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PUBLICATIONS.

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in the Proceedings, are not subsequently published, they have been withdrawn by the authors.)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

RULES

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

1880,

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

II.
MEMBERSHIP.
The Institute shall consist of Members, Honorary Members, and Associates.
Members and Honorary Members shall be professional mining engineers, geologists,

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

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

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

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

VI.
MEETINGS.
The annual meeting of the Institute shall take place on the third Tuesday of
February, at which a report of the proceedings of the Institute and an abstract of
the accounts shall be furnished by the Council. Two other regular meetings of the
Institute shall be held in each year, at such times and places as the Council shall
select, and notice of all meetings shall be given by mail, or otherwise, to all members and associates, at least twenty days-in advance. Special meetings may be
called whenever the Council sees fit; and the Secretary shall call a special meeting
on a requisition signed by fifteen or more members. The notices for special meetings shall state the business to be transacted, and no other shall be entertained.
Every question which shall come before any meeting of the Institute, shall be
decided, unless otherwise provided by these Rules, by the votes of a majority of
the members then present. Any member or associate may introduce a stranger to
any meeting; but the latter shall not take part in the proceedings without the consent of the meeting.
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VII.
PAPERS.
The Council shall have power to decide on the propriety of communicating to the
Institute any papers which may be received, and they shall be at liberty, when they
think it desirable, to direct that any paper read before the Institute, shall be printed
in the Transactions. Intimation, when practicable, shall be given, at each general
meeting, of the subject of the paper or papers to be read, and of the questions for
discussion at the next meeting. The reading of papers shall not be delayed beyond
such hour as the presiding officer shall think proper; and the election of members
or other business may be adjourned by the presiding officer, to permit the reading
and discussion of papers.
The copyright of all papers communicated to, and accepted by the Institute, shall
be vested in it. unless otherwise agreed between the Council and the author. The
author of each paper read before the Institute shall be entitled to twelve copies, if
printed, for his own use, and shall have the right to order any number of copies at
the cost of paper and printing, provided said copies are not intended for sale. The
Institute is not, as a body, responsible for the statements of fact or opinion advanced
in papers or discussions its meetings, and it is understood that papers and discussions should not include matters relating to politics or purely to trade.

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

PROCEEDINGS
OF THE

XLIId (CHATTANOOGA) MEETING.
MAY, 1885.

VOL,. xrv.—1

PROCEEDINGS OF THE FORTY-SECOND MEETING,
CHATTANOOGA, MAT, 1885.
LOCAL COMMITTEES.
Committee of Arrangements.—H. S. Chamberlain, Chairman; M. I. Chapman, Secretary ;
M. Grant, Louis S. Colyar, Hugh Whiteside, John C. Griffiss.
Committee on Entertainment and Excursions.—H. Clay Evans, Chairman; M, Grant, J, L.
McCollum, W. W. Yonge, Creed F. Bates.
Citizens' Reception Committee.—J. T. Wilder, Chairman; Garnet Andrews, .T. E.
McGowan, Tom Port, D. P. Montague, M- J- O'Brien, Xen. Wheeler, S. R. Bead, Robert
Morrison, J. M. Duncan, W. E. Baskette, E. F. Sevier, Edward Dond, J. T. Hill', S. B.
Lowe, C. E. James, W. F. Fischer, T. H. Payne, H. M. Wiltse, Dr. P. D. Sims, Major
W. E. King, George E. Downing, Z. C. Patten, D. Woodworth, Jr., D. B. Loveman, John
A. Hart, M. H. Clift, G. M. D. Heard, S. A. Key, J. M. Vernon, A. S. Ochs, T. G.
Montague, W. S. Marshall, Dr. G. A. Baxter, H. F. Temple, T. A. Snow, W. W.
Jackson.
South Pittsburg.—A. M. Shook, Superintendent Lodge, John Frater.
Rockwood.—M. M. Duncan, D. T. Peterman, John Patton.
Dayton.—-John H. Ferguson, W. C. Gardenhire, Harry Hargraves.
Headquarters.—Stanton House, Chattanooga.

The opening session was held Tuesday evening, May 19th, in the hall of
the Iron, Coal, and Manufacturers' Association, Nos. 12 and 14 East
Ninth Street, Chattanooga. The hall was beautifully decorated with
flowers. Captain H. S. Chamberlain, Chairman of the Local Committee
of Arrangements, called the meeting to order, and introduced General J.
T. Wilder, who delivered a brief address, cordially welcoming the
Institute, in behalf of the city, on its second visit to Chattanooga, and
giving, with the aid of the large geological map of the Iron, Coal, and
Manufacturers' Association, a graphic and interesting explanation of the
geological, topographical, and industrial conditions of the Tennessee
region.
President J. C. Bayles, after acknowledging the hearty greeting thus
extended, proceeded to address the Institute as follows :
GENTLEMEN OF THE INSTITUTE : The very interesting and remarkable
development of iron manufacture in the South, since our meeting in this
city seven years ago, suggests some thoughts which seem to me
appropriate to the time and place, as a prelude to the more formal
business which awaits our attention. I shall consider
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briefly some of the aspects of Southern industrial progress as they
present themselves to my mind.
In the following table, prepared from official sources, is shown
the iron production of what is known as the Chattanooga District,
including Southeastern Tennessee, Georgia, and Alabama, from
1878, the year of our first meeting in the South, to and including
1884:

The increase in the number of blast furnaces in the Chattanooga
district, the limits of which I have already defined, is shown in the
following table, giving the number at the close of each year since
1872 :

Total annual capacity in 1872, say, 50,000 net tons, an average of
3125 tons per furnace. Total annual capacity in 1884, 565,000 net
tons, an average of 15,300 tons per furnace.
The pig-iron production of the territory south of Pennsylvania
and Ohio, exclusive of Missouri, for five years ending with 1884, is
shown in the following table:
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The coal production of Georgia, Alabama, and Tennessee was
144,418 tons in 1870, and, approximately, 3,400,000 tons in 1884.
For the entire South it was 3,192,300 tons in 1870, and 10,844,000
tons in 1884.
The progress of the South, is not, however, confined to raining
and iron-making. A southern statistical authority, the Baltimore
Manufacturers' Record, in its issue of January 10, published a list
of new manufacturing and mining enterprises organized in the South
during 1884, showing that the capital, including capital stock, of
incorporated companies was $105,000,000; and a similar report for
the first three months of 1885 gives $21,000,000. These figures are
perhaps misleading, as due allowance is not likely to be made for
the capitalization of small enterprises on a large nominal basis.
Some of these companies may never carry out the objects for which
they were organized, and others may not issue the full amount of
stock; but these statistics show a very great activity in Southern
manufacturing and mining enterprises—greater by far than is generally supposed. In 1879 the assessed value of property in the
South was $2,184,000,000; in 1884 it was $2,980,000,000, an increase of $800,000,000. In 1884 the Charleston, S. C, News and
Courier made a careful and exhaustive investigation of the manufacturing and mining interests of South Carolina, taking up every section of every county in the State. According to this report, which
has everywhere been accepted as quite trustworthy, the aggregate
value of the products of all manufactures in that State in 1883 was
$32,324,404, and of mines $2,440,000, against $16,738,008 and
$1,180,805 as the value of the products of manufactures and mines,
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respectively, during the census year 1879-80. And yet South Carolina has not made as much advance in these industries since 1880
as Virginia, North Carolina, Georgia, Alabama, Kentucky, or Tennessee. A complete census of the industrial interests of the South
in 1885 would be a revelation.
It is not ray purpose, however, to present even such statistics as
are available relating to industrial development in the Southern
States. In the few minutes at my command I can consider only
very briefly the economic aspects of iron-making in the South, and
especially in this district, already of national importance as a center
of production. The fact that the South has many and conspicuous
natural advantages favorable to cheap and abundant iron production,
will be conceded without argument. But one does not need to be a
very close student of industrial statistics to discover that it is possible
to overestimate the importance of natural advantages. The history
of Great Britain—for the past quarter of a century largely dependent
upon advantages acquired through superior commercial enterprise—
illustrates this in a very striking manner. Elsewhere we find examples showing that, in spite of natural disadvantages so obvious
that one may well wonder at the courage shown in beginnings made
under such adverse circumstances, great industrial developments are
possible, and that with such seemingly artificial developments the
competition of natural advantages is attended with many discouragements.
In her wealth of contiguous ores and fuels the South can justly
claim such advantages as might be sought in vain almost anywhere
else. That these advantages have told heavily in her favor, and
with greater or less weight against less favored sections, one need
but glance at at our iron-trade statistics to see. But, not withstanding all that Nature has done for the South, she has not forgotten the
law of compensations, which may be traced in all her open-handed
beneficence. Even here the wheel of fortune does not turn in antifriction bearings, and experience has already shown that in the
South, as elsewhere, nature has left a good deal to be done by skill
and enterprise; that here, as elsewhere, the conditions of success
must be attained by means very similar to those which are more
obviously necessary where nature has been less generous in dispensing her favors. If we dismiss from mind all the sensational stories
which from time to time have spread a more or less modified
consternation among Northern iron-makers, we may safely count
upon the assent of conservative Southern opinion to the state-
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ment that probably there has been very little profit realized
in selling Southern irons for less than the admitted cost of competing Western and Northern irons, in Western and Northern
markets.
The question of the cost of pig-iron is one of first interest to every
one identified with enterprises promotive of the development of the
country. The elements which enter into the manufacture of pigiron are so few, and the methods of its production are so generally
known, that tabulated statements of cost are exceedingly common.
Many such statements get into print, and, whether they are
authentic or not, they are used for purposes of illustration or comparison for months or years after their first appearance. Often they
are purely speculative and represent what the poet has delicately
described as "large desires with most uncertain issues." They are
usually based upon the prices at which iron is to be made in furnaces not yet built; but if these hypothetical furnaces are located in
the Lehigh Valley, in the Straitsville district, in Virginia, at Chattanooga, or at Birmingham, such a tabulation of cost items is made
the basis of all sorts of comparisons with other districts. The older
and less trustworthy the statement, and the more sensational its
character, the more often it is relied upon to prove the superior facilities for the manufacture of pig-iron in some undeveloped region. I
remember very well a pamphlet issued a few years ago, when costs
were very high and prices enormously inflated, in which the cost of
pig-iron on the Lehigh, on the Susquehanna and at Pittsburg was
given, in comparison with figures, principally conjectural, for Virginia and other Southern States. Its object was to show how much
more cheaply pig-iron could be produced in the South than in the
old producing districts of the North. The figures served their purpose at the time, but since then the cost of iron-ore and the wages
paid for labor have been greatly reduced; yet we still find these old
tables of the cost of pig-iron on the Lehigh, on the Susquehanna,
and at Pittsburg, marshalled in line with conjectural statements of
the cost of pig-iron in undeveloped districts, just as though there
had been no change in the elements of cost for four years. A little
over a year ago Mr. J. B. Morehead, of Conshohocken, Pa., submitted to the Ways and Means Committee an authentic statement of
the average cost of producing pig-iron in the Schuylkill Valley, which
he showed was about $18.30. This statement has been published
widely, and was received without criticism. Considered in connection with the prices of raw materials as they ruled when he made
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up his statement, ft is probably as nearly correct as as it can be
made, but the changes which have since taken place, affecting the
cost of ore, coal and labor, have already destroyed their value for
purposes of present comparison. We need not be surprised, however, to see these figures used for many years as showing how much
more cheaply pig-iron can be produced in certain remote and undeveloped districts than in the Sehuylkill Valley.
If we carefully examine the conditions existing in one of the most
favored and promising districts of the South, we find that it is possible to exaggerate the local advantages even without the intention
of so doing. When the red fossil ores of Alabama were first used,
they were taken from along the Red Mountain outcrop. They were
easily and cheaply mined, and averaged nearly, if not quite 50 per
cent, of metallic iron. In estimating the cost of producing iron
from these ores it was assumed that 2 tons of ore to the ton of iron
would be needed, and that the ore at furnace would not cost more
than 60 cents per ton. But of this surface-ore the quantity is comparatively limited. To secure a supply, mining below the surface
is necessary, and as we go deeper we find that the ore becomes harder
and more difficult to mine, as well as leaner in iron, averaging only
about 40 per cent. When operations began a good miner could
easily mine 8 to 10 tons of the soft surface ore a day without explosives, but it requires a good hand to mine 4 tons of the hard ore in
a day, even with a liberal use of 40-per cent, dynamite. Consequently, instead of making a ton of iron with 2 tons of ore, costing
$1.20, it requires 2 2/5 tons of ore, costing about $2.40 per ton of iron.
For furnaces so situated that a railroad haul is necessary 25 cents per
ton must be added, bringing the cost of ore up to about §3 per
ton of iron, or $1.80 more than the original estimates. There is
plenty of ore in Red Mountain, but it is not all available. Its
quality varies as much as its quantity. Much of it is so silicious as
to have no present value. According to the best information I can
gain, the red fossil ores used at all the coke-furnaces in Alabama
carry an average of 17 per cent. silica, and the percentage increases
as greater depths are reached. The surface-ore contains but little
lime, while the hard ore contains from 15 to 30 per cent. In this
variation is found the explanation of much of the difficulty experienced by furnace managers in Alabama. The greatest care is necessary to keep the surface-ore and the hard ore separate, and the
burden must be changed frequently. Hence lime sets and scaffolds
are very common, and the time lost by reason of these almost una-
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voidable accideuts would turn a Northern furnace manager's hair gray in a
very brief period.
The fuel supply of this favored district is from the Pratt seam. When
free from slate and dirt the coal is good and produces a lustrous medium
coke, but in the shape in which it mostly reaches the furnaces the coke is
not a first-class furnace fuel; and considerably more than the originally
estimated quantity is needed to produce a ton of iron. It has been stated
that iron has been made with 11⁄2 tons of this coke, but I do not think the
statement has been substantiated. It probably takes 13⁄4 tons, to which must
be added fuel burned under boilers and for other purposes, bringing the
average up to 2 tons of coke per ton of iron.
Between the ore on one side and The coal on the other lies plenty of
limestone—conveniently near, but, unfortunately, most inconveniently
placed. In fact, the whole valley is full of limestone, much of it of
superior quality. It is not, however, available for use in the furnaces of the
district we are considering. It is all standing on edge, and the limestone
used is obtained from a distance of 30 miles from the center of iron
production, and is delivered by rail, costing 85 cents per ton of 2240
pounds.
The labor question is a troublesome one. The supply is abundant, but it
is ignorant and unintelligent. Common labor commands $1 per day, and
other labor is paid in proportion; but constant and strict supervision is
necessary. The cost of labor at furnaces varies, I am told, from $2 to
$2.50 per ton of iron. Perhaps $2.50 would be a fair average for labor
and salaries.
Taking the facts as they are, I have the best and most intelligent, as well
as the most conservative local authority for calculating the cost of ironmaking at the point where the natural advantages seem to be greatest, as
follows:
2 2/5 tons ore at $1.25, ...................................................... $3.00
2 tons coke at $2.50, .............................................................. 5.00
1 ton limestone at So cents,........................................................ 85
Salaries and labor,................................................................. 2.50
Interest and expenses, .............................................................. 50
Repairs and replacement,......................................................... 50
Total, ....................................................................... $12.35
In this the average cost of coke is underestimated : $2.75 per ton would
be nearer correct than $2.50, waste included.
I am aware that, in calculating the cost of iron, interest is usually
omitted, but in the judgment of all skilled accountants interest is as
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much a part of cost as materials, even when it does not have to be paid for
the use of money borrowed on bonds or paper. Capital which does not
earn interest is not invested, but sunk or locked up.
The average cost of getting this iron to market, including selling
commissions, may be placed at $4. There is nothing in this total of, say,
$16, to keep within safe bounds, to discourage the Southern iron maker, nor
to alarm the producers of other sections. Pig iron of satisfactory quality
can be made as cheaply at a great many favorable points North and West.
Since these figures were prepared I have had opportunity to examine
critically the remarkable tables in the report on the " Consumption of Iron
Ore and Fuel in the Production of Iron and Steel in 1884," by Mr. George
W. Cope, Secretary of the American Iron and Steel Association. The
correctness of these figures is not likely to be impeached, as they are
compiled from the best obtainable data. They show that in Pennsylvania the
average consumption of ore per ton of iron produced is 1.83 tons, which
gives 54.7 per cent, as the average yield in metallic iron. For the whole
United States the average is 1.87 tons of ore per ton of iron produced,
giving an average of 53.4 per cent, of iron. For Tennessee, Georgia,
Alabama, and North Carolina, the average consumption of ore per ton of
iron is 2.31.5 tons, averaging 43,2 per cent. iron. From this it appears that
Southern ores yield in the furnace 10.2 per cent, less iron than the
average of the ore used in all the furnaces of the country, and that it
requires .44 ton more ore than the national average to make a ton of iron
in the South. The fuel comparison is equally surprising. The general
average consumption of coke per ton of iron is 1.31 tons. This figure is
reached by making due allowance for the coke equivalent of raw
bituminous coal used, which in Mr. Cope's tables is counted as coke. In
Tennessee, Georgia, Alabama, and North Carolina, the average coke
consumption per ton of iron is 1.48 tons. Recapitulating these figures we
find that in so much of the South as includes Tennessee, Georgia, Alabama,
and North Carolina, the ore runs 10.2 per cent. in iron below the average
of ores used in the United States, that .44 ton more of ore is needed to
the ton of iron made, and that the coke consumption to the ton of product
is .39 ton greater. What then, it may be asked, becomes of natural
Southern advantages? The answer is that it is found in the contiguity of
ores and fuel. The average of ores and fuels together per ton of iron
produced is 31/4 tons for the whole country. If we knew the average haul
per ton of material charged we should
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know just how far the advantage of the Southern furnaces in this item of
costs offsets the disadvantages noted. Probably a balancing of the two sides
of the account would show a credit for the Southern furnaces large enough to
fairly offset, at least, the heavier transportation charges borne by their
product in reaching a market. I am sorry that these figures are not available,
as they are the items which belong on the credit side of the Southern
account. I do not dare to risk any speculations concerning them without
better data than I now have of average haul of materials and product, and
average cost of transportation per mile.
Not being a maker of pig-iron, and having no local interests to serve, I
do not hesitate to give it as my opinion that, while the South will
undoubtedly increase in importance as a source of pig-iron supply, it is not
destined to monopolize the business of iron making. The sharp competition
of Southern irons in Northern and Western markets is already causing the
conditions so to change as to effect an equalization of advantages. Ores,
coal, and labor are cheapening where the demand for them is lessened by
causes discouraging production, and they must advance in value where the
demand for them is stimulated. The cost of freights will always be a
protection to those making iron nearer the great centres of consumption, and
will continue to represent at least the normal average advantage of the
Southern furnaces in first cost. That there are many points in the North
and West which are quite as advantageous for iron making as any in the
South, all things considered, I fully believe. The only significance of this
fact, however, as bearing upon the question of the future of the Southern
iron industry, is that, if its production of iron is based upon the consumptive
requirements of the rest of the country, a good deal of its furnace capacity
may be expected to stand idle much of the time.
The hope of the South is in a larger local consumption of iron. Most of
its pig-iron product now pays freight to Northern rolling-mills and
foundries, and such part of it as is needed for Southern use pays a second
transportation charge when returned in manufactured forms. In this respect
Southern industrial development has not been uniform. Its permanent
prosperity will be found in rolling-mills, machine shops, foundries, and
manufacturing industries to consume its pig-iron and convert it into forms
which will bear transportation better than raw materials. It is repeating the
experience of the West, and let us hope that, like the West, its
prosperity
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will be built upon the substantial foundation of diversified industries.
The following papers were then read by the authors:
The Geology and Mineral Resources of the Sequatchie Valley, Tennessee,
by W. M. Bowron, South Pittsburg, Term.
The Microscopic Structure of Iron and Steel, by F. Lynwood Garrison,
Philadelphia, Pa.
Utilization of the Copper and Iron Sulphides of Virginia, North
Carolina, and Tennessee, by C. R. Boyd, Wytheville, Va.
The Secretary read a communication from Mr. Samuel Noble, Anniston,
Ala., inviting members to visit that, place. and inspect the iron works and
ore-deposits at Anniston and Clifton. (This invitation was accepted, after
the close of the meeting at Chattanooga, by a number of members.)
The second session was held on Thursday morning, at the same place.
After preliminary announcements, the following papers were read by the
authors :
The Flow of Air and Other Gases in Pipes, by Frederick W. Gordon,
Philadelphia, Pa.
A New Fire Brick Hot-Blast Stove, by Victor O. Strobel, Philadelphia,
Pa.
The Durham Blast-Furnace, by B. F. Fackenthal, Jr. Riegelsville, Pa.
The Manufacture of Steel Castings, by Pedro G. Salom, Thurlow, Pa.
Pamphlets describing the natural resources and industries of Tennessee were
presented to members by Professor H. E. Colton, of Chattanooga; and copies
of a map, showing the iron and coal regions of Tennessee and Alabama,
were distributed as a gift from the Iron Age of New York city. A collection
of ores, fluxes, and fuels from the region was inspected by members in a
room adjoining the hall.
The third session was held on Thursday afternoon, at the Stanton House.
The following papers were read by the authors :
The Upper Measure Coal-fields of Tennessee, by Henry E. Colton,
Chattanooga, Tenn.
A Simple Apparatus for Testing the Comparative Strength of Explosive,
by S. Whinery, Somerset, Ky.
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The Secretary read a supplementary paper on the Clapp and Griffiths
Process, by Robert W. Hunt, Troy, N. Y.
Major W. R. King, U. S. Engineer Corps-, read, by invitation, a paper
on Experiments with Bolts and Screw-Threads.
The Secretary presented in printed form the following papers:
The New Mining Code of Mexico, by Richard E. Chism, Saltillo,
Coahuila.
The Relative Value of Coals to the Consumer, by H. M. Chance,
Philadelphia, Pa. (with a note in discussion, by J. P. Kimball, Bethlehem,
Pa.).
The following papers were read by title:
Quicksilver-Condensation at New Almaden, by S. B. Christy, Berkeley,
Cal.
Colored Mining Labor, by A. F. Brainerd, Birmingham, Ala.
Notes on Some American Ore-Deposits, by C. M. Rolker, New York
city.
Treatment of Roasted Pyrites by the Longmaid and Claudet Processes
for the Extraction of Gold and Silver, by Thomas Egleston, New York city.
The Straight or No-Bosh Blast-Furnace (supplementary paper), by W.
J. Taylor, Chester, N. J.
The "Centennial" and "Lotta" Gold-Properties, Coahuila, by Dr.
Persifor Frazer, Philadelphia, Pa.
The Influence of Temperature in Steel-Making upon the Behavior of the
Ingots in Rolling, by John W. Cabot, Bellaire, O.
The Sulphide Deposits of South Iron Hill, Leadville, by Francis T.
Freeland, Denver, Col.
Biographical Notice of Professor C. O. Thompson, by Philip "W. Moen,
Worcester, Mass.
The Iron Ores of Picton County, Nova Scotia, a communication to the
Secretary from E. Gilpin, Jr., Inspector of Mines, Halifax, N. S.
The Secretary read a letter from Mr. E. Gybbon Spilsbury, inviting
members who were so disposed, to visit the Haile gold-mine in South
Carolina, on their way home after the meeting.
The following gentlemen, proposed for election as members and associates
and recommended by the Council, were elected:
HONORARY MEMBER.
Geheimrath Professor Dr. Hermann Wedding, .

Berlin, Prussia.
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Anderson, J. F. T.,............................................................. Tredegar Iron Co., Richmond, V.a
Bartlett, James H............................................................... Standard Building. Mortreal, Canada.
Chenhall, James W.,.......................................................... Anaconda, Montana.
Colyar, Louis S., ............................................................... Chattanooga, Tenn.
Frossard, Hohn D., ............................................................ Montrea, Canada.
Hargreaves, Henry W.,...................................................... Dayton, Tenn.
Hill, J. T., .......................................................................... Whiteside, Tenn.
Johns, L. W., ..................................................................... Pratt Mines, Ala.
Johnston, Jamies, .............................................................. 417 Straight Street, Paterson, N. J.
Leavens, H. W., ................................................................ 411 Larimer Street, Denver, Col.
Lippicott, J. F., .................................................................. Swifts I. and S. Mills, Cincinnati, O.
McLennan, J. S., ............................................................... Sidney, Cape Breton, N. S.
Malo, Alberto,................................................................... Puente de Sta Ana, No. 6, Mixico, Mex.
Markle, Alvan, .................................................................. Hazleton, Pa.
Miller. George S, .............................................................. Benwood, W. Va.
Norton, S.,......................................................................... Burden, N. Y.
Pillsbury, D. B., ................................................................ Whiteside, Tenn.
Powell, William H., .......................................................... Belleville, Ill.
Rickard, Thomas, .............................................................. 58 Lombard Street, London, England.
Rueger, R. C.,.................................................................... Anaconda, Montana.
Scovel, Minor.................................................................... Pittsburgh, Pa.
Shook, A. M.,.................................................................... Tracy City, Tenn.
Snnpsou, C. D., ................................................................. Scranton. Pa.
Stockwell, N. S., ............................................................... U. S. Patent Office, Washington, D. C.
Thropp, Joseph E., ............................................................ Edge Hill, Pa.
Van Hise, C. R., ................................................................ Madison, Wis.
Weimer, Asa A., ............................................................... Lebanon, Pa.
Weimer, Hohn A.,............................................................. Lebanon, Pa.
Weston, Francis E., ........................................................... Upland, Pa.
Wilder, J. T., ..................................................................... Chattnooga, Tenn.
ASSOCIATES.
Berry, Wilton G., .............................................................. School of Mines New York City.
Himrod, Charles,............................................................... 186 Dearborn Street, Chicago, Ill
Osterheld , Th. W.,............................................................ Yonkers, N. Y.
Walker, Joseph R., ............................................................ Salt Lake City, Utah.
Mr. Curtis Alexander, aassociate, was, upon the recommendation
of Council, mad a member.
On motion of Mr. P. G. Salom, the following resolution was
Unanimously adopted:
Resolved, That the Secretary is hereby instructed to express to the citizens and
Corporations of Chattanooga and vicinity, and to the members of the Local ComMittees, the thanks of the Institute for courtesies extemded to its members, and
hospitable and officient arrangements made for their comfort and entertainment.

The President then declared the meeting adjourned.
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EXCURSIONS AND ENTERTAINMENTS.
Wednesday, May 20th, was occupied with an excursion to the
furnaces of the Tennessee Iron and Coal Company at South Pittsburgh,
and the iron mines of the same company at Inman, Tenn. The trip to
South Pittsburgh was made on the steamer " Throop," and the return by
rail. Luncheon was served on the steamer. The weather was favorable,
and the lovely scenery of the Tennessee River and Cumberland
Mountain was fully appreciated by the Northern visitors.
Heavy rains on Thursday prevented the projected excursion to the
National Cemetery, and other points of interest and beauty around
Chattanooga; but Citico Furnace and one or two other manufacturing
establishments were rapidly inspected.
On Thursday night a reception, tendered to the Institute by citizens
of Chattanooga, was held in the parlors of the Stanton House at 9
o'clock, and a " strawberries and cream supper " was served at 10—a
most seasonable and acceptable substitute for a formal " banquet." The
occasion was thoroughly enjoyable and thoroughly enjoyed.
A delightful excursion was made on Friday to the furnaces and mines
of the Roane Iron Company, at Rockwood, Tenn., and to the extensive
Works and Improvements of the Dayton Coal and Iron Company, at
Dayton, Tenn. The projected fête champêtre at Rock-wood was
prevented by showers; but the entertainment under roof was brilliantly
puccessful. At Dayton also, the party was received with overflowing
hospitality.
On Friday night, a party of members and guests, occupying two
special cars, went by rail to Birmingham, Ala., where furnaces, coal and
iron mines, etc., were visited, in company with a large delegation from
the Commercial Convention, which had just adjourned in Atlanta, Ga.
Smaller parties subsequently visited Anniston, Ala., the New
Orleans Exposition, and other points in the South.
The following names were registered on the Secretary's list at
headquarters:
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XLIId (CHATTANQOGA) MEETING.
MAY, 1885.

THE RELATIVE VALUE OF COALS TO THE CONSUMER.
Illustrated by a Comparison of the Freeport Lower (D) and Kittanning Lower
(B) Coals.
BY DR. H. M. CHANCE, PHILADELPHIA, PA.

Should inferior coals, in open market at competing points, command a price equal to that of the superior coals with which they
come into competition?
This query seems absurd and the answer seems obvious. It might
readily be supposed that the better coals always command a higher
price, but every dealer knows that such is not the case, and that even
when current prices are shaded on second or third grade coals, the
difference in price is rarely commensurate with the difference in
quality.
To the consumer this must be a matter of real practical importance—of dollars and cents—and it seems somewhat strange that ithas not received more attention from practical men of business.
Ironmasters buy their ore by the unit of iron contained in the ore,
and the value of copper, lead, tin, manganese, silver and lead ores is
estimated in the same way; but it is evident that this method could
not successfully be applied to coal except in a broad and general
manner, for the value of a coal is not wholly dependent upon the
percentage of combustible matter, but varies with the relative per-,
centages of water, sulphur, and ash.
Thus, two coals showing respectively
Combustible matter .......................................
Water, ............................................................
Sulphur, .........................................................
Ash .................................................................

95.00
0.50
0.50
4.00

95.00
2.50
0.50
2.00

will not have the same value as fuels, and as each of these impurities
may vary between wide limits, the application of the analytical
method is beset with many difficulties. However, if it is restricted
to coals with small water percentages and only used to determine
the relative values of coals having approximately the same fuel ratio
(ratio of fixed carbon to volatile hydrocarbons), the results should
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be as satisfactory and reliable as any other known method. It is
true that by this method the sulphur is treated simply as an impurity, but as we have no means of estimating the damage resulting
from any specified sulphur percentage, it is not possible to express in
figures what concession should be made in the price of any coal containing a certain sulphur percentage to cover the damage resulting
from its use.
Again : the relative proportions of volatile matter and fixed carbon, the structure of the coal, and its behavior in the fire, are all
variable factors of great importance to the consumer, for it does not
follow that coals showing the same percentage of combustible matter
are of equal calorific energy, or equally well adapted to meet some
special trade requirement.
But, other things being equal, it is evident that coals coantaining large percentages of water, sulphur, or ash, should not command
a price equal to those low in impurities. However this may be,
dealing with existing conditions at the principal coal markets, we
find a remarkably different state of affairs.
The consumer often appears indifferent to the quality of the coal
he is purchasing, regarding concessions as to time, or a slight shading
of the price, of more importance than the quality of the coal. If
desiring a coal for use under boilers, he seems satisfied in obtaining a
"strong steam coal," without stopping to inquire how much more
steam might be made with the same or a less quantity of coal lower
in water and ash, or how much less damage to grates and boilers
would result from a coal lower in sulphur.
In reality I believe that this indifference is only apparent, and not
real, and that it arises from a conviction that there is no trustworthy
means of estimating the relative values of the different coals offered
for sale. Private analytical work being too costly, and steaming
tests more so, there seems to be no available data to guide in determining what coal to purchase and how much above or below current quotations should be paid for any particular coal.
It does not seem beyond the province of the United States
Geological Survey and the various State surveys to enter upon
investigations having as their object a careful differentiation of the
relative values for different purposes of the various coals sold in the
market. To accomplish this end it would seem that the samples
analyzed and experimented with should be obtained at the point of
delivery, just as the samples of phosphate fertilizers are now obtained
by the State chemists for analysis.

THE RELATIVE VALUE OF COALS TO THE CONSUMER.

21

In the absence of such comprehensive investigations it would still
seem that the analyses made by the different State geological surveys would be of great assistance to the consumer in determining
the relative value of different coals; but the specific facts needed
for this purpose are commonly scattered through voluminous
reports through which he has neither the time nor inclination to
search; the analyses are often designated by the local name of the
mine, the market name or the owners' or operators' name being
omitted, or one substituted for the other; differences in the geological nomenclature of coals in adjoining districts constitute an almost
insuperable obstacle in attempting to make any generalizations or
comparisons, and the attempt (if made) to use the recorded facts
is commonly abandoned in disgust, and the consumer falls back
upon his own experience and that of others, and the market reputation of the coal as his only guides.
The reports of the Second Geological Survey of Pennsylvania
contain a great mass of material that may be used to much advantage, when properly tabulated to facilitate comparisons; but recorded
as it is, in "reports of progress," its utility is lessened by the metamorphosis through which the coal measure nomenclature has passed
in advancing from that of the First Survey to that finally adopted
in the latest reports (H6H7T4E3V2), and also by some mis-identifications of beds made in the earlier reports. The fact that this material cannot successfully be used until it has been revised and
placed in tabular form is amply proven by two papers lately presented to the Institute by Dr, James P. Kimball,* in which an
attempt is made to show the character of certain beds in different
districts by analyses selected from the State reports. In the latter
paper a great group of mines opened on the Freeport Lower Coal
(D), is referred to the Kittanning Upper Coal (C')- Hence it
appears that even with the minute and careful study of these reports
evidently made by Dr. Kimball, the results cannot safely be used in
this way without a personal inspection of the ground'—a re-survey
in fact of certain parts;—of how much less use then must they be to
the man of business who has neither the time nor inclination for
such an investigation. It would seem that only those familiar with
the practical work of the survey in all of its stages can properly rearrange and tabulate the analyses for practical use.
* Differential Sampling of Coal Seams, 1883, Trans, vol. Xii., p 317, and the
Quemahoning Coalfields of Somerset County, Pa., 1384, ibid., p. 465.
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In the tables annexed to this paper I have attempted to show
what might be accomplished if this work was carefully and thoroughly extended to cover the Whole State. The analyses of the
two principal coal beds worked in Clearfield, Centre, Clinton,
Jefferson, Cameron, Elk, Clarion, Northern Armstrong and Cambria
counties are arranged in tabular form and the general averages deduced from them are in sufficient contrast to merit the attention of
all concerned in both mining and consuming coal from these counties.
The figures in the columns marked "Fuel" show the sum of fixed
carbon and volatile hydrocarbons—in other words, the combustible
matter. The averages deduced from these tables to show the general character of the two beds are as follows:

The percentage of water does not vary materially in the averages,
that of bed D being 1.17 and of bed B 1.06.
These analyses plainly show a marked difference in the quality of
coal mined from these two beds, and this difference is sufficiently
great to be of considerable commercial importance.
Care has been taken to exclude from these tables all analyses of
beds the identification of which docs not seem absolutely certain. A
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very few mines in this area—perhaps a dozen in all—are not shipping
coal from either of these two beds, being opened on the Freeport
Upper, Kittanning Upper, Clarion, Brookville, or Conglomerate
coal beds, the latter principally in Elk and McKean counties. The
output from these mines (to which these conclusions do not apply)
is quite insignificant compared to that from the two beds here discussed.
An inspection of the tables will show that not one of the twentyfive analyses of the Kittanning Lower coal (B) reaches the fuel
average of the Freeport Lower bed (D); that only two* show less
sulphur than the sulphur average of D, and that none show an ash
percentage as small as the Freeport Lower ash average. On the
other hand, of the fitly analyses of Freeport Lower (D) coal, only
one† shows as small fuel percentage as the Kittanning Lower (B) fuel
average, none show as much sulphur as the average of the latter, and
only two‡ show as much ash as the Kittanning Lower ash average.
The twenty-five analyses of the (nineteen mines) Kittanning Lower
coal (B), with perhaps three exceptions,§ show coal objectionably
high either in sulphur or ash, or in both.
Of the fifty analyses of the Freeport Lower coal (D) only two show
objectionable ash and sulphur percentages, and, as has already been
indicated, these percentages are due to a purely local condition of
the bed where these samples were obtained.
It then seems safe to conclude that coal mined from the Freeport
Lower coal—Bed D—in the area under discussion will, with rare
exceptions, show:
Fuel..............................................................92.00 to 96.00 per cent.
Sulphur,........................................................1.25 to
0.45
"
Ash,

............................................................. 5.00 to

2.50

"

And that coal mined from the Kittanning Lower coal—bed B—may
commonly be expected to show:
* And one of these was sampled by the owners
† And at this colliery the condition of the bed is purely local.
‡ And at both these collieries the high ash percentage is limited to a very small
area of the bed.
§ When two or three analyses are given of different benches of the same bed, no
one of these is considered as representing the commercial analysis of the coal; an
average must be obtained by combining them in like ratio with the thicknesses of
the different benches,—of course in some cases the top or bottom bench is omitted
as not taken out in mining.
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Fuel, .............................................................87.00 to 92.00 per cent.
Sulphur, ..................................................................3.00 to 1.00
"
Ash, ................................................................... 10.00 to 5.00
"

It appears that the poorest coal mined from the Freeport Lower
(D) bed, when in normal condition, is, as shown by the analyses,
about equal in quality to the best coal mined from the Kittanning
Lower (B) bed.
These conclusions do not apply to the districts south and west
from the area under discussion, for the character of both beds will
doubtless be found to undergo some change in passing any considerable distance beyond the limits of this area, and even if their relative
characters remained unchanged the conclusions here arrived at could
not be of much service in other districts, because other beds assume
greater prominence in these localities. Thus in the Johnstown district E (Freeport Upper) and C' (Kittanning Upper) are more important; in Lawrence and Beaver counties C' (Kittanning Upper) and
C (Kittanning Middle) are mined: in Mercer. ?e Sharon (Conglomerate) bed is largely worked, and so on; but it cannot be doubted
that, if the method adopted in this paper was applied to other districts in this and other States, marked differences in the commercial
value of coal mined from the different beds would be established.
In the absence of governmental work of this class, and in the
overstocked condition of nearly all the principal markets, it is somewhat surprising that the companies mining and shipping the superior
coals have not taken systematic action to control these markets in
their own interest, to the exclusion of their less fortunate competitors, by supplying the consumer with information that would enable
him to discriminate among the various grades offered for sale. Manufacturers of many articles adopt similar methods with advantage, and
there does not appear to be any reason why such a plan might not
result in benefit to both the producer and consumer of coal.
It docs not seem difficult to foretell the probable ultimate effect
of the adoption of such a plan, for discrimination by the consumer
would inevitably lead to sharp cuts in the quotations of the inferior
coals. Concessions in price sufficient to warrant the purchase of the
inferior coals would destroy all possible chance of profit to the producers (unless located nearer market with lower railroad freightcharges than their competitors) and it would seem probable that in
the operation of the law of the "survival of the fittest," producers of
second and third grade coals would be crushed out of existence. In
some cases, however, closer proximity to market or advantages de-
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rived from competing transporting companies would enable the
miners of inferior coals to make such concessions, control their own
market, and reap handsome profits. Again, in those instances of
coals inferior in composition but especially adapted to certain uses
or to meet peculiar trade requirements, the poorer coal could not be
displaced, but under such conditions this poorer coal is in reality
the better article (for these special uses) and should command the
highest price; here analyses (as commonly made) are almost worthless, and the practical test of experience destroys in a moment any
relative valuations deduced from chemical composition.
Basing the relative value of a coal upon its percentage of combustible matter ("fuel"), the value is not exactly proportionate to
this percentage; for a certain deduction is to be made to cover the
increased cost of stoking and removal of the ash, since with every
reduction in the percentage of combustible matter a correspondingly
increased amount of coal must be burnt to make the same quantity of steam. If the cost of stoking a ton of coal be taken at 6/|
per cent of the cost of the coal (and this is about what it will
average with coal at $.3.00 per ton and labor at $1.00 per day) and
the cost of handling one ton of ash at double the cost of stoking one
ton of coal, the following figures are obtained:

As under varying conditions the cost of stoking and removal of
ashes will vary between wide limits, these ratio values are appli* It will be understood that these high percentages are purely theoretical, and
are here added only to complete the symmetry of the table.
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cable to only a small number of cases, but the table indicates how
any one may construct a similar table for any fixed cost of stoking
and ash removal. Applying the ratios of this table to the general
average fuel-percentages of the Freeport Lower (D) coal, and the
Kittanning Lower (B) coal which may be taken at 94 (94.20) and
90 (89.76) per cent, respectively, and assuming the value of the
former at §3.00 per ton, we obtain
92.72 : 87.78 : : $3.00 : $2.84
§2.84 as the relative value of the latter, but it must be remembered
that another deduction should still be made on account of the objectionable sulphur-percentage of this Kittanning Lower coal, but it
does not seem possible to determine how much the coal is thus reduced in value. However, we may safely assume that a margin of
difference in price, averaging from 15 to 20 (if not more) cents per
ton should exist to warrant the purchase of the inferior coal.
Having now considered the general average quality of coals mined
from the two beds, it should be remembered that the coals of each
class vary widely, and that between the poorer coals of the one and
the better coals of the other, the margin is much smaller and might,
perhaps, be in favor of the letter; but as the quality of the one in
general is so much poorer than the other, the burden of proof must
rest with the coal from the inferior bed, to show cause why it should
not be classed commercially with those of the class to which it belongs geologically.
The analyses given in the following tables were made by Mr. A.
S. McCreath and are recorded in his reports M, M2, M3. The letter
and page of the geological reports in which they are published are
given in parentheses after the name of each mine.
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It will be at once apparent that this method of determining the
relative values of any two coals can only be useful when the ratio of
the fixed carbon to the volatile hydrocarbons ("fuel-ratio ") is nearly
the same in both. The fuel-percentage of one of the Clearfield
analyses Bed D, is 92.45, and that of an Armstrong County Bed B
analysis 92.24, but the conclusion that these two coals were of about
equal calorific energy would probably not be sustained by experience,
for they vary greatly in their fuel-ratios, thus,

and these two coals, although nearly equal in fuel-percentages may have
very different values to the consumer. It is therefore assumed that in
estimating relative values in this way it is always necessary to confine
the comparisons to coals containing nearly the same relative percentages
of volatile matter and fixed carbon. If this fuel ratio were accidental,
that is, subject to no known law, the method would fail to be of any
general utility; but inasmuch as the fuel-ratios of both beds increase with
remarkable uniformity from east to west, it is comparatively easy to
make relative comparisons that are of actual value to the consumer.
The tables plainly show the remark able regularity in the increase in
volatile matter and decrease in the fixed carbon of coal from both beds in
going from east to west,—thus the extremes show:

Hence it appears that coal mined from both beds is of the same
general character and therefore adapted to the same general uses in each
district, varying principally in the percentage of impurities, but that
all the coal mined in one district is unlike all that mined in the other.
The consumer, therefore, would probably be disappointed in the results
of any comparisons made in this way between coals from different beds
mined in widely separated districts, as for instance, the Clearfield D and
the Clarion B; and it is not contemplated that the method should be
applied in this way. In practice it can be applied safely only to coals
from different beds in the same or adjacent dis-
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tricts. Thus Clearfield, Centre, and Cambria County coals may be
compared with each other; Clarion, Armstrong, and Butler County coals
may be similarly compared, etc., etc. This rule has not been adhered to in
preparing the averages of the different tables of analyses, and in the text
also it is ignored, but the object of this paper is not to establish actual
relative values so much as to show how these might be deduced by the
consumer, and also to show the marked and persistent contrast between
these two beds throughout the area to which the analyses apply, and the
probability that similar marked differences might be found to exist
between these and other beds in other mining districts.
It has already been intimated that the margin of difference in price
between superior and inferior coals is rarely commensurate with their
difference in quality, but there are many marked exceptions to this rule.
Perhaps the most striking instance that can be quoted is that of
anthracite- pea- and buckwheat-coal. Pea-coal varies greatly in ash.
Some collieries produce a pea-coal with little more ash (slate) than the
larger sizes; but in some cases the pea-coal carries a very large amount of
slate and " bony " coal, the ash-percentage reaching or exceeding 20 per
cent. For the purpose of illustration we may assume the average ash of pea
coal at 14 per cent and the average ash of the larger sizes at 8 per cent.
With the large size quoted at §4.00 the pea-coal should then be worth at
least $3.60, but the actual diffe ence in price is much greater, and it would
therefore seem clear that the smaller and inferior coal is the cheaper fuel
at present quotations and that large consumers will effect a very considerable saving by purchasing it in preference to the larger sizes which
are undoubtedly superior in quality but very much higher in price. This
difference in the price of these coals has not arisen from any nice
discrimination by the consumer, but from the difficulty (now overcome)
in firing with small coal, and the excess of production over demand for
these small sizes.
Here and there a consumer may be found using every available means
to discriminate in the purchase of fuel; metallurgical works, ocean
steamship lines, etc., may be mentioned in this category. The influence
exerted by this class of consumers has been felt in some markets and has
resulted in lower quotations for second- or third-grade coals. This is
especially true of those markets supplied principally by Clearfield and
Cumberland coal. Thus I have known of concessions from established
quotations amounting to 25 cents per ton on Clearfield coal coming
from a mine that had fallen into bad
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repute, and this was more than sufficient to compensate for the difference
in quality. It should be stated, however, that this particular instance
occurred when coal at the mines was quoted at §1.25 per ton. Such
concessions are no longer possible except by those operating in districts
nearest market. The mines of McKean, Elk and Cameron counties may
be so classed.
It may be of interest to inquire how much coal is mined from each of
the two beds discussed in this paper within the limits covered by the
analyses. In the absence of complete returns from each colliery it is
impossible to give the exact figures, but the following summary,
although only approximately correct, may be of use:

The area to which the conclusions of this paper apply may be
indicated upon any map of Pennsylvania as follows: From a point ten
miles southwest from the northeast corner of Cambria county, draw a
line northeast along the Allegheny mountain to the Clinton county line,
thence a north line to the New York State line. From the Cambria
county point on the Allegheny mountain draw a line northwest through
Brady's Bend on the Allegheny river to the Butler county line, thence
north to the New York State line. In Potter, Cameron, McKean,
Warren, Venango, and Forest counties, the Freeport Lower coal (D) is
not found, and in Centre, Clinton, and Elk counties, its area is quite
insignificant.
The Kittanning Lower coal (B) is not found in Potter, Warren, or
Forest, and its area in Cameron and Venango counties is quite small.
The mines of McKean, Potter, and Warren counties are opened
principally upon the lower coals.
DISCUSSION.
DR. ,T. P. KIMBALL, Bethlehem, Pa. (communication to the
Secretary): Dr. Chance's reference to my paper on the Quemahoning
coal-field of Somerset Co., is, I understand, particularly to the table of
analyses on page 492 ( Transactions, xii.). To this table. compiled from
Report II (1875), of the Second Geol. Survey of Penn.,
VOL . xiv.—3
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were applied the revised nomenclature and notation of the later
volumes of that survey. Since the reading of this paper, Report H7 has
been published, identifying the coal-bed of Moshannon Creek and the
Morrisdale Branch R.R., not as the Kittanning Upper Coal-bed (C)
(new notation) below the Freeport limestone, but as the Freeport Lower
Coal (D) above this limestonn.
As in the paper referred to I followed the earlier volumes of the
survey in point of identification of coal-seams, so am I bound to
follow its later work. Thus specifying here what Dr. Chance alludes
to in a general way, I improve the present opportunity to cite the
newly discovered relations of the coal-bed in question, in accordance with
the revised results of the work of the survey in Cleasfield county, by
way of amending the table referred to.

THE NEW MINING CODE OF MEXICO.
BY RICHARD E. CHISM, M. E., SALTILLO, COAHUII.A.

IF internal commotion can be called life, the Mexicans have
certainly lived more in the last seventy-five years than any other
people. To the oppression of the Spanish viceroys succeeded the
sanguinary tumults of the Revolution of Independence, after which the
Supreme Congress bequeathed its heritage of uncertain power to the
empire of Iturbide, the only one ever established by Americans upon
American soil, with .an American at its head. That short-lived reign
was followed by years of ceaseless, bloody, and, to the superficial
observer, meaningless revolutions—the deeper political and
ecclesiastical significance of which it is beyond the scope of this paper to
discuss. Then came foreign intervention, the ill-fated Austrian's brief
supremacy, and the final triumph of the patriot cause under rugged old
Benito Juarez, who crowned the victory of arms by a series of reforms
breaking forever the temporal power of the Church and ushering in the
calmer era which has lasted from the first accession of Diaz to the
present day.
During all those troublons times, the revolutionary ocean, that
rolled so deeply over all other relics of Spanish dominion, had left
almost unaltered the ancient laws of Spain, still lifting themselves above
the tide, like landmark, of a flooded world. Many of these laws were
obsolete; some were absurdly inadequate to the demands
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of modern commerce; and, above all, the cumbrous proceedings, which,
deep-rooted in the ecclesiastical law, had overgrown the civil codes
and customs, were smothering justice and throttling industry. These
venerable abuses were not spared by the reforming hand of Juarez. A
Civil Code was promulgated in 1870, and a Code of Civil Proceedings
followed, which, with some later reforms, has reduced the costs and
delays of lawsuits to a minimum. Then came a Penal Code, and a Code
of Penal Proceedings. All these reforms were devised by competent
experts, in the light of modern jurisprudence, and constituted important
steps of real progress.
The establishment of Codes of Comraerce and of Mining was
delayed for some time, partly because It was thought unwise to reform
too much at once, and partly because no express authority was
conferred by the Mexican Constitution upon the National Government to
control these matters. In view, however, of the vast increase of
commercial operations, brought on by the building of railroads, and the
reluctance of foreign capital to invest in mines under the antiquated
ordenanzas of 1783, which were still in force, the States at length, in
1883, consented to an amendment to the Constitution by which the
power-of legislation upon mining and commerce was delegated to the
Federal Government. Commissioners were appointed to form suitable
codes, and in 1884 the Codes of Commerce and Mining were adopted as
part of the laws of Mexico.
The old ordenanzas, now entirely superseded by the new Code of
Mining, were established by the King of Spain in view of the
pressing necessities of the industry, which up to that time had been only
governed by customs, derived partly from the ancient Aztecs and partly
from Roman law. An imperfect code had been promulgated in 1760,
having been arranged in form of commentaries by one Sefior Gamboa.
It does not seem even to have had the full authority of a law, although it
was consulted and deferred to in most points even by the courts. The
ordenanzas of 1783 were founded principally upon the work of Gamboa,
which continued to be consulted as an authority in the many cases in
which the true intent of the law was obscure.
The process by which the ordenanzas of 1783 were formulated is-worth
detailing as a splendid instance of Spanish routine. We learn from the
preface to them that the Viceroy of Mexico, in a letter of the 24th of
December, 1771, made known to the King of Spain the urgency of a new
law to reform the radical and hurtful abuses that
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had crept into Mexican mining, and proposed the most efficacious means
to do away with them. Having heard this and after an opinion from the
Supreme Council of the Indies in Jane, 1773, and also various
representatives from the same viceroy in 1774, and another meeting of
Council in September, 1776, a commission was appointed January, 1778,
which was ordered to frame the ordenanzas as soon as possible.
Accordingly they were presented in August, 1779, and received the royal
approbation in 1783.
The ordenanzas, as promulgated, established the mining industry into
a formal body, like the Chambers of Commerce. They established, also,
a Bank of Habilitation for the encouragement of mining, created a
College of Metallurgy and gave directions for the acquirement and
workinc of the mines, conferred various privileges upon miners, and set
aside a portion of the royal revenue from the mines to support the abovementioned establishments.
The supreme control of mining. matters was committed, under the
viceroy, to a Tribunal of Mining, with its seat in the city of Mexico.
Mining Deputations were established in all mining centres.
The Deputations and the Central Tribunal decided all questions of an
executive, administrative and economical nature, and had jurisdiction
over d’scoveries, denouncements, claims, measurements, drainage,
abando ment, bad working, and also over metallurgical works and waterrights.
Jurisdiction, as to questions of law and fact between individuals, was
committed to the ordinary judges, who were to be guided by the
prescriptions of the ordenanzas in all their decisions.
The real property of mines was established in the Crown of Spain, and
concessions of the right to work them were made to individuals who
acquired the property by discovery and. denouncement, or by
denouncement of an abandoned mine, and retained the ownership so
acquired as long as they complied with the conditions of the ordenanzas,
as to keeping up the work and working in a proper way. The principle
of possession being dependent upon continuous work is said to have
been handed down from the Aztecs.
On the establishment of Mexican independence only such changes
were made in the mining laws as were necessary to adapt them to a
republican and federal form of government. The Central Mining Tribunal
was abolished and its functions devolved upon the Mining Deputations of
each State. In some States the Mining Deputations were also abolished
and the whole control of mining committed to the ordinary executive
authorities and the ordinary courts. The
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prescriptions of the ordenanzas relative to the mode of denouncing and
working the mines continued in force, with scarcely any modi-fication,
although the interdependence of the various parts of the ordenanzas
created great confusion in the application of those parts still in vigor.
Some minor changes were made later on by the legislatures of several
States, and two or three States even established formal codes of their own
for the regulation of mining. There was also a diversity of practice in
the several States relative to the taxes to be imposed on mining capital
and on metallurgical works, and in some States the industry was
seriously crippled by the onerous burdens laid upon it by injudicious
legislation. This state of affairs as a whole was highly detrimental to the
mining interest, and hence the new Code of Mining was designed, like
its predecessor, to correct the abuses which had crept into Mexican
mining. We shall best see, by discussing it, chapter by chapter, in what
respects it differs from the old code; and I shall leave it to others to
judge how far these differences are likely to be beneficial or the reverse.
I.
Chapter or Title I. of the new Code treats of mines and mining
property. The Code is declared to apply to mines and deposits of all
those inorganic substances which , in veins, beds, or masses of any
form, constitute deposits whose composition is distinct from that of
the country-rock; to placers of gold and platinum, with their
accompanying metals, and of the precious stones. It also applies to
metallurgical works of all kinds, and to sites where they can be
constructed, to the waters extracted from the mines, and to those
necessary for the drinking of workmen and animals, for motive power, or
for any other use in metallurgical works.
The property of the above enumerated deposits is defined as forming
a realty, distinct from the soil or ground in which, or upon which,
they are found, even if they should belong to the same owner. These
properties are to be acquired, originally, by denouncement and concession
by the proper authorities, and subsist for an unlimited time under
condition of working according to the precepts of the Code, and the
regulations to be dictated in accordance therewith. Mining property can
be acquired and held by foreigners on the same terms, and subject to the
same restrictions, with which they may hold other real estate in the
Republic of Mexico.
The owner of the soil has exclusive property in deposits of all kinds
of mineral coal, in the rocks in place, and the materials of the
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soil, such as limestones, slates, porphyries, basalts, building-stone, earths,
clays, sands, and in other analogous substances ; also, in placers of iron
and tin, or other bulky minerals ; in the salts which exist in the surface,
and in fresh or salt springs, superficial or subterranean; in petroleum and
gas springs, and in thermal and medicinal waters.
In the exploitation of the above, the owner must be governed by
regulations of police, and in the working of coal will be subject to the
Mining Code, so far as it relates to the proper working of the mires and
the security of the miners.
The same title also allows the work of exploration to be undertaken,
and mining property to be acquired in any lands, whether of public or
private property; but, in the latter case, the owner of the soil must be
indemnified for that portion of the surface which the miner may occupy
or over which he may have to pass.
As will be seen, the mining property in Mexico is still held, as in the
old ordinances, separate from the ownership of the soil. We have,
however, a clearer definition of what mining property is, than in the old
law, and a complete departure from its principles in respect to the
ownership of coal mines. The property of coal mines, in the State of
Coahuila, was granted to the owner of the soil by a decree of the
legislature of the State in 1882, and this principle has been adopted in the
new Code. It has caused a great deal of dissatisfaction in Mexico, and
may, perhaps, be repealed.
In respect to the ownership of mining property in Mexico by
foreigners, we have them put upon the same footing as they are with
respect to other property. According to the Constitution of Mexico,
foreigners are to have the same protection and guarantees as natives, with
only the obligation to contribute to the public expenses in the manner
prescribed by law, and to respect the institutions, laws,and authorities of
the country. The government has, however, a right to expel any
pernicious foreigner.- This Constitution was established in February,
1857. There had been, however, a law passed in August, 1824, by
which foreigners were prohibited from acquiring lands situated within a
zone of twenty leagues along the line which divides the republic from
neighboring nations. To acquire such property special permission must
be had from the central government. This law was, in substance, reenacted in 1854 and 1856 ; and, although there are some doubts as to
its constitutionality in view of the articles of the Constitution quoted
above, still it has never been repealed, and is in force to-day. It was,
not long ago,
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made the pretext for nullifying the sales of a portion of the State lands
of the State of Coahuila to an American Company or syndicate, and it
would undoubtedly be held, under the provisions of this title of the
present Code, to vitiate the title of foreigners to mining property
within the above limits. There is an old law in Mexico, said to be of
Spanish origin, which provides that any foreigner who may remain
more than two years out of the republic shall forfeit to the nation any
real estate of which he may be possessed. But there is a special clause
of Title I. of the present Code which exempts mining property from the
operations of the law just mentioned. Besides the above, I know of no
restrictions upon the holding of real estate in Mexico by foreigners.
II.
The second Title of the Code treats of the authorities who are to
deal with and take cognizance of mining matters. According to this
chapter, the mining industry, so far as relates to administrative and
economical questions, is to be dependent upon the Ministry of
Fomento,* and the functionaries made subordinate to that ministry by
the present Code. The decision of disputes between individuals is left,
as in the old law, to the ordinary judges and tribunals.
This Chapter goes on to establish in the city of Mexico a corps of
engineers and miners, subordinate to the Ministry of Encouragement,
which is to be composed of three graduated experts and three mineowners, and which is to be a consulting council for the encouragement of
mining. It is to deal with all scientific, economical, and administrative
problems that may be submitted to it by the Ministry of
Encouragement; and it is to promote, in a general way, the
improvement and advancement of mining. Mining Deputations,
established in any mineral district where the Ministry of Encouragement
may deem it necessary, are to exercise all the administrative and
economical functions marked out for them by the Code.
From other articles of the Code, and its accompanying regulations, we
learn that these functions are the registration of denouncements and the
proceedings in connection therewith, the giving of possession of mines,
granting licenses to explore for new mines, examination of mines from
time to time to see if they are being worked
* This ministry corresponds to our Department of the Interior. If we
translate Fomento by " Encouragement," which is its nearest English
equivalent, the full title of the office will be, " Ministry of
Encouragement, Colonization, Industry, and Com-merce."
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conformably with the Code, the collection of mining statistics, the
supervision of new works of importance, such as drainage-tunnels, etc.
In the absence, at any place, of a mining deputation, its functions are to
devolve upon the highest executive authority of the place. Title II.
goes on to prescribe that, in important mining districts, there shall be
a graduated expert attached to each deputation as its official adviser, and
also that the Secretary of Encouragement may nominate as many mining
engineers as may be necessary, inspectors to visit the mineral districts, and
to make reports of their studies and examinations for the information of
the bureau.
III.
Title III. treats of explorations for the discovery of mines, and declares
that every inhabitant of the Republic, native or foreigner, shall have
the free right to explore for minerals in public lands with excavations
which must not be over five meters in depth or diameter, except when
made by boring-machine.?, in which case they may be of any depth. In
case the ground should be private property, and opposition to
prospecting should be made, on the part of the owners, application must
be made to the head executive authority of the place, who can grant
permission to explore under certain restrictions. If the land in which the
prospecting is to be done is neither fenced nor cultivated, the authority
shall issue the permit to explore on the explorer's giving a sufficient bond
to be responsible for the damages which the explorations might cause to
the owner of the property. In case the- land is fenced or cultivated,
the authority shall hear the interested parties, and shall appoint an
expert to report upon the necessity of the exploration and the damages
that may be caused thereby, and the permit may be granted or denied, as
the and authority may deem proper. In any case, the explorer must
give his bond, within ten days, for the estimated damages, without which
bond the permit cannot be issued. The permit must clearly express the
place or places where the exploration is to be made, the number of men
to be employed therein, and is always to be understood to be granted on
condition that the time to be employed in searching for minerals is not to
bo more than one month, which, for well-founded reasons, can be
extended, after a new application, to two months, and that the depth and
diameter of the excavations is not to exceed five meter,?, except when
boring-machines are used. During the time necessary for obtaining the
permit, during the time which the
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latter Is to run and for one month after, neither the owner of the land,
nor any person except the prospector, can denounce a mine of any
substance whatever, either in the place designated for the search or within
a distance of 300 meters from the same in all directions. The prospector
loses his exclusive right to denounce, if he does not do so within one
month after the expiration of his permit to explore.
The consent of the owner is indispensable to enable prospecting to
be done within any house or edifice or its dependencies, or within a
distance of thirty meters from the walls of such property, and no
prospecting will be permitted in the streets or public places of a town nor
within thirty meters from the exterior lines of roads or canals, archways,
aqueducts, dams, bridges, etc.
The prescriptions just recited are certainly no more than equitable in
view of the progressive settlement of Mexico. There is, however,
every reason to fear that they will, in many eases, prove a hindrance to
prospectors, and be used for purposes of blackmail. The provision as
to the depth and diameter of prospect-holes, is plainly one of those
laws that are made to be broken, No prospector will limit himself to
such dimensions, if he thinks there is anything to be gained by going
further, especially as there is no penalty attached to non-observance of
the law.
IV.
The fourth Title of the Code treats of the mode of acquiring mines,
placers, abandoned metallurgical works, or sites to establish works, and of
the waters to be used for water-power in metallurgical establishments and
mines. The title to the above is to be originally acquired by judicial
award made in virtue of a denouncement. A denouncement may be made
as of a discovery, on account of abandonment, or for forfeiture or
extinction of the title of a former owner for non-obedience to the precepts
of the present law in those eases which it expressly determines. A
discovery may be of a new mineral district, of a new deposit in a
known district, or of a new mine in a known deposit.
The discoverer of a new mineral district, or the restorer of an
abandoned district in which no work has been done on any of the mines
for one year, is to have a right to three consecutive claims on the
principal vein or deposit and to one more on each one of the other
veins of the same district. If the discovery or denouncement should be
made by a company, constituted according to the present

42

THE SEW MINING CODE OF MEXICO.

