solute or exhaustive accuracy could not be obtained, since for this 
would be required the very best mining engineers in the eomiiltry 
as collectors, a nil versal willingness to give in formation on the part of owners, and more tone and money than was at our disposal. 
evertheless, so for as it was possible, we attained that accuracy, 
and the result has been the accumulation of a vast amount of tech- 
nical information, which is now being tabulated for discussion and 
generalization. 

The results are necessarily unequal, as depending upon two varying 
factors, the relative intelligence and industry of collectors and the 
inherent difficulties of collecting, peculiar to each case or district. 
The deficiencies in our results are more noticeable in the statistics of 

production, which have already been published, since here absolute 
exhaustiveness is necessary, whe'u in other branches, such as relative 
costs of labor, power, average consumption of steam, fuel, etc., J1l1 

perfections in tile returns from one or two mines in a district do 

F. 
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not materially impair the correctness of the averages arrived at. 
Checks upon tile synthetic system in the case of pi'odmtctioti were fiirnilted by express and Mint statistics, and other sources, and nddi— 
tiotmal a iltotmnts th u obtained (on 1(1, in some cases, be distributed 
among the districts to which they belonged, bitt, in general, were 
sinmplv added to totals from States. The labor involved in this work has been not only very great, but, on account of its inquisitorial tin- 
ture, very annoying from the unwillingness shown, in many cases in a not over-polite way, to answer our questions. Bitt I think the value of material obtained will amply repay the labor Spent, epeei:tl Ic if - 
it is Pr1ttCd to make the work permanent, so that the experience, 
gathicrçd with so touch weariness in carrying on the work thus far, may tint be entirely host. 

in Id tile present Congress grant the appropriation we ha ye asll ha' for this work, it vihi be conducted under a distinct head 
by pcrniatient set of em ploys, vhio vil I annually visit tile region asiimcd to each and gradually systematize the work, so that pro- ductiomi statistics may be published, it is hoped, within six mouths after t lie close of each fiscal year. Tb is work will be niaterial ly ac- 
celerated by the experience already gained. We now know, as we did not fitly know before, the locations of- all mines, and the a tICS of t heir owners or managers. A great deal of the work can be con- d mtctcd by correspondence, and visits will be req turcd only where 11 P rtmntt (levelopu-tents have been made since the last data were obtai mcd, or new districts have been opened. In the matter of collecting these statistics the influence of the in- 
dividual members of the Institute can be of the greatest. use to us, if they will take the trouble to explain to those mining men with 
whom tlley come in contact the practical val tie of the rork, and 
persuade them to answer our questions promptly and in a friendly 
spirit. It is often more labor to get information from one or two 
reluctant individuals than from a whole (listrict or State. If the 
work is COtldtlcted under these auspices, tile assurance that all iufor— 
niation obtained viil be held as strictly confidential should be very 
great-. The reputation of the Survey would be at stake in the first 
place, and all its members are forbidden by law from having any 
personal interest whatever ill any mining property of any kind. 

As supplements to tile annual production_bulletin it is intended 
to publish a series of technical papers on processes and mechanical 
appliances in mining, milling, and smelting, for which the vol umi— 
nous data already gathered will afford a most invaluable foundation. 
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In conclusion, then, let me ask an indulgent judgment of our ear]. work. It is a coniparative]y easy matter to idan, but few SUCCC1 in keeping their work completely up to the standard which they set for themselves. At the same time we by no means wish to avoid criticism. Honest criticism, that is free from malice, may he of the 
greatest assistance to the earnest worker, and there is no doubt that, were this kind of criticism more frequent, there would be less slovenly scientific work (lone in America. 

THE MITE'RAL BEGIOTS OF SOUTIJERy XEW JIEXICO. 

DY B. SILLIMAIS, M.D., N.A.S., NEW IIAVEXrCONN. 

Ti-sE regions of New Mexico referred to are in Socorro, Grant, and 
Dona A na counties, and a portion of Lincoln County, embraemg in the aggrgate a very large area, of most of which our knowledge is 
as yet very fragmentary and superficial. It is only very recently 
that large portions of this region have been accessible. It has heen 
full of danger from hostile bands of wandering Apaches, whose 
murderous raids have slain many adventurous miners aid seriously 
prevented developments. But this cvii has now been largely abated, and in many of the mining camps of this region there is no longer 
any danger from this cause. 

SOCORRO MINES. 

About three and a half miles back of the 01(1 Mexican town of 
Socorro, on the Rio Graiide, chief town of the county of Socorro, are two or more large veins of heavy spar, cuttilig across the fae of 
Socorro Montai in a northeast and southwest direction, and dip- 
ping at an angle of about. forty degrees into the body of the nountain. 
These veins are in rhyolite, and, so far as could be seen in openings on the Torrence Mine, which I examined, are without any clay 1)al't 
ing or selvage. The average thickness of the Torrence vein may he about five feet, the thickness varying from one or two feet to 
thirteen feet. Upon the cleavage planes of the heavy spar occul' 
in visible patches, of a waxy lustre and gray color, silver chloride, 
which gives value to the vein, from a few ounces up to one hundred 
and twenty ounces to the ton, averaging about fhrty ounces, as I 
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was informed. Associated with the heavy spar are several minerals 
carrying vanadium, one of which, in small yellow hexagonal prisms, is a mimetite containing vanadiuni, which has been mistaken for vanadinite. Farther research is required to determine the specific identity of the other associated minerals, which form no part of the 
economic value of these veins. The lowest explorations were, at the time of my visit (October, 1881), about two hundred feet on. the 
slope of the vein, which was dry at that time. No stoping had then been done, and by measurement about three thousand tons of ore were in sight. 

A ten-stamp mill, of excellent construction, stood on the edge of the Mesa, over the river, nearly ready for work, constructed under the direction of \Villiatn M. Courtis, M.E., who has also developed the mine. The whole expense of the mill and its apl)ointments, which were very complete, was stated at about $75,000, and the en tire enterprise was a good exoniple of legitimate In ining. There were no fossils found by which to determine the geological position of the Socorro Mountain, which is one of an extensive sys— teni of eruptive rocks, which I traced to the base of the Magdalena Mountains, about thirty miles west of the Rio Graude and the town of Socorro. 

THE MAGDALENAS. 

In a bold range of this name, about thirty miles west of Socorro, 
o S a range of metamorphic slates and linlestones, with gneissic—prob 
• ably azoic—beds and quartzites, traversed also by porphvritic erup- tions, where I found a strongly marked mineral lode, carrying huge masses of lead carbonate, of low grade in silver, averaging, proba- bly, 25 per cent., of lead, and under ten ounces ofsilver. In a portion of this lode, known as the "Juniata," the ore-mass exposed was fully forty feet in thickness, at a point about sixty feet from the surface, and the total thickness of this great chamber was not less than sixty to sixty-five feet, as was shown by a drift driven in fully twenty feet 

beyond the workings in ore. At the end of this drift is a fluecan-like 
mass, two to two and a half feet thick, which appears to be the east wall. The containing-walls are fissile slates on the west, and - a quartzose porphyry on the east. The vein is nearly vertical. Within the walls is a vast mass of decomposed material, impregnated with lead carbonates of every shade of color, from white to yellow- 
brown, with iron-stained and violet. lithomarge. Probably one-half the whole mass is waste material. Mr. E. W. Eaton, of Socorro, 
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who worked this mine, assured me it required four tons of the 
ore to produce one of bullion. One niillion pounds of this bullion, 
produced on the ground and sold in St. Louis, assayed twenty_three 
ounces of silver, or about six ounces per ton of ore, while the assay 
called for eight to ten ounces. Pifl)n charcoal was used in the 
smelting, and twenty-three bushels of coal, costing seventeen cents 
each, were consunied to the ton of ore snielted. Nineteen CubiC feet 
of the ore was found to equal two tons, or nine cubic feet to the ton 
in place. As this ore body is likely soon to he brought into close 
connection by rail with the system of i he Atchison, Topeka. and 
Santa Fe Railroad, and with eiieaj coke at. Socorro, from coal mines 
lately opened on the east bank the Rio Grande, neai' Socorro, it 
is likely to become an important factor iii the metallurgical opera- 
tions tbr which Socorro olThrs a convenient centre. - 

Other portions of tlus vein, which I saw about a mile and a half 
to the snut h on the ''Imperial " 

location, where it has been opened 
by a shaft sunk in the ore-hody, about eighty feet deep, were heavily 
charged with zincblendc. Ilie total cx plored length of this vein is 

about two miles. Beatiti In i green and blue cala mine are thund 
among the surface ores along the '' kelly "location, north of tile ,Juni— 

ata, and crvptocrystalline anglesite, inclosing galena,, was observed at 
the same surilice openings. While much of tile ore on this gigantic 
mineral lode is of low grade, its position favors exploration by 
tunnel on the course of the vein at several points, with the proba- 
bility of the discovery of other large ore-bodies like that noticed in 
the Juniata. It waits tile advent, of cheaper transportation and fuel. 

Of the mineral region immediately west of the Magdalenas I sa\w 

only some hand samples of ores, chiefly of lead. But among them 
was an ore from the " 

Sopliia," a small vein of heavy spar, carrying 
extremely rich copper-silver glance, corresponding closely to the 
species stromeyerite. But as I did not visit the locality I can say 
no more of it. 

The magnetic variation of this district was, in October, 1881, 
J30 4.5' E., as given me by Mr. E. G. Shields, G.E. 

The mountain ranges follow the general northeast and southwest 
course common to the region. South of Socorro, on the west side of 
the Rio Grande, are the Negretta or Black Range, the Mimbres, the 
Burros and Mogallones Mountains, of which something more remains 
to be said; while on tile east side of the Rio Grande, in Lincoln 
County, are the Oscuras Mountains, piobably of Permian age; the 
Organ Mountains, the Nogals, and the Sierra Blanco, or White 

Range of the Mescalaro Apache Reservation, and Fort Stanton, a 
portion of which I visited. 

THE OSCUItAS PEBMIAN COPPER BEDS. 

Tn the Oscuras Mountains exist considerable deposits of copper 
gIn nec, azurite, and malachite, carrying also a little silver and gold in a sil icious conglomerate, forming parts of the confhrmahle beds 
in a considerably extended area of Perniian rocks. The copper ores 
are largely found about the organic remains of fossil wood and va- 
rious small plants, transformed into copper casts of the original • structure, frequently retail) ilig traces of t lie carbonaceous material. The most important copper—hearing beds are capped by a strong q liartzosc or granitic conglomerate, above which are beds of sand— 
st oii e a (1(1 red marl s ; beneath are o t I icr eon gb ii crates, cI aVS, an (I 
doloin it ic lime rock. I was unable, froni want of time, to make any 
exploration of these interesting beds, so closely resembling 'those of 
Riis;:i, where they have been SO friit\i I a son ree of copper for many years. But I succeeded in securing the services of Dr. M. G. R. Fitz— 
gaert ncr, at that time in Santa Fe, to go down there iii the interest of 
the owners. Dr. Fitzgaert ncr's report is before me, and from hi is state— 
ments it appears these copper-hearing bed.s carry from 10 or 12 per cent. 
to p (cut, of copper, \vith a little gold (one-fourth ounce to one and a half ounces) and a few ounces of silver. The copper seams vary from a few inches to two or three feet in thickness, and they have a dip to the sont Ii from near the horizontal to 45°, the copper-bearing seams 
being a series of four, of which the strongest is immediately beneath the granitie conglomerate. These beds are about fifty miles below 
Soeorro, near the wagon road to White Oak Mines, to the south, from which they are distant about forty miles. Good coal exists near the Oscuras, on the east hank of' the Rio Grande, iid has 
been developed by the Atchison, Topeka, and Santa Fe Com- 
pany with a branch road and coke ovens, as I am informed by one • of the officers of that road. Water is very scarce at surface. I made also a careful examination of a much-cited deposit of vit- 
reous copper, near Fort Stanton, in the Mescalaro Apache country-. The ore of this locality is as fine as possible, but it exists only in tn— 
fling quantity, and with no evidence of continuity. There is 110 vein, and it does not occur even in a bed. So there was no reward for a 
toilsome journey over a desolate region, but to counsel the total aban.. 
donment of further exploration. 
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Very different was the result of observations made in Dons Ana 
County, on the west side of the Rio Grand.e, the next region of my observation. This requires a much more extended notice. 

THE LAKE VALLEY, OR SIERRA, MINES. 

The Lake Valley mines are in the county of Dons Ana, New 
Mexico, near the point where Grant and Socorro corner upon it, lines established by a recent decision of the Territorial legislature. 

LAKE VALLEY. 

Lake Valley is a name appropriately given to a secluded valley, surrounded by the foot—hills of the Mimbres or Negretta Mountains, in the upper angle of which is a small lake, hidden from view by aquatic plants, and vocal with waterfowl. This lake evidently once 
covered a considerable Portion of the adjacent valley, the level sur- 
face of which everywhere yields water by shallow wells. The water for the mill is supplied from the lake, or from a well fed by its 
\vaters. 

APPROACH AND POSITION. 

The approach to the Lake. Valley mines is by the Atchison, To- 
peka, and Santa Fe Railroad from Nutt Station, which is 1105 miles 
from Kansas City, about 450 miles from Pueblo, 26G miles soUth of Sante Fe, and 104 miles from the old Spanish city of Socori'o, now fast becoming the point of important mining industry, since 
the above railroad has supplied and is supplying transportation for 
the ores of silver, lead, copper, etc., and also for the coal of the near 
neighborhood. From Nutt to Lake \Talley is a pleasant drive of 
about twelve miles, over an open country, by as fine a natural road 
as exists anywhere, with gentle ascending grade, and at a pace which 
easily places the traveller there in two hours from the railroad to the 
mining camp, which is, by aneroid, about 5700 feet above title. 

No mining region in this country is more agreeably situated, or 
more easily approached, than that of Lake Valley. Here no winter 
snows or severe cold interfere with travel, or with continuous 51111 

profitable laboe.. It is, essentially, a dry region, but already water 
has been reached in mining, and the water from the lake has alsO 
been brought in by a line of iron pipe. 
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SURFACE APPEARANCES 

Entering Lake Valley by the road from Nutt Station, nothing is visible of human occupation, until a sudden turn to the right opens through a sag in the hill a view of a broad surface, dotted over with what appear to be piles of iron ore, scattered over a considerable area. 
The extent of mining ground, covered by the united claims of the Sic,', a Plata, Sierra Ore nde, Sic, ra Bella, and Sierra Apache mining companies, is a compact body of about 350 acres, over the whole of 

which exploration has been rewarded at numerous points by the dis- 
covery of silver ore in greater or less abundance. This area is nearly a mite bug on the diagonal from north to south and about half a mile in the opposite direction. It is bounded by the edges of a valley of erosion on the east and west, by a hill of rhyolite or pro- pylite on the south, l'ising rather sharply from the point of greatest depi'csion in the Giancle and Plata claims, while to the north the descent is rather abrupt from the borders of the Apache company's locations to the level of Lake Valley beyond. Within this area there is considerable diversity of surface. 

The lowest and most level pal't of the property is where the more 
importauit developments of rich ore had been made, when I saw the property in October, 1881. This was true, especially on the Stan Ion and Lincoln Claims, poi'tions of the Plata and Grande 
grounds. 

To the north and west of these claims, the ground rises rather rap- idly, and upon the upper edges of the Golumbia, Strieby. etc., reaches an elevation of probably 250 to 300 feet. From this western ridge the ground fills to the east where a shallow, longitudinal valley divides the property into two pretty nearly equal portions, as may be seen by a glance at the map and p1ans of the several claims. 
Early in the history of this property, considerable work was done 

upon the Golumbia and Strieby claims of the Sierra Bella, and the 
Kohinoop and Orescent claims of the Sierra Apache. Indeed, it was 
from the C'olurnbia shaft that the first surprising masses of solid 
chloride of silver were taken, that were cut out by a hand-saw. A shipment of ore from the columbia shaft, made by former owners, gave returns from over fifty tons of ore, of about 500 ounces per ton, and of this lot 5 tons carried 360 ounces of silver to the ton. This 
information I obtained from the former owners. 
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THE GEOLOGICAL HORIZON. 

The geological horizon of the Sierra mines is at the base of the 
Carboniferous. The fossils, which I collected there, have been cx— 
antined Iw Mr. Arnold Hague, of the United States Geological Sat— 
vey, and formerly of the 40th Parallel Survey. He says: "You1. 
collection of fossils interested me very much, and lro\es to be an 
important one from a geological standpoint, as they are a horizon at the base of the Carboniforous, and not far above the Devonian, al- 
though, as yet, no Devonian fossils have beeti found immediatej, 
below theni. . . This grouping of fossils bears a very close resem 
blance to several made iii the Wahsatch and the ranges of Utah 
from the \Valesatch I inwstone. Below this gron j), which is regarded as corresponding to the \Vaverly, nothing vhch is characteristic 
has been fluind. . . So for as I know, tIe is grouping has never 
before been recognized east of the Walisateli Range." The basement. rock, laid bare by the erosion of the upper beds, at 
Lake Valley, is a heavy—bedded gray or blue non—fbssiliforous lime- 
stone, in and I eneath wli ich the silver ores are found. Above it are 
piled thin—bedded, slialv lineerocks, full of fossils, and bearing no 
metallic ores, so far as knowu.* These upper fossiliferous beds have 
been extensively worn away by erosion, especially over the southern 
portion of the area, covered by the claims of the Sierra Grani/c and 
Sierra P/eta Conipanies, exposing the heavy basement liwerocks, 
which here show frequent seams and cracks, filled with a (lark 
brown—almost black—mineral, breaking with a bright—red streak 

* NOTE, Ju]v, 1882.—It was these beds which furnished all the fossils seen b 
Mr. Hague. Professor Cope subsequently made another search, and found some 
new species of zoophytes and criuoids, but nothing which changes the geological 
horizon, as indicated in the text. 

NoTE, November, l882.—Professor Cope, on authority of Dr. C. A. White, first 
referred the Lake Valley fossils which he had received from the late George Daly, to the Middle Carboniferous (American Naturalist, August, 1881), and later con- 
firmed this reference after collecting on the ground. (American Naturalist, October, 
1881.) Mr. S. A. Miller, in December, 1881, gives a description of these fossils, 
and locates them in the Carboniferous. 

Mr. Hague and Mr. Walcott, who is an authority in palonto1ogy, in January, 
1882, referred my collection, which I had put into Mr. Hague's hands for the pur- 
pose of determination, to the Lower Carboniferous. I had supposed they mightUe 
Devonian, but my opinion on palontology was nut entitled to much weight. Ti is 
statement of Professor Cope's earlier recognition of the Lake Valley fossils as Car- 
boniferous, is due to him on the score of priority. See correspondence in Engineer- ing and Mining Journal, October 21, 1882, p. 214.—B. S. 

or powder. The gravel anti boulders, resulting from the breaking— 
up of the upper measures, have lodged over, and covered portions of 
the lower rocks. These loose materials have beet) penetrated by 
some of the shafts, before reaching the metalliferous zone. This red 
ore is hematite iron ore (specular iron), carrying here almost always more or less silver as chloride. These dark seams somewhat re- 
semble pitch, or asphaltum, and nothing could he more deceptive, or less promising of value for silver. o wonder it was long over- 
looked. 

DIP OF THE STRATA. 

The eli1) of the beds of this group of rocks is to the east. The 
angle of dip is clearly seen, both in the CoIn mlcia shaft, and more 
recently, on a considerably more extensive scale, in the Striehv shaft, where it falls gradually from about 30° near surface, until at the 
depth of about 180 feet, where water has temporarily arrested explo- 
ration, it is quite flat, not more than 10° (Cr 12°. The silver—bear— 
ing vein has for its cover or hanging 'all this regular bed of lime with a smooth clay—like parting so far as followed. The significance of the 
fossilifrotis beds here described will be readily appreciated, and the 
important key thes' afford in future exploration has a forcible il Ins— 
tration in the exploration of th deep shalt on the " Hopeful ," of 
which more detailed mention is made in the postscript to this article. 

MINERALOGICAL CHARACTER OF THE LAKE VALLEY ORES. 

It will be understood, from what has already been said, that the 
chief ores at these mines are silver chlorides and silver—lead carbon- 
ates, associated with specular or red hematite iron ore, and a certain 
amount of galena atid manganese ores. The silicious ores carry em- 
bolite, and some of them are rich insilvef chloride and lead carbon- 

, ates, with small quantities of vanadinite, and native silver. Gold is 
absent, unless in the most insignificant traces. Suiphurets are almost 
completely absetit, galena being nearly the only exception.* This 
lead ore is frequently seen in small particles among the lead carbon- 
ates, and, occasionally, masses of many pounds weight are found, which have escaped the general decomposition which has converted 

* The exception here alluded to is the pyrite found in the rhyolite or propylite as seen in the deeper explorations. 
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this species into carbonate of lead.* The assay of a fine granular mass of this galena, nearly pure, showed 117.88 ounces of silver. 

ENUMERATION OF SPECIES. 

The enumeration of the species of minerals, at present found at Lake Valley, includes the following, viz.: 

METALS. (1), Slicer, 
a, metallic silver (in trifling quantity). 
6, chloride of silver, horn silver, or kerargyrite. 
e, em bolite, chloro-brom ide of silver. 
d, silver-bearing lead, both carbonate and suiphides. 

(2), Lead, 
a, galena, and carbonate of lead, bOth rich in silver. 
6, vanadinite, or vanadate of lead, ofa light yellowish color, in minute hexagonal prisms, and without arsenic. 

(3), J,., 
Specular, or red hematite, and brown iron ore ; the former most 

abundant and the chief gangue or associate of the silver 
chlorides. Both are highly valuable as fluxes in smelting the ores. 

(4), ilanganese, 
Pyrolusite, manganite, wad, or psilomelane. 

NON-METALLIC MINERALS. 

(1), Quartz, 
As the gangue of ernbolite, and in places the cap-rock of the 

ore-body; varieties, flint and chert. Also, in small quan- 
tity, drusy crystals of quartz, with vanadinite. 

(2), carbonate of Lime, 
Chiefly as gray limestone, being the heavy-bedded capping to 

the ore-body, but found also coating silver chlorides in the 
masses of ore, and, likewise, as crystallized calite. 

* It is not easy to say what has become of the sulphuric acid, equivalent to the 
sulphur of the lead Sulphfdes (now carbonates). No anglesite exists, and no gyp- sum, as might most reasonably be expected. 

E j)loration vil I proIahi bring to light other species, hut I ar no others in my inspection of the 'nines. The result is surini aug Irma its si nipl icitv, and the absence of offensive smelting mi netals, like zinc, arsenic, a nti monv, etc. * 

clai'rIxGs OF CIIEIITY QIJATtTz, AND IRON AND MANGANESE 
OXIDES. 

A capping of compact flinty quartz takes the place of the above- mcntto,,(d lleavv-hcdded limerm-k, covering tile silvcr-he:lrilig lOll ore itt the same Illaimner as does the linlerock. This sihicioms ap— pills alight very plopel'ly he called " vein Stone," as it caliics a vu]- uahb quantity ttI silver ill the uirin of enlhl)lite, or chlorohi010 ide of silver, the greenish color (yellowish green) of tlms ore being qinte evihitt to time limilmcraloieal eye. It is a milling ore, often quite rich iii silver. The seams of iron oie in time limestone, as ahevc de- 
scriieti, often lead into large bodies of rich silver nrc, when 1llwed 
by nutting explorations, over vlnch the heavy-bedded linierocks Ibruti F a capping. These ore-bodies vary very much ill extent, depth, and thick mess. Time largest holly of this kind, explored at tile time of 
my viit, was that reached hy what was known as time "Joint lmaft," between the Plata and Geande companies' ground, on the line be- tween tile Stanton and Ljno/ claims. 

Tile chaiwcter of these very rich ores is absence of ally sihicious 
gangue, the whole mass being a loosely aggregated congeries of cu-vs. tals of silver chloride (horn silver) with carbonate of lead, the whole mass stained deeply tiiroughoumt with red iron oxides (iiematite, kind more rarely black with manganese oxides. It is a splendid snelt- ng ore, but fhr too rich for milling. Oumly the lower grades of cllurtv and terrugiimous ores, under 100 ounces to the ton, will be proper material for the mill. 

* Although no antimonial compounds were detected among tile Lake Valley mine, ale, some form of antimony exists in minute quantity, since the silver bars uniformly contain a minute trace of tiliS metal, derived probably from the oxidiz4 ores in amalgamation. 
VOL. x.—28 - 
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(3), Ankerite, 
Or lime, iron, manganese carbonate. 

(4), Apalite, 
Or phosphate of lime (rare). 
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ASSAYS OF THE ORES. 

Gherty Groppings. 
I cite the following assays made at the mines, October 18th, 1881, on cherty samples taken by me from the west drift of west cut hear the surface: 

Chert with embolite, silver per ton, 240 ounces. 
Flint with embolite, silver per ton, 180 ounces 

Other samples of silicious croppings from the same cuts, with native 
silver, lead carbonates, and embolite, gave me respectively 490 ounces, 1460 ounces, and 164 ounces of silver to the ton. 

Iron ore, with embolite, taken 500 feet from northeast coriier of 
Stanton clam! of Sierra Plata at surface, gave me 400 ounces silver 
to the ton. 

Every sort of mineral in those croppings gave silver on assay. A 
mass of brilliant crystals of Pyrolusite (manganese ore), gave me -15 
ounces of silver per ton, and pieces of croppiugs, 

" believed barren," 
gave from 9 ounces upward. 

Ores Rich in Lead and S'i1rer. 

1. A sample sack, taken from the (lumpofore extracted from shafts 
3 and 4, being a very fcrrugiuous ore mixed with carbonate of lead, 
yielded, lead 32.4 per cent., and silver 129.42 ounces per ton. 

2. A sample sack taken from the bottom of the south drift west 
shaft, gare, lead 19.2 per cent., and silver 281.33 ounces per ton 
this was somewhat silicious. 

3. Carbonate ore, selected dump, slightly silicious, from east drift, 
gave 28 per cent, of lead, 415.62 ounces of silver. 

4. A sample sack of rich chloride and ferruginous ore, with man- 
ganese, taken from face of the east drift of the "Joint Shaft" of 
Plata and Grande, gave, lead 20 per cent., silver 10,289.69 ounces. 

In all these samples, the lead is sufficient in quantity to bring the 
ores within the smelting elassflcation of lead ores, the lead being 
almost entirely as carbonate, derived, beyond doubt, from the trolls- 
formation of galena. 

WORKING TESTS. 

Messrs. Mathey and Riotte, of the New York Metallurgical Works, 
have kindly supplied me with the results of milling some lots of the 
Sierra mines ores, forwarded to them from the mines at the time of 
my visit. These tests were made by free milling amalgamation, 

both w'ith and without the use of chemicals. These results are as 
follows, viz. 

Oi' TIlE TREATMENT OF TilE ORES FROM THE SIERRA MINES. 

These ores may in one sense all he properly called free milling ores, but practically they divide themselves into two groups, viz. 
1. Smelting ores. 
2. Milling ores. 

To the flrst group belong all the rich silver lead ores, carrying 20 to 30 per cent, of lead as carbonates, and from 100 ounces of silver to 10,000 ounces, and even more than this. Lead is all lost in 
milling, but in the smelting ores it is paid for by smelters, if present 
up to the limit of 20 per cent. The combination of ores in the Sierra mines nikes the best smelting mixture possible for rapid and 
economical work, without loss—no zinc, copper or arsenic, antimony only in feeble traces, and little silica, while iron, manganese, and 
lime, act as fluxes. 

The best milling results possible on these ores involve a loss of 
from 25 to 40 per cent, in silver value, while the smelter pas for 
The entire silver value, less three ounces; and the schedule price of 
$20 per ton for smelting, forms a small item in the returns, on ores of many hundred ounces of silver value. The few milling tests above cited sustain this statement as far as they go. Even on ores of 100 ounces value, smelter's charges, less freight, are less than the 
milling losses. Experience at Silver Cliff and elsewhere has shown that manganiferous ores which carry silver, pass through the mill witliout amalgamating, and the silver value is found in the tail- 
ings. 

The milling ores of the second class will, therefore, in this case, 
embrace, properly speaking, only the silicious ores, and some of the 
ferrugiuous ores carrying chloride and chlorobromide of silver. The 

* From the Columbia claim, very ferruginous ores, full of chloride of silver and no lead. 