code, it shall have a right to four consecutive claims with the measurements as fixed in Title V. of the Code.
A mine is to be considered deserted and abandoned, and may be
adjudicated to any one who denounces it, after a cessation of work for
twenty-six weeks, consecutive or interrupted, during the year previous
to the denouncement.* In case of disturbances of the public order, or of
other great calamities within twenty leagues of the mines, the work can
be suspended on them, and they shall not be open to denouncement for
desertion until tranquility has been restored, and a proclamation to that
effect made by the Mining Deputation of the place, when the owners are
to have four months' time to commence work.
A license to suspend work on any mine for more than twenty-six
weeks may be obtained for good and sufficient cause from the Mining
Deputation of the place, which may grant such a license for six
months only.
An especial permit to cease work for a period of more than six months
and not to exceed one year can be obtained, after good cause shown, from
the Ministry of Encouragement. In no case can these permits be
prolonged beyond the time once granted, and no second permit to cease
work can be extended to the same mine within a period of three years.
A permit to cease work may also be granted by the Mining Deputation
for the purpose of enabling a mine to be held during the
accomplishment of works in other neighboring mines, which are to
facilitate the exploitation of the one in question.
A mine may be denounced as badly worked when the life of the
workmen is in danger on account of the workings being in a ruinous or
insecure condition, or when the workings are so badly ventilated that the
lights refuse to burn, and the health of the workmen is in danger, or
when. the necessary drainage of the mine has been stopped for twenty-six
weeks during the year preceding the denouncement.
In case of a denouncement for the preceding reasons, the Mining
Deputation is to have the mine examined by an expert, and, if any of
the above defects are found to exist, the owner is to have a term of six
months, in which to correct them. If the owner should fail to do so,
the mine is to be awarded to the denouncer, provided the latter shall give
a bond for the costs of changing the defective portions of the mine or of
reestablishing the drainage.
* This is a considerable change from the old Ordinances, which
allowed a suspension of only four months.
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The rest of Title IV. is devoted to laying down the proceedings to
be followed in cases of denouncement for discovery or abandonment. The
most important parts of these are that the denouncement is to he
published during three weeks in the official newspaper of the district
or State; also, the former owners of an abandoned mine are to be cited if
known. If the denouncement is of a vein, the denouncer must open a
shaft and gallery on one of the walls. These workings are to have a
section of one and one-half meters of side or diameter, and to be five
meters deep and long. In a mass-deposit equivalent excavations must be
made in two different directions sufficient to give an idea of the nature
and geological formation of the deposit. The administrators, dependents,
or workmen of any mine are prohibited from making denouncements
within eight hundred meters thereof, and no denouncements can be
presented to take effect in case a former one should be disallowed. In
case of dispute between discoverers, the first registry is to prevail, and
the right of any denouncer is to be forfeited in case he does not do the
necessary work, as above described, within four months from the date of
his denouncement, or within such additional time, not to exceed two
months, as may be granted by the-Mining Deputation.
A metallurgical work is held to be abandoned when the roofs,
machinery, tools and timbers are entirely gone, even if the walls, etc,
should be standing; or, if no work has been done therein during three
years, and if the owner, on being notified by the Mining Deputation, does
not reestablish the works in a term not to exceed six months. In case of
denouncement of a metallurgical works or mine, the former owner may
claim, and must be paid the value of any serviceable sheds, machines,
etc., which he may have left there.
Any unused current or fall of water may be denounced to be
employed in a mine or metallurgical works for motive power, or for
working the ores, and the denouncement shall pass through the same
proceedings as those of mines.
Any water-right not used for a period of twenty-six weeks, may be
denounced as abandoned.
The waste-piles and dumps of mines are not denounce able except by
denouncing, at the same time, the mines to which they belong; the slag,
piles and slime-pits of metallurgical works can also only be denounced
with the works themselves.
The miner who needs to occupy any part of the surface of the ground
to open mine-entrances, or to establish roads, workshops,
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dams, aqueducts, or for the purpose of utilizing the superficial part of any
deposit, must pay the value of the ground, leaving that of the mineral
out of consideration. This valuation is to be made by experts, one
named by each party, and a third by the Mining
Deputation.
Y.
Title V. treats of the dimensions of mining claims. The claim, or unit
of measurement for mineral concessions, is to be a solid of indefinite
profundity, limited on the exterior by the projection on the surface of
the earth of a horizontal square or rectangle, and under the surface by
four vertical planes passing through its respective sides. The dimensions
of the-square or rectangle are fixed according to the nature and position
of the deposit, so that the miner may exploit and utilize a ll the mineral
substances which exist in the interior of his claim and also those which
exist on the surface after indemnity to the owner of the land for the part
of the surface occupied. A mining concession of whatever number of
claims it may consist, is indivisible.* Proceeding to fix the size of the
claim, the code prescribes that the sides parallel to the strike of the vein
shall be 200 meters long, measured horizontally, and the length of the
other two shall vary between 100 meters for a vein of 85° or more of dip,
to 300 meters for a vein of 45 1⁄2 degrees or less. The object of this is
declared to be that the miner may, as a general rule, exploit 400 meters
upon the vein in the direction of its dip.
For concessions of placers of gold, platinum, and precious stones, the
upper face of the claim is to be a square of 20 meters on each side,
measured horizontally. In concessions on blanket veins or on irregular
deposits the upper face v a claim is to be a square of 300 meters on each
side. If the deposit should be of iron the upper face of the claim is to be a
square of 500 meters on a side.
In laying out a claim, the denouncement-working made according to the
provisions of Title IV. must be comprehended within the limit of the
claim, and whatever may be the irregularities of the ground no fractional
claim can be measured off. No claim can be laid out on ground already
occupied by a mining possessor. That is, no claim can overlap another;
and where a concession is composed of several claims, they must be
measured consecutively, so that each concession shall be contained within a
single rectangle, even if it should be necessary to reduce the number of
claims which ought to go to each miner, in order to comply with this
requisite.
*That is, it cannot be sold off in portions, as in feet along (the vein, etc.
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If any miner shall observe, after taking possession of his claim, that
the vein has undergone a change of strike or dip, and should wish to
alter his claim to correspond, the Mining Deputation may permit this,
within the term of one year after the taking of possession, provided no
prejudice can result therefrom to third parties.
Any vacant piece of ground between two claims, not large enough for
another claim, shall be divided between the adjacent claims, or, if one of
the adjacent owners has already entered upon such vacant ground with
workings not less than 100 meters long or deep, it shall be awarded to
him as a whole.
Any mine owner may prolong his workings into vacant ground adjacent
to his claim, and may then acquire that ground by denouncement, to an
extent not more than equal to his original concession.
A miner may enter upon an adjacent claim for the necessities of
ventilation or drainage, by permission of the Mining Deputation, or may
follow ore into such a claim. In any case he is obliged to divide equally,
the ore taken out of a strange claim, with the owner thereof, who must
pay one-half the cost of getting out the same. This arrangement is to
subsist only until the owner of the invaded claim makes an underground
communication with the invading workings, after which each party is to
keep to his own property, and a grating is to be fixed on the dividing
line.*
VI.
Title VI. of the new Code prescribes the manner of working the mines.
They are to be exploited according to the rules of the art, and in
conformity with the provisions of this title and with the police
regulations which may be adopted. The principal conditions are that the
necessary ventilation is to be maintained in the workings by either natural
or artificial means; that the interior passages must be of ample width, and
that at least two passage-ways must be made to the exterior in all mines
employing more than fifty workmen. All weak places are to be
sustained by timber or by masonry,
* The provisions of Title V. are no innovation upon the old law except
that the geometrical principles defining the volume of a claim are a little
more clearly expressed. The size of the claim on veins is also
considerably augmented. The old law gave the claim a length of 200
ears by a width of from 100 to 200 raids. This was equal to a length of
167.6 meters by from 83.8 meters to 167.6 meters, whereas the claim is
now to be 200 meters long by from 109 to 300 meters in width.
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wherever necessary, to avoid any sliding or caving in, as are also the
stopes and places from which the ore has been removed. The workings and
roads are to be kept free from rubbish, which is to be used to fill up in the
mine, or dumped outside in places where it will not obstruct the streams.
The necessary drainage of a mine is to be kept up without interruption.
The fulfillment of these conditions will be watched over by the Mining
Deputations and other agents of the authorities. The Mining Deputations
are to visit the mines in their district at least once in two years, and if
any infractions of the Code are noticed, the owner must correct them, on
being so ordered by the Deputation. The penalty for disobedience to
this order is a fine of from 50 to 250 dollars for the first offence, and
double this quantity for the second offence, in which case the Deputation
may order the total or partial suspension of the workings of the mine until
the evil has been corrected. In case any complaint by outside parties,
as to the infraction of the Code, is found to be justified, the Mining
Deputation may order the suspension of all or a part of the work of the
mine in question as a precautionary measure, until the proper changes
have been made. If this suspension should last more than six months,
the mine may be denounced as abandoned.
The direction of the inter; and external workings of a mine, the
beneficiating of ores, and the establishment and care of machinery, shall
be confided to scientific or practical experts of known a ability. If this
is not the case, the mine-owner shall be responsible for any accidents that
may occur from unskilfulness in a mine or from mining machinery.
The Mining-Deputation must take care, in any mine not usually
directed by a graduated expert, that the services of such a person shall
be had for the laying out of important workings such as tunnels, genera!
shafts, galleries of communication, etc., and that such works shall be
inspected by such an expert at least once a month.
A graduated expert must also be called to superintend galleries which
are to communicate with flooded workings or with those that contain
mephitic gases, and the execution of workings which might affect the
security of the edifices or inhabitants of the surface.
The administrators of mines must inform the Mining Deputation of
any accident to workmen occurring in the interior of the mine, and also
of any sliding down, caving in, or flooding that may take place. In every
mining enterprise employing more than two hundred
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workmen, there must be a stock of medicines and a surgeon who can
render the necessary assistance in cases of accidents to the workmen.
VII.
Title VII. of the Code treats of the drainage of mines, of adventurertunnels, and of galleries for general exploration. The drainage of
mines must be continually maintained, so that if any mine-owner works
only the upper portions of his mine, without keeping up the drainage of
the lower ones, his mine may be denounced. Mine-owners, whose mines
are wholly or partially drained by the drainage of neighboring mines,
must contribute to the cost of drainage in proportion to the benefit they
may receive. This contribution is, however, in default of agreement
between the mine-owners, limited to the tenth part of the product of the
mine below the water-level, as fixed by experts. This is the
recompense for the total drainage of the mines, and is to be diminished
in proportion as the benefit received may be less.
If it seems apparent that a tunnel would facilitate the drainage,
exploration, or working of several mines in any class of deposits, the
owners of the mines or outside-parties may undertake the same, if the
work is possible and useful in the judgment of an expert named by the
Mining Deputation. The denouncement for the tunnel must be made in
due form, and is to be accompanied by a plan showing the proposed
course and length of the tunnel, the mining claims through which it
must pass, and those within one hundred meters on either side of the
line.
When a tunnel is to be opened following a vein, the width of the claim
shall be that which corresponds to the dip of the vein according to Title
V. (i. e., from 100 to 300 metres), and the length of the claim shall be
that of the projected tunnel. If the greater part of the tunnel should be
outside of a vein, the width of the claim shall be 100 metres, laid off
equally on each side of the projected lines, and the length of the claim
shall be that of the tunnel itself. In any ground where mining
possessions already exist, the vacant portions between them may be
conceded to the tunnel-owner, and his measurements may cross other
mining claims, the property in which he is, however, obliged to respect.
The tunnel-owner must comply with the provisions of this Code, and
with any special regulations which the Mining Deputation may make in
the case. He may open his tunnel not only through vacant ground, but also
through mining claims of other owners, and he may
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denounce and acquire as many as five new or abandoned mines, with four
claims to each one, provided they are within 15.0 meters from the line
of the tunnel. He may also acquire three claims upon each new vein or
deposit he may encounter in opening the tunnel. All these mines are to
be considered as annexed to the tunnel, and their ownership is preserved to
the tunnel-owner as long as work on the tunnel lasts. When this is
completed each concession must be worked separately.
Any ores met with in opening the tunnel through strange ground must
be equally divided with the owner of the ground, who must also pay
one-half the cost of extraction.
If the tunnel has been opened to drain certain mines, and if no other
agreement has been made, the tunnel-owner shall receive ten per cent,
of the product of the mine from the part so drained. Any mines that use
the tunnel for transportation and extraction, must pay five per cent, of
all ores they take out through the tunnel. No tunnel-owner or any other
miner in general, can claim remuneration for having ventilated other
mines by means of their workings.
General working or drainage-shafts, provided with adequate machinery, and the galleries that lead from them, are to have the same
privileges as adventurer-tunnels.
Permission may be granted by the Mining Deputation, under proper
conditions, to open, even in outside claims, any gallery of exploration or
other working likely to be useful for the exploitation of several mines.
VIII.
Title VIII. treats of Mining Companies. These are to be governed
by the prescriptions of the Civil Code of the Federal District of
Mexico, in all cases not specified in the present Code. No mine can be
divided up between several owners; hence no partners of a mining
company can claim to work any particular part of a mine for their
own individual account. All work must be done in common, and the
expenses and products shall be divided according to agreement, or in
default of this, in proportion to the stock of each partner.
All mining companies must be formed under a recorded agreement
as an essential requisite. This agreement must contain the name and
domicile of each of the partners, and show the stock which each partner
represents in the company. Without these requisites, the company will
not be held as constituted.
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In every mining company the mine shall be considered divided into a
certain number of shares, and each partner shall have a right to one or more
of these according to agreement. Any partner may convey away his part
without giving his partners preference over an outsider for the same price,
but unless the stock is made out to bearer, he must notify the director or
administrator of the company of the name of the party to whom he sold.
The death of a partner does not dissolve a mining company; the rights and
obligations of the deceased descend to his heirs.
It is not necessary that the capital of a mining company be fixed and
determined; the shareholders are only responsible up to the value of their
stock, less the amount they have actually paid in toward working the
mine. If no value has been set upon the shares at the time of forming the
company, the stockholders shall not be responsible for the debts of the
company beyond the value of the mine or business, including everything
belonging thereto.
Shares in a mining or metallurgical company are personal property, and
must be represented by shares to bearer or to order, and transferable by
endorsement.
Unless otherwise stipulated in the original agreement, all points arising
with relation to the exploitation, administration, etc., shall be decided by
the majority of votes, but to pass any resolution which implies the conveying
away of the property in the mine, the votes must be unanimous.
In all such deliberations, the owner or owners of one share shall have
one vote, and the owner of several shares shall have one vote for each ; but
if any one person should be the owner of half, or more than half, of the
stock, his vote shall count for one less than the half of all the votes.
In any case where there is no decision on account of equality of votes,
the Mining Deputation shall decide the matter, in view of what was
brought forward during the meeting of the company and taking into account
equity between the shareholders and the interests of mining.
All meetings of mining companies must be called at least fifteen days in
advance. The summons must be delivered in person or by agent to all
known stockholders and must express the object of the meeting; unknown
stockholders shall be summoned through the newspapers.
Any shareholder who does not pay his part of the expenses or his
assessment, within two months, shall lose his shares, which shall
VOL. XIV. —4
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revert to the other shareholders. Before this can be done, however, the
Mining Deputation must be notified of the date when the shareholder became
delinquent, and, unless service of the notice to pay assessment is proven, he
must be notified in person or through the newspapers for at least fifteen days.
A shareholder whose stock may be declared abandoned may appeal to the
courts within fifteen days after being notified thereof; after fifteen days he
shall have no remedy. He will always, unless there is an agreement to the
contrary, preserve a right to be repaid all he has paid in toward working
the mine out of fifty per cent. of the clear profits of the mine, first
deducting the expenses paid by the other shareholders before and after his
shares were declared abandoned.
Any or all of the provisions of the law relative to mining companies may
be annulled or waived by the contract or statutes of the Company, except
those relating to the indivisibility of a mining property, to the recording of
the original agreement of the Company with the names and representation
of the stockholders, to the division of the mine into shares of stock, to
the indissolubility of a company through the death of one of its members,
and to the shares of mining companies being personal property.

IX.
Title IX. treats of contracts of habitation and other contracts with
reference to mines.
The contract of habilitation, or to furnish necessary moneys to the mine
owner for working his mines, may be made by the habilitator becoming partowner in the mine or as a simple loan or assistance. In either case the
stipulations of the contract between the parties are to be observed or, if no
contract exists, the provisions of the law.
When the agreement is that the habilitator acquires a part of the mine he
shall keep his part as long as he maintains the habilitation; the profits shall
first go to pay off the habilitation-debt and afterwards be divided between
the owner and habilitator according to the part of the mine each one
represents. If the habilitator should cease to habilitate he shall lose that part
of the mine which he has conditionally acquired, but shall have a right to be
repaid a ll the capital spent on the mine.
The mine-owner cannot be held with his other property to pay capital
advanced for working mines; such debts are to be paid from the profits of
the mine, of which fifty per cent, is to be used in pay-
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ing off the habilitation-debts; that of shortest standing is to be paid
first, and so on.
The debts, incumbrances or mortgages which a mine may have are
extinguished in case of losing the property on account of abandonment or for
non-observance of the precepts of the Code.
Habilitation-debts can be secured by mortgage on other property, distinct
from the mine; they are preferred over all other debts against the mine
except workmen's wages. Among several habili-tators (he preference shall
be given to the last. These rules shall take effect even when the mine and
business are attached and sold judicially.
If a habilitator agrees to furnish a certain amount of capital or to
habilitate for a certain time, he must carry out the agreement under
penalty of losing the right to collect whatever he may have paid in; and the
miner may bring suit against him to compel fulfilment. A miner to whom
the habilitator does not advance in time money to pay the workmen, may
sell any available cts or tools to raise the necessary funds and any loss
thereon shall be for account of the habilitator.
Every habilitator who does not administer the mine may put in an inspector
for his account and the mine-owner may do the same when the habilitator
administers. These inspectors shall not interfere with the administration
of the mine, but shall watch and examine the operations, books and
accounts and give notice to their employer of whatever he ought to know.
In sales and contracts with respect to mines or shares therein, there
shall be no rescission on account of wrong, nor resource of integral
restitution.*
Mine-owners and workmen are free to contract with each other to work
mines on shares, or for salaries, or in any other way, and the contracts relative
thereto shall be governed by the provisions of the common law.
X.
Title X. treats of legal proceedings in mining lawsuits. The Mining
Deputations must subject themselves in all economical and
* The action for rescission on account of wrong holds where the party who buys anything
pays twice its value, or where the seller of anything receives only one-third its value. The
resource of integral restitution holds in behalf of a minor for the return of a property
wrongfully sold by a trustee or guardian, when the goods of the guardian are not sufficient
to indemnify the wronged party, or for the rescission of sales made by a minor under tutelage
with the consent of the tutor, if loss has resulted to the minor thereby.
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executive proceedings to the provisions of Title IV. and VI. of this cod
Mining lawsuits must be substantiated and decided in each State by the
proper judges and tribunals of that part and according to the laws of
proceedings there in force, but with observance of the rules contained in this
title.
The proceedings shall be summary whenever by its own nature the suit
has not an especial or a short form according to the local laws in force.
The work of a mine or metallurgical works cannot be suspended on
account of litigation, or attachment; an inspector can only be put in. The
machinery, tools, utensils and provisions necessary for or on hand in a mine
or metallurgical works cannot be attached or sequestered separately from the
business for any debt of the mine-owner except that, for the pay of the
workmen, there may be taken and sold of the above objects enough to
cover the debt. In every case of sequestration or execution of a mine or
metallurgical works the products thereof shall be devoted first and of
preference, to keeping up the workings.
XI.
Title XI. treats of taxes upon mining. During the term of fifty years,
counting from January 1st, 1885, the date of this law, all mines of mineral
coal, iron and quicksilver, are to be exempted from direct taxes of every kind.
Mining products are to be free from all taxes on their circulation within the
Republic, and quicksilver is to be free from all customs dues and all direct
taxes.
Besides the coinage and exportation duties now levied, or that may be
established, the mines, not of the class especially excepted as above, are
not to pay more than one direct tax, which is to be fixed according to the
value of the ore or substance in exploitation without deduction of expenses,
and which shall not exceed two per cent, of said value. This tax is to go to
the State in which the mine may be situated, or to the Federation, if the
mine should be in the Federal District or the Territory of Lower
California.
Metallurgical establishments shall pay the same taxes as other industrial
establishments.
XII.
Title XII. contains general provisions. It lays upon the Mining Deputations
the obligation to watch over the exact fulfilment of this present law under
direction of the Ministry of Encouragement. Where there is not time to
communicate with that functionary, the

THE SEW MINING CODE OF MEXICO.

53

Deputations may, on their own responsibility, take such urgent measures
as may be necessary for the preservation and regulation of the work in
mines and the executive authorities must lend them all necessary assistance
thereto.
The Mining Deputations and their employees shall be responsible for
official misdemeanors or abuses, according to the Penal Code of the Federal
District. They and the experts, etc., shall be paid by fees according to the
schedule formed by the Secretary of Encouragement, which fees are always
to be paid by the denouncer or promoter of any proceeding or question.
Proprietors or habilitators of mines must have an agent or attorney in
the district where their mines are seated, duly authorized for all legal
proceedings. In default of such agent, any proceedings may be taken against
the administrator or person in charge of the mines, without any necessity of
notifying the mine-owner.
Owners of mines or metallurgical works are obliged to supply such
statistical data as may be asked for by the Mining Deputations, according to
the instructions of the Secretary of Encouragement or of the General
Directory of Statistics.
All mining properties legally acquired before the date at which this law
commences to be in force, are to continue to be held even if of deposits or
substances not comprehended in this law, or if their claims should have
dimensions different from those now established. If such properties should be
of substances which the present law awards to the owners of the soil, those at
present in possession thereof by virtue of denouncement shall continue to hold
the same and shall enjoy an especial protection from denouncement for two
years from the date of this code, in order to arrange for putting their
properties in exploitation. After this time if such properties are
abandoned or forfeited, all rights therein shall revert to the owners of the
soil.
Those States whose taxes upon mining and metallurgical works of any kind
are not in conformity with the provisions of this code are to pass the necessary
legislation to make them so before July 1st, 1885.
This Code, dated November 22,1884, took effect all over the Re-public
from and after the 1st day of January, 1885, at which time the Mining
Ordinances of May 22, 1783, and all laws, decrees and regulations of the
colonial epoch, of the Federation or of the States, concerning the industry of
mining, were absolutely abolished, even in those parts not contrary to this
Code. The digest above given contains all the main points of the new law.
For the minor provisions and for the detailed proceedings under the Code I
must refer to a complete translation which I expect to publish in another
place.
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THE IRON ORES OF PICTOU COUNTY, NOYA SCOTIA.
BY E. GILPIN, JR., A.M., F.G.S., F.R.S.C, INSPECTOR OF MINES,
HALIFAX, N. S.

THE following notes may serve to bring before your Institute an idea of
the iron-ore resources of Pictou County. Enough work has been done to
permit an estimate to be formed of their quality and probable extent. As
yet the systematic mining and smelting of iron-ore in Nova Scotia is
confined to the operations of the Steel Company of Canada, in
Colchester County,
Although the locality I am about to describe appears, in many
respects, well adapted to iron smelting, e'c, no attempts have yet been
made to begin work. Nova Scotia capital is more readily turned to
lumbering, fishing, and shipping ventures; and such an investment
appears equally foreign to the rest of the Dominion. I need not,
however, go further into this part of the subject, and can only hope that
my notes may prove serviceable as indicating a probable field for
future development.
The accompanying map shows the position of the harbor of Pictou
relative to the coal and iron-ore fields, and to the railways which
intersect them. The branch of the Intercolonial Railway, running from
Truro to Pictou, forms the western boundary of the iron-ore district,
which extends beyond the point where the New Glasgow and Cape
Breton Railway crosses the French River. The iron-ore district may be
roughly described as a triangle formed by the ore-outcrops and the two
railways, the former making the base, and the latter the sides of the
triangle, the apex resting on the coal-field at New Glasgow.
The drainage of the country is toward the Gulf of St. Lawrence,
through the Middle, East, Sutherland's, and French rivers; and the
surface is undulatory, seldom exceeding two hundred feet above the sealevel, except in the district lying between Glengarry and the upper waters
of the French and Sutherland's rivers, where a maximum height of about
five hundred feet is reached at several points.
Geologically speaking, the district embraces two divisions, the
Carboniferous and the Silurian, the latter resting on strata provisionally
considered to be of pre-Cambrian age. As no geological

THE IRON ORES OF PICTOU COUNTY, NOVA SCOTIA.

55

survey has yet been made of this county, except in the coal-field, the
boundary lines of the various horizons cannot be indicated with absolute
accuracy.
From New Glasgow northward to Pictou are met the measures of
the Upper Carboniferous (embracing the upper part of the productive
measures). These strata are considered by geologists to mark the
transition from the Carboniferous into the Permian, and the term
Permo-Carboniferous has been applied to them. The town of New
Glasgow lies on the northern outcrop of the coal-measures, which extend
from Sutherland's River to Middle River, and are bounded by heavy
faults, bringing the different Carboniferous subdivisions into close
contact with each other. The Millstone-Grit occupies an irregular tract
of country lying to the south of the coal-field. The sections which have
come under my notice do not show any clearly defined boundary to
this formation, which appears to pass insensibly into the coal-measures
above and the Marine limestone beneath.
The latter formation, which is of interest in this connection, as it holds
numerous beds of limestone, iron-ores, etc., is presented in an irregular
band, extending from Glengarry to Sutherland's River, and projecting
to the south up the East River in a narrow tongue. The lowest division
of the Carboniferous, represented elsewhere in the Province by darkcolored bituminous shales or by heavy beds of conglomerate, does not
appear in this district.
The various members of the Carboniferous system rest on two
divisions of the Silurian. The upper division has for its western
boundary the East River, and occupies the highlands, already referred
to, as extending from that point to the eastward. The beds making up
this series are gray and olive slates, in places passing into coarse grits
and sandstones, and containing a few calcareous bands. The fossils
they yield are considered by Dr. J. W. Dawson to be the equivalents of
those characterizing the Lower Helderberg of United States geologists.
Passing downwards, underlying strata are met, which, in the absence of
the Niagara limestone may be regarded as of Clinton age. These
ferriferous strata are now presented in synclinal folds, irregular in
shape, and frequently broken by faults, and rest on nacreous and
chloritic schists with immense masses of an indurated slaty breccia,
rising into prominent hills.
On the west side of the east branch of the East River the Carboniferous rests on strata, composed largely of black and gray slates and
quartzites, older than any met on the cast side of the
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except possibly the hills of indurated breccia. At several points
patches of strata, perhaps representing the lower beds exposed on the
east side of the river, intervene between the Carboniferous and the older
strata. These slates and quartzites are considered to be the eastward
extension of the axial measures of the Cobequid Mountains, which they
strongly resemble, and have been termed Siluro-Carnbrian. As yet,
however, the work of mapping out these horizons has been incidental
to the exploratory work on the various iron-ore deposits, and much
remains to be done.
Although the presence of a few of the iron-ore beds about to be
described had been known for many years, no attempts were made to
prove their value until 1873. In this year Dr. Dawson, assisted by his
son Mr. George Dawson, determined the position and extent of some of
the more important deposits, and their work was continued by the
writer for several seasons over a district e? bracing three hundred square
miles.
Taking the ores in ascending geological order, they occur as
follows:

The iron-ore district of the Cambro-Silurian series begins about
six miles to the northwest of Glengarry station, where there are several
veins of specular ore in Gairlock, These veins, as exposed naturally near
the farm of James McKay, of Mill Brook, vary in thickness up to 2
feet, but no work has been done to test their extent. About two miles
west of Glengarry a large vein crosses the railway, and is composed
chiefly of ankerite with sideroplesite, and a little calespar, and carries
several veins of specular ore. One of these has been opened by a short
drift and shows 3 feet of excellent ore.
From this point eastward to Drug Brook on the west branch of
the East River traces of specular ore are frequently met, but no veins
have been observed. Here a natural exposure shows three beds of
limonite, the thickest being about 30 inches in width. It is not
known with certainty that these ores represent the specular already
referred to, and they have been considered to belong to a second orerange, lying to the south of the specular. From this
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point, surface-signs of specular ore mark the passage of the
vein for about three miles, to an opening made by Mr. Watson on a
vein of specular ore 7 feet wide. A few yards from this is a bed of a
dark-colored magnetic ore, about 18 inches wide ; but no details are
known as to its extent and value.
The specular vein has been traced about four miles further to the
east, and shafts have been sunk on it at several points. On the
Weaver property, enough work has been done to show that the vein
is about-100 feet wide, and carries several bodies of specular ore
from 1 to 15 feet thick. About one-half a mile east of the Weaver
property, where the vein begins to skirt the river valley, it appears
to be associated with limonite. The vein has not yet been searched
for in the wooded district lying east of the river.
This vein is, strictly speaking, a stratum-vein, and maintains a
course very closely agreeing with that of the slates, and a nearly
vertical dip. During a great part of its course, as sketched above, it
runs on elevated ground, which would facilitate mining. There are
indications of a similar parallel vein lying further to the south, but
hitherto it has not received attention. The alternation of specular
and limonite ores in these veins has also been observed at Londonderry, Colchester County, where the earlier workings at several
points yielded considerable quantities of the former ore, while at
greater depths limonite alone is found.
The ore is compact and foliated, and its quality is shown by the
following analyses:

I. Dr. Steveson Maeadam. H. Dr. T. E. Thorpe. III. E. G., Jr. IV.
Geol. Sur. Canada.
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The Upper Silurian district is marked by the occurrence of beds of
red hematite, some of which reach large dimensions. Allusion has
already been made to the basin-shaped synclinals presented by these
strata. One of these synclinals in Blanchard settlement has a width of
one and a half miles, and a length of about three and a half miles.
Owing to the wooded character of much of the ground at this point, the
exact thickness of the basin cannot be given. Its western apex 'rests on a
mass of the indurated slaty breccia, already alluded to, and has been for a
short distance a good deal broken by faults.
On the southern side of this basin, a bed of ore from 3 to 5 feet
in thickness has been traced for about three miles, and maintains a
moderate dip to the north. The reverse outcrop, or southerly dip,
of" this bed has been observed at several points on the north side of
the basin, and several beds of ore are believed to occur between
them in the flat-lying band of measures forming the axis of the
synclinal. About 700 feet below the northern outcrop of this bed
is an exposure of a bed of red hematite, commonly known as the
Big Blanchard bed. This bed stands nearly vertical, and varies in
width from 30 to 100 feet. No attempts have yet been made to
trace it beyond its natural exposure, which is about half a mile in
length.
At a vertical distance below the southern outcrop of the upper bed,
corresponding closely to the distance between it and the big bed on the
north side, are strong surface indications of the reverse outcrop of the big
bed. Should this bed be proved to extend over the area indicated it
would yield an immense amount of ore. The northern end of this synclinal
is broken by faults bringing up lower measures; and a little further
north the Webster red hematite is met with, a strike nearly at right
angles to that of the beds just described, and a northerly dip at angles
of 15° to 50°.
The exact relationship of the Webster ore to that of Blanchard has
not yet been clearly made out, but it may be taken to represent one of the
outcrops of the big bed brought up by a transverse folding. It has been
traced for about four miles, and varies in thickness from 15 to 10 feet.
The best ore extends for about one mile each way from Sutherland's
River, and the bed then becomes poorer by decrees from excess of
silicious matter, until it passes into a ferruginous .quartzite. At several
points, beds of quartzite are found intercalated in the ore, but do not pass
into it, being sharply defined by smooth parting.
This ore is not
fossiliferous, and may be con-
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sidered a segregation of iron oxide around minute grains of silica,
giving the ore in places a sub-oölitic structure. Its color is steel-gray,
with a metallic luster in some of the layers. The ore is very favorably
situated for mining as it runs on the crest of a high hill.
About three miles to the north, after several small synclinal folds are
passed, the Fall Brook ore is met. It has a southerly dip and resembles
the Webster ore, but is of an earthy red color. It has been opened by
Mr. Watson at Fall Brook, and is known to extend about five miles to the
eastward, nearly to the spathic ore on McLaren's Brook. Its thickness is
about 15 feet, and it preserves the quality, shown by an analysis of the
ore from the opening in Fall Brook, over the greater part of its course. To
the south of the spathic ore deposit it becomes more silicious, and freer from
sulphur and phosphorus.
There are several other smaller areas of this class of ore in the district
under consideration, but they have not yet been examined. The measures
of this horizon continue with a few breaks from Springville to Arisaig, on
the east line of the county, a distance of forty miles. They have been
examined at several points, and have yielded indications of the presence
of red hematites. At Arisaig a bed of red hematite similar in appearance
and structure to that found at Webster's, and 4 feet in thickness, has been
traced for some distance.
The following analyses will show the character of these ores:

It may be remarked that the amount of phosphorus in these ores
appears to be connected with the presence of fossils at certain places.
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When they are absent or present in small numbers, as is usually the case,
the beds yield an ore very free from both sulphur and phosphorus.
Although the grade of these ores may not be equal to that of the
specular, they are evidently in enormous quantity and can be very cheaply
mined; and the more northerly beds are close to the coal-field.
The ores next to be noticed are the limonites of the East River valley.
From Springville to Sunny Brae the Lower Carboniferous Marine
limestones rest on the Upper Silurian and lower strata, the points of
junction presenting at several places interesting sections of the deposition
of the limestones on the clay-slates and other pre-Carboniferons rocks.
The line of junction is at many points occupied by deposits of limonite,
varying in thickness from 3 to 20 feet. At some points the ore-bearing
ground appears from surface indications to be several hundred yards
broad. At several openings the ores are highly manganiferous, and
specimens of pyrolusite of good quality have been found. The limestones
connected with these ores at Springville and Black Rock are, in some
instances, rich enough in carbonate of iron to be available for furnaceuse.
The source of these bodies of ore may be sought for in the oxidation
and concentration of the iron in the limestones, and from the beds of
red hematite in the Upper Silurian already referred to, several of which
are in the immediate vicinity of the limonite.
The ores are compact, mammillated, and fibrous, and their quality is
shown by the following analyses :

Passing to the Sutherland's River district, an opening has been
made on a bed of spathic ore which occurs in red marl, associated
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with limestone, and gypsum. Its width varies from 6 to 10 feet, and
from surface indications it appears to extend over a considerable tract of
country. The bed in places is highly manganiferous, and is a typical
spathic iron, granular and crystalline in texture, and of a light-gray
color. The following analyses will show its character:

Indications of spathic ore have been found on Sutherland's River,
McLaren's Brook, etc., under similar conditions, and this ore may prove
a widespread and important addition to the ores of the county.
Still further east on French River, at a horizon apparently several
hundred feet higher, and considered to represent the upper part of the
Marine limestone formation, there are several beds of a nodular red
hematite, varying in thickness up to 4 feet. These beds have been
recognized as extending for several miles. They appear to be the
weathered outcrops of carbonate ores, but they have only been examined
superficially. Samples taken from the outcrop of a 4-foot bed on French
River yielded 35 per cent of metallic iron.
In the productive coal-measures, clay-ironstones and black-band ore
have been noticed at several horizons. It may be questioned if any of
the ores hitherto casually exposed in shafts and stone tunnels are present
in quantities large enough to warrant the expectation of independent
workings, although in some cases they could be worked in connection
with the coal-beds. The horizon yielding these ores most abundantly
appears to be that embraced between the Albion main seam and the
McGregor seam. Old records show several beds included in these strata
which contain layers of ironstone up to 3 feet in thickness, and on
further examination they may prove of economic value.
The following analyses by the writer will serve to show the quality
of some of these ores :
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Although no attempts have yet been made to find iron-ore in the coaldistricts, the indications observed up to the present date may fairly be
considered to show the probable presence of a large and cheap supply
of ore.
In the Upper Carboniferous measures lying to the north of New
Glasgow there are several thin layers of clay-ironstone, not apparently
of economic value.
In the surface-drift there have been beds of bog iron-ore observed at
numerous points. These deposits have nowhere been observed of
large dimensions, but would probably be utilized for furnace purposes
in the vicinity of the iron-ore districts more particularly alluded to
above. River John, French and East rivers may be mentioned as
localities yielding this ore; and the following analysis is of ore from a
small bed exposed in a cutting of the Glasgow and Cape Breton Railway
in Merigomish, near French River:

These notes may serve to give a general idea of the iron ores of Pictou
County, and considering the wooded condition of nearly all the Silurian
and Cambro-Silurian districts, and the little inducement that has as yet
existed to stimulate search, it must be admitted that the discoveries
hitherto made, almost exclusively of natural
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exposures, are of good promise. It is anticipated that the work of the
Canadian Geological Survey will shortly be extended into this county, and
their mapping of the divisions of the pre-Carboniferous rocks will
undoubtedly facilitate the prospector's work.
In this connection a brief reference to the two important accessories to
iron smelting—fuel and fluxes—may not be out of place.
The coal of Pictou County may be described as bituminous and freeburning. Several of the seams now worked have not been found to
yield a good coke, but answer well in the furnace when used with about
twice their weight of coke. Other seams, however, yield a coke which
makes a good furnace-article, and has been successfully used at
Londonderry. The coke is cellular, and extremely resistant, resembling in
appearance that from the north of England. The following average of
several analyses, made some years ago by the writer, will serve to show
its charactér:

Limestone is abundant in the county, and forms an irregular band
between the iron-ores and the coal-field. On the East River, and on its
western branch, it is at several places close to the iron-ore. The lowest
beds hitherto found rest on the pre-Carboniferous rocks, and are
generally highly ferriferous and manganiferous. They form a horizon
which I have described in a paper read before the last meeting of the
Royal Society of Canada as presenting itself at the base of the Marine
limestone formation in Nova Scotia, and at many points yielding ores
of manganese, iron and lead. The higher beds are frequently very pure
and uniform in quality. They vary in thickness up to 75 feet, and are
often continuous for long distances.
The following analysis will show the character of one of the betterknown beds:
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THE MICROSCOPIC STRUCTURE OF IRON AND STEEL.
BY F. LYNWOOD GARRISON, PHILADELPHIA, PA.

IT is not intended to make in the present paper any deduction or to
formulate any theories from the results obtained by experiments. The
further expenditure of considerable time and labor would be required to
obtain a sufficient basis for positive assertions as to the microscopic
structure of the different varieties of iron and steel, and the structural
changes which take place in them. It is therefore my purpose at this time
to offer simply a synopsis of the general results arrived at in a few
months' work, a brief description of apparatus used, and a few hints as
to the preparation and preservation of the material which it is intended
to investigate.
The study of the microscopic structure of iron and steel is not
altogether new. Some attention has been given it in both England and
Germany. But the foreign publications on the subject have thus far
been confined, so far as I am aware, to two papers, one by Herr Martens,
of Berlin, contributed to the Verein zur Befoerderung des Gewerbfleisses and the other a lecture by Dr. H. C. Sorby of Sheffield. Dr.
Sorby, it seems, was induced to investigate the subject as bearing on the
structure of meteoric iron ; and the results he obtained are certainly very
interesting. At the Boston meeting of this Institute, in February, 1883,
Mr. J. C. Bayles called attention to the subject in a neat and
exceedingly interesting paper, in which the work of Messrs. Martens
and Sorby was summarized,* and original suggestions were added.
It is at present difficult to say what will be eventually the practical
value of the microscope, thus employed, in the sciences of engineering.
The rule which it seems most likely play is that of an adjunct to the
testing-machine, and not (as some have supposed) a rival to the
chemical laboratory. That it will be a most valuable accessory seems, to
say the least, highly probable.
I need hardly go at length into the details of preparing the material
for examination. Mr. Bay lea has described the process in such a
plain and comprehensive manner that if his instructions are
* Transactions, vol. xi., p. 2G1.
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carefully followed, one need not encounter any serious obstacles after a
little experience and the expenditure of a considerable amount of time
and patience. Patience and cleanliness are the two most important
attributes to be acquired by a student, if he desires success in work of
this character. A deficiency in either will be sure to spoil his work, and
in the end he will give it up in disgust wondering what has been the
cause of his failures.
In grinding the specimens, it is quite unnecessary that they should be
ground to an extreme thinness and mounted in Canada balsam as
microscopical objects are usually preserved. This entails a vast amount
of labor, to no end whatever. A good and accurate photograph, once
obtained, is usually sufficient for any reference that might be desired in
the future; besides, with a little care the etched surfaces of the objects can
be preserved from rust by simply rubbing a few drops of kerosene oil
over them with a soft chamois-skin and then placing them in a tightly
corked phial.
The size of the objects to be examined under the microscope, may vary
considerably; but the sizes found most convenient range from 1/4 down
to about 1/16 of an inch in thickness and from an inch to 1/5 of an inch
in sectional area. If the specimens are extremely thin, there is often
much difficulty in mounting them properly on a slide, and getting the
etched surface perfectly parallel to the object-glass. After the surface
has been sufficiently treated with acid, and shows under the microscope
no further traces of scratches made in the grinding, it should be
carefully dried and cemented to a glass slide with wax or cement, great
care being taken to have it in the proper plane parallel to the object-glass:
otherwise it will be impossible to make a satisfactory photograph.
The greatest difficulty encountered in pursuing the study of the
structure of materials is that of making accurate and satisfactory
records of what is seen under the microscope. To effect this the only
accurate and quick means is to photograph. Hence the student must not
only be a good microscopist, but also understand the theory and
practice of photography, an accomplishment which every engineer will
find it useful to acquire. The subject of photo-micro-scopv, although a
comparatively new one, is somewhat extensive, and it would not be
within the scope of this paper to enter upon it in detail. A few hints,
however, may be of value. The camera should not be large; the most
convenient size will be found to be one using 41/4 X 5 1/2 inch plates,
and having a bellows capable of being extended several feet.
Instantaneous dry plates only should be
VOL. XIV.—5
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used, for experience has shown that no others will serve the purpose
half as well; and they should be developed with a weak solution of
an alkaline or a ferrous oxalate developer. It is found that when
an instantaneous plate is used it is better to make a comparatively
long exposure and use a weak developer than to make a short exposure and use a strong developer.* The time of exposure depends
upon many conditions, such as the clearness of the atmosphere, the
intensity with which the etched surface reflects light, the quality of
the objectives, and the sensitiveness of the gelatine plate. The above
conditions are frequently so complex that it would be impossible to
say just how long the exposure should be made; the student must
learn to judge this by experience. A safe limit, however, may be
placed at not over 20 seconds, when good direct sunlight can be obtained and
a perfectly instantaneous plate used.
The proper illumination of the object to be photographed under
the microscope is somewhat difficult and requires considerable practice to
effect it. It must also be borne in mind that the best results
can be obtained only by direct sunlight, unobscured by clouds or
mists. When the object to be photographed has been carefully adjusted on
the stage of the microscope, and the focussing has been
approximately made, the table (holding both the camera and microscope) is placed near the window, so that thesunlight may strike directly
upon the object. The fine focussing is then made by means of a cord
passing around in a groove in the periphery of the fine adjustmentscrew of the microscope. The image on the ground glass should be
perfectly clear and well-defined in all its details. To effect this, a
focussing glass, such as is ordinarily used by photographers, may be
used with advantage in adjusting the finer details. The use of a condensing
lens depends upon the ability of the etched surface to reflect
light. Thus, for instance, hard steel reflects light so well that a
condensing lens is unnecessary, while in the case of pig-, cast-, or
wrought-iron, its use is absolutely essential. For further particulars
on this subject, Dr. Sternberg's work, Photomicrographs and How
to Make Them,, is recommended.
In selecting a microscope, though the question of ccst is of primary
importance to many, it should be remembered that a good instrument once
obtained will, with proper care, last a lifetime. Such an
instrument, under ordinary circumstances, should not cost less than
* A developer diluted to one-half its usual strength will be found to
give excel-lent results.
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$35 or $40, although a good second-hand one may be obtained for
less. The most important points to be observed in selecting a microscope
with which it is intended to take photomicrographs are as
follows:
1st. The stand should be of the best workmanship and material;
there should be no "shake" or lateral motion ; in the adjustment of
the focus there should be no "lost motion"—that is, the focus should
instantly change with the slightest motion of the milled heads—and
for photography there must be a universal joint, for inclination.
2d. The instrument must be provided with a fine adjustmentscrew with a groove turned in its periphery.
3d. The mirror under the stage should be so constructed that it
can be made to swing over, around, and above the stage, thus affording a
means of more intense illumination to the object than otherwise could be obtained with opaque substances. The objectives
should be of the very best quality. Experience has shown that it is
poor economy to use any others. Beck's 2/3 inch and 11⁄2 inch will
be found to give excellent results, and a range of powers quite sufficient for
any ordinary work. There are a number of makers of
objectives, all about equally good, but as I have used Beck's lenses
only, I say nothing about the rest. Two great points to be observed
in selecting an objective are, that it has a good "penetration" and an
extra lens (to be used only when photographing), so that the visual
and chemical foci may be made to coincide. The correction of
Beck's is effected in the If inch by substituting for the back-stop a
double convex lens of 8-inch focus and for the 2/3 inch a double convex lens of 5-inch focus. Higher powers need no correction, and
lower ones than 11⁄2 inch are rarely employed.
The quality of the eye-piece is of secondary importance, as it is
never used in photographing. The attachment of a mechanical
stage to the microscope is a great convenience and economizer of
both time and patience, although it is not an absolute necessity. Dr.
Carpenter's work and Dr. Phin's Hints on the Selection and Use of
the Microscope, together with Dr. Sternberg's work, are recommended
to those who may desire further details on the several subjects.
Of a l l the varieties of iron and steel, pig- and cast-iron are the
most difficult to prepare for examination.
Fig. 1 represents a No. 3 pig-iron (gray) as it appears under a
power of 50 diameters. The specimen was prepared and etched with
the greatest possible care, so that it may be safely taken as a good
example of pig-iron, ranging from No. 1 to No. 4 when magnified to
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that degree. It will be seen to consist of a heterogeneous mixture
of metallic iron and long, narrow, black plates of graphite. It does
not appear to bear the slightest trace of any crystalline structure.
The straight black lines which seem to stand out in relief are the
graphite plates. Owing to the comparatively high power used in
this case, the slightest inequalities of the etched surface cause an unevenness in the focus-ing; hence the obscurity of some parts of the
plate. By close observation of some parts, however, the structure
and the graphite plates can be made out. In many cases of pig-and
and cast-iron the graphite plates seem the group themselves in
bunches or lumps. This seems to be more characteristic of cast
than of crude pig-iron. It is not unlikely that the second melting
and slow cooling enables the graphitic carbon to separate itself more
readily in that way.
White pig-iron exhibits a highly crystalline structure, as will be
seen in Fig. 2. The intensity of the crystallization depends very
much upon the degree of chilling. Thus, in a large casting made
in a metallic mould, the outer surface, which comes in contact with
the mould, will be found to exhibit a high crystalline structure
(such as shown in Fig. 2), while the inner part, which has cooled
slowly, will show very little or perhaps no crystalline structure.
This highly crystallized white iron exhibits even under a high
power, only a comparatively small number of graphitic plates. The
crystalline structure in some cases is irregular, while in others the
crystals are regularly arranged with their long axes normal to the
surface of the mould. The plates of graphite will be found to be
arranged parallel to the lines of crystallization.
Wrought-iron or mild steel exhibits a fibrous structure, running
in the direction in which it has been rolled. Fig. 3 shows the
structure of a 6ne quality of rolled bar-iron. The fiber is distinct and
shows numerous furrows and cavities, due to working and the presence of intermingled slag during the rolling. Wrought-iron (not
steel) does not show, even under a power of one hundred diameters,
the slightest trace of crystalline structure. It has been held by Percy
and other authorities that the fibers were simply drawn-out crystals.
I have tried in numerous instances to determine if such really was
the case, and although I have examined many longitudinal and crosssections of various grades, I cannot find that there exists any foundation for such a view.
Fig. 4 shows a cross-section of the same material as Fig. 3. The
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" Burnt out" grate bar of cast-iron. (A.) The cast-iron unaltered by the
action of the fire.
(B.) The east-iron changed into hard steel by the
action of the fire.
X 45 diameters.
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furrows of Fig. 3 will be seen to be replaced by irregular cavities in the cross
section.
Figs. 5 and 6 show, respectively, a longitudinal and a cross-section
of a bolt made of Clapp & Griffiths steel. The difference in structure between iron and steel can be readily seen.in this case, the latter
showing a fibrous and yet finely granular structure, characteristic of
steel.
Hard or tool-steel presents a structure entirely different from any
of the preceding. It is highly crystalline, uniform in structure, and
shows no lines of weakness or any tendency in the crystals to
develop themselves in any given direction. Fig. 7 is a high-grade
crucible tool-steel magnified 45 diameters.
Fig. 8 is the usual grade of file-steel magnified to the same
degree. The latter differs from crucible tool-steel only in being
somewhat more compact and harder. All steels exhibit a similar
characteristic structure, which enables a person, with practice, to
judge of their relative qualities fey a simple comparison of their
compactness, luster, and crystalline structure.
Fig. 9 shows the structure of meteoric iron, which is quite different
from any of the artificial irons or alloys of iron and nickel. The
peculiar lines so prominent in the figures are characteristic of meteoric-iron and are commonly known as "Widmannstatten lines.”
I have not been able to detect these lines in all varieties of meteoric
iron. It seems that if the iron be very impure and contain but a
small amount of nickel, there is little or no tendency to develop
them.
One of the most interesting and peculiar changes of iron into steel
which have came under my notice in connection with this subject,
is exhibited in Fig. 10. It shows a section made from a "burntout" grate-bar of ordinary east-iron. The left hand side (A) shows
the cast-iron unaltered by the action of the heat; the right side
shows where the cast-iron has been completely changed to hard steel,
which resists the file quite as much as any tool-steel. On examination of the part of the bar which came most in contact with the
fire, I found that the entire surface was changed to hard compact
steel, with a thickness of about 1/10 of an inch. The most remarkable point to my mind, is that the line of demarcation is so sharply
defined, thus showing little or no intermediate stage of decarbonization. The altered part (B) shows a structure decidedly characteristic of hard tool-steel (compare with Fig. 8). In the unalterable
part (A) the structure of east-iron is.quite apparent, the groups and
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clusters of graphite plates being readily distinguishable (compare
with Fig. 1). As the reasons for such a remarkable change of
structure might cause considerable speculation and much difference
of opinion, it would perhaps be better to defer its discussion for
another opportunity and a separate paper.
In conclusion, it is most earnestly desired that this paper may
excite a friendly criticism and discussion of the subject, by which
we may learn the opinions and experiences which others have had of
the physical properties of iron and steel. From any persons interested, I should be very glad to receive such specimens or information as they may see fit to send.

A SIMPLE APPARATUS FOR DETERMINING THE RELATIVE STRENGTH OF EXPLOSIVES.
BY S. WHINERY, SOMERSET, KY.
IN. these times of sharp rivalry, both as to price and quality,
among the makers and enders of engineering explosives, it is often
desirable to be able determine the relative energy or value of
the various explosives offered for sale, in order to purchase intelligently ; or, having contracted for a large amount of an explosive of a
certain standard quality, to be able to ascertain if the manufacturer
keeps his product up to the specified standard. The simple and inexpensive apparatus described below was devised by the writer while
engaged on the improvement of the Tennessee River, at Muscle Shoals,
under the direction of Major W. R. King, U. S. Engineers, in the
summer of 1879. It answered the purpose so well that it is thought
that a brief account of it may be of interest to other engineers. It
consisted, essentially, of an old blacksmith's anvil and a common
striking hammer, such as is used for driving rock-drills. The anvil
was placed, face downward on solid, level ground. In what was
then the top of it, a vertical hole, one and one-fourth inch in diameter
and about one and three-fourths inch deep, was made with a ratchetdrill. The surface of the anvil immediately around the drill-hole
was made as true and smooth as possible with a file.
Next, a new striking-hammer, weighing nine pounds, with a
turned and true face, was selected ; and a handle, eleven feet long and
about one and a half inches in diameter, was fitted into it so that it
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projected about one foot beyond the hammer. The long end of
the handle was mortised into a wooden axle about three feet longturning on half-inch iron pivots, in posts set securely in the ground
in such a position as to bring the face.of the hammer symmetri.
cally over and covering the hole in the anvil, and so that when
raised upward it revolved in a vertical plane perpendicular to the
face of the anvil. Light horizontal wooden braces, extending from
the ends of the axle to. a point about half-way along the handle,
secured the latter in position, and gave it additional stiffness. To
further secure the hammer from lateral motion, the forward end of
the handle, which projected beyond the hammer, had a vertical slit
sawed nearly its full length, and was placed astride of a stout vertical wire secured tightly to arms projecting from an upright post;
but this arrangement was probably unnecessary, and the friction
between the wire and the wood doubtless detracted somewhat from
the accuracy of the machine.
If, now, a small charge of any explosive be placed in the drillhole, or firing-chamber as it may be called, the hammer adjusted to
its place, covering closely the mouth of the hole, and the charge fired,
the hammer will be thrown to a height proportional to the quantity
and strength of the explosive used; and if equal charges of different
explosives be successively fired, the heights to which the hammer is
thrown will bear the same ratio to each other as the respective
energies of the samples fired, and may be taken as a relative measure of the strength of each.
The essential parts of the apparatus were now complete, and it
only remained to devise a ready means of firing the charges, and
measuring the height to which the hammer was thrown. For firing
the charge, an ordinary platinum fuse, exploded by a Laflin and Rand
magneto-machine was used. Two spring-clips, made of tin, and fastened to the upright post mentioned above, were connected by wires
to the poles of the magneto. When the fuse and charge were in
place and everything ready to fire, the bare ends of the fuse-wires
were slipped into the spring-clips, and the circuit thus completed
through the fuse. The wires of the fuse passed into the firing-chamber through a small notch or groove, filed into the face of the anvil,
under the hammer.
To measure the height to which the hammer was thrown, a light
index-arm of wood, about ten inches long, was screwed to the top of
the handle, just back of where it entered the hammer (the handle
being left square at this point for the purpose), in such a manner as

DETERMINING THE RELATIVE STRENGTH OF EXPLOSIVES.

77

to allow it a slight horizontal motion. The outer end of this index
arm was slit vertically with a saw, and passed astride of a fine
vertical wire held* in place by arms from an upright post. This
wire carried, above the index arm, a small cork moving with just
enough friction to hold it in whatever position it might be left.
Lastly a rod, graduated into feet, tenths, and hundredths, was fixed
to the upright post so that its zero corresponded to the top of the
cork when everything was in position for firing. When the charge
was fired ;he index arm carried the cork with it to the highest point
reached, here it remained until its position was read off on the
graduated rod.
A simple device for interposing a block of vood between the.
anvil and the hammer, as the latter fell back a c firing, to prevent
the battering of the face of the anvil, was a! o attached, but was
probably unnecessary.
It was thought that by making the handle of the hammer so long,
and using small charges of explosives, the path of the hammer might
practically be considered a straight line, instead of a circle; but this
did not prove to be the case. As the index-wire was tangent to the
circular path of the hammer, the reading taken represented the tan- gent of the circular angle described by the hammer in its flight; but
the true vertical height reached by the hammer was represented by
the sine of that angle, and this sine and tangent were found to differ
sufficiently to make it necessary to apply a correction to the index
readings. This was easily done, since, the radius being ten feet, the
corrected readings could be taken directly from a table of sines and
tangents.
:
It is evident that only the dynamical work done by the, charge in
exploding, is shown by this machine, and consequently its results
would not correctly represent the relative value, for engineering
purposes, of slow and- rapid burning explosives, such, for instance,
as blasting powder and dynamite. It should, therefore, only be
used to compare explosives of the same general class.
The explosives experimented with at Muscle Shoals all belonged
to the dynamite family. The charges used were generally ten grains
of the number one class, or twenty grains of the number two class
of dynamites. Each charge was weighed out as carefully as possible on a superior prescription-balance (which turned readily with
one-fourth grain), and wrapped in tissue-paper. Usually from ten
to twenty charges were prepared from each sample to be tested.
When all was read}', a platinum fuse was placed in the firing-cham-
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ber, a charge dropped in with it, the hammer and index-cork ndjusted to their places, the battery connected, and the charge fired
From thirty to forty charges could be readily fired in an hour, ???
was, of course, necessary first to determine the- average height to
which a platinum fuse alone would throw the hammer, and this constant, when determined, was subtracted from- the average height to
which the hammer was thrown by the charge and fuse together.
The effects produced by equal charges of the same explosive were
as uniform as could be expected from so crude an apparatus. In
fact the records compare very favorably, in ??? respect, with those
of the more exact experiments made by General Abbott and others,
with far more expensive and carefully made apparatus; and betaking the average of from ten to twenty tests, first throwing out
such readings as were, from accidental or other causes, manifestly
wrong, the results doubtless represented fairly the relative value of
the explosives thus tested.

COLRED MINING LABOR. '
BY ALFRED F. BRAINERD, BIRMINGHAM, ALA

HAVING had considerable practical experience in the management
of colored mining labor in the South, I have thought a few observations upon its peculiarities might interest those not personally
familiar with it. In mining, as in all other departments throughout
the South, this class of labor is largely in excess of any other; and its
characteristics need to be known and duly taken into consideration by
those who may be charged with the conduct of southern enterprises.
The colored laborers are fervently religious, intensely superstitious,
improvident, and usually good natured and happy,—in a word, they
are like children. That strong religious emotions do not involve
necessarily a moral sense highly developed in the direction of ethics,
is shown in the propensity of the colored population for chickenstealing, and in the brutal fights and other outbreaks of which they
are not infrequently guilty, upon any slight provocation. It is only
fair to say, however, that many individuals among them are in the
highest degree steady and trustworthy.
To one accustomed to seeing white miners at work in the middle,
northern or western States, the colored miners seem somewhat slow
and lazy. But their efficiency is greater than it appears to be. The
almost tropical sun of midsummer beats upon their unprotected heads
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without injuring them. Sunstrokes are practically unknown among
them. What they may lack in speed they make up in muscular
efforts and in longer hours of labor. It is quite common in "open
work" on ore-veins or in quarries, for the colored laborers to enliven
the monotony of their task by singing some melody, keeping time with
their hammers, picks, and shovels to the music. One never hears as
yet of ??? among them. Yet they hang together with exceptional
loyalty. in ease of mishap due either to accident or carelessness, the
management .fails to get at the cause by ??? any number of
them. They always manage to get together an gree as to the story
they will tell if called upon. Among white miners, on the contrary,there is usually some one to turn "States' evidence," either for the
sake of getting out of the difficulty himself, or of getting some one he
dislikes info trouble, or from the higher motives of truth and duty.
The system of payment in checks or scrip, similar to that used
in the middle States, is common. This enables the miner to get
provisions every evening at the store. At the end of the month,
rent, doctor's bill, and the amount of scrip drawn, or money advanced, are deducted from the amount due for wages, and the balance
is paid in cash. Many of the miners live on from $3.50 to $7.50
per menth. Most companies employ their own physicians, and
the employees are taxed to pay the doctors' salaries and the cost
of medicines used. A few of the colored miners lay up a certain
amount every month from their earnings. Most of them keep in debt
to the storekeeper, or simply draw enough to support themselves
as they go along, and on pay-day receive the remainder and spend
it within a short time in some foolish manner. They do not seem
to care for improving their personal appearance by suitable clothing.
Mining operations for iron-ore in the South are usually conducted
at or near the surface. A few companies only are mining iron-ore
underground. One of the most extensive underground ore mines
is that of the Lowmoor Iron Co. of Virginia. At Rising Fawn, Ga.,
at the mines in the fossiliferous red ore-beds near Birmingham,
Ala., at the Inman and Rock wood mines, Tennessee, underground
work is done, almost wholly by adits, usually culled " tunnels."
Among the principal surface-mines of iron-ore are the Iron Mountain mines, near Covington, Allegheny Co., Va., the Stack mines
in the same county, the Ingham and the Milnes mines, Page
Co., Va., D. S. Cook's mines at Wilton, on the R. & A. R R., the
Houston mines, Botetourt Co., Va., and the Crozer and the Rohrer
mines in Roanoke Co., Va. In the Georgia and Alabama mines-
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above mentioned, there is a good roof or capping of rook which requires little timbering.
It is often very hard at first to get men 'to work underground in
a section where most of the mining is on the surface. It is amusing
to see a new applicant for a "job," in his anxiety to work in the
"cut,''due to fear of accidents and darkness, in the tunnel. After
he has worked in the cut for a while ? all weathers, the inconveniences of mud and rain turn his attention to the superior comfort
of the miners who work in the tunnel. He then wants to go inside
too; and it thus becomes difficult to keep a .??? of men outside to
do the necessary work. After a man has worked underground for
a time he never works outside from choice. *
Should a fatal accident occur in the tunnel, the miners will all
leave that place and can scarcely be induced* to work there again,
even although the mishap may have been caused by carelessness or
neglect, and not by any permanent source of danger. Men unacquainted with the locality have to be put to work there, and the
former workmen have to be put into another tunnelA trying time to the manager of a mine occurs about the holidays,
when nearly every man on the place wants to go home—and does go.
This exodus generally begins about the 1st of December and lasts
until the 1st of January. The majority of the absentees stay away
from one to three months, during which time there is a partial or
total suspension of mining. The only remedy for this seems to be
is to induce men to bring their families to the place where they
work and to provide suitable quarters for them.
The wages of colored miners in Virginia average from 90 cents
to $1.00 per day of from 10 to 12 hours. ' In Tennessee, Georgia,
and Alabama, from 80 to 90 cents per day of from 11 to 12 hours
is paid. The cost of brown hematite in Virginia averages $1.85
per ton at the furnace ; in a few cases, as high as $2.00 per ton of
washed ore. Limestone costs from 50 to 75 cents per ton. In
Tennessee ore costs about §1.65 at the furnace, and limestone 50
cents. In Georgia the average prices are about $1.50 per ton for
ore and 50 cents for limestone; in Alabama about $T.25 for ore and
50 cents for limestone. There are two furnaces in Alabama which
have a contract for five years, and are being supplied with ore at
75 cents per ton, delivered into the top of the furnace, at the rate of
about ten thousand tons monthly. The coke procured in Tennessee,
Georgia or Alabama is not as good as in Virginia, owing to less
pains being taken with the coal at the ovens.
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THE UTILIZATION OF THE IRON AND COPPER ULS
PHIDES OF VIRGINIA, RTH CAROLINA
AND TENNE??EE.
BY C. E. BOYD, WYTHEVILLE, VA.