Ore from Sierra Grands, without chemicals, yielded 
Ore from Sierra Grande, with chemicals, yielded 
Ore from Sierra Plata, without chemicals, yielded 
Ore from Sierra Plata, with chemica]s, yielded 
Ore from Sierra Beila,* without chemicals, yielded 
Ore from Sierra Be/la, with chemicals, yielded 

Per cent, 
79 
70 
54 

57 
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cherty ores particularly, are unsuited fbr smelting, and must 
treated in mills, except where they contain, as some of them do, silver to the extent of several hundred ounces. 

SMELTING FACILITIES. 

For immediate use, the Pnehlo Smeltint Works of Messrs 
Mathier & Geist, the works of the Boston and Colorado Smeltillg 
Coin pany, at Argo, near Den ver, and the works at Omaha and 
Lead vi lie, offer every fad I itv, with the ad vantage of competing rates. 
For the future it is quite J)oaHhle that smelting works on a consid— 
eralile seal e may be erected at Soci rro, v here many circumstances 
appear to point to a pl'ospei'ous (icvelopnlent iii the smelter's art. 

OF THE NATURE AND PROBABLE ORIGIN OF THF LAKE VALLEY 
SILVER ORES. 

From 'hat has gone I efre, it will lie understood that the Lake 
Vol icy mines belong in tile same category wit Ii the Lead yule, atil 
pruha bly t lie Eu rek a 0 id 01 Ii ci' deposits in t lie ol (icr Ii in estone f 1101— 

tions, 011(1 that they are not fissure veins. That these (iepOsits may 
eq ual in value and pernia neiice any other form of silver depoit 
cannot he denied, in view of' iii in ilig experience of a like nature t lie 
world over. The opinion is well—nigh universal in favor of a 
fissure vein for permanetice, but the history of mining adventures 
is full of examples of the fhct, alas so coin mon, that wh lie t lie 
vein remains, the character of' Hamlet has been left out of the play 
What proportion, for example, of all the vast area in extent aol ill 

depth, which the last twenty odd years have opened upon the Coin— 

stock, has proved ore—bearing? The bonanzas, as seen in a prjectioiI 
of that famous fissure, have been the rare exception. 

At Lake Valley the ores are of' exceptionally high tenure in silver, 
and, compared w'ith Leadvilie, Eureka, and Little Cottonwood, are 
low in lead. 

In the simplicity of their mineralogy and metallurgy, the Lake 
Valley ores, as already remarked, are also exceptional. It remains tO 

be seen if; on deeper exploration, these conditions remain unchanged 
The absence of hydrated species is remarkable. The iron exists 

chiefly as specular iron, and the same is true of the manganese. Tlii 
fact indicates the prol)able existence of a temperature adequate tI 
prevent the existence of himonite or hydrous peroxide of iron. rrhltS 

temperature might be supplied by superheated vapor of water, 
escaping with other heated gases, from the deep. The chief interc 
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of such a speculation in this case is the probability implied, that we may look deeper for ore wit hout touch ilig bottom. 
The origin of the silver is probahl connected with the bodies of 

trachytic rock, propylite, rhivohite, etc., vh ich exist as eruptive illaes and ulykes in this region. As yet tile explorations have ouly par- tially developed the extent and position of those eruptive rocks. It is probably frow them that the silver has been (lerived. And tile 
same chemical agency which his dissolved the silver from its former 
condition in these has set free the silica, now found in the chierty 
croppitigs, and tile il'fltl and inaliganese ores associated with them. 

These cherty croppi igs are pirticuiarly strongly developed. On 
the high ground of the A some 500 feet above tile rich ores of 
the Phitta and Grande, or of the Sierra Bel Ia, associated with the 
Apache croppi ngs, manganite occurs ahu ndanti v, 011(1 sonic Very rich 
silver chiiorides. But as vet Ill host nothing lois been done toward the 
development of this most considerable body of elevated mineral 
gro 1111(1. 

Posi'sdRtpT, JULY, 1882. 
Tile writer made a second visit to tile Sierra Mines in June la'4, and totnid some iniportant changes in tile interval since his former 

visit, viz. 
THE MILL. 

A very complete and well-constructed silver mill, of 20 stamps, wit ii pe and power fur 40, has been constructed, and was put in 
successful operation during the month of June. Ii is pro'ided with 

• tile new system of continuous discharge, devised by Mr. Boss, of San 
Francisco, designed to save the labor of hainil log the pulp from the 
tanks to the amalgamating pais. This system is said to have worked 
well in other cases where it has been tried, and it certainly has the 
merit of simplicity and economy. 

Tile water for t.he supply of this mill, is laid on by a line of 
wrought—iron pipe from the pump station near tile lake, about three 
miles distant. 

For the actual output of this mill, and the ioss of silver in the 
tailings, we must wait the results of experience. 

NEW DEVELOPMENTS ON THE BELLA, AND ON THE PLATA 
AND GRANDE GROUND. 

Our present concern is chiefly with the developments on the ore- 
bodies by explorations in depth. Of these, there are two or three 
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which areof special interest, from the light they shed upon the whole 
district. 

(1.) On the "Bella," the claim called the "Strieby" has been 
opened by a shaft sunk on the dip of the ore—body, which has at this 
point an angle of about 300 S. E. The hanging wall has a smooth 
and continuous contact surface, with a clay parting above the 
ore-body, which has a thickness of about five feet of mixed carbon- 
ates of lead, with silver chloride stained deep—brown by iron-man 
ganese oxides; the average assay value of which has been over 100 
ounces per ton. The dip of this ore—body has gradually flattened, until at about 180 feet on the slope, where water has for the present 
arrested further progress in sinking, its inclination is not more than 
12° or 15°. The underlying, or foot—wal], of limestone, of this 
ore-channel is less well defined than the upper wall. It exposes 
near the bottom and in the dri ts a compact rhyolit, well sprinkled 
with minute crystals of pyrite. The important relation of these 
intruded porphyritic masses to the silver (leposits has. already been 
mentioned, and need not he elaborated here. 

This important exploration has exposed a body of ores variously 
estimated at from 12,000 to 15,000 tons, and has imi icated the position 
for a downright shaft, which is to be sunk immediately, for the fur— 
tlier prosecution of the work, the unwatering of the ore ground, an(l 
the economical hoisting of the ore to the surfaee. 

ninety-eight assays in April, May, and June, 1882, taken from 
the daily workings in sinking the Strieby shaft and drifting, gave 
an average of 110? ounces of silver pm ton. 

(2.) Another similar exploration has been commenced near the 
southwestern limit of the Plata and Grande ground. Here a cross-cut 
passes through about twenty-five feet of ore, black with manganese 
and iron, but well charged with silver chlorides, and cutting the tin— 

denying litnerock. A shaft, snnk downright in this black ore mass, 
at the depth of about 30 feet, struck the same underlying himerock, 
and is now sinking at an angle of about 70° in the ore-body. The 
strike of this ore-body is the same as that in the Bella (S. E. or 
W.), but from its position being too far to the west of the Strieby shaft, 
it can hardly be the same ore-body, and it is yet too soon to say with 
certainty that it will repeat the experience of the Strieby, but such 
is its present appearance. New masses of extremely rich chloride of 
silver have also been developed by recent explorations on the Lincolit 
and Stanton claims, and it is said in large quantity. 

From these explorations it appears, so far as now seen, that there 

are probably three distinct zones of ore-bearing ground, viz., those on the Plata and Grande, that already described as seen in the Striehy shaft, and, lastly, that laid open by çhe so-called Columbia shaft, which is in advance of the Strieby, to the southeast,, and where the first rich ores were extracted by the former owners. The value and 
necessity of continued exploration are thus clearly shown. And this obvious truth has lately received a most important confirmation, as the result of a well-directed and intelligent work, which was already in progress last autumn, hut which has only very recently come to a successful issue. I allude to the work undertaken by other parties, beoud the limits of ownership of the " Sierra " 

companies, upon ground, known as the " 
Hopeful," viz. 

THE HOPEFUL SHAFT. 

Rising easterly over the dividing ridge of the valley, in which are found the basset edges of the fossiliferous beds already (lescribed, we find the "Hopeful" location, distant about 2000 to 2500 feet from the Striebv shaft, with a gentle surface slope to the southeast, near the southwest angle of this location. Mr. H. H. Sawyer and his associates commenced last autumn a (lownright shaft, expecting to cut the ore— 
body of the Columbia in (lepth. It was a bold undertaking, consid- 
ering how little was then known of the nature and extent of the Lake Valley ore—deposits, and naturally was regar(led with much incredulity by all to whom the general structure of the region was an enigma. The 
resnlt, so far, has well vindicated the intelligence which inspired the 
undertaking. After sinking for more than one hundred feet through barren non-fossiliferous limestone beds, the beds of the Lower Car- 
boniferous shahy limestones, full of the same fossils, already mentioned as overlying the ore-bodies, were cut and passed through; next fbI- ioved the heavy-bedded limestone, overlying the "iron cap," which marks the horizon of the ore. At the depth of 155 feet a strong flow of water arrested sinking, until a pump and hoisting apparatos can be put iii place. This shaft passed through three feet of this ferru— 
ginous capping, front which, as I am informed by Mr. Sawyer, assays of 2 to 20 ounces of silver are obtained. This very interest- 
ing result appears definitely to settle the question of continuity in extent and depth of the Lake Valley ore-bodies, at least for that 
portion of the area thus explored. It remains now to be (letermined 
by further prosecution of the same exploration : 1st. If the "iron 
cap" here cut covers a similar ore-mass to those already found near surface on the Plata and Grande and Bella; 2d. If the indica- 
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tions of a succession of like ore-masses overlying each other is 
yen 1ec1, such as now appear to exist near surface as three (list inc't 
zones. The interest and importance of the solution of this que—tion are self-evident. But as it now stands, the result already attained 
cannot flu I to stimulate sin) i lar explorations, both with iti the '' Sierra 
Mines" areas, and upon the " Outside Claims." Already a large area of surface is covered, especially to the southeast, by such mining 
locations, upon which at this time no work has been done. 

So fir as exploration has gone no fltnlts nor dislocations have 
been (liscovered in the Lake Valley region, but it can hardly he 
cx pecteii that such (liStlirbances will not be eneoul itered, probably not to I lie same extent as at Lcadville, since the whole area surround- 
ing Lake Valley is formed from the lower foot—hills of the Minibres 
and Black Ranges, and has lint felt the stress of a great upheaval 
of central mountain masses, which have thrown the strata at Lea I— 

yule into such conipl icated fuldings and faultings, wit Ii an elevation 
of over 10,000 feet. Compared to the Leadvil Ic region, Lake Val— 
1ev is an area remarkably free from such d istu rba ices. 

As Lake Valley, especially the areas of the Sierra I\Iines, is at sur- 
face a dry region, quite devoid of surface water, it is au interest lug 
fact that au ample flow of water should be found at so moderate a 
depth as that now reached (155 feet) in the Hopeful shaft, where 1 0 
buckets per hour did little to lower the level of' tile water in the shaft. 
The value of such a water supply in a dry region is considerable, hut 
its significance as an evidence of extended areas of drainage, and iii- 
ferentially of ore—ground also, is of' more importance yet.. It remains yet to speak, very briefly, of sonic other regions of South- 
ern New Mexico, and especially of the Negretta or Black Range. 

THE BLACK RANGE. 

This mountain range is on the vest side of tile Rio Grande, about 
fifty miles from that stream, and it extends south ward ly from a point 
nearly opposite Socorro across Socorro County, and into the adjoining 
county of Grant, at least one hundred miles. No good map of this 
portion of New Mexico exists, and the Negretta or Black Range 
(so called because of the dark-colored firs which cover it) is often 
confounded with the Minibres Mountains. We approached this 
range from Emigle, a station on the Atchison, Topeka, and Santa Fe 
Railroad, fording the Rio Grande near 01(1 Fort MeRea, and thence 
crossed the subordinat,e Cuclillo Negro Range, about half way to 

Grafton, a mining settlement on the eastern flank of the Black 
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Range, about 9000 feet. above tide. The whole of this region was 
considered so unsafe, both from hostile Indians and worse white banditti (called "Rustlers "), that it was thonglit llecessary to pro- vide a military escort, which, together with the guns carried by the 
parts', gave us twenty-five \Vinchesters and two mounted scouts per— fectlv familiar with tile country. No difficulty occurred, however, nor was any likely to happen to so strong a party. The Black Range is iii tersected by powerful lodes carrying gold, silver, copper, zinc, and lead. l—Iagan's Peak, a lnoinitlent land- 
mark, 'li ich fhi'uns the a pcx of the range, appears to he a ccii t re from 
wInch md late numerous veins, One of these, known as Hagan's Lode, is covered for over two miles by successive locations, tile ores of 
wli H1 are chiefly valuable for silver, with a little gold and sonic vel— low copper, in a coarse—grained crystalline and cellular quartz. the veui being generally very large, e. g., " The Midnight " fl Ides 
gave inc silver 15, 43, and 118 Ounces, from three pou'ti(ns oftlie veil, a t ra'e of gold, and under 5 i' cent, of opper. " 'Ihe Colossal " had 
127 ounces of' silver, an ounce of gold, and about 7 per cent, of cop— 
pci-. The " Monte Cliristo " 

yielded, silver 1 8 ounces, gold 1 ounce, wit Ii ii ider I per cent. of copper. These are obviously all free iii ill— ii ig ores, tile Silver existing cii iefly as chloride ; galena and lead salts are rare. 
lius vein is l)elieved to extend to the north much further than above indicated, covering in all a stretch of many miles. But no corn— 

peten t observer testi lies to tile truth of this statement as tile resu It of 
personal nvestigation. All I can say is, that I saw a powerful vein, which I followed for more than two miles from the town of Grafton, 
Commencing at the " and passing the Buckeye, Surprise, Alaska, Montezuma, etc., and so on, to the north, and beyond, \viieie I followed it to the "Wild Horse." It is said to maintain its course 
conspicuously for about five miles from the point of starting.* At tile " Montezunia" it was over 20 feet wi(le; a mass of hard quartz, with noble combs of amethystine crystals and great subveins of calcite 
include(1, with streaks of ore. It was developed by a shaft, sunk in 
tue eastern porphyry, which incloses it, and the veiui remained iii- 
most undisturbed for 150 feet, the depth of the incline shaft, at that 
time. Samples which I collected gave about 1 ounce of gold and 
140 ounces of silver. 

This vein is certainly worthy of a systematic development. The - * If the vein from Hagan's Peak to the "Wild Horse" 1ocatin is one vein, its 
.lengtli is from ten to twelve miles. 
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gold is riot visible to the eye, and the silver exists chiefly, if not en- 
tirely, as chloride. 

The ivanhoe nilne is that which has given to the Black Range its 
chief fame. Ii is opened on the same vein, and, so far as it has been 
explored, the work was (lone by Co]onel Gillette with good jtidginent and economy. At the time I saw it a tunnel had been run in along the course of tile lode, about 100 feet below the croppings, fir a dis- 
tance of between '200 and 300 feet, and a shaft sunk to the next level, 100 fiet ; also a Winze 100 feet beyond to the same level. The vein 
was of remarkable interest, and at the time of my visit of excep- tional value. There was a streak of black ore a few iiiclies wide Oil 
the footwal I, about tile level of tile tunnel, which was brill aiìt with 
free gold, implanted in a matrix of blackened carbonate of lead, owing its color perhaps to the effect of light upon the silver chloride it 
contained. The mineralogical character of this black zone 'as rather 
complex ; vitreous and variegated copper, hI ile and green malachite, 
yellow copper, zinc blende, calcite, cerussite, free silver, silver cii Jo— 

l'ide, and gold, exist in its quartzose gangue. Carefully prepared 
samples of this rich ore gave from 50 to 60 ounces of gold and 250 
ounces and over o(siiver. ibis naturally gave an unwonted stim- 
ulus to speculation, which the development of the vein in dcpth (lid 
not sustain. But it is nevertheless a remarkable vein, as its average 
quartz is good for from I to 2 ounces of gold, and from 100 to 150 
ounces of silver. The vein is strong, varying from 3 or 4 feet to 10 
feet in thickness. Portions of it which I broke at 200 feet depth on the hanging—wall side were beautifully brecciated like a mosaic, 
showing evidently former mechanical violence, the cementing silica 
which bound the fragments being chalcedonic, i)ordered with fringes of metallic particles symmetrically arranged like lines in an agate. 

Much iiiore aught be said, respecting the Ivanhoe and the Great 
Master lode, on which it is opened, but it is enough to add, from 
what we know of it, that systematic exploration, in depth, alone will 
develop its hidden treasures, and not the manipulation -of its shares 
in Eastern cities. The cross valleys or gulches, which cut this great 
vein, offer numerous points, where it may he advantageously opened 
by tunnels driven in on its course. 

Timber abounds on the Black Range, and water exist.s in quantity sucient for milling purposes. It is a region full of wild game, and was the chosen resort of' Victorio, who declared that no white 
man should set his foot on the Negretta and live; an oath which 

he kept as long as he lived. Near Grafton is an old burial-ground of the Indian race to which Vietorio belonged. It is easy to say much more of the Negretta and the Mimbres, of 
the Burros and the Mogallones, but most of the information I pos- 
sess of those regions is derived from other observers, and I propose here to restrict myself to my own explorations, leaving to others the 
development of the regions beyond. 

Pvno1onpHITE REPLACED BY WULFENJ'rE AND VANADIUM 
COMPOUNDS. 

Many years since I first called attention to the flict, before un- 
recorded, that pyromorphite, so characteristic a mineral in tile lead— 

bearing veins of the Appalachians, and of Great Britain and the Eu- 
ropean conti ient generally,wasaimost completely, ifnotentirelv, want- 
ing iii the lead and silver—bearing veins and beds of the Cordilleras of 
Central \orth America. In them phosphoric acid is replaced chiefly 
by uiolvhdic acid, and not unfrequently, as I have Since discovered, 
by vauadic acid, the former appearing as wulfenite often, as at Ta— 
couia ajicl Eureka, crystallized in specinlens of unsurpasse(l mag- 
nificence, and passiun in less conspicuous forms; the latter I have 
mole recently detected in a considerable iiumber of localities in 
Arizona and New Mexico, as is more particularly set forth in a 
paper, in the American Journal of Science, for August, 1881. At 
Lake Valley, vauadinite occurs in small but very perfect hexagons, of a yellow color, closely resembling some habits of pvrouiorphite or nunetife. It is not common, but I found a considerable mass of 
drnsv quartz on tile Lincoln claim, quite abundantly studded with 
these crystals, about a millimeter ill diameter. Wulfenite has not so 
far been detected at Lake Valley. 

The veins of the Negretta, or Black Range, mentioned ill this p— 
per, are quite barren of wulfenite and vanadinite, so far as observed 
at present. On samples from the " Tidal \Vave," a location On the 
IHagan lode, I detected a few crystals of pyromorphite, tile first I 
have seen beyond tile Wahsatch, where, in 1872,1 first distinguished tile replacement of that species by wulfenite. But it is to be re- 
marked that tile veins of tile Black Range are essentially non-plumb- 
iferous; they are silver-bearing gold veins, with a little copper, and 
less lead, so far as I have seen them. 

At Soeorro, as already mentioned, occur vanadium minerals, one 
of which is a vanadiferous mimetite, a variety of this arsenide, not, I believe, before noticed. There are two ohèr vanadium minerals 
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there, one of which is, very prohahi, deseloizite, but they remain to 
he studied with more care than I have yet been able to devote to 
them. 

A REVIEJV OF THE STE. GEXEVIETTE COPPER DEPOSI2 
BY FRAN NIChOLSON. E.M., STE. GENEVIEVE, MO. 

IIISTOFUCAL SKETCh. 

CoPPER ore 'as first noticed in Ste. Genevieve County in 1863. 
The d isc verv was made by a German farmer named Si mon Grass, 
who had occasion to make a road from his fitrm down the bill itito 
the neighboring valley, and while So engaged noticed pieces of a 
green—ct dored mineral, some of .wh tb lie collected. Not knowing 
the character of' t lie oie lie laid ion nd, and supposing it to be valua- 
ble for its brilliant greet] color on lv, lie carried a piece with him into 
the town of Ste. Genevieve atil -bowed it around the various bar- 
rooms as a curiosit. No special attention was paid to the matter 
until nine years later, vlicn Mr. 0. D. 1-lairis sent a specimen of the 
ore to Dr. Theodore Fav, of St. Louis, for analysis. This analysis, 
vh nh vas t lie first ever made of Ste. Genevieve copper ore, showed 
tile specimen to contain 

1o.oo 
From this analysis it is evident that the sample was taken from 

near the surface, and was probably recognized by its green color. 
The almost entire absence of sulphur proves It to be an oxidized 
for iii. 

There is on file, at the office of the Ste. Genevieve Copper Works, 
a paper* giving three assays of the ore made in 1875 by Henry B. 

* The paper referred to reads: 
"R&ultat d'analvses qnantitatrves de trois principauR minerals de cuiwre de Ia 

nouvelle veine dens Ia montague Dudley, Harris, et Cie. 
1. Cuivre pyriteux, variz lamellense, avec des couches mincesd'ocre ferrugifleL5C i 

cuivre métalliqne, 33.5 per cent. 
2. Cuivre oxjdn1 ferrifère, var. compacte; cuivre met., 36 per cent. 
3. Cuivre oxidu]é ferrifère, var. granuleuse; cuivre met., 35.1 per cent. 

Pour analyse, 
STE. GENEVIEVE, Mo., Mat le 9, 1875. HENRY B. YELITR' 
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Yelitre, a French chemist. These assays show very high results. 
They are as follows 

No. 1, Copper pyrites, ]ame]lar variety ; metallic copper, No. 2. Oxidized copper and iron ; metallic copper, No. 3, Oxidized copper and iron ; metallic copper, 

The result shown in No. I is higher than I have ever been able to 
obtain from chalcopyrite troni this county; Nos. 2 and 3 are prob— ally inipure tenorite. In 1868 explorations under tIe direction of Mr. }J:irri were begun on I lie Section where tie croppings had leen 
noticed ; but after a short period of unsuceessfiul prospecting the work 
was a ha ndoaed. In ] 872, four years previous to the deat ii of Simon 
Grass, Measrs. Harris, Rozier, & Co. obtained a lease on the property for twenty-fl ye years, payg 10 cent, royalty. Iii I 7G work was begun on the bill opposite that on which copper was first dis- 
covered, by a Chicago firm styled Hitchcock, Wilson, & Co. A fter 
one year's nit profitable working this firiti failed. The Cli icago mine —t his was the name applied to the old work iligs of the Clncago 
Company—was bought in by 0. B. Harris, who now owns hot Ii the O i'a and Cli icago mines and operates them under the name of' die 
Cornwall Copper Mines. In 1876 Mr. Leon Jokeist discovered 
allot her outcropping of Copper ore, about four in iles north of the Cornwall in ines, and took out considerable ore, running from 20 per cent, to 27 ler cent, of metallic copper. Following the lead taken by \lr. harris, Mr. Jokerst called his property the Swansea Copper Mine. 

In 1879 a third property was opened near the Swansea mine, and was named the Herzog Copper Mine. These three mines are those 
given in the Census Reports, by Professor Pumpelly, and a study of theni will be a study of the Ste. Genevieve 'copper deposit. • They all belong to the same formation, and a study of one reveals the characteristics of all. As the Cornwall mines are most largely developed, having, in fact, furnished nine-tenths of all the ore pro- duced by Ste. Genevieve County, and, further, as the Swansea and 
Hei'zog mines are at present idle and afford, therefore, but poor facilities for study, the data for this paper have been obtained from a study of the Cornwall mines. 

From 1877 to 1880 the mines were operated by contractors, who 
agreed to work under tile supervision of a nline-boss, and to deliver to him the ore at one cent per pound, irrespective of its content of metallic copper, the only desideratum to them being that it be ac— 

I 

3' per cent. 
- 35.0 

3.5.1 " 

Copper 
Zinc 
Iron 
Sulphur 
Organic matter, silica, carbon, and oxygen, 

17.75 per cent. 
3.21 

24.50 " 
1.09 " 

53.45 



determination of geological formations in Southeast Missonrione 
easily followed, even by those unskilled in Palontology____is the 
saceharoidal sandstone, wli iii attains a thick ness of more tlia ii 40 
feet, about 2 miles east of the mines. This sandstone is largel' le— 
veloped in Ste. Genevieve County and is easily recognized. It con- sists of a remarkably pure white sand, of very fine grit, and, aceordiu, to an analysis of a selected sample, made in the laboratory of the Ste. 
Genevieve Copper Works, contains 00.6 per cent, of silica. It has of late been ned successfully on ftirnace bottoms, and for years was 
sln1)ped to Pittsburgh, Pa., and to Wheeling, WT. Va., for gla nia king. 

The Second Magnesian Limestone consists of a silicious, fliagnesian 
limestone, interstratifled with sean]s of cliert. Numerous pockets or 
openings cccnr in this limestone. The smaller ones are lined with 
crystals of (log-tooth spar, while the larger ones contain stalactites 
and stalagmites. The crystals mentioned are never transparent, bui 
are uusinuilr translucent, and have a iinlkyor brownish color, the latter 
bei hg (I tie to the p eseuce cf iron. The cavities vary in size from 3 
inches to 20 or 30 feet, but 6 fijet. is about the average length. 
Crystals of dog-tooth spar 20 inches long are not uncommon. 

The cliert seams occurring in t Ii is formation are from I to 12 
iuehes in thickness, and of varying distances apart. Tli elicit is 
generally hard, breaks with a conelioidal fracture, and has a dill 
white color. Tn the drifts, however, it often occurs as a porous, 
more or less friable niass, termed by the miners " chalk " rock, 
"cotton" rock, etc. The broken chert is found cemented with cal— 

careous matter, with ore run ii ing in seams all through, and otten 
entirely covering the conglomerate mass. The chert rarely eontaiis 
minute cavities, in which are found small hexagonal pt'isms, With one 
end buried in the side of the cavity, the other free, and terminated 
with a hexagonal pyraniicl. No large quartz crystals are found. 

As far as caii at present be cleterniined, lie copper deposit consists 
of two nearly horizontal sheets of ore, between strata of cliert, in 
the htnestone. Some difference of opinion, however, exists in regard 
to this matter. Mr. Gage, ri the paper before mentioned, sav, 
"The copper ore occurs in three, possibly four, distinct beds." Mr. 
Gage's reasons for believing this are not stated in his report, auid 
will, probably, forever remain a mystery. The upper of the two 
known levels—that from which nearly all the ore has, so far, been 
extracted at the Cornwall mines—is about 250 feet above the lied of 
the stream traversing the adjacent ravine. 

The lower level—that worked at the Swansea mine—is at least 150 feet below the upper level. After a careful examination, s- sisted by surface explorations, I was unable to find any evidence of a third level. No machine drills being used at the mines, no pros- pecting has been done by boring, and hence the number of levels is not definitely settled. But I would certainly hold, that no on 'roulci he ju.tified in asserting that there were "three, possibly four, clis- tinet when evidence of only two existed. The following ores occur: 
(1.) Glialcopyrjte._After penetrating the hill to a distance beyond the cifoct of surface inflnencesathm)spllere and moisture_this ore is found massive, and from 3 inches to several foet in thickness. It constitutes the bulk of the ore now mined. Near the surface it is often found coated with crystals of malachite and azurite. It is Sometimes found softened and discolored, so as to look like tenorite. An analysis of such a piece showed it to Contain 

S.O per cent, 
31.2 

This ore, in varying proportions, accompanied by chialcocite and Oxidized ores, is found in all parts of the mine. When found stuff.. cientlv far in the hill to be free from surface influences it has a bril- liant brassy color, which quickly tarnishes upon exposure, forming beautiful specimens of peacock ore. 
(2.) Ciialeocite._TJiis ore is never found in large quantities, It usually carries about 60 per cent, of copper. 
(3.) Malacltile._rfJiis occurs (a) massive, (6) as incrustation, When massive it is earthy, and varies widely in the percentage of Copper contained, some specimens carrying as low as 11 per cent., while others contain 37 per cent, to 40 pe cent. A general average of the carbonates is about 20 per cent. Some pieces are nearly pure, and admit of a high polish when ground to a smooth surface. When incrusting it occurs as delicate fibrous crystals, and is of very little economic value, the incrustation forming but a small fraction of the weight of the ore or rock incrusted. 