THE sulphuretted ores of Carroll and Grayson Counties, Va., Ore
Knob, Ashe County, N. C, and Ducktown, Tenn., in their general
position, are in the prolongation of the same massive deposits. The
existence of the extensive ore-bodies has been well-established, not
only in a practical way, but by the careful research of a number.of
men of science, including Dr. T. S. Hunt, Professor Kerr, Dr. Genth,
Rogers, Safford, Professor Egleston, Dr. H. E. Colton, the writer,
and others, and described in one or more of the volumes of our
Transactions, as well as in other publications. The greater quantity
of these ores being pyrrhotite, although much of them carry nonmagnetic disulphide, their reduction on the ground will probably lead
to better results than an attempt to mine and ship them to distant
places; and their use as sulphuric acid producers, to be employed in
the cheap manufacture of valuable fertilizers, will be chiefly the
subject of this paper.
The great deposits of Carroll County, Va., are now nearer to railway transportation than any of the others, being six to eight miles
from the Cripple Creek extension of the Norfolk and Western Railway, now being constructed, the grading of which is in an advanced
state of completion.
I am not able to state what are the present prospects of an early
completion of the contemplated line of railway to Ducktown. For
a long while, during the time those deposits were mined and reduced
for their copper, the works were forty miles from any railway ; and
the same may be said of Ore Knob, N. C.
The deposits in Carroll and Grayson Counties, Va., being now the
most accessible to cheap transportation, will naturally claim the
greater part of our attention ; though it may be pertinent to remark,
just here, that the ores of Ducktown, like those of Carroll and Grayson, Va., exist in the undecomposed levels as iron and copper sulphurets, much of which is-a non-magnetic disulphide, as stated, with
occasional exhibits of sulphides, such as covellite, erubescite, etc.
There are, now and then, small quantities of silver, lead, and zinc,
VOL .
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no arsenic and 0.70 to 1.10 per cent. nickel; and no assays have
been so far reported, the purpose of which was to determine whether
tin is present in any of the veins or not. These ores range in their
contents of copper from 1.70 to 5 pel cent. for averages, copper
pyrites often occurring in handsome bunches nearly pure; 38 to 46
per cent, of sulphur, and about 50 per cent, of iron. The average
thickness of the ore-deposits, between hanging- and foot-walls, is
from 26 to 100 feet and more. Their dip is usually from 45°
to vertical ; sometimes presenting the appearance of a distinctly
bedded vein, at others that of true fissure, filled with pyrites in the
usual manner, with light intrusions of quartz, talco-miea, and,
doubtless, small quantities of calc spar.
It being reduced to a certainty, from experience, that these ores
can -be mined and dumped on the ??? at 60 cents per ton of sulphuret, so great a quantity as exists in the twenty miles length of
the veins in Carroll, Va., to say nothing of .the others for the present,
must very soon command the earnest attention-of those who are now
or will be engaged in the cheap manufacture of the more valuable
fertilizers produced from phosphate-rock by means of sulphuric
acid; in the reduction of ores containing silver or gold, in which
sulphides of iron and copper may be employed, and in the production
of copper metal.
Possibly the most extensive and lucrative industry will be the
manufacture of fertilizers containing from 8 to 15 per cent. of available phosphoric acid, using the sulphuric acid made on the ground
from these pyrites of iron and copper.
Of this class of fertilizers there are now consumed annually in the
Southern States east of the Mississippi, about 750,000 tons-, and,
in the whole country about 2,000,000 tons, with the demand constantly on the increase.
Obtaining, first, the sulphuric acid from these ores, by either the
common process, in the leaden chamber, or by the interesting method
of Roessler, explained in volume xii., p. 274, Transactions of this
Institute, and in London Engineering of April 17th, 1885, by Mr.
Arthur F. Wendt, by which copper sulphate may also be obtained
in quantity (100 tons of the ore yielding 55 to 75 tons of sulphuric acid), this acid is then used upon the phosphate rock,
which holds a high and often variable percentage of phosphoric
acid, leaving it in such a condition that it is ready for the conclusion
of the process by which it is manufactured into a fertilizer, having
such constituents, and in such proportions as are required for use in
commerce, either as a high- or a low-grade superphosphate.
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The phosphate-rock may be considered to hold the following
in gredients :
Phosphate of lime (as tribasic phosphate or orthophosphate),
Carbonate of lime,
, ............................................................
Sesquioxide of iron,.................................................................
Alumina,...................................................................................
Silica .........................................................................................
Organic matter,........................................................................
Water, .......................................................................................
Chloride of sodium,
...........................................

50 to 80 pr. ct.
20 to 25 "
1 to 3
"
1
"
0.13
"
0.04
"
1.40
"
0.33
"

The whole process of the reduction of the rock and conversion into
he final product results in the preparation of a fertilizer holding 8 0 15
per cent. of available phosphoric acid and 2 to 4 per cent. of
mmonia and potash, worth, according to its available phosphoric
nd ammoniated constituents from $30 to $50 or $60 per ton, while
?? cost of production, as will be shown, can be reduced to a figure
surprisingly low, if not the lowest.
It would be interesting to describe the entire process of reduction and preparation ; but there is scarcely space to do more than
call attention to the fact that the cost of obtaining the sulphuric
acid from the ores mentioned, as well as the whole cost of producing
the fertilizers, will probably be fully compensated by the amount
of copper sulphate, iron sulphate, iron and metallic copper produced
at the same time, above the quantity of such of these reagents as
may be required in the manufacture of fertilizers. For we must
remember that from Roanoke, through Montgomery County, Va.,
to these Carroll and Grayson mines, there are several extensive
bodies of ores, yielding from §15 to $25 per ton of silver, and on
Brush and Laurel Creeks, in Montgomery and Floyd Counties,
extensive gold deposits, yielding per ton of rock $15 to $50, as well
as in some counties of East Tennessee, in the reduction of which the
sulphates of copper and iron will be useful. (See the interesting
papers in vol. xi: of W. Lawrence Austin, Ph.D., pp. 91-104, and
Bichard P. Roth well, pp. 191-196 ; also, accounts of Mears' process,
in which sulphuric acid is also used, and many others.) Now, owing
to the fact that the Norfolk and Western Railway is carrying to
Norfolk and Lambert's Point, on deep water, from Pocahontas, a
large and constantly increasing quantity of coal to supply sea-going
steamers and the general trade, the ears returning to Southwest Virginia, will take South Carolina phosphate rock and the recently
discovered coprolites of the Virginia Peninsula, in ballast, at a very
low rate.
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The cheapness of production of the sulphuric acid, the low rate of
transportation, and the possible utilization of by-products in several
other pay metallurgical operations, besides those mentioned above, such
as the conversion of the kettle salt-cake now accumu-lating at Saltville,
near by, into soda ash, conspire to render the locality under
consideration one of the most favorable in the whole country for the
early establishement highly remunerative chemi-cal works on a large
scale. To this may be adde the possibility of converting the ironresidues into metal at a cost of 87.50 to S9. 50 per ton, using coke in the
furnace. Ducktown, with its proximity to the phosphate-beds of A
labama and South Carolina. Vill present the same facilities when
communication by rail shall have been estab- lished.

THE INFLUENCE OF TEMPERATURE IN STEEL-MAKING
ON THE BEHAVIOR OF THE INGOTS IN ROLLING.
BY JOHN W. CABOT, BELLAIRE, OHIO.

THE fact has long been known, that the temperature at which
steel is made and cast bears a very important relation to the molecular condition of the cast ingot. But until quite recently this fact
has not received the consideration which its importance seems to
justify. That the ingots from a very " hot " blow in the Bessemer
converter, for instance, would not roll as well as those made at
a lower temperature, was observed very early in the the development
of the process; but the further investigation of the effects of varying
temperature from " hot" to " cold," has not been carried out with
that degree of fulness which has been accorded to the effects on
the rolling of the chemical elements, and other conditions in the
manufacture.
In the following pages will be presented the results of an investigation of this subject, undertaken with the view of determining how
far the influence of temperature extends, through how great a range
its can be traced, and what temperature in the making and
easting w i l l give the best results in the rolling of the ingots.
In the series of observations forming the basis for the conclusions
arrived at, while it was not possible to get the full chemical analysis
of every heat considered, a complete record of each, in other details,
was made, and a large number of these were averaged together to
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give the figures on which the comparison was based. The observations included Bessemer rail-steel and open-hearth spring-steel.
The effect of cold pouring having been first noticed, the following
record of a cold-poured heat is cited, being selected out of many such
observed. A heat which had worked cold in the blowing, was
allowed to remain in the vessel 20 minutes after the completion of
the blow. After adding spiegel, as usual, it was poured, being so
cold that it would just pour without chilling, leaving a heavy skull
in the ladle. The heat worked extremely well all through, and the
ingots rolled' perfectly, there being no blooms requiring to be hotchipped.
The general correspondence between the blooming and the temperature at casting, is shown by the case of three consecutive heats,
one of which was made "hot," the second "medium," and the third
"cold." The, record shows:
Temperature.
H o t ..........................................
Medium, .
.
.
.
Cold, . .
.
.
.

Rolled.
Chipped Blooms.
Badly,
.
.
.
.
.
.8
Fairly, ....................................................... 5
Well, .......................................................... 4

The next instance presented is that of 24 consecutive heats of one
day's working, the first 12 of which were made at a low heat, while
the latter 12 were made at a considerably higher temperature. The
average percentage of chipped blooms in the first lot was 27 ; by increasing the temperature about 25 per cent., the average per cent. of
chipped blooms in the second lot was increased to 45.
These cases, selected from many such observed and recorded,
show the bad effects on the rolling of the higher temperature at
casting.
In order to become satisfied that these effects were not caused by
other and accidental circumstances, and to meet the objection which
might be raised, that such instances were not of sufficient number to
warrant the conclusion, a much larger number of heats was taken
for comparison. The temperature-records and rolling-records of
four hundred heats were collected and tabulated. Of these, one
hundred heats were made " hot." These were arranged together, and
their average rolling-record was taken, the basis being the number
of blooms in each heat requiring to be hot-chipped. One hundred
heats, made at each of the points of temperature, " medium," " cool,"
and "cold," were treated in a similar manner. This gave four lots
of rail-steel ingots, made at varying temperatures, but in other
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details of the manufacture as nearly alike as it was practicable to get
them, and aggregating something over 2500 tons of ingots. The
averages taken on so large a scale as this, would, it was thought,
eliminate accidental effects. In the absence of any known means of
correctly measuring the actual temperatures of these beats, this was
determined by the eye.
.
The averages of the four series of heats were as follows :
Temperature.
Per cent, chipped blooms
Hot ------------------------------------------------------------ 39
Medium, ------------------------------------------------------- 34
Cool, ----------------------------------------------------------- . 24
Cold, ---------------------------------------------------------- 25.5
The investigation was extended to the higher grades of steel, by
getting the average rolling-record, as before, of two lots of openhearth spring-steel, the first of which was made hot, the second cool.
Each lot consisted of the same number of heats (amounting to about
400 tons in each), such heats only being taken for the comparison as
came within certain limits as to their contents of carbon and manganese. It was thought that the influence of temperature might
not be so apparent in this case as in that of Bessemer steel, owing to
the fact of the lesser range of temperature obtainable in the openhearth process, as ordinarily carried out, than in the Bessemer
converter. The comparison did, however, show the same effect as
that seen in the case of the Bessemer rail-steels.
The averages were:
Hot heats,---------------------- 20 per cent, chipped blooms..
Cool heats,------------------------- 11 per cent. chipped bloom.
In the softer grades of Bessemer steel, below rail-grade, this influence does not appear so largely. An attempt to trace it with steels
of the grade of wire-rod, showed that no correspondence could be
seen between the temperature and the behavior in rolling.
When we come to the still softer kinds, such as that used for nailplates, the effect is very- marked, a slight increase in the temperature
of the blow above a certain maximum, producing an injurious effect
on the rolling.
The foregoing experiments and observations seem to show, very
strikingly, the important influence which the temperature at which
steel is made exerts upon its molecular condition. This effect is
injurious in proportion as the temperature increases above a certain
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point; and hence it may be safe to lay it down as a general rule,
that, other conditions being the same, the colder steel is made, the
better it will roll.
The reason for this lies in the fact that the tendency to the formation of cracks in the ingot, due to unequal internal strains from
excessive shrinkage, during slow solidification, is greater in steel
cast at a high temperature. The different behavior in the rolls of a
very hot cast ingot, and a. very cold one, sustains this view. The
cracks appearing in an ingot cast too hot, are few in number, large,
deep and sharply defined, and are situated in the lower half of the
ingot, the top generally rolling smoothly; while in the case of an
ingot poured too cold, the cracking appears at the top, and has more *
of an irregular "red-short" character. The bottom of the ingot rolls
smoothly, and the long, deep contraction-cracks peculiar to hotpoured steel rarely appear. The bad rolling of the tops of ingots
made too cold is caused by gas-cavities, which collect near the top of
the ingots. By carefully examining a section of a cold-made bloom,
it will be noticed that the cracks are in reality gas-cavities, which,
having been arranged about the inner surface of the shell of the
ingot and perpendicular to it. have been drawn out by the rolling
into short, shallow cracks, entirely different in character from the
cracks characteristic of hot-made steel, which latter, remaining liquid
so much longer, allows the gas to escape more fully, and leaves the
upper part of the ingot free from this defect.
Now, between these two extremes, the point of temperature most
favorable to the mechanical condition of the ingot is that which will
reduce the cracking at each end to a minimum. This point, as indicated in the averages of heats, is that called " cool." It will be
noticed that those heats made "cold," did not roll as well as those
made "cool," this being due to the increased red-shortness at the
top, caused, as explained above, by the imprisoned gas-bubbles.
This effect of temperature on cast-steel is seen in the case of steel
castings, which, as is well known, will tear themselves apart through
excessive internal strains if cast too hot.
The relation between the temperature of the liquid steel as cast,
and the subsequent condition of the chemical elements in the ingot,
is evidently very close. Any tendency of the elements to redistribution towards the center, or any other change, would be very much
diminished, if the steel were poured at so low a temperature that it
solidified rapidly.
From the chemical point of view, the relation of temperature to
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the composition of steel is all-important. It is indeed the fundamental consideration in all the reactions of oxidation and reduction
carried on in our steel-making and other metallurgical processes.
There is a certain point of temperature for each element at which it
exhibits its maximum affinity for oxygen ; either above or below,
this affinity is weaker. To control our oxidizing operations, as well
as the chemical composition of the resulting steel, this question of
temperature, as affecting the relative oxidation of the elements, must
be carefully considered. Silicon, we know, oxidizes most readily
at a lower temperature than carbon, iron at a "higher. To get our
best results, therefore, in the elimination of silicon, carbon, and
manganese, in a Bessemer blow, the temperature must be so regulated that the bath will not be so hot as to prevent the last traces of
silicon from oxidizing, and yet not so cold that the carbon will not
all go out. It is a well-known fact, that in a very hot blow the silicon is not all taken out. If the temperature is too-high, the iron is
more strongly attacked, and the bath, in recarbonizing, gives off
large quantities of carbon gases, and injures the quality of the steel,
as is seen in the case of very soft Bessemer steel when made too
hot.
Considered from both the mechanical and the chemical point of
view, the question of temperatures in steel-making is one of at least
as much importance as those of chemical composition and mechanical treatment.

THE STBAIGHT OR NO-B0SH BLAST FURNACE.
(SUPPLEMENTARY PAPER.)
BY W . J . TAYLOR , CHESTER , N . J .

THE discussion on my paper entitled "Experiments with a Straight
or No-bosh Furnace," read at the Philadelphia Meeting, September,
1884 (Transactions, vol. xiii., p. 489), suggests the propriety of supplementing it with another, giving my views as to the cause of the
failure, which was so decided as to create surprise among furnace
men.
As then stated, the Chester (N. J.) furnace, which had been 60
feet high, and 1.3 feet in diameter at the bosh, was altered to an
8-foot bosh, with a 7-foot hearth, 7-foot stock-line, and 4-foot bell,
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so that, practically, the furnace was straight. The advantage I
hoped to gain, was to get an active and distinct line of travel of the
stock on the walls, preventing the accumulations which facilitate the
carrying of partially reduced, but disintegrated ore, into the crucible, absorbing its heat, causing irregularity, high fuel, and "sharp"
iron. The duration of the first blast was 16 days, and that of the
second 2 days; and as the change seemed only to facilitate, instead
of preventing, the formation of fine, pasty stock on the walls, the
only conclusion I can come to is, that the failure was due to friction
of the stock on the walls, as affected by the relation between the
circumference of the shaft and its height.
We all know that furnaces do run successfully with a diameter in
the largest part or bosh, of only 8 feet; but no 8-foot furnace was
ever built, so far as I am aware, over 30 to 35 feet high, as against
60 feet in the case of my experiment. The new spiegel-furnaces at
Newark, N. J.,--designed by Mr. E. S. Moffat--for working
Franklinite or zinc residuum, are only 8-feet bosh, and 35 feet high,
and work well.
In my experiment, when we allowed the stock to run down 25 or
30 feet, the furnace would become normal to all appearance; the
walls would clean themselves, and the stock settle regularly (with a
very light burden, however); but as soon as we filled up to anywhere near the regular stock-line, everything would become abnormal again. Under these circumstances, I can only charge the complete failure to the extreme height, as compared with the diameter;
for of course the friction due to each cubic foot of stock contained
in the furnace is proportionately very much greater on an 8-foot
shaft than it would be on a larger one, say 10, 12, or 14 feet.
Heretofore, as we have added height to furnaces, the diameter has
also been increased, and the normal conditions of the travel of the
stock have been maintained. Under these circumstances, it seems
probable that I had got entirely beyond the proper limits of
furnace proportions, and that failure was due more to this fact than
to the straight walls; and I do not now consider the experiment
conclusive evidence that a straight furnace must necessarily work
badly. It may be, that if we knew the law governing the relation
of diameter to height, a straight furnace would be an improvement
on a bosh-furnace; and the assertion in my previous paper that this
experiment proved the necessity of a bosh of some kind, may, therefore, be an error.
As mentioned in the previous paper, my first design was for a
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12-foot shaft, but calculations demonstrated that it would requite:
for economical work, 12,000 to 15,000 cubic feet of air per minute;
and as the Chester furnace engine could blow only 7000 cubic feet
I reduced the diameter accordingly.
1 am very much inclined to think, that had I made the shaft 12
feet, the furnace would have worked normally, even with only 7000
cubic feet of air, but not with any marked economy or advantage.
It is well known that many furnaces, after being in blast some
time, cut out their boshes, and practically become straight, and yet
often work well. In other cases furnaces require straight sides
(and are made quite small, too), through scaffolds, which often reduce the diameter to much less than 8 feet. The Chester furnace
has been run with a ring-scaffold that reduced the size of the upperpart, for more than 20 feet, to 4 .to. 6 feet in diameter; and it
worked quite regularly, but only made an output of about 150 tons
per week, on a very high fuel-consumption (say 12/3 tons of fuel to 1
ton of metal). In this ease, however, the lower part of the furnace
was full-sized, the scaffold beginning about 10 feet above the tuyeres.
In conclusion, I would add, that after abandoning the straight,
furnace we left the hearth and tuyeres unaltered, and gave the bosh
an angle of 80°, beginning at the tuyeres, which brought the top of
the bosh (13 feet in diameter) 17 feet above the tuyeres, then drew
in to 81⁄2 feet at the stock-line, put in a 5-feet bell--and the furnace
is now working well, making an output averaging nearly 300 tons
per week, on the same ores as before, and with a fuel-consumption
of less than 11⁄4 tons per ton of iron.
In view of the wide range of lines and dimensions on which furnaces have been constructed and more or less successfully run, as
illustrated by Mr. Birkinbine, in the discussion following my previous paper, it seems strange that a change so slight as this should
make the extreme difference between a complete failure and a marked
success.

EXPERIMENTS WITH BOLTS AND SCREW-THREADS.
BY MAJOR WILLIAM. KING, U. S. ENGINEERS, CHATTANOOGA, TENN.

MY attention was drawn to this subject just twenty years ago this
month, when I was detailed to rebuild one of the bridges in Richmond that had been burned during the evacuation. We took pos-
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session of the Tredegar Iron Works, rolled the iron for the bolts
and rods, made castings from old shell and other scrap, borrowed
the necessary timber from the remains of the navy-yard, and rebuilt
Mayo's Bridge, 1400 feet long, in about six weeks, the soldiers
doing most of the work. Although I had taken special pains in
proportioning the bridge, and had introduced what Holley has designs ed as a suitable "factor of ignorance," I was not at all satisfied
of the stability of the bridge when completed, on account of the
evident weakening of the principal rods by cutting coarse "standard"
threads upon them, and. I was greatly relieved of anxiety when a
few years. later an unprecedented flood in the James River picked
up that bridge and carried it bodily out upon the bosom of Chesapeake Bay.
The matter was again forcibly suggested a few years later, when
I was investigating the subject of armor-plating. I found that bolts
were, a great source of weakness, and, as a general rule, especially
in all the earlier experiments, when any of the armored targets were
struck by heavy projectiles, the result was a perfect hailstorm of
bolt-ends, nuts and washers. In fact, it may almost be stated as a
rule, that in all similar engineering work the bolts are the weakest
part of the structure. This is perhaps due to the fact that we almost
always look at the side rather than at the end of a bolt, which makes
about 30 per cent, difference in the apparent strength. In order to
strengthen a chain we must strengthen the weakest link, and as
cutting away too much metal for the screw-thread weakens bolts,
which in turn are themselves sources of weakness, it is evident that
we must begin at the thread. If the thread is cut deeper than is
required to prevent stripping, it must weaken the bolt and in a most
insidious way, for it is the very method taken by the blacksmith to
break iron or steel bars ; and it should be noted right here that the
standard thread is cut much deeper than the blacksmith nicks his
bars.
Without going into the mathematical work by which the facts
were proved, it may be stated that, in connection with the armorplate investigations already referred to, I found theoretically: first,
that with a perfect-fitting thread it makes no difference in regard to
the strength of a bolt-thread how fine it is made, since the length
of thread increases just as fast as its strength of cross-section diminishes; second, that with such a thread one-fifth of the diameter of
the bolt is a sufficient thickness of nut to prevent stripping; third,
that about one-fifth the cross-section of the bolt would be a sufficient
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cross-section of nut to prevent bursting. These dimensions are very far within
the limits to which any one would think of carrying the
reform, but they indicate that there is a very broad margin between
existing practice and safe economy.

The advantage of having every part of a structure of a strength
proportional to the strain upon it is not generally appreciated. The
" Deacon's One-horse Shay " was more of a reality than is generally
understood. A beam may be actually strengthened by cutting away
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portions of it. Figs. 1 and 2 represent two little wooden beams, for
example, that show how the strength of a beam may be more than
doubled by cutting away surplus timber, and leaving all parts strong
in proportion to the strain they are required to resist. The same
principle applies to bolts.
But in such matters actual experiment is the safest—if not the only
safe—guide; and fortunately such evidence is available. The following
account of one set of experiments is from my last annual
report, made in July of last year :
“

EXPERIMENTS WITH SCREW - THREADS AND NUTS .

“ Having occasion to use a large number of screw-bolts in building ironlock gates for the Muscle Shoals Canal, my attention was again directed to
the proper proportions of threads and nuts. About fourteen years ago, while
experimenting with materials for armor-plating, I became convinced that the
standard' sizes for V-shaped threads were very much too coarse for nearly all
purposes, and that the size of nuts was out of all proportion to the strains
upon them, since the bolts themselves would invariably break long before
the thread or nut would yield. These facts were briefly set forth in
‘Professional Papers, No. 17,' printed in 1870, and the practical tests now
made have fully verified the conclusion then reached. Four test-bolts
were made. They were all from the same quality of wrought-iron, and
were forged at the same time. The shanks of the bolts were turned and the
heads and nuts were faced up in the usual way, the outside of heads and
nuts being left in a rough state. No special care was taken in fitting the
nuts. Two of these bolts had the standard threads of six to the inch, and
two had twelve to the inch, and all the heads and nuts were made about
two sizes lighter than the tables prescribe for 11⁄2-inch bolts. As the fine
thread weakens the bolt much less than the coarse one, and must be
proportionately stronger, the principal questions to be settled were
whether the thread of the fine-cut bolts would strip or the head or nut
would give way before the bolt itself would break.
" These questions were definitely settled by having the bolts carefully
tested on the government testing-machine at the Watertown Arsenal, which
was done by the courtesy of Major F. H. Parker, United States Ordnance
Corps.
" There was no sign of stripping the thread or bursting the nut in any
case, and the coarse threads broke at an average strain of 66,325 pounds,
while the fine ones stood 78,400 pounds, or over
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18 1/8 per cent. more. The fracture in every case was at the bottom of a
thread, as usual, but the fine-threaded bolts were elongated 4 1/3 per cent, of
their length, while the coarse ones were only stretched
2 per cent., which shows that the 'work' of breaking the former
was more than 21⁄2 times as great as in the case of the ' standard'
bolts. The tensile strength of the iron was found to be 59,785 pounds
per square inch of original section in the coarse-threaded bolts, and 58,495
pounds in the fine ones, showing that the experiments, if anything, slightly
favored the standard bolts, and that the results are due entirely to the fact
that the coarse threads cut away too much metal; and it is quite probable
that even finer threads than those tested, say 16 or 18 to the inch, would
give better results.
"The importance of the results is evident from the fact that a net
increase of about 20 per cent, in the statical strength of bolts and 150 per
cent, in their resistance to sudden strains can be made by simply using
finer threads, and at least 40 per cent, of the iron in the head and nut can be
saved by making them that much lighter. It is certainly a mystery why
manufacturers will persist in throwing away metal and labor in making coarse
threads which cut away the bolts unnecessarily at their weakest point, and I
can only account for it upon the theory that the present scales have been
inherited from the coarse blacksmith work of former years, which has been
carried into our modern and more refined practice to avoid changing taps and
dies............................. "
It should be stated that the outside of the thread in all these bolts was
1/16 inch smaller than the body of the bolt, or the latter would have shown
greater elongation.
To test the matter still farther, I have recently had three more pairs of bolts
made, one pair having 6 threads, one 12 threads, and one pair 18 threads
to the inch ; but in all other respects the bolts were as nearly alike as it was
possible to make them. They were turned from bar iron 1 5/8 x 2 inches
square, so that no forging was required.
The results were still more favorable for the fine thread, for when
broken in a hydrostatic press not a single nut showed signs of weakness, and
the bolts with 18 threads to the inch showed unmistakably that they were
stronger than the others, although they finally yielded by pulling out of the
not—not by stripping the threads, as we generally understand it, but by
actually drawing down the size of the bolt until the greater part of the
threads were disengaged, as can be seen from the specimens.
In Fig. 4 I have plotted the strains and corresponding stretch of

EXPERIMENTS WITH BOLTS AND SCREW-THREADS

95

96

EXPERIMENTS WITH BOLTS AND SCREW-THREADS.

the six bolts, and, for comparison therewith, a diagram enlarged
from an autographic sheet (similar to an indicator-diagram), taken
in 1870, which is thought to be the first attempt ever made to get a
continuous record of the behavior of iron under varying strains.
Pounds.
The standard bolts broke at an average strain of,............76,655
Those with 12 threads at,..................................................92,991
Those with 18 threads yielded at, ................................ 94,248
It will be noticed that the latter were just on the point of breaking when the nut pulled off.
Mean Results.
6
12
threads. threads.
Relative tensile strength, .......... 1
1.21
Stretch, ......................................025
06
Relative work,......................... 025
.0726
Or, ............................................. 1
2.9

18
threads.
1.23
.08
.0984
4

Fig. 5 shows comparative views and sections of the six-thread and
twelve-thread bolts. The advantages sought by increasing the number of threads per inch are :
1. At least 20 per cent. additional statical strength.
2. Three or four times the strength to resist impact.
3. The finer threads are easier to cut.
4. They are less liable to work loose.
5. In many cases this practice will take the place of upset or
enlarged bolt-ends.
6. In such cases it would have the advantage of filling the hole,
or, rather, it would avoid the necessity of making the holes larger
than the body of the bolts.
7. There will be a saving of 50 or 60 per cent. in weight of heads
and nuts; also in cost.
8. Bolts may be placed closer to angles in structures without
chipping out for head or nut.
The disadvantages would be :
1. Cost of changing taps and dies.
2. Additional time required to put on or remove nuts, which, of
course, is hardly worthy of notice.
3. In case of bolts frequently removed there would, of course, be
a greater loss in strength from wear and rust of surfaces of thread.
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We have seen, however, that this wear must go on until the No. 12
thread is as fine as the No. 18 thread before the nut will strip. In
some cases, like the bolts that secure the cylinder-heads of a steamengine, it will probably be best to retain a coarse thread.
The great excess of strength in the ordinary screw-thread is
evident from the experience with French breech-loading guns, where
the enormous strain due to the explosion of the charge is held by
only a fraction (considerably less than one-half) of the threads, the
balance being either cut away or not engaged. In a 16-inch rifle,
e. g., the strain on the breech-plug is about 4000 tons.
Although the cost of changing to the proposed system would be
very great, I believe the country could well afford to buy up all the
old taps and dies at their weight in standard silver dollars and destroy them, just as they do obsolete dies at the mints.
Some might think it best to wait for the adoption of the metrical
system before taking action in this matter, as another change would,
of course, be necessary in that event; but I think this would be a
mistake. The metrical system is making very slow progress in this
country, and its practical use would reach everybody and send them
back to their school-books, while this change would simply affect
manufacturers of machinery, etc., and only require changes in tables,
gauges, and other special tools.
If any reliable person should claim that he had discovered a
method of saving 10 per cent. in the cost of producing pig-iron, it
would arrest the attention of the entire pig-iron community; but I
doubt very much whether a positive demonstration, both theoretical
and experimental, that a saving of 20 to 60 per cent. can be made
in the cost of more highly wrought or finished work, like bolts and
nuts, will attract enough attention to secure even a fair investigation
of its merits. I should feel more hesitation in advocating a reform
of so ancient and conservative an institution as the standard of bolts
and screw-threads if it were not for the fact that the world is full of
just such antiquated humbugs. Take the Birmingham wire-gauge
for example, or our system of weights and measures, with two or
three different pounds and tons, and no system whatever in fixing
the ratios between units of different orders.
The standard for threads, which I have indicated by a broken
line (see Fig. 3), with a diagram of pipe-threads and the Franklin
Institute Standard, is merely suggested for consideration, and, of
course, should not be adopted without careful experiment with all
sizes of bolts, to see that the figures given are those best suited for
VOL. XIV.--7
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each bolt. I have endeavored, without attempting any great nicety,
to fix upon the simplest combinations of numbers that will give
about double the standard number of threads to the inch and avoid
fractional numbers of threads, so far as possible.
Instead of introducing such complications as 27/8 or 25/8 threads to
the inch, I would suggest that whole numbers be fixed for each 1⁄4
inch of bolt diameter, and then let each of the intermediate sizes of
bolts have the same number of threads as the bolt next below it in
size.

TREATMENT OF ROASTED PYRITES BY THE LONGMAID
AND CLAUDET PROCESSES FOR THE EXTRACTION
OF GOLD AND SILVER.
BY T. EGLESTON, PH.D., NEW YORK CITY.
THE treatment of the residues from the manufacture of sulphuric
acid which contain small amounts of copper, silver and gold, has
attracted considerable attention in Europe. They are successfully
treated in several works on the continent, and in as many as twenty
establishments in different parts of England. As the process must
sooner or later attract attention in this country, I have put together
my notes made in three of the most important establishments in
Europe. These are the works at Hemixem near Antwerp, of Du-isbourg in
Westphalia; and of Oker in the Hartz. In the last works
only, the ores are produced in the vicinity of the place where they
are treated.
The works at Duisbourg treat ores which come from the Rio
Tinto mines in Spain, which often contain considerable quantities of
arsenic. They are roasted in a number of different works along the
Rhine for the manufacture of sulphuric acid. They are brought by
boat and are landed at the works by steam-cranes. They are carried
at once by a double-inclined plane worked by steam to the storagehouses to be kept until treated. The wagons, after being weighed,
are dumped. The ore is assayed at once, the assay-sample being
taken from the boat while the ores are being discharged. They are
all fine, and contain two to eight per cent, of copper and about sixty
per cent. of iron, and a small amount of silver and gold.
Their average composition is given below :
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Iron, .....................................................................................58.25
inc,.......................................................................................0.37
Lead,........................................................................... 1.14
Copper......................................................................... 4.14
rsenic, ........................................................................... 0.25
Sulphur, ...................................................................... 3.76
Lime, .......................................................................... 0.25
Oxygen, .........................................................................................................26.93
Water, ......................................................................... 3.85
98.94
The works at Hemixem near Antwerp treat an ore from Vigsnaes,
in Norway, which has been roasted for the manufacture of sulphur,
in a number of chemical establishments on the Rhine, and is sent to
the works by canal. It is discharged by two steam-cranes and carried to large piles in the works. The ore is of different sizes, and
comes to the works in lump, grains, and dust which have been treated
for different purposes, and which contain different quantities of sulphur. They contain on an average:
Lumps.
Grains.
Dust.
Copper, ......... 5 to 9 per et, . . 3.5 to 5 per ct., . . 28 to 3.5 per ct.
Sulphur,. . 5 to 8 "
. . 5 to 7
" . . 3 to 3.5
"
The average of all the ores is copper 5.5 per cent. and sulphur 6
per cent.
Inside the works the ore is weighed, and then dumped by
means of a steam-crane into large piles, the ore being classified by
locality and by richness. It was formerly dumped into large storehouses covered with a roof and protected with strong brick walls.
As the ore is wet when it arrives, the pressure from the decomposition has
been sufficient to endanger the houses, so that now the oreheaps have a roof over them, but have walls only one meter high on
the sides.
The ore in lumps is crushed in a pair of Cornish rolls, and then
with the other ore is classified and sized on screens so arranged that
the ore which does not pass them goes back to the rolls. It is then
weighed, sampled, and assayed. The ores at Oker are ordinary
copper-ores which have been roasted at the works to produce the
sulphuric acid, the mother-liquors of which are used in the separation of the silver from granulated black-copper.* They contain,
when roasted, from 7 to 10 per cent. of copper, and 6 to 8 per cent.
of sulphur (combined for the most part with iron): from 35 to
40 per cent. of iron, about 2 per cent. each of lead and zinc, and
* Production of Gold and Silver in U. S. Burchard.

1884.
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from 0.008 to 0.01 per cent. of silver. As they have been already
treated for sulphuric acid, these are crushed and ready for further
treatment. The ore is sized on screens with meshes from two to
four millimeters square. Experience has shown that this is the best
size. If it is finer, it will not filter well; if it is coarser, it may not
be sufficiently roasted.
The process by which these ores are treated varies in its details,
but is essentially the same in all the works. It consists of seven
different phases:
1. Mixing the ore with salt.
2. Roasting the ore.
a. Absorption of the furnace gases.
3. Leaching the ore.
a. Leaching with the mother-liquors.
b. Leaching with the acid water of the coke-towers.
c. Treatment of the residues.
4. Precipitation of the gold and silver by the Claudet process.
5. Precipitation of the copper.
6. Treatment of the cement-copper.
7. Fining and refining the cement-copper.
Most of the iron, zinc, nickel, cobalt, lead and copper are in the
state of oxides; the roasting transforms these as well as the silver
and gold into chlorides, which are very easily soluble in the acid
mother-liquors from which the copper has been precipitated. A
small part of the copper remains as oxide which is dissolved out in
the acid waters. There should always be from 3⁄4 to 1 per cent. more
sulphur than copper in the ore. If from any cause there should
not be sufficient sulphur to efficiently carry out the roasting, this
is added in the shape of iron pyrites. The amount of salt required to be added will vary from 15 to 20 per cent. of the weight
of the ore. The silver and gold in solution are precipitated together,
and the copper by itself, while the residues, after these metals have
been dissolved out, are valuable products easily sold or used in the
works.
1. Mixing the Ore with Salt.
At Duisbourg the proper quantity of salt having been first ascertained, is measured in wooden boxes, and is thrown through a
grating upon the ore. It is then passed through a set of Cornish
rolls to reduce it to the size of about a millimeter cube. It is thus
thoroughly mixed. From the rolls the ore falls on a series of sieves,
and what does not pass is carried back to the rolls.
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When the ore is mixed and sized, it is carried to the roasting furnaces by an endless chain. At Hemixem the ore., according to its size,
is ground in two different sets of Cornish rolls, the products of which
arc separated by screens, and carried by endless chains either back to
the rolls or to the store-house for the ground ore, where the proper
quantity of salt is added to it. This will be, on an average, 20 per
cent., but if the ores contain above 5.5 per cent. of copper it may
be as high as 35 per cent. The ore and salt are charged into
a hopper from a wagon running on rails over the top of it, and
arranged with a bottom movable by an outside lever. The quantity
put into the wagon is weighed, so that the charge in the hopper is
always the same. The hopper connects by a pipe with a cast-iron
drum made of two frustrurns of cones put together by their bases, on
which a gear-wheel is fitted. This is attached by a pinion so that it
can be made to revolve very rapidly. The ore and salt together are
discharged by a slide-valve in the bottom of the hopper into a vertical
pipe on one of the sides of the drum, and discharged from its opposite side into a wagon by an Archimedes screw working in the discharge pipe. The drum is made to revolve very rapidly, and as the
only outlet is from the pipe opposite to the charging-side, the mixture is made so rapidly and perfectly that it is discharged every two
to three minutes. The machine receives a charge of 700 kilos, and
as the work is so rapid, the charging-side is arranged as a bin which
is always filled with a new charge as soon as a charge has been made
in the drum. The greatest advantage has been found in the use of
this mixer, both in saving salt and in insuring the most economical
use of that which is mixed with the ore. It is doubtful whether this
special machine answers any better than the methods used in the
West.* In order to avoid the dust, it is necessary to have the ore
a little moist. Two mixers can prepare 45 to 50 tons in a day.
At Oker the mixture is made in an edge-mill, of which there are
two, in which the pan alone is actuated. Each mill treats 34 tons
of the mixture of ore with 15 per cent. Of the Stassfurt potassiumchloride salts per clay, with one man tending, grinding the mixture
to the size of 2mm. There is no disadvantage in making the mixture faster than it can be used. It has been found by experience
that a certain amount of chlorides are formed both before and after †
the material leaves the furnace, so that there is a gain in keeping
it in heaps for even five or six weeks beyond the time necessary to
provide for accidents to the mixer.
* Transactions, vol. xii., p. 46

† Transactions, vol. xii., p. 48.
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2. Roasting the Ore.
The mixed ground ores are roasted in reverberatory or mufflefurnaces to form chloride of copper. The temperature during this
operation must never be above dull red, and must not be continued
after the assay shows that most of the copper has been transformed
into CuCl2, as this compound is liable to be decomposed at a high
temperature, losing its chlorine and forming Cu2 Cl2, which seriously
interferes with the precipitation of the silver ; besides which the
chlorides are volatile at a higher temperature,’ and ox chlorides are
liable to form, which are wholly or partly insoluble and very difficult
to treat. The ore should not contain, to secure the proper reactions,
less than 0.75 to 1.5 per cent. Of sulphur for every per cent. of copper.
As the amount of material to be transported is large and there are
large quantities of liquid to be moved, the works, with the exception of
those at Duisbourg, are all arranged in terraces, so that the material is
moved as much as possible by gravity. The works at Duis-bourg are
situated in a perfectly level country, so that all the spent material has to
be often handled, and the construction of the works is rendered much
more complicated than it otherwise would be.
The roasting is done on the highest level in furnaces of different
sizes, with the admixture of from 8 to 10 per cent. of salt. Great
stress is laid in the works on this incorporation of salt with the ore.* At
Duisbourg there are ten roasting furnaces, all of them being muffles,
as the gases are collected to make soda-cake. In six of these furnaces the
hearth is 9m long by 4™ wide inside. The fire-place is 3m wide by
1.20m long.' They treat a charge of 2250 kilos. The four larger
furnaces have a hearth 10m long by 5.50m wide, inside, and treat a
charge of 2700 kilos. The depth of the charge spread out over the
hearth is from 0.05m to 0.0Sm. It is left spread out to be heated for
one and a half hours. It is then rabbled every half hour for six or
eight hours. Toward the last, assays are made to ascertain the
progress of the work, and when the assay shows that it is finished,
the ore, still containing from one-half to one per cent. of sulphur, is
raked through a hole inside the furnace into cubs on the outside,
there being one before each door. These are covered with an iron
plate with a handle, and can easily be removed. Two men per furnace
only are required to charge, rabble and discharge the ore and carry it
to the cooling-floors, where it is spread out in beds of 0.30m in
thickness and left twenty-four hours to cool.
* Transactions, vol. xii., p. 46.
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At Hemi?em the ore is carried from the mixer in an iron wagon directly
to the muffle-furnaces. There are eight of these furnaces, which are 13m
long, 5m wide and 2m high on the outside. They have seven working doors
on a side and three charging holes on the top. The height of the muffle is
one meter. Each hearth has 40 square meters of working surface. A
railroad runs over the top. The cars discharge into cones over the three
charging-holes which spread it out over the top of the furnace where it
remains from 3 to 4 hours to dry. The charge is five tons for each
furnace, which takes from twenty to twenty-five minutes to make. It
remains an hour to be heated up and is then rabbled every half hour, the
whole operation lasting six hours. Four charges are made in 24 hours.
The amount of fuel burned in each furnace in that time is 1550 kilos,
or 771⁄2 kilos per ton of ore. The temperature of the furnace is about
500° C. near the fire-place, about 400° at the flue. In these furnaces 140
tons a clay can be treated.
The charge in all of the works is drawn into cubs, and after remaining
there for two hours is carried to the paved cooling-floor in iron barrows,
where it is spread out in a bed .30 to .60m thick, and left 24 hours to
cool. Two men do a l l the work of one furnace, charge and discharge the
ore, and, besides, carry it to the cooling-floor.
At Oker there are three muffle-furnaces heated with producer-gases.
These are 8.75m by 3.50m and 1.75m on the outside. The height of the
muffle in the centre of the arch is 0.68m. The gas is conducted under the
hearth through five flues. The bottom of the hearth is made of bricks
which lap on the walls which separate the flues. The furnace has four
working-doors on each side and four hoppers for charging on top,
corresponding to the working-doors on each side. The hoppers are closed
by a cast-iron damper with a handle, which is raised to let the ore in and
covered with ore during the roasting to make it gas-tight. The ore is
brought in an iron tip-wagon running on rails over each of the hoppers.
The charge of ore is five tons. It is left in the furnace for four hours
until it is dull-red. It is then rabbled for five hours with inlet of air. In
ten hours the charge is finished, so that only two charges or ten tons can be
treated in 24 hours.
The general experience is in favor of muffle-furnaces. They not only
give a heat more uniformly distributed, but as the gases are forced to
remain a certain time in the furnace, the ore is more perfectly chlorurized,
besides which they give purer acid liquors which are to be used in the
treatment. This more than compensates for the extra fuel which they
use.
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In all the works, frequent assays are made toward the end of the roasting,
to ascertain exactly the condition of the copper. It is considered finished
when about 75 per cent. of the copper is soluble in water, which will be in
the state of" chloride, 20 per cent. in dilute acid, which will be in the state
of an oxide, and 5 per cent. insoluble in dilute acid, in the shape of
sulphides.
In order that the roasting should be properly done, the copper in the
original charge must be for the most part as oxide, and there must be
sulphur enough present as bisulphide, not as subsulphides, to insure the
formation of sulphides whose decomposition causes the formation of the
nascent chlorine, which attacks the metals present, even the gold. The
presence of any considerable quantity of sub-sulphides is not favorable to a
complete attack of the oxides.
Bräuning* gives the following analyses of two samples from Oker, taken
in the middle and at the end of the roasting. The analysis at the former
stage is as follows:
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More tnan half the copper is insoluble.
The s cond analysis of a sample taken at the end of the roasting is as
follows:*

This sample shows so small a portion of the copper insoluble that it can
be treated, while most of the silver and nearly all the gold are in the state
of chloride.
a. Absorption of the Furnace-Gases.—At Duisbourg the gases pass up
tubes filled with coke about 0.50m in diameter, and descend tubes about
0.20m in diameter to go to the furnace. As they are near the city, large
quantities of water are used to prevent any escape of the acid gases. This is
all collected to be used in the second leaching. The small tubes from
which the acid runs often get choked with oxide of iron, and must be
cleaned frequently. As the gases which escape from the furnaces contain
both acid and volatilized
* Ibid,, p. 160.
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chlorides, they roust be condensed. This is done in towers in which
fire-brick or coke is loosely piled.
At Hemixem there are three such towers. They are three meters
square, and from 17 to 21 meters high. The acid waters at 6.5° B.
On a level with their tops are three long tanks for the water supply
of the whole works.
At Oker there are two such towers 1.5m square and 5.5m high.
The acid waters from these coke towers are very weak, not over 1°
to 1.5° B.
.3. Leaching the Ore.
The ore on the cooling-floor when it has become cold is sampled
and assayed. It will generally average from three to eight per cent.
of copper and two to three per cent. of sulphur, which last is present
mostly as insoluble sulphides. It is then ready for leaching. This
is done in lead-lined vats, the wood-work of which is painted on the
outside with tar. They are all made on the same general plan,
differing only in slight details of construction. At the bottom of
each vat on the outside there are launders, generally hollowed out of
sticks of hard pine, to carry the outflowing liquors to their proper
places, so that any vat can, when necessary, be cut out of the circuit.
At Duisbourg there are 16 vats 4m long by 3.5m wide and 1.25m
deep. At Hemixem there are 20, 6m long and 3m wide and 1.15m
deep. At Oker there are 16, 3° square and 1.30 m deep.
The false bottom of each of these vats is made of slats of wood
over which straw is placed to form a filter. This is covered with
some spent ore so that the total height of the filter is 0.20m. Between
the two bottoms there ate three holes closed with plugs for drawing
off the liquors. At Duisbourg the vats are charged with twenty tons
of the calcined ore. At Hemixem the charge is twenty-five tons; at
Oker it is ten tons.
The roasted material contains CuCl2, and some of the iron chlorides
soluble in water, all of the gold and silver, and part of the oxide of
copper, as well as part of the Cn2Cl2 which is soluble in the chlorides
of sodium and of iron. The rest of the Cu2CI2 and of the oxide of
copper is soluble in the condensed acid liquors.
a. Leaching with the Mother-Liquors.—The ore is first leached with
the mother-liquors from the precipitation-tanks. These are collected
at Hemixem in a series of vats in the open air where they are stored.
In these vats branches of trees are placed, in order that a certain
amount of the salts of soda and lime which they contain may crystal-
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lize out. When they have remained a sufficiently long time, they are
pumped up to the point required by injectors. The composition of
this mother-liquor at Oker is given by Bräuning as follows: *
100 parts of the mother-liquor, spec. grav. 1.145 = 18° B., contain,

There are slight variations in the method of conducting this operation. At Duisbourg, only the waters of condensation heated to boiling
are used in this first washing. The rich liquors are treated, while
the poor ones are stored to be used over again on fresh quantities of
ore. At Hemixem, the ore is allowed to slowly absorb all that it
will take until it is covered ten to fifteen centimeters deep. This is
allowed to remain for a longer or shorter period, depending on previous experience with the ore. The plugs are then removed, and
the liquid allowed to drain off. This generally takes from twentyfour to twenty-seven hours. At Oker, the mother-liquor is turned
on to the vat, and as soon as the ore is saturated with it, the plugs
are removed from the bottom, and the liquid is allowed to run out,
and fresh liquid to run in, as long as the liquor remains blue. When
it ceases to be so, the mother-liquor is cut off and allowed to drain
for a short time. As the mother-liquor comes in contact with the
ore, the absorption of the anhydrous salts contained in it causes such
a rise in temperature that it is brought up nearly to the boilingpoint. The composition of the liquor is given by Bräuning as follows: †

*Zeit.Jür Berg-, Hütten-, u. Salinenwesen, vol. XXV., p. 161.
† Ibid,, p. 161.
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100 parts of the mother-liquor, spec. grav. 1.355 = 38° B., contain,

This solution, heated to 40° B., is turned on to the ore, its flow
being regulated by a stopcock. A comparatively small quantity of
the copper, but nearly the whole of the precious metals, have been
dissolved; hence these liquors are kept by themselves. This first
leaching at Oker takes from five to six hours, sometimes a little less,
sometimes more, according to the ore that is treated. In some of
the works each charge of liquor on the ore is called a washing, and
as many as nine of them are made. The first two, owing to the large
excess of salt, dissolve from 75 to 80 per cent. of a l l the silver, and
almost the whole of the gold. The third dissolves less than 20 per
cent, and the remainder is scattered through the other six, the quantity rapidly decreasing. The first three of these washings only, as
they contain about 95 per cent. of the silver, are treated at once.
The last six are considered as poor liquors, and are treated for copper.
6. Leaching with the Acid Water of the Coke-Towers.—The ore is
then leached with the acidulated water coming from the condensation of the furnace-gases in the coke-towers brought up to the boilingpoint with steam, and strengthened with additional muriatic acid.
The object is to leach out the remaining chlorides and oxychlorides.
At Oker a third leaching is done with hot water to which sulphuric acid has been added, so as to bring it up to 8° B. This is
allowed to remain for forty-eight hours, or until the liquor is neutral.
The analysis of the liquor after that time is, according to Bäuning:*

* Ibid., p. 161.
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No inconvenience results from this addition, as the residue is not
sold, but is used as a flux about the works.
After each operation an assay of the ore is made to ascertain how
far the copper is leached out of it, and when this has been done,
the vats are discharged to be refilled. The time taken to leach at
Duisbourg is about forty-eight hours for each vat, and four to five
of them are leached in a day. At Hemixem this second washing
takes from seven to eight hours. At Oker the coke-tower liquors
are allowed to remain twenty-four hours on the ore.
At Hemixem the whole operation takes from thirty-three to
thirty-nine hours, generally about thirty-six. About 300 tons can
be leached in twenty-four hours. The leached ore still contains
from 0.25 to 0.30 per cent. of copper, and from 0.80 to 0.90 per
cent. of sulphur, but it would not pay to carry the extraction any
further. At Oker the time required is about fifty-three hours.
At Hemixem in the bottom of the vats and between the slats
which form the false bottom, a compound is found containing 18
per cent. of copper, and so hard that it has to be removed with a
pick. It is sold to the copper-works.
c. Treatment of the Residues.—The residue contains but little copper, but as it is to be sold, it must be leached to separate any chlorides of copper or other metals that may have been formed during
the operation, as well as to wash out any sulphate of soda that may
be present in the residue. It is, therefore, at Duisbourg and Hemixem, leached with hot water, which takes from two to three hours,
and leaves the "purple ore," as it is called, in a condition to be sold.
The exhausted material consists of an iron residue containing from
60 to 65 per cent. of iron. Its average composition from Rio Tinto
and Hartz ores is :
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As it is practically free from phosphorus, and contains but little
sulphur, it is much sought for as an ore of iron. It is used in the
Siemens furnace in the pig-and-ore process. Much of the residue
at Hemixem, where the daily production reaches 90 to 100 tons, is
sent to Ougree to be smelted there in the blast-furnace. It is used as
fettling in the puddling-furnace, where iron-works are in the vicinity.
It is also used for making malleable iron castings and for the purification of illuminating-gas.
At Hemixem the exhausted ore is charged into cars and stored
on the outside of the works, on a drained area, until sold. All the
waters which drain through it are conducted with the spent liquors
from the precipitation-tanks into a series of twelve vats in the open
air, in which iron is placed to precipitate any copper which was not
soluble in the vats, but which has become soluble by the reactions
going on in the ore in the heap. The water running from the last
of these vats is quite clear, and is allowed to flow off with the excess
of acid waters. It does not contain more than 40 to 60 grammes
of copper to the cubic meter of liquid.
4. Precipitation of the Gold and Silver by the Claudet Process.
The liquors resulting from the first leaching contain the gold and
the silver which has been dissolved in the first washing, the silver
being kept in solution by the excess of salt. These are collected in
a special vat lined like the others with lead and painted on the out-
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side with tar. This vat, according to the ground on which the
works are built, is either in series with the others on an incline, or
as at Duisbourg above the others, and so arranged that it can be
made to communicate with any of the series of precipitation vats.
Directly below it there is a vat into which all the precipitates are
washed and collected until there is enough to make it worth while
to treat them. The silver liquors are first settled, and are then
raised into this tank; their silver and gold contents being known,
the proper quantity of zinc iodide, dissolved in water with some
plumbic acetate, is introduced at the same time as the other liquors.
Its object is to precipitate all the silver and gold. During the whole
time that the tank is being filled, it is kept constantly stirred to be
certain of the intimate mixture of the iodide, and is then left to
settle. This takes a very long time, at least forty-eight hours, as
the precipitate is light. In order to collect it quickly at Oker, a
mixture of glue and tannin, made by dissolving 600 grammes of glue
in 10 liters of water, and adding to this 30 to 40 liters of tannin,
made by boiling white-oak bark in water, is added to the vat. In
twenty-four hours the precipitate is settled and the supernatant liquor
is quite clear, and is ready to be drawn off. At Oker this is done
through a lead pipe fastened to an upright board. The pipe is bent
at right-angles at the bottom, the end being conical, and made of
very hard lead. This fits into another hard lead cone attached to a
pipe which passes through the side of the tank. The two are
screwed together by a nut, which has a number of threads, and is
provided with a slot at the back to be certain of its pressing tight
against the pipe. The upright board to which the pipe is fastened
is attached to a lever filled with holes at short distances so that it
can be attached to a pin in the side of the tank. The top of the
pipe can in this way be secured at any level below the surface of
the clear liquid, which is thus allowed to run off into the copper
precipitating-vats. No attention need be paid to it until the top of
the pipe gets near the precipitate in the bottom, when it must be
carefully moved. When the tank is to be recharged the pipe is
made vertical when its top reaches above the top of the liquid.
???
the liquor is drawn off with a siphon, or through a hole in the ???
some works this precipitation is done only a few times, and the precipitate
is then removed, but in the Hartz, and generally, it is done as often as from
twenty-five to thirty times. It is then removed from the tank. At Duisbourg,
where the precipitation-tank is above the others, this is done through a
discharge-
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hole in the bottom at the side of the tank which, during the operation, is
closed by wooden stoppers 2 meters long, which reach above the top of the
tank. Through the stopper near the top, a hole is bored for a round piece of
wood, which serves as a handle. The stoppers are removed, and the
precipitate in the bottom washed into the tank below. When this device is
not adopted, the precipitate has to be first washed in the large tank and
then scooped out, which takes a much longer time, makes the large
precipitation-tank do the duty which could as well be done by a smaller
one, and diminishes the output of the works by just so much. The sides of
this tank are covered with gypsum, which is very rich in silver. When
this crust is thick enough it falls of itself; the silver is then separated
from it.
The precipitate must be washed seven or eight times with water to
remove any trace of soluble material. It contains a considerable quantity of
lead sulphate and chloride, a small quantity of the sub-salts of copper, and
the silver as iodide. The mass is kept stirred and pumped through a
filter-press. The precipitate is reduced with zinc, to which some
hydrochloric acid is added. The iodine goes to the zinc, which is used over
again, and the other metals are reduced, but a considerable quantity of the
iodine is not recovered. The waste is made good by the addition of
iodide of potassium.
The result of the process is a precipitate containing much lead and
very rich in silver, containing almost all of the gold. The amount of
lead may be as high as from 50 to 60 per cent. The silver will vary
according to the richness of the ore, but it will be between 3 and 5 per
cent. The gold will not generally be much above 0.05 to 0.06 per cent.
This material goes to the silver works to be treated. The cost of this
process is exceedingly small, and when the plant is large enough the
profit from the extraction of silver and gold is very large in. per cent.
The actual profit depends on a great many other things. In the Hartz this
precipitate was formerly treated with sodium sulphide. The silver, with
about 6 per cent, of copper, is transformed into sulphide. The whole is
pumped through a filter-press.
5. Precipitation of the Copper.
The clear liquid containing the copper in solution is collected in lead-lined
vats, thoroughly painted with tar on the outside. The vats are arranged
so that the liquids flow easily from one to the other, and also, so that
each one is independent of the other, and
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may at any time be detached from the series, either to take out the cement
copper or for repairs. Conduits are arranged everywhere, so that by
means of siphons or of plugs the liquid from any tank may be emptied
and carried to the place where it is to be stored. All of the liquors are
heated by steam to the boiling-point. As they get cool it is necessary to
heat them up two or three times. They should be kept carefully covered,
both to prevent loss of heat and also the formation of insoluble
oxychlorides. They are kept constantly supplied with iron, which is
removed as it dissolves. The iron for the precipitation is whatever is
available. From 11⁄2 to 2 tons of it is piled into the vats roughly.
Occasionally pieces as large as an ordinary car-wheel are put in. I saw at
one of these works such a wheel, out of which all the iron had been
dissolved, leaving only the carbon, which had exactly the same shape; and
was so light as to be easily lifted with one hand.
At Duisbourg there are thirty-two of these vats, arranged in four rows of
eight, each one being independent of the others. The vats are 2.50m long,
2m wide, and 1m deep.
At Hemixem the vats are arranged in three series, so that the liquors
for each precipitation pass through one of those series, or can be run from
one to the other, or any one or more may be detached when there is any
occasion for it. The vats are 3.50m square and 0.80m deep. The liquor
enters the vat on the top on one side, and passes out through a pipe on the
other which goes to within 0.30m of the bottom, and so on through all the
vats of each series. partition in each vat forces the liquid to traverse the
iron so that it is brought into most intimate contact with it. When
sufficient copper has accumulated, the iron is lifted out and washed
off in the liquid of the bath. The first vats are cleaned once a week, the
last about once a month. From the last vat the liquid flows through to the
outside of the works. Experience has shown that the amount of iron
required, when the work of roasting has transformed the whole of the
copper into CuCl2, is one part of iron to one of copper precipitated, and
this the amount used at Hemixem and Oker, when the operation has been so
conducted as to prevent the formation of ferric salts, which dissolve the
iron to no advantage, and cause a loss of copper as oxychlorides. When
the ores contain arsenic and antimony these will be dissolved with the
copper and will be precipitated with the iron. In some of these works
these impure liquors are exposed to the air, so that insoluble compounds of
arsenic and iron are formed, and if there is much
VOL. XIV.--8
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antimony it is precipit ted with lime. There is, however, danger that
insoluble oxychlorides of copper will be formed at the same time, and
unless the amount of impurities is considerable, it is best not to run the risk
of a loss in copper, as in any case the whole of the arsenic will not be
separated. If there is only a small quantity it can be separated in
refining.*
With so large a number of small launders and vats it is impossible to
prevent leakage. As the waters are valuable, the flooring is made of
asphalt, and is water-tight. It inclines to a sump in which all the
leakages are collected. From here they are raised by an injector to a tank,
from which they flow through launders 180 m. long, containing some iron.
They usually contain about 1 kilogram to the cubic meter when they enter
the launder; when they leave it they do not contain more than 75 grams.
From the launder they run to the outside vats. The liquors are heated by
steam to 45° to 55° C. There is a very great advantage in working with a
partitioned vat. By making the solution pass up through the iron and
from one vat to the other, the number of vats as well as the quantity of
iron used is reduced, and the output is greatly increased.
The precipitated liquors which contain the iron, and but little copper,
are run off by a siphon from the side into a lateral trough, or are drawn
through the bottom of the tub. When they are drawn by a siphon they
must be left a certain time to settle, and all the liquid drawn below a
certain level must be carried to tanks to settle. When they are drawn
from the bottom as at Oker, it is usual to place a filter, generally made
of hair, at that point.
When the tank is empty the copper is shoveled out. At Duis-bourg
two of these tanks are emptied each day, and produce from 2000 to 2500
kilos. of cement-copper.
The copper-vats on the level, after the copper has been precipitated by
iron, are emptied by siphons into a trough in the aisle between the tanks.
6. Treatment of the Cement-Copper,
When the precipitation with iron has been carried so far that all the
small pieces have been dissolved, the large ones are lifted out and the
cement-copper is removed. At Duisbourg this is done every two weeks; at
Hemixem every week or ten days; at Oker every four weeks. The time
is not a matter of much consequence so long
* School of Mines Quarterly, vol. iv., p. 9.
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as the liquors are not exposed to the air, and depends mainly on the use to
which the cement-copper is to be put, whether it is to be sold or used in the
works. It is usually all of one quality. When, however, the ores contain
much arsenic and antimony, the liquors from the last two washings contain
so much of it that they are kept separate, so that the cement-copper from
the treatment must be looked on as very impure, and must be treated with
ores containing an excess of sulphur in order to remove the arsenic and
antimony. If there is not much of it, it is refined, but kept separate, and
sold as an impure product.
At Duisbourg and Hemixcm it is washed with a stream of water, on a
grating made of copper bars, to remove any traces of acid, and also of
undissolved pieces of iron, which are carefully picked out and used in the
launders. As the copper crystals are small, they, with the small pieces of
iron, pass through the grating, and are collected in a vat below, which is
constructed with a series of steps. The best copper is collected on the first
steps, the two steps below do not give as good copper, and, finally, the
fines are carried upon a series of planes where a screen with meshes 8 or
9mm fine collects the copper. These products are not kept separate
unless the ore contains a considerable percentage of arsenic, in which case the
separation is made with the greatest care, as the fines contain the most of
it. When the cement-copper cannot be washed at once it oxidizes, and to
remove the oxide it is washed with acid water. This is all collected and
added to the other liquors containing copper. At Oker the washing is done
on an inclined plane and is only approximately done. The cement-copper
contains from 75 to 80 per cent. of copper.
The analysis of this cement-copper according to Bräuning is as follows :*
Cu,.....................................................................................................................77.45
Pb................................................................................. 0.63
Ag ................................................................................ 0.10
Bi ................................................................................. 0.006
As................................................................................. 0.04
Sb, ................................................................................ 0.15
Fe2O3, ...................................................................6.72
Cl2O3, ....................................................................0.99
Zn,.........................................................................1.02
Mn ................................................................................ 0.02
Co+Ni, ..................................................................0.03
* Zeit. für Berg-, Hütten-, u. Salinenucesen, vol. xxv., p. 162.
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When from 8 to 10 tons have collected it is taken out on to a cl raining-floor and left until no water flows from it. It is then dried on
a floor heated for the purpose, five or six tons being treated at a
time, which is spread out to a thickness of 15m. It is turned over
every two or three hours, and at the end of twenty-four hours it
will contain not more than 8 to 10 per cent, of water. In some of
the works it is barrelled and sold in this condition. Here it is made
into bricks in an ordinary brick machine, or in a hydraulic press.
There is a great advantage in using the press, both for uniformity
and celerity of action. It gives the copper in a compact form, and
prevents the oxidation, which takes place very rapidly when cement
copper is exposed to the air—the more completely as the pressure
has been greater. The hydraulic machine can also be worked with
cheap labor, but no advantage over the ordinary brick-machine is
gained unless the quantity to be treated is sufficiently large to have
the machine so constantly in operation that it must be kept in good
working order.
The cakes of compressed copper are 0.2m by 0.12m by 0.23m.
They are dried on a rack in the air, packed in barrels, and shipped
still moist. They contain about 85 per cent. of copper. When
they are not completely dried the copper oxidizes. At Hemixem
the transmission of the power from the engine was by means of
ropes. It has been found more expensive to turn the v grooves in
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the pulleys, and the cords are also more expensive to fix, but they
can be run very loose. The expense of repair is very slight.
7. Fining and Refining the Copper.
The copper is refined at Hemixem in a blown furnace, which is
blown up to the poling. The air is cold, at a pressure such that the
leather boot can be pressed with the fingers without effort. Soda is
used just after the slag is taken off, in order to eliminate some of the
arsenic. The slag is treated in a shaft-furnace with four tuyeres
supported on columns. The top is built on an iron ring; the bottom
is free to be torn down. The slag runs into two iron basins, and contains 1| per cent. Of copper. At Oker there are two fining and two
refining furnaces of the English type. In these the copper matte
of the works is fiued and granulated for making the sulphuric acid;
the other furnaces are used for making plates for the separation of
the precious metals by the electrolytic process. For granulating,
two charges of 60 centners each are made, and 65 centners of granulated copper are obtained. .For the other furnaces a little better
result is got, but the cement-copper oxidizes very rapidly, so that it
will not be much over 80. It is kept in powder.
It is not profitable to use the process described in this paper when
the ores contain more than 8 per cent. of copper, on account of the
formation of sub sulphides of copper which are not acted on, but
whose formation cannot be prevented in roasting rich ores. It is
necessary that the ores be as free as possible from any gangue which
will remain attached to them. It is necessary that both salt and
iron should be very cheap, but this process might be advantageously
employed in cases where fuel is dear. It can only be used where
labor is cheap or where the lay of the ground is such that the enormous amount of moving which must be done can be carried on
automatically as far as possible; for which reason it is better to
select a location where the ground is not level. If there is no
market for the residue, some way of reducing the iron residue should
. be devised in order to use it as sponge in precipitating the copper, as
the heaviest single item of expense will be the iron. The amount
of it consumed will be small if no ferric salts are allowed to be
formed. The extraction of all the metals is very complete, that of
the copper being about 98.5 per cent. when the work is carefully
done. In ore varying from 0.005 to 0.015 per cent, of silver, nearly
80 per cent. Can be depended on. The plant is not very expensive,
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and the process is cheap if the residues are treated. If an acidworks has to be constructed expressly, the amount of return for the
capital involved will depend for the most part on the acid-works.
The process requires great skill and careful watching in all its
parts, which is its greatest disadvantage; and when the ores contain
much arsenic and antimony, it loses most of its advantages, as these
are precipitated with the copper with as much exactness as the other
metals. By separating the liquors and putting up with a small loss
of copper, this may be reduced at times to a minimum, but the extra
cost of refining will generally compensate for any advantage gained.
When, however, they are pure, the process can be made exceedingly profitable on very poor ores, as has been done in England.