(4.) Azurite.—This occurs as an incrustation only. It is of no economic value, as the amount is exceedingly small. 
(5.) C'uprite,—Tliis occurs in considerable quantities as seams in sulphide, and occasionally unaccompanied by other forms. In the latter case the ores are silicions and vary in content of copper, from 8 per cent, to 42 per cent. In the former case it has increased the percentage of copper in the chalcopvrite to 45 per cent. 
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448 A REVIEW OF THE STE. GENEVIEVE COPPER DEPOSIT A REVIEW OF THE STE. GENEVIEVE COPPER DEPOSIT. 449 

I 

I 

Copper, 
Sulphur, 



450 A REVIEW OF THE STE. GENEVIEVE C(IPPER DEPOSIT. - A REVIEW OF TIlE STE. GENEVIEVE COPPER DEPOSIT. 451 

_______________ Roof 

Jt,, 1iLLone 
—'---- Ir,'raZnr 

8 - - - - che cam 

Orea d Sort - 
________ ___ Z° oeam 

argillaceous sand of nioderately fine grit. INo copper has ever been 
found in them ; on the contrary the ore Seam invariably th ins out 
where these appear. 

Fig. 3 is a sketch from the same drift, showing a Common occur- 
rence of the ore. Often the ehert is so intimately in ixed wit Ii the 

----- 
— i_i ItO SC 

4' [ —— 
Lin,estonn 

(bert seam 

28 (tee _ij. 
Fig.4. 

ore as to preclude the posibi1itv of anything like effective hand dress- 
ing. The ore, in tiiLs ease, is cha]copvrite, with malachite, azurite, 
and red and black oxides, the oxidized ores constituting fully one— 
half. The chert consists of angular fragments, with seams of ore- 
running in ever direction. Fig. 4, taken froin the same drift,. 
shows the saud boulders above mentioned. The ore seam often. 

(G.) Tefloi'tt'e.—\ot met with extensively. When found it is 1 
pure, containing about 50 per ccitt. of' copper amid 13 per cent, of 
sulphur. It is sol, black, or blue—black, amid soils the hands. 

(7.) C'hi7jsocoffa,——Oimlv Spei'imnells are fioiiid. 
The following sect ions, taken from vu 'ions pa i'ts of the mine, are 

of interest as showing time mode of occurrence of the ore. Fig. 1 

2 nti, Magnesian Ltrneotong 

Roof 

Limestone 

Chent seams 

— — Sutphsrej see 

______________________________ Floor 

j, ,. 2 oti. fngoesiofl Limestone 

FIg.I 

represents a section in the Slicarlock drift, at a point where the ore 
is unusually solid and free from elicit- fragments. This section is 

2-oti, tagneoian Limest080 

the month of the (l1'ift. A, is a pocket partially filled with silicious 
clay. These pockets are net wit Ii frequently. rF!ie ore is here very 
sil icions, as it is filled with pieces of chert and cut out to a consid- 
erable extent by sand boulders. rjjleee sand boulders consist of an 

2 

l's,' 

l's,, 

Limestone 

Cl ret anti 
Ore 

(hen anti Ore 

p 

IntL Man esian Limef on' 

Fi.2 

taken 270 feet from the month of the drift; consequently surface 
influences are but little felt, and the ore is found unaltered. 

Fig. 2 represents a section in the same drift, about 60 feet from 
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thins out, from several feet in thickness down to a few inches, and in 
some cases disappears altogether. The ore represented in Fig. 4 is 

sulphide, with flakes of carbonate along the planes of cleavage. 
Fig. 5 is a sketch taken from the Vallé drift, 235 feet from the 

mouth of the drift. The ore here is a very compact sulphuret, almost 
----/ 

Limestone / / 1oof 1 
___L___ 

— 

Cht - 

Li,o,st one 

/ 
Fig. 5. 

free from gangue. About 15 feet from the point where tls sketch 
was taken the ore—seam disappears altogether to reappear further on. 

Fig. 6 is a sketch taken at the place where the ore—seam (lisap— 
pears. 

3,4-, 
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give the history of the latter in the words of Dr. Schmidt (see 
Missouri Geological Survey, 1873—174), with such changes as to 
render the matter applicable to the fiwnier. 

Tue geological history of the Ste. Genevieve copper deposit may 
T be divided into five periods, as follows 
p (1.) Period of Deposition.—During this period a silieious limestone 

was deposited. While this was still caleareons ooze, the chert seg- 
regated out in numerous thin layers, occasionally containing milky 

4 quartz. This deposit probably remained unaltered for a very long 
time, and became hard, dry, and dense before the second pe'od 
began. 

(2.) Period of Dolomization.—Dnring this perio1 dolomization of 
the limestone 'as accomplished through the agency of magnesian 
waters pcrco11ting through the strata and (lepositing magnesium 
carbonate. Tile principal deposition of ores, from watery solutions, 
as also the disturbances and ruptures in the elicit, in consequence of 
the contraction of the liniestonc, belong to this period. The (1010— 

mization of the limestone, and tile simultaneous deposition of the 
ores, began from horizontal crevices, and then extended through the 
whole mass of one stratum of limestone, and was limited by the 
layers of chert above and below. This process was going on in pit— 
cisely tue same manner at the different levels. 

(3.) Period of Dissolation.—This period is not so marked in Ste. 
Genevieve County as in Jasper and ewton; yet the numerous frag- meats of chert, the large amount of clay, sand, and rotten silicious 
dolomitie limestone occurring in tile drifts, show plainly that there 
has been such a period. The final deposition of ores probably took 
place toward tile close of this period. There is no doubt that ores 
were deposited after the accumulations of chert were formed, as 
chert is often found entirely covered with chaleopyrite. Pieces of 
chert are also cemented together with ore. 

(-1.) Period of Regeneraiion.—Local regeneration of the Partially 
dissolved and softened limestone, by renewed deposition of carbonate 
of lime, local infiltrations of silica, and possibly a continued depo- 
sition of ores, belong to this period. All the conglomerates, which 
consist of hert fragments cemented by either a silicious or by a. 
calcareous mass, were formed in this period. 

• (5.) Period of Oxidation.—-During this period the sulphurets were 
changed to oxides and carbonates. This is specially noticeable near. 
the surface; but so far has the oxidation been carried, that in tue 
east drift, specimens of malachite and tenorite were obtained 400. 

Roof 
Li,mtone mitle 
Po,J,ot of esl- 

The sketches given illustrate the various modes of occurrence of 
the ore, and from a st.udy of them we are enabled to read with con- 
siderable accuracy the 

II. GEOLOGICAL HISTORY OF THE STE. GENEVIEVE ORE 
DISTRICT. 

The geological history is so nearly identical with that of the South- 
west Missouri lead and ziiic region, that I cannot do better than 
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feet from the month of the drift. The shells of brown hematite 
were formed, during this period, from the oxidation of the pYrites. 
Near the surface these shells are very numerous. This period, of 
course, reaches up to the present day. 

ITT. METHOD OF WORKING. 

The Cornwall copper mines are situated in T. 37 N., H. 8 E., in 
Ste. Genevieve County. They occupy parts of sections 15, 16, 21, 
and 22, and comprise altogether 310 acres. The immediate vicinity 
of the mines is hilly, the surface consisting of limestone, which has 
been consi(leral)ly eroded, the crests of the hills l)eing several hun— 
dred feet above the beds of the streams traversing the adjacent ra- 
vines. The dip of the limestone is about 50 east. 

The district is fairly timbered, and the valleys are well suited for 
agricultural purposes. The mines are 10 miles from the town of 
Ste. Genevieve, and 12 miles from the smelting works, which are 
located at Rock Haven, the landing for Ste. Genevieve, boats being 
unable to land at the town on account of a sand-bar which has 
formed in front of the 

There is no railroad nearer than the St. Louis, Iron Mountain, and Southern Railroad, which passes through St. François County. 
All transportation of ore, from the mines to the smelting works, is, 
therefore, by means of wagons. 

The roads, from the mines to the works, are for the most part of 
red clay, and (luring wet weather are almost impassable for heavily 
loaded wagons.. In dry weather, however, they are very good, com- 
paring favorably with country roads elsewhere. With hut little 
labor and expense they could be greatly improved. rjh1e gravel, so 
plentiful in Ste. Genevieve County, would be excellent for this 
purpose. 

At the mines there has sprung up a small village, containing 
twenty-one dwelling houses, besides ore sheds, blacksmith shops, and 
dressing sheds. In honor of the owner of' the mines, the town has 
been named Harrisville. 

Each dwelling-house contains one room, 16' x 18', with kitchen 
in rear. The cost of erection of these houses is one hundred dollars. 
They are rented to miners witl families at two dollars per month. 

There is abundance of good water about the mines, and one or 
two springs strong in sulphuric acid. With each house there is a 
piece of ground for raising vegetables. The wages paid are from 
$1.10 to $1.35 per day, the former being paid for dressers, the latter 

for miners. This enables the men to live very comfortably, as it is 
paid in cash, the mines own in no store. The o st of the necessa- 
ries of life is moderate. In February, 1882, supplies cost 

Pork, . 
Butter, 

. . .. $0 14 per pound. 
. 

Sugar, . 
Flour, 

. . 
. . 

. 
. 

. 

. 

2.5 

121 
. 

Potatoes, 

. . . . 4 00 per 100 pounds. . 
Cornmeal, 

. . ... 1 60 per bushel. 

Clilkens 
. . .. 1 60 

Coffie 
11 each. 

Beans, 
20 per pound. 
7 

Altogether there are seventy-four men employed in and about t-he 
mimics, exclusive of teamsters. The mcmi all hegi ii work at 7 A.M. 
The dressers work until 6 while the miners quit as soon as they 
have finished a fair day's work. Tim is is miow recognized to he 12 
feet of drill holes far two mneu,—a striker and a holder. No ma- 
cli inc ti ru Is are employed. 

The drills used are " octagon steel with 1 '' hit. Each drift is 
under the i ni ned ite charge of a contract r, who agrees to work 
under the general Supervision of a timi ne Sn Jieri ntondent, anti to de- 
liver to him the ore at the rate of .$1.50 Per unit, when ingot copper 
is worth 20 cents per pound in St. Louis. Th amounts to 7 cents 
per pen nd for the copper con tinned in t lie ore, and leaves the works 
the neat little margin of 12- cents per pound. Tle assay is inva- 
riably made in the laboratory of the smelting works, and no appeal 
can be taken from the decision there• rendered. 1.3 per cent, is 
deducted from the wet assay to make UI) for the losses in smelting. 

Time hauling frona the mines to the works is dune by contract. It 
costs $2.50 per ton all the year round. 

The present output of the mines is 150 tons per month. This 
could be doubled by putting on a night shift. 

The drifts are run in on the outcrop, 4 feet wide by 6 feet high, 
the cost of driving being $6.50 per linear foot. When the ore-faces 
show well in the drift, chambers are laid off and worked out. The 
roof is usually kept sufficiently high to enable a man to stand erect 
in the drift. In places this height is greatly exceeded on account of 
the upper strata being too weak to support their own weight. 

A part of the wastage is stowed in the old workings. The re- 
mainder is carried out on the dumps. 
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The ore is kept on the floor of the drift. The rock is stripped from the ore for several days, and the ore is then lifted by means of 
gads, or, if it be very solid, a light charge of black powder is em- 
ployed to raise it. 

Giant pos'der (Atlas No. 2) and black powder are the explosives used in blasting. Giukodine was used for a short time with great 
success, and its use was discontinued only on account of the preju- dice of'the miners, who, as a class, are always opposed to the intro- 
duction of anything new. 

The ore and a large amount of waste rock are removed from the 
mines by means of tram-ears, which run on wooden tram ways, and 
are j)ushed along by boys. Each car has a capacity of, about 500 
pounds of ore. The ore is delivered by these cars at the (Iressing— 
sheds, where most of the adhering rock is removed. Wheii carefully 
dressed the ore carries 25 pci' cent, of copper. Ordinarily, the ore as delivered at the smelting works carries about IS per cent. For 
the year ending December 3 1st, 1881, the average content of metallic 
copper, in all ore delivered to the smelting works, was 18.1 per cent. ihe principal portion of the gangue ren)ai n ing with the ore is 
chert, and hence, when delivered at the works, the analyses of tile 
ore often shows 50 per cent, of silica. 

No educational facilities are at pi'esent offered ; but it is thought that a school will shortly be established for tile benefit of the chil- 
dren of tile miners. 

The cost per ton of tile ore (lelivered at tile smelting works, sup- 
posing it to carry on the average 18 per cent, of copper, is: 

$29 83 
The market value of such ore, when copper is quoted at 20 cents, is $3 per unit or $54 per ton. Net profit to owners, $24.1ff 

per ton, 

.HOEFEE'S METHOD OF DETERMII.,TI.NG FAULTS 11Q 
MIHERAL VEIHS. 

BY R, W, RAYMOND, PH.D., NEW YORK, 

I DESIRE to call the attention of members of the Institute to a new 
method of plotting and determining faults in mineral deposits, sug- gested by Prof. I{anns Hoefer, lately of the Mining School of Przi- 
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bram, and now of the School of Leoben, and one of the editors of the 
Autri,ui Zeitschrft ,fiir Berg- nod HWlenwesen, in the 29th volume of which ipe's his paper on the subject. I will here give an ab- 
stract of its contents, which, though partial, will be, I trust, sufficient 
for my tirpoe. 

In thç examination of a fault, we usually follow the rule of Zirn— 
mermann, which assumes that the hanging-wail ofa thnlting-fissure has slid (loWflward in tile direction of its dip ; hut dislocations (of j coal-scanis in particular) show many cases in which Olle part of tile scaii has been shoved over the other; that is, the hanging-wall of the Jaulting-fissure has slid upward instead of downward. For a 
lon tune, ery (i1loction of a minesai deposit upon a cross fi tue was regarded as necessarily belonging to either one or the other of 
these two classes. It was either a slide (Sprung) or a heave ( IVec/ssei). 

i But. it has been proved of one and tile same fault that it may appear at one place to be a slide, while at another place, even in the same 
mine, it appears to be a heave. 

fins pilenoillenofl itself suffices to show that the classification of 
dislocations is not so simple as has been supposed, and the methods 
p'ued by mine surveyors, based upon that classification, may there- 
fore need improvement. These methods, as is well known, assume 
tllat throughout a given fault the motion of the hanging-wall has 
been everywhere the same, and consequently that the so-called ver— 
tical interval or "throw," determined by exploration of the two dis- 
located parts of tile deposits at any one point, is a guide for explora- tion at all OtlIer points. Practice, however, shows that this guide is not unerring. It does not always agree with the indications of ac- tual movement, and direction furnished by the stm'iations of the walls of tile faulting-fissure. These marks frequently do not follow the 
dip, but lie obliquely across it. The oblique or other motion thus 

I indicated is certainly one of tile elements in the geometrical problem 
• presented to the surveyor. 
. Fig. 1 may illustrate this point. Let AB be the line of intersec— 

tion between the vein L and the faulting-fissure J7 the striations of 
whicil indicate that the nloveinent took place in t'he direction of GD. 
Tile dislocated continuation L' of the vein being found at EF, the old 
rule would declare that tile case was one of a heave or upward move- 
ment of tile hanging-wall; and yet it is really an oblique slide. 
That tile distinction is important appears when we consider that, if the vein being worked in the foot-wail of the faulting-fissure had 
contained an ore-body which was cut off by the fault at G, the old 

Mining and dressing, at $1.50 per unit, 
Supervision, weighing, etc., 
Hauling 

.$2700 
033} 
250 
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rule would require us to accept the continuation of this ore—bods- at 
some higher point in the hanging. va I oft he fault ; whereas, by the 
present hypothesis, it is at the lower point ii, to which the striations 
ten(l. It is apparent that an Dill iqne I i Ic would not, according to 
tile Old rule, a ppear to be a slide at all, ni less the striations (that is, 
tile actual movements) were steeper in dip than the lines of in— 

Fig. I. 

tersection. In case had been horizontally moved, the dislocation 
would, by the old rule, be a slide, if it lla(1 moved in one direction, 
and a heave, if it had nlove(i in tile other; whereas, in reality it would 
have been neither. 

But Profissor Hoefer goes further, and declares that the parallel 
uniform movement of the hanging-wall of a fault is not to he always 
assumed. Tile evidence of this statement is drawn especially from 
coal-seams; not, as I apprehend, because the dislocations of these 
deposits are different in nature from those of metalliferous veins, but 
because coal-mining has furnished more extensive excavations, and 
therefore a greater body of evidence than any other branch of tile 
business. Moreover, we can with greater certainty judge what was 
the original position of a coal-bed than we can of a fissure-vein. 
When the latter suddenly changes dip, for instance, beyond a fault, 
we cannot be sure that tile change of dip did not exist before the 
dislocation took place. This phenomenon of a change of (lip and 
also of strike is frequent in coal-fields, under such conditions as 
make it reasonably certain that neither the original position of the 
coal nor irregularities in the faulting-fissure iere the cause; but 

rather that the relative movement of the two parts of the deposit was 
not in parallel lines. In many cases where veins show a uniform 
dip, t hat is, approach in form a regular pitt e, and yet cxlii hit these 
changes beyond a fault, it is reasonable to infer, instead of a simple 
slide or heave, a partial revolution of the mass on tile Ilaugimig—wall 
side of the limit around an axis normal to tile platle of the fauiting_ 
fissure. A simple geometrical construction xviii show that when one 
mass of rock has moved in this manner upon another, the dislocated 
portion of the mineral deposit common to the two must acquire a 
diffircnt strike and clip from that vli ich has remai tied u cliltoved. 
Irolesor Hoefer cites as an illustration a very extensive Iiuctlt in the 

Fig. 2. 

neighborhood of Aix, which shows to the southeast greater vertical 
dislocation tilan toward the northwest, and can only be explained by- 

turning iilovetnetit. 

Fig. 2 shows how, in the simplest case, that of a revolution with- 
out vertical descent or ascent of tile hanging-wall, the striations in 
tile faulting-fissure ma indicate the axis of tile revolution. In this 
figure, AB is a drift run in tile faulting-fissure, and Showing stria— 
tions according to tile (lotted lines, Whicll 1)itch in one direction at A, 
and ill the opposite direction at B. In such a case, the centre of 
movement would be found at tile intersection of perpendiculars drawn 
through tile line of striations. Thus, if striations were exposed at 
A, B, and D, the intersection of the perpendiculars would show the 
centre of movement to be at C'. In practice, however, it is likely 
that the several perpendiculars drawn through such striations would 
not intersect at a given point; and tills would show that, besides the 
turning movement, there had also been a movement of translation of 
the whole mass, up, down, or along the plane of the fault. The 
complication of these two movements is, however, not beyond analy- 

L 
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sis, if the data are sufficiently abundant and exact. Even with th0 
imperfect data usually afforded by the limited exposures in mines, it 
is much better to work upon a perfect than upon a crude and Partial 
system; and Professor Hoefer thinks that not only the points already 

mentioned, but also the question of direction of movement (for ex- 
ample, in Fig. 2, whether from B to A, or A to B), can in many 
cases be satisfhctorily determined by the plan he proposes. 

This plan may be illustrated for a general case by Fig. 3. Let 
AB represent the course of a vein dipping 32° (as shown by the ar- 
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row), winch has been explored on an upper level to where it is cut 
off by a cross-fissure, having tue strike BK and the dip of 40° (as 
shown by the arrow). Let it be assumed that upon a lower level the 
vein had been opened, with the strike GD and the dip of 23°; that 
on this level a fault was encountered at D, having the same strike 
and dip as that at B. By a simple construction, with the help of 
the triangle abc, in which the angle e is 40°, and tile side (lb is the 
vertical distance h between the two levels, we find the point e and 
draw the line eD, viiich, being parallel to BK and also coinciding with the strike of the fault at D, pros the latter to he identical with 
the fault at B on the level above. We now determine the two lines of 
intersection EFand BG made by the fault, with the two portions AB 
and GD of the faulted vein. This can he done most easily by the 
aid of tile two triangles, def 9hi, in which tile base h is taken equal to tile vertical distance between the two levels, and tire angle 01)1)0— site k is, in each case, the angie f tile dip. AB and CD being a]- 
ready giver), the corresponding lines, namely, ILl on tile level of 
GD, and .KL on the level of AB, are to be found. This is done by 
(lra\ving 1IJ parallel to AB through the pointf, and prolonging /rg 
parallel to GD. The course of tIre fault at 13 is known ; hence the 
line BK drawn on that course intersecting tile line KL at kdeter— 
mines the point K for that level, while for the next lower level the II is determined by producing tile line GD parallel with BK; in like manner, the lower levels, T1J VJV ATOjV PQ, RS, etc., can 
be plotted. It is evident that, by drawing lines through KDand 
BH, tile lines of intersection EF and BG are obtained. It is evi- 
dent also that on tile fourth level M if in working from AT tile fault 
is encountered at 0, it will not be necessary to cross-cut, as in the 
upper levels, to find tile continuation of the vein; since at that point, 
which is the centre of revolution, the vein can be found by simply 
breaking through the cross-fissure. In the next lower level, PQ, 
however, if the fault is encountered at Q, it will be necessary to cross- 
cut for tile continuation of the vein in the direction QR, a direction 
opposite to that which would be necessary at U or D. 

It will be seen that in this ease a revolution has been demonstrated 
without the hel of tile indications afforded by the striations. 

Professor Hoefer indicates also how this graphic method may be 
applied to lines of intersection which are not stsaight, but curved 
and to tile still more complicated case of a varying strike at differ- 
ent levels in the faulting—fissure itself; that is, for instance, when 
BX lID, VU, and QR are not parallel. He says in substance: 

Fig. . 
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The solution of the problem remains in priiiciple the same when the lmm of 
intersection are curves. If for instance, we had plotted a fault for (liffereut ievjs 
(not too far apart vertically), and had found the facts on actual explontiou to lif. fer from our construction,—that is, the lines of intersection, imagined as draw,, 
in the llaIle of the fault (such as BK, DII, etc., in Fig. 3), bad proved in prartice to be longer or shorter than required by our construction, we should then ollain a 
ii u a her ot elements of the act al ct oved lines of intersection, which we could P10— 
long according to their curvature, in order to operate further with them, just as if the were straight. 

"To take an example: suppose (Fig. 4) that the fault had been encountered on 
level I, in the I vO portions of the vein, at A and B, giving at these points tile 
straight lines of intersection AD and BR; but that on level lithe fault was found 

at 0, not D, and the continuation at II, not J7' Straight lines drawn from A through 0, and from B through H, thus become the lines of intersection for the construction 
of the fault on level lIT. But actual developments show the points sought, to be 1, K. instead of L, 211; and, in short, we become able to prolong the curves AGJ, 
BIlK, as curves, and thus, to obtain for lower levels, in advance of exploration, 
more accurate determinations." 

Professor Hoefer recommends in practice the general method 
above described, on the ground that it involves no generic assump- 
tion or hypothesis, but makes the work of the surveyor in the first 
place purely descriptive, and also checks by graphic construction the 
errors of observations due to irregularities in the veip and fault. He 
points out also that this method indicates conclusions as to the 
nature of the movement which has taken place; since, if the two 
lines of intersection are parallel, the movement must have been 
parallel; while if they converge, the movement must have involved 
a revoltition, and the points where they intersect must be the inter- 
section of the axis of revolution with the plane of the fault. 

This statement of Professor Hoefer's method suggests the follow- 
ing observations 

Evidently the graphic meiltoti show-n in Fig. 3 wi]l not indicate, 
in case of a corn ItOLI nd in ovemen t, involving both a revo] U (ion and 
a si itle, either the existence, the direct ion, or the anion nt of the lat- 
ter. The relative position of the two parts of the faulted vein, 
shown in Fig. 3, may have been reached by a simple revolution 
around an axis normal to the fault at 0, or by a revoltttion around 
sonic other ax is uortnal to tile fault, cou pled with a slide along the 
fault. For instance, the axis of the revolution may have been at 
U, and the slide may have carried it appai-enlly to 0. 

Vet this is precisely the case which may be expected to he most 
freqtieiitly encoutitered in practice. Simple revolutions must be 
rare, if, indeed, they ever occur. My Own ml lresotI on this point 
is coufiruted by the reply of Proftssor Hocfer to an inquiry which I 
addressed to him after pelusing his Paper. He says: 

('ircular movements, combined with movements in straight lines, ale very fre— 
qocu t ii our ft ul ts ; iti fact, I do not doubt at all ii at a continued careful st, ,ly will 
sI ow t I em to be the rule. \Vlt et It er simile revolutions oft en 0cc r, is very di flicul 
to decide, from the observations thus far avail able. loit know how one.si led and 
incomplete the inquiry has heretofore been in this direction. In tie southernmost 
rlistrict of l'rzibrmun, tIme Clenmeuti vein shows in its selvages striatious, the varYing directions of which indicate a circular movement; and my studies (unfortunately 
interrupted by my departure) led me in this case to the belief that the movement 
had been circular only. But I did not consider the question definitely settled." 

Btit, to return to the illustration of Professor Hoefer's method 
given in Fig. 3, it is evident that although the method, applied, as 
itt that case, to a fault which has been determined in two places, at 
different levels, will not, from these data alone, reveal the exact com- 
ponents of the movement which has taken place, it vihl nevertheless 
indicate for any level the point where the continuation of the vein 
is 'to be sought, beyond the fault. It is, however; often important to find the continuation, not merely of tile vein, but also of an ore- 
body in the vein. Thus, in Fig. 3, the miner working from Cto D, and finding the vein cut off by the fault, might know that by drift- 
ing in the faulting-fissure to II, on the same level, the vein would 
again be struck; but the point Hwould not in any case (except that 
of a simple and perfectly horizontal movement) he the point originally 
adjacent to D, before the faulting took place; and if there were at 
D a valuable ore-body, the question would still remain, iii what di- 
ection from 11 the continuation of this ore-body should be sought. 



44 METHOD OF DETERMINING FAULTS IN MINERAL VEIN THE OCCURRENCE OF GOLD IN THE BLACK HILLS. 4@5 

For the case of a simple revolution around 0, the solution of 
this question would he easy. It is shown in Fig. 5, which I liav 
made by taking part of Professor Hoefer's Fig. 3, and adding two 
auxiliary triangles, OLk and .NnA. The construction is as follows: 
From 0, draw Ok perpendicular to KL, and OL, making the angle 
LOk = 23°. Similarly construct from any point N on ON the tri- 
angle 1Vn.4, making the angle at .N= 32°. The distances cut off on 
the hvpothenuse OL by the lines LK, cD, and TU, rel)resent the 
heights (inclined measurement) between these levels. The same is 
true of the sections into which Nn is divided. The distance of D 
above the level 1110, along the dip of the vein, is Om; and the 

point adjacent to D, before the dislocation, must lie at. the same dis- 
tance above 01V Taking Xt= Oni, and drawing Dp through , 
parallel with HJ, we have D1, the point desired, which lies the dis- 
tancefr vertically, orfs, inclined measurement, above HJ. 

But if there has been a rectilinear as well as a circular relative 
movement of the vein masses on either side of the fault, the point 
D1 will not be the point formerly adjacent to D. The continuation 
of an ore-body cut off at D will lie at a distance and in a direction 
from D1 directly dependent upon the extent. and direction of the rec- 
tilinear movement. (I need hardly say that in all these cases it is 

of no consequence whether both walls, or only one actually moved. 
The total movement may be assumed to have affected one wall only.) In this case, the study of the striat.ions in the faulting—fissnre 
may give valuable, though perhaps rarely exact, indications as to the 
direction of movement. If the rectilinear movement followed the 
circular one, the striations may furnish a clear record of it in straight 
lines. If the two were (as is more probable) simultaneous, the 
striat.ions would be strictly epicycloid curves ; but for their interpre- 
tation it vould be sufficiently accurate to consider them as fragments 
of ellipses, having their major axes inclined in the direction of the 
rectilinear movement. These indications w'ould doubtless be in most 
instances of practice merely general guides to exploration. But after, 
by such exl)loration, the continuation of a given ore—body (as D, 
Fig. 3) had been found, it is plain that the whole movement of the 
fliulted vein could be analyzed and plotted, and that the contiuuation 
of any other ore-body could be sought with confidence. In the case 
before us, it would be only requisite to determine the relations of 
the point actually found to D,, its theoretical position on the hypoth- 
esis of purely circular motion ; and the correction thus applied to 
I) could be applied to any other point similarly determined. I should remark, in conclusion, that all these constructions rest 
upon the assUn]ption that the dip of each segment of the faulted vein 
is constant. That is, the vein is treated as a plane. But it would 
not be difficult to include, in the method here shown, changes of dip 
and strike, as these might be discovered in actual working; and 
under certain circumstances, a change of dip might serve as a useful 
landmark in surveying. For instance, if, in Fig. 3, there were a 
change of dip in the left-hand portion of the vein, at the level liD, 
then the corresponding change of dip must be shown on the line 
GB, at the point formerly adjacent to D; and the discovery of this 
point would at once, as has been already shown, permit the analysis 
of the movement which had taken place, and the deduction of all 
its resultant relations. 

THE OCCLTRRE1TCE OF GOLD IN THE POTSDAM FORMA- 
TJON, BLACK HILLS, DAKOTA. 

BY WALTER B. DEVEERUX, E.M., GLOBE, ARIZONA. 

THE special conditions under which gold occurs in the Potsdam 
formation of the Black Hills present features worthy of a more sys- 
tematic presentation than they have heretofor.received. The notes 
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which are comprised in this paper relate to the immediate vicinity of 
the Jlomestake vein, where are found tie only deposits of the char- 
acter refei'red to wI ich have heretofore attained any iiiì pOrta lice as 
gold producers. At this point the oldest visible formation coilIprises 
the highly metamorphic pal[eozoic selnsts, which contain the gold— 
bearing quartz veins. Resting unconformably upon the schists is a 
sedimentary formation eoniposed of (lebris derived from the shsts, 
and containing the evidences of the iif of the Potsdam period. The 
base of tl is formation is generally a conglomerate, which, at the 
Homcstake vein, is very thin or absent entirely. Its section here is 
that of a wedge, the thin edge of which comes nearly to the home— 
stake vein. 

Early in the history of the Black hills much excitement was 
caused by the discovery of gold in paying 1 llantities in the lowest 
stratum of the conglomerate above rcIirred to. Tli ore was reallily 
obta i ne I I y a syste in of in tn zon tit I drifts, a titi many hit nd red thou — 

sand dollars were obtained in a short time. Owing to the i'1r 
charater of the ore the mines were known as ee'neiit liii nes, although 
the material was a trite conglomerate, generally hard, and needing 
the stamp—in ill for re In et ion. rfIie larger tiii 'ii her of t It ese (I ej )OSi ts 
were found upon the eastern side of the I-Ioinestake vein, and with in 
a pei'i tent lieu I an (I ista nec of al it ut a nail e. Ott ly one paying (I eposit 
has been worked upon the western side. At present the larger nuin— 
ber have ceased producing, and it is not probable that they will ever 
attain tile importance that they have had, since the productive terri- 
tory has been quite extensively prospected. The conglomerate, in 
places, partakes of the character of a breccia. and generally gradually 
merges, in the upper strata, into sandstone, or, where there has been 
local metamorphic action, into qnartzite. The mass of the cotiglom— 
crate is a mixture of quartz boulders and pehbles, and worn frag- 
ments of schist, with frequent pebbles of hematite. While there is a 
slight slope away from the Homnestake vein, such as would be natural 
in a beach, the Contact of se(linlentary and schistose formations is 
essentially a plane with a slightly undulating surface, due to the tin- 
equal (lurability of the underlying formation. Gold occurs in these 
sediments in two distinct conditions, viz. 

1. Gold as a mechanical constituent. 
2. Gold as a chemical constituent. 
Under the first head I cla.ss tile principal portion of the cement 

gold which has been mined, while under the second head I wish to 
speak, in the latter part of this paper, of some gold ores of an entirely 

distinct character, which are found some few miles (listant in the 

same formation. I am aware that in classing the gold of' these coti— 

glomerates as a purely mechanical constituent, I am doing so in 

oppositiohl to a theory, recently u pheld by an elaborate argu ment, 

which endeavors to pt'o'e that placer gold is a product of local fire— 

cillitatioli or crystallization. 
Careful observation in the field and a consideration of the facts, 

have, however, led me to rejet this tIle try as untenable and inconi— 

peteilt to explain the conditions noted, and I hope in tins paper to 

present evidence which shall jutif thi coiteluion. The horizontal 

cli a raete r of the sell i met its am Ill t lie fi ut ml iat t I iei r accom pa nv in g Ii fe— 

forms belonged to salt—water tpes lead its at once to the conclusion 

that they were ocean sediments and nit. river beds, and that they 
were formed in very shtllow water, where there was strong wave 

action. rfhe thinness of the deposits neat' the 1-Tomnestake outcrop 
and the coarseness of the material i mhi'ate that they were beaches. 

The absence of gravel over the 1mttrtz outcrop shows that it was 

C ho r insular, or hell in a sIt a Ho v reef. 

\Ve know that this absence of gravel is not line to more modern 

erosive action, because the eruptiolis of 1)orpliyry occurring in later 

geological times, iiittl vet before the niollcril valleYS were scoured (lilt, 

have capped over the Vein outcrop1Ilg, and preserved it intact in 

many places. 
This same porphyry has also overflowed the Potsciam sediments, 

thus giving us the proof that they were originally as shallow as they 
now are. In sonic pl;ices we have at least a hundred feet. of con- 

glomerate over the gold—beiriug material, hut generally uinch less. 

In order to show that the Homestake vein was large enough to have 

supplied gold for all these deposits, I need only mention that its out- 

crop, as covered by the pOr1)hvry, was at least a mile in length, aiid 

- from one to two hundred feet in width, of' solid, gold—hearing mate- 
rial. 

Much of the conglomerate has been cut away by the formation of 

the present topographical conditions, and we can only construct the 

original contact plane by noting the dfflrent points at which it inter- 

sects what are now hills. 
The appended sketch is an approximate section taken perpendicu- 

lar to the Homestake vein and extending eastward to the limit of the 

gold-producing territory; in all, perhaps a mile and a half in length. 
It shows how small a portion, comparatively, of the old sea-bottom 

remains. From it we see, also, that the site of Central City was 
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once overlaid by a placer—probably richer thati the mines in the 
hills on either side, which have yielded so much gold. The contact 
plane has a dip of about ten degrees away from the Homestake vein. 
First considering the gold which remained in the matrix of gravel, we will afterward endeavor to show what became of the gold again 
set free during the disintegration of the conglomerate. The larger 

\"\"Sohist Cernent Mirre Porphyry Pooot 
Jpproxrou(e 0 eologienl SJoetelx frona II r]nlo strike Vei,i, Eo&t-ad. 

portion of "cement gold" (using the local term for convenience) has 
been taken from the ridge showl] in the sketch between Deadwood 
and Black Tail gulches. 

Ore mined from this ground is said to have milled as hih as fifty 
dollars per ton, and the stratum lying close to the bed rock was ex- 
ceedingly rich, as is generally the case where the ore pys at all. 
Small channels and depressions caused local concentrations, and these 
channels were generally followed in the Jroce of mining. The 
ore was bard, and generally required blasting. This condition was 
very advantageous in studying the character of the deposits, since 
large blocks could be taken out and examined in detail. If the term 
mightbe used in such a sense, these were fossil placers, in which the 
most minute relations were carefully preserved, although originally 
existing iii a 'ery unstable material. 

Many of the facts here noted were obtained while running some 
hundreds of feet of drifts through one of these ore-bodies. 

III general we find much the same variations of quantity as are 
shown in the ordinary gravel placer. The local channels referred to 
show the same alternations of rich and poor material, due to different 
conditions of current, and the universal occurrence of the greater 
part of the gold near the bed rock. In general, only five or six feet 
in thickness will pay for mining and milling. Our method of assay- 
ing was by pounding the sample in a mortar and washing the pulp in a pan. The gold had all the characteristics of placer gold, and 
was generally what is called shot gold, or smooth rounded grains, 

slightly flattened. I observed one nugget of nearly three penny— 

weights in weight. 
The cementing material of the conglomerate was generally oxide 

of iron, and the gold which had lain on the bed rock was often 

atta(lled to the overlying boulders by this medium. In general, 

where conditions had been such as to allow the subsidence of other 

materials of high specific gravity, the gold was most abundant, ordi- 

narily with large quartz boulders or with pebbles of hematite. The 

latter were seldom found without gold being attached to diem, the 

pebbles themselves having a smooth, polished surface. In general, 

the position of the gold was always such as to point to its great spe- 

cific gravity as the locating cause, and not to solution or precipitation. 

In fact, the many curious positions in which I observed the gold 

wcie such that no satisfactory explanation could be lhnnd except the 

one noted above. Upon one quartz boulder, which had lain directly 

upon the sehists, I found, after removing the decomposed talc from 

the bottom, that grains of gold of al most exactly the same size were 

arranged in ribbon—like layers in snch quantity that halt an ounce 

could probably have been covered by the hand. Each grain of gold 

is generally covered with a thin coating of oxide of iron, which needs 

a blow to loosen it. 
The richest ore is not always found in the deepest portion of the 

channel, but sometimes upon one slope, the maximum richness being 

perhaps half way up the slope of the channel. 

Small basins or enlargements in these channels are sometimes 

found, which are perhaps one hundred feet across, in which the gold 

has been deposited in larger quantity. These have the appearance of 

having been formed by whirlpool action. 

The fineness of this gold is greater than that of the quartz veins, 

as is generally the case with placer gold. This is a perfectly rational 

conditiop, since from the time it is liberated from the vein the gold 

is subjected to the action of various chemical agencies, which naturally 

act more energetically upon the silver than the gold of the alloy. In 

the ease of the gold in question, we have not only the ordinary con- 

ditions, but the added ones that must have resulted from the saline 

waters, and the solutions of iron which produced the large amounts 

of oxide of iron noted. Iii one case the latter amounts to a bed sev- 

eral feet in thickness, lying over the gold cement. Combined with 

these chemical agencies was the heat produced in later times by the 

porphyritic intrusions and overflows. 

Having exposed one of these dikes which, for several hundred feet, 
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cut through cement, I was surprised to find that gold was seldom 
present in close proxiniitv to the porphyry, although the conditions 
of bed rok were favorable. This indicated that there had been a 
powerful solvent of gold present. This was further shown by coarse 
pieces of gold, which, though similar in shape to others, had ex- 
changed the smooth, worn surface for the corrugated surface known 
as oxidized, and proclucel by subjeetin the metals to the action of a 
solvent. These pieces, hovever, showed none of the ramifications or 
pla lies or ii na ri ly seen in crvsta lii zed mIs. 

Since the solution of silver must have been confined, to a certain 
extent, to the surface, I made sonic tests to (Icterinille whether small, tl in deces of gold s'h icli had proportional ly tile greater su rIiice, did 
not contain less silver than the coarser particles. 

The following assays were obtained 

Coar.e gold. Coarse gold. Fine gold. Cold (sullion. 
• .9(12 .893 .917 .915 

.098 .107 

The bullion was produced from the same mine as the other speci- 
mens, and is reduced to the pure alloy for comparison. 

While it is to be regretted that more specimens vere nut assayed, 
the theoretical rctilt is obtained as indicated, the bullion being a 
mean between the two extremes, as is likewise natural. Under the 
given conditions we should expect that the gold could not, by any 
possibility, have retained its original content of silver, and in this 
connection it will be interesting to compare the relative proportions of gold and silver in the bullion produced from the different portions of the Homestake vein. 

The figures were given me by my friend Mr. George ii. Hewitt, 
whose employment in the metallurgical department of these wines 
for several years is a sufficient guarantee of their accuracy. 

They commence at the Homestake end of the vein, giving the 
bullion assays of the various mines upon the vein in regular order. 

ilomestake. Highland. Terror. Deadwbod. De Smet. 
.820 .830 .825 . .850 .820 
.170 .155 .160 .140 .170 

It will be seen at a glance that the proportion of silver is much 
greater than in any of the placer specimens examined. To make the 
proof of the above proposition conclusive, it should be shown that 
the surface of the gold contains less silver than the interior, at least 

in the larger grains. I endeavored to determine this point, but failed 

to ol taili any result owing to lack of time. As to the size of the 

gold particles, I have seen larger pieces in the Hoinestake quartz 
titan atiy that I have known to conic from the cement. 

While the facts thus far seem to he in accord with the position 

taken, we have another source of proof, in that we find in these same 

conglomerates, gold which has undoubtedly been precipitated from 

solution im situ. I have several times split opeii pieces of decom- 

posed taleose schist, and found in the cleavage plane a continuous 

thin him of gold. These sclnsts, owing to their porous nature, would 

easily have yielded up this gold to a solvent, and they were not of 

the character which generally contain gold in the veins. i\loreover 

the schist underlying one of these deposits has been found to carry 

sufloiclit gold to pay for niilluig, although after a depth of 10 feet 

has been obtained, it seems to give out. Specimens from this locality 

show tile gold in thin flakes, seldom coarse; and p tests show the 

gold to ite fine like (lust. On the other hand, where the slate has 

been very soft, cement gold will be found to have worked down into 

tl te crevices for several feet. It can be washed out in a P from the 

fragnìents without crushing, and then appears like smooth brown 

gravel, so continuous is the coating of red oxide of iron. In addi— 

tiuii we have gold undoubtedly precipitated in the qnartzites of the 

series at a period much more recent, and this gold presents none of 

the characteristics of the cement gold. The indications derived from 

these flicts seem to be that when gold dissolved is precipitated again 

it does not ordinarily take the form of grains. We have seen that 

this cement gold remained undisturbed through a long geological 

period, and that it was only set free by the erosive agencies which 

united to form the present topographical conditions. We can then re- 

gard the Potsdani sediment as a storehouse of the gold that it received, 

finally yielding up the larger proportion to the mining agencies of 

nature, and retaiiiiiig the rest until the present time. The question 

consequently arises—what became of the gold a second time set free? 

The answer most natural points to the great Deadwood Gulch placer 

as the second resting-place of this gold. Once concentrated by the 

waves of the sea, it was a second time concentrated by the action of 

running water. The upper end of the Deadwood Gulch placer oc- 

cupied the space directly under the old gravel sheet, which I have 

indicated as stretching continuously across from the vicinity of the 

Homesfake vein. While from its location it would naturally have 

received the gold set free from the conglomerate above, there is also 

Gold, 
Silver, 

Gold,. 
Silver, 
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positive evidence that it did receive and preserve it. An old Placer miner told me that much of the gold from the upper end of the gulch had the shell of oxide of iron similar to the cement gold, but that 
this became less frequent as the gulch was fihlowed down. While it is possible and probable that this placer received gold in later 
times duect from the Hoinestake vein,the Bloektail placer in the next 
gulch beyond is entirely cut off from that source by the (leep Dead- 
wood Gulch, and could not have received gold either in Solution or 
mechanically after Deadwood Gulch was once commenced. But it 
certainly was once overlaid by the Potsdam placer, since rich cements 
have been found outcropping upon either side, and iii all probability all of its placer gold came across by means of wave action and ocean 
currents, while the undelying rock was as yet unbroken by trans- 
verse valleys. We have seen that the Homestake outcrop was p'o— 
tected by a coping of porphyry after it had been washed by the 
Potsdam seas. At three points this has been cut away by erosion, 
forming gulches which cross the axis of the vein. One of these is 
nearly central, and the others are at either end of the outcrop. The 
amount of vein matter removed by this more recent erosion is meas- 
ured by the vacant space below the porphyry line, with some allow- 
ances for undulating surface. These lateral gulches have also pro- 
duced much placer gold, and have received the debris from sonic clis— 

integrated cement deposits. Considering the richness of the Dead- 
wood placers, it seems extremely likely that they have yielded much 
more gold than would have been pro(luced from the concentrations 
of the more recently disintegrated vein matter. Cement gold ore, 
such as I have described, is remarkably well adapted for stamp-mill 
treatment. The gold amalgamates readily, and yields an amalgam 
which retorts from fifty to sixty per cent, of bullion, or nearly twice 
the usual amount. I have saved in an ordinary mill, not by any 
means satisfactorily arranged, from 89 to 93 per cent. of the gold 
content, as shown by a comparison of a tailings sample taken every 
few hours, with the total bullion return. In connection with a recent 
experiment in w'hichi hammered gold showed a repulsion to mercury, it has been remarked that the stamp_mill may make a loss of gold 
through this caue. In cleaning up the mortars after milling cement 
ore I have obtained hundreds of flattened grains of gold, but have 
never seen one that was not amalgamated upon the surfaces flattened 
by the action of the stamps. If we now endeavor to group together the facts noted above, it 
does not seem a difficult undertaking to form a history which shall 

give a rational account of the successive geological changes which 

took place. First we have the proof that the gold veins and the 

contained gold were in existence, in much their present condition, 

prior to the Potsdam period. Then we have the Potsdam seas wash- 

ing away the debris resulting from the disintegration of the quartz 

veins, and depositing it in deeper water, in accor(lance with its vari- 

ous specific gravities. At the same time the gradual wave action 

carried tIme gold to the bed rock in the same manner as it is settled 

in a miner's pail. The Hotnestake vein, by reason of its greater 

durability, formed a reef or low island, which never became deeply 

submerged. After a time these sediments became insular, and as 

such remained undisturbed, gradually becoming cemented into rock, 

until the recent eruptions porphyry took place, causing intense 

local metamorphic action. The gold, which up to this time had suf- 

fered perhaps a loss in silver only, now became itself partially dis- 

solved where the solvents were sufficiently powerful, and was again, 

at least partially, precipitated as thin films in the chiists below. 

Once more a period of rest occupied the time, until time erosive 

action of fresh—water streams cut through the u ppm' strata and began 

to (lisintegrate the matrix of the gold, and afforded material for a 

new concentrating process. Disintegration and concentration have 

been going on until now, when the hand of man has hastened the 

work of nature. 
This gold from the conglomerate, which found its way down the 

slopes to the gradually lowering bottom of Deadwood Gulch, was 

joined with new supplies brought from the Homestake vein through 

lateral gulches, and the result was the great Deadwood placer. rfhat 

in Blocktail Gulch, however, receive(l no new accession, and remained 

a placer which had received its gold entirely from tile Potsdam sedi— 

ment. 
The gold that I have described as being precipitated with the 

- cement gold does not occur in sufficient quantity to be of importance; 
but several miles distant gold occurs in the same formation in con- 

siderable quantity, and with such characteristics as to justify its being 

classed as a chemical constituent. 
This locality is known as Bald Mountain, and comprises an ele- 

vatedl area of several square miles, through which quite an extensive 

mineralization has taken place. Tile same geological features are 

here met with that I have already described; a base of sehists, upon 

which are typical qUartzites, from which the sedimentary character 

has been almost obliterated by metamorphic action. These are 
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penetrated in every direction by porphyritic dikes, the overflow of whith has, In places, formed high peaks. There is general lv a small 
stratum of conglomerate next to the schist, but the sediments were 
generally quite fine. flirougli the area meiitioned ores of gold and silver re quite common, although I dO not know that their treatment has as vet proved to be a financial success. The. ores seem to be im- 
pregnations, and not confined to veins with well—defined wal l. In 
fact, trne vein quartz is rare, and I am not sure that I have seen any, 
although some of the q uartxite won Id be taken for c nartz if examined without a knowledge of its occurrence. The silver occurs as chlo- 
ride, more rarely native, and is confined to the small fissures through the rock. Copper stain is also common. Gold occurs native, hut in 
so fine a state as to he seldom visible. I have noticed it as a brown 
spoiige in cavities in the qnartzite, and with no metallic appearance until compressed with a knitè, when it immediately assumed the 
lustre and color of gold. These cavities are very common in the 
quartzite, and are generally lined with small quartz crystals. The ratio of gold to silver is variable, and ranges from a small 
peIeentage of the total value to half. Continuous bodies of rich ore 
seem to be rare, although speci Incus giving high assays can easily be 
obtained. From its appearance the sponge gold described should be 
nearly pe, but I have never been able to test it. At the time of 
my observations, which was several years ago, the developmeits 
through this region were very limited, and I was unable to form con- 
clusive opinions regarding the character of these deposits. Certain 
facts seemed to be pointed out : First, flint the metallic constituents 
seemed to be segregated along certain horizontal strata, through which 
there seemed to have been less resistance to the passage of the mineral 
solutions; secondly, that in these planes there is a concentration along certain vertical planes, which planes are the contacts of the quartzite with porphyry dikes. Almost all of the openings showing ore con- 
form in a degree to these two conditions. I have ampled Portions of decomposed porphyry which were very rich in silver, and gold or 
silver seemed to be found in almost every opening made along a cer- 
fain plane within certain limits. I have also examined these dikes 
below the contact of the quartzite and schist, and found them, to a 
certain extent, lines of mineral segregation. It therefore seenis doubt—, ful whether the metals came from below, or were derived by segre- 
gation from the sediments themselves. I am inclined to think that both causes were in operation. In one place we found that the lower 
sedimentary stratum s'as highly charged with oxide of iron, and that 

a sample gave over twenty dollars in gold per ton, although it was so 
fine that no gold could be obtained in the pml, an almost universal 
cliiraeteristic of these ores, and one which bars the use of the siniple 
stamp—mill without amalgamating pails for reduction. 

In other Portions of the Hills argentiferous lead ores have been 
nuned successfully from these quartzitcs, and present interesting fia— 
turcs which do not properly conic within the scope of this papel'. The mincrahizations of tlus character arc probably of the age of I lie 

rpl tvrv eruptions, and from a scientihe standpoiit are exceedingly 
Jntei'estig. The subject is one needing much more attention than I 
have I ecu able to give; and as a reason for the lack of infrniation 

sin ninny points treated of in tl is paper, I can only say that the 
facts I have presented were not obtained in the course of a systematic 
in vestigation, but incidentally w]i ile engaged in comtant professional 
wo i k. 

S'OJIE PECULIARITIES Th TIlE OCCUI?REXCE OF GOLD 
LY JVORTE CAROLLVA. 

BY PROF. W. C. KERR, STATE GEOLOGIST, RALEIGII, N. C. 

TILE (hstribution of gold is obviously much wider than is corn- 
monlv supposed. Besides the usual matrices, vehicles, or associates, 
such as quartz, pyrite, chalcopyrite, etc., I find it occurring in quite a range of common rocks. For example, at the Rhodes mine, in 
Gastoii County, a body of 9 to 12 feet of decomposed, light-gray 
gneiss was worked together with the strings of quartz, and yielded from six to ten dollars to the ton. 

A mine in Moore County yields its gold mainly from a feldspathic scli ist. 
In the famous King's Mountain min& in Gaston County, tile gold is obtained not only from the Seams of quartz in a blue, hvdroniica— 

ceous schist, but a 60—foot ledge of grayish-blue, fine-grained, schis— 
tose limestone is quarried out bodily and sent to the stamps. It is 
gold-bearing throughout. 

In Montgomery County the singular concretionary, conglomeritic,, 
quartzite schist, which contains Emmons's jaloochis, is gold—bear- 
ing over wide tracts of country. This fact was noticed by Dr. Em— 
mons. But a still more striking and significant fact is, that a large- 
part of the gold of Montgomery, Davidson, and Randolph counties,. 
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on the waters of tile iadkin and Uharie rivers, is eontaiied lfl ledges 
of thin—bedded quartz slates, often pyrophyllitic or feldspathic, and 
frequently scaly and micaceous, 

The range of noted mules extending twenty miles northward from 
near the mouth of the Uharie River, including the Russell, Beck, 
Laughlin, Jones, and others, come under the description just given. 
These slates, shales, or schists, stand almost vertical, and are gener- 
ally decomposed to a considerable depth, 20, 40, or 50 feet, and are 
excavated en masse, generally with pick and shovel, sometimes through 
a cross—section of several hundred feet in length, and tile whole mass 
is carried through the stamp—rn ill and rocker. 

The accompanying diagram represents the last—named mine in 
cross—section. it is simply an open cut in the side of a Ilil], 50 to 70 

feet high, formed by a ravine which has cut across tile strike of tile 
formation. 'Uie workable strata, between a and a, difflr itaper— 
ceptibly from tIle bounding rocks, and they pass inseusubly into each 

other, tile outside strata becoming gradually more heavily bedded, 
hard, and quartzose. Within the worked area there are lean strata, 
that are harder 'and thicker, and more quartzose or chioritic, as at 
b, 6. At d a portion of tile strata is charged with a fine-raiaed 
pyrite, that sometimes constitutes a large percentage of the rock for 
2 or 3 feet in thickness. At a, e, c, portions of the strata are crusted 
with ferruginous scales and limonite, resulting from the decomposi— 
timi of pyritous massed of slate. This mine may be taken as a type 
of an extensive zone of mines, that extends even beyond tile Vacikin 
and into South Carolina, i nd ud i ng tile well—known Brewer mi lIe. 

Within a few months past I have found tilat tile graY, mUCil— 

jointed quartzites and felsites of the Huronian hills on tile eastern 
side of the great slate belt, carry a workable percentage of gold 
through masses of great extent. 

Gold has also been found by Mr. Hanna, of the Charlotte mint, 
in a trap—dike that is to be seen in that vicinity. 

From the facts here given, it would seem that gold is so widely 
diffused that we may expect to find it in any kind of rock. 

TIlE CR YSTALLIXE ROOKS OF VIRGIXIA COMPARED 
WITH ThOSE OF XEW EXGLAHD. 

'BY PROF. C. II. HITCHCOCK, STATE GEOLOGIST, 1IANOVER, N. II. 

A BUIEF residence in Virginia has enabled me to examine some of 
its crvtalline strata, and a few hints, concerning their eOrres1x)ud— 
ence with similar rocks elsewhere, may be of service to those who 
are studying them. 

In comparing the crystalline rocks of Virginia and New England, 
we may first recall the similarity of their geographical position. They 
constitute a continuous belt, being traceable through tile Highlands 
of New York and New Jersey, Southeastern Pennsylvania, in tile 

counties of Bucks, Montgomery, Philadelphia, Delaware, and Cues— 

tel', and Maryland. Thus the Green 1\Iotiutains of Vermont and 

the \Vhite Mountains of New Hampshire seem to be topographically 
continuous with tile Blue Ridge and Midland districts of Virginia. 
This tract of country has been termed tile Atlantic area ill distullction 

from the Appalachian territory, whose eastern limit is the great 
Lowei' Si I urian I iniestone valley extending from tile St. Lawrence and 

Champlain valleys to Alabama. The Appalachian formations were 

studied by the brothers Rogers, forty years since, and found to rest 

uncollformably upon tile western flank of tile Blue Ridge, the oldest 

of the series adjoining the gneisses, followed \veSter]y by the other 
Paheozoic members ill a regular ascending order, to which numcrucal 

designations were applied—Number 1 being the Cambrian, Number 
2 tile Lower Silurian litnestones, etc. III Vermont the same con- 
clusion was presented in the State reports: tIle Green Mountains 
were said to possess the auticlinal structure, and to underlie the 

quartzites and linleStofles. Inasmuch as this Atlantic area is topo- 
graphically continuous from tile Middle to the Northern States, and 
is tlcoflfOrfllably overlaid upon the west side by the same Succession 

of strata, the presumption is very strong that the history of 1)0th 

sections has been tile same, aild that the entire area is of Eozoic 

age. 
Cross sections, in both districts, illustrate the existence of gigantic- 

overturns, causing the strata of the Appalachian region to dip 
towards the Atlantic gneisses. To the beginner it would appear 
that the Silurian groups must dip beneath the crystalliiies, and 
hence many 'of the geologists in the beginning of the study of the 
sti'atigraphy of this eastern border of the continent believed, that 
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the Atlantic gneisses were newer than Eozoie. Only those w'ho have 
worked in this crystalline region can appreciate the magnitude of the 
obstacles presentec by the well—nigh universal prevalence of errone— 
oiis vi"s. For thirty years an exaggeration of the metamorphic 
theory spread like a blight over the study of the older rocks. We 
now understand, both in Vermont and Virginia, that the Potsdam 
quartzites are newer than the crystalline gneisses to the east of them, 
both because the fragments of the fbrmer have been (lerived from 
the disintegration of the latter, and because the (hiseOrdances of strat- 
ification, exhibited at Snnder]and , Vermont, and Balcony Falls, in 
Virginia, cannot he otherwise explained. Though long an oppo- 
nent of this view, Professor Dana now accepts the (loctrille of the 
greater antiqnit' of the Green Mountain gneisses, when compared 
with the Potsdam q iartzites on their western flank.. 

\VI,ile the sequence of the Paheozoic column has been satisfactorily 
worked out in Virginia, little attention has been paid tsi the order 
of the crystal line series. First of all, it became clear that Logan's 
suggestion of the separation of the Eozoic into Laurentian and I-In— 

ronian was applicable to the east.. This was admitted b H. ID. 

Rogers in I 85, using the terms IIpozoic and Azoe, instead of 
the geographical terniiuologv. \Ve can now subdivide these gron p 
still firther. The proposed inst it ution of a Labrador or oriaIl SyS- 
tem finls, because the rocks, thus distinguished, are of eruptive origin. 
In New Ham psh ire we fi ml at least four vel I—marked su hdi visions 
of the older series; (1), porphyi'itic gneiss, (2) protogene or '' BetIde— 
heni " 

gneiss, (:3), ordinary or Lake \Vinnipiseogee gneiss, and (4), 
the Moutalban. In the absence of detailed studies of the typical 
Laurentian areas it is impossible to know whether similar divisions 
can be recognized in them. From imperfect data we have concluded 
that the oldest, and possibly the first three, of the New England 
groups represent the Laurentian of New York and Canada. The 
Moutalban is more evidently an independent system. 