THE MANUFACTURE OF STEEL CASTINGS.
BY P. G. SALOM, PHILADELPHIA, PA.

The manufacture of steel castings has become one of the important industries of the times. The late Mr. Alexander L. Holley
published in 1878, in the Metallurgical Review, an able paper, entitled "Solid Steel Castings," showing how all manner of castings could be made advantageously of steel. Mr. Holley had then
but lately returned from the great iron and steel works of Terrenoire,
France, which were engaged, I believe, almost exclusively on large
castings, of a simple type, for the government, and were repeating
the same operation from day to day. These conditions are, as experience has shown, very different from those of ordinary practice
in miscellaneous castings; and Mr. Holley might have been less
confident if he had actually gone into the business. More than
seven years have passed; and as yet the magnificent possibilities held
forth in his paper have not been realized. There are only six steelcasting establishments in the United States, and their total output of
castings is certainly not as much as 20,000 tons per annum, and
probably not more than 10,000 tons; whereas it should be over
200,000 tons to supply the needs of the country.
A large number of so-called steel castings are made, however,
which arc nothing more than malleable iron. The best of these
castings are made from a superior white pig, as low in silicon and
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phosphorus as possible. They are made in the same manner as
ordinary iron castings, except that the metal having. so little silicon
chills much quicker than ordinary No. 1 foundry iron, and the
liability to shrinkage-cracks renders it necessary to put large " risingheads" on the castings. The castings, after cooling, are very
hard and almost as brittle as glass, and are, or should be preferably,
perfectly white throughout. They are then annealed in ore or scale,
to which a little sal-ammoniac'has been added. This latter operation, which requires about two weeks, produces on the entire surface
of the casting a coating of malleable iron, about 1/16 of an inch thick,
and renders the inside sufficiently soft to be tooled without any difficulty. For small castings such a metal is admirably adapted ; but
■ castings several inches thick made in this way are only slightly
superior to good pig-iron in having, perhaps, a little greater tensile
strength.
What then are the reasons, in view of what has been said above,
for such a small production of genuine steel castings ?
This question is best answered by a short description of the three
general methods employed in the manufacture of steel castings, viz.:
the crucible, the Bessemer and the open-hearth processes.
CRUCIBLE-STEEL CASTINGS.
I have no hesitation in saying, and say it without fear of contradiction, that crucible-steel castings are a failure and always will be.
I do not mean by this statement to say that it is impossible to make
crucible-steel castings satisfactory. But with the single exception
of a particular class of work where hardness and ultimate strength
are alone desired (for which requirements they are well adapted),
there are always a number of disturbing elements that will eventually result in the total disuse of crucible-castings. The value of
small steel castings depends on the possession of qualitie; that render
them equal or superior to forgings. When it is attempted to make
a steel with the requisite qualities the troubles begin. First, in order
to get such a steel, muck-bar must be used almost exclusively. This,
as every one knows, is very difficult to melt in a crucible-furnace;
and after melting it is almost impossible to pour it, as the metal
chills before the pots can be emptied. If, however, after unusual
exertions, a successful cast be made, the castings are found to be full
of blow-holes. There are two means employed to remedy the latter
defect: first, by the use of ferro-silicon, and second, by making a
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steel higher in carbon and therefore more fusible. When sufficient
ferro-silicon is added to give from 0.5 to 1.0 of silicon in the steel,
the metal is not difficult to melt; but the resulting castings, while
soft and solid, have lost all their ductility, and are simply a superior form of pig-iron, with a tensile strength of about 50,000 lbs.
If, on the other hand, the pots are charged with stock higher in
carbon and only a small percentage of ferro-silicon is added, the
castings are solid, but are brittle, and so hard as to be difficult to
tool. Their hardness is extremely objectionable to machinists, but
their brittleness is a still greater evil, and precludes the possibility
of their replacing forgings. In has been attempted to overcome the
latter difficulty by annealing; and by this means a really superior
crucible-casting can be made. But the additional cost of production
is greater than consumers are willing to pay for the castings.
BESSEMER S TEEL CASTINGS .
The application of the Bessemer process to the manufacture of
steel castings in this country was first made by Mr. Hainsworth, of
the Pittsburgh Steel Casting Co., who has achieved a more notable
success in steel castings than perhaps any other man in the United
States. The Bessemer process, however, in the manufacture of steel
castings, is as yet open to the objection of making a less homogeneous
and a harder metal than the open hearth. Some months ago, I saw
a number of large Bessemer steel cranks, weighing from 7000 to
8000 lbs. each, that had broken in half when it was attempted to
shrink them on the shafts for which they were intended. A number
of open-hearth cast-steel cranks of the same size, made at the Chester
Rolling Mills in 1882, easily withstood the shrinkage-test and are
still in service. Notwithstanding the failures in this respect, which
have greatly prejudiced consumers and prevented thus far a more
general adoption of steel castings, I believe that in a few more
years all steel castings will be made by the Bessemer or an equivalent
pneumatic process.
O PEN -H EARTH S TEEL C ASTINGS .
I am glad to be able to 'say positively that this method can now
be relied upon to make a very large class of important castings with
entire success. Mr. Hollcy has given such a thorough and admirable description of this process that I cannot refrain from quoting
it in part, omitting details, after which I will confine my remarks to
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some of the difficulties that a practical study of the subject has developed, and to the chemical and physical qualities of the castings,
Mr. Holley says:*
"The operation consists:
"1. In the formation of an initial bath of manganiferous pig to prevent
oxidation
during the process.
"2. In dissolving such softening or decarbonizing materials as wroughtiron in this bath.
" 3. In the addition, at the end of the operation, of silicon and
manganese in such order and proportion as to prevent the formation of
blow-holes while casting, and at the same time give to the steel certain
special physical qualities.
"Another very important feature of the process is the method of
taking tests. We will now describe in detail the different stages of the
operation, and we will suppose at first, so as to avoid confusion, that
the metal to be produced is of the ' harder kind.
" The Furnace.–The object of greatest importance during the whole of the
operation is to keep oxidation as low as possible in the bath. For this reason
the furnace must, indeed, be kept as hot as possible, with a good solid body
of flame; but there should be only just enough air admitted to promote
thorough combustion.
" The Initial Bath.–This must be made of pig-iron containing from 6 to
9 per cent. of manganese. Spiegeleisen is probably the most convenient
form of pig; but as spiegel with this percentage may not be at hand at
all times, the bath may be farmed by taking a richer spiegel, say 12 or
14 per cent. manganese, and diluting it with one-half ordinary pig
containing no manganese. . . . .
" The weight of the initial bath, in proportion to that of the whole charge,
varies according to the conditions under which the heat is made. We may
say, generally, that 11 percent, of the whole is an average quantity.
Every open-heart h melter knows that it is impossible to determine in
advance the exact quantity of pig wanted for the operation. The
temperature of the furnace has much to do with it. The nature of the
refining material has also a great influence. If a specially pure
product is required and the softening materials used are very fine puddled
blooms,
nearly free from carbon and manganese, the initial bath must necessarily
be larger, as well as richer in manganese, it may in this case reach 14 per
cent. of the whole charge. The materials for the initial bath are always,
charged cold
" The Softening or Refining Materials.–Soon after the bath is completely
melted, the refining materials are successively added in small lots of about
450 lbs. each. These are invariably preheated, as charging them cold and
frequently would tend to keep down the temperature of the bath
" The materials used in this second period of the operation are chosen
with reference to the quality required in the finished product. They may
be good Bessemer or open-hearth scrap, fountains from previous
castings, puddled bars or direct blooms. Materials inferior to these
would correspondingly lower the quality of the product The
proportion of refining materials to the whole charge averages 78 per
cent
" Slag-tests.–Spiegeleisen is used for the initial bath, because the
manganese it contains, being the most oxidizable of all the materials
present, will remove oxygen

* Solid Steel Castings for Ordnance, Structures and Goveral Machinery by
Terre-noire noire Process. By A, L. Hollcy, O.E. (Reprint from the
Metallurgical Beriew:, New York, 1878, vol. ii., p, 205.)
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that may be present in the bath, and will intercept oxygen that tends to
enter it. So that the more manganese there is in the slag the less oxygen
there will be in the metal below. Oxide of iron tends to make the slag black
; manganese turns it light olive or ash-green, and the different tints between
these two extremes give to the practiced eye an exact idea of the state of
the oxidation of the bath……….
" Metal-Tests before the Final Additions.–The slag-test gives no indication
of the physical state of the metal, which is an equally important guide in
the operation. When, therefore, the operator has reason to believe that the
metal is approaching the point of sufficient softening or purification, he
makes the following tests: A ladleful of metal is taken from the furnace
and east into a round ingot about 3 inches in diameter and 11⁄4 inches
thick. The ingot is knocked out of the mould as soon as set, and flattened
under a special steam hammer, at its original heat, into a
disk about 7 inches in diameter and 3/8 of an inch thick. From bending
and fracturing these disks the operator can judge of the state of his metal
with great nicety, and has at hand all the necessary elements to remedy any
unfavorable tendency likely to develop during the operation
The Final Additions.–These consist of a special pig, containing both
silicon and manganese and also an additional quantity of manganese
introduced in the shape of a 50 or 60 per cent. Mn ferromanganese. A part
of these ingredients is taken up by reactions which prevent the formation
of blow-holes; the remainder is left in the metal to impart to it certain
physical qualities. The usual charge consists of 11 per cent. of special
pig, having the following composition:
Mn ..................................................................................... 3.50
C,....................................................................................................................... 3.00
Si, ................................................................................. 4.20 to 4.60
P,........................................................................................ 0.10
". . . . The proportion of ferromanganese used varies from 1 to l.8 per
cent, of the total charge
"The special pig is charged hot. While it is melting a marked change
takes place; the bath, which up to that time had bubbled about as much as
in the ordinary pig and scrap operation, becomes gradually more and more
quiet until its surface is smooth and scarcely broken by small and widely
scattered bubbles. When the special pig is nearly all melted, the
ferromanganese is thrown in Lot. The bath is then rabbled vigorously for
about a minute, and casting takes place immediately."
The Standard Steel Casting Co., Thurlow, Pa., of which the
writer was lately president, found it possible in practice to simplify
many points in the above method, securing equally good results.
None of the stock is preheated except the final additions, and the
refining materials are charged at once.
The two principal difficulties that the steel-foundry man has to
contend with are blow-holes and shrinkage.
Blow-Holes.
It is commonly supposed that blow-holes in castings are due to
carbonic acid gas, disengaged during the operation of casting. This
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is only true to a very limited extent, especially where the steel contains 0.1 per cent, or more of silicon. Herein lies the cause of the
many failures connected with the manufacture of steel castings.
The manufacturers had been led to believe that it was only necessary to add a few pounds of ferro-silicon to their steel, and presto!
all the castings would be solid. Practical experience has proved the
fallacy of this idea.
Blow-holes in steel which has been properly melted, and to which
has been added sufficient ferro-silicon, are almost entirely due to the
high melting-point of low-carbon steel, or rather to the rapidity with
which the metal chills. This is proved by the fact that the lower
ends of castings which have been fed from the bottom by means of
a runner are always solid, while the blow-holes, when such exist,
are always on top. Out of the thousands of castings we have made,
I have never yet seen a single one with blow-holes where the gate

joined the casting. The metal does not remain fluid long enough
to allow the air and other gases, that are mechanically carried into
the mould, to escape.
This is best illustrated by reference to the accompanying sketch,
Fig. 1, which represents the manner of casting a plain roll. A is
the fountain-head or basin where the metal passes from the ladle into
the mould ; B, the rising-head; C, the point where the runner joins
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the roll; D, the point where the casting is liable to defects from
blow-holes. The reason for this is obvious. If water from a faucet
passes through a tube it carries the air along with it. If we could
instantly congeal the water, the resulting ice would be full of holes.
So it is with steel, only more so, since the molten metal is not nearly
as fluid as water. As a consequence of the metal meeting the relatively cold mould, by the time the metal reaches the top of the
mould it is very much less fluid, in fact, almost pasty, against the
sides, and solidifies instantly without further provocation. If there
are any corners, the air is confined in them, and in its efforts to
escape through the pasty mass, furnishes (as a cooling agent) the
last requisite necessary to solidify the metal. The air is thus imprisoned, and the casting defective. What is necessary, therefore,
for a perfect casting in the above case, or, indeed, in any case, is a
free circulation of the metal. If the mould can be obtained full of
fluid metal, the resulting casting will be solid, that is, free from
blow-holes. It may have a hole in the centre due to shrinkage, but
such holes are entirely distinct from blow-holes, as will be explained
below, when I come to speak of shrinkage.
The difficulty connected with blow-holes, as will be seen by an
inspection of the 2000-pound cast-steel roll before you, we have
almost entirely overcome by putting on top of the casting a rising
head from 2 to 3 feet high. By this means we have been able to
make 6000-pound steel rolls without a single blow-hole flaw of any
kind, and now we rarely lose a casting of this simple type.
The long riser is effective in two ways: first, it carries from the
casting proper the sluggish metal, which has been cooled in its
passage through the mould, and allows the mould to be filled with
hot fluid metal; and second, the ferrostatic pressure of a column of
iron 3 feet high is equal to about 10 pounds to the square inch.
This pressure has a tendency of course to force the metal into all
the corners and make it solid. It also prevents, in a measure,
shrinkage-troubles, and appears to give to steel castings that solidity
for which they are noted, giving them a density of 7.8, almost
equal to that of a forging.
Shrinkage.
The second serious trouble encountered by the steel-foundryman
is shrinkage. This presents a difficult and troublesome problem,
which has not as yet been fully solved. It is almost impossible to
make certain large, thin, complicated castings of steel. Shrinkage-
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troubles are caused by the immense contraction of cast steel, which
frequently amounts to 5/16 inch per foot; and to the hard dry sand
moulds, which it is necessary to use, in order to prevent the white
hot metal from destroying the mould.
There are five different ways of attempting to remedy this evil:
1. By changing the chemical constitution of the steel.
2. By stripping the castings as soon as poured.
3. By mechanical pressure.
4. By large rising-heads.
5. By care in moulding.
Chemical Constitution.–A change in the chemical constitution by
increasing the manganese and diminishing the silicon, will nearly
always have the desired effect. This renders the metal more fluid,
and lowers its melting-point.
Stripping.—A large number of castings can be saved from tearing
apart or cracking when cooling, by simply opening the flasks. immediately after pouring and covering the casting with sand.
Mechanical Pressure.–We have been able to save quite a number
of difficult castings by means of mechanical pressure. For example,

at one end of a flask, and immediately at the end of the moulding,
a small iron plate is placed. This plate is attached to a screw which
can be turned from the outside of the flask. The arrangement is
admirably adapted for castings large at both ends and small in the
middle. Suppose, for example, we have a long lever-gear casting
to make, such as is sometimes used for hay- or cotton-presses. In
such a case the shrinkage is away from the centre in both directions,
as will be seen by reference to Fig. 2. In this figure, which presents
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a sectional plan of the mould containing such a casting poured "on
the flat," AD is prevented from drawing towards B E by the hard
sand between, and, as a consequence, the casting is apt to break in
two at G. By forcing the iron plate G against A D, by means of the
screw 8, the sand is broken and allows the casting to contract without straining or cracking it.
Rising-Head.--A large rising-head prevents shrinkage-cracks by
the pressure it exerts, and by feeding the metal to points where
shrinkage is taking place.
Moulding.--Many castings can be saved from shrinkage-cracks
by an intelligent moulder. It would be useless for me to enter into
details on this subject. Suffice it to say that every pattern is a
study; and it is only by an intelligent application of the knowledge already gained, that it is possible now to make castings that a
few months ago it would have seemed ridiculous to attempt.
Shrinkage-Holes.
Shrinkage-holes in castings are exactly similar to the phenomenon
called " piping " in crucible steel. They are very troublesome and
difficult to prevent, although they rarely affect the value of a casting,
coming as they do in the center. They are caused, of course, by the
metal chilling before the immense shrinkage occurs. Then when
this contraction does take place on all sides, but away from the
center, there is no more fluid metal to run into the space thus made
vacant.
Physical and Chemical Properties.
The most important chemical difference between cast steel for
castings, and ordinary open-hearth or Bessemer steel, is in the
amounts of silicon they contain. Many eminent authorities maintain that silicon is a hardener and increases, therefore, the tensile
strength, like carbon (although in a lesser degree); but I have not
found this to be the case in my experiments. On the contrary, I
have always found it to diminish the tensile strength, and when
above 0.5 per cent., to destroy almost entirely the elongation or
ductility, making the metal very red-short, and brittle when cold.
It may have been that the silicon in the steel that we tested was
present as silicic acid, but this could hardly be the case in samples
made by the crucible-process in black-lead pots. Such steel made
from the best Bessemer muck-bar, to which had been added sufficient
ferro-silicon to make over 0.5 per cent. of silicon in the steel, only
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showed a tensile strength of from 40,000 to 50,000 pounds per
square inch in perfectly solid test-bars, whereas the same mixture
with less silicon (hut higher manganese, however) invariably gave
higher tensile strength. The only explanation that I can suggest
which will at all account for the exactly opposite conclusions of the
above-mentioned eminent authorities, is, that it is probable that
silicon exists in steel both as combined and as graphitoid silicon.
In the former case, it might act like combined carbon and be a
hardener; in the latter it would act like graphite, and undoubtedly
would be at least indirectly, or, so to speak, negatively, a softener.
Another important difference is the comparative wide limits between which the carbon, silicon, and manganese may vary in castings,
without affecting to an important degree the physical results. Such
wide variations in steel rails or plates are now quite unknown.
The influence of carbon on steel is better known than that of any
other substance which enters into its composition. No one, however,
so far as I am aware, has done anything more than formulate the
general law that tensile strength increases with the carbon, other
things being equal. I have made the interesting observation, that
this increase is almost exactly 1000 pounds for every 0.01 per cent.
of carbon. That is to say, assuming 0.01 per cent. of carbon to be
a unit of carbon, then if to 45,000 pounds (the tensile strength of
pure wrought-iron) we add as many thousand pounds as there are
units of carbon, we shall be able to make a very close approximation to the tensile strength. Boiler-plate steel, for example, has
about 0.15 of carbon, and 15,000+45,000 = 60,000 pounds,
or about the tensile strength of boiler-plate steel. Rail-steel has
about 0.30 carbon, and 30,000 + 45,000= 75,000 pounds, or about
the tensile strength of rail-steel. Again, crucible-steel contains from
0.50 to 0.85 carbon, from which numbers we get in the same
way, 95,000 and 130,000 pounds respectively, which include the
range of tensile strength of various kinds of tool-steel. Still again,
a sample of spring-steel showed 1.0 carbon ; its tensile strength
should, therefore, be 145,000 pounds. Its actual tensile strength,
as tested at Altoona, was 143,000 pounds.
Of course this law only holds good where other things are equal.
An undue amount of one or all of the other foreign substances that
enter into the composition of steel, or unusual physical conditions,
would change the results entirely. It may be of value, however,
as an indication that, when steel with a known amount of carbon
does not possess a certain tensile strength, then the other substances
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entering into its composition are present in undue proportion, or it
must have been made under unusual physical conditions.
The above law is not applicable to castings, where the presence
of so much silicon affects in a notable degree the tensile strength
derived from a given amount of carbon, and the physical properties
are also affected by the fact that the metal has not been worked.
Manganese plays an exceedingly important and valuable, part in
the manufacture of steel castings. Low-carbon steel, to which has
been added about 0.3 per cent. of silicon, is very pasty, and can be
poured, without chilling, into the largest castings only. Manganese
will correct this trouble to a great extent, although somewhat at the
expense of softness and ductility. The castings, however, as we
have seen above, are more apt to be solid and less liable to crack in
the moulds., the motal being much less red-short.
We must remember, in studying the physical characteristics of
steel castings, that we are dealing with a material that has not been
worked in any way, either by the hammer or rolls.
I give below the results of a few chemical and physical tests:

I also give the analyses and tests of the Terrenoire metal: *

The physical tests in both cases were made on the raw metal;
annealing about doubles the elongation without greatly affecting the
tensile strength.
It will be seen from the above tables that the steel made by the
* From Mr. Holley's paper, already cited.
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Standard Steel Casting Company compares favorably with that of
Terrenoire, which is the best cast steel of which we have any records.
The steel in the case of the last three tests in Table I., was not
made for the purpose of developing the highest possible elongation.
Notwithstanding the excellent results that have been obtained at
Terrenoire and other places on the continent, I am convinced, after
a careful study of the subject, that the highest attainable physical
qualities in a casting can only be secured by compression. That is
to say, although we are now able to make perfectly solid, soft,
strong steel castings, having a reasonable amount of ductility, the
solidity is obtained at the expense of the ductility. Now if we
were able to retain this ductility to its greatest possible extent, a
casting would be of far greater value than a forging. This can be
secured by compression, or by no-silicon steel, if consumers could
be educated to use steel with blow-holes. A case in point is the
forged steel shaft of the " Dolphin." A shaft cast to its shape under
compression would never have broken under the same test. Even
an ordinary steel casting would have been far superior to that shaft;
for the metal would at least have been solid, and free from that
spongy unworked condition due to heating up and cooling down,
and to the insufficient power of the hammer to properly work the
metal.
There is a popular fallacy in this country, that steel castings can
be made in England and on the continent without any trouble from
blow-holes. But the Mechanical World, of February 7th, 1884,
speaking of Mr. Alfred Davy's process says: " If Mr. Davy opens
up to iron founders, a means of making either steel or iron castings with little more than iron-foundry plant, he will confer a
benefit on the engineering profession. Perhaps he can also show the
users of his patents how to make sound steel castings. If so, much
will have been done, for those much to be desired articles are yet
a rarity even in the most advanced establishments."
The Standard Steel Casting Company has been unusually successful with large castings. Its works have made a greater technical
success, in a shorter time (the open-hearth furnace having been in
operation only nine months), perhaps, than any steel foundry that
has ever been established. They have recently executed an order
from the Edge Moor Iron Company of Wilmington, Delaware, for a
cast-steel housing for a hydraulic upsetting-machine. The casting,
when finished, weighed a little over 27,000 pounds, and is, unVOL- XIV.--9
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doubtedly, the largest steel casting that has ever been made in this
country.
This proves that we are abundantly able to produce in the United
States the heaviest castings for ordnance if the government would
only pay reasonable prices and make reasonable specifications.

THE DURHAM BLAST-FURNACE.
BY B. F. FACKENTHAL, JR., RIEGELSVILLE, PA.
THE Durham Iron Works of Messrs. Cooper & Hewitt, near
Riegelsville, Pa., occupy a site which has been almost continuously
the scene of iron-manufacturing industry since 1727. Doubtless if
Anthony Morris and his thirteen associates, who in that year erected
a blast-furnace on the Durham Creek, a short distance above where
the Durham Iron Works now stands, could have had a vision of
the improved and enlarged apparatus of their successors, they would
have been not less astonished by the huge stack, the hot-blast ovens,
and the blowing-engines of the modern blast-furnace, than by the
railroad which now follows the bank of the river on which their
clumsy "Durham boats" once floated pig-iron to Philadelphia. In
one particular, posterity must confess their superiority. We are
told that in November, 1728, they shipped three tons of Durham
iron to England. The proprietors of the Durham Iron Works are
not now shipping iron to England.
The present Durham furnace was built (in place of two smaller
ones) in 1874 and 1875, and made its first blast in 1876. A description of it, with other works of the same proprietors, at Trenton,
X. J., by A. L. Holley and Lenox Smith, was published in London
Engineering for January 31st, and February 21st, 1879. Since that
time, a number of improvements, dictated by experience, have been
made in the details of the furnace and fittings; and the recent conclusion of a long and successful blast presents a convenient opportunity for a description of the works and a statement of the results of
practice.
The accompanying drawings will show the general arrangement
of the works. The furnace, Plate I., Figs. land 2, is 75 feet high
by 19 feet bosh. The hearth is 11 feet 4 inches in diameter, with
seven tuyeres 5 feet 6 inches above hearth-line. The tuyeres project 9
inches into the furnace, making the interior tuyere-circle 9 feet 10
inches in diameter. The front is a modification of Luermaan's
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patent. The clam, Plate I., Fig. 3, is made in two sections. Tl
outside plate is 4 feet 3 inches wide, with an inside dam 22 inch
wide fitting into it. The opening in the small dam is 28 in. long
In case of any chilling in the hearth this inside dam can be removed,
which would permit the opening of a tapping-hole 3 feet above
hearth-line. The small dam can be replaced at any time without
taking the blast off the furnace. By this arrangement, moreover,
the large or outside dam is protected, and lasts indefinitely. One
dam has served us for two blasts (five years) and is still in good
condition. The small or inside dam taken out at the end of the
last blast had been in use twenty months. Both dams are made
flat and recessed into the brick-work, thus bringing them (at the
tapping-hole) 10 inches nearer the. Inside of the hearth-walls. In
this way, we-think, the cooling is made more effectual, the tappinghole better protected, and the breaking out of iron rendered less
likely. During the blast just ended, of almost three years, we have
not had a break-out around these dams.
The cinder-notch is placed 18 inches below the line of the tuyeres.
It is made of bronze, has an opening of 11⁄4 inches, projects 3 inches
inside of the hearth-walls, and is protected on the outside by two
iron pipe-coils.
An arrangement for an extra or provisional cinder-notch is built
into the furnace-wall opposite the regular cinder-notch. The cinder
flows continuously, and is not flushed. It is taken off at the side
of the furnace, and run into cars through a system of troughs, as
shown in Plate I., Fig. 4, at T, U, and W, details in Figs. 7
and 8. By this arrangement we can place oars enough under the
spouts at one time to hold the cinder made during from eighteen to
twenty-four hours. The advantage of this is that the cinder is allowed
to cool before the car is moved, which saves the leaks usually caused
by pulling the cars out as they are filled, and bumping them together.
Moreover, less clay or other packing is needed for the bottoms of the
cars; and considerable labor is saved, as also the expense of horses
to do the switching. When the cinder is sufficiently cooled, the cars
are run into the yard by gravity, and are then taken to the dump
by a locomotive. All dumping is done during the daytime. We
use a circular cast-iron car, having found this shape of body less
liable to break by expansion than a square or rectangular one; besides, the circular car is more convenient, and can be dumped at any
angle. We have noticed that dumping cold cinder extends our dump
faster, but as we have plenty of room we do not care for this.
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The furnace is filled with a double bell-and-hopper, designed by Mr.
Edward Cooper. This is shown in Plate I., Figs. 5 and 6. The small
or inside bell is 3 feet 8 inches, and the outside bell 10 feet 6 inches
in diameter. The furnace-top is 14 feet 2 inches in diameter at the
stock-line, and the stock delivers within 22 inches of the walls.

The best distribution, and the minimum loss of gas when
the bell, are obtained by having a large charge. Our unit of
4 gross tons to each charge, divided into 16 barrows. The
charge is also divided into 16, and the limestone into 8 barrows.
One-fourth of all the stock is filled through the small bell, and
dumping the barrows of the different ores in the charge at

lowering
fuel
oreby
different
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points in rotation, they are evenly distributed in the furnace. The
inside bell is filled by means of stationary runs or skeleton tracks
bolted to the hopper. By this arrangement, a definite proportion of
the stock is dumped into the small bell. This is preferable to dumping on the crest of an annular bell, as is usually done in other double
chargers, such as Mr. Firm stone’s improved Langen*, or the
Bowman charger, largely used on the Lehigh. That method permits
a part of each barrow-load to roll over into the small bell, but leaves
the determination of this portion to luck and the top-filler. The
Durham bells are operated by a double-acting air-cylinder. The
inside bell is first lowered and closed, and then both bells are lowered together (as shown by the drawings), dumping the ontside one.
The lever of the small bell only is attached to the piston; the large
bell is counter-balanced and kept in place by the pressure brought
against it by the small bell. When a small bell is to be replaced
the new one is made in halves, and these are bolted together after it
is in position.
The furnace has but one down-comer E, Fig. 1 (5-foot shell with
41⁄2-inch lining, leaving the diameter 4 feet 3 inches inside) which
has given good results. By keeping the gas together, we think it
secures a better control and distribution, and more economical results.
There are twelve cylindrical 36-inch boilers KK, Fig. 4, 60 feet
long, with 30-inch mud-boilers 40 feet long. They are in sets of
three; and since only nine are required to run the engines, pumps,
etc., we always have a spare set, and are able to clean boilers every
three months. The water is limy; and we have found nothing in
the way of anti-incrnstators as good as this policy of abundant
boiler-power and frequent cleaning.
The Durham hot-blast stoves, designed by Mr. Edward Cooper,
have been in almost continuous use since 1876. Figs. 9, 10, 11, 12,
and 13, Plate II., show their simple construction. They have no
combustion-chamber underneath, but a small chamber at the end,
where the gas enters and is ignited, and passes into the oven through
slots in the partition-wall, there being one opening between each two
rows of pipes, and between the walls and pipes. The flame is carried
into the oven and burns among the pipes. The cold-blast enters at
the same end with the gas, an arrangement which protects the pipes
from being destroyed where the gas is hottest. The gas-openings
can bo kept. clean from the outside through small cleaning-doors,
Transaction, vol. xiii., p. 520.
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thus always insuring a uniform distribution of gas, which is not
always the case with ovens having a combustion-chamber underneath, with openings that cannot be cleaned while the oven is in
use. The bed-pipes are made in small sections, as shown in Figs.
10 and 13. This provides for all expansion, so that leaks are almost
an impossibility. The ovens are made in-small sections in order to
better regulate the heating-surface to the volume of air used at
different times. The sections can be made with either three or four
rows of pipes, and with seven or eight pipes to each row. Each
pipe has 65 square feet of heating-bur face ; and it has been found at
Durham that 100 pipes or 6500 feet of surface will heat 16,000
cubic feet of air (engine-measurement) per minute, and that with
regular running 950° to 1000° F. of heat can be maintained.
The cost of one 24-pipe oven* is $3650.00; but when built in
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double sections, the cost of two 24-pipe sections in one oven is
§6869.16, equal to $143.10 for each pipe. Ovens containing a large
number of pipes would be somewhat cheaper per pipe, since valves,
scaffolding, bolts, etc., would remain the same, or at least would not
increase in cost proportionally to the number of pipes. I consider
the 24-pipe oven very convenient, and therefore have based my estimate upon it. In designing new plants, a safe rule would be to
provide in the stoves one square foot of heating-surface for every
two cubic feet (piston displacement) of blast. A furnace making
500 tons of iron weekly would thus require 84 pipes, and the ovens
for such a plant, say three 28-pipe ovens, disposed in one double
and one single oven, would cost less than $12,000. Two double
ovens, giving 112 pipes, would leave an extra section for contingencies. But this, however convenient, is not absolutely necessary.

If 48 pipes cost $6869.16, one pipe with 65-foot surface would cost $143.10.
NOTE.—In the foregoing estimate, the price of 13⁄4 cents per pound for castings is
the price we arc now charging to customers at the Durham foundry. The price of
$26 per M. for fire brick is S1.40 more than our fire-brick actually cost us. We
purchased Tyrone brick at an exceptionally low figure.
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Peqtiest furnace and Secaucus furnace, N. J., have plants of 28-pipe
Durham stoves, and the Andover Iron Works, Phillipsburgh, N. J.,
and Warwick furnace, Pottstown, Pa., are building Durham stoves.
We use seven Taws & Hartman bronze tuyeres, with 41⁄4-inch
nozzles (aggregating 99.3 square inches). We have found that 1
square inch of nozzle will deliver 157 cubic feet of air per minute or 6
square inches of nozzle for 1000 feet of air, engine-measurement, under
the conditions of our last campaign, as stated below. By using this
formula a uniform distribution can be had, and the same volume of
blast put through each tuyere, making the furnace less liable to
drive ahead on any one side than with larger nozzles, half of which
might have area enough to deliver all the air used. During our
blast just ended, of one hundred and fifty-one weeks, we lost but
eleven tuyeres, six of which had been used for a time during a
former blast. This is an average loss of one tuyere every ninetysix days.*
The fuel used was Lehigh anthracite and Connellsville coke. The
proportion of coke never exceeded 183⁄4 per cent. Sometimes we
used but 121⁄2 per cent, of coke, and occasionally, for short periods,
anthracite alone. The ores were ⅛ hematite and ⅞ magnetite. Onehalf of the magnetic ores were mined from the Durham property, and
the other half from Ringwood and Charlotteburg, N. J. During
the blast of one hundred and fifty-one weeks, the furnace made 90,450
gross tons of pig iron, being an average of 599 tons weekly. The
ore-mixture yielded 53⅓ per cent, of iron, but owing to the siliceous
Durham ores it required 59.42 per cent, of limestone, or 2495 pounds
to the ton of pig iron. The fuel per ton of iron was 1 ton, 4 cwt.,
2 quarters, 10 pounds (2765 pounds) throughout the blast, including

* The tuyeres lost during the blast commencing April 1, 1882, were as follows:
Position.
1882, October 2Sth ....................................................................................... ,No 7
th ..........................................................................................................................
" November 10
" 5
" December 16th, ...................................................................................... " 3
1883, September 25th .................................................................................." 1
" December 29th,............................................................................................... " 6
1884, June 8th,................................................................................. " 7
" June 28 th ..................................................................................... " 5
" July 2-lth......................................................................................." 4
" October 14th.............................................................................................. " 2
" 'October 19th............................................................................................" 6
1885, January 14 th ....................................................................................... " 2
Total, eleven tuyeres lost, viz.: Nos. 1, 3, and 4, once each, and Nos. 2, 5, 6, and
7, twice each.
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blowing-in week. The temperature of the blast averaged 960°
F., and it was found that 88.76 cubic feet of air, piston-displacement,
was required to consume 1 pound of fuel. There was a marked
regularity' in the blast-pressure, the average for the blast being
93/5pounds, while the lowest for any one month was 9 pounds. The blast
was supplied by two Henry G. Morris upright engines, 4- foot stroke by
7-foot air-cylinders, which have been found entirely too small for the
capacity of the furnace; at no time have we been able to run them over
26 revolutions, which fixed the limit of air at 16,000 cubic feet per
minute piston-displacement; the air actually blown averaged 15,618 cubic
feet, per minute piston-displacement, showing that the work was limited
by insufficient blowing-engines.
The unusual stoppages for the blast amounted to 435 hours, the
greater part of which was required by repairs to (he engines.
The regularity of the working of the furnace will appear from
the foregoing table.
The lowest fuel-consumption for the period of a year was 1.203
tons; for six months, 1.188 tons; for one month, 1.109 tons; and for
one week, 1.05 tons, per ton of pig. The largest week's product was
701 tons; the second, 700 tons.

FURTHER NOTES ON THE CLAPP AND GRIFFITHS
PROCESS.
BY ROBERT \V. HUNT, TROT, N. Y.
DELAYS in the completion of the alterations to the plant at the
works of Messrs. Oliver Bros, and Phillips, in Pittsburgh, coupled
with the increased demand for metal made from regular Bessemer pig,
placing the firm many hundreds of tons behind in their deliveries,
prevented Mr. Henry W. Oliver, Jr., from redeeming his promise to
place his works at my disposal for further tests of high-phosphorus
irons, until May 5th. Upon that date, I assumed charge of the
operations in his steel-plant. Mr. Oliver had purchased Neshannock
pig as a basis for a supply of phosphorus. My information is
to the effect that this iron is made from low-grade Luke Superior
ores and mill-cinder, the latter "ore" being utilized to about 40 per
cent, of the total mixture. At all events the pig had quite as much
phosphorus, and in as varying quantities, as the most exacting could
desire. My experiments of last fall had well satisfied me as to the
effect of from 0.35 to 0.55 per cent, of phosphorus in the ClappGriffiths metal. Hence at this time my first trials were directed to
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determine the effect, or rather necessary proportions of manganese
for both rolling and subsequent results. Remembering the composition of
my former experiments, I made my first mixture of 35 per cent.
Neshannock and 65 per cent. Stewart, which latter is a regular Western
Bessemer iron, made from Lake Superior ores. The mixtures used and
the composition of the resulting steel are shown in the following table.
The No. 3 Colebrook iron is from Cornwall ore.
It will be observed that I have used the expression " Trace" for
the amount of silicon contained in the various beats of steel.
Perhaps it would have been better to give an array of decimals,
but Mr. Torrance, while in several oases giving them to me, said :
"I really do not know how near right these figures may be; for
the quantity s?ms to be about the same, whether or not I double
the amount o???ings under determination." In determinations of
silicon from ??ngs from the same heats, Mr. McCreath reports:
silicon, 0.008; 0.004; 0.006; 0.004; 0.009. The atmosphere of
Harrisburg is clearer than that of Pittsburgh; and putting all
personal considerations aside, we can perhaps safely accept Mr.
McCreath's determinations. But the difference between 0.006 and
"a trace" is certainly of a discriminating quantity.

* In No. 4 less ferro-manganese was used than in No. 2. No, 5 is the
same mix-ture as No. 4, with more ferro-manganese. Nos. 6 and 7 are
the same mixture, more ferro-manganese having been added to No. 7.
The relation of Nos. 8 and 9 is similar. In the double determinations of P
and S for Nos. 7 and 8, the upper line gives the results obtained by Mr.
H. C. Torrance, and the lower line those of Mr. A. S. McCreath.
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All of tin's steel was cast into 8-inch square ingots, and excepting
some ingots of each of the three heats of the Paxton mixture (No. 10)
was rolled during my visit. Most of it I saw heated and rolled.
It all worked in a. practical manner. In fact, the behavior in rolls
illy adapted to its treatment, was a revelation and surprise to every
one witnessing the trials; and I may interpolate the remark that
there were plenty of witnesses. A great quantity of this metal was
reduced to ⅜-inch rounds and manufactured into various commercial
products. The results prove that there is no doubt of the possibility
of making metal containing at least 1.10 per cent, phosphorus, which
will roll well. But it is entirely another question as to the value of
such material for general commercial purposes.
These later experiences no doubt confirm all previous ones, that
high phosphorus requires high manganese. But I cannot now say
definitely the proportions required for the best work. I had blacksmith-tests made of all of the various heats; and since then have
received the results of systematic physical tests for tensile strength,
elastic limit, elongation, etc.
The following table shows the results of these tests. Since the
samples are not in all cases those described above, I introduce the
chemical analysis of each :

Most of the ingots made from the mixture of Paxton and Cornwall irons (No. 10) were sent to the Paxton Rolling-Mills at Harris-

* This metal worked beautifully in rolling, and a star-shaped piece of
lightning-rod made from it bent double when cold but was very stiff. It
again proves that high phosphorus requires low carbon.
† Another test of the same steel, made upon a larger section, gave but
74,234 tensile strength. Steels with 0.96 and 1.071 phosphorus and 0.13
carbon, gave from 78,365 to 82,040 tensile strength, without practical
elongation or reduction of area. There were some twenty-five tests made of
these extremely high-phosphorus steels, with about the same results. Part
of them were made in the Pittsburgh Testing Laboratory, and the others at
the Rensselaer Institute in Troy.
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burgh, Pa. There were three heats made from those irons, and the steel had
phosphorus 0.37, 0.44 and 0.34, the phosphorus in the first and last heats
being effected by the regular Bessemer-iron mixture which preceded and
followed them in the cupola. Henry McCormick, Esq., the largest owner of
the Paxton Mills, writes me (with permission to publish),as follows:
"The Clapp-Griffiths ingots turned up on Thursday. Tried one of each
heat; breaking down first into nail-slabs 12 in. X 12 in. X 2 in., then
rolling into nail-plate and cutting into nails. Under treatment it behaved
like mild Bessemer nail-slabs (only softer) that we h been working. It
lost 1 per cent, in weight in heat- ing-furnat rom slab to plate (usual
loss steel). In nails, it stood the tests or driving as well as average of
Bessemer Steel nails made from Pennsylvania Steel Company's, or
Homestead (Pittsburgh) slabs. No appreciable difference in samples tried
from the three heats. We did not give any extra annealing, but just
submitted them to regular treatment. We will go on and try the other
ingots next week and roll some tank-plate. If any different behavior
develops, will advise you."
As Mr. McCormick has not "advised" me, I presume his subsequent
tests gave similar results.
During the time I was at the works of Messrs. Oliver Bros. & Phillips I
saw some one hundred and thirty or more heats of steel made from their
regular mixture of iron. Most of these I also saw rolled both from the
ingots into billets and from the billets into subsequent commercial products.
The greater proportion was reduced from 8-inch ingots into billets on a 20inch muck-bar train, using the regular gothic grooves; the remainder on a
16-inch mill. I can only say that I never saw soft steel roll equal to it.
And I think the many steel experts who witnessed with me the rolling of
this metal will indorse my statement. From the steel alluded to I did not
see a single cracked ingot—I cannot say bloom, because the ingots are at once
rolled into billets, and even in the highest phosphorus stuff, as the ingot
became reduced to billets the cracks either pulled out, closed up, or
disappeared in some other manner to an extent beyond anticipation.
I am informed by one of the best-known makers of iron boiler- plates
that they have tested Clapp-Griffiths ingots made at Messrs. Oliver's plant,
from a low-phosphorus mixture, breaking them down into plates on their iron
boiler-plate train, which they accomplished without any difficulty, this being
the opposite from their experience
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With steel obtained from other parties and made by a different process.
The resulting plate they had tested for elongation, reduction, etc.,
and by heating it, quenching in water, and then bending over flat
against the grain; and also submitted it to the severest flanging tests.
In all respects it was equal to any open-hearth steel they had ever
seen. This was confirmed by the opinion of one of the oldest and
most celebrated mechanical engineers of Philadelphia, in whose
shops the flanging-tests were made.
I had several samples of metal taken from the converter at different periods of the blow, getting the following results:
Silicon.
Before pouring into converter,.................................................................... 1.68
In five minutes, while slag was running from slag-tap, ................. 0-42
Three minutes later, .............................................................. ..... 0.09
At finish, before addition of ferro-manganese,.............. .............. .......0.0023
Total length of blow,................................131⁄2 minutes.

Another heat gave:
Silicon.
Before pouring into converter, ................................................ ..... 1.-50
At end of flow of slag, 71⁄2 minutes, ........................................ ..... 0.16
Three mi??es later, ................................................................ ..... 0.06
At finish, before addition of ferro,........................................... ..... trace.
Total time of blow, ................................. 12 minutes.

Another test gave:
Silicon.
Before pouring into converter.................................................. ..... 2.01
Two minutes, or soon as possible after the metal covered the
tuyeres,......................................................................................... .......2.18
Two minutes later, ................................................................... ..... 1.78

This last test proves that iron is burnt at the very commencement, and also seems to confirm the theory that it serves to form a
base for the washing away of part of the silicon of the bath.
In a test of like kind, in a regular 4-ton Bessemer converter and
with a full charge of iron under treatment, the following results have
been given to me:
First Test.
Silicon in metal, ................................................ 2.384

At end of 8 minutes, ......................................1.07
At end of 15 minutes ......................................0.108
At end of 17 minutes,.....................................0.058
End of blow, 18 minutes................................ 0.037

Second Test.
2.394

1.10
0.107
0.056
0.043

Since then I have had two similar tests made at the Troy Bessemer Works. Mr. C. T. Arnbevg, superintendent of that department,
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exercised great care in carrying out my wishes. The chemical determinations were made by Mr. J. M. Sherrerd, the chemist of the
works.
First Tests.

Second Tests.

Silicon in metal,..................................... 1.97
1.87
End of 6 minutes,.................................... 0.815
0.486
End of 10 minutes,.................................. 0.298
0.052
End of 121⁄2 minutes,.............................. 0.073
End of 111⁄2 min. (end blow). .............
End of 15 min. (end blow), 0.011
After addition of ferro, .................. 0.018
After addition of ferro,………0.014
Carbon in steel, ............................. 0.14
Carb in steel, ..........................................0. 1 4

The simple taken at the end of blow of the second test had so
much emder mixed through it that a satisfactory determination of
silicon could not be made. The first heat had 17,000 pounds, and
the second 16,500 pounds of metal under treatment. The first
experiments, in both the Clapp-Griffiths and Troy Bessemer converters, were taken from the first heats on the vessel bottoms. It
will be observed that the blows were longer and the elimination of
silicon slower than in the second heats. In neither case at Troy
was the elimination of silicon as complete as in the two ClappGriffiths tests.
The practically total elimination of silicon in the Clapp-Griffiths
process is certain every time, and without at all depending upon
any skill or care on the part of the workman having the heat in
charge. Low silicon has been and is still made in the ordinary
Bessemer converter, and I congratulate my Bessemer brethren upon
the results they have obtained. But I must still hold to the opinion
that the result is not a certain thing: that is, the heats will sometimes give disappointing results.
I have had a number of analyses of steel nails made, taking the
samples from those in stock at various stores and of several brands,
and while generally very low in silicon, specimens have turned up
to the extent of 28 per cent, of the analysis made, which have not been
so low, and some have run as high as 0.044 per cent, silicon. The
heat from which these nails were made no doubt escaped the notice
of the metallurgist in charge of the works. Perhaps I was particularly unfortunate in my selection of samples.
From a long acquaintance with the working of Messrs. Oliver Bros.
& Phillips'Clapp-Griffiths plant, I am confirmed in all I have previously said in relation to quantity of output and cost of production.
As to the use of high-pliospliorus irons, I am fully convinced that
for nails and many other purposes steel can be used to advantage
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which contains up to 0.55 per cent, of phosphorus. I do not think
a metal with so great an amount of phosphorus would answer to
put on the market for general purposes; but where it is to be manufactured into specialties to which it is adapted, it can be profitably
used. I can assure the Institute that I saw some very surprising
results in the working up of the high-phosphorus steel made by me
during these last trials. As before stated, it was all utilized.
With low-phosphorus irons the very best results for the highest
purposes can be obtained; and working from that point up, each
manufacturer can determine for himself what irons he can use.
I am fully convinced by longer study of the process that low silicon does not alone account for the extremely good quality of th
Clapp-Griffiths metal. Large volumes of blast at low pressure, the
tapping off of the slag, and presence of oxide of iron during the process, all play an important part. After having experimented to
produce similar meta??in a regular Bessemer converter, I am fully
satisfied that considerations of first cost of construction, quality and
certainty of metal produced, and cost of production favor the adoption of the Clapp-Griffiths converter for general soft metal products,
especially where the circumstances demand the substitution of steel
for iron in a plant already built. Moreover I shall be much surprised if the developments of the next few months do not place the
process upon a footing in relation to phosphorus which has not yet
been claimed for it.
I have to thank Mr. George E. Tener, Mr. H. C. Torrence, Mr.
George W. Brian, Mr. Evans, in fact every one connected with the
Messrs. Oliver's works with whom I came in contact, for their kind
and intelligent assistance in my experiments.
DISCUSSION.

P. G. SALOM, Philadelphia, Pa. (communication to the Secretary):
I have watched with the greatest interest the development of the
Clapp-Griffiths process in this country, and notwithstanding the
unfavorable comments that have been passed upon it by some of the
metallurgical savants of the day, I look upon it as the beginning
of a successful revolution against the primitive and barbarous method
of puddling, and as inaugurating the most important epoch in the
history of iron since the advent of the Bessemer process. It is interesting and instructive to observe, that the aim of the ClappGriffiths process is to accomplish the same result that Bessemer
VOL. XIV.—10
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attempted thirty years ago. Bessemer's idea, and the one that came
very near wrecking him and thus depriving the world for a time, at
least, of his invaluable discovery, was to produce cast wrought-iron.
The introduction of spiegel was only an after-thought, or, rather, an
after-necessity, which saved the whole process from annihilation.
The Clapp-Griffiths process has succeeded, in a measure, in overcoming the difficulties that Bessemer experienced:
1st. By a different construction of the converter;
2d. By the introduction of ferro-manganese instead of spiegel;
3d. By a partial removal of the slag; and
4th. By the introduction of what might be termed a new principle—the change in position and character of the tuyeres, involving
as it does a different chemical reaction in the converter.
It will not do, therefore, for the Bessemer men to sneer at their
little antagonist. The fact remains that the Bessemer men have
never done anything towards the solution of the problem of avoiding puddling, and that while the results that Mr. Hunt has published
do not show that high-phosphorus pig can be converted into the best
iron, a result which we have no right to expect, they do show that
steel containing as much as 0.3 per cent, of phosphorus can be
made to give an elongation of 24 per cent, which must be admitted
to be an excellent and surprising result. Moreover, we must remember that puddled iron made from very high-phosphorus pig has
no ductility or elongation worth speaking of, and breaks off about
as short as pig-iron.
The tests also show that steel with 0.5 per cent, of phosphorus
has been made with an elongation of 9 per cent. This is certainly
an admirable result, and it only remains to accomplish the same
result with every " blow," to insure a complete success.

THE FLOW OF AIR AND OTHER GASES.
BY FRED. W. GORDON, PHILADELPHIA, PA.

IT is my purpose to call attention to the close approximate correctness of certain coefficients and formulas concerning the flow of
gases, and their applicability to the practical construction of flues and
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pipes, so as to avoid on the one hand the undue restriction, by bad
form or insufficient size, of the conducting areas, and on the other
hand the waste of money in excessive sizes.
Draft is an exceedingly tender thing to deal with. Its total head
in the gas-flues of a blast-furnace plant hardly ever exceeds 11⁄4 inches
of water; and the immense quantities of waste gases escaping to the
atmosphere in blast-furnace practice, being nearly equal to 15 tons
to every ton of iron made, require expensive construction, even with
the best knowledge of form and size. On the other hand, the five
to six tons of blast, introduced into the furnace, for each tun of iron
made, require conduits of considerable size, and it is highly important
to fix a minimum of size under restricted conditions of form, and to
know the effect of modifications.
The remodeling of the Isabella Furnaces at Pittsburgh, in 1880,
was undertaken with a view of increasing the then product of 75
tons per day each furnace to 200 tons.
Their air-hoist (Fig. 1) was designed, no doubt, for an ultimate
duty of 100 tons per day, and it was to determine the possibility of
increasing the power of this hoist that the following experiments
were made.
In the figure A is the cold-blast main, 4 feet in diameter; C, the
pipe conveying the blast to the air-cylinder, 5 inches in diameter;
D, the air-cylinder, 36 inches in diameter.
The distance from the main to the connection, B, where a mercurial gauge was placed, was 17 feet; total length of conduit, from A
to the cylinder-top, 75 feet; total length of conduit to the cylinderbottom, 46 feet; average, 60.5 feet.
Time was taken by a seconds-pendulum, the distance marked for
time-measurements being 70 feet 6 inches. The temperature of the
blast in main A was 110° F.; in cylinder, 60° F.
When the piston was on top and the cage on the bottom, 600
pounds on the cage were required to balance; and when the cage was
on the top 1280 pounds were required; demonstrating that the
rope removed from the inside to the outside of the cylinder, weighed
340 pounds, and that the carriage when empty weighed 940 pounds
less than the piston.
The average friction marked in the table is the total dead weight
required to effect the average motion of the experiments within the
brackets, and was calculated by deducting the load, plus the counterresistance, from the head pressure. Though the friction was very
small, the piston was tight.
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The experiments given in detail in the foregoing table may be
grouped into one (taking the average, which will give practical correctness), with the following results :

To calculate the losses of head, etc., thus determined experimentally, the theoretical head,
is multiplied by the following coefficients:
Friction of gas and air over ordinary iron pipes and smoothlylaibrick-work,
being the length of the pipe in feet, and M
its hydraulic depth, or the area divided by the perimeter (for circular
pipes, 1/4 the diameter) in feet.
For right-angle bends, 1.0.
For curved bends with the center-line radius equal to the diameter
or depth of flow, 0.4, rapidly decreasing as the bend increases.
For double sharp returns, when in the same direction, the same as
single, viz.: 1.0.
For double returns, reversed, double the coefficients of tingle
returns.
For friction of entrance, square edges, 0.6.
For friction of entrance, round edges, from 0.4 to 0.
To calculate the loss of head in any part of this system, the theoretical head is multiplied by the respective coefficients for bonds,
friction, etc., and the result, h, is the loss of head in feet of a column
of air at the density of the air in the conduit.
Thus for the short 5-inch pipe from A to B, the length of which
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is 17 feet, and the hydraulic mean depth (1⁄4- diameter) 0.104 feet,
and in which we allow 0.6 for entrance-friction and 0.4 for form of
valve (total, 1.0, besides the ordinary friction in the pipe), and the
Velocity being 167.3 feet per second, we have:

Since the calculated weight of the air in the main is 0.1 pound
per cubic foot, it is evident that

is the loss of pressure per

square inch. Hence 1853 X 0.1 ÷ 144 = 1.3 pounds per square
inch, the loss of pressure.
The actual observed average loss of pressure, as given in the table
above, was 6.56 — 5.32 = 1.24 pound* per square inch.
Applying the same formula, we calculate the loss , of head from
the main, A, to the cylinder:

and 6351. X 0.1 ÷ 144 — 4.4 pounds per square inch. The actual
average loss in this case was 4.067 pounds.
The calculation gives, in both these cases, somewhat higher
results than the average of experiments. This is explained w en
we remember that after each test the cylinder gathered considerable
heat from the atmosphere, and, owing to its great size, this heat was
almost immediately imparted to the incoming air; hence the aivvelocity calculated by the measurement of the cylinder was too high,
as the air was more condensed while passing through the pipe than
the temperature taken from the cylinder would indicate. Making
a reasonable allowance for this, the calculation is very close to the
actual average.
Fig. 2 is a diagram of the piping of a blast-furnace, constructed
in 1880. The upper part is the plan, and below is the corresponding
elevation. A, A, are the hot-blast stoves ; B is the furnace ; C, the
chimney; D, gas-flue; E, cold-main, 4 feet in diameter, 78 feet
long; E', cold-main, 21⁄2 feet in diameter, 72 feet long; F, hot-main,
17 inches in diameter, with one 45° bend; G, bustle-pipe; H, flue
to chimney; J, J, blowing engines; K, down-pipe, 1.33 feet in
diameter, 14 feet long, with bend on bottom; L, tuyere-pipe; N,
hot-blast valve, 17 inches in diameter, containing two right-angle
bends.
From stove Al, hot-main and hot-blast valve have a total length
to bustle pipe of 26 feet. From the bustle-pipe to the nearest tuyere
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is 4 feet, and half-bend from hot-main ; diameter, 17 inches. There
are seven tuyere-pipes, 8 inches in diameter, 7 feet long. The
engines are nominally blowing 13,000 feet of blast per minute. This

we reduce by 10 per cent. For the waste of the engines, making the
volume per second 195 feet. The observed pressures and tempera-tures
are as follows:
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Pressure in engine-house,......................................4.6 Ibs per sq. in.
Pressure leaving stove,..........................................4.1 Ibs. per sq. in.
Pressure in bustle-pipe,.......................................3.1 Ibs. per sq. in.
Pressure in tuyere-pipe at eyesight,......................2.75 Ibs. per sq. in.
Temperature of cold-main,................................100° F.
Temperature of hot-main......................... ......... 1240° F.
Weight of air in cold-main, per cubic foot,............0.091 Ib.
Weight of'air in hot-main, per cubic foot,.............0.03 Ib.
Multiplying the volume per second of atmospheric air passed
through the engine by 0.076, its weight per cubic foot, and dividing
by'0.091, we have the actual volume pacing per second through main
E: 195 X 0.076 ÷ 0.091 = 163 cubic feet per second; and this divided
by area of pipe 12.5 = 13, the velocity in feet per second.
For the 4-foot section loss

of head.
For the 21⁄2-foot section, E', the area being 4.9 square feet and
the velocity 33.2 feet per second,

== 46.17 feet loss of head.
For the down-pipe, the area being 1.4 square feet, and the velocity 116 feet,feet loss of

head.
(The coefficient 1.5 in the above equation is made up of 0.6 entrance
to pipe, 0.4 for bend, and 0.5 for increased velocity.)
The hot-blast friction will not be calculated here. Its observed
friction was 0.12 pound per square inch, including the entranceand leaving-resistances. Summing the cold-blast loss of head, we
have 4.08 + 46.17 + 491.15 = 541.40, which 541.40 X 0.91 ÷
144 — 0.342 pound per square inch, to which we add the observed
stove-friction = 0,12, giving a total of 0.462 pound per square inch.
That actually observed was 4.6 —4.1 = 0.5 pound.
For the hot-main, from stove to blast-pipe, the loss is similarly calculated: Volume 195 X 0.076 ÷ 0.03=494 cubic feet;
which divided by area gives the velocity, 310 feet per second.
(In this formula, the coefficient 2.25 = 1 for each right-angle bend,

and .25 for the 45º bend) and 5595 x .03 ÷ 141 = 1.16
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pounds per square inch, loss of pressure. That observed was 4.1 —
3.1 = 1 pound.
For the tuyere-stock, 7 feet by 8 inches, we have a velocity of

(The coefficient 1 here consists of 0.4 for bend in hustle-pipe, and
0.6 entrance to tuyere-stock.)
1152 X .03 ÷ 144 = 0.24 pound per square inch Joss of pressure
in bend in bustle-pipe add in the tuyere-stock. Actual observed
loss, 0.35 pound per square inch.

The totals are a very close approximation—much closer than the detail.
This is partly accounted for in this way: two of the points where the
pressure was taken were critical points of friction, and the friction
observed was not fairly distributed in charging it to different parts of the
apparatus.
The above examples will fully serve to explain the use of the
coefficients and their correctness. Though no other cases are here
given, many more observations have been compared with the formulas to
establish their correctness.
The friction in the stove was not estimated, as in no case have the
observations of the blast been sufficiently close to establish data of
practical importance,- for estimating the loss of head when on gas.
The resistance to the blast is so. small as to be of little moment in
practice, yet this same friction on draft is of the utmost importance.
To establish this correctly, the volume of gas passing through one of
these stoves (see Fig. 3, in Mr. Strobel's paper on the improved WhitwellCowper Stove, read at this meeting) was attempted to be determined when
it was doing its utmost, by measuring the air-flow and analyzing the
inflowing and escaping gases. The observations were, however, quite
unsatisfactory. The flow of gas must, therefore, be approximated by
knowing the analysis, calculating the heat developed by its practical
combustion, comparing this with the heat carried away by the blast as a
correction, and accurately observing the draft-head at various points
during known duty, measured by the blast-heat.
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A plant of stoves, 20 feet diameter and 60 feet high, was carefully
observed for many days with this object in view, and reducing these
observations to a practical standard, they were as follows :

The possible calories from the combustion of this composition of
gas with the atmospheric air under the above conditions are calculated thus: There being 11.25 pounds of C present as CO in each
100 pounds of this gas, 15 pounds of oxygen, or 65.2 pounds of air
will be theoretically required to consume it; and the total weight of
gas after combustion will be 165.2, and the temperature given to it

Adding the average initial temperature of the gas and air,* viz.:

age temperature of escaping gases, we have 2642°, which is given off to
the stove brick-work. This is equivalent to 1451° C., or 1451 X
0.24 X 165.2 = 57,529 centigrade heat-units. But this is not all
retained. Perhaps a fair estimate would be 10 per cent, radiation during
the heating of the stove and the heating of the blast, leaving 2378° or
51,776 H. U. useful effect,
This is under the assumption that accurate proportions of gas and air
are employed. Analysis permits us to assume that fully 1-5 per cent, of
the entering gas may pass unburned in moderately good practice
without being detected. This consideration would affect the
calculation as follows:
Amount of gas entering to supply 11.25 C as CO, 117.65 pounds;
amount (15 per cent.) passing unburned, 17.65 pounds ; amount of air,
as before, 65.2 pounds.
Average temperature of entering gas and air (assuming equal specific

* Their specific he;its are assumed to be equal. The error is of no moment here
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Temperature to be absorbed by brickwork or lost in radiation :
2657 + 327 — 560 = 2444° F., or, after deducting 10 per cent, for
radiation, 2200° F.
The furnace-engines were delivering 24,000 feet per minute, or
1824 pounds of blast. The weight of the gas within the stoves and
the weight of blast are inversely proportional to the temperature
imparted by the one and received by the other, provided the specific
heats were the same. Neglecting these latter, 1824 X 1320 (temperature gained by blast) ÷ 2200 = 1095 pounds, the amount of heating
gases which should be passing through both stoves, or 547.5 pounds
through each per minute, after making all reasonable allowances.
The specific weight of these gases is 1.05, from which the volume
passing through the stove and the value of head will be calculated.
The stove was 21 feet external diameter and 60 feet high, with
other
particulars, as per the following table:

The temperatures here given are close approximations, from a large
number of observations.
From the above it is calculated that 116 cubic feet of gas at ordinary
atmospheric tension and temperature, was passing through each stove per
second. The velocities in feet per second, at the above
temperature and areas, are, therefore :
Combustion-chamber, . . . . . . .
Up-pass ......................................................................
First down-pass, .........................................................
Chimney-pass, ............................................................

21
l6
17
14.4

And the loss of head, h, in each pass is, by the formulas already
given:
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The weight per square foot of each column of gas at the temperatures
given, multiplied by the loss of head on each, gives:
For the column at 2700°..........................0.0175X13.4 = 0.1995
For the column at 2200°, . . . . 0.0215 X 22.4 = 0.4160
For the column at 1500°, . . . . 0.0315X28.9 = 0.9104
For the column at 1200° ...........................0.0394X21.5 = 0.8471
Loss of head in pounds, per square foot, due
to flow within the stove....................

2.373

There are, however, two upward currents hotter than the two
downward currents, which gives a static head equal to .5 pound per
square foot; thus, by calculation:

This is equal to 0.36 of an inch of water.
This stove has a chimney-valve, area of passage 10.5 square feet,
in which there must be estimated two right-angle bends, consisting
of a rather easy turn of this order, getting out of the stove, a sharp,
hard turn, turning down, and another rather easy turn into the flue:
The velocity (temperature 560°) is 24.4 feet per second. Hence,

per cubic foot of the gas passing out, viz.: .0173 pound = 1.32
pounds per foot, or 0.25 inch of water.
The inflow-resistance of gas and air at this volume is 0.3 inch of
water. At larger volumes this loss is much reduced and may,
with very large valves, be lowered to ⅛ of an inch of water.
The sum of the resistances to the flow of gas in an ordinary Whitwell stove, as now built, is therefore in inches of water:
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Inflow-resistance of gas and air, or suction in combustion-chamber,
with
the stove,................................................................................................ 0.30
From bottom of combustion-chamber to bottom of chimney-chamber 0.36
Chimney-valve and entrance to chimney-flue,....................................... 0.25
0.91
About 1 inch of draft is therefore necessary in the chimney-flue
for the performance herein considered. hether the flow is exactly
expressed or not, the actual observations to near these calculations
that practical correctness is considered e, ished.
The fact that firebrick-stove power is ???ed by the heat received
by the brickwork, and this in turn is ??? d by the product of the
weight of the gas and the temperature which it parts with, makes
it obviously desirable to increase the flow, th?? the capacity for work
may be increased per given expenditure for plant.
We might reduce the inflow-resistance to half, say .15 ; and the
chimney-valve might, in practice, be enlarged to 15 feet area. The
possible flow of gas under these conditions and with 11⁄4 inches of
draft in flue, would be 170 cubic feet.*
The resistance in a valve of 15 feet area, with a velocity for 170
cubic feet-per second, of 23.8 feet, would be:

Lowest possible friction of gas and air entrance, .................15
Plus loss of head inside the stove, .............................................887
Phus loss of head-valve area, 15 square feet, .......................... 255
1.292
Requiring rather more than 11⁄4 inches draft.
The ultimate flow is only referred to here, that the quantity dealt
with may be seen to be nearly the practical limit, and the excess over
limit is not too much for the exigencies of practical experience. It
was the custom of Witherow & Gordon to give for a product of 200
tons a day three such stoves as these, or even the same sizes raised
in height, which, as can be readily established from foregoing
considerations, is a detriment rather than a benefit. I mean that three
21 X 60-foot stoves can be used to impart more heat to blast than
three 21 X 70-foot stoves, as they have been constructed heretofore.
The 1824 pounds of blast used in the foregoing calculation is about
equal to 200 tons of daily product on good ores.
* Resistance being as the square of the velocity. The loss of head due
to flow within the stoves. 2.373 X 170 ÷116, = 5.12— static head .5 =
462 X .192= inches water .887.
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To improve die stove in the line of its capacity to consume a much
larger quantity of gas, and pass these products of combustion through
itself, is the true line of improvement of a fire-brick stove; and this
may be carried as far as the capacity for taking up heat by brickwork will permit, so that two stoves will do the work of three
without materially increasing the size.
A judicious limit of size for high heats is reached in the present
proportioning of the ordinary Whitwell stove, where there is a fall
of some 80° F. during the blow. If one other stove of similar
dimensions can be made to take up the gas-heat economically, the
limit of economy will be reached by this system, so far at least as
quantity of material is confer fed.
Splitting the plant of two stoves as above into four, two on gas
and two on blast, increases the cost of connections only, and permits
much steadier temperature of blast by altering one stove at a time.
This plan is advised in plants of moderate or large size.

GORDON'S

IMPROVED
WHITWELL-COWPER
HOT-BLAST STOVE.

FIRE-BRICK

BY VICTOR O. STROBEL, PHILADELPHIA, PA.
FIRE-BRICK hot-blast stoves have been the subject of frequent
discussions at the meetings of the Institute; and although it is my
object to elucidate some of the points in connection with this subject, I will
not go into the specific features of all types, but more
especially call attention to a new type recently designed by Mr.
Fred. W. Gordon.
As the economical production of a ton of pig-iron is a more easential
feature than a large output, much depends, where fuel cannot be
obtained cheaply, upon suitable apparatus whereby high temperatures
can be maintained. Where iron-pipe stoves have been employed,
the fuel-consumption reached one and a half pounds of fuel, and,
when a larger output was desired, often two pounds, to the pound of
iron produced. The temperature attained rarely exceeded 900° F.,
and that at the expense of frequent renewals of the pipes, which
was not inconsiderable. The fire-brick hot-blast stoves of the past
five or six years have clearly demonstrated their superiority over the
old system.
Of the accompanying drawings, Fig. 3 illustrates a four-pass regen-
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GORDON'S WHITWELL-COWPER FIRE-BRICK HOT-BLAST STOVE,
Fib. 2.
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erative hot-blast stove, or what is generally known as the Whit well
hot-blast stove. Figs. 1 and 2 represent a three-pass regenerative
hot-blast stove of the improved type to be described. The gas
admitted through the valve L into the combustion chamber M,
where it is thoroughly oxidized, passing up the chamber M, descending through the regenerative flues N into the chamber I, then ascends through the regenerator flues E and D, and directly to the
atmosphere through the draft-stack A. In the four-pass stove, this
gas makes another downward turn, passing out of the chimney-valve
into an underground flue to the draft-stack at some remote point.
In the three-pass stove, the air-blast, taking a reverse direction, is
admitted into the chamber X through the valve B, descending
through the regenerative flues D and E into the chamber I, then ascending through the regenerative flues N, and descending again, passing out of the stove through the valve K.
As tests have shown the temperature of the burning gas in the
chamber N to be five times greater than that of the gas escaping
into the chamber X, the division-wall Y is subjected to much greater
heats upon the one side than upon the other. In the four-pass stove,
Fig. 3, this division-wall is bonded into the regenerative flue-work
of both passes. The different qualities of fire-brick in these passes,
together with the difference in temperature to which they are subjected, has frequently broken this bond, resulting in the displacement
of bricks in the flues, thereby causing a serious impediment to cleaning, and to the flow of gases.
In the three-pass stove, Figs. 1 and 2, this difficulty is avoided by
splitting the division-wall Y, thus virtually forming a stove in two
longitudinal parts which are free to expand independent of each
other. The bottom of this wall is bonded together, and as the linear
expansion in this distance of ten or fifteen feet of brick is almost insignificant, owing to the slight difference in temperature, no objection
can he made. It also serves to make a seal between the regenerators N and E, when the gas is being transferred. This entire regenerative work is built upon a series of longitudinal arches G.
The lintels F, upon which is built the checker-work, are supported
upon these arches. By this disposition of arches the entire space
under the regenerators is embodied in one. This is a feature worthy
of notice; for after scraping and cleaning the walls in the regenerator N,
the dust can be removed through a single door H, the sides
of which are flared, permitting easy access to any part of the space.
Each of the nine-inch square flues in the last pass E, of the re-
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generator, is divided into four smaller flues, as shown at D, increaseing the heating-surface 90 per cent., but decreasing the area only
121/2 per cent. The mass of material, however, is increased 22 per
cent. The gas, upon reaching this part of the regenerator, has given
up much of its heat; but as the absorbing mass has been increased,
and the gas subdivided into four parts, and brought into contact with
nearly double the heating-surface, a greater proportion of the heat is
here taken up from the escaping gases. This reduction of area has
a tendency to increase the loss of head due to friction, but the flues
in the lower part of the regenerator have been increased in area over
the usual amount, thus compensating for the loss.
The stove shown in Figs. 1 and 2 is divided into three passes,
increasing the area of each very considerably, and consequently permitting a much greater volume of gas to be passed through them in
a given time. The resistance in the flow of gas due to the long, contracted areas of the four-pass system requires enormous underground
flues and draft-stacks; and since the gas in the last pass in these
stoves rarely, if ever, exceeds the temperature of 500° F., the stove
does not develop its maximum power. In the three-pass stove, the
gas will pass off at a temperature of 600° F., having previously imparted its heat to an absorbing mass equal to that of the four-pass
stove. As I have previously stated, the subdivision of the flues D
has increased the heating-surface, giving in the aggregate 25 per
cent. more. If the same volume of gas be passed through the increased areas of the three-pass stove, the draft requisite must be
materially lessened, or the volume of gas may be increased until a
like draft is attained.
For instance, for a product of two hundred tons of iron per day we
propose two of the improved stoves, 23 feet in diameter by 60
feet high, one on blast and one on gas. It is required, according to
our proposition, to pass 260 cubic feet of gas per second through the
one which is being heated, that it may have imparted to it as much
heat as the two on gas in a plant of three Whit wells. . Or, we would
introduce four stoves, two on gas and two on blast, having the same
aggregate cross-section internal area as the two 23 by 60 stoves. This
would be four 17 by 60-foot stoves. As these four stoves with valves
proportional would have exactly the same material in them as the
above two, the cost would be almost identical.
For comparison we will take two of the ordinary 20 by 60 Whitwell stoves on gas, the third one being on blast. Then upon the

GORDON'S WHITWELL-COWPER FIRE-BRICK HOT-BLAST STOVE.

165

same theoretical basis as that used by Mr. Gordon, in his paper on
the flow of gases, the stove-areas would be as follows:

We calculate by Mr. Gordon's formulas the velocity and loss of
head for each as follows:

This head in columns of hot gases multiplied by the weight per
cubic foot of gas at the respective temperatures gives the loss of
head in pounds per square foot.
Combustion-chamber ..............2700°
First down-pass ......................2200°
Lower op-pass........................1700°
Upper up-pass ........................ 1400°
Chimney .................................1200°

=
=
=
=
=

0.0176
0.0215
0.0284
0.0337
0.04

X
X
X
X
X

25 1
41.6
12,6
17.4
24.2

=
=
=
=
=

.442
.894
.358
.586
.968

Total loss of head in pounds per square font.......... 3 348

The static head due to difference between the specific weight of the
gases and that of air is:
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Combustion-chamber ......................42(0.076 — .0176 = 2.457
Up-pass ......................................... 42(0.076 — .031 = 1.S9
Chimney........................................ 50(0.076 — .04 = 1.8
Total ................................................................ 6.147
Down pass. The negative head ......42(0 076 — .0215 = 2.23
Add loss of head due flow of gases.................................. = 3.348
And that due to gas- and air-induction ............................ = .51
Total negative and loss .................................... 6.1383

which is nearly equal to the static head. This 23 by 60-/oot stove
will take double the volume of gas that can be passed through one 20
by 60-foot Whitwell stove. Hence one of these 23 by 60-foot stoves
will perform what two 20 by 60-foot Whitwells have heretofore done.
When very high temperature of blast is required, an arrangement
for the uniform heating of the whole regenerator is effected by passing a portion of the products of combustion into the chamber I,
Fig. 1, under the regenerator carrying their maximum sensible heat.
The temperature of the last pass of the regenerator can therefore be
made equal to that of the first pass, the escaping gases passing off
at a temperature of 1400° to 2000°, again illustrating how the
entire mass of brick-work, equal to that in the Whitwell stove, is
subjected to higher heats. This flow of gas from the combustionchamber is introduced through a port, in which a fire-brick plug
will regulate the quantity of gas desired. The strong draft through
the last pass of the regenerator draws the products rapidly through,
and takes from the current which usually passes up the combustionchamber a large portion of the dust, which is deposited in the chamber
I, and can readily be removed through the cleaning-door H. It will
be observed that this gas is taken from a point in the combustion-chamber where a thorough mixture of the air and gas is to be
had. Owing to the greatly increased volume and velocity of the
gas passing through this stove, the tendency for accumulation of dirt
will be materially reduced, the strong draft carrying most of the
dirty gases with it. For cleaning the stoves a very simple device is
used, consisting of an ordinary piece of gas-pipe, P, introduced
through a single opening, O, at the top of the stove, and so located
that each and every flue-hole in the first down-pass may be reached. In
case the upper part of the regenerator becomes encrusted with
dirt, a scraping-plate and plummet with the proper sheaves is substituted. The last two passes of regenerators very rarely if ever
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require cleaning, as the whole deposit seems to be concentrated in
parts where the gases are highly rarefied ; which, in any stove, is invariably the first down-pass. This difficulty has been experienced
by those who have used the Cowper stove.
Yet it is clearly demonstrated by practice that very little cleaning
is necessary when the gases are passed through a dust-catcher. By
the cleaning-device, as shown in the four-pass stove, great difficulty
is experienced in removing the material in the numerous holes,
through each of which only a few flues can be cleaned. This difficulty often proved to be the cause of poorly-working stoves. Much
time was lost in removing these lids and he brick filling, and consequently the cleaning operation was postponed, until in many cases
the heating power of the stove was reduced to one-half its actnal
capacity. The device shown in the three-pass stove simplifies this
operation; the whole time occupied in performing what formerly
took from six to eight hours being about one hour.
Figs. 4 and 5 exhibit a general plan of a furnace with a plant of
three-pass stoves. A A are the stoves, B is the furnace, C the overhead gas-main to dust-catcher, D the dust-catcher, which is used
exclusively for the gas to be burned in the stoves. This we consider
a highly important appurtenance to the stoves, and think it should,
in all eases, be adopted.
I here wish to explain some of the details of valve-construction
in connection with hot-blast stoves. The hot-blast valve and gasvalve, in Fig. 3, are frequently burned by premature combustion of
the gases in the space between them, and must be replaced. When
the stove is on gas, this space, of course, forms the conduit to the
combustion-chamber, but the leakage of air-blast through the valve
immediately ignites the gas and both are subjected to this intense
flame. In the stove exhibited in Figs. 1 and 2, the disposition of
these valves is such that the products cannot come in contact with
each other short of the stove combustion-chamber. The hot-blast
valve in this case, details of which are seen in Figs. 6, 7 and 8, is of
the gate-type, and pierces the wrought-iron elbow in its vertical
portion. The valve L, similar in construction to K, is bolted upon
a cast-iron elbow and engages the wrought-iron elbow in its horizontal
portion on one side, close up to its connection with the stove-shell.
Any leakage in the valve K will therefore meet this gas at the point
where it enters the conduit in the wrought-iron elbow, close up to
the orifice to the combustion-chamber, thereby securing the safety of
both valves. The varying temperatures to which these valves are
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subjected make it a matter of extreme difficulty to avoid their warping and the destruction of the valve-seats. The puppet-form hotblast valve shown in Fig. 3 has given more or less trouble in this
direction, and when a replacement of the seat was necessary the
FIG. 5.

Plant of Three-Pass Stoves. Plan.
entire mass of brick-work above the seat had to be removed, entailing a great loss of time and work. The sliding hot-blast valve
renders this operation, when necessary, quite simple. The valve
shown in Fig. 5 presents several novel features. The seat A, Fig.
1, is a hollow phosphor-bronze casting, fitted into a ring C, with a
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slightly tapered or spherical joint. The body of the valve consists
of a simple neck, riveted to the wrought-iron elbow and engaging
the ring C on the bottom flange. The cap E is bolted to this neck.
The gland N is fitted to this cap with a spherical joint. If, therefore, the valve-seat A should get out of line, adjustment can be
effected with the keys, the spherical joint before mentioned permitting sufficient movement, and retaining a tight joint. This adjustment is compensated at the other end of the valve by the ball-jointed
gland N. To replace a valve-seat merely necessitates the removal of
the cap E and a man-hole cap underneath this, through which the
new seat may be adjusted. All the air for combustion is admitted
through a single opening directly under the gas-inlet to the stove,
insuring a thorough mixture of the products. This air-valve which
is of the puppet form is attached to a hinged door, and also forms an
opening in the bottom of the combustion-chamber for the removal of
dirt. The entire bottom of this chamber can be reached through
this single door with great ease. The chimney-valve, placed in the
bottom of the chimney on top of the stove as shown in Fig. 3, is
constructed in a similar manner, the hollow space- in the valve-seat
being made doubly large to permit a strong. current of air to pass
through it for cooling. This current is established by the stove
chimney. The same draft also serves to cool the large circular diskvalve.
The chimneys of these stoves are strongly built, commencing with
heavy plate on the bottom and thinning at the top. They are lined
with 41⁄2 inches of fire-brick. The cold-blast valve B is an ordinary
slide-gate valve operated with a rack and pinion. On the main valve
an auxiliary or small valve is placed for the purpose of equalizing
the pressure on both sides of the valve, lessening the power which
would be required to move the large valve with the full pressure
on. The chimney and cold-blast valves are operated from a common
station at the bottom of the stove with ordinary wire ropes passing
over grip-sheaves. The operation of changing a stove from gas to
blast or vice versa is so simple that an ordinary laborer can attend
to the operation of the stoves. The operating wheels are arranged
in the order necessary to make the change. Beginning at the right,
the cold-blast valve is closed. The next in regular order is the hotblast valve. Then the air valve, chimney-valve and gas-valve are
each opened in their respective order. This operation changing the
stove from blast to gas, the reverse of it will change the stove from
gas to blast.
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In conclusion I give here a comparative exhibit of the cost of
plants of these stoves, the Player 18-pipe hot-blast stove and the
Whitwell fire-brick stoves, capable of making a weekly product of
500 tons:
A plant of five 18-pipe Player hot-blast stoves would cost, --------- $22,000
A plant of two Whitwells----------------------------------------------------26,000
A plant of two Gordon's Improved, ------------------------------------------ 19,000
The foundation in all cases being omitted. This item for the
Player stoves would almost run their cost up to that of the Whitwell plant. The advantages claimed for this stove are therefore:
1. Its simplicity of construction, avoiding the costly underground,
chimney-flues and draft-stack.
2. The increased area of passes and valves, permitting 50 per
cent, more gas to be passed through them.
3. The capacity of heating a greater volume of blast to a higher
temperature.
4. Finally, its low initial cost as compared with other fire-brick
stoves.

THE GEOLOGY AND MINERAL RESOURCES OF SEQUACHEE VALLEY, TENNESSEE.
BY W. SI. BOWRON, SOUTH PITTSBURGH, TENN.
SEQUACHEE Valley includes portions of the counties of Marion,
Sequachee, Bledsoe and Cumberland. It extends in a general direction parallel with the Great Valley of East Tennessee, some 75
miles northward from the Alabama state line. It is separated from
the Valley of East Tennessee by a mountain arm about a dozen
miles wide, known as Wallen's or Walden's Ridge.
The genesis of the valley, geologically speaking, is simple. It is
an erosion-valley along the axis of an anticlinal. The point of the
wedge remains in a row of low "saw-tooth " hills, running up the
center of the valley. These hills are of Lower Silurian age, and
consist of Trenton limestone, covered and protected in some measure
by chert. Walls of Carboniferous age form the inclosing mountains
on either side; whilst a magnificent arch of Hudson River, Niagara,
Hamilton and Subcarboniferous strata closes the valley at the
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northern end, and under its colossal folds flows in subterranean course
the Sequachee River. This river rises in Grassy Cove (a depression in the
l in e of the Sequachee valley, 4 miles long by 1 1/2 miles wide,—
technically, a huge sink-hole) and flows 8 miles underground. This
feature has been eliminated from the accompanying map in the process
of engraving; and the river consequently appears to be wholly
disconnected with Grassy Cove. Its course from its head can be laid down
on the map as follows: From the upper left hand (west) corner of the
cove, curving south and east around and below the words "Grassy
Cove," then north and west, roughly parallel with the outer edge of the
cove, to a point just to the right (northeast) of the promontory in the
middle of the upper (northwest) side. At this point it disappears, to
reappear at the head of the main valley. Its subterranean course is
probably northwest, west, and south, in a curve just clearing the cove,
and passing not far from the original head.
The succession of rocks on the east side of the valley is normal, and
agrees with our usual Tennessee sequence. The strata on the west side
of the valley have been thrown down by a fault several hundred feet,
bringing rocks of probably Keokuk age in contact with the Trenton
of the Middle Ridge. In saying that the rocks were "thrown down," I
use the phrase in its accepted conventional meaning. Prof. J. P. Lesley is
quoted in Macfarlane's Coal Regions of America * as follows:
"The juxtaposition of the upper Silurian ore of V. in East Tennessee
with the beds of the coal-measures XII. is a striking phenomenon, but one
not peculiar to that region. We have before spoken of the great downthrow faults which run in straight lines from Alabama to Middle Virginia.
It is to these faults that we owe the existence of the Cumberland
Mountain range and the preservation of the coal-beds. Before these faults
took place, the coal was elevated on a plateau, covered with eternal
snow and ice, from 10,000 to 20,000 feet above the level of the sea.
When this plateau was cracked along parallel lines running eastnortheast and west-southwest, intermediate sections of it dropped to
about 3000 feet above tide-level. The sections that retained their
elevation have been eroded of all their coal measures as far down as the
fossil ore."
One might be tempted to inquire by what means the bottom, of the
canons so formed, and composed of coal-measures, escaped denudation,
when the snow and ice melted on the portions which " retained
* 1st edition, page 304.
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their elevation." In fact, there are many other questions that would rise to
the surface, were the hypothesis above quoted tenable.
A careful study of our East Tennessee faults and the plication of the
strata will prove the following:
1. That at no time was the Cumberland mountain much above its
present level.
2. That the Appalachian system was raised by a crushing, or
crumbling together of the strata, and that to this we owe all of our
peculiar East Tennessee geology.
3. That the movement was a very slow one—"a few inches a
century accords best with the facts," as Professor Dana says of the
changes of level in Carboniferous ages.
4. That the action was practically this: With the slow corruga
tion of the oldest strata, consequent on Appalachian squeezing together, the superincumbent strata were uplifted, and, in most cases
near the disturbing force, fissured on the line of the anticlinals; and
the side nearest the disturbing force, in most, if not in all, cases, outtravelled the other in being squeezed upward.
The whole surface of
the country being at or near water level at the time, denudation re
moved the material supplied at a rate at least equal to its progress
upward, thus eroding the valley of East Tennessee.
5. That the action commenced at the close of Carboniferous time
and was continued certainly for a very long period—possibly down
to the present day.
As to the former height of Cumberland Mountain, and the evidences
for or against the alleged "down-throw," we find that at the head of
Sequachee valley the fault becomes gradually smaller and is effaced as it
goes into the mountain. The wedge of Trenton rocks still underlies the
mountain, but the strata up to the Carboniferous are flexed over it and
not fissured; and the Hog-back mountain of Crab Orchard is the result.
Coming southward from Crab Orchard, the axis of the fold has been
fissured, the crack has been eroded, and the east side has been raised
faster than the west side, thus forming the Sequachee Valley fault
described above.
It would be easy to imagine and describe ocean-flows, Triassic gulfstreams, and land-drainages to account for the contours of the district
under consideration; but such hypotheses are not susceptible of proof.
Probability would lie in the direction of changes of current as the
ground assumed different levels. That the movement was a very slow
one, no one who has examined the rock-conditions of the Alleghanies
will doubt. In the formations of this system,
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rocks occur from Niagara to Carboniferous in several districts, with
limestones present in large quantities. A more brittle rock than
limestone is rarely shown in mountain masses. It has little or no
flexibility. If broken in place it heals; but a cicatrix of calcite
attests the former injury. Some years ago a paper was read before this
Institute on the flow of metals under pressure. The principle was
admitted, and experiment showed that, in addition to pressure, time for
molecular rearrangement was an essential factor. This applies to the
Appalachian limestones. Those who have seen the wonderful
plications of these strata must admit that time as well as pressure was
an element in their formation. . In the Sequaehee valley we have a
further proof of the slowness of these upheavals, and a convincing
proof of the fact that for some time past the Sequachee valley has
had the same general outline as it has now. This has been the case
since the time when the floor of the valley was Devonian black shale.
The little creeks, flowing from the sides of the confining mountains in
the same gorges as they now occupy, removed the black shale from
their channels. In after ages, when the floor of the valley had been
deepened so as to drain the Clinton beds, infiltration of iron from the
black shale converted the limestone into ore, except in the beds of the
creeks, where the limestone is but partially altered. An example of this
may be studied at Ketner's Cove, a few miles above Inman. The ore is
only a foot or so thick, with three feet of limestone, beside the mill at the
bottom of the hollow, while on the hill, away from this influence, the
four feet is all ore. The Sequaehee river runs on the axis of the
upturned Trenton limestone. Softer rocks are on both sides of it, but
through numberless ages the water dissolved out its bed before any other
channel was possible.
Leaving abstract geology for the present and returning to the subject
of the iron-ore, we find it out-cropping in place for many miles.
The analyses of these ores are as follows:
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The lack of analyses from other localities is explained by the fact that
no developments have been made above Inman. The land is in the
hands of the farmers, and has escaped so far the grasp of the speculators,
because owing to want of railroad facilities these ores were inaccessible.
As the early completion of a railroad into the valley is confidently
expected, these ores will probably be brought into use.
In mining the ore presents no special difficulty. It lies in a sheet
upturned towards the center of the valley and going with a gradually
lessening dip into the mountain as shown by the section on the accompanying plate. This sheet protected the strata below from weathering
and so formed a "bench." Drainage has cut through it and the result is a
row of foot-hills sheeted on the back with ore. This is stripped and
worked in the usual manner. Upon going into the mountain, although
working to the dip, no water has yet appeared, the ground being drained
by lower strata.
At an average distance of four miles from the ore lies the coal, a clean,
pure, semi-bituminous fuel, with an average thickness of four feet. The
quantity of coal available for mining from the Sequachee valley is
enormous. Not all the coal in the mountain, however, can be reached
from this point, for the mountains slope away from Sequachee valley on
both sides and the strata dip into the mountain.
Upon the Cumberland plateau of Lower Carboniferous age is
superimposed a second mountain of the upper coal-measures.
When the slow uprise (which originated Sequachee Valley) had altered
the drainage of Cumberland mountain, the upper mountain clammed the
waters from flowing to the westward. The waters accumulated and formed
lakes, which (as the uprise was so slow) overflowed the slight elevation
behind them and fell back into the valley. For ages after the main valley
was practically excavated, this drainage, continued and cut out the canonlike gorges of Little Sequachee, Griffiths Creek and Brush Creek. The
gradual uprise continuing, the lowest portions of the upper mountain
were overcome by the waters, and the drainage went again to the
westward. The perpendicular sides of these former river beds are very
suggestive of some of the smaller canoned streams in Colorado. Opposite
the mouth of each stream of this character, the middle ridge of the valley
is obliterated. This gives convenient crossing-places for getting the coal
and iron together, besides providing suitable furnace-sites.
The Sequachee uplift has had a marked effect on the coal. At a
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certain distance from the middle of Sequachee valley, and roughly
parallel with it, the strata are somewhat sharply bent to accord with the
new dip caused by the anticlinal of the valley. This has conferred on
some of the coal a peculiar spumous or pseudo-lenticular structure, which
does not interfere with its purity or with its coking-value, but makes it
difficult to carry in the shape of "lump" without shaking down to
"small" in transit.
East and west of this belt of disturbed coal is an ordinary cubic-bedded,
clean fuel; but the bend that crushed the coal bulged it in some places,
and squeezed it in others. I have known it pinched down to 6 inches,
and; on the other hand, I can show it in a thickness of 17 feet. Influences
of the same class at Rock wood have made the coal 100 feet thick in
places.
I may call this belt the axis of disturbance. This axis of disturbance
runs a few miles back from the valley in places and approaches it in
others. I have approximately placed it on the accompanying map.
The practical result of these conditions is, that the beds of Little
Sequachee and Griffiths Creek in Marion County, and Brush Creek in
Sequachee County, render accessible to the locomotive points that tap the
coal measures at the lowest point of their dip, and render the mines selfdraining.
The following table contains analyses of the coal, with others for
comparison:
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The whole of the coal on the Cumberland Mountain is comprised for
practical purposes in one seam, the Sewanee seam, from which the
samples above named were taken. The ground continuously underlaid
with this coal, and tributary by drainage to Sequachee Valley, is about
350 square miles. The coal will average 4 feet, as far as my observation
has gone. The following is the section of Cumberland Mountain,
according to Professor Safford:
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Of the coke made from the coal in the Sewanee seam, a good test has
been made by consecutive work for over 20 years at Tracy City, and a
couple of years' raining at Victoria, with coking of the produced coal.
The coke is made in "beehive" ovens, usually 11 feet diameter. There is
nothing special to note in the coking process, except that owing to the
difficulty of procuring skilled labor in isolated districts, the coke is
often-measurably spoiled by bad managerment of the ovens.
For years the coke from the Sewanee seam has been one of the
standard furnace-fuels of the South. The coal will make either good
or bad coke, according to the cleanliness with which it is mined, and the
subsequent influence that good or bad coking will exert.
At the furnace at South Pittsburgh, Tracy city coke is used with Inman
ore and soft ore from the Birmingham, Alabama, district (here called
"Morris" ore). The ores have the following composition, by latest
analyses:
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The furnace is 70 feet high and has a diameter of 17 feet. The coke
used had by last analysis 85.39 carbon and 12.93 ash. The blast used
was 7.1 tons to each ton of iron, with an engine-house pressure of 4J
pounds, and a temperature of 1050° F. The make of the furnace was
80 tons of mostly No. 1 foundry iron, with the bottom beds a little
closer. At the time the above data were obtained this paper was not
foreseen,- and no special pains were taken to sample the cinder and gas.
As the same burthen, however, was still on the furnace, samples on
the 13th May will be near enough to be representative.
The gas gave on examination by weight:

Probably the high percentage of CO arises from a reversion from CO2
caused by the larger or smaller quantity of soft coke that seems
omnipresent in all furnace coke. The sample was taken by connecting
a large glass tube with the down-comer in such a way as to allow the
gas to blow freely through it. A minute before the tube was closed the
stove-dampers were pushed in a little so as to force the gas through the
tube with a good pressure, thus entirely displacing the air. The sample
was taken at a time about half-way between charges.
The cinder had the following partial analysis:

and the resulting pig-iron (samples taken by boring completely through
pig) showed on analysis the composition:

To diminish the quantity of silicon, attempts have been made to
make the charge resemble more nearly the charges quoted by the
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English authorities. The furnace under these conditions responded by a
smaller output and a tendency to jump from No. 1 mill-iron to bright
iron. An excessive proportion of alumina in the cinder from these ores
leads invariably to a dry, pasty cinder, combined with the usual furnaceirregularities, such as "hanging on," "slipping," and " working in a flue."
To the courtesy of the authorities of the Tennessee Coal, Iron & R.R.
Co. I am indebted for the above data of charge and heat and for
permission to use the analyses made on their account.
A review of the geology of this district would be incomplete were I to
omit the palæozoic fault that now lets the Tennessee River through the
Cumberland plateau. This fault has not been active, so to speak, since
the close of the Carboniferous epoch. On either side the river the
alternation of rocks is distinct. Even the number of coal-beds is not the
same, pointing to several alternations of level during the deposition of the
coal. As one or the other side sank, the edge of the cliff so left was
eroded, and by this action a hollow was formed. This hollow, on the
subsequent, elevation of the land, became a drainage-channel, and is
another proof of the immensity of time occupied in the making of our
mountains. The upheaval has never been more rapid than the action of
the stream, or the Tennessee River would have followed the general course
of the great valley and gone to the Gulf of Mexico by way of Montgomery,
Ala.

THE SULPHIDE-DEPOSIT OF SOUTH IRON HILL, LEADVILLE,
LEADVILLE, COLORADO.
BY FRANCIS T. FREELAND, B.S., DENVER, COL.
THE deeper workings of the Leadville mines show refractory ores,
consisting principally of sulphides of iron, lead, and zinc, carrying silver, in
place of the easily reduced carbonate ores lying nearer the surface. The
largest and most extensively developed deposit is that of South Iron
Hill.* It lies on the north side of California Gulch,
* In the fall of 1884 the writer, mining engineer and surveyor to the
Iron Silver Mining Company, was directed, with the consent of the
managers of the Minnie and Col. Sellers mines, to make an examination
of their workings, in connection with the Mover workings belonging to
the Iron Silver Mining Company, for the information of the managers of
these adjacent properties. Considerable use has been made of the data
collected at that time for those parts of the accompanying
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parallel with the gulch, and stretches from the Stone mine to the Moyer
shaft in Nugget gulch and beyond. It is the continuation of the
carbonate-deposit extending through the Dome, Rock, and Stone mines.
The main ore-chute is from 200 to 300 feet wide, and in places over 60
feet thick. It has been opened for a distance of 1200 feet, with every
appearance of continuing into unprospected ground without diminution of
strength.
Plate I. is a topographical map of the south end of Iron Hill, showing a
portion of the underground workings of the mines within the limits of the
map. The map also shows the outcrop of the vein, and the line of
demarcation between the carbonate and sulphide-ore. The ore found
between the lines marked Outcrop of Vein and Western Limit of Sulphide
Ore is, in general, carbonate-ore, and that found east of the latter, sulphide.
In the carbonate-zone there is a mass of sulphide ore, in the deeper workings
in the northeast corner of the Stone, where carbonate-ore overlies it. Some
carbonate-ore can be found in the sulphide-zone, generally in the form of a
thin streak above the sulphide-ore, and, more rarely, as a patch under or in it
surrounding a water-course.
There is also shown on the map the line of a fault, not on the surface
but at the level of the workings in ore. The Moyer shaft passes through it
at the second level, and I have named it the Moyer fault.
Figs. 1 to 3, Plate II. and Figs 4 to 9, represent sections made on
certain lines laid down on Plate I. The scale of all these figures is shown
on Plate II., when the signs employed for geological distinction are also
explained.
The general geology of the h ill is clearly shown in the main longitudinal
section A D, Fig. 1, Plate II,, along line A BCD in Plate I. A partial
columnar section, not much east of the outcrop, gives from the surface
down : 1st, a variable thickness of white porphyry; 2d, 0 to 160 feet of gray
porphyry; 3d, the main contact vein of Iron Hill; 4th, 230 to 300 feet of
blue Carboniferous limestone;
plates which cover the above claims. For permission to print facts thus
obtained, for tracings of mine-maps, and information in regard to
inaccessible workings, thanks are due to William H. Stevens, Chairman
Executive Committee, and F. G. White, General Superintendent, Iron
Silver Mining Company; W. F. Patrick, Manager Col. Sellers group;
Thomas Weir, Manager Minnie and A. Y.; Frank W. Owers, Helen
shaft; and W. A. Christian, Gilt Edge No. 2 shaft.
The workings here described have been made for the most part since
Mr. S. F. Emmons concluded his admirable study of the Leadville district.
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5th, 10 feet of parting quartzite; 6th, 65 to 100 feet of gray porphyry, and
then, white Silurian limestone. North of the Moyer fault, the strike is
nearly north and south, and the dip from 15° to 10° to the east, being
somewhat less towards the east. The line of outcrop of the vein, as marked
upon the map, is also very nearly the eastern edge of the outcrop of the
blue limestone. The course of the outcrop is at variance with that of the
strike on account of the erosion of California gulch.
The two most
variable elements
FIG. 6.

Section on line S T, Plate I.
in the columnar section are the two gray porphyry sheets, one above the vein
and the other below the blue limestone. Near the outcrop the upper sheet
does not extend much north of the Imes shaft. Going south its thickness
increases to 160 feet just north of Califor-
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nia gulch. From thence its thickness decreases again, and beyond the limits
of the map rises into the overlying white porphyry. The lower sheet has a
thickness of 65 feet at the northern limit of the map. Going south it
increases to 100 feet near the middle of the map and then rapidly
decreases towards the gulch.
South of the Moyer fault, and west of the Stone, the strata have about the
same dip as on the north side, while in going to the east the inclination
becomes gradually steeper, until at the eastern work-

Section on line U V, Plate I.
ings on the William Reddick and H. D. claims it reaches 25° to 35°.
This simple formation is greatly complicated by an outflow of gray
porphyry, which has broken through the blue limestone at a point
somewhat east and south of the Moyer shaft. The stream
* The H. D. claim is just south of the William Reddick, and beyond the
limits of the map.
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runs from thence in a northwesterly direction across the south second level
from the Moyer shaft into the Col. Sellers ground. Here it divides into two
branches which, further on, in the Minnie ground, unite, inclosing an
irregular mass of limestone, 100 by 200 feet, with its greatest dimension in an
east and west direction, lying partly on the Sellers and partly on the Minnie
ground. From the neighborhood of the Minnie shaft a feeble branch* is
sent toward the north,

where it has been cut in the extreme north workings in the Sellers mine in
the blue limestone. The main stream, from a point just west of the Minnie
shaft, takes a southwesterly direction, rises to the upper surface of the blue
limestone and spreads out on the contact.
* This branch is probably related to the gray porphyry developed in a
vertical winze, 140 feet deep, in the Silver Cord Mine, 250 feet southeast of
the Silver Cord shaft. The collar of the winze is 50 feet below the vein.
This body of gray porphyry does not rise into the white porphyry, and
does not appear in the limestone at this elevation immediately north or
south of this point.
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It forms the hanging wall of the vein throughout the south end of the Lime
claim, Smuggler Cons, and Iron Hill Cons. Mg. Co.'s properties, A. Y.
claim, and the whole of the Stone claim, and is the upper sheet of gray
porphyry mentioned above.
The Moyer fault begins at the point of intersection of the California
gulch cross-fault and the Dome fault, situated in California gulch 600 feet
west of the Montgomery quarry, runs from thence northeast across the
northwest corner of the Stone just south of

Section on line Y Z, Plate I.
the Beaudry shaft, thence in a nearly straight line through the Mover
shaft to the Mike fault. The throw is up to the north, and on section line
Y Z is 40 feet; in the A. Y. it is small, passing through large stopes; on
section line EFGH, Fig. 2, Plate II., it is 150 feet.
In the blue limestone north of the Moyer fault, there is a shallow secondary
cross synclinal with its axis running north of east, making the strike of the
vein N. 4° W. near the fault. South of the fault, there is a shallow
secondary anticlinal with its axis running through
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the Sequin* and H. D. shafts, parallel to the above, making the strike of the
vein near the fault N. 18° W. The dip of the bed-planes of the blue
limestone in the east workings of the Stone and William Reddick claims
averages 25°. The dip of the contact from the fourth level north from the
Stone incline to the Gilt Edge shaft No. 2 is 25°, and the dip produced at
the same inclination cuts the Helen bore-hole at the upper surface of the
blue limestone. With the north contact dipping at 11° and the south contact
clipping at 25° and 150 feet difference of level in the two contacts at the
east side line of the Minnie, and taking into consideration the true strikes and
the inclination of the fault, about 70° to the south, a construction will give
the two contacts the same elevation on opposite sides of the fault at the
centre of the A. Y. claim.
The slight irregularity in the slope of the hill near the common end-line of
the Stone and the Lime claims is due to the fault.
The north and south direction of the ore-channels in the Stone, La Plata,
and Crownpoint claims probably resulted from the replacement being more
active along crevices made in the blue limestone by the change of dip in
this region.
The relation of the gray and white porphyry above the blue limestone and
south of the fault, near the eastern edge of the map, is not clearly shown by
the existing developments.
A PPENDIX .
The following analyses of samples from the Minnie mine are by William
R. Boggs, Jr., Supt. Fryer Hill Smelter, Leadville, Colo.:

* The Sequin shaft lies west of the Dome fault. A section across this fault
through the Crownpoint workings, Moynahan lease, Sequin and Only Chance shafts,
gives a throw of 410 feet up to the east.
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BIOGRAPHICAL NOTICE OF CHARLES 0. THOMPSON.
BY PHILIP W. MOEN, WORCESTER, MASS.

IT is with sincere regret that the members of the Institute will have
heard of the death, on March 17th last, at Terre Haute, Ind., of Professor
Charles O. Thompson, A.M., Ph.D., President of the . Rose Polytechnic
Institute of that city, and for many years pre-viously the head of the
Worcester County (Mass.) Free Institute of Industrial Science, and in
1881 and 1882 one of the managers of this society.
To us he was chiefly known by the excellent character of the work which
he had performed, as a recognized leader among the technical educators of
the country. He was a constant and interested attendant at our meetings,
seeking to acquaint himself not less with all that was noteworthy in the
practical attainments and developments of the branches of industry
represented by our membership, than with such such facts as would be of
service to him in shaping or guiding a wise course of instruction in the
institutions of which he had charge. We shall not soon forget him, or
the genial courtesy of his manner, or his ready words and thoughtful
comments.
Charles Oliver Thompson was born September 25th, 1836, at East
Windsor Hill, Conn., where his father, Rev. William Thompson, D.D.,
was professor in the Connecticut Theological Seminary, since removed to
Hartford. The son was fitted for college under the late Paul A.
Chadbourne, and entered Dartmouth College in 1854. He was
graduated in 1858 with honors. In all the studies of his course he had
maintained a high rank, but showed marked proficiency in chemistry and
mechanical philosophy.
In 1861 he received the degree of A.M., followed by that of Ph.D.
from his own college in 1879, and from Williams in 1880. In September,
1858, the year of his graduation, he became principal of the Peach am
Academy, Vt., remaining in that position until November of 1864,
though during that period he devoted several months to practical work as
a surveyor and civil engineer.
Thus his experiences were developing the qualities which, later on,
fitted him to carry out so successfully the plans of the thoughtful projectors
of a new system of technical education, along a path before untrodden,
but which the test of time and the indisputable proof of success have
shown to be both wise and fruitful.
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From 1864 until the early part of 1868, he was principal of the Cotting
High School in Arlington, Mass. As the head of this school, which was a
union of an existing academy, with its classical course, and of a public high
school, in which the parents of the pupils desired for them a thorough
practical training in English branches, Dr. Thompson's energy and sagacity
developed a school which combined the best features of both. The highest
requirements both of an English and of a classical high school, it is needless to say, were fully met.
In February, 1868, he was called to Worcester to become the principal
of the new Free Institute of Industrial Science, and to occupy its chair of
chemistry.
The general plan of the course of study had already been carefully set
forth. To him was intrusted the arrangement of its details. The essential
feature of the course which was new, was a prescribed amount of practical
work in a thoroughly equipped shop connected with the school. The shop
was to be managed as any other shop would be. Its products were to find
sale in the open market; while the students, laboring without
remuneration, were to be brought daily into contact with that class of
work in wood and iron, with which they would have to do in actual
business life.
The claims of the Free Institute to be the pioneer in this line of technical
education will be readily conceded. To-day its rank as an educational
institution is easily among the highest. Not so, however, when the young
professor, then in his thirty-third year, assumed its direction. A splendid
opportunity was opened to him, it is true; but it required a splendid man
to embrace the opportunity aright, and to deal with its possibilities.
It is not too much to say of Dr. Thompson, that he realized to the full
the great expectations which those who chose him had of him. He brought
into play those faculties of perception and organization which he possessed
in rare measure, and which previous training had done so much to render his
tried and efficient servants. Immediately after his election to the honors and
responsibilities of his new office, Professor Thompson went abroad and
passed some eight months in close and careful study of the technical schools
of Europe. The schools of Russia he was unable to visit, but enough was
known of them and their methods to make their special features of great value
to one engaged, as Professor Thompson was, in discovering what would be
of service in the curriculum of the new school.
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In November he was present at the opening of the Technical School,
and his active labors with it began.
It has been said of him that his plans for the school were so carefully laid,
his courses for study so wisely chosen, that in no case did he feel called
upon to reverse his decisions regarding them.
In the midst of all the perplexities and difficulties attending the opening
years of the school, his associates learned to know and to rely upon his
wise counsels. His thoughtfulness for them drew them to him with a
cordiality of affection not common to men in similar relations. From his
students he always had such respect and confidence as his attainments and
his singularly winsome personality could not fail to excite.
One faculty of Dr. Thompson was his clearness of iusight into subjects
of widely varying import, and an even more remarkable gift was his
ability to convey to his hearers exactly that shade of thought which he had
in his own mind. This gift, embellished by an extensive familiarity with
all that is best in literature, was one of the chief secrets of his great
success as a teacher.
The increasingly satisfactory results which attended the labors of Dr.
Thompson and his associates could not fail to attract attention to the
merits of the Worcester Institute. New institutions were started,
embracing the salient features of its system. Others so far modified their
previously adopted plans as to permit that judicious blending of theory and
practice, which, under Dr. Thompson's guidance, had been demonstrated to
be prolific of good results.
It was not strange that a man whose reputation us a technical educator
had become national, should receive tempting offers to labor in new fields.
At last, in April, 1882, Dr. Thompson accepted the position of President of
the Rose Polytechnic Institute of Terre Haute, Ind. The school was
founded as nearly as possible upon the plans of the Worcester school.
In July, 1882, I'rofessor Thompson again went to Europe. Returning after
an absence of eight months, he delivered his inaugural address at Terre
Haute, March 7th, 1883, and remained as President of the Rose
Polytechnic until his death.
It will not be out of place to rehearse here the principles laid down
and followed at Worcester, and subsequently adopted for the Miller School
in Virginia and the Rose Polytechnic at Terre Haute.
1. A manufacturing machine-shop, financially independent of the
academic department, and yet so related to that department as to exemplify
and make practical its studies.
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2. Such an adjustment of study, recitation, and labor-hours as
to make the above combination of discipline successful in a course
of three years and a half.
3. A choice of course to be pursued; but, this choice once made,
a rigid line of work to be followed out.
4. Articles made in the shop to compete in open market and un
protected competition with the same articles made in other shops,
devoted solely to the purpose of manufacturing.
5. Thus to give the student at every step of his progress opportunity to
see practical and intrinsically valuable work done, and to do it himself as
soon as he should be able, while he would have all the time that peculiar
sense of responsibility which can be induced only by a knowledge that
something depends upon his work.
To these add the remarks of Professor Thompson in his inaugural address
in Worcester in 1868: "It (the Worcester County Free Institute) fills a
place hitherto unoccupied," and from an address delivered at Grand Rapids,
Mich., December 31st, 1884: "In a l l the great schools that began before
1868, there were collections of apparatus and models, drawing-rooms and
laboratories for the proper teaching of practical science, but there was no
workshop worthy of the name. The mechanical arts were the last to be
recognized in schools of engineering. The first school to embody in the
course a thoroughly equipped and genuine workshop, was the Free Institute
at Worcester, Mass., in 1868;" and we have a comprehensive view of the
plan of technical education on which Dr. Thompson labored at Worcester
and Terre Haute.
Members of the Institute who were present at the memorable debate on
technical education, held at Philadelphia in 187G, at a joint session of our
Society with the Society of Civil Engineers--a debate, the report of which,
published in a special volume by the Institute, constituted one of the most
valuable contributions ever made to the literature of this subject--have
often recalled the impression produced upon that audience of eminent
engineers by the clear, elegant, and instructive off-hand remarks of Professor
Thompson, who rose upon invitation, a stranger to nearly all who were
present, but " carried the house by storm," and was compelled b) urgent
calls to prolong his speech when he modestly intimated his fear of
trespassing upon the time of the meeting. The circumstance shown in the
printed report, that almost every subsequent speaker referred to something
said by Professor Thompson, is significant
VOL . xiv.--13
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testimony of this impression. As a specimen of his felicitous and
suggestive style, I cannot forbear to quote the following passage :
" It seems to me that there are three elements in all sound technological
training: handicraft, technical training, and culture. There has been a
surprising and gratifying unanimity of opinion on this point among the
gentlemen who have spoken. The only question is, how these elements
shall be combined.
"What is the object of technological schools? It is to produce the best
possible raw material for skilled workmen. No school can impart the skill
and good judgment which come alone from experience, and without which
no man is a competent engineer.
"Another question with which a school has little to do is whether a
youth shall be a superintendent or not. I take it that the Almighty
makes superintendents. The precise kind of talent which enters into their
characters is strictly an endowment.
" In this discussion some have held that the order should be handicraft,
technics, culture; others culture, technics, handicraft; and others would
arrange in other ways. But there is one objection to all these sandwiching
methods. Practically we cannot hold our young men in training till twentyfive. They will go at twenty-one or twenty-two. The period of sharp
acquisitiveness, the most precious part of school life, lies between sixteen and
twenty-one. Now, which ever part of a boy's triune discipline for an
engineering life is allowed to usurp that period to the exclusion of the others,
that will be the dominant force in his after-life. If culture, then practice will
suffer; if practice, culture will suffer. Either part will be, as it were,
attached to, or subordinated to, the one which ' rules the favored hour.'
Hence, it seems to me that all possible culture should be secured before a
student begins his technological course, and that it should be looked to ever
after. It must not be forgotten that culture is a result, or rather a growth. All
we can do is to prepare the soil. The plant will assuredly grow. Perhaps,
too, the best and only useful culture is to be looked for in the life for
which any school training prepares a man; for I take it, we are not now
speaking merely of the cultivation of the aesthetic part of man, but of
that discipline of the judgment, awakening of the imagination, sharpening
of perception, repression of conceit, and elevation of motive, which
constitute a serviceable and efficient man of refined taste and unquestionable
integrity and courage.
" Let us secure as large a foundation as possible in general knowledge
before the beginning of the technical course, and not lose sight
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of the bearing and relations of all knowledge during this course. But let
us blend technics and handicraft in the technological course."
In his addresses on public occasions, Dr. Thompson never failed to
impress his hearers with his broad scholarship, and with a sense of his
high ideals of life. The commencement addresses to the graduating
classes were beautiful in diction and noble in thought. "The great woe of
practical men," he once said, "is to underrate other kinds of knowledge.
Value knowledge for its own sake." And again : " Remember that you
cannot bind others by your own rules, and that misfortune, weakness, and
even sin, deserve mainly your active sympathy." At another time:
"Whatever you do, achieve, enjoy, or are, there is something more to
do, something more to achieve, something holier to be;" and, " I have been
sometimes overwhelmed with the thought that all learning is worse than
useless which is not accompanied and controlled by simple faith in God and
in our fellow-men."
In the brief time which he lived in Terre Haute, his devotion to his new
charge had done much to make it a power in its Western field. Its
success was assured from the start. At Terre Haute, as in Worcester,
Professor Thompson's time and thought were not confined to his school
merely. Such portions of either as could be spared, were freely given to
the church with which he was connected, to his city, and to the amenities
of its social life.
One can but mourn that a life so full of energy and usefulness should
have been so early closed ; but the. works which he wrought will live after
him to his honor, and with us will remain the memory of a life nobly lived.
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THE " CENTENNIAL" AND "LOTTA" GOLD PROPERTIES,
COAHUILA, MEXICO.
BY DR. PERSITOR FRAZER, PHILADELPHIA, PA.

THESE properties, owned by Mr. William A. Butcher, of Philadelphia, are
in the Panuco Mountain, which lies about thirty miles southwest of the town
of Candela. It is a granite which penetrates the surrounding limestone’s and
contains the famous copper-mine to which it gives its name.
This mine, which is the property of a company in Philadelphia, has long
been known to produce gold as well as copper from almost all its parts; and
in corroboration of this be it said, that the undersigned has washed gold
from a number of places where the works of the mine or natural sections had
exposed the decomposed granite to view in the state of kaolin.
It is well known that these junction- or contact-planes between two
different formations are often the lodging-places of much free-milling gold,
which through fissures are sometimes carried long distances perpendicular to
the strata and into the interior of the formation.
The structure of the Panuco Mountain, with its outlying spurs and
adjacent foot-hills, forms a most instructive and unusual study. At a rough
guess the area covered by this mountain will equal, perhaps, twenty-five to
thirty square miles; but its singular feature is the intimate welding together
of two formations into one topographical unit.
The lines of division between the granite and the calcareous sandstone are
of such complicated character that they could not be mapped on a small
scale. Unlike the majority of such contacts, the divisions between
formations are not always marked in the Panuco Mountain by gulches,
valleys, and streams (or the dry beds of the latter), but in the portion of
the mountain which lies south of the Panuco copper mine, the lines of
junction of these formations cross the gulches and promontories, and, in some
instances, cannot be traced by any such topographical features.
The house of the Panneo copper mine is 3742 feet above ocean-level (by
rough barometric observation), and the gold-mine about to be described is
235 feet above this, and about two miles distant,
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over a crest of the composite mountain, from which ridges and gulches
lead down to the south. (This latter is, however, a guess from memory.)
The position of the "Centennial" and "Lotta" gold properties

with reference to the cities and railroads of Northern Mexico, is given in
Fig. 1 which is a part of the general map taken from D. Nigra de San
Martin, and already printed in these Transactions, vol. xii., p. 568, in
connection with my paper on " Certain Silver
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and Iron Mines in the States of Nuevo Leon and Coahuila." Fig. 2
shows upon a smaller scale the whole of these two States. Fig 3 is part
of a special contour-map of the locality, made by the writer.
The “Centennial " prospect-pit lies on the east side of a narrow ravine
which, just at this point, very nearly divides the granite in that direction
from the calcareous sandstone to the west (see Fig. 3). A hole, about eight
feet deep, has been sunk through compact feldspathic granite, exposing,
in its northeast wall, live small veins.

The north western most of these five veins is about five inches wide,
including as part of it one inch of ferruginous material, and dips about
E. 30° S.—85° (strike N. 30° E.). The second, to the south-east, strikes
N. 20° E.—vertical. The third strikes E. 40° N.— nearly vertical, is 1
1/2 inches wide, and has a pay-streak of 1/4-inch. The fourth and fifth
are close together, and are parallel to the S.E.
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wall of the opening; they strike E. 20° N.—vertical, or nearly so.
They are about three inches apart in the exposure, and may be
considered one vein divided by a parting. The ferruginous pay-

streak of the northwestern most of the two is about one-half inch in
thickness, and of the southeastern most two inches. The writer deemed it
of interest to examine, each of these veins separately, for the purpose of
ascertaining which of them carried the gold or the greater part of it.
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The lower and especially the northwest face of the pit is stained with
copper salts, which have been extracted by rains and deposited by
evaporation on the walls. It is most probable that these veins come
together at no great depth below the surface, and form one vein, but
they are considered separately in this paper. The following table will
give the characteristics of these ores. The north-westernmost is called
No. 1 ; the vein next adjacent, and to the S.E., No. 2; the next
following, No. 3; and the two nearest the S.E. wall, No. 4; No. 5
and No. 6 are specimens, said to have been taken from the bottom,
and furnished the writer for analysis by Mr. W. A. Butcher. No. 7 is a
copper ore furnished by the same.
Nos. 1, 2, 3, and 4 were taken by the writer from the veins in
place, and represent in his judgment a fair sample.
Gold Ores from the " Centennial" Prospect of Mr. W. A. Butcher, at
Panuco, Coahuila, Mexico, Analyzed in my Laboratory by Messrs.
C. Hanford Henderson and Richard D. Baker.

It is evident from an inspection of the above table of analyses that
the " pay " of these minute veins is mainly confined, near the surface,
to Vein No. 1. This is also the vein or stringer which most nearly
conforms to the line of demarcation between the formations, and
doubtless bears some relation to it.
The method of analyzing each of these veins gives the most impartial
view of their comparative merits, and therefore of the aggregate richness
of the belt. It is not intended that these assays of certain barren parts
of the main ore-bearing rock should be interpreted as evidence against
the productiveness of that rock.
The ores of the different veins are all similar in character and vary
only in the amount of gold and auriferous sulphides present.
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The northwestern vein, marked No. 1 on the contoured sketch-map, Fig. 3
(and containing by far the richest ore), consists of a granitic gangue, carrying
pyrite chalcopyrite, possibly, some chalcocite and an hydroxidized portion
(principally iron hydrates) resulting from the decomposition of the
sulphides. The gold is distributed through this mass, either as free gold or
as a constituent of the sulphides. The analysis shows 8252.17 gold, §19.61
silver, and §3.36 copper; milking a total value of §275.14 per ton of 2000
lbs. At the time of my visit the state of the exploitation was such that
while the veins were well-defined and unquestionably in position,
rendering the samples of ore selected fair representatives of the portions examined, there was no development to make a more comprehensive examination
possible, outside of the shallow pit before mentioned. Their constancy and
coalescence in depth or horizontal extension have not, therefore, been proved
by actual exploration, but from the analogy of other metalliferous veins in
similar formations, it is safe to assume that the same conditions hold, at least
within moderate distances of the opening. The calculation of the amount of
ore, not actually in sight but probably obtainable from that portion of the
northwest vein immediately contiguous to the prospect pit, is made on this
assumption.
There would be in each hundred feet of stoping-ground and one
hundred feet on the strike, thus exposed, 4166.6 cubic feet of ore (5 X
1200 X 1200-J- 1728); which at a specific gravity of 3.75 would represent
487.5 tons of ore. Assuming the value obtained from the analysis (1), this
block would represent a value of §134,130, and each additional hundred feet
of stoping-ground and like amount along the outcrop exposed, the same
conditions maintaining, would increase the resources of the mine by the
above amount.
In view of the low value of the other small veins, of their exceeding
narrowness, and still more of their probable union in depth with the first and
large vein, it would hardly seem desirable to enter into any calculations in
regard to their probable value.
A fresh set of samples were obtained by Mr. XV. A. Butcher during a
trip by him to these properties, during the early spring of 1885.
Of the amounts which were brought home by him (perhaps 200 lbs.), I
carefully averaged and sampled a sufficient quantity to give reliable
minimum results as to the value of each gold outcrop. The " Centennial"
and " Lotta " thus sampled gave to the assay of Mr. R. D. Baker, B. S.:
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Considering the care taken that the mass analyzed gave the real mean of
the material taken by Mr. Butcher from each mine, the above results are
encouraging.
The " Lotta " is said to lie about 1000 yards N.E. (on the strike of the
auriferous vein) from the Centennial, which latter is the name applied, after
my departure, to the opening which is above described.
The following list contains, in tabulated form, thy results of analyses
made by other chemist.?, and given to me by Mr. \V. A. Butcher. It needs
no further explanation.
In regard to the supply of water for mine uses, the following letter
from Dr. H. B. Butcher to his brother is added in a foot-note.* It contains
also Dr. Butcher's views of the structure and value of the ore-veins.
Dr. Butcher has spent many years in the part of Mexico which contains
this property, and was the organizer, and for some years the resident
manager, of the company which owns the celebrated Panuco
*PHILADELPHIA, July 9th, 1884.
W ILLIAM A. B UTCHER , E SQ ., P HILADELPHIA , P A .:
DEAR SIR: The Panuco Gold Mine, of which you took possession in
April last, is situated some thirty miles west from Candela, two and onehalf miles southwest from Panuco Copper Mine, and about three miles from
old Spanish hacienda, where there is a permanent stream of water.
Your vein is composed of three perpendicular veins, each two to three
inches wide. Your prospect-shaft, twenty to twenty-five feet deep, shows the
three stringers its whole depth. The stringers appear to be verging together,
which, in all probability, will join in a few more yards of depth.
The ore is a sulphide of copper, carrying some $250 to $300 of gold
and silver per ton.
This vein we consider in our district a first-class prospect. Would be
much pleased to see the mine when developed some thirty to fifty feet
more in depth.
Very truly yours,
H. B. B UTCHER .
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Copper Mine, situated in the same mountain. His views of the state of
facts, always temperate and thoughtful, are entitled to every respect.
DISCUSSION.
ELLIS CLARK, JR., Philadelphia, Pa. (Communication to the Secretary):
Having personally examined the properties described in this paper, I can
corroborate in every particular the account of Dr. Frazer. The accompanying
sketches, made by myself, exhibit the structure of the veins as explained in
the paper.
Fig. 1 is a rough sketch of the Centennial vein as it was exposed in
December, 1884.

Centennial ore-vein, Coabuila. A, A, A, A, walls of excavation (12 ft.
deep); B, B, granite country-rock; c, c, vein-matter (decomposed granite) 2 ft.
wide; D, D, streak of copper pyrites, carrying gold, 1 inch wide. Strike, N.
380 E.
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Fig. 2 is the Lotta vein as sketched in March, 1885.

Prospect pit on Lotta vein. Coabuila. A, A, A, A, A, opening on
vein, 5 ft. deep, 6 ft. long; B, B, granite walls, somewhat decomposed,
showing cleavage planes ; C, decomposed vein-material; D, D,
decomposed pyrites, colored with copper, carrying $91 gold per ton; E, E,
vein-material (reddish cherty and clayey rock) carrying $34 gold per ton.
The vein is 1 ft. to 2 ft. thick; strike, S. 45° E.; dip, 15° to 20°. The
hanging-wall, D, is 3 inches thick ; the foot-wall, D, 2 inches.
I think of nothing else which I could add to Dr. Frazer's description of
these properties.
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QUICKSILVER-CONDENSATION AT NEW ALMADEN.
BY SAMUEL B. CHRISTY, UNIVERSITY OF CALIFORXIA, BERKELEY, CAL.