The Green Monntain gneisses are related to the second and third 
of the New Hampshire series. They are repeated by folds in South- 
ern Vermont, and overlie the porphvritie gneisses along the western 
border of New Hampshire, in the Connecticut Valley—the older 

system lying east of the newer one. The same order is perceived 
along the James River Valley, in Virginia. At Balcony Falls and 
further east, the gneisses are like those of the Green Mountains. 
Where the Tobacco Row range has been cut through, the porphy- 
ritic gneisses show themselves, though not abundantly. Between 

these ridges an argilhitie schist shows itself, which Professor Camp— 
bell regards as a part of the Lau rcntian. As tI i is kind of rock Ii as 

not usually shown itself so early, I w'ould i'aie the question whether 

it will not he fhund to lie in a sy nehinal trough —possibly inverted— 

upon the gneisses, and to be of Hui'onian or Ca mbrian age. 
This porphivri-tic rock is not seen in the next section of the Blue 

Ridge, along the Nortdk and Westerii Railroad, to the south west 

of' Lvuchburg. Near the dividing ridge the Peaks of Otter show 

thiconsel yes conspa'nouslV. These so closely resem hlc some of the 
New England eruptive granite cones as to suggest a like ('onlposition 
and o ri gill. Quite near t lie n on t he rail n ad I o hsei'ved a C( in rse 

syeili te, which may possibly he connected with tlmei r mass. 
T lie Flu mu i all see mis to oc'c'n i' in long ti arrow St 1'] in ci osed by 

the gñeisses, and possessillg a complex synch ml structure. \Vlmere 

time strata are uuonoc'liual they should be regarded as aim overturn 

svumcliuial. Typic—I schuists of' this system, with tile included muierals, 
arc u'epeatc'dly desm'r ii a'd in Ri lgcrs's l'c' mu'ts. At fist it was t hun g lit 
that only the '' talcose,'' or soft greenish hivdro—nuica schist with the 
st(atitc aiuch serpentine should ime u'efirred to this svsteull. But later 

stinhics tiiiil comparisons make it necessary to nhil great (hevelopiacuts 
of argilhitic quarizites anih mica schiit, as well as diahases amid pinto— 

genes, to tIme softer schiists both ill New England and Virginia. This 

step will relieve tile otherwise excessive reference to the Cambrian 

of many unfossihiferous teri'aiies. In New England the softer sch ists 

are rarely found east of' the Connecticut—Merrimack water shed. A 

sinai ar ara is that which is crossed by the Virginia Midland Hail— 

road east of Manassas, and to the southwest of' Chmarlittesville. The 
same om' similar roek are traversed along the Norfolk and Western 

Railroad, between Lynchburg and Thaxton's Station. It is also 

]argelv developed east of Lynehburg, along the Richmond and Alle- 

gheny Rail road. 
Another rock, more suggestive of Huronian than any other Eozoic 

or I'alozoic affinities, occupies the south part of Montgomery 

County in the gold—region of Brush Creek, skirting Pilot Mountain 
the western fork of the Blue Ridge. The rocks are coarse proto- 
genes, cut by large auriferous quartz veins. It is certainly three or 
four miles wide, with a hess dip to the east than the Cambrian quartz- 
ite of Pilot Mountain. My explorations did not extend far enough 

• to the east to explore the gneissic rocks of the plateau, which are, 

probably, Montalban, and connected with the lofty Black Moun- 

tains of Western North Carolina. 
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Between Pilot Mountain and Christiansburgh a great thickness 
of slates and sparry limestones is exposed, which correspond very 
closely to the Taconic system of Eta inons, as developed in Eastern 
New York and Westerh Vermont. They were referred to formation 
No. I by W. B. Rogers. 

It would seem probable that the broad Huronian belt between 
Washington and Harper's Ferry, on the Potomac, which continues 
southwesterly past the James River, according to Professor Fon- 
taine, will still be found to occupy the ground aT the way to North 
Carolina. As the Blue Ridge divides near Roanoke, and the 
branches extend through North Carolina into Georgia, it will be in- 
teresting to know whether the Hiironian aceoml)anies the Cambrian 
slltes and quartzites. Inasuiucli as copper and gold follow these 
ranges, the solution of the problem will have important Practical 
bearings, and will also show whether the Montalbati is inferior to 
or superior to the Huronian. Large Laurentian areas may be looked 
for in the midland Virginia district. 

SOJIE DRIFT HEMATITE DEPOSiTS IX EAST TENNESSEE. 

DY EDWARD NICHOLS, RIDGE VALLEY, GA. 

THESE deposits, which are found in James County, Tennessee, differ 
both in their mode of occurrence and in their chemical constitution 
from any other ores belonging to the same geological horizon which 
are known to the writer. Taylor's Ridge, or White Oak Mountain, 
is a long monoelinal ridge, which starts from a point near the Ten- 
nessee River in Meigs County, an(l, following a sonhwest course, 
extends utibrokenly into Cherokee County, Alabama, where it finally 
disappears. It is made up of strata of the Upper Silurian rocks, 
which dip to the southeast. To the eastward of this ridge, which 
is generally several hundred feet high, are a series of low foothills 
or knobs, composed of Clinton shales carrYing seams of fossiliferous 
hernatites. In the neighborhood of the East Tennessee, Virginia, 
and Georgia Railroad, where it crosses the ridges, considerable ore 
has been mined from these seams during the past ten years. Most 
of the workings have been superficial, and the ores mined, with one 
exception, carry a silicious and non-ealcareous gangue, and contain 
from fifty to sixty per cent, of iron. 

In this neighborhood there are three parallel ranges in which 
these seams of ore are found, the distance between them being about 
half a mile. \Vhie the geological structure of each of these series 
is no doubt identical there is a surprising difference in the quality 
of the ores found in them. 

Lying on the eastern slope of the foot bill nearest Taylor' Ridge 
are the deposits to which attention is here particularly called. Two 

closely parallel seams of ore, whose character is shown in analyses 
III and IV, given below, are found outcropping near the summit 
of the same hill. The ore at the base shows itself at the surface in 

irregular patches in the form of well—rounded gravel and small 

boulders. r1l1e underlying soil, which is a fcrruginons clay, has 
similar ore mixed through it to a (lepth of from six to eight feet, 
and it is in sufficient quantity to be profitably worked. In appear- 
ance this ore has a reddish—black color and its structure is quite 
dense and apparently impervious to the action of meteoric solvents. 

Its chemical condition is, however, such that it is difficult to con- 

nect it with any of the neighboring fossiliferous seams from whence 
it is likely to have been derived. The following are analyses of the 

gravel ore and of the neighboring ore seams: 

NUMBEu OF SAMPLE. Phosphorus. Silicious matter. Metallic iron. 

I 0.075 11.35 59.05 
11 0.054 16.63 62.72 
III 
IV 
V 

0.395 
0399 
0.203 

23.40 
19.15 
17.0 

54.54 
53.69 
53.26 

VI . 0.249 16.80 52.96 

I and II are gravel ore; III, silicions ore from seam near I and 

II; IV and V are limestone ores from seam close to III. VI, ore 

from seam one mile west of the gravel ore. 
From analyses I and II it will be seen that the distinguishing 

characteristic of this drift ore is its richness in iron and freedom 
from 'phosphorus, making it available for the manufacture of Besse- 
mer iron. No record can be found of any Clinton fossiliferous ore 

containing as small an amount of phosphorus in proportion to the 
iron. 

Analyses III, IV, V, and VI, show so much more phosphorus 
in proportion to the percentage of iron that it seems improbable 

voL. x.—31 
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that this drift, ore—for such it undoubtedly is—could have been 
derived from them. 

Unfortunately the extent of these drift deposits seems quite lim- 

ited, for th would be particularly valuable in this region, which is 

singularly deficient in rich Bessemer ores. 

OX THE COIIPA IIA TIVE EFFICIENCY OF FANS AND 
POSITITTE BLO WERS.* 

BY H. H. hOWE, A.M., M.D., BOSTON, MASS. 

Ox commencing the construction of the Orlord Company's cop- 
per smelting works, at Bergen Point, N. J., I endeavored to con- 
vince our President, Mr. WT. E. C. Eustis, by actual tests, that at 
the pressure of from 15 to iS ounces per square inch, employed by 
us in smelting, less power was consumed in delivering a unit of 
blast iw a Baker blower than by a 11w blower. I attempted to prove 
this in the following manner : Across the mouth of a No. 5 Baker 
blower I firmly fastened a board with two round holes, 6 inches in 

diameter, cut in it. The board was fastened so tightly that no air 
could escape except through the holes. I then drove the blower at 
several different speeds, observing the pressure at which the air es- 

caped through the two openings for each different speed of the 
blower, and also indicating the engine, whose only work at that 
time was to drive the blower. 

From this I calculated the quantity of power required to deliver, 
with a Baker blower, sufficient air to keep the pressure at a given 
point, while it escaped freely through the two six-inch apertures into 
the open air; or, in other words, to deliver air at a given pressure 
through these two openings. From the total power so consumed it 
was, of course, necessary to deduct the power which was required to 
drive the engine itself. This was ascertained by removing from the 
engine the belt which drove the blower, and then noting the quantity 
of power consumed in simply turning the engine over without any 

* '\Vlien this paper was read it was stated that the writer hoped to add to it the 
results of further experiments on the Baker blower. Since then he has experi- 
mented on two almost new Baker blowers at Pelton, Arizona. The results so ob- 
tained merely strengthen the conclusions previously arrived at, and have, therefore, 
been incorporated in the paper, rendering it slightly fuller than when originally 

load, at the speed which it had when driving the blower. The re— 

maindr gave, approximately, the pover consunied by the blower 
itself. I say approximately, because undoubtedly the engine con- 
sumed slightly more power in the mere act of turning itself over 

- 
when driving the blower than when running without any load, since, 
in the former case, the engine shaf was, of course, heavily strained 
against its bearings by the tension of the blower-belt. 

These tests were made on a new Baker blower at the maker's 
works. 
I next applied the same tests to a small "G" Hawkins fan, which 

had been very roughly handled by unskilled mechanics, and had 
been strained by being driven at a speed and pressure for which it 
was not calculated. rfo my great surprise, on comparing the results, 
the little Hawkins fan had actually required less power to do the 
same w'ork than the Baker blower. 

The results of these tests are represented graphically by the lines 

on the accompanying chart, in wInch horizontal distances front the 

origill represent the of the blast, and vertical distances the 
consumed in delivering it. Each of the lines represents the 

results of tests made on one blower, and with a fixed number and 

size of orifices. These lines, to repeat, indicate, by the distance of 
any particular point on tlielB fron the line- 0 x; the l)resI 01)— 

tamed at any one observation, and, by its tlistance fi-oni the line 0 1', 

the power consumed in delivering the blast, at that pressure, through 
one six—inch round opening. Although in the tests from one to six 

such openings were used, the results are all reduced to the power eon— 

siimed per one six-inch opening to facilitate comparison. The nuni— 

ber of openings employed was the same for all the observations which 

are represented by aiiy one line. The line at the bottom of the 
chart shows the results obtained with the " G " Hawkins fan, and 
the line next above it gives those of the Baker blower. There is a 

fairly uniform margin in favor of the Hawkins amounting to some 

ten per cent. 
The lines at the left hand of the diagram give the results ob- 

tained with two No. 4 Baker blowers at the Pima Copper Mining 
and Smelting Company's works, at Pelton, Arizona. One of these 

(slightly the least efficient of the two) had been used only some three 
hundred hours, and was apparently in good condition. There seemed 
to be arm excellent fit between the parts, and I am at a loss to account 
for the very low efficiency of the machine. At the highest speed 
considered safe by its makers, it could oniy raise the pressure of the 

a 

I 

I 

I 

read. 
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air escaping through a 6-inch round aperture, to 5 oz. The other 
Baker blower at the same works, though consuming slightly less 

power, was unable to raise th blast escaping through a 6-inch round 

aperture above a pressure of 5 oz., at nearly the highest safe speed 
(184 revolutions). 

It will be observed that (as with the No. 10 Sturtevant fan), the 
consumption of power, per unit of aperture for a given pressure, is 
slightly higher with a small aperture than with a larger one, the 
line giving the results obtained with a 3-inch round orifice being 
uniformly a little higher than that showing the results obtained with 
one 6 inches in diameter. 

Let us now examine the four lines, exhil)iting the results oh— 

tamed with a No. 10 Sturtevant fan blower. The upper line shows 
the consumption of power by this blower per six—inch opening at 
various pressures when the fan delivered air through only one such 

opening; the next line shows similar results when delivering air 

through two such openings, the next the results with three openings, 
and the lowest with six. 

Here the consumption of power, per unit of air delivered, is much 
less when the fati delivers 'a large volume of air, than when it de- 
livers a smaller volume. Thus we find that, for the same pressure, 
the consumption of power is nearly, twice as large per unit of opening, 
when only one opening is employed, as when there are three open- 
ings. It therefore appears to he more economical of power, to work 
this fan well UI) to its normal capacity, than to run it much below 
its capacity. This is probably the reason why the little Hawkins 
fan shows such high efficiency, as it was driven much nearer to its 
maxiplum capacity than the other fans were. 

The speed of the engine, and therefore the speed of the fan, was 
almost exactly the same in the tests of the No. 10 Sturtevant fan fo 
a given pressure of blast, whether one, two, or three openings were 

employed. Observations were made also with four and five open- 

ings, with results parallel with those here recorded. 
The observations of the No. 10 Sturtevant fan were all made in 

triplicate, with very closely agreeing results. In some instances 
there was a discrepancy of less than 0.1 per cent. between the dif- 
ferent observations. 

Comparing these results with those obtained with the two No. 4 
Baker blowers, it will be observed that the capacity of the fan greatly 
exceeds that of its rival, as regards volume, and as regards pressure 
when any considerable volume is delivered; as for efficiency, the 
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consumption of power per unit of opening is uniformly about five 

times as gieat for a given pressure with the Baker blower, as with 

the fan, when the latter is working anywhere near its normal capacity. 

Even when this fan is delivering hut a small fraction of its normal 

capacity (the air escaping through a single 6-inch orifice) its con— 

suml)tiofl of power, per unit of work, is considerably less than one 

half of that of either of the No. 4 Bakers, for any of the pressures 

observed above 6 oz., and at lower pressures only slightly above one- 

half. 
The No. 10 Stnrtevant easily fills five times as large an orifice at 

16 oz., and four times as large an orifice at 15 oz. pressure, as either 

of the No. 4 Bakers does at 5 ox., the cost of the former machine 

being about one-third of that of the latter. 

At the heads of the two arrows are given the results obtained 

with a No. 9 Sturtevant fan. The upper arrow, shows the consump- 

tion of power when delivering air through one opening ; the lower 

arrow, the consumptiOn per opening when delivering through two 

openings. The difference between the consumption of power Ier 

opening for one and for two openings is much less for this fan than 

with the No. 10 Sturtevant. 
Another line shows the results obtained with a No. - Root hlowei 

at the Massachusetts Institute of Technology. The ohservatiom 

on this blower (as well as on the several Baker blowers anc 

the " G " Hawkins fan) were made with a mercury pressure-gauge 

of the ordinary TI form, which does not admit of close readings 

This probably accounts for the sharp bend in the middle of the line 

The observations on the No. 10 Sturtevant fan were made with a a 

ter-gauge, U shaped, which permits a very much closer reading. Ac 

cordiugly, we find the lines, which record these observations, niuc 

more nearly straight. One of them would be made perfectly straigl 

by an alteration of about i-ounce in one observation, and .-ounce i 

another, or by a difference of horse-power in the two discordar 

readings. Considering to what extent the conditions necessaril 

varied during the trials, these results come as near to a straight lii 

as can be expected. 
The No. Root blower had not been used very much; it is on] 

occasionally employed, when the little experimental furnace, whk 

it supplies, is used. It is in a rather favorable position, and 

careful hands; yet, the results of these tests, which were macic 

triplicate, show that it consumes from two to three times as mu 

power as some other blowers. 

I 
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The black dot, inclosed in a circle, shows the consumption of 
power by an experimental fan blower, which is nearly three times as 
great as that of the " G" Hawkins. 

Let us now consider some of the advantages and disadvantages 
of these two classes of blowers,—fans and positive blowers. In first 

cost, the fan has very greatly the advantage. I should say, roughly, 
that, for the same capacity, the Baker blower costs about four times 
as much as a fan. In the cost of repairs, the Baker, probably, has a 
slight advantage over fans, as ordinarily used, the wear and tear of the 
belts being quite expensive. But I do not think this is at all neces- 

sary. At Bergen Point we have delivered as much as 100 horse-power 
to one fan, and we hardly ever have any trouble with the belt. Ma- 
kers of fans have paid great attention to getting smooth-running bear- 

ings, hut, until very lately, they have always, as far as I know, put 
on ridiculously small pulleys, both as regards diameter and width. 
The consequence is, that the belts are genetally overstrained, last 
but a short while, and break at inconvenient times. 

If the width and diameter of fan pulleys were both doubled, and 
one good broad belt were used, the wear and tear would be insig- 
nificant. Our experience has been, that one broad belt lasts much 

longer than two slightly narrower ones, and I should never think 
of having a fan run vith two belts. Again, belts should be made 
continuous. When running at a s1)eed of 1 miles per minute, as 
our fan-belt does, and transmitting a heavy strain, I do not believe 
that lacing, hooks, or any similar kind of fastening, can he made to 
stand the blow which it receives when it strikes the driven-pulley. 
To wear well, the belts should be made in one continuous piece. 

Undoubtedly, niuch power is consumed in overcoming the cen- 

trifugal force of the belt at such a high speed, and in so rapidly 
changing its direction. Mr. Eustis has proposed to overcome this 

objection to the use of fans by driving them by means of a small 
turbine wheel attached directly to the shaft of the fan itself, and 
driven by a plunger pump actuated by the engine. 

A good Sturtevant or Hawkins fan, with decent treatment, ap- 
pears to last almost indefinitely, and to work as efficiently when old 
as when new. I should think, from its construction, that the con- 

sumption of ilowt by the Baker blower would increase with its use. 
The efficiency of the blower depends mainly on having an accurate 
fit between the central bladed cylinder and the two revolving cres- 
cents. Now, when the machine is new, there is certainly a most ex- 
cellent fit; indeed, the whole workmanship of the blower leaves 

nothing to be desired. But it seems to me that when the bearings 
of the crescents wear, as wear they must in time, in spite of. their 

great breadth, there will be a tendency on their part to separate from 

the cylinder, and, by allowing the air to slip back through the slit 
thus formed, to greatly decrease the efficiency of the machine. In 
careful hands, this wearing of the bearing of the crescents can be 

taken up; but in how many smelting works would it actually be 
taken up ? 

The fan needs moiie careful and consequently more costly attend- 
ance than the Baker blower. It must be well oiled, and with the 

very best of oil, and the belt must he kept in the very best possible 
condition. The necessity of this more careful handling for fans is in 

great part due to the high speed at which they must run. In remote 

places, where the best of belting and the fine and costly oils, neces- 

sitated by the high speed of fans, are difficult to get, and where the 

somewhat more skilful labor they require is costly, this is certainly 
a serious objection. 

On the other hand while a Baker blower may be kept running by 
a man not sufficiently careful and intelligent to keep a thu from get- 

ting very seriously ut of order, or even from becoming entirely 

disabled, yet I am inclined to think that considerably more ski!] 

and intelligence is required to keep a Baker blower up to its highesi 

efficiency than so to maintain a fall. Almost the only things nec 

essary to enable a fan to work most efficiently are to keep its bear. 

ings thoroughly lubricated and its belt in good order. This must als 

be done with tile Baker blower ; bitt in addition the position of it 
moving parts must be regulated with the very greatest nicety, t 
obtain its best efficiency (though, indeed, it can be kept running, [in 

most inefficiently, if this be neglected), and I believe that this ad 

justflleflt. requires much higher intelligence and care than are neede 

for the proper maintenance of a fan. 
On seeing the large engines at the Orford Company's works, i 

has been remarked that the fact that we used so much more engine 

power per furnace for our fans than was consumed in Westeri 

smelting works, where the Baker blower is in general use, showe 

that fans were the less efficient of tile two. A little reflection show 

that this is no proof, there being great differences in the conditions 

In tile Western smelting works, using the Baker blower, they d 
not smelt more than 50 tons of mine per twenty-four hours, in fur 

naces of the same size as those in which we smelt from 90 to 101 

tons. They use very small tuyeres, and in general a low pressur 



488 COMPARATIVE EFFICIENCY OF FANS AND POSITIVE BLOWERS. 

and consequently a very small volume of air. WTe use very large 
tuveres, and a high pressure. From frequent comparisons, I do not 
think that we are using aore power per unit of air delivered,though 
we unquestionably use much niore per furnace, and probably more 

per unit of mine smelted. Any slight excess of consumption of 

pover per unit of mine is much more than counterbalanced by the 

great saving of labor effected by smelting, as we do, nearly double 
the amount of mine per furnace. 

Again, it would probably be impossible to run brick furnaces as 
we do for many months at a time, without water tuyeres or any pro— 

tection for the brickwork, and with highly basic and corrosive slags, 
if we did not employ enormous volumes of air at a high presstlre. 
This at the same time wholly preeits the formation of salamanders. 
Without this excess of air, and with our highly ferrugnous slags, 
salamanders would inevitably form. 

- 

I hee facts and considei itions, while not sufficiently extended to 

establish, yet point towards the following conclusions: 
1. Fans and Baker blowers work more efficiently at a given pres- 

suie w h€u de1i ci ing 121 ge '. olumcs (z e , w hcn w oil ing neai l up to 
then moxinium cap2city ) thou when delis ering compariti el\ m ill 
oluine Theicfoi e, when gi eat ai iations in the quantlt and 

of blast required are liable to anse, the highet efticienc 
would be obtained by ho lug a number of blow ci , al\%a\ s di i\ lag 
them up to their full e'ipaeity, and tegulating the amount of blast 
b altei in. the a umbes of blow eis at w oi k, instead of ha ing one 
or two very large bloWers and regulating the amount of blast by tile 

speed of the blowers. On the other hand, this arrangement will 
often be o costly one, since, if fans are used, a sepal ate pipe for each 
blower would piobablv be necessary 

2 There appeois to be little difference between the efficiency of 
fans and of Baket bloweia hen each orl s undei faoiable condi- 
tions as regards quantity of work, and when each is in good order. 
But even new Baker blowers, when apparently properly handled, 
seem liable to get into a state in which they lequue, een when per- 
forming the most faoiable quantity of work, much mole power 
than a fan does when working at its normal capacity, and even twice 
as much as a fan iequires when woiking at say one sixth of its nor- 
ma capacity. The fact that none of the fans experimented on 
showed any such abnormal consumption of power, goes to show 
that their efficiency is not so liable to such extreme and astonishing t 
degeneration. 

I 
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This is probably due to the fact that almost the Only thing.which 

lowers the efficiency of a well-made fan on a normal amount of 

work is faulty lubrication, which quickly makes itself known by the 

heating of the journals; while the efficiency of the Baker blower 

depends not only on the lubrication, but more especially on an accu- 

rate adjustment of the moving parts, and there seems to he uo ready 

\vay of detecting even a serious inaccuracy in this adjustment. 

3. While a degree of stupidity and carelessness on the part of the 

attendant, which would damage or even disable a fan, might merely 

lower the efficiency of a Baker blower, yet, to insnre a high degree 

of efficiency, more skill and care in the attendance are required by 

a Baker blower than hy a fan. 
4. The cost of positive blowers is about four times as great as that 

of thu blowers having the same capacity at the pressnres experi- 

Inented on (from two to twenty onuces). 
5. The cost of repairs, insignificant for either class of blower, if 

properly designed and cared for, is slightly greater for fans than for 

Baker blowers. 
6. The general impression that, by using Baker blowers, a higher 

blast pressure is obtained in fonudry and cupola smelting works 

than can be produced by a fan is incorrect. An enormous volume 

of air (sufficient to fill fourteen 6-inch tuyeres delivering into an 

open-burdened coke furnace), at a pressure of twenty ounces per 

square inch, is easily delivered by a single fan. The writer is not 

avare that any cupola practice on this continent requires a higher 

pressure. 
7. The experiments on the Root blower tend to justify a general 

disfavor into which this machine has fallen, clue to the apparently 

inevitably bad adjustment of the moving parts. 
8. In adopting the general practice in the West of discarding fans 

in favor of Baker blowers, I believe that smelters have to a great 

extent blindly followed each- other's lead, and that the general dis- 

favor into which fans have there fallen is not justified. 
9. For a given speed of fan, any diminution in the size of the 

blast orifice decreases the consumption of power and at the same 

tiiue raises the pressure of the blast; but it increases the consump- 

tion of power per unit of orifice for a given pressure of blast. 

When the orifice has been reduced to the maximum noralal size for 

any given fan, further diminishing it causes but slight- elevation of 

the blast pressure; and, when the orifice becomes comparatively 

small, further diminishing it causes no sensible elevation of the blast 
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pressure, which remains practically constant, even when the orifice 
is entirely closed. 

10. Many of the failures of fans have been due to too lOW speed, to too small pulleys, to improper fastening of belts, or to the belts 
being too nearly vertical, in i)I'ief; to bad mechanical arrangement, rather than to inherent defects in the principles of the machine. 

11. If several fans are used, it is probably essential to high effi- 
ciency to provide a separate blast-pipe for each (at least if the fans 
are of difThrent size or speed), while any number of positive blowers 
may deliver into the same pipe without lowering their efficiency. In these cases, the higher cost of blast-pipe required by a group of 
fans would generally be much more than counterbalanced by the low 
cost of the fans themselves, as compared with positive blowers. 

ASSAYING OF SILVER I3ULLION.* 

BY F. C. BLAKE, MANSFIELD VALLEY, PA. 

THE apparatus which I shall describe in this paer has been in 
use for some time at the laboratory of the l'ennsyivania Lead Cons- 
pany's works, and has been found to give good results, and to be 
simple and convenient. 

STEAM BATH—This steam bath is shown h Figs. 1, 2, 3, and. 
4. It is made of sheet copper, about one-twelfth of an inch thick, - 1 1 

K; 

1 
: :::s 

'.0 

U 

SeoI of rn,hoo 

the joints being brazed, and is used for heating the bottles in which 
the silver samples are dissolved, previous to the fineness deterwina- 

* Read at the Harrisburg Meeting, October, 1881. 

tions by tile Gay Lussac volumetric method ; for heating the flasks 

in which the gold parting is made in bullion or other gold assay— 

buttons ; and fr general analytical work. 

Fig. 1 shows a plan of the bath. The orifices, marked a, are made 

of the proper shape to hold the silver assay bottles in an incline(l 

position, the necks resting on tile raised flanges, e e. There is de- 

scribed in Percy's volume on Gold and Silver, Part I, page 289, a 

bath for heating silver assay bottles. It has this disadvantage, how- 

ever, that the bottles stand erect, and there is a slight danger that 

some of the fine spray arising with tile evolution of nitrous—oxide 

during solution of the silver may be projected from the bottle, or 

upon the stopper neck. When the bottles rest in an inclined poi- 

lion, there can be no loss in this way, though the stopper neck should 

always be washed down with distilled water before adding tile salt 

solution. The orifices, marked b, are used for heating the small 

flasks, in which the gold is parted from silver buttons, tile necks of 

the flasks resting on flanges, also marked e e. The ordinary one— 

ounce flasks w'e find to be more convenient for gold parting than the 

special long flasks called parting flasks, especially in transferring tile 

Fig.2 SECTION AT A B. 

gold to the smafl porcelain crucibles in which it is annealed in the 

muffle furnace. The orifices, marked e, are used for heating beakers, 

flasks, etc.,—for general analytical work. They are covered by the 

Ln 
Fig.3 SECTION AT C P. 

usual overlapping spun-Copper rings. Covers are also used on the 

orifices for silver assay bottles and gold parting flasks. 

C C 

Fi.4 END ELEVATION g 

Figs. 2 and 3 show two cross-sections at right angles to each 

other. The flanges above referred to are shown at e; f is the inlet 

C 

a 

Fig.I PLAN P 
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for steam ; d is a strengthening diaphragm. In Fig. 4, which rep- 
resents an end elevation, g is the outlet for condensed water. 