THE present paper is a continuation of a study of the reduction-works of
New Almaden, the first part of which was published under the title
"Quicksilver-Reduction at New Almaden," in the Transactions of this
Society, vol. xiii., p. 547.* Frequent reference will be made to some of the
data there given.
The following is an outline of the contents of this paper: I.
Condensing appliances used at New Almaden :
a. Brick condensers,
b. Iron condensers—flues and " water-backs,"
c. Glass and wood condensers,
d. Friction-condensers—filters and revolving screens,
e. Flues, towers, and chimneys.
I. Analysis of condensing-systems.
II Temperature of condensers.
III Product of condensers.
V. Treatment of soot.
VI .Losses of treatment:
a. Nature of losses,
b. Composition, weight, and volume of dry gases,
c. Volume of wet gases,
d. Specific weight of quicksilver vapor,
e. Vapor-loss at various temperatures.
VII. Comparison with New Almaden practice.
VIII. Comparison with results at Idria, Austria.
IX. Comparison with results at Almaden, Spain.
X. Future improvements in quicksilver-condensation.
I. C ONDENSING A PPLIANCES .
The complete condensation of mercurial fumes in a large way presents
numerous practical difficulties, familiar to all who have had to retort
amalgams. In condensing the quicksilver-fumes discharged
* Also published in part, ling and Min. Journal, vol. xxxix., pp. 156158,171-175, 190-192, and Mining and Scientific Press, July and August,
1885.
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from a roasting-furnace, the problem is much more difficult. The quicksilverfumes furnish often less than 1 per cent., by volume, of the products of
combustion with which they are mixed. Even the weight of the
quicksilver is inconsiderable, compared with that of the gases which pass
through the condensers. At New Almaden it is only about 2 per cent of the
latter.
These facts add greatly to the difficulties of condensation. For, in the
first place, more heat must be abstracted from the fumes in order that the
quicksilver may be liquefied. Next, the whole volume of the gases must
pass through the condensers at a certain velocity, in order to maintain the
draft of the furnace. The minute condensed globules of liquefied quicksilver
are likely to be carried off in the form of mist. The gases which escape from
the condensing system, are necessarily saturated with quicksilver vapor at the
temperature of escape. Then there is the ever-present mercurial soot, which
requires separate treatment. The quicksilver itself is ready to escape from
any crack or crevice of the condensers, either as a liquid or as vapor. As a
liquid, on account of its density, it worms its way i n t o foundations and
walls; as a vapor, it is ready to escape into the air, should any cause
temporarily reduce the draft of the furnaces. Finally, as soon as the
condensers become cool enough to act effectively, they are attacked by the
dilute sulphuric acid formed from the oxidation of the sulphurous acid in the
fumes. This agent slowly attacks and destroys almost every material out of
which the condensers can be made. The use of lead is of course out of the
question, as that would be attacked by the quicksilver itself.
The system in use at New Almaden is based on the following well-known
principles :
1. Cooling of the furnace-fumes by contact with large radiating
surfaces exposed to air and water.
2. Sedimentation of the condensed quicksilver particles in enlarged chambers where the velocity of the gaseous mixture is re
duced.
3. Constantexposure to friction-surfaces, cross-currents and vortexmotions to remove the globules of metal by calling into play the
force of adhesion.
a. Brick Condensers.—With the old intermittent furnaces large
sedimentation-chambers were considered of first importance, and very
properly, for between the roasting-periods the condensers had time to
become well cooled, and sedimentation-volume was thus the great need.
Hence the condensers used with these furnaces were
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built like those of the ancient Idria furnaces, in continuous blocks of
masonry. Partition-walls with holes alternately at the top and bottom
served to deflect the current up and down through the series.

This system was thought to give sati.-factory results with the intermittent
furnaces, although the condensers were often poorly built and the alternate
exposure to heat and cold filled them with cracks, causing loss of metal, and
salivation of workmen.
As soon as the continuous furnaces came into operation and poured
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a steady stream of fumes into the condensers, the latter were found to be
utterly insufficient. No longergiven time to cool off, the latter became so
hot that metal was deposited only in the last members of the series.
Additional cooling-surface Was obtained by knocking out the end walls
of every third condenser, in some cases every alternate

one. The remaining condensers were connected together at the top, and the
resulting system with less sedimentation-volume, but more cooling-surface,
gave better results than the old one. After this, when, owing to the attack of
acid waters, the condensers had to be rebuilt they were made with a view to
larger cooling-surface, and, with the advantage of experience, more care was
bestowed on the details of construction.
VOL. XIV.—14
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The plan, sections, and elevation of two condensers formed on this plan, are
shown in Figs. 1, 2, and 3. It will be seen that each condenser is a tall,
narrow structure divided by a vertical partition-wall into two compartments.
The fumes enter the condenser near the top, pass down the compartment on
that side, and out through the arched passages at the bottom of the partitionwall into the other compartment, up which they pass to be discharged into
the next one of the

series. Formerly the condensers were connected at the tops by brick necks or
flues. Recently, however, earthenware and iron pipes are used for the
purpose, and give more cooling surface.
The tops of the hot condensers are sometimes made of cast-iron plates
which are used as drying-floors for damp tierras; in other cases they are
topped over with flat arches of brick. The floors as
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shown in section CD, Fig. 2, have a slope of 10° from the centre to
either end, so as to shed the condensed metal to the drain gutters. The
floors are brick, closely laid in the most careful manner, then a layer of
cement. A heavy coat of asphalt is laid on this in all but the hottest
condensers. Man-holes, 2 feet square, are left in the end-walls near
the floor of the condensers, so that they may be cleaned at intervals. In
the hot condensers, these holes are closed by iron plates, luted tight
with clay and ashes. In the colder condensers, containing acid waters,
iron is out of the question, and ordinary glass window sashes are used
instead.
These brick condensers are arranged in a series so that they stand side
by side with an air-space between each pair; the ends of all being in
the same planes. The drain-gutters before mentioned pass the whole
length of the series on both sides and receive all the quicksilver that
flows from the ends of the condensers. The gut-ters are of brick, lined
with cement and asphalt, and have sufficient grade to discharge the
product of the condensers into the boxes and pipes which lead it to the
weighing- and bottling-room belonging to each furnace.
A combined brick condenser and drying-chamber for tierras is
connected with the intermittent furnace No. 6. It was shown in
Plate II. of my preceding paper. It differs from those just described
in having two vertical chambers which are filled with tierra ore from
above and discharged from below upon the floor in front of the
discharge-ports. The hot fumes from the furnace circulate about these
ore-chambers, and impart much of their heat to the ore which they
contain, thus adding to the efficiency of the condenser. The hot ore,
after being drawn, is spread out on the floor of the discharge ports, and
the moisture rapidly evaporates.
An improved form of this device is shown in Figs. 4, 5, and 6. This
forms a part of the condensing-system of No. 3 furnace. Here the dryingchamber is provided with shelves, resting on iron cross-bars. The tierras
lie upon the shelves, much as they do in the roasting-furnaces. The
method of drawing and discharging the ore is evident from the figure.
The hot fumes from the furnace pass all around these dryingchambers, thus heating their contents. The steam generated from the
moisture in the ore is allowed to escape to the open air through
flues built in the hollow wall of the drying-chamber.
The leakage of quicksilver fumes through the walls of the brick
condensers, and the permeation of the foundations by the liquid
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metal are practically overcome by the care taken in constructing these
new condensers. The condensers are always underdrained, and inclined iron
plates, protected by coal-tar, are placed in the foundations. On the other
hand, brick condensers can not be regarded as very effective cooling
agents. The brick is among the worst conductors of heat, and it is found
unsafe to build the walls thinner than nine inches. Besides, the mortar is
slowly attacked by the acid fumes; gypsum and other sulphates being
formed. These salts crystallize between the bricks, so that in some cases the
walls of the older condensers have been so bent out of shape by this
cause as to be

unsafe. The bricks themselves are often attacked, and some of the outside
walls of the old condensers are whitened by thick crusts of sulphates.
In order to protect the masonry from the attack of the acid-fumes, Mr.
Randol has recently had them painted inside and out with a heavy coat
of a hot mixture of asphalt and coal tar. This coating appears to be very
successful when applied to new condensers, but it is difficult to make it
adhere to walls already saturated with effloresced salts. In the very hot
condensers it is inapplicable, but also unneeessaiy.
In spite of the numerous disadvantages of brick condensers,
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nothing has yet been found to replace them as sedimentation-chambers,
and when they receive hot fumes still above the dew-point they suffer
very little from corrosion.
b. Iron Condensers.—In view of the inferior cooling capacity of the
brick condensers, experiments with iron condensers were made at New
Almaden. The first ones tried were those of Mr. F. Fiedler, who in 1873
was superintendent of the Hacienda. A figure of the Fiedler condenser
has been already given in the paper of M. Rol-land* already cited in my
former paper.
The Fiedler condenser was a large east-iron box, 10 feet 7 inches 'long
by 5 feet 6 inches wide and 5 feet 3 inches high, made of iron 1/2 inch
thick. The bottom of the condenser sloped in both directions from the axis
as in the brick condensers, and discharged the quick-silver by means of
goose-necks. The fumes were introduced by an iron pipe at one end and
discharged through another at the opposite end. Three boxes containing
water were placed across the path of the fumes. The two end-boxes
projected from the floor of the condenser, and the middle one was
suspended from the roof. The result was that the fumes were deflected
from a straight path just as in the brick condensers. As a cooling agent
the Fiedler condenser was very effective, and it remained in use for two
years doing good work. It was, however, finally put aside, as the passages
in it were so narrow that they offered considerable resistance to the
draft. Besides, the bottom and lower part of the sides were badly eaten by
the acid waters.
For some time, experiments in this direction were abandoned. But
recently new efforts have been made to make use of this material. The
coarse-ore furnaces Nos. 7 and 9 have been provided with condensers
similar to those in use at Idria, Austria. As arranged at New Almaden, the
fumes pass from the furnaces to separate brick condensers, to deposit any
ore-dust they may have carried over. Thence, by means of 3 sheet-iron
pipes, 20 feet long and 22 inches interior diameter, inclined at an angle of
20°, they pass into three cast-iron condensers. These condensers may be
best described as U-tubes. They consist of two vertical pipes of cast-iron,
22 inches interior diameter, one 10 feet high, the other 13 feet high,
which are connected together at the bottom by means of a straight pipe of
the same diameter inclined at an angle of 20°. The three U-tubes
belonging to each furnace are inclosed in a wooden tank kept full of
water by a stream brought to the works from the drainage of the mine.
* La Mikdlurgie de Mercure en Californie, par M. G. Rolland, p. 16.
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The connecting pieces of the U-tubes project from either side of
the tank. The connecting pipes, as well as the vertical legs of the
tubes, are kept clear of soot by means of iron discs. These are
moved from time to time by iron rods which pass vapor-tight
through man-plates which close the ends of the tubes. The fumes
pass from the U-tubes by means of sheet-iron pipes, similar to those
by which they entered them, to sedimentation-chambers of brick. In
order not to interfere with the action of the soot-discs, the entranceand exit-pipes are joined on to the sides of the U-tubes.
To protect the iron from the action of acid waters, it is coated inside and out with a thick coating of asphalt and coal-tar. These
condensers have given good satisfaction so far at New Almaden, and
have been in use for several years at Idria.
" Water-Backs."—Another form of iron condenser introduced by
Mr. Raudol promises excellent results. This contrivance, locally
known as a " water-back," is constructed on the same principle as
the surface-condenser of a marine engine. In the two end-walls of
a brick condenser, exactly opposite each other, are set cast-iron boxes.
These iron boxes are connected by means of iron tubes, and the
whole is so arranged that a constant circulation of water may be
maintained through them. The cast-iron boxes are made | inch
thick, and 3 feet 6 inches long by 161⁄2 inches high and 141⁄2 inches deep
inside measure. One of them is divided into two equal compartments by means of a horizontal partition while in the other this partition is omitted. Between the lower halves of the boxes run 5
wrought-iron tubes, 4 inches interior diameter and 1⁄4 in. thick.
These tubes pass water-tight through stuffing-boxes in the backs of
the boxes. The glands are tightened from the inside of the box.
Six similar tubes connect the upper halves of the boxes. The cold
water enters the lower half of the divided box, passes through the
five lower pipes to the opposite box and back again by the upper six
to the upper side of the divided box whence it is discharged.
The covers which close the fronts of the water boxes when removed give easy access to the interior so that the removal of boiler
scale and repairs, when needed, are easily effected.
So long as the water-backs are confined to the hot condensers they
do not suffer from the attack of acid. They have the advantage of
being comparatively inexpensive and are easily repaired. As cooling appliances they have been exceedingly successful. They are
mainly used in the first brick condenser of the system, and act on
the fumes as the}' come hot from the furnace. At No. 1 furnace
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(granzita), for instance, the result of their introduction has been that
the second and third brick condensers now furnish the larger part
of the entire quicksilver-product of the furnace. Previous to their
use, quicksilver did not appear in any quantity until the fumes had
reached the fourth or fifth condenser. In other words the addition
of two water-backs to the first condenser has rendered it practically
equivalent to three such condensers without them.
These results show the importance of using water-cooled iron, under proper conditions, rather than brick structures for cooling quicksilver fumes. The great difficulty still is the protection of this
material from the acid. Asphalt and coal-tar does well enough if
put on conscientiously. But the acid finds out any neglect on the
part of the workmen, and cleaning the condenser also tends to denude
the metal. The Bower-Barff process, if it can be made to work successfully in protecting the iron from the action of the acid liquors,
and is not too expensive, would be a great boon to quicksilver producers.
c. Glass and Wood Condensers.—In order to replace the heavy
masonry walls of the brick condensers, particularly in places where
the temperature was low, and acid waters plentiful, a patent was
taken out by Messrs. Fiedler and Randol for condensers made of
glass and wood.
In their most approved form they are shown in Fig. 7. As seen from
the figures the top, bottom, and sides of the condensers are constructed
of sashes of ordinary window-glass set without putty. The wood-work
of the structure is reduced to a minimum, and no nails or other
metallic fastening are used in their construction. The bottoms,
placed at a slight angle, are made of glass panes cut V-shaped at the
lower ends and set like shingles on a roof; they drain all the condensed metal, water, etc., into a wooden gutter. The general shape
of the condenser as seen from the figures is that of a tall square
prism (41⁄2 feet X 41⁄2 feet X 25 feet) surmounted by a glass roof. The
condensers are connected with each other by flues of glass and wood
similarly constructed. These flues join the condensers alternately at
their tops and 4 feet above their bottoms. Consequently the fumes
pass alternately up one condenser and down the next. In order
that the condensed quicksilver globules may be removed as soon as
possible from the action of the current, dead spaces are left at the
bottom of each condenser into which such metal may settle. The
condensers resist the acid waters very well and give very good results so long as they are kept in constant use, but when allowed to
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remain idle (during furnace-stoppages) they, of course, dry and
shrink so that when again used they at first leak air, so as to interfere very much with the draft of the furnace.
This temporary evil might, however, be largely avoided if the
wood work they contain were impregnated after exhaustion in vacuo
with coal-tar, hot asphaltum or some such substance so as to fill the
pores of the wood. Owing to the small amount of wood used in the
condensers, this treatment would not add materially to their cost.
As the most resistant material to the action of the acid, Puget Sound
fir is found to be best.
d. Friction-Condensers. —It has long been noticed at New Almaden that the rapidity of condensation depends not only upon the
cooling-surface and the sedimentation-volume, but also upon the
area of friction- or adhesion-surface to which the fumes are exposed.
This has been found to be true, even when the-additional surface did
not act at the same time as a cooling-surface. The utility of eddies
and cross-currents in the fumes themselves has also been well
recognized.
Various devices have been applied to utilize these principles.
Thus in the wood and glass, as well as the brick condensers,
wooden gratings, shelves, partitions, etc., have been used with more
or less success.
Among these devices deserves to be mentioned the so-called "revolving screen." These contrivances are considered so successful that
a new form of brick condenser has been built to contain them.
These condensers are now arranged to receive the fumes from 7 and
9 furnaces as they have passed through the U-condensers. The new
brick condensers are tall rectangular prisms 13 feet 1 inch X 10 feet
3 inches X 30 feet high, outside measure. Instead of being provided
with brick partitions they contain three "revolving screens" placed
one above the other.
These revolving screens have a heavy wooden axle which passes
through bearings in the condenser walls, so that they may be set at
any angle from the outside. They are not, however, intended to
be kept in motion. Fastened to this axis is a damper-blade of heavy
planks. When the damper is placed horizontally it obstructs the
entire passage across the condenser. When the three dampers are
all vertical the condenser is divided into two compartments, and by
varying the angles any number of directions may be given to the
current of fumes. In addition to the damper-blades the axle carries
wooden arms, set like the teeth of a comb, but distributed so as to
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form the elements of a helicoidal surface. It is evident that these
arms, while they offer little obstruction to the draft, cause a multitude of changes of direction and vortex-motions, while they also
offer considerable friction-surface to the fumes. The revolving
screens as well as the interior of the condenser are heavily coated
with asphaltum.
e. Flues, Towers, and Chimneys.—After leaving the last condenser
of each furnace-system, the fumes are conducted by wooden flues
to brick towers, containing in some cases "auxiliary fire-places."
Thence they pass, by means of brick flues, built on the hillside and
partly submerged in the earth, to the chimneys on the side-hills.
Each of these contrivances merits a passing notice.
The wooden flues now used have been perfected, after many
attempts to get one that would remain tight under the alternate
conditions of use and disuse. The form now used originated at
New Almaden, and is covered by Baker's United States Patent, No.
235,063. It seems to be very successful.
It is a nearly rectangular wooden tube. The sides, however,
instead of being planes, are slightly cylindrical. In a flue 36 inches
x 36 inches, the curvature of the sides is 2 inches from the chord of
the are at the middle of each side. The flue itself is made of two
thicknesses of one inch tongued and grooved redwood boards, laid
so as to break joints, and usually with a layer of asphaltum paper
or felting between the layers.
At intervals of 6 feet are placed square frames of 3 x 6-inch
stuff, curved on the inside to grasp the sides of the flue and arranged
with wooden wedges for the side-frames and two tie-bolts for the
top and bottom frames, so that the whole flue may be tightened by
these means like a barrel. These flues may be evidently built
tight without the use of a nail, and, except the two tie-bolts which
are exterior to the flue itself, without any metallic fastening whatever. They are wedged up close when they are dry, and when the
moist fumes enter they swell perfectly tight. They are usually payed
inside with a coat of hot asphaltum and coal-tar and are painted
outside.
Figs. 8 and 9 show the Baker flue, except that, as now built, the
corner-timbers are left out and the corners are made by the boards
themselves, which are arranged to break joints.
The auxiliary fire-places are placed in the towers at the bottom of
the side-hill flues to heat them so as to increase the draft through
condensers when the weather requires it. Fires are mostly needed
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in the hot summer months, but may be required at any time during
the year.

The fumes from furnaces 1 and 2 are led into the fame tower with
auxiliary fire-places, thence through a cylindrical side-hill brick flue, 3

feet 4 inches interior diameter, to the chimney, 3 feet 4 inches square
inside. The side-hill flue has a total length of 131 feet, and climbs
the hillside, in which it is partly buried.
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The brick chimney connected with this flue rises to a height of
20 feet above the flue. The top of the chimney is 61.3 feet above
the top of the furnaces, and 100.6 feet above the floor of the works.
The total distance from the auxiliary fire-place to the top of the
chimney is 151 feet.
Furnaces 7 and 9 also discharge their fumes into a common tower
containing an auxiliary fire-place. Thence they pass by a cylindrical
brick flue, 4 feet interior diameter, for a distance of 410 feet up the
side-hill to a brick chimney which it enters at a height of 233 feet
above the floor of the works, or 202 feet above the charging-floor of
the furnaces. The chimney is 5 feet square at the base and 4 feet at
top, inside measure, and is 60 feet high.
Furnaces 3, 6, and 8 discharge their fumes, each from the condensing system of its furnace, by means of wooden flues 117 feet
long, into a brick tower, where they are all united. A Guibal fan,
to be mentioned later, here replaces the auxiliary tire-place. From
the brick tower the fumes pass by means of a cylindrical brick sidehill flue, 5 feet interior diameter, a distance of 650 feet, to the foot
of the side-hill chimney belonging to these furnaces. This latter is 5
feet square inside at the base and 4 feet square at the top. It is at
the base 305 feet above the furnace, and at the top 385 feet above the
floor of the works. The total distance passed by the fumes after
leaving the condensers of Nos. 3, 6, and 8 furnaces is therefore:

The Guibal fan, used instead of the auxiliary fire-place at these
furnaces, is 8 feet in diameter by 27 inches wide, and is run at a
speed of 60 to 70 revolutions by a small Knight wheel. The water
for this purpose comes from the mine and is afterwards used for condensation. The fan gives very satisfactory results, the only expenses
being repairs. The arms of the fan, being of metal, suffer from the
fumes; but as this is the only part exposed, this expense is not great.
The advantage of the fan is not only the saving of fuel that would
be otherwise used, but that the side-hill flue formerly heated by the
fire-place may now be properly considered as part of the condensing
system. As above shown, this is no inconsiderable addition. The
effort is making to introduce a similar change in the other systems.
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II. A NALYSIS OF C ONDENSING -S YSTEMS .
As already intimated, each furnace has its own condensing-system,
which lies between the furnace and the point where the fumes enter
the side-hill flues. As now arranged, no two of these systems are
arranged exactly alike. This is partly the result of numerous
experiments which have been made from time to time for the introduction of improvements, but is mainly owing to the practical
necessity of keeping up the output of quicksilver. All changes
have been made without stopping the works, which have been in
continuous operation ever since the mine came into possession of the
company in 1863.
Hence, as the particular arrangement of each condensing-system
has largely been a matter of necessity and not of choice, only one has
been selected as an example for analysis, and the rest have been
very briefly described.
The condensing-system of No. 1 furnace is shown in Table I. It
will be understood that the fumes pass from the furnace by means of
the two iron pipes shown in Plates IV. and V. of the former paper,
directly into the first of the series of six brick condensers. Four of
these condensers have two compartments, the rest but one. The first of
the system, a double one, contains the two water-backs. The condensers
stand side by side with a 4-foot air-space between, and are connected
by the earthenware and iron pipes mentioned in the table. The
common height of these condensers is 24 feet, 9 • inches above
their discharge-openings which are 2 feet above the floor of the
works. The width of the condensers varies from 6 to 11 feet,
according as they are single or double. Two of the double condensers
contain a pair of the revolving screens, one in each compartment. The
whole set of brick condensers is under-drained by an arched passage
which leads any quicksilver that might be otherwise lost back to the
weighing room.
From the brick condensers the fumes pass by means of a wooden
flue to the wood and glass condensers, 10 in number, and thence, by
means of wooden flues and an intermediate brick tower, to the towers
with auxiliary fire-place.
Most of the quicksilver is deposited in the brick condensers; acid
water is the chief product of the glass ones, although a little quicksilver is caught by them.
In calculating the cooling-areas and interior volumes of the various
elements exact measurements were made wherever possible, but in
some cases estimates had to be made, as the interiors were of course
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inaccessible. The column headed A/V is given to show the ratio between the interior volume and cooling-area in the various elements
of the system. Evidently the brick condensers make the poorest
showing in this respect and the iron water-backs the best, the
latter ratio being twenty-one times the first. Besides, the better conducting power of the iron and the heat-absorbing capacity of the
water render them powerful adjuncts to the brick condensers. The
earthen-ware and iron pipes make a good showing. Their thinness
also helps. The glass and wood condensers, particularly when we
regard the thinness of their walls, make a good showing also.
The shortest possible path of the fumes is estimated at 690 feet.
But owing to the numerous pipes which connect the brick condensers
there are several possible paths for the fumes, and as remarked in
the table the actual path of the fumes is probably nearer 1000 feet.
Regarding the systems used with the other furnaces, nothing further need be said than to append Table II. Which shows the arrangement now in force.
T AB L E II.

* Some of the brick condensers are single, some double; and one contains three
compartments. Most of these latter, however, are attached to intermittent furnace
No. 6.
† Used in common with No. 1 furnace.
‡ One of these is a combined condenser and ore-drier.
§ Furnaces Nos. 3, 6 and 8 use the same side-hill flue and chimney.
|| These are topped with iron and are used to dry ore.
¶ In addition, the brick condensers of Nos. 6 and 8 furnaces are perforated by
numerous earthen-ware pipes, through which air circulates, so as to increase their
cooling capacity. VOL. XIV. —15

226

QUICKSILVER-CONDENSATION AT NEW ALMADEN.

III. T EMPERATURE

OF

C ONDENSERS .

Isolated temperature-determinations are of no value. Some determinations
were made in a systematic manner by Mr. J. R. Smedberg, in February, 1880,
with No. 9 (Granza) furnace and its condensing-system. These are given in
Tables III. and IV.
The furnace-temperatures were determined by calorimetric methods, an iron
ingot being used ; the condenser-temperatures were taken with a mercurial
thermometer.
T A B L E III. Furnace No. 9.

(See

Plate III., previous paper.)

The second peep-hole from the bottom shows the highest temperature,
probably owing to the coke, mixed with the ore, which has got well on fire at
this point. The temperature rapidly falls between the two upper peep-holes to
only 12° C. above the boiling point of quicksilver, owing to the heat-work done
on the. raw ore, viz., evaporation of hygroscopic and combined water,
decomposition of dolomites, etc. Hence the fumes escape, as they should, just
above the boiling point of the metal.
T AB L E IV.
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It will be remembered that the fumes from No. 9 furnace are collected by an iron down-take which surrounds its head; this acts also
as a part of the condensing system, and is indeed here quite effective.
In the determinations given in Table IV. The points taken are in
the exit flues of each member of the condensing series, and the temperatures given are those of the fumes as they leave that member.
It must be remarked that the condensation-system then used
differed from the one now in use and given in Table II. The first
two brick condensers are the same, but the glass and wood condensers have been replaced by other contrivances. The glass and
wood condensers then used had greater volume, but less cooling area
than those now used. Still the cooling effect of the system leaves
little to be desired; for the fumes escape at a temperature only about
0.5° C. or 1° F. above that of the outside air.
The greatest fall of temperature takes place in the " down-take,"
and is 181° C, and next in the two brick condensers, where it is
reduced 153.8° C. more. The fumes have been thus reduced to
a temperature of 37.8° C, and are, as we shall see later, already
cooled below the " dew-point," and moisture already appears. After
that, as the fumes come nearer to the temperature of the air, the temperature falls very slowly in spite of the thinness of the walls of the
glass condensers. A further addition of condensers would probably
not have reduced the temperature below this limit unless resort were
had to artificial cooling.
IV. P RODUCT OF C ONDENSERS .
The product of the condensers is not entirely quicksilver. There
is always some fine ore-dust carried into the condensers. This is,
however, mainly confined to the first condenser of the series. In
this condenser, I also found on one occasion some white anhydrous
sulphate of mercury, but this is a rarity. The interior of all the
condensers, walls, roofs, and floors are covered with a black soot.
This is composed mainly of unburned carbon and hydrocarbons of
tarry empyrenmatic nature. These ingredients come mainly from the
imperfect combustion of the fuel, but also in some part from the
tarry matter in the ore itself. The former cause might be removed
by careful firing; but the latter, as well as that coming from
charging raw coal, as is sometimes done with the ore, could hardly
be avoided.
The soot contains, mechanically entangled, large quantities of
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metallic quicksilver, most of which can be removed by mechanical
treatment. In addition a certain amount remains in the residues
from this operation which cannot be removed in this manner.
The New Almaden soot has not been analyzed, but its composition is probably similar to that of the Idria works. According to
analyses of the latter by Bergrath Patera and others,* the Idria soot
contains from 15 to 50 per cent., or an average of 25 per cent,
quicksilver. In some cases as much quicksilver as 41 percent, of
the weight of the soot could be extracted by mechanical means, leaving 10 per cent, that could not be extracted in this way, 9 percent, of
which exists as sulphate or sulphide. Most of the analyses, however,
show only 1/3 to 1/12, or even less, of the quicksilver to be present in
the metallic state.
The New Almaden soot contains more or less scrapings from
the walls of the condensers, and in the colder condensers, where
the moisture has had time to condense and the sulphurous acid to
oxidize, the soot is impregnated with d i l u t e sulphuric acid. The
hot condensers next the furnaces furnish mainly dry quicksilver and
soot mixed with ore-dust. Farther on they furnish quicksilver, acid
waters, and damp soot, and the last condensers furnish dribbling
streams of inky acid waters, holding various sulphates in solution,
colored by the soot and carrying small amounts of finely divided
quicksilver. The soot of these chambers is, of course, a black mud.
Finally, the side-hill flues, deprived of the larger part of condensable
moisture and quicksilver, furnish nearly dry soot which rarely shows
to the eye any free quicksilver.
In order to separate the quicksilver from the acid waters, they are
run very slowly through settling boxes of heavy wood. These have
vertical partitions which force the stream to take a circuitous path
through a filter of charcoal or coke. The metal which settles in
these boxes flows off through a goose-neck at the bottom in t h e dry
state to the weighing-room, no further purification being necessary.
The filters are from time to time charged back into the furnace with
the ore and are replaced by fresh coke or charcoal.
The soot which collects on the walls gradually accumulates and
finally falls on the floors of the condensers. This is then removed
from time to time through the manholes at the ends of the condensers, with long hoes, by a special set of workmen, the " soot-men."
* Die K. K. Quecksilberwerk zu Idria in Krain. Translated by S. B. Christy.
Published by J. B. Randol, San Francisco, 1884. See p. 52 of translation.
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The hoes are made either of wood, or better, of square pieces of
thick rubber cloth held between iron plates at the center, so that
the floors may be abraded as little as possible by the frequent cleanings. The cleaning of the floors of the condensers goes on during
the working of the furnaces. If the draft of the flues is in proper
working order, there is no danger to the men, who open but one manhole at a time, and are, consequently, protected from the fumes by
the strong inward draft. The doors of each condenser are luted up
before the next is opened.
At the end of a campaign, the walls are first washed down with a
hose, and then the men enter the condensers and remove the soot from
the walls and roofs, as well as from the floors of the condensers.
The metal resulting from these clean-ups is usually added to the
following run. As a consequence, no quicksilver is produced when
the furnace again starts up, until the walls of the condensers are
again coated with soot. This may be seen from the furnace records
for the year 1882, given in the previous paper; notably in the case
of No. 8 furnace, where no quicksilver was obtained from the condensers for seven days after starting the furnace.
Hence it is extremely difficult, if not impossible, to determine with
exactness the yield of any particular lot of ore, as the product will
depend on the relative care with which the clean-ups are made before
and after each run. The area to be cleaned is very great; it is a very
disagreeable task to the men who have to enter the condensers; and
it is not easy to superintend their work, which is, therefore, not
likely to be done very exactly in any case. Hence results depending
on clean-ups are not very certain. If, on the other hand, no cleanups at all were made, the same difficulty would exist; for a greater
or less, but always unknown, amount of metal would be left adhering
to the walls.
Of course these facts show the absurdity of claims sometimes made
that experiment shows that certain quicksilver-furnaces save 99.9
per cent, of the quicksilver in the ore. Even supposing the sampling
and assaying to have been properly done, the experiment could not
positively show such a yield.
In practice, however, what is left over in the condensers in one
run is saved in the next, and so, in showing the yield of the furnace
runs for any period, it is evidently a reasonably fair exhibit to count
in the clean-ups of the previous run (when made on nearly the same
grade of ore and for the same time) just as is done in the ordinary
routine of the works.
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V. T REATMENT OF S OOT .
Numerous experiments and frequent improvements have been made in this
direction, as well as in other branches of the treatment of the ore. The method at
present used is to spread the soot on an inclined floor of cement, where it is mixed
with dry wood-ashes to brighten the quicksilver. It is then rabbled with wooden
hoes till all the metal that can be extracted in this manner has been removed, and
the residues are charged back again with the ore into the furnace from which they
came.
Experiments have been made, in which the rabbling treatment was
supplemented by stirring the residues in a hot lye of wood-ashes, both by hand
in iron vats, and by power in an ordinary amal-gamating-pan; but the present
method is considered not only less expensive and troublesome but more
satisfactory.
No record is kept of the total weight of soot produced by the furnaces. In
all cases the metal extracted from the soot of each furnace goes in with the
yield of that furnace, but a separate record of the amount so produced is not
always kept.
The results, as far as they could be ascertained for the year 1882, and shown
by the "Summary of Furnace Records" for that year, are as follows:
T AB L E V.

In other words, about 4 or 5 per cent, of the entire quicksilver-product of
New Almaden is extracted by mechanical means from the soot. At Idria,
Austria, the quicksilver obtained from the soot is over 16 per cent, of the
total yield, or more than three times that of New Almaden. Consequently the
treatment of soot at the latter place is not of such moment as it is at Idria.
* The returns from this furnace were incompletely separated.
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At New Almaden the soot is removed from the condensers and treated at
a very small expense. Thus, in 1882, the total expense was $2,509.85, or
$2,237 per flask extracted from it. The additional expense per ton of ore
treated, has been shown (in the previous paper) to be only $0.066.
The workmen who perform this work suffer occasionally from salivation if
they are careless about the proper use of masks, bathing, etc., but as they are
paid more than the ordinary workmen, there is no lack of applicants.
Although the above figures show only a small margin of possible profit by
improved methods of treating the soot, the use of an hydraulic press to
replace the manual labor in stirring, is being considered. If this device
proves successful, more quicksilver than is now obtained by hand will be
directly produced, and the residues will come from the press in hard dry
cakes ready to go to the furnace for subsequent treatment. As a sufficient
bead of water already exists to produce the necessary pressure, the expense of
cleaning the condensers will be almost the only one left, and the total cost
may thus be reduced to a very small figure.

VI. L OSSES OF T REATMENT .
a. Nature of the Losses.—There is perhaps no subject on which greater
differences of opinion exist, than upon the losses which occur in roasting
quicksilver-ores. These losses have been variously estimated by different
persons at all the way from 50 per cent by pessimistic critics to 0.1 per cent
by optimistic inventors.
Unfortunately for the purpose of this inquiry, it is not customary at
New Almaden, or at any of the quicksilver-mines of California, to take
careful and systematic samples for assay, as is done at Idria, Austria. This is
largely due to the fact that the margin of profit in treating these ores is
not great, and the wages of skilled labor are very much higher in California
than they are in Europe. One systematic test made at New Almaden
will be made use of later on.
Furthermore, I have been' unable to find, in the whole range of
quicksilver-literature, any adequate determination of what must be the
inferior limit of the losses on the plan of treatment selected. In other words,
there is at present no criterion by which we may judge as to whether a given
condensing-system is doing the best that can
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be expected of it, or by which we can even approximately estimate the
relative value of different systems.
It is the purpose of the present inquiry to find that criterion, and in the
absence of extensive and systematic tests, to judge, as near as may be, not
only of the work now done at New Almaden, but also to see in what
direction efforts should be made to improve upon the results now obtained in
practice.
In the first place we may classify the sources of loss as follows:
(1.) Furnace-loss: loss in residues from roasting-furnaces.
(2.) Condenser-loss: loss as vapor or liquid in condenser-structures.
(3.) Chimney-loss : loss of quicksilver in the escaping gases. This
latter may be either:
(a.) Quicksilver in the form of vapor, or
(b.) Condensed globules, or quicksilver-mist.
Regarding the furnace-loss: There is no doubt that the amount of this loss
is easily reducible in the modern furnaces, when skilfully used, to a quantity
which may be neglected. . This is a matter so easily arranged, that there is
no excuse whatever for any loss in this direction. If the fumes are
discharged at the top of the furnace, at a temperature above the boilingpoint of quicksilver, and the ore is kept long enough in the furnace to
discharge all the quicksilver from it, and the draft is maintained so that there
is no back-pressure, and the furnace is properly constructed with iron jacket
and with iron plates in the foundations, this source of loss becomes insignificant. Still the tailings will always warrant careful examination, as a check
on careless workmen.
All the above conditions are fulfilled in the most admirable manner at
New Almaden. A series of careful and systematic tests made at New
Almaden, in 1880, by Mr. Charles Butters, showed that, when properly
managed, the furnaces left only traces of quick-silver in the roasted ore. The
method of analysis used was one devised by Mr. Reese of Falkenau and
Reese, of San Francisco, and merits special notice from its simplicity and
accuracy. The results showed traces mostly unweighnble, except in cases of
carelessness on the part of the workmen. Five-hundredths of one per
cent, was the maximum loss when the furnaces were running properly.
Traces only were in most cases reported.
Regarding the condenser loss, almost the same may be said. In view of
the great care to maintain an inward draft in the condensers, the vaporloss may here be regarded as zero. The great
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pains now taken in furnace-construction, render the loss of liquid quicksilver
a minimum. Of course the masonry is sure to be some-what permeated by
quicksilver. This, however, is rather unproductive capital than loss, since it
is always regained by roasting with the ore the debris of old condensers,
when they are pulled down.
The chief and unavoidable loss is therefore what we have called the
chimney-loss. This is two-fold, the vapor-loss and the quicksilver-mist loss.
The gases which escape from the furnace must of course be saturated with
quicksilver-vapor at the temperature of escape. Regnanlt's experiments
show that quicksilver is volatile at all temperatures within range of
experiment. Even frozen quick-silver loses weight at a temperature of —39°
C As the volume of gas which escapes from a quicksilver-furnace is
enormous, this loss may easily become very great. It is not difficult to
calculate what this loss must necessarily be under given circumstances.
This is not, however, the case with the second cause of loss. Much has yet
to be learned regarding the nature of fogs and mists, even of water. We might
calculate at least the limiting diameter of a quick-silver globule that would
just float in an ascending current of gas of given velocity and density. But
no reliable means are yet known for calculating the number of such
globules that would be carried off by such a current. Moreover, it is still an
open question, whether mists are composed of liquid globules or hollow
vesicles. Experiment alone can determine the importance of this source of
loss.
Regarding these losses, it would seem a priori that we might hope to
remove the condensed globules or vesicles by mechanical means, frictionsurfaces, filtration, etc. Regarding the first cause, however, under given
conditions as to volume of escaping gases, temperature, etc., this loss is
unavoidable, and cannot be prevented by any mechanical contrivance. This,
then, may be selected as the minimum possible loss with any given system. Of
course the time is still far distant when this degree of perfection can be
hoped for.
Let us examine the nature of this loss more carefully. It is evidently of
first importance to know the nature, weight, and volume of the gases
which escape from the furnaces. This may be determined most simply
by direct measurement of the volume and analysis of the escaping
gases. But single determinations would scarcely be reliable, and hence
the average (of a number extending over the whole year, should be taken.
At New A.1-maden, some isolated determinations of the velocity of
escaping fumes have been made, but with exception of those of Mr.
Smed-
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burg's experiments on No. 9 furnace, already cited, none of these can be
made use of here.
b. Composition, Weight, and Volume of Dry Furnace Gases.—I have decided
that the fairest average result can be obtained by calculation. Knowing the
weight and kind of fuel used, and assuming (as is customary) that twice the
theoretic amount of air is required for complete combustion of the solid fuels
used, we can easily calculate the weight and consequent volume of the
resulting products of combustion. The above assumption is borne out by Mr.
Smedburg's experiments with No. 9 furnace, where he found the actual
volume of the air admitted to the furnace to be 36 per cent, more than double
the theoretic amount. In consequence of these experiments, the grate-surface
of the furnace was reduced so as to bring the quantity of air down to double
the theoretic amount.
In order to make the result apply to the entire reduction-works, I have
taken what may be called the "average furnace-day," as a basis. In the
"Summary of All the Furnace Records" and in the other tables for 1882,
given in the previous paper, we have the total number of days run of all
the furnaces, the weight of ore and fuel burned, and hence all the data for
such a calculation.
For all the furnaces there were in 1882 together 1811.75 working days.
There were treated in this time 36,073.60 tons ore, giving an actual
yield of 2.976 per cent. The total amount of fuel used was as follows:
Pounds.

On account of similarity of composition the charcoal and coke have been
taken together, an average composition being assumed later on. Dividing these
weights by 1811.75 and, for convenience in subsequent calculations,
converting the resulting weights into kilogrammes @ 2.2046 lbs., we have as
the fuel-consumption per "average furnace-day " of 24 hours at New
Almaden—
Kilogrammes.
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The average composition of the wood (air-dried), the bituminous coal, and
the average of charcoal and coke, and of the ore are given in Table VI. This
table contains also the products of combustion, and the volume at 0° C. and
760 ram. pressure of the dry gaseous products of combustion, resulting from
the combustion of 1 kilogramme of each of the above fuels with single and
double theoretic weights of air.
Table VI. gives also the dry gaseous products produced by roasting 1 kg.
of the ore. In explanation of these figures, it may be stated that
experiments made by Mr. Smedburg with the ore of Nos. 7 and 9 furnaces
(rich granza), with a quicksilver-content of 7 per cent., showed that the fixed
residues after roasting amounted to 67.55 per cent, of the weight of the
original ore. The average content of all the ore treated in 1882 being only
3 per cent., we have taken as a fair estimate of the fixed matter 75 per
cent. Two per cent for the sulphur combined with the quicksilver and in
pyrite, etc., is a liberal allowance, probably a little high. This would leave
20 per cent, for the chemically combined and hygroscopic water in the serpentine and " vein-matter," and for the carbonic acid in the dolomitic
ingredients of the vein-matter. In the absence of more definite information,
the water and carbonic acid are assumed to exist in equal quantities, viz. 10
per cent. each. Hence the assumed composition will be as follows:

It may be objected that a great deal is assumed. But it is believed that all
the assumptions are reasonable ones, and as will be seen later, even
supposing an error of a few per cent, to be made one way or the other
regarding these compositions, such errors can not essentially modify the
conclusions drawn.
Table VI. also contains the weight of 1 cubic meter at 0° and 760
mm. of each of the dry gaseous products of combustion, which were used in
calculating it. These values are taken from Bunsen's Gasometrische
Methoden, 2d Auf., pp. 380-82.
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We are now in a position to calculate the composition of the furnace-gases
and their volume. For convenience, we will deal with this volume dry and
at 0° C, and make the proper corrections later on. Table VII. thus follows
directly from Table VI. and the preceding.
T AB L E VII.
Products of Combustion per Average Furnace-Day.

Now, as we have seen, the fumes escape from the furnace at a temperature
above the boiling point of quicksilver, and gradually cool clown in the
condensers. Evidently, as soon as the permanent gases reach their "dewpoint" for quicksilver, and not till then, will any quicksilver be condensed.
That is, the gases must be saturated with quicksilver-vapor before any
will be deposited. The same will be true of the aqueous vapor. As all the
cold condensers contain condensed water, it follows that the gases, which
pass through them, must be saturated with aqueous vapor.
Hence, for the temperatures that concern us the gases must be regarded
as saturated with aqueous vapor as well as quicksilver vapor. These
causes will increase the volume of the dry gases. Let us next consider
the amount of this increment.
c. Volume of Wet Gases.--We will first determine the increment of
volume due to saturation of the dry gas with aqueous vapor at various
temperatures:
Let v0 = volume of dry air at temp. t (° C).
p0 = barometric pressure =760mm.
p = tension of saturated aqueous vapor at t (° C).
v = volume of air saturated with aqueous vapor at temperature t (° C).
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Then

The tension of the quicksilver vapor will also add somewhat to the
volume of the gases; but, as even at 100° C. this tension is only 0.21mm,
the increment due to this cause will be too small to notice here.
This latter increment will also be more than neutralized by the absorption
of SO2, CO2, etc., by the condensed water. It would, however, be an absurd
refinement to introduce these factors here.
Let us next consider the weight of aqueous vapor required to saturate 1
cubic meter of the dry fumes at various temperatures. Now, as all gases
under constant pressure are vacua to each other, the weight of aqueous vapor
contained in a cubic meter of any gas saturated with it will be the same as the
weight of saturated aqueous vapor contained in a cubic meter free of other
gases at the same temperature and pressure. Hence we may use directly the
results given by Zeuner, Grundzüge der Mechanischen Wärmethcorie,
Table 1, b.
This table gives in the last column, headed u, the specific volume of
aqueous vapor at the temperatures and pressures given. That is, the volume
in cubic meters of 1 kilo of water in the form of saturated vapor under these
conditions. Hence-the reciprocal of these numbers gives the weight of a
cubic meter of aqueous vapor contained either in a vacuum or in any gas
under these conditions, when saturated. In Table IX. v is the volume of
saturated aqueous vapor furnished by 1 kilo. water, and is taken from
Sauna; w is calculated from this = 1/v
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T ABLE IX.
Weight of Aqueous Vapor Contained in 1 CM. meter Saturated Gas.

Next let us determine the volume of the furnace-gases at various
temperatures, dry and saturated:
T ABLE X.
Volume of Products of Condensation Dry and Saturated with Aqueous Vapor at
Different Temperatures.

But Table X. cannot be directly used, as the total weight of water
produced by the furnace, as given in Table VIII., was only 2784 kg.
Hence it follows that the amount of water contained in the gases may
be insufficient to saturate them at all temperatures between 0° and 100° C.
This temperature may be found close enough for our purpose by the
combined law of Gay-Lussac and Mariotte, as follows:
Let vo = vol. dry gases at 0° C. and po = 760mm.
v = vol. gases when just saturated by C = 2784 kgs. water.
w= wt. aqueous vapor in 1 cu. m., at this point.
p = tension aqueous vapor at this point.
vl = volume saturated steam at t 1 = 100° C.
w 1 = wt. 1 cu. m. steam at t 1 = 100° C.
pl = 760mm = po in this ca -c.
t = required temperature.
a= coefficient of expansion for 1° C. = 0.003665.

240

QUICKSILVER-CONDENSATION AT NEW ALMADEN.

Substituting the above values, we have :
p = 122.49 mm.
By experiments of Renault, this corresponds to a temperature of 55.8° C.
Hence, till the fumes have cooled to this temperature they will not
deposit any moisture.
The density of saturated aqueous vapor, or the weight of a cubic meter of
aqueous vapor at this temperature, is, from Sauna’s tables by interpolation,
w = .10876 kg. Hence, the volume of the furnace gases at the point of
saturation is:

For all temperatures, t2, above 55.8° C, the gases are no longer
saturated with aqueous vapor, and obey the combined law, thus:

and the weights of aqueous vapor per cubic meter are found from

Table XI. is thus calculated from the above for temperatures above
55.8° C., and from Tables IX. and X. for temperatures below it.
TABLE XI.
Volume of Furnace Gases and Weight Aqueous Vapor.

*Aqueous dew-point.
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d. Specific Weight of Quicksilver- Vapor.—Next we have to determine
the weight of quicksilver-vapor contained in a cubic meter of the
furnace-gases. This weight will, of course, be the same as that of the
saturated vapor evaporating into a vacuum of the same volume and at
the same temperature. There have been, so far as I am aware, no
experimental determinations made in this direction. All the data we
have at present are the density-determinations of the vapor above its
boiling-point, and the determinations of Regnault and Hagen of the
tension of the saturated vapor at various temperatures. • Hence the closest
estimate that can now be made must depend on the combined law of
Gay-Lussac and Mariotte. This law gives, for vapor of water,
determinations which differ only in the second and third place of
decimals from the more exact values given in Table IX.
The calculation is, of course, similar to that given for the determination of the aqueous dew-point of the fumes. We know the Hg vapor
to be 100.7 times that of the same volume of H at the same temperature
and pressure.
Now the weight of 1 cu. m. H at 0° C. and 760 mm. is 0.08961 kg.
Hence at 357°, the boiling point of quicksilver , and the same
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Reguault's determinations of the value of p, i.e., of the tensions of Hg
vapors between 0° and 100° C, have been recently re-made by E.
Hagen,* and as they seem to have been made with special care they are
used (in calculating the following table) instead of Regnault's, which are
invariably higher.
T A B L E XII.
Specific Weight (Wt. of 1 cu. m.) Quicksilver- Vapor.

Diagram showing Curve of Specific Weight of Quicksilver- Vapor
(From Gay-Lussac and Mariotte's Law).
D IAGRAM A.

The vertical axis gives grammes Hg vapor or thousandths of a
kilogramme per cubic meter, and the horizontal axis degrees Centigrade.
The curve plainly shows that the specific vapor weight for temperature
below 20° C. does not vary very rapidly for further reductions of
temperature.
Let us now determine the vapor-loss per furnace-day for various escape
temperatures between 0° and 100° C. We have only to mul* Wied Ann. 16, p. 610, 1S82.
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tiply the specific quicksilver weight given in the last column of Table XII.
by the corresponding volume given in the second column of Table XI.,
and we have the required vapor-loss in kilogrammes. Now the ore treated
per furnace-day was found to be 18,0G3 kg., with an actual yield of 2.976
per cent. Hence the quicksilver-yield for this time would be 537.56 kg.
The last column of Table XIV. gives the percentage vapor-loss
calculated on the basis of actual yield—not content, which is as yet
unknown.
T AB L E XIII. Vapor-Loss per
Furnace-Day at Various Escape-Temperatures.
The vertical axis gives percentage vapor-loss on basis of yield; the
horizontal axis gives degrees Centigrade.
It will be noticed that the curve falls more rapidly for low
tern-
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peratures than the specific vapor-curve of the preceding diagram. This
is, of course, due to the contraction of the gases in which the vapors are
diffused. It will be noticed that the vapor-loss curve falls very slowly for
temperatures below 20° C, and consequently the reduction of vapor-loss
by artificial cooling below say 15° C. would effect very little saving.

VII. C OMPARISON

WITH

N EW A LMADEN P RACTICE .

As already stated, the only systematic sampling and assays of ore
treated at New Almaden were made with the ores of Tierra Furnace No.
8. The results were published in the Annual Report of the Quicksilver
Mining Company for 1876, p. 35. From this document I quote as
follows:
"This furnace for 39 days' work gave an average yield of 1.40 per
cent. quicksilver; car samples were taken of each charge, which were
crushed and thoroughly mixed.
" A portion was sent to Mr. H. G. Hanks, Assayer, San Francisco. Of
this he writes:—
'"I have made careful assays of samples, with the following result:
'"Quicksilver, 1.51 per cent.
"' Assays verified by several determinations.'
"The assay being 1.51 per cent. and working yield 1.40 per cent. the
difference was 0.11 per cent.; the amount flasked of all the quicksilver
in the ore was 92.71 percent, leaving for coating of condensers, pipes,
etc., and loss, 7.29 per cent."
Now as the ore treated ran only as high as 1.51, while the average yield
of the ore previously considered was 3 per cent., the above results will
not be directly applicable. Let us take the results as to ore and fuel,
given in the previous paper in the table of working results for Furnace
No. 8 for 1882, as they were the same, except as to yield, for 1876. Then
we have for Furnace No. 8, per day of 24 hours:
Tiaras, 23.424 tons = 46,848 lbs. = 21,250 kg. Wood,
2.028 cords = 5637.84 lbs. = 2,557 kg. With a yield
of 1.40 per cent.
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T A B L E XIV.

We have already seen that in the month of February, 1882, the
fumes of No. 9 furnace escaped from the condenser at a temperature of
13.3° C, the outside air being 12.8° C. Probably a fair average airtemperature the year round would be 15° C. To be safe, we shall
assume an average escape-temperature of 20° C.
Then we shall have as the volume of the escaping fumes, saturated with
aqueous vapor—

Now 24,306 cu. m. of fumes escaping at 20° C. will carry away
24,306 x 0.0002323 kg. of Hg vapor, or 5.67 kg. But there were treated
to produce this amount of fumes 21,250 kg. of ore containing 1.51 per
cent., or 320.875 kg., yielding 1.40 per cent., or 297.5 kg. Hence the
vapor-loss is :

We have seen that the poorest result of the normal roasting showed
only 0.05 per cent, of mercury in the residues, while in most cases only
traces are reported. Now the method of assay was easily sensitive to 0.01
per cent., and hence a fair allowance for such a careful experimental test
would be 0.01 per cent. The clean-up error is not easily ascertained;
probably the fairest result will be reached by not attempting to
consider it; as the walls, for such a short test, would be about equally
saturated before and after the test. Making the above allowances we have
:
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It will be noticed that the mist-loss, as here calculated, is almost three
times the vapor loss (2.8 times).
The above results enable us to make an estimate of the total loss of
the treatment at New Amadeus. We shall assume a residue-loss of 0.0l
per cent., which, as before remarked, is probably too high; also that the
vapors escape at 20° C; also that the miss-loss is three times the vaporloss. We have then for the average of all the furnaces for 1882, working
on ore which yielded 2.976 per cent., the following losses.

Now in the preceding calculations we have made several assumptions,
most of which are certainly safe as outside estimates; on the other hand
we have assumed the correctness of the combined law for gas as applied
to quicksilver-vapor, in calculating the vapor-loss. We have seen that
the law applies very closely to aqueous vapor between the limits of 0°
and 100° C. It is possible, but hardly probable, that the variation of the
quicksilver-vapor from the above law will sensibly affect the above
result. Regarding the pressure under which the gases exist in the
condensers, we have assumed 760 mm. This is of course too high, as
the pressure must be less to maintain the draft. However, if the pressure
were only 700 mm. (instead of 760), the increase of volume of the gases
and the consequent increase of vapor loss would be only one per
cent of
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the above calculated result. The last mentioned increment will be
more than offset by the diminution of volume by the absorb-tion of
SO2, CO2, etc., from the furnace-gas by the condensed water. The most
important consideration, however, is the assumption that only double
the theoretic air-volume is used. But, even assuming that three times
the theoretic amount of air was used, which is certainly quite beyond the
necessary amount, the increase of volume of the furnace gases, and the
consequent loss, would be less than one-third the present loss. Hence 5
per cent, of the ore-content is an outside estimate of the minimum
possible average loss of treatment under the conditions in effect at New
Alma den, and 4 per cent. is probably nearer the truth. This result
would be considered good work for any metallurgical operation, even
tor silver- and gold-extraction, and it is, therefore, interesting and
important, before accepting it, to compare it with the results of work
elsewhere.
VIII. C OMPARISON WITH R ESULTS AT I DRIA , A USTRIA .
Fortunately, the publication of the Idria officials before cited
furnishes abundant data for such a comparison, and in spite of an
apparent contradiction they furnish full corroboration of the above
results. On page 51 of the translation, by the author, occurs the
statement:
" The gases escaping from the chimney [leading from the combined
condensing-systems of all the furnaces], have, according to the
investigation of the official commission, a velocity of 1.4 m. per
second, and there passes therefore, through a cross-section of 1.331 sq.
meters, a volume of 1.8634 cub. m. or 1863 liters per second, and in
twenty-four hours, 160,997,760; or in round numbers, 161 million
liters of gas pass through the chimney. There were found in 1,000
liters of chimney gases .00356 grammes of quick silver, hence in
twenty-four hours there will escape 573.16' grammes of quicksilver."
On p. 42 of the translation, it is stated that the number of reverberatory furnace-days was 314 1/2, on p. 43, that the works are shut
down during the month of August, for repairs and cleaning of condensers
and flues. Hence 330 working days may be safely taken as the outside
limit of the year's work.
Now if we take the estimate of the contents of the fumes made by the
official commission, viz., 573.16 grammes of quicksilver lost per day, we
shall have a total annual loss for the year, of 189.14 kgs.
This is evidently wrong, for on p. 55 of the translation occurs the
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statement that "In the year 1879 there were treated in all, 409,329
met. centners of ore and metallurgical products, with a quicksilvercontent of 1.296 per cent., containing 5,308 metrical cent of quick
silver, and there were produced 4,877 metrical centners of quick
silver, with a loss of 431 met. cent. Or 8.12 per cent." Now the
amount lost, 189.14 kg., as determined by the official commission,
divided by 43,100 kg., the total loss, gives less than 1/200 of the total
loss.
There is plainly an error somewhere. All the above figures have
been carefully verified in the original. It is not likely to be a mere
typographical error. The values given in the paragraph concerning
the determinations of the official commission agree among themselves, but not with the working returns of the works. Most probably
the error occurred in determining the quicksilver-content of the
escaping fumes. The method by which this was done is not given. It
is not an easy matter to make such tests. The total amount of
quicksilver found by the commission in a cubic meter (1000 liters) of
fumes, was .00356 grammes. The amount of quicksilver-vapor alone,
according to the calculation made in Table XII., is, at an escapetemperature of 20° C,0.2323 grammes per cubic meter of gas. But the
ordinary methods of gas-analysis would of course fail entirely to
estimate such small quantities with any degree of certainty. In the
presence of aqueous moisture, flue-dust, and the empyreumatic matters
in the fumes, the amalgamation even of fine gold is effected with
difficulty, as I have often verified by experiment.
In order to make sure that the error was not a typographical one,
I have carefully tabulated the results given separately for each furnace in the Idria memoir. The pages refer to the translation.
T ABLE XV. Yield of Idria
Furnaces for 1879.
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It will be noticed that these figures agree entirely with the surn
total previously given, except that the amount of ore and products
differs by one metrical centner, an unessential error, the above sum
total being 409,328 instead of 409,329.
Now on page 42 of translation, occurs the statement that the average
of the residues shows a content of 0.001 per cent quicksilver. This
would make the residue loss for the year, 4.09328 metr. cent or
409.328 kg. Subtracting this from the total loss of 431 metr. cent.,
we have for the total chimney-loss 426.91 metr. cent. Or 42,691 kg.
of Hg.
Now if we assume as correct, the measurement of the volume of
femes discharged by the chimney, as determined by the official commission, viz., 161,000 cubic meters per 24 hours; if also we suppose the
average escape-temperature to be 20° C. [the temperature is not given
in the memoir*], we have per day of 24 hours :
161,000 X 0.0002323 = 37.40 kg., and for the year of 330
working days, 12342.1 kg.
Consequently the losses will be distributed as follows:
T A B L E XVI. Losses at
Idria for 1879,

This loss is evidently about twice as great as that estimated for New
Almaden, This, however, is a natural result of treating poorer ore. The
New Almaden ore-content would average 3.085 per cent. • as against
1.296 per cent at Idria, The loss is dependent on the volume of fumes,
at the same escape-temperaiure; and the latter, of course depends on the
amount of fuel and ore used, and not on the richness of the ore. Hence
the percentage-loss will be less on rich than on poor ore.

*It will be remembered that the vapor loss from 30° down to 0° C. showed but: little
variation.
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The quantity of ore treated at New Almaden in 1882 was 1811.75 X
18,063 kg. = .327,257 metr. cent, as against 407,328 rnetr. cent,
treated at Idria. As to volume of fumes, assuming escape
temperature to be 20° in both cases, at New Almaden we have
1811.75X19,091 — 34,588,119 cu. m. as against 330X161,000=
53,130,000 cu. m. at Idria. Hence with an ore less than half as rich
as that at New Almaden a loss of 8.12 per cent, is as good a
metallurgical result as a loss of only 4 per cent, at New Almaden.
It will be noticed that the mid-loss at Idria is about two and a half
times the vapor-loss, while the result obtained for New Almaden was two
and eight-tenth times. The agreement is as close as may be expected
for such calculations.
IX. C OMPARISON WITH R ESULTS AT A LMADEN , S PAIN .
In the Annales des Mines for 1878 * appeared an interesting and able
memoir Sur les Mines et Urines d' Almaden, by M. H. Kuss, E.M.
This memoir contaius a chapter bearing on the present inquiry
entitled "Losses of Treatment," the whole of which is well worth
reading; but from it only a few extracts can be made here.
The author begins by referring to the exaggerated estimates that had
been made of the losses of treatment at Almaden, due to badly-taken
assay-samples of the ores. The average value of the Almaden ores was
wrongly estimated at 14 per cent. For instance, MM. Fernando
Bernaldez and Ramon Rua Figueroa, in an otherwise able memoir
printed by royal order in 1861, declared the loss to be 53.40 per cent. of
the ore-content in the so-called Idria furnace, and 49.82 per cent. in the
Bnstamente furnace. Others variously estimated the loss as between
30 and 40 per cent.
In 1867, M. Emile Pellet, a French engineer, incited by the broad
margin of profit left open to inventors by these figures, devised a new
furnace and condensing-system in which a water-chamber and a
shower of water-spray played an important part. In 1867 he secured
permission to make a trial of his system, and in 1869 a comparative test
was instituted between his and the old "Idria" furnace. In case of
success, he was to receive the entire profit resulting from the
introduction of his system for one year. These profits were estimated at
3,730,000 francs. These facts are cited to show the inducements M.
Pellet had to see that the comparative tests were
* 7 Serie Mem. t.13, p. 39.
The Mines and Works of Almaden, translated by S. B.
Christy and published by Dewev & Co., 8. F., 1879.
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fairly made. From the description given by M. Kuss of the precautions taken, aud from the fact that M. Pellet declared himself
fully satisfied with them, the results seem fully worthy of credence.
To be brief, the Pellet furnace showed a loss of 27.02 per cent.,
while the "Idria" furnace showed a loss of only 5 59 per cent.
Besides, the expense of treatment was nearly three times as
great
■ by the Pellet system as with the "Idria" system, and 35
workmen were badlv salivated at the former furnace.
Condemned a first time, M. Pellet secured a second trial, which
was made in 1872. The result of this was a final rejection of the
Pellet system as a fail-tire, but what was more important, the losses
in the old "Idria" and Bustamente intermittent furnaces were
shown to be 5.50 and 4.95 per cent, respectively. These results
were obtained, it is true, in careful tests and are probably better
than the current results.
Not content with these determinations, based on assays and
sample-taking M. Knss makes what may be called a synthetic
calculation, based on determinations made in the large way. He
gives as the result of the whole discussion :
1. "That the average content of the Almaden ores does not exceed 8 or 9 per cent.
2. "That the loss of mercury indicated by the assays does not go
beyond 6 per cent, for the " Idria " furnace and 5 per cent, for the
Bustainente.
3. "That the loss of mercury coutained, calculating this syntheti
cally from the most elevated figures, does not go beyond 10 per cent.;
and, finally,
4. "Regarding the apparatus at Almaden, without calling them
rational in design, it must be admitted that their defects have been
exaggerated, and that, conducted with care, they give, with a rich
ore, excellent results."
In the Annalen des Mines, 7 Serie, t. 15,'p. 524, 1879, M. Kuss
gives an abstract of the work of MM. L, de la Escosura and F. de
Botella which was published in 1878 under the title Hlstoire de la
Jli'tallurgie du Mtreure en Ezpagne. Four charges of 36.428 metric
tons of a content of 9.55 per cent, (richer than the average ore by one
per cent.) were treated in the Bustamente furnace with a loss of 4.41
per cent, of the mercury content. Six charges of 139.74 metric tons
containing 10.02 percent, were treated in the " Idria" furnace with a
loss of 6.20 per cent, of the mercury contained.*
* It will be noticed in passing that the Bustamente furnace invariably
gives better results than the " Idria " furnace.
This undoubtedly is due to the
superiority
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I have not made a calculation of the vapor-loss for the Almaden
furnaces, as I have not sufficient data for the determination of the
volume of the fumes. This is particularly difficult without numerous actual tests, on account of the intermittent nature of the operation.
It should, however, be remarked that a loss of 4 to 6 per cent,
at Almaden on 9 per cent, ore is not so good a metallurgical result
as those obtained at Idria and New Almaden. For, under given
furnace- and condenser-conditions, the absolute loss is the same (so
long as any quicksilver at all is produced), no matter what the content of the ore. The percentage loss, however, depends on the orecontent. Hence, working conditions being the same, the Almaden
losses would be 12 to 15 per ceut. if they worked on 3 per cent, ore
as at New Almaden, and 24 to 30 per cent, if they worked on 1.5
per cent, ore as at Idria.
Moreover, on account of its large production, the absolute loss at
a low percentage is greater at Almaden than at any other place in
the world. And the net profit resulting from the introduction of
improved condensing appliances would be equally great. Thus, in
1884, the production of Almaden was 43,099 flasks at 76.03 lbs.
avoird., or 3,276,817 lbs. Supposing a working loss of 5 per cent.,
we have the original content of the ore 3,449,281 lbs., hence the
absolute loss amounts to 172,464 lbs. At 40 ets. this amounts to a
money value of §68,985. Even should a saving of but one per cent.
be effected by improved appliances, it would amount to over S13,000
per year.
It must be evident from the foregoing that quicksilver-condensation as practiced at such places as New Almaden and Idria is by
no means the imperfect process that it is sometimes represented to
of the aludels over the masonry condensation-chambers of the Idria furnace. The
former have the decided advantages of offering more cooling and friction surface to
the fumes. The alternate contractions and expansions of the aludels are also favorable to eddies and furnish dead spaces for the settling of the fumes. M. Kuss also
states that the air drawn in through apertures in the bellies of the alnde!?, helps to
cool the fumes, and that their stoppage increases the loss by 1/2 per cent. Certainly
the increased volume of air must increase both vapor- and mist-loss, and the fact
that a saving results, shows only that the aludels were insufficient in number for the
purpose of cooling. This conclusion is veritied by temperature tests of MM. Escosnra and Botella which show that the last aludels have a temperature from 3° to
27° above that of the surrounding air. However, this difficulty is easily remedied
by increasing their number, and the aludels are certainly better condensers than
they have been generally considered.
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be,and results are obtained in practice that compare favorably with
those obtained with other metals.
X. F UTURE I MPROVEMENTS IN Q UICKSILVER -C ONDENSATION .
It would lead too far from the purpose of this paper to attempt
any adequate treatment of this subject. A few important conclusions may, however, be drawn from the preceding discussion.
1. The volume of permanent gases passing through the condensers
should be reduced to a minimum. The reduction in the vapor-loss
would be in the direct ratio of this reduction, and the reduction of
the mist-loss in a greater ratio. That is, if the volume of escaping
fumes were reduced one-half, the vapor-loss would be but half the
present loss, and the mist-loss probably not more than one-fourth.
For the mist-loss is evidently a function of the velocity, and hence of
the volume, of the escaping fumes, and, other things equal, probably
varies at least as the square of the velocity. In addition, the reduction of the amount of permanent gases would also reduce the number
of heat-units that must be removed by the condensing system. Hence
the efficiency of the system would be increased, or the same cooling
effect might be reached by a smaller system.
It must be remembered, however, that the conditions for perfect
condensation and economical reduction are in direct opposition to
each other. The most perfect condensation may certainly be effected
with the old retort-system and the use of quicklime. This method
is at the same time the most expensive system of reduction. On the
other hand, the reduction-system now in use at New Almaden may
certainly be regarded as the most economical system of reduction
that can be employed in the present state of the art; but the volume
of the fumes and the consequent necessary percentage-loss, is much
greater than would be the case with a properly conducted retortsystem. As the object of quicksilver-reduction is commercial profit
and not scientific test-making, a careful adjustment of those conflicting interests must decide whether or not there is any room for improvement in this direction.
One simple method which might be successfully applied in large
establishments, would be the use of gas instead of a solid fuel.
The Lowe or Lowe-Strong gas would be the cheapest, and also the
best, on account of its high calorific effect per unit volume. By this
means, only about the theoretic air-volume would be required, and
the volume of condenser-fumes could be reduced 1/3 or 1/2.
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The most complete reduction of vapor-volume would follow the
introduction of continuously acting retort-or muffle-systems heated
from the outside, in which only air enough was admitted to the interior of the retort to oxidize the cinnabar, pyrite, etc., and from which
were excluded all gases from the furnace. As will be seen from
Table VII., we should have, per average furnace-day, to deal with
only about 3300 cu. meters of permanent gas instead of 17,400 cu.
meters. This would be of great advantage in condensation, but the
consumption of fuel would be largely increased, the furnace construction difficult, and-the repairs expensive.
2. Next in importance is sufficient volume for sedimentation, and
surf ace for friction and cooling action. The mist-loss iu the present
practice seeins, from the examples cited, to be from two to three times
as great as the vapor-loss. It would seem possible to make some
reduction in this direction, by reducing the velocity of escape, and
by the use of greater friction surfaces. The principle of the Pelouze
and Audoin condenser used for removing coal-tar from coal-gas
might be useful. At the same time it should be remarked that these
condensers give much difficulty at the gas-works, from being choked
with tar. The mercurial soot would probably give the same diffi
culty in quicksilver-works, and of course either iron or glass con
struction would be difficult.
3. The temperature'ofescape.should not cxeeed 15° or 20° C. Ithas
been already seen that, below fifteen degrees, the reduction of vaporloss between that temperature and zero is so small as to be unimpor
tant. This cooling would of course have no effect upon the mist-loss.
Hence the use of ice-machines (so often recommended) can not be
expected to materially increase the yield of the condensers.*
In situations where fuel was cheap, or water-power abundant, the
use of ice-machines might be justified on account of the reduction in
the size of the condensing-plant that would result, but no great
economy should be expected from their use.
There is one poiut which might militate against their use : the
sudden condensation of the quicksilver-vapor might lead to the
formation of smaller globules than if the cooling took place more
gradually, and a greater mist-loss might ensue.
As a cooling agent, water is the best, either as a bath about iron
* I have made the calculation with ruling prices for fuel and labor at New Altnaden, ami find that the ice-machines would have to effect a saving of 5 per cent,
of the present vield, in ordev to cover running expenses. This is, as above shown,
impossible.
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condensers, or, better, as a spray in a current of air, so as to utilize
the evaporation of the water. Sprays coming in contact with the
fumes have never been successful, on account of the difficulty of
separating the floured quicksilver from the water.
Air'is the cheapest cooling agent, and the condensers, where not
water-cooled, should be so constructed as to secure a strong natural
circulation of the air about them.
4. Material for construction. There is a fine field for invention
in the discovery of some substance strong enough to be made very
thin, a good conductor of heat, which will resist abrasion and the
alternate action of heat and cold without cracking or leakage, and
which will resist, at the same time, the action of quicksilver and warm
dilute sulphuric acid. As already mentioned, Bower-Barff rustless
iron seems the most promising material.
5. Next must be mentioned the use of an artificial draft. This is all
the more necessary as the cooling of the gases becomes more perfect,
and their temperature approaches that of the outside air. Auxiliary
fire-places and steam-jets are often used for this purpose, both of
which are wasteful of power and heat the side-hill flues, putting an
effectual stop to further condensation. A simple suction-fan, such
as the Guibal, or a modified Root blower made of wood, and
constructed with a view to ease of repairs, is the best arrangement.
As above remarked, more draft than is necessary to maintain eom'bustion and to protect the men from salivation should not be used,
as the chimney-loss would be thus increased.
6. The condensers should be easily and completely cleaned without
interrupting the action of the furnaces.
The above outline of the principal conditions that must be complied
with in order to improve on the existing devices, shows some of the
groat difficulties in the way of future improvement. And while it is
not impossible that some of them may be successfully overcome, it
does not seem probable that any great commercial profit will result
from their introduction at such establishments as * those of Idria
and New Almaden.
In concluding this account of the quicksilver reduction-works of
New Almaden, I must take occasion to express my thanks to all the
officers of the company for their kindness and cooperation. I am particularly indebted to the assistance of the superintendent, Mr. Hennen
Jennings, and most of all to the manager, Mr. J. B. Randol, to whose
untiring efforts during the fourteen years of his administration, is
due the existence of all the important devices described in these
papers, as well as the present high efficiency of the reduction-works.
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APPENDIX.
RECENT IMPROVEMENTS IN DRAFT-ARRANGEMENT.

Since the above was written, some important changes have been made in the
draft arrangements of the furnaces on the west bank of Alamitos Creek. All the
fire-drafts have here been given up, and the fumes from Furnaces 3, 8, 6, 7, and
9 are led to the Guibal fan before mentioned, and thence up the side-hill flue formerly
used by Furnaces 3, 6, and 8 only. By this means the fumes are. forced to pass a
distance of over 800 feet after leaving the condensers. This important addition to
the condensing appliances will probably result in an increased saving of
quicksilver as, soon as the speed of the fan is properly adjusted.
It was at first feared that the single fan would not manage all the fumes, but it has
proved more than sufficient, and could most likely manage the fumes from Nos. 1
and 2 furnaces. It will be remembered that formerly, when only Nos. 3, 6, and 8
were connected with the fan, it made GO to 70 revolutions per minute: now it
runs at from 97 to 112 per minute, according as No. 6 is shut down or is in
operation.
It takes only 2 or 3 horse-power to run the fan, which is kept in operation day
and night by a 6 horse-power vertical engine. The latter also operates a pump
which elevates water from the creek to a large tank 80 feet above the works,
where it furnishes power for the elevators, and water for the condensers. By this
arrangement, Mr. Jennings has been able to avoid pumping the water from the
mine (formerly used at the works) several hundred feet higher than otherwise
necessary. The total running expenses for fuel, oil, lights, and labor, do not
exceed ten dollars per day, while the amount saved at the mine exceeds that
sum considerably.
The draft of the various furnaces is regulated by means of dampers, and the
operation of the furnaces is found to be under much better control than formerly.
The system is, however, too new to be adjusted for the best results as yet. That too
much draft is now used, will be shown later.
MEAN ANNUAL TEMPERATURE.

In the foregoing discussion we have assumed a mean annual day
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and night temperature of the outside air at the Hacienda of 15° C,
and a mean annual escape-temperature of the fumes of 20° C. As it has been
impossible to get sufficient data for certainty on these points, it will be, perhaps,
worth while to mention the facts on which this estimate is based.
Temperatures have not been recorded at the Hacienda very regularly; most
observations have been merely of extremes of heat and cold, and have been taken
in the daytime only.
The records during 1882, 1883, 1884, and up to September, 1885, show in all
some 150 observations. Of these, the highest day tem-peratnres occur in May, June,
July, August, and September. The highest recorded temperatures occur between 1
and 3 P.M. Thus: 41° C. (106° F.), appears once; 39.4° C. (103° F.), appears
once; 38.9° C. (102° F.), appears once ; 38.3° C. (101° F.). appears three times;
37.8° C. (100° F.), appears three times; while 24° to 37° C. (75° to 99° F.),
appear most frequently during these months. The above may be regarded as
maxima, as all are taken between 1 and 3 P.M. The lowest temperatures occurring
in these records are in November,December, January, February,and March. Thus: —
5.6° C. (22° F.), occurs once (January, 1882, 7 A.M.) ; —4.4° C. (24° F.),
occurs once; —3.3° C. (26° F.), occurs twice; —2.8° C, (27° F.), occurs
once (7 A. M.); —2.2° C. (28° F.), occurs once; —1.8° C. (29° F.), occurs
once; 1.1° G. (30° F.), occurs five times; —0.6° C. (31° F.), over four
times.
The remarks " frost," " snow," or " ice " occur fifteen times in addition,
indicating a minimum temperature probably below 0° C. As no night
temperatures are in any case given, the minima probably were below any here
recorded. The highest recorded winter temperature is (2 P.M., March, 1883) 23.9°
C. (75° F.). A careful examination of these fragmentary records leads me to regard
the assumption of 15° C. (59° F.) for the mean annual day and night temperature
as very near the truth.
MEAN ESCAPE-TEMPERATURE OF FUMES.

It has, of course, been even more difficult to ascertain these figures. The
following determinations were made in September of this year (1885) to
supplement those already cited by Mr. Smedburg, taken in February, 1880.
The outside air-temperatures (in the shade) during the time the observations
were made, were as follows:
VOL. XIV.—17

258

QUICKSILVER-CONDENSATION AT NEW ALMADEN.

The flue-temperatures of the fumes escaping from Furnaces Nos. 3, 8, 7, and 9
were taken through a hole in the man-plate just above the Guibal fan ; in
Furnaces Nos. 1 and 2, at the man-plates just beyond the last condensers. The
results appear in the table on opposite page.
Averaging the 15 air-temperatures we have, as before stated, 20.3° C., and
averaging the 9 air-temperature observations made at the time of the flue
determinations, we have 20.8° C. To get the average escape-temperatures for a l l
the furnaces during this time, we must make allowance for the volume of fumes
discharged through the several flues. As this volume varies roughly with the
amount of ore treated, we may find the average closely enough as follows :

Average escape-temperature (September, 1885), 28.9° C.
In other words, the average air-temperature during the time of making tests
being 20.8° C., that of the escaping fumes was 28.9°, or 8.1° C. above that of
the air.
Now with an average annual air-temperature of 15° C., an average escapetemperature of 20° C. does not seem unreasonable, particularly
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as the efficiency of the condensing system must increase with lower airand water-temperatures. This is more especially true where water is
largely used for cooling, as a fall of one degree in its temperature is
equivalent to a fall of four degrees in an equal weight of air.
If we average the above observed result (28.9° C.) for September
with that obtained by Mr. Smedberg for February (13.3° C.), we
have an average escape-temperature of 21.1° C. In this calculation
the intermittent furnace No. 6 is not included. But, as this runs
less than one-third of the time, and during another third of the
time is throwing cool air into the condensers, its probable effect will
be to reduce these figures. Should, however, the average annual
escape-temperature run as high as 30° C, it would have, as may be
seen from Diagram B, in the foregoing paper, a very slight effect on
the vapor-loss; and the effect on the mist-loss would be also small.
VOLUME OF ESCAPING FUMES.

With a view to determine whether or not an excess of draft was
used in the new arrangement of the flues, the following experiments
were undertaken. In these I was assisted by my former student,
Mr. Eugene Hoefer (now Hacienda foreman at New Almaden). The
point selected for the tests was the first man-hole above the Guibal
fan. At this point the fumes were tolerably well mixed, and the
velocities sufficiently steady. The man-hole was covered by a
tightly fitting wooden cover with an aperture large enough to
admit the anemometer. During the observations, this hole was
tightly covered by cloths. The anemometer was fitted to a graduated wooden rod, so that its positions in the flue could be determined by plotting. The instrument used was White's (Glasgow) vaneanemometer.
The flue was a cylinder of brick, 5 feet interior diameter, with an
area of 19.64 square feet. This area was reduced somewhat by accumulations of soot on the sides and bottom, for which no allowance
was made. Also, the velocities had to be taken some distance from
the walls, so that the instrument would not become stopped by the
soot. Consequently, the results must be somewhat above the real
average velocities.
The positions of the anemometer were plotted to scale on the crosssections of the flue, and the maximum velocity found to be one-third
of the radius above the center of the flue. The cross-section of the
flue was then divided into two halves by the horizontal diameter,
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and the velocities for each half were averaged, and these separately
multiplied into the half area of the flue for the total volumes passing.
From what has just been said regarding the absence of velocity
determinations near the walls, and the reduction of the effective area of the
flue by soot, these results must evidently be somewhat too high; but 110
reliable correction could be applied.
Experiment made September 14, 1885, 4.15 P.M. (Furnaces 3, 8, 7, 9
running).
Barometer 753 mm.; condenser-room. 27.7° C.; pressure in flue alternately
greater and less than outside air, generally less ; fumes, 30° C.; the Guibal
fan made 97 revolutions per minute; highest recorded velocity of fumes, 328
feet per minute; lowest recorded velocity of fumes, 225 feet per minute ;
average velocity of upper half, 267 feet per minute; average velocity of
lower half, 227 feet per minute; volume of fumes passing at this rate per 24
hours, 197,797 cubic meters.
Now at this time the quantity of ore and fuel burned by these furnaces was
as follows:

Converting these into kilogrammes we find from Table VI. the amount of
fumes produced on the supposition that only double theoretic air was used.
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Barometer 749 mm.; condenser room, 27.7° C.; pressure in fine alternately
greater and less than outside air; temperature of fumes, 322 C, The Guibal
fan made 112 revolutions; highest recorded velocity, 418 feet per minute;
lowest recorded velocity, 303 feet per minute; average of recorded velocities,
upper half, 379 feet per minute; lower half, 314 feet per minute.
Now the volume of fumes formerly passing was increased by the fumes
of No. 6, which had been started. This furnace consumed per day 3 cords of
wood, and during a firing-time of 4.45 days roasted 88.405 tons of ore, or
per day, 19.866 tons. Adding the quantity of fumes produced by the
combustion of this amount of wood, and by the distillation of this amount of
ore, we have for all these furnaces per 24 hours (using double theoretic air)—
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As before, calculating the volume to which v0 would expand when saturated
with aqueous vapor at 32° C. and 749 mm., we have for the volume of gas
escaping in 2-1 hours, if double the theoretic air were used, 115,777 cubic
meters, and hence the measured quantity 273,394 cubic meters is 2,36 times
this amount.*
Now, even supposing the measured quantity of fumes to be 20 per cent,
too high, owing to lack of velocity-determinations next the walls, and the
reduction of flue-area by soot-accumulations, it is • evident that the
volume of fumes now passing through the fan is double that necessary for
complete combustion, supposing double theoretic air to be used. From this it
follows that the present speed of the fan (97 to 112 revolutions per minute)
is entirely too high, and that it should be reduced as far as possible, consistent
with the proper working of the furnaces. That the latter can be made to
work properly on double the theoretic air has been shown by Mr. Smedberg's
experiments.
There is, however, another cause leading to an excess of air in the
condensing-system not hitherto mentioned, viz., inward leakage. In any large
and complicated condensing-system there must be many apertures at manholes and joints, particularly with the wood and glass condensers. Now the
interior pressure of the condensers must be kept lower than that of the outside
air, in order to maintain combustion in the furnaces, and to prevent leakage
of quicksilver vapor
* Measurements of the fumes discharged from the condensers of Furnaces Nos. 1 and 2
were attempted, but had to be given up, as the velocity of escape was less than 50 feet per
minute, the lowest Velocity recorded by the anemometer.
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from them, and consequent loss and salivation of the workmen. Hence, it
follows that the inward leakage of air into the condensers and the
augmentation of the volume of the fumes may be easily considerable unless
every precaution is taken to prevent it.
Now, supposing the volume of fumes to remain double that theoretically
calculated, the actual losses will then be double the amounts calculated as the
minimum possible loss of the system. This would make the total actual loss
of quicksilver 8 or 10 per cent, of the content on the 3 per cent. ore treated
in 1882, or, with the same absolute loss, 12.8 to 16 per cent, of the content on
1.871 per cent, ore, which was the average content of the ore treated in 1884
and 1885.
It seems probable, however, that when the speed of the fan is properly
adjusted (as is now being done) and precautions against air-leakage into the
system are taken, the volume of escaping fumes may be made to approach
the volume calculated with double theoretic air. In this case the total losses
would approximate 4 or 5 per cent, of the content on 3 per cent. ore, and 6
to 8 per cent. on 1.871 per cent. ore.
As a final result of this whole study it seems that attention in quicksilver
metallurgy has hitherto been too exclusively given to avoiding the residueloss. As pointed out, this has been successfully accomplished in all the best
establishments, but only by long continued roasting at the expense of
considerable fuel ; all of which causes augment the volume of the fumes,
and hence the chimney-loss. In other words, in seeking to avoid Scylla
they have fallen into Charybdis.
As a minimum net loss is the real objective point, this can be reached
only by a careful adjustment of these conflicting losses. Thus, with a given
furnace reducing 12 tons per 24 hours with a residue-loss of 0.5 per cent.,
and a chimney-loss of 10 per cent.of the ore content, it would evidently be
better to treat 24 tons per 24 hours with a residue-loss of 1 percent, and a
chimney-loss of 6 per cent. of the ore content. For in the first case, the losses
would net 10.5 per cent., and in the latter, 7 per cent. Such adjustments are,
however, only possible where the ores and residues are systematically
sampled and assayed.
POSTSCRIPT.
In my paper on "Quicksilver Reduction at New Almaden," Transactions,
Vol. XIII., in the footnote on page 578, there is an
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error which I desire to correct. The connecting bar of the H-piece there
referred to is said to "carry "the platform with rails, etc., whereas, the
platform is fixed above i t ; and the oscillating motion mentioned a few lines
below, should be described as given to the H-piece, the following reference
to apron, platform, and ore-car being omitted.

NOTE ON AN EXHIBITION OF BANDED STRUCTURE IN A
GOLD VEIN.
BY CHARLES M. ROLKER, NEW YORK CITY.

I DESIRE to put on record this memorandum and accompanying sketch of a
vein examined by me, in Honduras, Central America, which exhibits a wellmarked banded structure. The illustration is of natural size :

The vein traverses trachytic porphyry. It is from three to four inches
wide. The central band, a, is of white, quartz, one inch wide
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it is full of cavities and vugs, lined with quartz crystals, and its
mass is largely stained with the hydrated oxide of iron, in which is a
heavy sprinkling of coarse gold, indicated by dots and shading in the
section. On each side of a is a band of pure white crystalline quartz,
b, 3/8 to 1/2 inch wide, showing incomplete crystals in radial
forms. This band contains no gold. Next follows a band, c, on
each side of b, from 3/8 to 1/2 inch wide. Through its centre runs a
fine fissure, lined with interlocking quartz crystals, on each side of
which is bluish "ribbon-quartz," containing very finely
impregnated gold. The outside band, d, also varies from 1/2 to 3/8
inch in width, and is made up of compact but columnar quartz, the
outside face of which (towards the wall-rock) is frequently lined with
fine quartz crystals. The columnar quartz is more or less frequently
stained yellow by hydrated oxide of iron, and it contains some
very tine but light gold. P, P, are walls of trachytic porphyry.
The whole vein-matter has a tendency to split off in slabs, in a
vertical direction, the full width of the vein. The section illustrated
represents, of course, an exceptionally rich piece, from one of the
bonanzas which occur as nests and isolated, irregular bodies in the
vein. From a slab, similar to the one illustrated, weighing 2 1/2
pounds, I panned over 1 1/4 ounce of gold.

NOTES ON CERTAIN IRON-ORE DEPOSITS IN
COLORADO.
BY CHARLES M. ROLKER, NEW YORK CITY.

THE mining industry of Colorado received a powerful impetus
from the enterprising railroad builders who, rating highly—perhaps,
in some instances, too highly,—the natural resources and favorable
conditions of the State for the production of the precious metals and
lead, covered it, in advance of any thorough general development of
these resources, with a network of railroads. At that time, everything was viewed couleur de rose; population was gaining rapidly,
and much more in the way of productivity was expected of certain
districts than was subsequently realized. It is, therefore, not quite
fair to judge . the wisdom of constructing some of the branches of
the Colorado railroad system from the standpoint of later experience.
With the building of railroads, a demand sprang up for iron and
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rails. Coal having been already developed the energetic railroad
builders resolved to make their own iron, and also steel rails. They
created, by a consolidation of previously existing different interests,
the Colorado Coal and Iron Company, which gave the first real
stimulus to iron-ore mining in Colorado. It was successful in its
efforts to find deposits of magnetite and hematite in the State; and

Sections of a Brown Hematite Deposit in the Sangre de Christo Range, near Hot
Springs, Colorado. For explanation of markings employed, see previous page,
Figs. 1 and 2.

the purpose of these notes is briefly to call attention to some of these
deposits without reference to any of the other branches of industry
of this enterprising corporation. If, with returning activity in the
iron business, the demand for the one or the other class of ores
should be increased, other deposits can be secured if wanted. I
shall speak here of those only which are now under development.
Hematiles.—Hot Springs is a mining settlement in Saguache Co.
connected by seven and three-quarter miles of branch railroad with
Villa Grove, which lies to the northwest of it, a distance of one
hundred and twenty-seven miles from South Pueblo, at the end of
the San Luis branch of the Denver and Rio Grande Railway. Hot
Springs is about 9000 feet above sea level, on the west slope of the
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Sangre de Christo range, in the San Luis valley, forty miles, more
or less, to the west of the better-known mining town of Silver Cliff.
Magnesian limestones of Silurian age are found about Hot Springs,
overlain by quartzite. Alternating beds of limestone and quartzite
are noticed in going; an the range, until the volcanic rocks are
encountered,
The strike of the grayish-black limestone about Hot Springs
varies from north to northwest, and the beds show an easterly dip.
In the lower limestone bed, making the foot-hills of the range, just
above the valley, irregular bodies of brown hematite are found.
Their tops frequently stick out above the ground ; but in some eases
they are merely covered by a thin crust of debris (locally often
called "slide " or "wash") from two to fifteen feet in thickness,
while in others there remains an additional thin crust of the magnesian limestone, heavily stained with ochreous matter. The deposits are found mainly as incrustations upon slopes, or as irregular
bodies filling pockets.
Of the accompanying illustrations, Figs. 1 and 2 represent one of
these bodies and its geological relations ; Fig. 1 being a horizontal,
and Fig. 2, a vertical longitudinal section. Figs. 3, 4, and 5 represent
another body ; Fig. 3 being a horizontal section at the bottom of the
body; Fig. 4, a vertical section on the line c d of Fig. 3; and Fig.
5, a vertical section on the line a b of Fig. 3, giving, as it were, an
end-elevation of the body. The top of the body shown in Figs. 1 and
2 is covered in the main with " slide," through which portions of the
ore protrude in places. The body shown in Figs. 3, 4, and 5 has
more limestone over it; but even in this case the ore-body projects
at intervals beyond the surface, although no such projection appears
on the section as drawn.
A line drawn through these irregular bodies would approach the
quartzite to the north; and the protruding tops of a series of the
bodies would have the appearance of the outcrop of a regular orebed. This it was for a long time believed to be; but such is not
the case.
In all these deposits the body stands on a nearly flat bottom, and
either the shape is that of an irregular wedge, or the upper surface
of the body is irregularly curved, curving sometimes to a sharp
edge, as shown in Fig. 2.
The sides of the irregular bodies are often straight, as is indicated in Fig. 5. The end of an ore-body is generally marked by
a strong line of ochre, followed within a few feet by limestone
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stained with ochreous matter, which lies against the regular limestone.
In the brown hematite mass proper, varying amounts of ochre
occur, ranging from 30 to 50 per cent. of the mass. The average
ore is a porous brown hematite of pure character, with occasional
stalactitic and mammillary forms. It works freely in the furnace,
makes an admirable mixture with the magnetites, and is well suited
for Bessemer pig.
The bodies had yielded, up to about a year ago, over 76,000 tons
of good ore. I append some partial analyses of these ores:

Samples of the yellow ochre taken from three different bodies
contained—

Many other hematite occurrences are known in Colorado; for
example, the brown hematite bog-ores of Hall's Valley ; but one of
the best of Colorado's deposits is the Breece deposit on Breece Hill,
at Leadville. The ore there is a mixture of red hematite and
magnetite, low in silica, as may be seen from the following analyses,
which were made from large average samples of different lots:

The carbonaceous or kidney-ores occurring south of Pueblo, and
used in the mixtures for foundry iron, average about 22 to 32 per
cent. of iron, and 11 to 17 per cent. of siliceous matter, but they run
high in phosphorus and carbonate of lime.
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Magnctites.—Magnetites, as well as hematites, occur quite extensively in Colorado ; but the questions of purity and of the cost of
bringing them to market, seriously affect the value of some of the
deposits of both classes alike.
In Costilla county, near Pacer Station, magnetites occur in syenite, carrying 52 percent, iron, 12.6 silica, 0.051 per cent. phosphorus, 0.017 per cent. sulphur, 5.7 per cent. lime, 1.12 per cent.
magnesia, 3.6 per cent, alumina, and 0.34 percent, manganese, with
traces of titanic acid and some copper. But the cost of mining them
and of bringing them to market is too great to make them available ;
and the copper has proved, moreover, an undesirable ingredient.
In the same county, near Wagon Creek, magnetites occur in
syenite, that are either too expensive to mine and bring to market,
or else they are too impure. The syenite of that locality contains,
as a component part, a large proportion of magnetic oxide of iron,
amounting, according to Mr. A.G. Hanmann, M.E., to 30 per cent.
He claims to have extracted that proportion with a magnet from an
apparent syenite.
The much-talked-of "iron mountain" of Fremont county, at
the head of Pine Gulch, in the Wet Mountains, twenty-two miles
from Silver Cliff, and known as the Grape Creek deposit, is made
up of a series of lenticular bodies of magnetite, apparently of little
depth, since they wedge out. They occur in diorite, and contain
from 13 to 15 per cent. of titanic acid; from 45 to 50 per cent. of
iron, and approximately 5 per cent of silica.
Magnetite beds containing a high percentage of titanic acid, are
also found near Gunnison City, in Gunnison Co., and others might
be enumerated. The fault of many Colorado magnetite deposits is
titanic acid and too high a percentage of silica.
In Chaffee county, on the contrary, some fine deposits of magnetite are found, notable among which are the Calumet, Hecla, and
Smithville deposits. These lie between the Arkansas Valley and the
Park Range, on a chain of mountains running northwest and southeast, at an elevation of 9050 feet, nineteen miles distant from Salida,
or South Arkansas, which in turn is ninety-seven miles, by rail,
from South Pueblo, where the Bessemer works are located. Near and
at these mines, the alternating limestones and quartzites are broken
through on the north by a heavy belt of syenite, which "tails"
to the south into a rock-mass, the principal constituents of which
are hornblende, feldspar, and small quantities of quartz, with some
associated chlorite and chrysolite; the exact character of the mass,
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only the microscope can reveal. The rock near the surface has
suffered heavy decomposition, calcspar and magnesia-compounds
having resulted from the decomposition of the hornblende. This
rock appears to have broken through the quartzite, since an altered
belt of that description is encountered about 100 feet into this rockmass, which itself rests on quartzite. The southwestern end of this
mass is decidedly syenitic, but the character changes to the east and
northeast on entering the h i l l , as just described. A widening of
the mass in depth takes place.
The magnetite deposit occurs in this rock-mass as a long lenticular body. At the surface outcrop, it is 33 1/2 feet wide, and it rests
on quartzite. In the deposit, at the outcrop, are two layers of
waste rock, respectively 12 and 14 feet thick, and two 2-foot bands
of badly mixed ore, leaving the remainder of 13 1/2 feet as fair
magnetic ore. A slip of greenish tale 1/2 inch to 2 inches thick,
separates the deposit from the footwall along the outcrop, but this is
lost in depth. The hanging, or roof, of the body is not well marked,
the ore shading gradually and imperceptibly into the countryrock. The strike of the deposit corresponds somewhat with the
outline of the h i l l , being a trifle west of north, changing to north
and later to northeast. The dip varies from 35° to 43° to the east.
The ore in the deposit varies from a compact, granular, and crystalline, to a soft, pulverulent condition. In its upper regions, somewhat silicious, it shows in its south end, a very heavy admixture of
iron pyrites. In depth the waste rock shown in the dep sit in its
upper portions, cuts out. At 165 feet down, along a dip o 43°, the
deposit bulges out to 45 feet vertical thickness, the entire mass being
a mixture of crystalline and pulverulent ore. In the next 125 feet,
along the dip of the deposit, it contracts again to 15 feet, and the
ore appears badly mixed with rock, and presents a fine granular
character. At this depth the body appears decidedly irregular, its
south end is full of iron pyrites. It had been followed about a year
ago, for 210 feet in a north and south direction at this depth. In
the swell of the deposit the body had been opened for 420 feet,
horizontally. There, the last 60 feet, at the south end, were heavily
impregnated with iron pyrites, while the remaining 320 feet were
magnetite of fine quality. The north end showed indications of
contracting and a steepening of dip, on the bulging footwall,
throwing the body in consequence to the west of the lowest mineworkings. To judge by pit-workings and needle-indications, the
body will continue northerly for 100 to 200 feet more, but with a
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move northeasterly course. At 88 feet, horizontal measurement from
the footwall to the east, up the hill, is noticed the outcrop of another
body of 6 to 8 feet, of a mixture of magnetite and red hematite.
This body was traced in the mine from the foot of the incline, a
vertical depth of 207 feet below its mouth, by means of a bore-hole,
and seemed to have taken a little flatter dip than the main deposit.
To judge by needle-indications, the main extension of this body lies
to the south, beyond the ravine running over those portions of the
first body which are contaminated by iron pyrites. The needle here
stands nearly vertical, while to the north of the ravine, it reads 20
to 25 degrees. This would indicate the probable lying of the bodies
en echelon. Analysis of the outcrop, mixed ore, showed it to contain—

Of the subjoined analyses, I. is an average from a large lot of raw
ore; II., an average from large lots of pulverulent ore, also raw;
III., an average sample of roasted ore from a very large pile. These
analyses, like other iron ore analyses here quoted, were made by the
chemist of the Colorado Coal and Iron Company.

NOTES ON THE LEADVILLE ORE-DEPOSITS.
BY CHARLES M. ROLKER, NEW YORK CITY.

IT is not my purpose to present a complete description, still less a
thorough discussion from a theoretical stand-point, of the Leadville
ore-deposits. Hence I have given to this paper the more modest
name of " Notes ;" since it is little more than a record of observations
made three or four years ago, and now published from my original
memoranda, with the view of preserving the facts rather than of
VOL. XIV.—I8
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drawing conclusions or framing a systematic and comprehensive
explanation. I shall direct attention chiefly to the westerly portion of Fryer Hill, because, in the conduct of mining operations in
that locality for the Chrysolite Silver Mining Company, I became
more intimately acquainted with that ground than with any other
part of the Leadville region. It seems to me that, while engineers
in charge of mines may not be the best qualified to discuss large
questions in geology, and while the? may exaggerate the importance of purely local phenomena, yet they are pre-eminently the best
authority for the facts themselves, since their daily examinations
give them a thorough familiarity with the details which a few visits
only can not give to a stranger, who inevitably judges the underground exposures by the way they looked on the day he happened
to call.
On the other hand, most superintendents lack the time, even
when they possess the ability and the taste, for putting into connected form the mass of observations, written and unwritten, which
guide them in their own opinions and administration, constituting,
as it were, a sort of local science of ore-deposits, which would form
a valuable contribution to the general science, if it could be preserved. Some, again, have a false modesty in the matter. They
do not, feel like stating a multitude of facts which they cannot explain; and on the field of explanation they do not dare to trust
themselves. Yet nothing is more generally declared by all authorities in this science than the great importance and need of monographs,
presenting simply the objective view of observed facts in single localities. Realizing this truth, I here put on record, in a form more
fragmentary and imperfect than I would be glad to give them, had
I the necessary leisure, the results of my personal experience.
Mine superintendents may render, it seems to me, another most
important service, by calling attention to phenomena apparently inconsistent with the generalizations of geologists. A man practically
limited to the daily study of one mine for many months together, is
certainly not qualified thereby to get up a theory to account for the
phenomena of other mines, which he has not studied. But when
some one else, with wider, but more superficial, observation, has
made an induction, and propounded a hypothesis to account for the
facts, then the close student of a limited area may prove a useful
critic, by producing facts which militate against the hypothesis.
This is perhaps a humbler function; but it is not without its value.
The geology of Leadville has been carefully studied and described
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by Mr. S. F. Emmons, U. S. Geologist, and his assistants, who have
made free use of the underground exposures in the several mines,
and have discussed with much ingenuity and candor the large mass
of facts, either observed by themselves or developed in mining operations. In the preliminary abstract of his report, which is all that
has thus far appeared, Mr. Emmons describes the sedimentary beds
of Leadville as Palæozoic rocks, resting on Archean masses. He
further observes that during secondary times there occurred an intrusion of eruptive rocks, which spread themselves out in sheets
between the strata, forming an integral part of the sedimentary
formation. After the eruption and consolidation of these masses of
igneous rocks there were movements producing anticlinal folds,
and, when the limits of elasticity were reached, fracture of the beds
and faulting.
Mr. Emmons also finds that the ore-deposits of Leadville and
vicinity were deposited, not later than the Cretaceous epoch, from
aqueous solutions coming from above, which derived their metallic
contents from the neighboring eruptive rocks.
I summarize the above statements, by way of introduction to these
notes. Others must judge, independently, to what extent the facts
I shall cite will strengthen or disprove Mr. Emmons's theory of the
origin of the deposits.
General Features.—The mines producing carbonate-ores in Leadville are mainly of three groups: the Iron Hill mines, the Carbonate Hill mines and the Fryer Hill mines. Each group has its
respective tributaries; and they are divided, the one from the other,
by a series of faults, carefully described by Mr. Emmons, in his
abstract-report. The ores of the three groups of mines come, as admitted by all, from the lame source originally; their ore-occurrence is
similar, often identical. A description of one group serves as a type
for all, barring local modifications.
Fryer Hill is bounded on the north by Evans Gulch, on the south
by Stray Horse Gulch, on the east by Yankee Hill, and on the west
by the town of Leadville, under the outskirts of which the slopes of
the b i l l gradually disappear. The top of Fryer Hill, about 175 feet
in altitude above the town, forms, approximately, the crest of an
anticlinal fold. In a westerly direction this fold is followed, by a
more or less undulating syncline and a subsequent short anticline.
The crest of the latter anticlinal fold lies near the junction of the
Kit Karson, Little Eva and Pandora claims, on west Fryer Hill.
Its top has
been scored off and its westerly slopes form the sides of
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an apparently larger synclinal basin, over which the town of Leadville stands to-day. To the north and south or Fryer Hill, the
track of the gulch-forming agent is marked by considerable scoringoff of strata.
Geological Formation.—The strata exposed by the mine-workings
on Fryer Hill are the following, counting from below upwards.
Their age has been determined by Mr. Emmons, and their thickness
I measured on the westerly slope of Fryer Hill.
Cambrian.—Quartzite, of unexplored thickness.
Silurian.—Dolomite and dolomitic limestone, about 37 feet thick ;
Quartzite, 14 to 17 feet thick, locally called " parting quartzite."
Carboniferous.—Emmons's blue limestone, 45 to 60 feet thick;
Felsite (quartz-porphyry), 40 to 55 feet thick; Bed of a variety of
brown hematite, 20 to 50 feet (80 feet in one place in Little Chief
mine); Thin cover of dolomitic sand (Emmons's blue limestone),
from 0 to 40 feet thick ; Felsite (quartz-porphyry), from 0 to 90 feet
thick (in places scored off); Wash or drift, from 15 to 20 feet thick.
The layer of wash or drift increases in thickness towards the north,
south and west, that is, towards Evans Gulch, Stray Horse Gulch,
and along the slopes of the large syncline leading to the town of
Leadville.
In addition to these sedimentary rocks and the felsite, a younger
intrusive porphyry is observed. It appears at intervals, as if spread
between the sedimentary strata, at times as breaking through them
from below. These intruded sheets are sometimes locally conformable with the folding of the sedimentary strata and again appear to
send up "vent-pipes", in a vertical direction, to the wash or drift.
They seem on Fryer Hill to be confined to the formations above the
Silurian quartzite, and they appear to split, in the horizontal plane,
into branches, prong-like.
These facts, and others to be hereafter set forth, will be more
clearly understood by reference to the accompanying map and sections, which I have prepared for the purpose.
The map (Fig. 1) will explain itself; it shows the form and relative
position of the ore-bodies and the intrusive dike-porphyry, and the
forked branches of the latter, together with its conjectural course at
lower depths. The facts here represented are obtained from the
workings of the Chrysolite, Little Chief, and New Discovery mines.
Fig. 2, a section from east to west, on line A B of the map, through
a part of the Chrysolite mine, shows the crest of the anticline of
west Fryer Hill, scored off, as before mentioned, and also indicates
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the characteristic subordinate foldings, which give the strata a more
or less wavy appearance. The strata have a general though slight
dip to the northeast.
Fig. 3, a section on line C D of the map. at right angles with
the section on A B, shows a vertical "vent" from the intruding

porphyry-mass, which appears in Fig. 4 on the parallel section E F,
to the west of C D, as a much wider body, with two upward porjections.
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The formation on Fryer Hill, thus hastily described, varies somewhat in its arrangement from other parts of the Leadville district,
such as Carbonate and Iron Hills, but they are essentially the same.
The two strata of Emmons's blue limestone, the lower separated
from the upper (now mostly replaced, as will be explained, by a
bod of brown hematite, with roof of dolomitic sand), by 40 to 55
feet of felsite (Emmons's white porphyry), and again overlaid by
felsite, occur on the two other hills named, as one stratum of greater
thickness, covered with a heavier mass of felsite, and, as a rule, with
less drift or wash. I cannot account for this splitting of the blue
limestone on Fryer Hill, except upon Mr. Emmons's view that the
felsite (white porphyry) forced itself into the mass of the blue limestone, splitting it.
Lithological Features.—The felsite of the district has a felspathic
ground-mass, holding free quartz granules, black and white mica.
Its jointed structure is strongly marked and well preserved, and, on
Fryer Hill, the felsitic mass is strongly fissured besides. Where it
overlies the upper blue limestone or ore-horizon, the felsite is somewhat decomposed, but not universally so. The decomposition has
not destroyed the porphyritic structure. In exceptional cases, the
rock has locally suffered kaolinization; but a general softening of
the felsite just above the ore-body must be admitted.
The felsite (locally named "block-porphyry "), found underneath
the ore-body, separating on Fryer Hill the upper and lower blue
limestone, is fairly well preserved. The felspar crystals appear distinctly to the naked eye, but their individual mass is somewhat
softened. Black mica predominates largely over the white mica.
The jointed structure is very well preserved, and stains of dendritic
manganese are frequently observed. Both above and below the orebody, the felsite is marked by an absence of iron pyrites. These
characteristics obtain, as far as I have observed, on Fryer Hill;
Yankee Hill, and Iron Hill, and from what I learn from others, on
Carbonate Hill also. The character of the felsite throughout the
district appears uniform. Its contents of silica vary from 68 to 75
per cent, and besides small quantities of ferric oxide, and 1 to 2 per
cent. of lime, manganese, soda, and potash, the rock contains mainly
alumina.
The younger, intrusive, dike-porphyry ("gray porphyry" of
Emmons) appears more decomposed than the felsite. It is characterized by its mottled appearance (whence the local name, " mottled
porphyry"), due to the separation of felspar crystals, which, on
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Fryer Hill, often attain a length of from one-half to three-quarters
of an, inch. The dike-porphyry, near the ore, shows kaolinization,

and is colored with the hydrated ferric oxide, while, away from the
ore, it appears as a more pinkish mass, having jointed structure,
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and holding small crystals of felspar and granules of vitreous
quartz.
Emmons's blue limestone is a dolomite. On Iron Hill, and in
other parts of the Leadville district, its color is dark gray-blue,
while the remnants left on Fryer Hill are lighter gray in color. Its
dip is easterly, under varying angles of from 8 to 15 degrees and
upwards. The bedding-planes are generally well preserved, except
on Fryer Hill, where, in large masses of the rock, they have been
obliterated. The blue limestone there is often decomposed to such
an extent that the consistency of the rock is loosened, the formerly solid dolomite falls together as dolomitic sand when exposed,
and the strata move, in contact with water, like quicksand. The
quantity of silica in the blue limestone varies with its proximity to
the felsite; but it can be stated to be, on an average, from 8 per cent,
downwards.
The white limestone is likewise a dolomite. It has a light grayish-blue color, and carries more silica than the blue limestone.
Frequently it shades gradually into the quartzites, which both
underlie and overlie it. Both limestones, the blue and the white,
have, on Fryer Hill, about one-quarter the thickness which they
have on Iron Hill.
The quartzite occurring between the white and blue limestone
(locally called "parting quartzite") presents no unusual characteristic features. It varies from a few feet to thirty and more in thickness ; and it is rarely absent.
The thickness of the lower quartzite (Emmons's Cambrian), has
not been determined on Fryer Hill. This formation is frequently
stained with manganese and iron, often to so large a degree as to
have caused the formation of isolated bodies of peculiar silicious
brown hematite, carrying a great deal of oxide of manganese, but
containing only from one to four ounces of silver per ton.
Ore-Deposits.—The silver-lead deposits of Leadville, commonly
known as the carbonate-deposits, are the products of a substitution
process, between the mineral solutions on one hand and the carboniferous limestone on the other. They are found mainly as contactdeposits, between the carboniferous limestone and the overlyiug felsite, with additional or incidental ore-accumulations in the limestone
in irregular cavities, directly or indirectly connected with the plane
of contact by irregular and often minute conduits, which a careful
search reveals.
The best examples of this type occur on Iron Hill, in the Iron
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mine proper, and the Silver-Wave—Silver-Cord property. In
the former, the simple contact-deposit is well developed and incidental ore-accunnlations are found in the lime. The Silver-WaveSilver-Cord property shows the same contact-deposit continued on
its strike, but the ore-accumulations in the Lime are heavier than in
the Iron mine, probably CO per cent, of the ore extracted having
come from out of the limestone. The deposit continues on its strike
for more than 3600 feet further south, through the Lime-Smuggler,
Stone, Rock, and Dome claims; and the larger amount of ore in
these claims has been taken from the contact-deposit. Figs. 5

Scale 100 ft 1i Inch,

Sections showing Contact Carbonate-deposit on Iron Hill.

and 6 show the position and relations of the formations here. Fig.
5 is a vertical section on the line A A, Fig. 6, at right angles with
the strike of the strata; Fig. 6 is a vertical section on the line BB
of Fig-. 5, parallel with the strike, and coinciding with the boundary
between the Lime and Smuggler claims, while the section of Fig. 5
is taken through the new south incline of the Lime, into the Smuggler claim. In these sections the dike has not been delineated,
because its outlines have not been determined by mine-workings.
Nevertheless, its existence there has been proved by a series of surface pits, excavated along the side line common to the two claims.
The main ore-deposits of Carbonate Hill also occur as contactdeposits between the blue limestone and the overlying fel ; but,
in addition, a second and lower ore-bearing layer has been found,
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commencing in the Halfway House and Evening Star claims. It
is found in the blue limestone underneath the intruded dike-porphyry (gray porphyry), which has forced itself obliquely into the
blue limestone mass, considerably below the productive contactdeposit of the blue limestone and overlying felsite. The oreoccurrence in this lower layer is, evidently, different from the
ordinary incidental occurrence of ore in the blue lime on Iron Hill.
It has been illustrated by Mr. L. D. Ricketts, in his printed thesis
for the degree of Doctor of Science, in 1883, and Fig. 7 shows the
two ore-bearing layers, as represented by him in the Morning Star
mine, where they are clearly distinct.
We have now to consider the peculiar conditions of ore-occurrence
on Fryer Hill. As I have already remarked, Emmons's blue
limestone is found on the westerly portion of Fryer Hill in two
separate strata, divided by from 40 to 55 feet of felsite. The lower
stratum is generally the thicker and heavier one. The ore-deposit
occurs in the upper stratum, save a few local and isolated bunches
which have been found in the lower. It appears that in the process
of forming the mineral deposit, nearly the whole of the thin upper
stratum of the former carboniferous limestone was replaced. In
other words, what was once a dolomite bed is now an ore-deposit.
There remains generally in the roof a very thin cover of dolomitic
sand. In isolated parts of the bed no replacement has occurred ;
the dolomitic sand roof has remained thicker. Excepting these few
islands, so to speak, of dolomitic sand, the whole of the former dolomitic bed has been replaced by mineral matter from the floor to the
thin and nearly continuous cover. The map shows one of these
local dolomitic sand islands left in the New Discovery ground.
Another one was met in the Dunkin mine. Fig. 8 shows a local
thickening of the dolomitic sand roof in the Chrysolite mine, in the
first north cross-drift west of the Roberts shaft.
It is a fact especially to be noted that along the floor, or in the
middle, of the ore-bed, no dolomite or dolomitic sand occurs. It is
also to be noted that wherever it occurs in masses, the dike-porphyry
is found in immediate proximity. But the reverse is not true, that
wherever the dike breaks through or is close by, there no replacement has taken place. Yet, on the other hand, the nearness of the
dike seems to have influenced, in places, the thickness of the dolomitic roof left behind. The plan and sections will illustrate to some
extent this observation ; see Figs. 1, 2,3, 4, and 5.
The main material or gangue of these deposits is a hydrous oxide
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of iron, carrying manganese, and calcspar and heavy spar as incidental accompanying minerals. Heavy spar only occurs locally
and to slight extent. The mass varies from a compact brown hematite to a loose, soft mixture of the oxides of iron and manganese.
The compact variety is developed on a large scale on Fryer Hill
where local layers of chert are found in it, which generally underlie the ore. They are, however, by no means limited to that position
only; they occur in places above the ore, and in local instances
constitute the entire matrix. Chert is often found near the dike. It
carries a varying amount of silica—up to 50 per cent, and more.
Samples of the compact gangue of the brown hematite variety, taken
FIG. 8.

Scale 100 ft.—1 inch.

Vertical Section in Chrysolite mine, showing local thickening of dolomite
sand roof.

from the Chrysolite ground, showed it to contain 8.7 to 10 percent,
silica, 32.8 to 34.5 per cent, iron, and 1.3 to 11 percent, manganese.
The silver contents of this gangue in the Chrysolite ground varied
from 4 to 8 ounces per ton. In the Little Chief and Little Pittsburgh mines, some gangue was broken which carried as much as 17
and 20 ounces of silver. The silver in this gangue occurs either as
chloride or chloro-bromide of silver. There are, without doubt,
large masses of this gangue in the Leadville district, which will
average 8 to 10 ounces in silver per ton.
The ores found in this matrix are principally secondary products;
cerussite (carbonate of lead) with the chloride and chloro-bromide
of silver and a small amount of anglesite (sulphate of lead). The
primary argentiferous galena, and galena studded finely and heavily
with the chloride and chloro-bromide of silver, occur in larger
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quantities than the sulphate of lead. Galena averaged in the regular carbonate bodies, probably, about 5 per cent, of the whole amount
mined. Incidentally, pyromorphite, native silver, calamine, and
other minerals have been found ; and the bullion from the SilverWave-Silver-Cord showed appreciable quantities of gold, which
were paid for by the smelters. Iron pyrites and zinc-blonde had
been noticed in Iron Hill ores, for example, in the Iron Silver
Mining Co.'s mines ; but it was after the beginning of 1882, that the
sulphide ores, iron pyrites, zinc-blende, and galena, were struck in
quantities, and have since then been laid open and mined in large
masses in those portions of the deposit where the secondary agencies
had no successful play.
The grade of the Leadville ore varies, as might be expected.
The average grade of the ore from individual mines, from the same
hill, generally compares fairly well, but the ore from different hills
varies more largely. To illustrate, I append results from representative mines from the three hills.

Referring the percentages of lead given, to the ounces of silver,
and expressing the lead in pounds, we have: Chrysolite, Fryer Hill,
6.5 pounds of lead per 1 ounce silver ; Evening Star, Carbonate Hill,
8 pounds of lead per 1 ounce silver ; Homing Star, Carbonate Hill,
32 pounds of lead per 1 ounce silver ; Iron, Iron Hill, '26 pounds of
lead per 1 ounce silver. Fryer Hill ores averaged higher in silver, per
ton of ore, than either Carbonate Hill or Iron Hill ores ; but the
latter two contained more pounds of lead per ounce of silver.
The carbonate-ores are physically of two kinds, sand-ores and
lump-ores. The lump-ores go by the name of hard ores, and include
the hard carbonates of lead as well as galena. The two classes are
separated by screening. In the main ore-body on Fryer Hill, the
* The data given of the Evening Star and Morning Star mines are taken from
Mr. Ricketts's thesis, before mentioned.
† Mr. Kickett3 mentions this yield in lead as lower than the average, from the
main body of carbonate ores.
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proportion of sand-ores was larger than that of lump-ores, and the
sand-ores were also richer; while on parts of Iron Hill, on the contrary, the hard ores were the richer. In a lot of over 4800 tons
from the Chrysolite mine, 58 per cent, was sand-ore and 42 per
cent, was hard or lump-ore. Both classes of ores, taken together
averaged approximately 12 to 15 percent, of silica, and 30 to 35
per cent, of iron and manganese. The moisture of the ore varied
from 9 to 13 per cent.
The sulphuret-ores were largely developed after I left Leadville.
An able and interesting account of them is given in the paper of
Mr. Freeland, read at t h i s meeting of the Institute. I append two
analyses of those ores which may serve to indicate their general
character:

I. Analysis by Prof. Dubois of ore from the Moyer shaft, mainly a mixture of
zinc-blende, galena, and iron pyrites.
II. Analysis of a 50-pound lump of ore mainly galena, from the same shaft.

Ore from the Col. Sellers mine, which I saw in large lots at the
smelters, appeared, for the most part, to be a mixture of zinc-blende,
iron pyrites, and galena. It was said to average, for large quantities, from 40 to GO ounces of silver per ton.
The ore in the Leadville deposits occurs in a series of well-marked
shoots, varying in width from 20 to 200 feet. On Iron and Carbonate Hills, these shoots run northeast and southwest; on Fryer Hill,
nearly east and west, or, more correctly, north of west and south of
east. The diagonal folding of the limestone beds into troughs and
saddles appears to stand in connection with the deposition of ores in
shoots, the basins being favorable to ore-accumulation.
On Fryer Hill there are two distinct ore-shoots, a northern and a
southern, which fork into a third intermediate one on the west slope
of the hill in the Chrysolite ground (see map, Fig. 1). The northerly
shoot can be traced from the R. E. Lee mine into the south part of
the Matchless and the north end of the Big Pittsburgh and Hibernia,
with some interruptions into the south part of the Climax workings,
and from there directly and continuously through the Amie workings,
into the Little Pittsburgh, Little Chief, and Chrysolite mines, up to
the southeast corner of the Little Eva claim of the latter company.
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The southerly shoot passes from the Little Pittsburgh south
workings, about No. 1 or No. 2 shaft, between the Little Chief No.
2 and No. 5 shafts, into the New Discovery, where the larger part
of the shoot occupies the ground north of No. 2 shaft. It passes
from here, via New Discovery No. 4 and Vulture No. 3, into the
Vulture ground of the Chrysolite Company. This southern shoot
is connected with the northern one by a northeast branch, which
runs from near Little Chief No. 3 shaft, through Carboniferous No.
1 (Chrysolite Co.) and New Discovery No. 3 (Little Pittsburgh Co.),
to the south shoot.
The intermediate shoot starts from this and runs through the Carboniferous and Chrysolite claims of the Chrysolite Company. It is
connected with the north shoot in the triangular ground of the Eaton
claim, but it remains disconnected from the south shoot, partly on
account of the isolated mass of uureplaced dolomite in the northwest portion of the New Discovery, and again because of the dike
separating the two in the Chrysolite Company's ground.
The western prongs of the northern and intermediate ore-shoots
were found to be made up of ores of a lower grade in silver, but
with a proportionately higher amount of lead per ounce of silver.
In other words, part of the silver seemed to have been carried away
in solution, while the lead remained in its average amount. A preponderance of hard carbonates was also noticed in the west prongs,
and frequent occurrences of native silver in the northwest portions.
The hydrated iron matrix in which these ores occurred, over the area
indicated, was of a loose and more porous nature than that in other
parts of the mineral-beds to the east.
The southern shoot, in the Vulture-Chrysolite ground, was largely
composed of pure hard carbonates of lead and galena, strongly impregnated with the chloride and chloro-brornide of silver, and showing a considerable admixture of heavy spar. This small tail-end of
the shoot yielded by far the richest ore. In one place, several hundred pounds of translucent chloride of silver were found in it.
The " iron " on the north side of the shoot is solid and of a darkbluish east, frequently carrying solitary seams or nodules of galena.
In instances, in the north shoot, I have noticed in portions of the
felsite, just above the regular ore-body, some galena partially
changed to the sulphate and carbonate of lead, notably in the first
level drift, east of the Roberts shaft. The only iron pyrites I found
on Fryer Hill came from the intermediate shoot, between Chrysolite
No, 1 and No. 3 shafts. It was about a hatful, of a partly amorVOL.
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phous, partly crystalline mass, surrounded by a mass of hydrous
oxide of iron carrying galena. A solitary crystal I took from the
felsite, near Sliver No. 2 shaft, close to the iron-body.
The ore-shoots appear separated in the mineral-bed by a line of
interrupted dike, occasional vertical vents from which break well
into the overlying felsite, and even to the wash or drift. These
dikes, though in a general direction running parallel, do not always
keep a regular course. Branches will fork off from either dike and
connect with each other; or, instead of the dikes occupying the
space between the ore-bodies in the mineral-bed, they will, at times
run under the ore-bodies over quite large areas. An inspection of
the plan (Fig. 1) to the east of the line of outcrop delineated, will
show that barren stretches (devoid of ore) occur, in the mineral-bed,
in ground adjacent to that occupied by the dike-flows, and that at a
little distance from the dike-porphyry circumstances were apparently
more favorable for ore-deposition. The grade of the ore there was
also higher than in other ground. Similar facts are observed in the
other parts of the district. On Iron Hill, in the Iron Mine, the
dike runs diagonally under the ore-body. The ore in one instance,
in the stopes between the 6th and 8th levels, drops down into the
limestone, hugging the gray or dike-porphyry closely for a distance
of 50 feet or more. The ore was nearly all a gray sand-carbonate,
and averaged from 55 to 65 per cent, in lead, and from 40 to 50
ounces in silver per ton—an extremely good ore for the Iron mine.
In this exceptional case, good ore rested directly on the dike instead
of being, as usual, a little distance from it. The mineral-bed above
it (the contact) was comparatively narrow, and had a chert-roof.
The gray, or dike-porphyry, on Iron Hill, occurs as it does on Fryer
Hill. It is found in the blue limestone, as just mentioned ; on the
contact in Lime No. 1 shaft (prospect workings); in the overlying
felsite, and even directly in the slide or wash in the Lime-Smuggler
workings ; and between the blue and white limestone on the southwest slope of Iron Hill.
According to the published report of the Iron Silver Mining
Company, a shaft has been recently sunk on the fault, inside of the
line of the ore-shoot, and the ore is found to continue vertically
down on the fault. As I learn from others, the ore is temporarily
decreasing in richness ; hut I think it too soon yet to assume this as
the permanent character. I am told that it also contains gold.
In addition to the upper ore-horizon on Fryer Hill, a lower only
partially-replaced bed of dolomite was found near Vulture No. 2
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shaft, in the west workings of the Chrysolite Company, It is separated from the upper bed by felsite and gray or dike-porphyry.
The strike, of this bed is northeast. It w s first encountered in the
second level, west drift from Roberts shaft (section A B, Fig. 2),
where large boulders and fragments of a manganiferous hydrated
oxide of iron were found to lie in the dolomitic sand of the lower
split of the Carboniferous limestone. A cross-cut was run to it from
a point further west in the drift, and 32 feet above the level of the
drift, and the identity of the Vulture No. 2 iron and that of the
west drift was thus established. The iron-body at Vulture No. 2
shaft was irregularly triangular in form, as marked on the horizontal
plan (Fig. 1) to the west of the outcrop-line. It is about 35 feet
thick, in its thickest portion, and is underlain by chert and dolomite
boulders. In its continuation to the east it is irregular, the dolomitic sand remaining, to a large extent, unreplaced. Under the
Roberts shaft, the dolomite is almost entirely unreplaced, the iron
occurring only to a very slight extent in small pieces. In this Vulture No. 2 iron, a lower ore-horizon was encountered, but of limited
dimensions only. The ore-occurrence was very bunchy and irregular,
in a more porous and redder hydrated oxide of iron than that in
the upper ore-horizon. On an average, the ore was low in silver
but proportionately rich in lead.
To the west of this body, a third mineralized zone is found in
the lower quartzite, but it only assays from one to four ounces in
silver, per ton. (See section on line A B, Fig. 2.)
The facts which have a bearing, in determining whether the solutions from which the ore was deposited came from above and derived
their metallic contents from the neighboring eruptive rocks, may be
summarized from the foregoing.
1. The overlying felsite (white porphyry) would be very much
decomposed and strongly stained with the basic sulphate of iron, if
metallic sulphates had been leached out of it, in any considerable
quantity. This is not the case.
Both on Iron and on Fryer Hill,
there are areas of this felsitic porphyry nearly unaltered, overlying
the present deposit.
2. If the white porphyry, overlying the present upper ore-horizon
had been leached, in the course of ages, producing an upper orehorizon, why was the underlying felsite, on Fryer Hill, not also
leached, producing a second productive ore-horizon?
3. Under the same assumption, how came the hydrated oxide of
iron, carrying small quantities of silver, into the quartzite under-
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lying the white limestone, without any arrest of the mineral solution
By the overlying dolomites and parting quartzites?
4. In case of a deposition from above, would it not be natural to
suppose that the dolomite in the plane of contact with the felsite
(white porphyry) would be the first replaced?
Against this stands
the dolomitic sand roof over our large area, on Fryer Hill.
What
holds as to the origin of the Fryer Hill deposit, holds for the balance
of the deposits, since they are only faulted from each other and hence
belonged originally to the same bed.
5. Against Mr. Emmons's analysis of the felsite, stand other
analyses which did not find any lead and silver in it
(L. D.
Ricketts).
Of course it might be argued that the metals had been leached
out; but it would require a large number of analyses, made from
many samples taken over extended areas, to establish the proposition
that this rock was the source of the metals of the present deposits.
G. Mr. Emmons admits that the dikes have influenced ore-deposition as to the direction and the richness of the ore-bodies. I
add to this, that so far as I have observed facts in Leadville, oredeposition is dependent on the presence or proximity of the dike- or
gray porphyry. Mining is, of course, carried on for profit and not
for the sake of science. Owing to the nature of the ore-deposition
in Leadville, the dikes will probably not be traced in their lower
depths or in their full horizontal extent; and much must therefore
remain a matter of speculation. It may never be demonstrated that
the original ore-bearing solutions came, up from below, and that they
bad a connection in time or space with dike-porphyry. On the
other hand, no one can deny that percolating waters coming from
above have caused secondary changes. But the proof is wanting
that they originally produced the present ore-deposits ; and the facts
I have given seem to contradict that hypothesis.

THE UPPER MEASURE COAL-FIELD OF TENNESSEE.
BY HENRY E. COLTON, CHATTANOOGA, TENN.