SHAKING ENGINE.—Fig. 5 gives an elevation of a small upright 
engine, which has a rod, c, running through the packing gland, ci, in 
the upper cylinder head. A box, B, is screwed to the rod, e. This 
box is made to hold nine silver assay bottles. A piece of thick sheet 
rubber is fastened upon the bottom of the box, and also a sheet to 
the underside of the cover,f. The cover,f, is clamped down tightly 

ASSAY BOTTLE SHAKING ENGINE 

IN oF 111Th 

Fig.5 

upon the bottles by the hinged holders, e e, which are held in place 
by a rubber band. In this way the bottles and their stoppers are 
held firmly in place, and will not he disturbed by the shaking. This 
small engine, as arranged for shaking the silver assay bottles, was 
introduced by Mr. E. F. Enrich, and has proved to he a great con- 
venience in making silver fineness determinations by the Gay Lussac 
method. The bottles are excluded from the light, and there is no 
difficulty in obtaining a perfectly clear solution, when the bottles are 
shaken from one to two minutes. If more convenient, the small 
engine could he replaced by a crank, run from a line of shafting, but I think the engine to be preferable, and to be a great improvement 

over hand shaking, or the shaking case, as arranged with springs 

above and below the case. 
We have found that the Gay Lussac method of volumetric assay 

is the most reliable and convenient fur determining the silver fine- 

ness of bullion, that contains but a small percentage of copper or other 

impurities. The Stas pipette is the best form for convenience and 

accuracy. The arrangements for determining the tern perature of the 

salt solution, when assays are macic as described by Sire and others, 

are not reliable in general work, unless more time and care are used 

in making corrections than would be needed to make a determina- 

tion upon fine silver of the value of the salt solution with each set 

of assays. This latter method is probably the better one. With 

each set of deterrninatioiS one should be made upon pure silver, from 

winch the strength_whether above or below the normal—of the 

salt solution can be determined. All the assays of any set-, including 

that of fine silver, are made under exactly the same conditions, and 

the results should be accurate if the test silver is pure. There is no 

difficulty in preparing pure silver, if care is taken to obtain a pure 

chloride. If silver, 998 or 999 fine, cannot be used to dissolve for 

precipitation as chloride, it is best to redissolve the silver first 

duced from the chloride and reprcCil)itate. The assays, made by 

different persons, of silver bullion bars, often do not agree exactly, 

especially when the bullion contains a considerable percentage of 

impurities. Onecause for the different results is due to the sam)iiug. 

The bar should always be sampled, when it is possible, as it is 

poured, a small portion being taken with a sample ladle, as soon be- 

fore the bar chills as possible, and granulated in water. There will 

- be sometimes a slight difference between the poured sample and one 

which is cut from the surfhce of the chilled bar, due to molecular 

changes in the alloy as the bar cools, especially if the bullion is quite 

impure and cools slowly. It is evident, I think, that a sample, 

pmperly taken when the bullion is poured from the cupel test, or 

from a crucible, is the sample which will most accurately represent 

the bar. 

PRESENCE OF TELLURIUM IN COPPER.* 

BY T. EGLESTON, Ph.D., NEW YORE CITY. 

SOME months ago samples of black oxide of copper and of pu 

copper from Colorado were sent to me to examine for arsenic anc 

* Read at the Harrisburg Meeting, October, 1881. 
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antimony. I examined them both by the blow—pipe, afl(l in the wet 
way, but found none. 

A quantity of this material was purchased by a large metallurgical 
works, but when they attempted to refine it they l)'0!oI1nced it to be 
full of arsenic and antimony, so much so, that their furnaces were, as they said, " 

poisoned," and rendered unfit for refining. I then 
re—examined the samples, and at the same time some of the material 
which had " 

poisoned" the furnaces, and found no traces of arsenic 
or antimony when the usual amounts for analysis were used, but on 
taking very large amounts I ibuud traces merely, in Some parts of 
the sample, but not in all. As it was a matter of interest to ascertain 
what the white substance that " 

poisoned 
" the furnace was, I sent to 

the works making the black copper, and obtained some of the niatte 
from which the black copper was made; 1 took careful samples, both 
of it and the black copper and the refined copper. I then found 
the impurity to be tellurium, a substance not heretofore known as 
occurring in copper. I give below one analysis of the matte, two of 
the black copper, and one of the refined copper 

. . 
Matte. 
5.5.02 

Rack Copper. 
97.120 98.090 

Copper. 
99.705 

. . 0.06 —— —— ——---— 

. . 0.40 0.132 0.128 0.135 

. . 17.87 0.777 0.757 none. 

. . 2.22 0.070 0.100 0.024 

. . 4.18 0.130 0.080 0.031 

. . 20.02 0.236 trace. 

. . 0.12 0.093 0.697 0.083 

. . * 0.006 * 0.091 
. . — 1.270 0.192 — 

99.89 09.834 99.444 100.069 * No traces were found with the blow-pipe. 

The mattes and the black conper are results of the treatment of 
copper ores with the tellurium ores of Colorado. In the laboratory 
no traces of white fumes were shown on charcoal, but when tl)e 
metal in the furnace was subjected to the process of " dry roasting," 
as was unintentionally (lone, very dense white fumes were given off. 
When refined and cast into cake, it had the ordinary appearance of 
cake coppet. It was then reheated for rolling in the ordinary way, 
showing no signs of impurity. At the first pass in the rolls, very 
fine cracks showed themselves, which opened in succeeding passes. At a thickness of about 0.03 meter the cracks on either side uvarly 
penetrated the cake, and at about 0.008 meter it began to fall to 
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pieces. It was heated and rolled at different temperatures, but 

always with the same result. 
When cold the metal is tough and malleable. Although the 

cakes in the moulds showed no coating, when they were heated 

repeatedly and allowed to cooi in the air they became covered with 

a white powder, which proved to be the oxide of tellurium. The 

copper, as it comes from the cake moulds, has every appearance of 

being good copper. 
This is the first time, so far as I know, that the presence of tel- 

lurium has been detected in commercial copl)er. But very little of 
it is removed in the treatment, as the four analyses show. 

It is surj)rising how very small a quantity renders the copper 
red short, an(l consequently worthless for rolling. 

HOT-BLAST STO YES AT TilE EDGAR THOHSOH F(]RHA CES, 
AND "E. 

BY JULIAN KENNEDY, BRADDOCK, PA. 

WHEN it was decided to erect these furnaces the company also 

decided to use the Cowper type of stoves, it was, however, 
desirable to improve upon the plan of the stoves then in operation, 
to avoid, if possible, some defects which had shown themselves in 

them. The stoves now in use at Furnaces "A," "B," and " C" are of 
the well-known type of Cowper stove, having 'a circular combustion— 

chamber placed at one side of the stove, and a regenerator with 

crescent-shaped section, restng at the bottom on cast-iron gratings, 
which are supported in turn by cast—iron girders, the products of 
combustion passing up the chamber, down through the flues of the 

regenerator, hud thence to the chimney. 
The objection to this shape of stove, that the gases would not pass 

down the parts of regenerator lying beside and behind the combus- 

tion-chamber——the horns of the crescent, as it were,—did not apply to 
the newer form of stoves, with combustion-chamber having a straight 
wall next to the regenerator; hut there were other defects, the prin- 
cipal ones being the small size of the openings through the regener- 
ator and the material used for supporting it. The small passages 

(4FF x 4FF) soon choked up, and when a part of theni became entirely 
closed, not only was the effective heating surface greatly diminished, 
but the remaining openings were not sufficient to absorb the heat 

* Read at the Harrisburg Meeting, October, 1881. 
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fast enough, the products of combustion reached the bottom of the 
regenerator at too high a temperature, and caused the cast-iron grat- 
ings to crack and warp. The openings being very small and some- 
what irregular, from the fact that they were built of tiles, set on 

edge, and each course free to get out of vertical alignment with the 
preceding one, it WaS very hard to clean them when choked, it being 
very often impossible to p1s5 a chain through them without first 
driving through gas-pipe, the pipe being screwed together in short 
pieces as fast as driven down. 

After careful consideration I decided, first, to adoptsix inches as 
the smallest admissible size of openings; second, to abandon cast— 

iron supports for the regenerator; third, to use only one P through 
the regenerator; fourth, to discharge gases fi-orn stoves and boilers 
into one common chimney ; fitTh, to use round instead of square 
openi ligs tli rough the regenerator. 

It is, of course, desirable not to make openings any larger than is 

necessary, as the heating-surface is reduced by so doing. In fact 
our new stoves 21' x 7 fiP, with 6" openings, will have a little 
less heating—surface in the regenerator than the old stoves, 20' x 5', 
with 4" X 4" openings. I have no doubt, however, that the effective 

heating-surface, after a few weeks' running, will be very much 

greater iii the new stoves. One pass through the regenerator is 
better than three or more, provided the fines can be kept clean and 
the hot gases distributed evenly among them, for the reason that a 
larger area of openings is given and friction reduced, enabling more 

gas to be burned with a given chimney draught. 
Wrhen the hot gases pass through a niultiflue regenerator from top 

to bottom, the tendency is to ause an even distribution, for if one flue 
gets more than its share it becomes hotter than the others, and so has 
more of an upward draught, which tends to crowd the gases down 
the other and cooler flues. For the same reason the cold air entering 
the regenerator at t.he bottom has a tendency to ascend the hottest 
flues, so that when being heated and when being cooled the operation 
goes on very uniformly all over the regenerator. With openings large 
enough, even a very wi(le regenerator will work with the greatest 
uniformity, unless the passages to the chimney are badly propor- 
tioned, so as to allow the gases from one part of the regenerator to 
reach the chimney much easier than those from other parts. 

The gases being discharged into the chimney at a temperature of 
3500 F., the draught is not very strong, but by also discharging the 
gm from boilers into the same chimney we get, say 40 per cent., 

at 350°, and 60 per cent, at about 700°, which gives us a chi:aney 

temperature of; say 520°, thus greatly increasing the (lraught of the 

stoves. The boiler-draught is somewhat diminished, but this does 

not matter, as a draught strong enough for the stoves is far more 

than ample for the boilers. 
- Any one examining a dirty regenerator, with ordinary square 

openings, will observe that the most of the dirt accumulates in the 
corners. By making the 'openings round we get rid of the corners, 
and I feel confident that ranch less dirt will accumulate in the flue. 

The stoves as built at Furnaces "D" and "E" are shown on the 

accompanying plates. The regenerator brick are hexagonal in sec- 

tion, ten inches across, and have holes six inches in diameter through 
them. In building we use, for first course, a row six inches deep, then 
one three inches deep, etc. We then use six—inch brick all through, 
until we reach the top, when the work is levelll up by using three— 

inch brick in every alternate row. By this means the joints be- 

tween courses are broken and the openings kept perfectly true and 

straight from top to bottom. The regenerator is carried on firebrick 

entirely, no castings being used. The chimney is 16' in diameter, in— 

ide, for 30' up; then it tapers in to 15', which diameter it retains 
to the top. The height fi-om the point of entrance of the boiler-flue 

to the top is 235 
From the bottom of the chimney nine-inch partition walls run up 

about thirty feet, giving nearly one-quarter of chimney to each bat- 

tery of three stoves, and little over one-half to the boilers. From 
the top of these walls the gases, of course, have one common flue. 

DISCUSSION. 

MR. JOHN M. HARTMAN: When the Edgar Thomson Steel 
'Works gave our firm orders to prepare the plans and specifications 
of the two twenty-foot furnaces, "B" and "C," they directed us to 

follow the designs of the Lucy Furnaces, at Pittsburgh, but allowed 

us to make any changes that would increase the output within cer- 

tairi limits. The largest volume of air blown in any twenty-foot— 
furnace up to that time was 15,500 cubic feet per minute. The 
"B" furnace was designed to use 18,500 feet of air per minute, and 
the stoves contained 92,000 square feet of heating-surface. After 

starting the "A" furnace and finding that the volume of blast used 

was greater than that originally intended, it was decided to increase 

the "C" stoves to 100,000 square feet of surface and use 20,000 feet 
VOL. x.—32 
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of air, the " B" stoves having been finished by this time. After 
blowing—hi "B" furnace, Mr. Kennedy found he could blow more 
than originally intended, and increased the volume up to 28,000 
feet for maximum, which would require 140,000 square feet of sur- 
face.. In spite of this excess of air the 92,000 feet of surface main- 
tained 1050° in the blast. 

When furnace was in full operation, Mr. Kennedy used 
30,000 feet of air per minute, and mhintained 1050° with the 
escaping gas at the chimney at 350°. 

To heat this enormous volume of air Mr. Kennedy was obliged to force the stoves with gas. As all the valves, regenerators, and 
chimneys were proportioned for 20,000 feet of air it required con- 
stant care to use the large volume of gas properly. This will 
explain the trouble he speaks of. The two new twenty-foot furnaces, "D" and " E," and that Mr. Kennedy is now building, have larger 
stoves, with better regenerators and chimneys, and I look for\vard to 
a prolnction of 151)0 tons weekly from each furnace. 

NoTE.—NorcnLer, 1882. The "D" and "E" furnaces have since produced 
1825 tons. . 

AIV L1IPRO FED fIXThTG LAJIP FOR EXGIXEERS.* 

DY DR. PERSIFOR FRAZER, PHILADELPHIA. 

THE accompanying diagrams represent a ]ampprovided with cer- 
tain improvements which render it more serviceable for the use of 
(lie engineer or other mining official who is often compelled to visit 
several mines a day remote from each other, and may be called on to 
use the magnetic needle in any or all of them. 

These requireulents demand that the material of which it is made 
should be copper, anti that it should be capable of being closed oil- 
tight, for emptying and refilling the lamp at each mine would be a 
less expeditious as well as a less cleanly process, and transporting a 
lamp of the ordinary kind over rough roads on horseback or in 
wagon, would result in spilling the greater part of its contents. 

The general form of the lamp, including the false back to keep 

* Read at the Virginia Meeting, May, 1881. 

]1ENNEEY. 
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the heat from the head, is the same as that sold for some years hy 

Heller and Brightly. 

e. Air-vent. 
e. Cap, fitting on a, which it surrounds loosely. 

i. Collar, to give bearing to screw closing air-vent. 

The following is a nearer description of its parts: 

a. Screw, with milled head and flange, opening or closing 
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f. Large screw Cal) for filling lamp, bearing on 
w. Washer of leather or rubber. 
o. Ring in front to which are attached chain to cap and chain to 
1. Trimming needle. 
it. Sheath of latter, lying between 
it. False back, and 
1. Main body of lamp, which contains thc oil. 
s. Socket between it and 1, on which turns 
5. A piece of stout brass \vire, forming at the upper end a hook for 

attachment to the hat or prtucctions of rock, etc. The plane of this 
hook is at right angles to the lower end of the wire, which forms a 
spike for driving into "dig," timbers, etc. 

r. Collar on the upper part of Is, to prevent vertical movement. 
g. Cylindrical brass ring, attached to the upper end of 
n. Conical copper spout. 

- 

el. Three small wire points inclined upwards to prevent the wick 
descending. 

The writer used this lamp in its developing stages (luring the su- 
perintendence of several mines in Virginia, which were remote from 
each other. A preliminary note, written hastily before his departure 
for Europe, in October, 1881, was kindly interpreted and, published 
by the Secretary of the Institute. Since then the lamp has been ex- 
amined aud favorably criticised by the writer's friends and former 
professors in the Mining School at Freiberg, Saxony, at which 
town a dozen were manufactured by one of the best tinsmiths and 
sent by freight to Philadelphia, in order to test the comparative 
cost of manufacture here and abroad. 

The lamps made in Freiberg are light, weighing about seven ounces 
each. They are of copper fitted with brass. 

M. Daubree, member of the French Institute and director of 
the School of Mines in Paris, expressed also a favorable opinion of 
the lamp. 

INDEX. 
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Accidents in anthracite coal mines from 1871 to 1880, 67. 

Adams. J. 31.. constrnctiou of the Batopilas mill, 302. 

ADAMS, W. H., Coals in Mexico—Santa Rosa District, 238, 270. 

Aix, fanlt in vein at, 459. 

Akron, Ohio, Flannery boiler-setting at, 219. 

Alabama, soapstone, kaolin and fireclay, 318-322. 
Alaska location, Black Range Mountains, New Mexico, 441. 

Allotropic copper, 57—62. 

Alnmininm, reduction by electricity, 317. 

Amount ef Oil remaining in Peoasylraaia and iVcw York (WRI0LEY), 241, 354. 
Bonndaries of the oil region, 354. Geology of the oil region, 356. Production 
of oil, 357. Amonut of oil remaining, 360. 

Analysis of iron Ore containing both Phosphoric and Titanic Acids (Daowie & Srnwan), 
124, 137. 

Analysis of the Casualties in the Anthracite Goal-mines from 1871 to 1880 (CHANCE), 

5,67. 
Analyses; Copper Ore and Products—of roasted ore at Ore Knob, 33. Of mattes 

and slags, 38, 494. Of roasted matte, 43. Of shot-copper, 44. Of black cop- 
per, 44, 494. Of crosses from refining pig copper, 48, 49. Of copper during 
refining, 50, 51. Of refined copper, 54, 494. Of copper produced by electro- 

lytic deposition, 59—62. Inox Oaas—Of black-band iron ore, 81. Of hema- 

tite ores from Rich Hill, Va., 78, 79 Of hematite ores from James County, 

F 
Tennessee, 481. Of Spanish iron ore, 281. Of Landore scale, 281. Of kaolin, 
321, 322. Of soapstone, 318, 320. Of zinc ore from Falling Cliff Mine, 112. 

Analytical methods; Determination of copper by electrolysis, 57—67. Determina- 
tion of manganese in pig iron and steel, 100—111. Chemical methods for ana- 

lyzing rail steel, 162—206. Method of analyzing iron ores containing both 

phosphoric and titanic acids, 137—144. 

Anderson, H. I., experiments with the Siemens rotator at Tyrone, Pa., 275, and at 
Pittsburgh, 277. 

Annual (Washington) Meeting; Proceedings of, 225. Papers of, 247. 

Annual repnrt of the Council, 242. 

Annual report of Secretary and Treasurer, 242. 
Anthracite coal, statistics of mining and production, 228. 

Anthracite coal-mines, casualties in, from 1871 to 1880, 67. 

Antimony in Lake Valley (N. 31.) ores, 433. 

Apaches in New Mexico, 424, 441, 442. 

Appalachian formation, rocks of, 477. 
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Argeutiferons. See Silver. 
Arizona, geology and veins of Tombstone, 334. 
Arrastres, at Batopilas, Mexico. 294, 298. 

ASRBURNER, CHARLES A., The Flannery Boiler-setting fO the Prevention of Smoke, 
123, 213. 

Assays (see also Analyses) of silver ores from Lake Valley, N. M., 434. 
Assaying &lverBallmnm (F. C. BLAKE), 241, 490. Method employed at the Penn- 

sylvania Lead Company's Works—tIme steam-bath, 490. Shaking-engine, 492. 
Gay Lussac volumetric assay, 493. 

Associates changed to members, 6, 123, 238. 
Associates elected, 6, 123, 238. 

Atkins, the Messrs., of Pottsville, vs. Time Edgemoor Iron Company, 400. 
Atlantic area, crystalline rocks.of, 471—480. 
Atlas powder, used to remove obstructions in the blast furnace, 207, 208. 
Available Tonnage of the Bituminous Uoal-fields of Penssylrania (CHANcE), 123,144. 

Available coal defined, 144, 145. Columnar section of coal measurm, 145. 
Basis of calculation, 145, 147. Division of the coal measures, 147. Errors of 
calculation, 147, 148. Probable increase of production, 149. Upper barren 
measures, 151. Upper productive measures, 151. Lower barren measures, 
1.52. Lower productive measures, 152. Conglomerate series, 153. Division 
by counties, 155—161. 

Azurite in Ste. Genevieve County, Missouri, 449. 
Azogues silver ores, Batopilas, Mexico, 298; 299. 

BACIIMAN F. E., PImo.splmorus Detesmiaations in Pig I,'nn and Steel, 241, 322. 
Balcony Falls, Virginia, Green Mountain gneisses, 478. 
Bald Mountain, Black Hills, Dakota, impregnation of gold and silver ores, 474. 

Silver-lead ores, 475. 

Bankart's process of copper extraction, 11. 

Banquet given by the Pennsylvania Steel Company, 126. 

BARNES, P., The Filtration of Water for Industrial Purposes, 5, 112. 
Base bullion, refining by electricity, 312. 
Basic steel more regular than ordinary Bessemer steel, 411. 

Batopilas, Mexico, the new mill at, 293. 
Batteries. See Stamp-mills. 
Beck Gold Mine, North Carolina, 476. 
Becker, G. F., study of the Comstock lode, 420. 
Bedded ore-deposits, Tombstone, Arizona, 343. 
Behavior of Manganese to Carbon (WARD), 240, 269. An account of the production, in 1875, of gray pig iron containing 16 per cent, of manganese. 
Bell and hopper, size of, 211. 

Beloit, Wisconsin, Flannery boiler-setting at, 21.5. 
Bessemer iron ore in East Tennessee, 481. 
Bessemer process, chenucal action in, 408, 409. 
Bessemer steel: Efi'ect of manganese on the rolling of, 302. Silicon necessary to 

give solid ingots, 409. Silicon a great source of irregularity, 408, 410. Limits 
of carbon, silicon, phosphorus, sulphur, and manganese in rail-steel, 410. Not 
so regular as basic or Siemens steel, 411. 

Binding of In-walls of Blest Furnaces (ClIAUvEmeEl'), 12.5, 221. 
Bituminous coal: In Mexico, 270—272. The available tonnage in Pennsylvania, 

144. Statistics of mining and production in the United States, 149, 228. 

Black-band Iron Ore iso West Virginia (SHARPLES), 4, SO. 

Black copper: Ore Knob process, 43, 44. Containing tellurium, 494. 

Black Hills, Dakota: Discovery of gold, 87. Occurrence of gold and silver, 465— 

475. The Father de Smet gold mill, 89—99. 

Black Range Mountains, Southern New Mexico, 440. 

Blacktail gulch, Blacktail placer, Black Hills, Dakota, 468, 472. 

BLAKE, F. C., Test Support for the English Cupellation Furnace, 124, 220. Assaying 

of Seizer Bullion, 125, 490, - 

BLAKE, W. P., The Geology end Veins of Tombstone, Arizona, 241, 334. 

Blake's rock breaker,, 97. 

Blair, A. A., method of determining manganese, 102, 107. 

Blair's direct process of iron making, 287. 

Blast: Volume of, for blast furnaces, 497, 498. Comparison of fans and positive 
blowers, 482. 

Blast furnaces: Binding of in-walls, 221. IJse of high explosives to remove ob- 

structions in, 206. New furnaces of the Edgar Thomson Steel Company, 
495—498. 

Blasting: Large blasts at the Glendon limestone quarry, 304. Blasting compounds 
used at Ste. Genevieve, Mo., 456. Blasting compound exhibited by A. C. Rand, 

123, 124. 

Blowers, comparative efficiency of fans and positive blowers, 482. 

Blue-Monday claim, Tombstone, Arizona, 344. 

Blue Ridge, Va., 477. 
Boiler-setting, Flannery's, for the prevention of smoke, 212. 

BOLLER, A. P., On the Need of e National Board for Testing Metals of Gormstruct ion, 3S0. 

Boston and Colorado smelting works, at Argo, 436. 

BOWIE, A. J., JR., Notes on Gold Mill Goastruction, 5, 87. 

Brewer gold mine, North Carolina, 476. 

Bridge specifications of the New York, Lake Erie and Western Railroad, 377. 

Brodie, W. M., erection of Batopilas mill, 302. 

Brosa silver ores, Batopilas, Mexico, 294, 298, 299. 
• Brown coal in Texas, 272. 

Brusher, McCnhloch & Co.'s works, Harrisburg, 137. 

Bucme, STUART M., NAes on the Hard Splint Goal of the Kanemvlsa Valley, 4, 81. 

Buckeye location, Black Range Mountains, N. M., 441. 

Buhrstone in Alabama, 322. 
Bullion: Assaying of silver bullion, 490. Refining of base bullion by electricity, 

312. 
Bureau of Printing and Engraving, Washington, visit to, 245. 

Bursting of gun from Fort Pitt foundry, 404. 

CABOT, J. W., Note on Manganese irs Bessemer Bail-steel,. 241 302. Discussion of 
Chemical Methods for Anelyzing Rail-sled, 189. 

Cannel coal in West Virgina, its relation to splint coal, S4. 

Cambrian rocks in time Atlantic area, 479, 480. 

Car manufacturing works, Harrisburg, 134. 

Carbon: Determination in steel, 164, 178, 189, 192, 196, 200. Its relation to man- 

ganese in pig iron, 269. Limits in Bessemer rail-steel, 410. 

Carbonate Hill, Leadville, Colorado, 415, 417, 418. 

Carlisle, Pa., visit to Indian school, 124. 

Carlisle iron works, visitto, 124. 
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Casualties in anthracite coal-mines, from 1871 to 1880, 67. 
Central Iron Works, visit to, 124, 133. 
Central gold mines, Black Hills, Dakota, 466. 
Chain works, Harrisburg, 135. 

Chalcocite, in Ste. Genevieve County, Mo., 449. 
Chalcopyrite: At Ore Knob, N. C., 57. In Ste. Genevieve County, Mo., 449. 
Challenge self-feeders, 296. 
CHANCE, H. M., An Analysis of the C'asualties in the Anthracite G'oal-inines,from 1871 to 1880,5,67. The Available Tonnage of the Bituminous Goal-fields of Pen no yl vania, 

123, 144. 

CHANUTE, 0., remarks in the Discussion on Iron and Steel considered as Structural 
Materials, 375. 

Charcoal: Remaining in the bosh of a blast furnace for two years, 211. At Ore Knob, North Carolina, 31. 
CHAUVENET, S. H., Industries of Harrisburg, 123, 129. The Binding of the In-wulisof Blast Furnaces, 125, 221. 
Chemical analysis. See Analytical Methods and Analyses. 
Chemical analyses in specifications and testing of iron and steel, 406, 407. 
Chemical Met hodsf or A nniyzing Rail-steel (TROILJLJS), 124, 162. Introduction by C. P. 

Saftdberg, 109. Useful appliances, 163. Carbon determination, 164. Plios- 
1jhorus determination, 166. Silicon deternunation, 172. Manganese determi- 
nation, 173. Sulphur deternination, 177. Appendix: Color test for carbon, 
by Eggertz, 178. Discussion: By A. FAR RELL and J. GAYLEY, J. W. CABOT, F. P. DEWEY, J. B. MACICINTOSH, B. B. Winr, and F. A. EMaIERTON. 

Chesapeake and Ohio Railway, special trains provided by, 7, 8. 
Chesapeake nail works, harrisburg, visit to, 124, 133. 
Chihuahua, Mexico, the new mill at Batopilas, 293. 

Chimney Draught (FRAZIER), 241, 249. A mathematical discussion of the chimney as a heat engine. 
Chispeado silver ores, Batopilas, Mexico, 294, 293, 299. 
Chlorination of copper ores, 11, et seq. 
Chromium, effect on the color-test for carbon, 185. 

Chrysocolla: Decomposed by a hot solution of ferrous chloride and common salt, 
12. Occurrence in Ste. Genevieve County, Mo., 450. 

CLARKE, T. C., remarks in the Discussion on Iron and Steel considered as Structural 
Materials, 374. 

Clandet's method of precipitating silver from solution, 14. 
Clavo silver ores, Batopilas, Mexico, 298, 299. 
Clay, fireclay in Alabama, 322. 

Coal (see also Anthracite, Bituminous Coal, Brown Coal, etc.): Occurrence in 
Mexico, 238. Near the Oscuras Mountains in Southern New Mexico, 427. 
Near San Antonio, Texas, 272. Prevention of smoke in the Flannery boiler- 
setting, 212. Splint and cannel coal of the Kanawha Valley, Va., 81, 84. 

Coalburg, Va., visit to, S. 
Coal-fields of Pennsylvania, available tonnage of the bituminous, 144. 
Coal-mines, casualties in anthracite mines, from 1871 to 1880, 67. 
Goals ia Mexico —S inla Rosa District (ADAMS), 238, 270. Occurrence of coal in 

Mexico near the Rio Grande, 270. Geology of the region, 271, 272. Occur- 
rence of silver ores, 271. Chaacter of the coal, 272. Brown coal, 272. Map of Northern Mexico, 273. 

Cobalt and nickel, association with Copper, 64; with copper ores, 19, 23. 

Cobalt, effect on the color-test for carbon, 185. 
Colebrook furnaces, Pa., visit to, 126. 
Collections of the Institute in Memorial Hall, transfer authorized, 243. 
Color-test for carbon in steel, 164, 178, 189, 192, 200. 
Colorado: Geology and mining industry of Leadville, 416, 420. Ores of tellurium, 

494. 

Colossal location, Black Range Mountains, New Mexico, 441. 

Columbia claim, Lake Valley, New Mexico, 429. 
Combustion regulated to prevent smoke, 212—219. 

Comparative Efficiency of Fans and Positive Blowers (howE), 238, 482. An experi- 
mental study of the power consumed in delivering a unit of blast by Baker and 
Root blowers and by Hawkins and Sturtevant fans. 

Compression members for structures, 375—377. 
Comstock lode: Study of, by G. F. Becker, 429. Eckart's report on mechanical 

appliances in mining and milhinu, 420. 
Concussion or impact test for steel, 384, 406, 407. 
Connecticut iron ore mines, valuation of, 289. 
Contention mine and claim. Tombstone, Arizona, 338. 
Gontributions to the Metallurgy of Nici.vl nail Copper (EusTts and Howx), 241, 30.5. 

Thompson's process for the extraction of nickel from its ores, 305. Magnetic 
process for snlphuretted copper ores, 306. Electrolytic method for separating 
nickel and other metals, 307. 

Cope, Professor E. D., on the geological horizon of Lake Valley, New Mexico, 430. 
Copper : Allotropic copper, 57, 62. Alloys of copper, 394. Analyses of, 44, .50, 51, 

54, 59—62, 494. Coating for steel wires, 317. Commercial impurities of Copper 
and their effbct on its physical properties, 63, 64. Effect on the color test 
for carbon, 18.5. Electrolytic determination of Copper, 57, 67. Refining by 
electricity, 312, 315, 317. Separation of silver from copper in solution, 13 et 

seq. Statistics of mining and production, 229.. 
Copper mattes at Ore Knob, North Carolina, 34, 3.5. 

Copper matte containing tellurium, 494. 
Copper ores: Deposits at Ore Knob, North Carolina, character and treatment, 25 et 

seq. In Ste. Genevieve County, Missouri, 444—456. Of Southern New Mex- 
ico, 427. 

Copper ores: Treatment in the wet way—Hunt & Douglas's processes, 11—25, 27, 56. 
Smelting at Ore Knob, North Carolina, 25—55. Magnetic process for sulphu- 
retted copper ores, 306. 

Copper slags at Ore Knob, North Carolina, 33, 39, 45, 47. 
Cornwall Ore Banks, Pennsylvania, visit to, 126. I-Iospitalit.y of the Cornwall Ore 

Bank Company, 126. 
Cornwall Copper Mines, Ste. Genevieve County, Missouri, 445—448, 454-456. 
Cost of Ore Knob Copper process: Of mining, 28, 29. Of furnaces, 36. Of smelt- 

ing and refining, 41, 43, 45, 53, 54, 55. Cost of provisions, 31. 
Cost of mining copper ores in Ste. Genevieve County, Missouri, 4.55, 456. Cost of 

provisions, 455. 
Cost of stamp-mill at Batopilas, Mexico, 301. 
Council: Election of, 244. Report of, 242. Submits resolutions on transfer of 

collections, 243. 

Cowper hot-blast stoves at the Edgar Thomson Furnaces, 495. 
Crasses in refining pig copper at Ore Knob, 48. 
Crescent claim, Lake Valley, New Mexico, 429. 
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C5-ystailine Rocks of Virginia, compared with those of New England (IIITcHcocae) 241, 
477. Similarity of geographical position, 477. Gigantic overturns the Cause 
of erroneous views, 477, 178. Order of the crystalline series, 478. The Green 
Mountain gneisses, 478. Huronian, Cambrian, and Laurentian rocks, 479, 
480. 

Cumberland Valley Railroad, speeal train provided by, 124. 

Cupellation furnace, test support for, 220. 

Cuprite in Ste. Genevieve County, Missouri, 449. 

Dakota: Gold and silver in the Black Hills, 87,46.5, 475; the Father do Smet stamp 
mill, 89—99. 

Danks-Bouvard puddling-furnace, character of iron produced by, 286. 
Dant or mother coal, 8.5. 

Davis's Creek, \Veot Virginia, hlack.band iron ore, SO. 

Deadwood, Black hills, 87. 
Deadwood Gulch, 471—473. 
Deadwood Placer, 472—473. 
Deane steam-pump, 297. 
Defence Claim, Tombstone, Arizona, 343. 

Descloizite, at Socorro, New Meaico, 444. 
Determination: Of carbon, copper, phosphorus, etc. See under the respective 

elements. 
Developments in the Siemens direct process, 274. 

DEVEREUX, WALTER B., The Ocenrrcnce of Gold in the i'otsdtsm Formation, Black 
Hills, Dakota, 241, 46.5. 

DEWEY, F. P., The Rich Hill Iron Ores, 4, 77. Note on the Falling Cliff Zinc Mine, 
4, 111.. Discussion of Ghemical iIct/wds of Analyzing Rail-steel, 192. 

Dies in stamp batteries, 95. 
Direct process of iron making: Siemens's process at Pittsburgh and Landore, 271— 

284; economy doubted, 286. Blair's process, 2S7. 
Dividends of Tombstone mine and mills, 335. 

Dragoon Mountains, Arizona, 334. 
Draught of chimneys, 249. 

Drawing—Instrements for Projection Diawing, 261. 

Drfi Hematite Depooits in East Tenne.ssee (NIdnoLs), 241, 480. Deposit of James 
Oounty, 4S0. Topography and geology, 480. Character of the ore, analyses, 
481. Freedom from phosphorus of the drift-ore, 481. 

DROWN, T. M. and MVIILENBERG, N.H. On the Solution of Pig-Iron and Steelfor the 
Determination of Phosphorus, .5, 8.5, 329. 

DROWN, T. M. and SRCszER, P. W. The Analysis of Iron Ores containing bath 
Phosphoric and Titanic Acids, 124, 137. 

Drown, T. M. Methods for determining manganese, 107, silicon, 194, 200, 325, 
sulphur, 189, 194. Separation of silica in phosphorus determinations, 327. 

Dudley, C. B. Method ofdeterinining manganese, 109. 

Eagle Works, Harrisburg, 13.5. 
Eckart, W. B., report on mechanical appliances used in mining and milling on the 

comstock, 421. 

Edgar Thomson furnaces and hot-blast stoves, 495—498. 
Edgemoor Iron Company vs. The Messrs. Atkins, of Pottsville, 400. 
Efficiency of fans and positive blowers, 482. 

Eggertz: Method for determining carbon (color-test), 164, 178, 189, 192, 200; man- 

ganese, 175; phosphorus, 168, 169, 171; sulphur, 177. 

EGLESTON, T., Investigations on the Ore Knob Gopper Process, 3, 25. Presence of Tel- 
lurisem in Copper, 125, 493. Remarks in the discussion on the Electrolytic de- 

termination of copper, 62, and in the discussion on 1i'n and Steel considered as 
Structural Materials, 390. 

Election of Members and Associates: Virginia Meeting, 5, 6. Harrisburg 
Meeting, 121, 123. Annual (Washington) Meeting, 236—238. 

Election of officers, 244. 

Electric light in mines and mills, 310, 31.5. Pollution of atmosphere by, 315. 
Electric motors in mining, 310. 
Electrical Apparatn-s and Processes for the Missing and Metallurgical Engineer (KEITrt), 

240, 309. The call-bell, 309. Telephone, 309. Electric light, 310. Electric 
motors, 311. Electric generators and general uses of the current, 311. Reflis- 

ing copper and separating gold and silver, 312. Refining and desilverizing 
base bullion, 312. Melting by electricity, 313. Storage of electricity, 313— 

315. Discussion. Professors Titosursoac and SILLIMAN, and Messrs. MAY- 

NARD and Howu. 
Electrolytic Determination of Copper and the Formation and Composition of as-called 

Allotropic copper (MAcIcINTosru), 3, 57. Luckow's process, 57. Analysis of the 
copper deposited liy Luckow's process, 59—61. Resembles Schutzenbergcr's il- 

lotropic copper, 59, 61, 62. Discn.ssisn. Du. EGLESTON and Mn. SHARPI,ES. 

Electrolytic method of separating nickel and other metals on the large scale, 307. 

Refining of copper and separation of gold and silver, 312. Refining and (lesil- 

veizing base bullion, 315. 
Elliott's method of determining sulphur in iron and steel, 201. 

Emery, A. H., builder of the United Staten testing-maclung, 3S5. 

Emery, C. E., device for overcoming packing friction, 364. 

EOStERTON,.F. A., discussion of Chemical Methods of Analyzing Rail-Steel, 200. 

Esiatoass, S. F., The Mining Work of the United States Geological Survey, 241, 412. 

English cupellation furnace, test support for, 220. 

Engineer's mining lamp, 498. 
Eozoic rocks in the Middle and Northern States, 477. 
Estimation of carbon, copper, etc., etc. See under the respective elements. 

Eureka District, Nevada, geological study, by A. Hague, 421. 

Eureka rubber in stamp mills, 97. 

Enrich's shaking engine for volumetric silver assay, 492. 

EusTis, W. E. C., and HowE, IT. M. Contributions to the Metallurgy of Nickel and 

cpper, 241, 305. 

Excursions: Of the Virginia Meeting, 7, S. Of the Harrisburg Meeting, 124, 126. 

Explosions in anthracite coal mines from 1871 to 1880, 67. 

Explosives used at the Ste. Genevieve Copper Mines, 456. Use of high explosives 
in the blast furnace, 206. 

Factor of safety, 381, 393. 

Falling Gliff Zinc Mine (DEWEY), 4, 111. Description of the mine and analyses of 
the ore. 

Fans, comparative efficiency of fans and positive blowers, 482. 

FARRELL, AusTiN, and GAYLEY, JAMES, discussion of chemical Methods of Analyz- 

ing Rail-steel, 187. 
Father de Smet gold mill in the Black Hills, 80—99. 
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Fatigue of metals, 393. 

Faults in mineral veins, Hoefer's method of determining, 456. 

Fay, Dr. T., analyses of Ste. Genevieve copper ore, 444. 
February (Annual) meeting; Proceedings of, 22.5; Papers of, 247. 
Feeders in stamp mills, 97, 296. 
Ferrol, Va., visit to, 7. 

Ferro-manganese, production in the blast furnace, 269. 
Filtration of JVaterfor Industrial Purposes (BARNES), 5,112. A discussion of the means 

and apparatus necessary for the mechanical purification of water for use in 
boilers, etc. 

Firebrick works, Harrisburg, 136. 

Fireclay in Alabama, 322. 

Fire-damp explosions in anthracite coal mines from 1871 to 18S0. 67. 

FXRM5TONE, F., Notes on the Larqe Blasts at the Glcndon Limestone Quarry, 241, 304. 
Flannerg, Boiler-setting for the Prercut ion of Smoke (ASHBURNER), 123, 213. Numer- 

ous devices for the prevention of smoke of furnaces, 213. Theoreticallvperfect 
combustion, 213. Description of furnace, 21.5—218. Action of the furnace, 218. 
Practical results obtained, 219. — 

Fort Pitt foundry, bursting of gun from, 404. 
Fort Stanton, New Mexico, copper ores, 427. 
Fortieth Parallel Survey, 412. 
FRAZER, PERSIFOR, lot proved lfining Lamp for Enqineers, 5, 498. 

FRAZIER, B. W.. On Chimney Draujht, 241, 219. 
Frue Vanners, 295, 297, 298, 302. 
Fryer Hill, Leadville, 416—418. 
Fuel, prevention of smoke in the Flannery boiler-setting, 212—219. 

Fuller, J. C.; hospitality at Pine Grove, 124. 
Furnaces: Flannery furnace, 202. Use in copper smelting and refining at Ore 

Knob, 34 et seq. 

Gabb's report on the topography and geology of Santo Domingo, 346—3.51. 

Gage, J. R., geology of the Ste. Genevieve copper deposits, 447. 
Gauley River, W. Va., black-band iron ore, 80, 81. 
GAYLEY, JAMES, discussion of Uhernical Methods of Analyzing Bail-steel, 187. 
Gay Lussac's volumetric assay for silver, 491—493. 

Geological modelling, 204. 

Geological Survey of the United States, 232. See also Mining Work of the United 
States Geological Survey. 

Geology end Veins of Tombstone, Arizona (W. P. BLARE), 241, 334. Location of 
Tombstone, 234. Early settlement, 334, 335. Production of mines,. 335. 
Geology of the district, 33.5. The Contention mine, character of the dike, 
337—340. Gold in porphyry, 340. Metallization of the dike, 340. Bedded ore 
deposits, 343. 

Geology: Of Lake Valley, New Mexico, 430, 436, 439. Of the oil regions of Penn- 
sylvania and New York, 3.56. Of the Rich Hill iron deposit, 77. Of San Do- 
mingo, 346—353. Of the Santa Rosa district, Northern Mexico, 271, 272. Of 
the Ste. Genevieve copper deposits, 446, 456. 

Geology: Importance to the mining engineer of an accurate knowledge of the geol- 
ogy of a mining region, 414—420. See also Mining Work of the United States 
Geological Survey. 

Giant-powder used at the Ste. Genevieve copper mines, 456. 

Gibbs's method for determining copper by electrolysis, 65. 

Gird, Richard, made first locations at Tombstnne, Arizona, 334. 

Glendon limestone quarry, large blasts at, 304. 

Glukodine, used at Ste. Genevieve copper mines, 436. 

Gneisses of the Atlantic area, their relation to the Silurian groups, 477, 478. 

Gold in the Potsd eta Fonteation, Black hills, Dakota (DEVEREITX), 241, 465. Study 
of the Horpestake Vein, 466. Occnrrence of gold in the conglomerate both as 

a mechanical and chemical constituent, 466, 467. Geological sketch of the re- 

gion, 467, 468. Richness of ore, 468. Oxide of iron the cementing material, 
469. Fineness of the gold, 469. Content of silver, 470. Cement gold, 471. 

Deposition of gold in talcose mIdst, 471. Concentration of gold in the Dead- 

wood Gulch placer, 471, 472. Cement gold well adapted to stamp-mill treat- 
- ment, 472. hammering gold by stamps does not prevent it from amalgamat- 

ing, 472. RGum. 473. Bald Mountain, impregnalion of gold and silver ores, 

473, 474. Argentiferous lead ores, 475. 

Gold in copper ores of the South, 56. 
Gold in porphyry, Tombstone, Arizona, 340. 

Gold, separation in working copper ores, 11 et seq. 

Gold, widely distribut'ed in North Carolina, peculiarities of occurrence, 47.5. 

Gold and silver ores and mines of Tombstone, Arizona, 334—345. 

Gold and silver separated fi-oni copper, lead, and zinc by electrolysis, 319, 315, 317. 

Gold Fields of the Southern Portion f the Island of &ue Domingo (ROTIIWELL), 241, 

345. Romantic history of this district, 345. Tribute of gold from natives un- 

der Spanish domination, 34.5. Production of gold never very large, 346. Dr. 

Gabb's report "On the Topography and Geology of Santo Domingo," 346. 

Origin of the gold-hearing gravels, 3.51. Ancient works of the Indians, 352. 

Tests of the gravels, 352. Gravel-beds of no great value; 352. Quamtz veins 

probably of no commercial value, 3.53. Obstacles to mining in climate, labor, 
and government, etc., 354. 

Goodenough Claim, Tombstone, Arizona, 336, 337, 342—344. 

Gorringe, Lieut. floury H., gift to the Institute of specimens from the New York 

obelisk, 6, 7. 
Government aid in testing metals used in construction, 361—411, 379, 384, 390, 395, 

402, 403. 
Grace Furnace at Ferrol, Va., visit to, 7. 

Grand Central Claim, Tombstone, Arizona, 337. 

Grass, Simon, discovered copper ores in Ste. Genevieve County, Mo., 444. 

Great Master Lode, Black Range Mountains, New Mexico, 442. 

Green Mountain gneisses, 477, 478. 
Grizzhies in stamp mills, 97. 

Guyard, A., monograph on Leadville smelting, 421. 

Hagan's Peak, Hagan's Lode, Black Range Mountains, New Mexico, 441. 

Hague, A., on the geological horizon of Lake Valley, New Mexico, 430. Study ol 

the Eureka district, Nevada, 421. 

Jiard-splint Coal of the Kanawba TTallcy (Bucw), 4, 81. Meaning of "splint" ir 
West Virginia, 81. The Coalburgh seam, 82. Preparation of the coal fot 

market, 83. Interesting questions suggested by tIme occurrence of this coal 

84, 85. 
HARDEN, 0. B., Topographical and Geological Modelling, 241, 264. 

Harris, J. S., Report on the Reading Coal and Iron Company's property, 147, 161 
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Harris, 0. D., owner of the Cornwall copper mines, Missouri, 444, 445. 
Harris, Rozier & Co. lease the St e. Genevieve copper mines, 445, 447. 

Harrisburg, Pa., indnstries of, 129. 

harrisburg Car Mannfactu ring Company's Works, 124, 134. 
Harrisburg cotton mill, 137. 

Harrisbnrg chain works, 13.5. 

Harrisburg firebrick works, 136. 

Harrisburg nail works, 132. 

Harrisburg steam-boiler works, 136. 

Harrisburg meeting: Proceedings of, 119. Papers of, 127. 

ITARTMAN, J. M., Discussion of hot-blast Stores at the Edger Thstnsen Furnaces, 497. 
Hawkins fan, efficiency of, 482, 490. 
hawk's Nest. W. Va., visit to, 8. 
Hayden's Survey, discontinued on the establishment of the United States Geologi- 

cal Survey, 412. 
head Centre Mine, Toinl,stone, Arizona, 338, 342. 
Hematite drift deposits in James County, East Tennessee, 480. 
henderson's process of copper extraction, 11. 
Hendy's patent self-feeders in stamp mills, 97. 
1Ierzog copper mine, Ste. Genevieve County, Missouri, 44.5. 

Hewitt, G. IV., fineness of bullion, Black Hills, 470. 
High explosives used to remove obstructions in the blast furnace, 206. 
HTTCJ5COCTC, C. H., the Crystalline Rocks of Virginia Compared with those of New 

England, 241, 477. 

hitchcock, Wilson & Co. work the Ste. Genevieve copper deposit, 44.5. 

Hocking Valley, Olno, analysis of black-band ore, SI. 
Heef,w's Method of Determining Faults in M/neral Veins (RAyaeosen), 241, 456. 
Holley memorial session at the Washington meeting, 238. 
1-Tornestake vein, Black Hills, Dakota, 466—468, 470—473. 
Met-blast Stores at the Edger Thomson Farnures, "D" and "E" (KENNEDY), 124, 

495. Objections to the earlier forms of Cowper stoves, 495. Construction of 
the Edgar Thomson stoves, 496, 497. Discuss/es. Mae. J. M. HAET3eAN. 

Howx, H. M., On the Gesspurutire .Effieiesep of Fans asd Pesitiee Blewers, 238, 482. 
HowE, H. M. and Eus'rzs, W. E. C., Centributiens to the .ilhetuilurgy ef Nickel and 

Copper, 241, 305. 

HUNT, T. STEREY, The Hydrotnetallnrgy ef Capper and its Separation from the Fre- 
eisus Metals, 4, 11. 

HOnt & Douglas's methods of copper extraction, 12, 16, 23, 27. 
Huronian rocks in the Atlantic area, 478, 480. 

Hydraulic cetnent pipe works at Harrisburg, Pa., 136. 
Hydronetailurgy of Capper earl its Separatioa from the Precious Metals (HuNT), 4, 11. 

Description of three classes of wet processes for the extraction of copper from 
its ores, 11. Methods for the separation of silver from copper when present 
together as chlorides, 12—15. Character of copper ores suitable for treatment 
by roasting with salt, 15. New wet process apphieableto ores and furnace pro- 
ducts, eontaintng, besides copper—gold, silver, arsenic, antimony, and lead, 
16—23. Appendix I., Presence of cobalt and nickel in copper ores, 23. Ap- 
pendix IL, Solubility of chloride of silver in chloride of sodium, 24. 

Tm pact or concussion test for steel, 384, 406, 407. 
Imperial location, Magdalona Mountains, New Mexico, 426. 

Indian school at Carlisle, Pennsylvania, visit to, 124. 

industries of Harrisburg (CItAUVENET), 123, 129. Pennsylvania Steel Company, 
129. Loehiol Rolling-mill Company, 132. Ironworks of the McCormick Es- 

tate, 132. Chesapeake Nail Works, 133. Central Iron Works, 133. Har- 

risburg Car Manufacturing Company, 134. Wister Blast Ftirnaces, 134. 

Louise Furnace, 134. Huminel, Fendriek & Co., 13.5. Jackson Manufac- 

turing Company, 135. Harrisburg Chain Works, 13.5. Eagle Works, 135. 

Harrisburg Steam-boiler Works, 136. J. D. Marshbank & Son's Works, 136. 

Harrisburg Firebrick Works, 136. Hydraulic Cement Pipe Works, 136. 

Harrisburg Cotton-ntill, 137. Brusher, McCullough & Co., 137. 

Instruments for Pcsject/sn Drawing (J. M. StI.LIMAN), 211, 261. 

Invest getions on the Ore Knob Copper l'rscess (EGLE5TON), 3, 25. Situation of the 

Works, 25. Character of vein, 25, 26. Method of tnining, 26. Character of 

the ore, 27, 28. Cost of mining, 28, 29. Arrangement of metallurgical works, 

29, 30. Wood and charcoal, 30. Price of provisions, 31. Description of 

metallurgical process—Roasting the ore, 32. Analyses of roasted ore, 33. Fu- 
sian for mattes, 34. Cost of roasting furnaces, 36. Analyses of matte and 

slags, 38. Slag pots, 39. Cost of roasting for matte, 41. Roasting the single 

mattes, 41. Cost of roasting matte, 43. Fusion for black-copper, 43. Analyses 
of black-copper, 44. Cost of smelting roasted mattes, 45. Treatment of sala- 

manders, 45. Refining pig copper, 46. Crasses, analyses, 48, 49. Testing of 

the copper, 49, 50. Preoeueo of silver, 50, .51. Castiug into ingots, 50, 52. 

Cost of refining, 53. Résumé of cost, 55. 
In-walls of blast furnaces, binding of, 221. 
Irou (see also Pig Iron and Wrought Iron). Siemens direct process in Pittsburgls 

and Landore, 271—284. Iron made at the Danks-Bonvard puddling furnace, 

ES6. 

Iron and Stool: Necessity of having Isistory of manufacture, 403, 404. Produc- 

tion in the Uuited States, 382. Specifications for, 399. (See Tostiug of Iron 

and Steel.) 
Iron cad Steel considered as Structural Materials—A Diseassioa. Papers and Re- 

marks, by AsasBeL WELCH, CHARLEs MACDONALD, GENERAL MEmOS, CAP 

ThIN LYLE, E. D. LEAVITT, Jae., T. C. CLAREE, 0. CUANUTE, A. P. BOLtER, 

Dat. EGLE5TON, G. S. MoatssoN, PERCaVAL RonEars, Ja., WILLaAM METCALF, 

and C. P. SANDBERG. 

Iron Hill, Loadville, 416, 418. 
Iron Ores: Black-band ore in West Virginia, 80, 81. Drift hematite deposits in 

James County, East Tennessee, 480. Lake Valley, New Mexico, 432. Rich 

Hill, in Southwestern Virginia, 77—79. Statistics of mining and production, 229. 

Iron Ores, Method of analysis, when containing both phosphoric and titanic acids, 
137. 

Iron-ore Mines in New Jersey, New York, valuation of, cost of ore per ton, dura- 

tion of, etc., 288. 

Iron Works of the McCormick Estate, 132. 

Ivanhoe Mine, Black Range Mountains, N. M., 441, 442. 

Jackson Manufacturing Company's Works, 135. 

Jardine and Chadwick's method of precipitating silver from solution, 14. 

Jokorst Leon discovers the Swansea copper mine, Ste. Genevieve County, Mu., 445. 

Jones gold mine, North Carolina, 476. 
Juniata location, Magdaleua Mountaius, N. M., 425. 
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Kanawha (West Virginia), splint coal, Si. 
Kaolin, in Alabama and Georgia, analyses of, 321, 322. 
KEITH, N. S., Electrical Apparatus and Processes for the Mining and Metallurgical 

Engineer, 240, 309. 

Kelley location, Magdalena Mountains, N. III., 426. 
KENT, WILLIAM, Manganese Determinations in Steel, 4, 101. 
KENNEDY, JULIAN, hot Blast Stoves at the Edgar Thomson Furnaces, "D" & 

"E," 124 495. 
KERR, W. C., Some Peculiarities in the Occurrence of Gold in North Carolina, 240, 475. 
King, Clarence, first director of the United States Geological Survey, 412, 413,421. 
King's Mountain Gold Mine, North Carolina, 475. 
Kohinoor claim, Lake Valley, N. M., 429. 

Laboratory appliances, 163, 164, 490, 492. 
Laidley, T. T. S., on the use of the U. S. testing machine at 'Watertown arsenal, 370. 
Lake Valley, New Mexico, locality, topography, geology, mineralogy, mines, and 

ores, and their metallurgical treatment, 428—440. 
Lake Superior, copper district, iroduction, 229. 
Lamp, mining, for engineers, 498. 
Landore, Siemens direct process at, 280, 2S1. 
Large Blasts at tile C/endue Limestone Quarry (FIRMSTONE), 241, 304.A corn- 

parisbn of the system of large blasts with the formerly-used method, as to cost, 
yield, etc. 

Late Developments in the Siaisens Direct Process (MANARD), 240, 271. Quotation 
from Dr. Siemens's paper, in 1877, 244—276. Failure of Park, Bro. & Co.'s ex- 
periments in 1878, 276. Success of experiment of B. I. Anderson with a rotator 
at Tyrone, 276. Construction of a large plant at Pittsburgh by the Siemens-An- 
derson Steel Company, 277. Detailed account of process at Pittsburgh, with 
cost of production, 278—280. Cost of open-hearth steel made with Siemens direct 
blooms, 280. Abstract of reports of rotator at Landore, 281. Discussion, Da. 

EGLESTON, and Messrs. METCALF and HOWE. 

Laughlin gold mine, North Carolina, 476. 
Laurel Forge, visit to, 124. 

Laurentian rocks in the Atlantic area, 478—480. 

Lead, refining of base bullion by electricity, 312. 
Lead ores of Lake Valley, New Mexico, 432. 
Lead smelting at Leadville, monograph byA.Guyard, 421. 
Leadville, Colorado, geology and mining industry of, 416,420. 
LEAVITT, E. D., JR., remarks in the Discussion on Iron and Steel considered as Struc- 

tural Materials, 372. 
Lebanon, Pa., visit to, 126. 

Lignites in Northern Mexico, 271. 
Limestone quarry at Glendon, large blasts at, 304. 
Lincoln claim, Lake Valley, New Mexico, 429, 443. 
Lochiel rolling mill, 132; visit to, 124. 
Longdale iron works, visit to, 7. 
Longmaid's process of copper extraction, 11. 
Louise furnace, 134. 
Low Moor iron works, visit to, 7. 
Lucknow's process for determining copper by electrolysis, 57, 65. 
Luray Cave, visit to, 7. 

LYLE, CAPTAIN, remarks in the discussion on Iron and Steel considered as Structural 

Materials, 369. 

McCormick estate, iron works of, 132. 

McKennan, Judge, charge, in case of Messrs. Atkins vs. The Edge Moor lion Com- 

pany, 400. 
Macfarlaud, Thomas, investigations in the metallurgy of copper ores, 15. 

MACDONALD, CHARLES, On the Necessity of Cover n,neist Aid in Organizing a System 

of Tests of Materials used fur Structural Purposce, 362. 

MACKINTOSH, J. B., Electrolytic Determination of copper and the Formation and corn- 

position of so-eli/led Allotropic Copper, 3, 57. 

Magdalena Mountains, Southern New Mexico, 425. 

Magnesian lirnestones in Southeastern Missouri, 448. 

Magnetic separation of nickel and copper ores, 305—308.' 

Malachite in Ste. Genevieve County, Missouri, 449. 

]Iallgoflese Determinations in Steel (KENT), 4, 101. Analyses of the same sample of 

steel by twelve chemists, with methods used, 101—107. Discussion, Dies. 

Dr.owx anti DuDLEY, 107—109. 

]Iangoncic a Bessemer Rail-steel (C.uo'r), 241, 302. Effect of the amount of man- 

ganese on the rolling of Bessemer rail-steel. 

Manganese: Determination in pig iron and steel, 100-111, 173, 189, 191, 104, 197, 

203. Effect on the color-test for carbon, 184. Effect on the rolling of Bessemer 

steel, 302. Limits in Bessemer rail-steel, 410. Presence in filter-paper, 108. 

Relation to carbon—gray pig iron with 16 per cent., 269. 

Manganese ores in Lalce Valley, New Mexico, 432. 

Marshbanks & Sons' works, Harrisburg, 136. 

Massachusetts iron mines, valuation ot; 2s9. 

Mather & Geist, Pueblo smelting works, 436. 

Matheson, E., paper read before the Institution of Civil Engineers, on steel for 

structUres, 405. 

Mattes: Made in copper smelting at Ore Knob, N. C., 34—4.5. Containing tellurium, 

494. 

May Meeting: Proceedings of, 1. Papers of, 9. 

MAYNARD, G. W., Lete Devlopments in the Siemens Direct Process, 240, 274. 

Meetings: Harrisburg, 119. Virginia, 1. Washington (Annual), 225. 

MEIGS, GENERAL, remarks in the discussion on Iron end Steel considered as Struc- 

tural .ihluterials, 368. 

MELL, P. H., JR., The Southern Soapstoues, Kaolin, and Fireclays, and their Uses, 

241, 318. 
Melting of steel by electricity, 313. 

Members and associates: Elected, 5, 6, 121—123, 236—238. Died, 242. Dropped 

or resigned, 243. 
Memorial session of Alexander Lyman Holley, 238. 

Memorial to Congress to establish a board to test structural mateials, 361, 366. 

Merchantable iron, 400. 

Metallizatioii of the dike, Tombstone, Arizona, 340. 

Metallurgical uses of electricity, 312—317. 

Metallurgy: Of the Lake Valley ores, 43.5. Of nickel and copper, 305. 

METCALF, WILLIAM, remarks in the Discussion on Iron and Steel considered as 

Structural Materials, 403. 

voj. x.—33 
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Mexico: Coal in the Santa Rosa district, 270. The San Miguel silver property, 
Batopilas, the new mdli, 293. 

Midnight location, Black Range Mountains, N. M., 441. 
Milling gold ores: In the Black hills, 87—89. Lake Valley ores, 435, 437. Bato- 

pilas, Mexico, 293—302. 
Mimbres Mountains, Southern New Mexico, 426. 428, 440. 
Mineral regions of Southern New Mexico (B. SILLI3IAN), 240, 424. Socorro mines, Torrence vein, presence of vanadium mineralc, stamp-mill, 424, 425. The 

Magdalenas, 425. The Juniata, Imperial, Kelly, and Soplsia locations, 426. 
The Oscuras Permian ccpper beds, 427. Resemblance to Russian copper beds, 
427. Vitreous copper ore near Fort Stanton, 427. The Lake \Talley or 
Sierra mines, 428. Their geological horizon, 430. Dips of strata, 431. Min- 
eralogical character of the Lake Valley ores, 431, 432. Croppings of cherty 
quartz, and iron and manganese oxides, 433. Assay of the ores, 434. Work- 
ing tests, 434. Treatment of the ores from the Sierra mines, 43.5. Nature and 
origin of the Lake Valley silver ores, 436. The mill, 437. New develop- 
ments, 437. The Hopeful shaft, 439. The Black Range, 440. Pyromorphite 
replaced by wulfenite and vanadium compounds, 443. -- 

Mineral veins, Hoefer's method of determining faults in, 4-56. 

Mineralogy of the Lake Valley, N. M., ores, 431. 

Mining : Copper ores at Ore Knob, N. C., 26, 29. Copper ores in Ste. Genevieve 
County, Mo., 454. Electrical apparatus for the mining engineer, 3u9. 

Mining and niilling on the Comstock lode, 420, 421. 
Mining geologists. See Mining Work of the U. S. Geological Survey. 
Mining lamp for engineers, 498. 

Mining statistics, annual reports of the U. S. Geological Survey, 422, 423. 
Mining Wed of tie U. S. Guilsyieal Surrey (Eantozcs), 241, 412. Organization of 

the U. S. Geological Stirvey, 412. Plan of work adopted, general geology and 
ntining geology, 412, 413. Relation of the government geologists to the min- 
ing engineers, 414. Importance of studying the geological strncture of a tam- 
ing region, 414—416. Geological study of the Leadville ore deposits, 416—419. 
Further illustrations of the value to tlte mining engineer of accurate geological 
knowledge, 419. G. F. Becker's study of the Comstock lode, 420. A. Hague's 
stndy of the Eureka district, Nevada, 421. W. H. Eckart's report on the me- 
chanical appliances used in mining and milling on tlte Comstock, 421. Annual 
review of mining industry, co-operation of the Director of the Census, 422, 423. 

Modelling in topograplty and geology, 264. 
Monnier's process of copper extraction, 11. 
Montalban system in the Atlantic area, 478—480. 
Monte Christo location, Black Range Mountains, N. M., 441. 
Montezuma location, Black Range Motintains, N. M., 441. 
Moscssose, G. S., remarks in the Discussion on Iron and Steel eensidered as Stnze- 

tserel Materials, 396. 
Mortars in stamp batteries, 95. 
Mother coal or dant, 85. 
MUHLENBERG, N. H., and DRowN, T. M., On the Seintien ef Pig Iran and Steel fer 

the Determinetien ef Phespherus, 5, 85, 329. 

Nail works: Harrisbnrg nail works, 132. Chesapeake nail works, 133. 
National Museum, Washington: Meeting in, 227. Authorization to transfer col- 

lections to, 243. 

Natural Bridge, Va., visit to, 8. 
Jt5Tecessity ef Gerenooent Aid in Organizing a System of Tests of Materials used fur Struc- 

tural Purposes (MACDONALD), 362. 
Need of u National Board for Testing Metals of Construction (BoaLats), 380. 
Negretta Mountains, Sontltern New Mexico, 426, 428, 440, 443. 
New England, comparison of its crystalline rocks with those of Virginia, 477. 

Now Jersey and New York, valnati'on of iron mines of, 288. 
New Mexico, the mineral regions of Southern, 424—444. 
New Mill at Batspilas, State of CirihuaiEna, Mexica (RANDoLPH), 238, 203. Prop- 

erty of the Consolidated Batopilas Silver Mining Company of New York, 
293. Character of vein and ores, 293, 294. Production, 294. Comparison 
with Silver Islet ores, 295. Situation of Batopilas, difficulty of transportation, 
295. Description of thu mill, 296. Objects in view in designing the mill, 297. 
Arrastres in use, 298. Classification of the ores and their treatment, 298—300. 

Sectionalizing tba mill, 300. Cost, 301. 

New River Cañon, Virginia, visit to, S. 

New York: Geology of the oil region, 356. Prodttction of oil, 357. Amount of 
oil remaining, 360. Valuation of iron minus in, 288. 

New York, Lake Erie and Western Railroad, bridge specifications, 377. 

Ntcuoas, EnsvAnls, Same Drift Iieusatite Deposits in East Tennessee, 241, 480. 
NscttoLsoze, Fstxxtc, A Renew of the Ste. Generiere Gapper Deposit, 241, 444. 

Nickel: Effect on tlte color-test for carbon, 185. Electrolytic method for separating 
nickel and other metals, 307. Thompson's process for the extraction of nickel 
from its ores, 305. 

Nickel and cobalt: Association with copper, 64; with copper ores, 19, 23. 

North Carolina Ore Knob copper deposit, 25. Wide distribution of gold, 47-5, 
476. 

Obelisk, gift to the Institute of specimens connected with the New York obelisk, 
6, 7. 

Obstructions in blast furnaces removed by the use of high explosives, 206. 

October Meeting: Proceedings of, 119. Papers of, 12.5. 

Officers elected, 244. 
Oil: Amount remaining in Pennsylvania and New York, 3-54—360. Production, 

357. 
Oil regions of Pennsylvania and New York, boundaries and geology of, 354—3-57. 

Open-hearth steel made from Siemens direct blooms, 280, 282, 286. Economy 
dottbted, 286. 

Ore Knob copper proiess, 25. 
Orford Copper Company's works at Bergen Poittt, N. J.7 482. 

Origin of the Ste. Genevieve, Missonri, copper deposit., 452. 

Origin of ores in Lake Valley, New Mexico, 436. 
Oscnrars Permian copper beds, in Sonthern New Mexico, 427. 

Palwnzoic rocks in Virginia, 478. 

Park, Brother & Co.'s failnrc w-ith the Sientens direct process, 276. 

Paxton blast fttrnaces, 133. Rolling mills, 124. 
Peculiarities in the Oeeurreiee of Gold in North C'arolina (KERR), 240, 475. Occur- 

rence in gneiss, 475. In feldepathic schists, 475. In sclnstose limestone, 475. 

In qnartzite schist, 475. In quartz shalas, 475, 476. In qnartzites and felsite of 
the hlnronian hills, 4:6. In a trap dike, 476. 
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Pencoyd iron works, tests of iron bars, 401. 
Pennsylvania: Available tonnage of the l,iturninous coal-fields, 144. Casualties 

in anthracite coal mines, 67. Geology of the oil region, production of oil, 
amount of oil remaining, 356—360. The Siemens direct process at Tyrone and 
Pittsburgh, 277—284. 

Pennsylvania Lead Company's works, method of assaying silver bullion, 490. 
Pennsylvania Museum and School of Industrial Art, transfer of th collections of 

the Institute authorized, 243. 
Pennsylvania Railroad Company: Special train grovided by, 124. Specifications 

for iron bars, 401. 
Pennsylvania Steel Company: Description of works of; 124. Hospitality of; 124, 

126. Visit to works, 124. 
Permian copper beds in Southern New Mexico, 427. 
Philadelphia and Reading Coal and Iron Company, visit to the hematite ore mines 

of, 124. 

Philadelphia and Reading Railroad Company, special train provided by, 126. 
Phosphoric acid (see also Phosphorus) : Determination of; in ores containing titanic 

acid, 137. Replaced by molybdic and vanadic acid, 443. 

Phosphorus: Determination in pig iron and steel, 85, 166, 188, 192, 193, 196, 197, 
203, 241—322. Effect in the color-te-t for carbon, 184. Eliminated in iron- 
making at low temperatures, 285. Existing to tIme extent of 15 per cent, in 
pig iron, 391. Limits in Besoeruer rail-steel, 410. Low phosphorus in drift 
hematite deposits in East Tennessee, 481. 

Phosphorus Delermninations in Pig lion and Steel (BACOIaIAN), 241, 322. A compari- 
son of the methods and results of nineteen chemists in determining phosphorus 
in pig iron and steel. 

Pig copper refining at Ore Knob, 46. 
Pig iron: Determination of phosphorus in, 8.5, 322—334. Determination of silicon, 

85, 32.5. With 15 per cent, phosphorus, 391. 
Pima Copper Mining and Smelting Company's works at Pclton, Arizona, experi- 

ments on fans and positive blowers, 483. 
Pine Grove furnace, visit to, 124. 
Pittsburgh, Pa., Siemens direct process at the Siemens-Anderson Steel Company's 

works, 277—284. 
Placer mines, Black Hills, Dakota, 465—475. 
Positive blowers, efficiency of, compared with fans, 482. 
Potsdam formation, Black hills, Dakota, gold and silver in, 465—475. 
Potsdam quartzites, relation to the Atlantic gneisses, 477, 478. 
Powell, Major J. W., address at the Washington Meeting, 232. Reception of Major 

and Mrs. Powell, 238. 
Precious metals: Production of the Tombstone mines, 335. Separation from cop- 

per, 11. 
President Arthur's reception at the White House, 240. 
Petroleum. See Oil. 
Prevention of smoke in the Flannery boiler-setting, 212—219. 

Proceedings: Virginia meeting, 1. Harrisburg meeting, 119. 'Washington (An- 
nual) meeting, 225. 

Production of bituminous coal in Pennsylvania, 149. 
Production of iron and steel in the United States, 382. 
Production of iron mines in New York, New Jersey, Connecticut, and Massachu- 

setts, 289. 

Production of oil in Pennsylvania and New York, 3-57. 

Production of the Ore Knob copper mine, 28. 
Production of the precious metals of the Tombstone mines and mills, 334. 

Production of Ste. Genevieve copper mines, 4.55. 

Production of the mines of tIme United States, reports of the U. S. Geological Sur 
vey, 422, 423. - 

Projection drawing, instruments for, 261. 
i'rovisions: Prices at Ore Knob, N. C., 31. At Ste. Genevieve copper mines, 455. 
Pueblo smelting works of Mathier & Geist, 436. 

Punching not allowable in structural steel, 405. 
- 

Purification of water by filtration, 112—118. 

Pyromorphite replaced by vanadium compounds in Southern New Mexico, 443 

by wulfenite in the lead and silver veins of Central North America, 443. 

Pyrrhotite in Ore Knob ores, 56, 57. 

Rail-steel : Chemical method for analyzing, 162. Effect of manganese on the roll 

ing of, 302. 
Rand, A. C., description and exhibition of a new blasting compound, 123, 124. 

RANDOLPH, J. C. F., The Sew Mill at Batopilas, Stole of Uhihnahun, Meiieo, 238, 291 

RAYMCIND, 11. W., Hoofer's Method of Determining Pexults in Mineral Veins, 241, 456 

Receptions: In Harrisburg, 124. In Staunton, 4. In Washington, 238, 210. 

Refining pig copper at Ore Knob, 46. 
Refreshment of metals, 393. 

Report of the Council, 242. 

Report of the secretary and treasurer, 242. 
Resolutions of thanks, 7, 125, 244, 245. 
Rhodes gold mine, N. C., 475. 

Rich 11111 Iron Ores (DEwEy), 4, 77. Geology of Rich Hill, 77, 78. Amount c 

ore, 78. Analyses of oris, 78, 79. Topography and transportation, 79, 80. 
Richmond and Alleghany Railroad, special trains provided by, 7, 8. 
ROBERTS, PERCIVAL, JR., remarks in the discussion on Iron and Steel considered em 

Structural Materials, 309. 
Rock breakers, Blake's, 97. 
Rocks of Virginia compam'ed with those of New England, 477. 

Roof-falls in anthracite coal mines, from 1871 to 1880, 67. 
Rotator. See Siemens direct process. 
ROTH WELL, R. P., The Gold-fields of the &uthern Portion of San Domingo, 241, 341 

Rubbers (Eureka) in stamp mills, 97. 
Russell gold mine, North Carolina, 476. 
Rustlers (banditti) in Southern New Mexico, 441. 

Saccharoidal limestone in Southeastern Missouri, 448. 

Salanmanders, treatment of, in Ore Knob copper process, 45. (See also Blast fur 

nace.) 
SANDBERG, C. P., communication to the discussion on Iron and Steel considered a 

Structural Matem-ials, 405. Introduction to Mr. Troihius's paper on Cheesier 

Methods of Analyzing Rail-steel, 162. 
San Domingo, the gold-fields of, 345. 
San Miguel silver property, at Batopilas, Mexico, 293. 
Santa Rosa district, Mexico, occurrence of coal, 270. 
Scaffolds in the blast furnace removed by high explosives, 206. 
Scale frOm Landore, analysis of, 281. 
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Schmidt, Dr., geology of the Ste. Genevieve, Mo., copper deposits, 453. 
Schntzenberger's allotropic copper, 59, 61, 62. 

Secretary's and trcasnrer's report, 242. 
Sections of the ore-deposits in Ste. Genevieve Connty, Mo., 450. 
Shaking engine (Enrich's) for the volumetric assay for silver, 492. 
SHARPLES, S. P., note on black band iron ore in West Virginia, 4, 80. Remarks 

in discussion of Mr. Mackintosh's paper on the Determination of Copper by Rice- 
Ire! ysis, 65. 

Sheffelin Brothers made first location at Tombstone, Arizona, 334. 
Shenandoah iron Works, visit to, 7. 
Shenandoah Valley Railroad, special train provided by, 7. 
Sherman, General, address of, 227. 

Sinmer, P. W., detection of manganese in filter paper, 108 
SzcIMEec, P. WT. and Dlco\vx, P. M., The Analysis of Iron Ores csntaiaing both 

Phosphoric end Titanic Acids, 124, 137. 
Shoes in stamp-batteries, 95. 
Slinmard, Dr., Geology of the Ste. Genevieve copper deposits, 447. 
Siemens-Andcrson Steel Company's works at I'ittsbnrgh, 277—284. 
Siemens direct process at Pittsburgh and Landore, 271—284. Economy donbted, 

286. 

Siemens-Martin steel : Made with Siemens direct blooms, 280, 282—286. More 
regular tlntu Bessemer steel, 411. 

Sierra mines: Sierra Bella, I'lata, Grande, and Apache, Lake Valley, New Mexico, 
429, 437. 

Silicon: Determination in iron and steel, 85, 172, 189, 194, 197, 200, 32.5. Effect on 
color test carbon, 185. Great source of irregularity in Bessemer steel, 408, 410. 
Limits of in Bessemer rail steel, 410. Necessary to give solid ingots, 409. 

S5LL55IAN, B. The lEn era! Regions ef Southern New Mexico, 240, 424. 
SILLsarAsc, J. M. Instruments for Projection Droning, 241, 261. 
Silver: In Ore Knob copper, 50,51. Separation from copper, 11 et seq. Separation 

from copper, lead, and zinc, by electrolysis, 312, 315, 317. 
Silver bullion, assaying of, 490. 

Silver chloride, solnbility in sodinm and other chlorides, 14, 24. 
Silver Clifl experience at, with milling nianganiferons silver ores, 43.5. 
Silver mill at Batopilas, Mexico, 293. 
Silver ores of Sonthern New Mexico, 424—444. Assay of, 434, 435. Manganife- 

rons, 435. Metallnrgical treatment, 435—437. Nature and origin of, 436. 
Silver ores near the coal measnres, Santa Rosa district, Mexico, 271. 
Silver ores at Batopilas, Chihnahna, Mexico, 293, 294, 298—300. 

Slag pots at Ore Knob, North Carolina, 39. 
Slags in copper smelting at Ore Knob, North Carolina, 38, 39, 45, 47. 

Smelting at Leadville, monograph, by A. Gnyard, 421. 
Smelting copper ores at Ore Knob, North Carolina, 25. 
Smelting silver ores from Lake Valley, New Mexico, 43.5, 436. 
Swocx, J. C., Voleotioe of Iron Mines in New York end New Jersey, 241, 288. 
Smoke, prevention of, in the Planners- boiler-setting, 212—219. 

Soapstone: Ocenrrence in the Sontimermm States, analyses, fire-test, used by the Indians 
for ntensils, 318—321. 

Socorro mines, New Mexico, 424. 
Solution of Pig Iron and Steel for the Determination of Phosphoins (MUHLENBERG aud 

Duowae), 5, 85, 329. 
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Sophia Location, Magdaiena 1onntains, New Mexico, 426. 

Southern Seopstones, Kaolin, ond Firectoys end their Uses (MELt), 241, 318. Fire- 

tests of soapstones, 318, 319, 321. Analyses of specimens from Alabama, Geor- 

gia, North Carolina, and Sooth Carolina, 318—320. Use of this soapstone by 

the Indians for utensils, 321. Analyses of kaolin from Alabama, 321, 322. Fire- 

clay, 322. 

Spanish iron ore, analysis of, 281. 

Spanish pyrites, metallurgical treatment of, 15. 

Specifications for iron and steel, necessity of having a history of the manufacture 

403, 404. 

Specifications fur Testing Iron and Steel (Roisastvs), 399. 

Splint Coal of the Kanawha Valley, West Virginia, 81. 

Stamp mill: At Batopilas, Mexico, 293. At the Father de Smet Mine, Black lIill 

94. At the Sierra Mines, Lake Valley, New Moxie), 437. At the Socorr 

Mines, New Mexico, 425. 

Standard tests and specifications for iron ama! steel, 403, 405, 411. 

Stanton Claim, Lake Valley, New Mexico, 429. 

Stas pipette, for silver assaying, 493. 

Statistics of production, etc. See Prodnctioms. 

Stannton, Virginia, meeting and reception at, 3, 4. 

Steam-bath for laboratory nse, 490. 

Steam-boiler works, harrisburg, Pa., 136. 

Steel: Characters titting it for strnctnrnl uses, 366, 398. Effect of manganese 

the rolling of, 302. Importance of more reliable knowledge and tests, 3€ 

375. Maxinmum strain allowed by Board of Trade in England, 405. Melti: 

by electricity, 313. Open-hearth steel niado from Siemens direct blooms, 21 

282, 286. Open hearth and basic steel more regular than Bessemer steel, 4 

Pmmncbing not allowable in structural steel, 405. Strength and ductility 

together, 405. See also Testing of Steel. 

Steel: Discussion on Iroms end Steel considered as Structural dhlutericds7 361—411. 

Steel for structures, a paper by Matheson, 405. 

Steelton, Pa., visit to, 124. 

Steel wires coated with copper, 317. 

Steel works: Description of the Pennsylvania Stool Works, 120. Visit to7 124. 

Ste. Ge,scriccc Copper Deposit (NtcstOLSoN), 241, 444. Historical sketch, 444. I 

covery and assay of ores, 444. New openings, 445.. Extraction of ore, 4 

Shipment of ore, 446. Geology, 446. Number of beds, 448. Ores, 449. 

tions of tIme ore-deposit, 450. Geological hnstory of the deposit, 452.. Met 

of working, 454. Cost of working and of provisions, 455, 450. 

Storage of electricity, 313, 316. 

Strieby Claim, Lake Valley, New Mexico, 429. 

Structural Materials: Irs's end Steel considered es Strecturel lluterio.ls.A Dis 

sion, 361—411. 

Stnrtevant fans, experiments to determine the efficiency of, 484—490. 

Subscription dinner, Washington Meeting, 240. 

Sulphur: Determination in iron and steel, 177, 189, 195, 197, 201. Effect on 

color-test for carbon, 185. Limits in Bessemer rail steel, 410. 

Sulphur fumes resnlting from smelting at Ore Knob, 56. 

Snlphuret Claim7 Tombstone, Arizona, 342. 

Surprise Location, Black Range Mountains, New Mexico, 441. 

Swansea Copper Mine7 Ste. Genevieve County, Mo., 445, 449 
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Tsbles in stamp mills, 97. 
Taylor's Ridge. East Tennessee, drift hematite deposit, 481. 
Tellurium in Copper (EGLESTON), 12.5, 493. 
Tenorite in Ste. Genevieve, Missouri, copper deposit, 44.5, 450. 
Test Support for the English Gspeliatwn Furnace (F. C. BLAME), 124, 220. 
Testing Machine at Watertown Arsenal. See United States Testing Machine. 
Testing of ircia and steel (see also Steel and United States Testing Machine). Chemical 

tests, 406. Comparative tests of iron bars at Pencoyd Iron Works, Fairbanks' 
and Watertown Arsenal, 401. Effect of vibration or impact, 384, 406, 407. 
Government aid in testing materials of construction, 361—411. Importance of 
testing full-sized members, 364, 375, 377, 378, 383, 392, 39S. Influence of size 
of bar on its strength per square inch, 375, 377. Necessity of knowing his- 
tory of manufacture, 403. Specifications for testing iron and steel, 399, 403. 
Standard tests, 403, 405, 411. Strength and ductibility shoul always be men- 
tioned together, 405. Tensile strength, 406. Unreliability of ordinary testing 
machines, 369, 370. Work of the United States Board for Testing Iron and 
Steel, 363, 364. 

Texas, brown coal near San Antonio, 272. 
Tidal Wave Claim, Black Range Mountains, New Mexico, 443. 
Titanic acid, determination of, in ores containing phosphoric acid, 137. 
Tombstone, Arizona, geology and veins of; 334—344. 

Topographical and Geological Modelling (HARDEN), 241, 261. Description of the 
method used in making plaster models to show topographical and geological 
features. 

Tonnage of the bituminous coal fields of Pennsylvania, 144. 
Torrence Mine, Socorro, New Mexico, 424. 
Toughnut Claim, Tombstone, Arizona, 336, 342-344. 
Transactions of the American Institute of Mining Engineers, classification of papers, 

233, 234. 

Transportation in the South, 57. 
Traps in stamp mills, 97. 
Treasurer's report, 242. 
Treasury Department, Washington, visit to, 240. 
TROILIIJS MAC XL'S. C'hemieal Methods of Analyzing Bail Steel, 124, 162. 

Tungsten, effect on the color-test for carbon, 18.5. 

Tyrone, Pa., Anderson's experimental rotator, 276. 

United States Board to Test Iron, and Steel: Creation of, 363, 384: Work of, 363, 
364, 385, 392. Abolishing of, 387. 

United States Geological Survey. See the Mining Work of the United States Geo- 
logical Survey. 

United States Testing Machine at Watertown Arsenal, 363, 364, 367, 370, 371, 372, 
374, 378. 38.5, 390, 396, 401. 

Use of High Explosives in the Blast Furnace (WITHERREE), 12.5, 206. An account 
of the removal of obstructions in the Cedar Point Furnace, April, 1881, by the 
use of Atlas powder. 

Valuation of Iron Mines in New York and New Jersey (Saiocia), 241, 238. Table of 
mine statistics, 289. Ratios of product to capital, 289. Cost of ore per ton, 290. 
Elements which enter into the problem of valuation, 290—293. Duration of 
mines, 291. Method of valuation, 292, 293. 

Vanadium, effect on the color-test for carbon, 185. 

INDEX. 

Vanadium minerals in Southern New Mexico, 425, 432, 443. 

Veins, Hoefer's method of determining faults in, 4.56. 

Vibration, effect on iron and steel, 384. 

Virginia: Comparison of its crystalline rocks with those of New England, 
The Falling Cliff Zinc Mine, Ill. The Rich Hill iron deposit, 77. 

Virginia meeting: Proceedings of, 1. Papers of, 9. 
Vizina Claim, Tombstone, Arizona, 336. 

Voihard's method of determining manganese, 204. 

Volumetric assay of silver bullion, 491—493. 

Volumetric Estimation of Manganese in Pig Iron and Steel (WILLIAMS), 3, 1 00. 
Volumetric Method of Estimating Phosphorus (WRIGHT), 197. 

WARD, W. P. Notes on the Behavior of Manganese to Garbon, 240—269. 

Washington (Annual) Meeting: Proceedings of, 225. Papers of, 247. 

Water, mechanical purification by filtration, 112—118. 

Watertown Arsenal. See United States Testing Machine. 

Way-up Claim, Tombstone, Arizona, 336, 343. 
WELCH ASHBEL, remarks in the Discussion on Iron and Steel cousidered as 

fatal Materials, 361. 
West Virginia: Biackband iron ore on Davis's Creek, SO, Si. Splint coal of 

Kanawha Valley, Si. 
Wet-processes of copper extraction, 11—25, 27. .56, 57. 

Wheeler's Survey discontinued on the establishment of tile United States Genin 

Survey, 412. 
White and Parsons locate the Grand Central and Contention claims, 337. 
White House, Washington, visit to, 240. 

White Sulphur Springs, visit to, 4, 8. 
Wild Horse Location, Black Mountains, New Mexico, 441. 

WILLIAMS, F. H. A Volumetric Esti,nation of Manganese in Pig Iron and St1 

100. Method of deterniining silicon in pig iron, 325. 
Wister blast furnace, 134. 

W1THERBEE, T. F. Time Use of High Explosives in time Blast Furnace, 125, 206. 

Walcott on tile geological horizon of Lake Valley, New Mexico, 430. 

Wood: Price of, at Ore Knob, 30 Testing of wood and woollen structures, 3t 

WRIGHT, B. B. A Volunmetric Method of Estimating Phosphorus, 197. 

\VRIGLEY, H. E. The Amount of Oil remaining in Pennsylvania and New 

241, 354. 
Wulfenite replacing pyromorphite, 443. 

Yelitre, H. B. Assays of tile Ste. Genevieve copper ore, 444. 

Zimmerman's rule for determining faults in veins, 456. 

Zinc, effect on copper, 64. 

Zinc ores, the Falling Cliff Zinc Mine, 111. 

HERATA. 

Page 460. In Figure 3 there should be inserted an 0 between M and N. 
Page 409, 9th line from top, for Btack Taf2 read BlaeltaU. 
Page 470, 6th line from bottom, for Terror read Golden Terra. 
Page 472, 6th line from top, for Btocktail read Blacktail; also on page 473, 13th line froi 

torn. 
Page 472, 15th line from top, for coping read capping. 
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