VERY little information has been published concerning the Tennessee coal-field. The State never appropriated over $600 per
annum for a geological survey, and that was discontinued about
1870. Yet even with that small sum Dr. J. M. Safford made a
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thorough reconnoissance, the results of which were embraced in a
carefully prepared report, which is one of the most valuable contributions ever made in this country to geological literature. But
the economical Legislature thought fit to publish only one thousand
copies of it.
At the time Dr. Safford's explorations were made and his report
was printed, coal-mining in Tennessee was very limited in area,
and small in the volume of business done. Little was thought of
the region northeast of Chattanooga as a factor in the future coaltrade of the State. His examinations were confined to the outer rim of
the field, where, with two exceptions, no openings had been made save
for neighborhood use. Later, in preparing a report on the Tennessee and Pacific Railroad, he crossed the great plateau and rapidly
examined the mass of the Upper Measures on Poplar Creek. But
in his Geology of Tennessee he only alludes to these measures at what
is now Carey ville, called by him Cove Creek, or Wheeler's Gap;
and he speaks of them as of possibly great importance in the future.
Professor J. Peter Lesley made an examination of these measures
still later; but it was not intended for the public, and only a meager
condensation of it has ever been published.
The Tennessee coal-field has three well-defined zones of coal-bearing strata; there may be more divisions, but with present knowledge
these areas are all that can be strictly classified. One of these belongs to a horizon not usually yielding workable coals in other
fields, being located below the great or Seral conglomerate. The
next is immediately above that conglomerate, and extends to a massive sandstone, sometimes conglomeratic, the strata between the two
boundaries being about 300 feet in thickness. In his classification
of the Tennessee Coal Measures, Dr. Safford calls the series under
the great conglomerate Lower, and those above it Upper, without
making any line of distinction at the second or upper conglomerate,
which may be assumed to be the Mahoning sandstone, and above
which there are now known to be many valuable coal-seams. In
a classification made by myself in a report to the State on " Coal
in Tennessee," those seams below the great conglomerate are classed
as Lower, those between the two as Middle, and those above the
second conglomerate as Upper. This classification should be amended
by dropping any regular name for those seams below the great conglomerate, since they are only of comparatively local importance.
Hence, in the absence of that thorough research which alone secures
accuracy, the Tennessee measures will here be classed as only Lower
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and Upper, the former being the strata commencing at the great
conglomerate and ending with the second conglomerate or Mahoning
sandstone; and the second, or Upper, being all the strata existing
above the second conglomerate. This will conform more nearly to
Pennsylvania classification. My line of demarcation is based on
the fact that between those two conglomerates or massive sandstones
the fossil species Lepidodendron is found abundantly, while I have
nowhere seen it above the second. Fine specimens are to be obtained
in the slates and sandstones of the Sewanee scam at Tracy City,
Soddy, and Rockwood; but none have yet been found in the slates
or sandstones accompanying the seam of coal worked at Poplar
Creek, Coal Creek, and Carey ville.
The Tennessee coal-field is peculiar in its topography. It stands
up like a vast table, having on its east and west sides a low valley region, and both sides terminating in high steep walls; but these
walls are not alike either in their topography or in their geology.
The length of the coal-field passes through the State diagonally, the
general course being northeast and southwest. The area of coalbearing strata is narrower to the southwest, and the northwest side
of the field has a course more nearly north and south than that on
the east. The boundary-line of the northwest side is a steep precipice,
directly connected with the coal-bearing area, and composed of
mountain limestone, shales, slates, and coals of the sub-conglomerate
measures; all capped by the massive Seral conglomerate, which
everywhere, on that side, makes the rim of the mountain-edge,
about 1800 feet above sea-level. From its edge commence the strata
which make up the Lower Coal Measures, and from its edge everywhere along the western line there is a steady dip of the strata in a
line to the southeast. As this dip of the strata continues, the Lower
measures sink far below water-level, and upon them are found high
mountains and vast areas of strata containing coals entirely different
in physical structure, as well as in chemical constituents. These
are the Upper Measure coals.
The southeastern rim of the coal-field is bounded by a singular
upheaval of coal-strata. This upheaval exists regularly in a line
about N. 25° E., from near Dayton to Coal Creek. It is composed
of the strata of the Sub-carboniferous, the conglomerate, and the
Lower Measures, which in their regular dip from the northwest to
the southeast have fallen deep under water-level, and have by some
great convulsion been thus suddenly lifted up. This series of strata
forms an outlying wall to the great area of heavy horizontal meas-
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ures. Between it and the latter is a series of small streams which,
running northeast or southwest, empty their waters into the Emory
River, or Poplar, or White's, or Coal Creeks. These streams cut
through the great wall at intervals, where are made thorough-cuts
down to the valley level, and thus find their way to the Tennessee
river. These thorough-cuts, or "gaps," as they are called, offer routes
of extraordinary value for access to the great area of horizontal coal
trata.
The area of the greatest action of this drop, or down-throw, is
the locality of the Upper Measure coals in their greatest perfection,
and is included in parts of the counties of Morgan, Scott, Anderson,
and Campbell.
There seems, also, to have been a tilting of the strata (perhaps a
mere basin-dip) from the northeast to the southwest, very gradual
on the southwest side, and somewhat sharp on the northeast, at least
near its beginning. This sharpness, however, may have been caused
by a fault, which acts at a right angle to the great uplift of rocks
just noted.
The great uplift noted is called Walden's Ridge, a name also
applied, improperly, to the mountain just northwest of Chattanooga,
in which the strata are nearly horizontal. Plate I, accompanying
this paper, is a map showing the topography of the region. The
best map for reference is the one issued by the U. S. Coast and Geodetic Survey in 1884, covering the mountain region of East Tennessee
and North Carolina. The outer line of the coal-field and of the
mountain range will there be seen to have a course from Chattanooga
to Coal Creek of about N. 25° E. At the latter place it suddenly
changes, and turns about N. 35° W., and so continues to Carey ville.
At that place the fault divides, or a new one commences. The
course of N. 35° W. is continued in line as a fault, and with upheaved strata, for ten miles further; but the outer line of the mountain range resumes its old course, of about N. 25° E.. from Carey ville northward.
The N. 35° W. fault, however, cuts the coal-strata into two areas,
which are entirely distinct, their coal-seams not being at all connected to the eye, though it is possible that there may be a mere
jointure of the very lowest measures at some point... A section
(Plate II, Fig. 1), taken four miles N. 35° \V. of Carey ville, will
illustrate the position of the strata. In this section, the mountain
limestone shows; near Buckeye Station, on the Knoxville and Ohio
Railroad, it has disappeared far beneath the surface. Another sec-
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the whole is put through a filter-press; the lime after washing is
used or thrown away, and the molasses is used over again. The
composition of the magnesia so obtained was:

The loss in molasses was found to be from 5 to 10 per cent.
This loss was too large for economical manufacture, though the
qualities of the bricks were unexceptionable.
This process was replaced by the Closson process, based on the
use of magnesium chloride, which is one of the by-products of the
manufacture carried on at Stassfurt, and is there thrown away in very
large quantities as useless. The reactions which take place are quite
as simple as in the former method, and are expressed by the formula:
MgCl² + CaO,MgO = CaCl² + 2MgO.
To carry out these reactions a sufficient quantity of the Stassfurt
magnesium chloride is added to dolomite which has been burned and
made into a milk, both being mixed together with sufficient water.
The tub in which this is done has a series of arms fixed on its side
and others revolving on an upright axis. The reaction takes place
rapidly. When it is quite complete the tub is tapped from the
bottom and its contents are run through an ordinary sugar filter-press
from .50n to .60m square, and pressed. The chloride of lime runs out
and leaves the pure hydrate of magnesia in the filter. This is carefully washed with water and leaves the pure hydrate of magnesia in
the press, while the chloride of lime is collected in a basin. To
utilize this material it is carried to a receptacle like that in which
the blast-furnace gases are washed, except that it has revolving
wheels to stir the chloride, making a thorough mixture of the gases
and liquid. Two of these receptacles are placed together back to
back. Above is a valve-box with a valve which, when one side is
done, can be reversed so as to send the gases to the other side, and
thus keep op a continuous working. Into this box a quantity of
freshly burned dolomite is put, together with the chloride of lime.
The blast-furnace gases passing through precipitate the lime, have
their carbonic acid or a part of it removed, and are thus rendered
more combustible. They deposit, besides, a considerable quantity
of the solid materials carried off mechanically with them and are

460

BASIC REFRACTORY MATRALS.

thus made cleaner. Magnesium chloride is re-formed which remains
in solution. The reaction is shown by t h e following formula:
CaCl² + MgO,CaO + 2CO² = MgCl² + 2CaO,CO².
The liquor drawn off is filtered, the mud and the carbonate of lime
are thrown away, and the chloride of magnesium is used over again,
There is but a small loss, not more than 5 to 6 per cent., of chloride
of magnesium. The magnesia obtained by this method is made into
bricks and burned. It is then reduced to powder, mixed with a
little water, and formed into bricks of any shape in a hydranlic press,
which, with four men, makes 4000 small bricks a day, two at a time.
The same press is used for the tar-bricks. After a few hours'
standing in a dry place these bricks are quite hard. The filterpress makes one filtering and washing in 45 minutes. It contains
25 moulds about 0.02 thick. The two presses make about 230
kilos at a time, or a ton of magnesia per day in a single press.
To produce the ton of magnesia, 1250 kilos of dolomite and 8750
of the magnesium chloride are required. The total cost is about 4
marks per ton. The analysis of the magnesia produced is:

The difference between the products of the two processes is hardly
appreciable, and they are nearly alike in cost. Closson's process is
not applicable except in the vieinity of works like those of Stassfurt.
Scheibler's process can be used wherever molasses can be had at a
moderate price.
It is now proposed to make the magnesia out of sea-water which
contains about four pounds as chloride or sulphate in a cubic yard
of water. This is done on a large scale on the Mediterranean coast
of France, at Aigues Mortes, with milk of lime, the reactions being
the same as in the Closson process. The sea-water is pumped into
a tank made of masonry, and milk of lime in the proportion of 1.5
per cent, of lime for every per cent, of magnesia is pumped into it at
the same time. From here it flows into two similar tanks, where the
two liquids are mixed mechanically by means of stirrers run by power,
to be then filtered into shallow excavations about 1000 feet long and
16 feet wide, on the bottom of which there is a bed of clean beach-
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sand. When enough has collected, the stream is turned off and the
precipitate is allowed to dry in the sun. This takes twenty to thirty
days, and can only be done in the summer. In the winter it must
be artificially dried, which can easily be accomplished. The dried
material is calcined at white-heat, ground, and made i n t o bricks,
as at Horde. If this process proves a commercial success it will
replace, to a great extent, and perhaps altogether, the manufacture
of dolomite bricks.
The use of magnesia has the great advantages of simplicity of
operation and uniformity of product. The amount of magnesia
necessary for a ton of steel is only one-third as much as is required
of dolomite, while it lasts much longer in the converter, when properly made by hydraulic machinery. It can be made into bricks by
mixing with water only; the process of manufacture is therefore
much more simple than that of the dolomite. Moreover, the magnesia bricks can be kept a much longer time without danger than any
others. They also resist pressure at least as well as the others. Notwithstanding all these advantages it has been found, up to the present
time, that the manufacture which involves the comprehension of nice
chemical reactions cannot be carried on by ordinary workmen in competition with the tar-bricks, and the processes of Closson and Scheibler have been abandoned for the present at Horde. The sea-water
process is still in the trial-stage. The use of magnesia as a refractory
material has, however, too many advantages to remain long dormant.
Whatever natural substances are used for the manufacture of basic
refractory materials must be calcined at a very high temperature, in
order to make it certain that no subsequent change of form from
contraction will take place. There are two general methods of such
calcination. The first, which is very generally employed, is carried out in the shaft furnace; the second, in some kind of gasfurnace, the object in this case being not only to have a very high
temperature, hut also to avoid the introduction of silica or other
impurities which come from the ashes of the coke.
It has been found expedient, in most of the works in England, to
burn in cupolas, raising the temperature to a white heat, and then
selecting from the product those pieces only which are of a certain
color, rejecting every piece not sufficiently burned, or which shows
any kind of agglomeration, and breaking off any adhering siliceous
material formed by the ashes of the fuel. It has been found possible
in England to operate this method successfully, and produce an excellent brick.
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The chief objections to the cupola are, that, as the temperature
cannot be regulated, there is danger that the dolomite w i l l not be
heated sufficiently to prevent further shrinkage in the converter;
that it makes a considerable quantity of fine dust by abrasion ; and
that the ash of the fuel is l i k e l y to form more or less fusible
siliceous attachments to the pieces. As it is q u n e impossible to
always have a perfectly pure coal, the material will frit and form
engorgements in the furnace which after a time force it out of blast.
This is partly remedied by having the center on wheels, as at the
Northeastern works.
The system of continuous regenerative calcining-furnaces is used
on the continent. These furnaces use less fuel than the cupola, and
are free from the objections just named; so that, by their use, l i t t l e
of the material is damaged. It must be understood that in both
cases the temperature must be very high, for, should the material be
submitted to a higher temperature in the converter than it has
already endured in the calcining-furnace, it would undergo a s t il l
further contraction.
The disadvantage of the cupola or shaft-furnace--namely, its
liability to engorgement, although the lining is always basic, and
the consequent necessity of putting out the furnace to remove the
obstructions--has been already mentioned. The cupola requires
also the constant work of a number of men, not only to charge but
to discharge i t ; and it must be worked with long iron rods, in order
to make the material come down quickly enough.
In the continuous furnace there is no difficulty of this kind. The
hearths only of the furnaces are made of basic material, the sides and
roof being siliceous. No inconvenience results from this, since the
material to be calcined does not touch the sides of the furnace at all.
In such a furnace as the Mendheim, Fig. 1, which is used at. Hörde,
there is no loss of time and material, and comparatively l i t t l e fuel
is burned in order to produce the temperature required.
The arrangements for receiving and calcining the dolomite are
different in dlifferent works. In almost every instance the stone is
sent to the works in cars, a large supply being kept on hand, and
is burned as required for use. Occasionally it is purchased already
calcined, in which case the calcination should have been done at a
very high temperature, and the material should be stored in a dry
place, and used as quickly as possible. There are too many uncertainties connected with this method of working to make it generally
desirable, and it is practiced in only a few places.
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At the Northeastern works the dolomite is brought in at one end
of the works and stored in bins. Next to them are three cupolas
for burning it. These are lined with basic, bricks, as no other material would stand the contact with the dolomite at the high heat employed. The dolomite is mixed with coke and burned for nine
hours. It comes out at a white heat, is shrunken to half its previous dimensions, and has lost half its weight.
At the Rhine steel works the cupola is about 10 meters high, including the chimney, and 2.5 meters in diameter on the outside. It
is blown with two tuyeres, and consumes about 65 percent, of coke
which has 8 per cent, of ash. The calcined material is drawn from
four draw-holes at the bottom about 0.65™ square.
At the Northeastern works the central section of the cupolas is
supported on wheels so that it can be rolled out to be re-lined. It
is about eight feet high. The bottom and top remain permanently
fixed. The space between the two, above and below, is rammed with
slurry.* One lift serves for bringing up the charges for the three
cupolas, which are not all worked at one time. Two barrows of coke
are used for burning, seven of dolomite, in pieces about the size of the
fist. The bottom of the furnace is closed by a door. When this is
opened the charge does not always fall by itself, but requires raking
with long iron rods from below in order to detach it. Occasionally
the charge becomes agglomerated, and can only be detached with
great difficulty. The material, raked out about once in two hours,
falls, mostly at a white heat, about seven feet upon the iron floor
below. The dolomite contains some iron, and some of the pieces are
fused or partly so. These are carefully picked out and thrown away.
Those which are insufficiently burned are put back into the cupola.
The pieces are shrunk to a very irregular form. They are spread
out on the iron floor to cool, and, when picked over, are charged in
a lift to be carried to the grinding apparatus.
The lining of the movable body lasts about 40 turns. It has lasted
as long as 60. This depends partly on the way the furnace is
worked, and to some extent on the quality of the dolomite burned.
The basic lining is abraded, both by the descent of the charge and
by the action of the tools, and when too much worn, the central
part is detached, rolled out, and re-lined. The amount of fuel required to burn the dolomite is from 1300 to 1600 lbs. for every
ton of shrunk dolomite produced.
* "Slurry" is the mixture of tar and shrunk dolomite, which is liquid
when hot.
When the mixture is only sticky while hot, it is culled "mixture" or
"ramming."
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tion (Plate II, Fig. 2), across Upper Elk Valley, gives an idea of
the fault in its reverse course, and the great movement wherein- the
Upper Silurian limestone and the Clinton iron-ore are brought to
the surface.
The region to the southwest of this 2f. 35° W. fault, and of the
Knoxville and Ohio Railroad, I have named the New River coalfield, from the fact that the center of its synclinal nearly coincides
with the course of a stream of that name, which empties into the
South Fork of the Cumberland. The other I have named the
Walnut Mountain, field, from the name of the most prominent
mountain range in that area. It is on the northeast of the line of
the fault, and of the railroad, and is the southern prolongation of
the Flat Top coal-field of Virginia. It is not my purpose here to
discuss the coals of this latter field. It is almost unknown, and is
now entirely inaccessible to any market.
The New River coal-field, which name I have given to the area
of Upper Measure coal-seams, is included within an irregular
boundary commencing at a point southwest of Wartbtirg, running
northward, then east to near Jellico, then southeast to Coal Creek,
and just inside or west of Walden's Ridge to Poplar Creek, and, just
beyond there, northward to the point of beginning. It is accessible
on the east to the Knoxville and Ohio Railroad, which runs south
to Knoxville, and it is connected northward by the Louisville and
Nashville Railroad to .Louisville and Cincinnati. Its western rim
is only a few miles from the line of the Cincinnati Southern Railway; and the outer part of its central portion is tapped at Poplar
Creek by the Walden's Ridge Railroad, a branch from the Cincinnati Southern. Hence it will be seen that the facilities for transportation are at least fairly good.
The seams of this field have a short dip into the mountain on each
side, near the Walden's Ridge and Fork Mountain faults; but their
regular position has a steady rise from southeast to northwest, at
the rate of about 60 feet to the mile. This is the same as the dip
of the strata, heretofore indicated, from northwest to southeast. The
section shown in Plate III, Fig. 1, illustrates this dip. The strata
immediately on the conglomerate rim on the northwest will be seen
to have fallen far below the water-level on the southeast side, and the
strata accompanied by the seams of coal of the Upper Measures to
have risen, so that they crop out and cease many miles before the
northwest rim is reached. This is very forcibly illustrated in a
seam of coal, having very distinctive characteristics, which is just

THE UPPER MEASURE COAL-FIELD OF TENNESSEE.

297

below water-level in the valley of Crooked Pork, in Morgan
Comity, but ten miles northwest is near the top of Pilot Mountain,
about six hundred feet higher than in the valley named. The fact
of this primary slight drop and subsequent steady rise to the northwest is proved in the workings of the Knoxville Iron Company's
Mine at Coal Creek, the largest operation in the Upper Measure
strata. Their entry is 1400 yards long ; the seam of coal dips for a
distance of 400 yards at the rate of 5) feet to the mile; then there
is a level for 100 yards; then it rises at the rate of 30 feet to the
mile to the end of the entry, 900 yards. There is also a slight clip
from northeast to southwest, and there are also some local dips and
slight dislocations which do not merit attention in this general
description.
This basin-dip from northeast to southwest, and the reverse, is
more severe on the northeast side, where the distance to the center of
the basin is shorter than on the southwest. The latter dip commences near Chattanooga, perhaps some miles northeast, and obtains steadily northeastward to the New River center. For want
of accurate borings or other data, it is difficult, if not impossible, to
locate the position of each seam with exactness. In fact, the southwest part of the Upper Measures on Crooked Pork basin, in Morgan
County, may be said to be absolutely unknown. The opposite, or
northeast extreme, has been explored a little, it having been my duty
and pleasure to give it a slight study in the interests of a company
owning a large area of land. The examination has not yet been
carried to that perfection I desired; nevertheless, much has been
ascertained of a region previously almost unknown, and of the strata
it contained.
To facilitate this description I shall take as a base-line on the
northeast the Knoxville and Ohio Railroad, and the line of a survey
from Lansing, on the Cincinnati Southern, to Poplar Creek, as a
base for the southwest. The east section has no surveyed line that
can be used. It is bounded by the valley at the foot of Walden's
Ridge.
The elevation of the railroad at Coal Creek, mile-post 30 from
Knoxville, is 938 feet; eight miles farther, at Careyville, the elevation is 1128 feet. At this point the railroad takes the course of the
great Cove Creek fault. Fork Mountain is on the right, and the
Cumberland water-divide, with its regular strata, is on the left.
The course, as heretofore stated, is N. 3?° W. Nearly eleven miles
farther, at the summit, just south of the southern portal of Elk Gap
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tunnel, the elevation is 1500 feet, and the top of the Gap above is
160 feet higher. On the right or northeast of the summit, the Fork
Mountain fault, or fold, where Fine Mountain commences, is
700 feet higher; and the highest summit of the Cumberland, immediately on the west, is 1010 feet higher than the Gap. On the north
side of the tunnel, there is a great depression and a valley more than
250 feet lower than water-level on the south side is there found. In
this valley the Upper Silurian limestones and Clinton shales and
iron-ores form the base, while the mountain limestone, capped by the
Seral conglomerate, makes Pine Mountain, on the southeast. The
mountains on the northwest rapidly fall in height and contain only
the Lower Measure coals. The railroad hugs the side of Pine Mountain, and almost makes a right-angle as it leaves the tunnel, falling
rapidly in its course until, at the 55th mile-post, the elevation of
Careyville is reached. This valley has a general course of N. 25° E.
and S. 25° W., and Pine Mountain and the Jellico Mountain (as the
northwestern part of the Cumberland is here called) both confirm
to that course. The railroad makes a sharp turn to the east, follows
close to the side of Pine Mountain, and descending rapidly at the
55th mile-post reaches the valley level, which is 1129 feet above the
sea. It is thus seen that in 18 miles the railroad has risen about
430 feet and has dropped back to the same level; but this course of
the railroad does not represent the strata-level or that of the surface.
The great drop of the strata north of Elk Gap is distant 11 miles
from Careyville, and a seam of coal there above water-level is, at
Careyville, just below.
Though somewhat out of the present line of discussion, I may
here state that Elk Valley has usually been thought to be a continuation of the Sequatchie Valley field. It is apparently in the same
course, and may have been due to the same causes; but I have not
been able to trace in the Intermediate coal-field any sign of the action
of the upheaval. The characteristics of the two valleys differ greatly ;
and the coal-field to the southeast of Pine Mountain is entirely different from that to the east of Sequatchie Valley, and that on the
west of Elk Valley bears none of the characteristics of that west of
Sequatchie Valley. But this may be due to the fact that in the
Walnut Mountain coal-field, that southeast of Elk Valley, and
also immediately west of Elk Valley, there " were great downthrows, while such action was slight, east and west of Sequatchie
Valley.
Plate III, Fig. 2, shows a section through Elk Gap. Practi-

THE UPPER MEASURE COAL-FIELD OF TENNESSEE.

299

cally the Upper Measure coals cease north of Elk Gap, near which
point the water-divide again takes its northeast course. In the
higher peaks of the Jellico Mountain range some of them may
exist over small areas, but the northwest rise soon makes them disappear.
On the southwest boundary there is no constructed line of road
as a guide of elevations, but enough is known from the coal-mine
branch of the Walden's Ridge Railroad on Poplar Creek to show
that, from an elevation of about 900 feet at that point to a locality in
the Crooked Fork Valley eight miles distant, a coal-seam has risen
about 350 feet. So little has been done in this Crooked Fork
division of the Upper Measures, a ad so little is known concerning it,
that sections and illustrations cannot be taken from it. Its proximity to the Cincinnati Southern Railway, coupled with the fact that
routes to that great trunk-line will be ail down-grade, must draw the
attention of capitalists to it in the near future.
It is estimated that there are eighteen seams of coal in the Upper
Measures. I am sure that there are more; but my explorations
having been made to give the stockholders some idea of the value of
their property, rather than for scientific research, seams of apparently
small importance and those not appearing on the lands examined
were neglected.
The coals of the Lower Measures do not show above water-level
anywhere on the eastern sides of the Upper Measure area, except in
the inclined strata of Walden's Ridge; neither do any of the smaller
and lower seams of the Upper Measures. One of these is in the
bottom of the creek at Coal Creek and at Poplar Creek. The first
seam, therefore, which is to be noted is the seam now worked at Coal
Creek, which I have assumed to be the equivalent of Coal H of the
Pennsylvania series. At Coal Creek, in front of the Gap, at the
Coal Creek Mining Company's and Knoxville Iron Company's
Mines, this seam is about 950 feet above sea-level. There is a slight
local rise to the northwest. I should have stated that between
Walden's Ridge and the horizontal strata a series of creeks run from
both directions, and at the water-divides of these creeks there is a
rise of the strata.
At Carey ville, this seam H of Coal Creek is 1140 feet above sealevel. It again appears near Buckeye Station, pitched at a steep
angle, and evidently sinks under the strata to the west. It is found
on the tributaries of New River, on the west of the divide. On
the western side of the Walnut Mountain field, about two miles
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from the Knoxville and Ohio Railroad, it is found dipping to the
northeast at the rate of about one foot in twenty, and, at its outcrop,
is about 1575 feet above sea-level. This change of dip, in a straight
line of two miles or less from southwest to northeast, gives some
idea of the great drop which has occurred on the southeast side of
the fault, and the corresponding elevation of the southwest side of
the Walnut Mountain field.
As previously stated, the general surface of the country rises from
Careyville to Elk Gap. So, likewise, do the coal-seams ; but their rise
is not so great as that of the country level. A seam of coal, which
outcrops on the north side of Elk Gap and is cut through in the tunnel at that point, dips southeast at the rate of one foot in twenty ;
but this is due to the influence of the fault which formed Elk Valley, and the dip is not maintained ; for the same coal, a mile southeast, has not fallen over GO feet.
Seam H, as I term it, of Coal Creek, is, at Careyville, 1140 feet
above the sea. If maintaining a level, this seam would, therefore,
be 340 feet below the horizontal measures, west of the fault at Buckeye
Station ; but there is every assurance that it is not so deep there; and
ts supposed outcroppings exist at a level on the Elk Valley side which
loes not indicate any such depth. The section, Plate II, Fig. 2,
hows the position of the coals on the Elk Valley side and their dip,
and gives some idea of the contour of the mountain. Immediately
t the head of Elk Valley, the mountains are high enough to take
n most of the Upper Measure coals, but, for some distance southast, a number of the higher seams are cut out, until nearing Careyville, the whole mountain range attains its greatest elevation, and
irries all the seams known to the Tennessee coal-field. The highest
eak of this water-divide range I have named Mt. Safford, after the
gentleman who was for so long a time the faithful geologist of the
'ate of Tennessee. It reaches an elevation of 3400 feet above seavel, or about 2300 feet above Careyville. It is the highest point
'the Cumberland range which can be seen from the railroad, and,
I am correct in my classification, it contains, from the seam below
??ter-level at Careyville to its top, Upper Measures fully 2400
et in thickness. In this area, I have determined eight seams of
al, having a thickness of three feet and over, and I am sure that
lers exist above. At Coal Creek, Professor Bradley estimated
fen seams, over two and a half feet in thickness ; but there are a
number the thickness of which he did not determine. Also, he has
o seams, ten feet apart, of which he gives to the lower two and a
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half fret, and to the upper three feet thickness. The seams which
I have found, and identify as the same, are twenty feet apart, and
the lower is five feet thick, the upper three and a half feet.
From Carey ville up to the top of Mt. Safford, I form a section as
follows:
No. 2.—Coal H outcrops, west of the fault, at about the railroad
level, and within 200 yards of the track. Below, it is a mass of shales,
with a large quantity of slate and nodular clay-iron-stone. The floor
of this coal is two feet of slaty cannel in blocks, containing numerous
impressions of Stigmaria. The seam dips rapidly for a short distance, and then comes to a level, The coal is of excellent quality.
It was worked for some time, and then abandoned on account of
the numerous disturbances of the seam. Farther away from the
great fault, it would undoubtedly be regular. Thickness, four to
four and a half feet.
No. 3.—Coal I, about thirty feet above, is only from one and a
half to two feet thick, but yields an excellent coal. Above is a
heavy mass of sandstones, forming the picturesque cliffs to be seen
from the railroad station at Careyville. In them there is a coalseam.
No. 4.—Coal J is only a few feet above the cliff, and about 375
to 380 feet above seam H. Where opened, it is a cannel coal
of great excellence. About two to two and a half feet thick.
No. 5.—Coal K is immediately at the base of a heavy cliff of
sandstones. This seam as opened at Careyville, and a great deal
of money was unwisely expended in working it. It is from three
and a half to four feet thick, and has a band of sandstone in the
middle, which, while sometimes becoming thinner, never leaves it,
throughout the exposure made by an entry 1200 feet long. This
seam is 480 feet above H. Above is a cliff of sandstones, and still
higher are shales.
No. 6.—Coal L,-the next seam noted, is just above a heavy cliff,
about 300 feet above No. 5, and hence about 800 feet above H. It
was opened by me at several points, yields an excellent and rich
bituminous coal, mining out in long, board-like pieces, and burning
freely to a small quantity of ash. It is thirty-four inches thick near
the outcrop. The floor is hard fire-clay, and the roof black slate, so
far as developments have shown.
Above this coal is an interval of shales, in which are no massive
sandstones. This interval is 300 to 350 feet thick. In it are:
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No. 7.—Coal M, four and a half to five feet thick, and twenty
feet above,
No. 8.—Coal N, three and a half feet thick, and 100 feet above,
No. 9.—Coal O, three feet thick. Then 100 feet higher, just
below a cliff of sandstone, in layers, is
No. 10. Coal P.—This coal is from five to six feet thick. It has
a floor of slate, two or three inches thick, underlaid with fire-clay.
The roof is a black slate. This is a rich bituminous coal, but of
cubical structure. It looks as if it would make a good coke.
No. 11.—Coal Q. is 130 feet above, the intermediate strata being
mass of thin sandstones. This coal is, in all, four and a half feet
thick, the lower part being two and a half feet of cannel-slate, which
burns readily to a white ash, and the upper part two feet of excellent bituminous coal, breaking into small cubes.
No. 12.—Coal R is seventy feet above, sandstones and slates
forming the interval. It is a rich, bituminous coal, mining out in
blocks, and is three and a half to four feet thick. Above is a massive sandstone cliff.
Nos. 13 and 14 have been noted by their outcrops, and some
slight prospecting work.
This is an actual section up the mountain, and of coals opened,
not guessed at. It has not been made by jumping to and fro over
an area of ten or more miles. In this section and classification,
no note has been taken of a number of coal-seams, only a few
inches in thickness. Of the seams above noted, No. 1 is about 150
feet below water-level over a large part of the field ; No. 2 (H) is
workable above water-level at Careyville, at Coal Creek, Poplar
Creek, and on Crooked Fork, but from Careyville to Elk Gap, it
can only be worked by shafts. All the others are everywhere above
water-level, and can be worked by horizontal entries. It will be
seen from the section that there are nine seams of coal, aggregating
a thickness of over thirty-five feet, and each seam of a thickness to
be worked with profit. Some of these seams are high up in the
mountains; but the contour of the range is such that all can be
economically worked by inclines, and there is no point where advantageously located entries could not be placed within one and a half
miles of the Knoxville and Ohio Railroad. As previously stated,
the Crooked Fork division can only be reached by roads yet to be
built.
It remains yet a question whether, in any part of this great area
of coals, there exists any seam which will make a first-class coke.
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It was my opinion, from its physical structure and from experiments in open fires, that Coal P, Xo. 10, would make such a coke.
Hence, two barrels of it were sent to Prof. A. S. McCreath for
analysis. The coal sent was a through cut from top to bottom of
the seam, and no "picking" was clone. It was a true sample, and
really not as good as would have been mined in regular work. In
one of the partings of the seam "sulphur balls" occur, and the
miner, to whom the work was entrusted, did not take either these
or the slate-parting out from the coal. In mining, both could easily
be separated. In a note attached to his analysis, Professor McCreath
states this fact. His analysis is as follows:
Moisture ....................................................................................
Volatile hydrocarbons, .............................................................
Fixed carbon,............................................................................
Sulphur,.....................................................................................
Ash, ...........................................................................................
Phosphorus ................................................................................
Color of ash, pinkish-gray.
Coke, per cent., .........................................................................

1.268
39,0-23
48.229
3.205
8.275
0.020
58.850

The coke made contained :
Carbon........................................................................................ 82.653
Sulphur,. ................................................................................... 3.163
Ash ............................................................................................14.181
Phosphorus) ....................................................................................... 034

He says: "The physical character of the coke is fair, although it
may prove rather spongy, and weak for use in large furnaces ; but
chemically, it carries an excessive amount of both sulphur and ash.
The sulphur exists in the coal for the most part as iron pyrites,
sometimes in masses a quarter of an inch in thickness. Its general
occurrence is such as to lead to the impression that it may be present
in the form of a 'sulphur-binder,' near either the roof or floor of
the coal-bed. Much of the coal is comparatively free from sulphur.
A different sampling of the coal-bed might, therefore, result in locating the excessive amount of iron pyrites in a particular part or
bench of the bed, which could be rejected in mining operations.
This would not only eliminate a large portion of the sulphur but it
would materiall affect the percentage of ash ; for, assuming all of
the sulphur to be present in the form of iron pyrites, nearly one-half
of the ash must consist of oxide of iron, resulting from the iron
pyrites."
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His remarks as to the sampling mid the position of the iron pyrites are correct. For reasons of their own, the owners of the land
from which this sample was taken, have not pursued the matter
farther. But it is my opinion that any coal, which will produce a
good coke, must be looked for among the lower seams, the evident
tendency of the coals, as they go upward, being to increase in volatile matter. Coal R, Xo. 12 of the section, is very rich in bituminous
matter, and has not the slighest trace of sulphur. It burns up
without clinker, and leaves an almost snow-white ash. It is very
near a cannel coal. A seam, about 300 feet higher, slightly opened
appears to be part caunel.
The great need of the South is a coal which will make a firstclass coke. So far no exploration has discovered it, and many such
announcements put out with confidence and great expectations have
come to nothing. So far as Tennessee is to be taken into account,
such coal has not been discovered; and the only apparent possibility
of producing such a result is from the seam now worked at Poplar
Creek and at Coal Creek^ and formerly worked at Carey ville, which
appears, but has not been worked, in the tipper Elk Fork region,
and which has been designated as seam H, assuming that it is the
equivalent of the Pittsburgh seam. No coke worth noting has ever
been made from this coal, except at Poplar Creek. The manufacture
there was roughly conducted, and the results of its workings in an
illy-constructed furnace were not properly noted; yet it is the testimony of competent judges who saw it that the article approached
nearer to standard Connellsvile coke in physical structure than any
coke made from any other coal yet discovered in the South.
The following are analyses of the coal from seam H, at Poplar
Creek. The phosphorus was not determined in either case.
I.

Coal,
Moisture,..................................................... 1.92
Volatile matter, .
.
.
.
.
39.2-5
Fixed carbon,............................................ 57.67
Ash............................................................... .1.48
Sulphur, ......................................................0.445

II-

Coke.
0.27
O.f-5
90.06
8.76
1.643

Coal.
1.24
39.83
56.12
2.85

I.—Chemists, Potter and Riggs, St. Louis.
II.—Chemists, Regis Chanvenet & Brother, St. Louis.
These gentlemen also report that this coal will yield 58.93 per cent, coke, containing fixed carbon, 95.24, and
ash, 4.76.

This coal, like Coal P, has a proportion of volatile matter in excess of that which, it is generally assumed, should exist in coal to
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make good coke, but that an excellent quality of coke was made
from it, is a practical fact.
The Upper Measure coal-field of Tennessee, at all events, presents
a series of seams, one above the other, containing a vast amount of
fuel, valuable for domestic, steam and gas purposes, and so situated
that it is now, and will become more and more, accessible to easy
and cheap transportation. Bounded on the east and west by two
great trunk lines of railroad, both of which reach Louisville and
Cincinnati on the north, and the Atlantic and the Gulf on the south,
the resources of this region cannot long remain unnoted by the capitalist and the careful explorer, and the wealth which I have merely
sketched will, at no distant day, be fully made known.
I have endeavored to explain the peculiarities of the Tennessee coalfield: the remarkable depression of the strata from the northwest to
the southeast, and the great outlying wall of rocksupheaved through
that slow depression ; the series of seams piled one directly over another,
from beneath water-level to the top of high mountains; and the
grand fault which has brought up almost amidst the coal great
quantities of iron-ore and limestone. Any one of the workable
seams of this coal-field would afford a large supply of fuel, but,
when it is seen that there are not less than nine seams, over three
feet thick, underlying thousands of acres, the amount of available
fuel becomes enormous. More than 1,500,000 tons have been taken
from the one seam worked at Coal Creek, yet not over 200 acres has
been worked out. And above this seam there are, in the Upper
Measures, at least three of equal or greater thickness. Counting
them alone, if their area is assumed to be only 100,000 acres, they
would afford a yield of 2,400,000,000 tons. This calculation omits
all seams under four feet thick, and all of the Lower Measure seams.
Yet, of the latter, the Sewanee seam underlies at least four times
the area of any other seam, and has a general usefulness unsurpassed by any other.

VOL.XIV._20

PROCEEDINGS
OF THE

XLIIId (HALIFAX) MEETING.
SEPTEMBER, 1SS5.

PROCEEDINGS OF THE FORTY-TBIBD MEETIKG, HALIFAX,
NOVA SCOTIA, SEPTEMBER, 1885.
COMMITTEES.
Local Executive Committee,

* G. Jamme, Esq., Londonderry Iron Works, Chairman.; M. B. Daily, Esq., M.P.,
Halifax, Vise-Chairman; E. Gilpin, Jr., F.G.S-, F.E S.C., Inspector of Mines,
Halifax, Secretary and Treasurer; *R. G. Leckie, Springhill; Sanford Fleming,
C.B., Halifax; *T. S. Hunt, F.R.S,, LL.D.. Montreal; B. B. Barnhill, Joggins
Mines; *J, T. Burchell, Glace Bay; *J. G. Rutherford, Stellarton; * H. A.
DeCamp, Yarmouth; *J. Hardman, Oldham; *J. S. McLennan, Sydney;
Professor George Lawson, Ph.D., Halifax.
Those marked * are members of the Institute.
General Committee.

Sir Adams G. Archibald, K.C.M.G., Chairman; the Honorable Provincial Secretary; members of the Executive Council; members of the Legislative Council
and Assembly; Nova Scotia members of the Dominion Senate and House of Commons; members of the Coal Managers' Associations of Picton and Cape Breton; the
Wardens of Cape Breton, Pictou, Cumberland, and Hants; United States Consul
Phelan, Major-General Laurie, Messrs. J. S. Maclean, S. H. Holmes, Charles
Annand, D. McPherson, Professor Lawson, E. Gilpin, Jr., Professor Fraser, P.
Innes, E. W. Dimock (Windsor), A. A. Hayward (Renfrew), J. W. Carmichael
(New Glasgow), Graham Fraser (New- Glasgow), W. G. Matheson (New Glasgow),
G. Jamme (Londonderry), J. W. McDonald (Londonderry), D. McGillivray (Syd?), J. E. Burchell (Sydney), S. MacDonnell (Port Hood), C. E. Brown (Yarmouth), P. McNaughton (Joggins).
Citizens' Committee.

Mayor Mackint ? Chairman; F. C. Sumichrast, Secretary; Aldermen T. Spelman, J. E Wilsoi ? phen, G. McLellan. H. F. Worrall; Sir William Young,
Chief Justice McL ? ? Hon. Provincial Secretary, the Commissioner of Mines,
. Hon. J. W. Longle ? . Hon. Attorney-General, Senator Power, Hon. Robert Boak,
Hon. James Butle. ? .on. W. J. Stairs, M. B. Daly, M.P., Professor Lawson, Principal Forrest, Dr.'..? arker, Rev. D. Honeyman, Rev. Dr. Burns, John Kelly, Dep.
Com. of Mines, E. H. Keating, M. Murphy (Prov. Eng'r), M. Bowman, Hon. A. G.
Jones, Adam Burns, John Doull, H. H. Fuller, T. E. Kenny, W. Lawson, Charles
Annand, George Mitchell, W. C. Silver, J. E. Lithgow, H. W. Blackadar, S. H.
Holmes, F. B. Crofton, W. Roche, Jr., J. P. Mott, James Thomson, J. J. Stewart, F.
C. Elliot, Peter Jack, E. Gilpin, Jr., S. D. McDonald, Rod. Maedonald, C. A. Stewart,
W. McKerron, F. C. Stevens, D. McPherson, G. Francklyn, J. E. Handman, H. W. Johnson, R. Motion, Dr. Somers, W. Gossip, G. J. Dustan.
Sub-Committees.

Finance Committee.—J'. F. Stairs, M.P., Chairman; Brooks Chipman, Hon. W.
Boss, W. L, Lowell, J. S. Maclean, S. M. Brookfield, C. A. Stayner.

310

PROCEEDINGS OF THE HALIFAX MEETING.

Reception Committee.—M. J. Power, M.P.P., Chairman; Professor McGregor
Colonel Ackers, R.E., M. P. Daly, M.P., Sheriff Archibald, Alderman
McInnes,' Hon. J. W. Longley, M.P.P.
Dinner Committee.—T. E. Kenny, Chairman ; S. PI. Holmes, Alderman Pearson,
H. H. Fuller, E. Farrell, M.D., A. Burns, John Doull, L. G. Power, Alderman
McInnes.

Headquarters were at the Halifax Hotel.
The first session was held on Wednesday, September 16th, at 10
A.M., in the hall of the Council, Province Building.
The meeting was called to order by Mr. G. Jamme, chairman of
the local Executive Committee, who briefly welcomed the Institute
to Halifax, in the name of the resident members. At the close of
his remarks, Mr. Jamme introduced Sir Adams G. Archibald, chairman of the General Committee, who spoke as follows:
Gentlemen of the American Institute of Mining Engineers: I consider myself very fortunate in having the privilege of bidding you
welcome to the Province, a privilege incident to my position
as chairman of the provincial committee appointed in reference to
your reception. I avail myself of this privilege, and now, on
behalf of the whole people of ?ova Scotia, tender you a cordial
welcome.
We are greatly gratified that the Institute should have done us
the honor to appoint a meeting in this Province, and we are delighted to see so many of its members present on this occasion.
We welcome you on various grounds. If you had come on the
visit merely as citizens of a friendly country we should have been
delighted to see you. . You are connected with us ,by many ties,
the ties of a common lineage and a common language, a common
literature and common traditions. You are sharers with us and the
parent country in common political and judicial institutions, and in
a fulness of freedom such as exists nowhere else in the world. Had
you come, therefore, with these claims only on us, we should have
been delighted with the opportunity of showing the gratification
your visit would confer. You come, indeed, with all these claims
on our regard, but you have others still. We welcome you on these
grounds, but we welcome you also, some of you as representatives
of great industries in your own country, others as men of special skill
and science, who have made your names household words
everywhere. All of you we welcome as connected with a profession which has clone more, perhaps, than any other to p??
improvements in the material condition of the world.
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It has been the task of that profession to grope in the bowels of
the earth for the treasures that nature has hidden there: to clear
them from the dross with which they are associated, to purify and
prepare them for the use and comfort of man. You have had to
organize inert matter, to put it into shapes and forms by which it
could be utilized—so as first to create, and then to direct, a motive
power—and thus making matter the slave of mind, to perform
prodigies of power and endurance and speed which have revolutionized the world. We welcome you, therefore, as gentlemen connected with this great profession.
But besides all this, we have an arrière pensée not quite unselfish.
We know that your visit will give us pleasure. May we be pardoned for entertaining the idea that it may also profit us in the
result?
We claim in this Province to be possessed of large mineral
treasures. I do not refer to the gold and the silver, the royal minerals, because whether we have them or not is a matter of comparatively small importance to our country. But as regards those
minerals which everywhere form the basis of national prosperity,
those which are of ahsolute necessity and universal use—iron and
coal—these we have unquestionably in great abundance and of excellent quality. But there are other minerals scattered over the
length and breadth of the Province; not, indeed, of such commanding interest, but valuable enough to form important elements in our
future prosperity. Of son of these you will soon, I trust, have
an opportunity of judging from personal inspection, and it will give
us great pleasure to facilitate r movements in any direction in
the line of your inquiries.
Perhaps it might not be out of place to give you, or those of you
whose researches may not have been directed in this way, some
general idea of the position in which our mines and minerals stand,
how property in them can be acquired, and by what title it is held.
I do not propose to enter largely into the question. The story is a
long one. But it need not all be told. All that is required can be
said in a few words. The story is worth a passing notice, if only
to remind our people of the great gulf there is between the ideas of
colonial government which obtained in England as late as sixty
years ago, and those which prevail now ; if only to show how utterly
dead and buried, how deservedly dead and buried, are the old ideas
of dealing with outlying provinces. Of course, a transaction of the
kind I am about to glance at could not occur in our altered political
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condition, but with the ideas of the present age it would be equally
impossible even if our condition had remained unchanged. At
this moment we have as entire a control over our local affairs as if
the Dominion were a republic and the governor-general its president.
First, then, a word or two of history. Yon are all sufficiently
familiar with the history of England at the beginning of this century
to know that good old George III. had not a very reputable family
of sons. He was himself the most frugal, the most honest and the
most conscientious of sovereigns, even if the most obstinate and selfwilled. Yet, notwithstanding his frugality, he wasted millions on millions on war. His obstinacy cost England the thirteen States which
formed the nucleus of your great country. His narrow and rigid
treatment of his sons in endeavoring to bring them up religiously,
to train them to habits of prudence and economy, to fit them for the
high positions they might be called to fill, inspired though it was by
the conscientious desire to do his duty as a sovereign and a father,
only drove them into antagonism to himself—into dissipation, extravagance, and embarrassment. It made them spendthrifts, one and all.
At last, the good old man was gathered to his fathers, and his son
George reigned in his stead. The new sovereign, while Prince of ,
Wales, was habitually over head and ears in debt. Time and again
the nation had stepped in and relieved him. But parliament very
naturally was willing to do for the heir-apparent more than for the
other brothers. Among these perhaps, the most extravagant was
the Duke of York. He had managed to incur a frightful amount
of debt. His creditors, after waiting long, became impatient, and,
when George IV. had been some six years on the throne, menacing.
It was during the premi? ship of the Earl of Liverpool, ???ds the
close of the long administration of which that nobleman was the
head. The creditors applied to the earl. The duke was sick, the
creditors pressing—what was to be done? The minister dared notgo to parliament. He had been there too often before on similar
errands. The sovereign himself was not anxious to have the application made. He had had enough difficulty of his own. He had
no mind for the renewal of unpleasant discussions. Then a notable
scheme was devised. The creditors of the duke saw that he was
dying. If anything was to be clone, it must be done quickly. If
it could not be done at the expense of England, why not do it at the
expense of some far-away province? The rights of the duke's creditors, of the men who had sold to him and his household wines and
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diamonds and groceries at extortionate prices, were sacred. What
mattered it about the rights of a people far off beyond the great
ocean? Accordingly, the sovereign was advised to pay the duke's
wine-merchants and jewellers and grocers by a grant to him, which
he might sell them, of all the mines and minerals of the province
of Nova Scotia. The advice was acted upon, not any too soon. The
grant, passed on the 26th August, 1826, was transferred to the
creditors on the 12th September, and within four months thereafter
the duke was in his grave.
By this stroke of business, the duke's creditors realized §600,000.
By it the whole of our mines and minerals were disposed of in one
fell swoop; not the royal metals only, the gold and the silver; not
the important minerals only, such as iron, copper, coal, lead and tin ;
but everything that was in the soil except the soil itself. The limestone, slate-stone, slate-rock, gypsum, and even the clay itself, became, from that moment, the property of the gentlemen who had
suggested to the sovereign this " new way of paying old debts."
But the ???- question how far the grant extended. It purported to co.???. mines of Nova Scotia ; but what did the words
" Nova Scotia ??.mean ? Cape Breton had been for forty years or
thereabouts a separate province. In 1820 it was annexed to Nova
Scotia. It was unquestionably a part of Nova Scotia for purposes
of government, but was it so when it was a question not of government but of local description ? The crown officers were appealed
to, and they decided that the grant did not extend to Cape Breton.
What then ? The General Mining Association were at headquarters.
They had ready access to the colonial office; and another brother of
the Duke of York, who had ascended the throne in the meantime,
was advised to extend the lease by including the mines of Cape
Breton in express words.
For thirty years the mining question a battle-ground. The
combatants were the Legislature of Nova Scotia, the General Mining
Association and the Colonial Office. The lease was for sixty years,
and half its term had expired before the slightest approximation to
an arrangement was made. At length, in 1857, the House of Assembly sent two delegates to England to see what could be done. They
went over, spent several months in negotiating an arrangement, and
finally returned with a provisional agreement they had made, subject only to the approval of the Legislature. , The agreement was
duly submitted to that body and ratified, and thenceforth the mining
question was at rest.
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By the arrangement so concluded, the Association gave up all
claim to any minerals included in their lease, except only coal, and
they gave up all the coal except what was within certain defined
limits, of small extent, but large enough to last them much longer
than their term. Then the Legislature stepped in, and by statute
vested in the owners of lands all the baser minerals, all indeed except gold and silver, lead, copper and coal, tin and precious stones.
"Whoever, therefore, now owns, or shall hereafter own, the soil in
any part of Nova Scotia, owns also all the minerals except those
just named, which belong to the crown, or rather to the Province,
for whose benefit they are reserved. Under this agreement, mines
have been opened in every part of the Province. There are collieries
actually worked in six of the eighteen counties into which the Province is divided. Gold-mines have been opened in twelve proclaimed
districts in six counties, and in other districts not proclaimed in other
counties. Already, over one hundred, coal-leases have passed the
great seal, and the leases of gold-mines are innumerable. The royalties reserved are 10 cents a ton on coal; iron, 3 cents a ton on the
ore; gold, 2 per cent., and all other minerals 5 percent. These
royalties go to form a fund for the support of the local government,
which derives, in one way or another, over §100,000 a year from
this source.
While the freeing of our mines from the monopoly of the Association gave an immense impulse to them, the fiscal policy which the
United States have adopted, has tended to retard the development
of our coal-interests. From 1854 to 1866 our coal was admitted
into the United States free of duty. Before the reciprocity treaty
was repealed, two-thirds of our entire sales were made to that country. After that, the States imposed a duty of §1.25 per ton. This
soon reduced our exportation to that country. The trade in six
years dwindled from 2/3 to 3/5 of our whole sales. Then the duty was
reduced to 75 cents. But the trade continued to dwindle, till in
1884, instead of being 2/3, it fell to 1/20 of our entire sales. But in the
meantime our total sales, notwithstanding the reduction in, or rather
the extinction of, the sales to the United States, have gone on increasing from year to year, and last year we sold well on to 500,000
tons more than we did when our trade with the States was in the
most flourishing condition. It would seem, therefore, that our coal
trade is not dependent on the United States market. But when the
time comes, as doubtless it will, when the laws of nature prevail,
when they cease to be. overridden by fiscal restrictions, and the trade
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is allowed to flow in its proper natural channels, it will be found that
the opening of American markets to provincial products will not
only greatly extend our industries, but will add to the comfort and
convenience of the large classes in the neighboring country to whom
cheap fuel, cheap light and cheap mechanical power are blessings.
But I have said enough—perhaps more than enough—on the subject to which I have directed your attention. It now only remains
for me to close my remarks by saying again that we extend to you
the heartiest welcome in our power to give.
After the applause which greeted the address had subsided. Mr.
Jamme introduced Hon. J. C. Mackintosh, Mayor of Halifax, who
extended the welcome of the city, as follows :
After the eloquent and interesting address of Sir Adams G. Archibald on the political history of the mining industry of Nova Scotia,
and seeing that he has bidden you welcome to our Province and city,
and thus taken that part of my pleasing duty on his own shoulders,
it would be the correct thing for me merely to repeat the word " welcome."
I would, however, say a sentence or two to show our appreciation
of the honor conferred on our city by the visit of the Institute. In
speaking of the bottles of the past for freedom to our mining industry, Sir Adams ??? ibald has not done himself justice, as the
greater share of ???.,or is due to him for his exertions in and out
of the Legislature in Nova Scotia and Great Britain, and his noble
fight against the old monopoly has earned for him the gratitude of
his fellow-countrymen.
Most of you have come a long way from your homes, away down
East, but we trust you will er??y your visit, and I have no doubt
the result will be both benefitabal and profitable to you. Some of
our good friends were afraid c the disease now raging in Montreal,
and though I know to talk of smallpox in the presence of Dr. Hunt
is to him as unwelcome as to speak of fog to a St. John gentleman,
who is also present, yet I merely mention this to say that no epidemic disease can attack Halifax. Our city is away out on the
Atlantic Ocean, and is so ventilated and swept by the breezes and
gales of that great ocean that no epidemic can touch us.
We have l i t t l e if any sickness, and in fact, the greater number of
our people die of old age. Visitors are attacked with consumption
in this cool, bracing climate, but it is not a consumption of vitals, but
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one which attacks hotel dinner-tables, and which is rather enjoyable
than otherwise.
In looking over the book prepared by the secretary I would note
just a few points on which to say a word or two. The statement
that the output of the mines of the United States was last year the
enormous amount of §413,000,000 is calculated to fill one with
wonder, and coupled with the knowledge that hundreds of millions
are invested in the mining industry, and that the lives of hundreds
of thousands of miners are confided to your care and skill, it exalts
our estimate of the value and importance of the Institute of Mining
Engineers, which educates its members and enables them to discharge the duties of their calling with skill and ability. You speak
and write of hundreds of millions in connection with your mining
industry; but we are a small country, and still can speak of millions. We raised nearly 1,500,000 tons of coal, and our mines since
their opening have raised 22,000,000 tons. Our gold, so far, would
amount to upward of §7,000,000. Taking our population into account, our percentage last year in coal and gold is equal to that of
the United States. Americans like to talk of big things. Well,
Halifax has one of the biggest things in its line in the world; for
Mr. Gilpin's statement of the gypsum quarries of Windsor is that
they are the largest in the world. You can verify this by a couple
of hours in Windsor any afternoon. We have also the finest harbor
in the world, which we will prove to you this afternoon ; and also
one of the finest climates in the world, as witness this beautiful
weather we are now enjoying.
If I savor a little of spread-eagleism, please put it down to the
fact that my mother was born in Boston !
I would again, in the name of the citizens of Halifax, give you a
cordial welcome.
President Bayles responded as follows:
On behalf of the American Institute of Mining Engineers, I
have great pleasure in expressing the obligation of the visiting
membership for the very cordial and eloquent words in which we
have been welcomed to Nova Scotia.
If we came here feeling that we were strangers in a strange land,
there is little probability that we shall be permitted to retain that
feeling—still less that we shall desire to. Wherever the spirit of
progress and development has made itself felt, there the engineer
will always find himself at home. For him home has ceased to be
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what Prince Metternich once said Italy had become—"a mere geographical
designation." Give him something: to do worthy of his skill and ambition,
and, even though it be in the uttermost parts of the earth, there is home for
him. I do not, of course, mean to intimate that I consider Nova Scotia one
of the uttermost parts of the earth—though whether it is or not depends,
obviously, upon where one fixes his geographical center.
But, whatever our assurance of a pleasant and profitable visit, we must
confess that we are amid as yet unfamiliar surroundings, knowing very
little of the country or its resources, and I cannot hope to frame a
response to the addresses of welcome which, like them, shall be both
entertaining and instructive. On behalf of the membership I can only say
that we have come to learn, and that our receptivity for knowledge is
unlimited. That we shall see much of professional interest we are well
assured. The gold-bearing quartz veins of the great area of Cambrian
rocks on the eastern slope of your peninsula do not, I believe, show any
bonanzas, but I am informed that they offer satisfactory inducements for
legitimate mining. Of your widely-distributed and valuable deposits of
iron ore we shall probably see but little; but from Mr. Gilpin's excellent report
for 1880 we may gain much exact and valuable information, especially if we
are favored by a chance to see the ore-piles at Londonderry. Of your coals,
those which will probably have for us the most interest are the ones
possessing most good coking qualities. An impression prevails across the
border, even among well-informed ironmasters of the Eastern and Middle
States, that Nova Scotia produces no coking coals in quantities great
enough to give them an industrial importance. On this point I find that we
are misinformed. Mr. Gilpin assures me that in Cumberland County the
Spring Hill mines yield a very fair coke, low in sulphur and carrying only
about 12 per cent, of ash. In Pictou County the Albion and International
coals yield a good firm coke with 14 to 15 per cent, of ash. In Cape
Breton County there are several beds of coal from which satisfactory coke
can be made with 7 to 10 per cent, of ash. Coals from the Sydney,
International and Glace Bay mines are all coking coals. The best results
thus far obtained in coking them could probably be much improved by a
better preparation of the coal for the ovens, but my information leads me to
believe that their present average is better than the average of Alabama and
Tennessee cokes. When we consider how much cheap coke is needed in
New England and the Middle States, and what possibili-
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ties of cheap iron and steel production they suggest, even a consistent
advocate of high protective duties might be so far forgetful of his principles
as to wonder whether the free importation of Nova Scotia coke might not be
advantageous. My friends of the Institute will excuse me if I refrain from
venturing any views of my own on this point, but if cheap coke from here,
suitable for use as metallurgical fuel, and bearing only the charges of
shipment in bulk by water, could meet on equal terms the cheap
carbonates and magnetites of the Hudson and Champlain valleys, almost
any one of us would willingly contract to make pig iron at any eligible
point between Sandy Hook and Troy at as low a cost per ton as it can be
delivered there from any competing center of production—domestic or
foreign, near or remote.
Considering the relations which for some years have existed between
the United States and British America, each intrenched behind chevauxde-frise of protective duties, it must be admitted that they are not such as to
furnish much inspiration to the speaker who should be moved to trace what
we have so often heard described as the "manifest destiny " of the two
countries. So far as I can learn, the United States have not as yet suffered
irreparable injury from the restriction of commercial relations with the
Dominion, especially as the border trade has been large and profitable
during most of the time; and, judging from appearances, I should say that
the Dominion has thus far managed to get along very comfortably without
reciprocity. But who shall predict the future? Last winter I saw in
Montreal the wonderful ice palace which made its Carnival memorable.
Skilful architects planned it, calculating its proportions and estimating its
strains as carefully as if each cube of crystal was a cube of granite.
Finished, it rose resplendent, as if hewn "from one entire and perfect
chrysolite." But in a few weeks the warm south wind breathed upon it;
the gentle rain honeycombed its towering battlements; the armies of the
sun were marshalled against it; its stately façade was pierced with silver
arrows, and it sank and disappeared like the unsubstantial fabric of a
vision. And as I looked at it I thought—As with this mimic fortress, so
shall it be with the barriers reared between this country and mine. When the
time comes they, too, will sink and disappear. I know not whether
stronger and closer ties than those of commerce will ever bind us, but I do
not doubt that, together and in the harmony of mutual interests, we shall
realize the prophecy which tells us how—
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"Turning to our mother, England, we shall find
her making boast
Of the great Republic westward, born of strength
that she has lost;
And our Saxon blood shall join us, never to
be
torn apart,
Moving onward to the future, hand in hand
and
heart to heart."

Dr. T. Sterry Hunt, of Montreal, read a Note on the Apatite
Region of Canada, and H. S. Poole, of Stellarton, N. S., a paper
on the Pictou Coal-Field, after which the Institute listened to a
description of the Glacial Phenomena of Nova Scotia and their
Relations and Significance, from Rev. D. Honeyman, of
Halifax.
The second session was held at the same place on Thursday
afternoon, September 17th, when the following papers were read:
The Present Value of Steel Castings, by Arthur Y. Abbott,
New York City.
Topographical Models: their Construction and Uses, by A. E.
Lehman, Philadelphia, Pa.
An Electrical Furnace for Reducing Refractory Ores, by Dr.
T. Sterry Hunt, Montreal.
The Cape Breton Coal-Field, by W. Routledge, Sydney, C.
B. (read by the Secretary).
The following papers were read by title:
The Amalgamation of Gold Ores, and the Loss of Gold in
Chlo-ridizing-Roasting, with Especial Reference to Roasting in a
Stete-feldt Furnace, by Charles A. Stetefeldt, New York City.
Lixiviation and Amalgamation Tests, by F. W. Clark,
Boston, Mass.
The Manufacture of Iron in Canada, by J. H. Bartlett,
Montreal.
The Homogeneity of Open-Hearth Steel, by H. H. Campbell,
Steelton, Pa.
Improvements in Ore-Crushing Machinery, by Stephen R.
Krom, New York City.
Note on a Self-Dumping Water-Tank, by W. Ide Pierce,
Tangier, N. S.
The Estimation of Manganese, Carbon, and Phosphorus in
Iron and Steel, by, Professor Byron W. Cheever, Ann Arbor,
Mich.
E. D. Campbell's Colorimetric Process for Estimating
Phosphorus in Iron and Steel, by Professor Byron W. Cheever,
Ann Arbor, Mich.
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ties of cheap iron and steel production they suggest, even a consistent advocate
of high protective duties might be so far forgetful of his principles as to
wonder whether the free importation of Nova Scotia coke might not be
advantageous. My friends of the Institute will excuse me If I refrain from
venturing any views of my own on this point, but if cheap coke, from here,
suitable for use as metallurgical fuel, and bearing only the charges of
shipment in bulk by water, could meet on equal terms the cheap
carbonates and magnetites of the Hudson and Champlain valleys, almost
any one of us would willingly contract to make pig iron at any eligible
point between Sandy Hook and Troy at as low a cost per ton as it can be
delivered there from any competing center of production—domestic or
foreign, near or remote.
Considering the relations which for some years have existed between
the United States and British America, each intrenched behind chevauxde-frise of protective duties, it must be admitted that they are not such as
to furnish much inspiration to the speaker who should be moved to trace
what we have so often heard described as the " manifest destiny " of the
two countries. So far as I can learn, the United States have not as yet
suffered irreparable injury from the restriction of commercial relations with
the Dominion, especially as the border trade has been large and profitable
during most of the time; and, judging from appearances, I should say that
the Dominion has thus far managed to get along very comfortably without
reciprocity. But who shall predict the future? Last winter I saw in
Montreal the wonderful ice palace which made its Carnival memorable.
Skilful architects planned it, calculating its proportions and estimating its
strains as carefully as if each cube of crystal was a cube of granite.
Finished, it rose resplendent, as if hewn " from one entire and perfect
chrysolite." But in a few weeks the warm south wind breathed upon it; the
gentle rain honeycombed its towering battlements; the armies of the sun
were marshalled against it; its stately façade was pierced with silver
arrows, and it sank and disappeared like the unsubstantial fabric of a
vision. And as I looked at it I thought—As with this mimic fortress, so
shall it be with the barriers reared between this country and mine. When the
time comes they, too, will sink and disappear. I know not whether
stronger and closer ties than those of commerce will ever bind us, but I do
not doubt that, together and in the harmony of mutual interests, we shall
realize the prophecy which tells us how—
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" Turning to our mother, England, we shall find
her making boast Of the great Republic westward, born
of strength
that she has last; And our Saxon Wood shall join us,
never to be
torn apart, Moving onward to the future, band in hand
and
heart to heart."

Dr. T. Sterry Hunt, of Montreal, read a Note on the Apatite Region
of Canada, and H. S. Poole, of Stellarton, N. S., a paper on the Pictou
Coal-Field, after which the Institute listened to a description of the Glacial
Phenomena of Nova Scotia and their Relations and Significance, from
Rev. D. Honeyman, of Halifax.
The second session was held at the same place on Thursday afternoon,
September 17th, when the following papers were read :
. The Present Value of Steel Castings, by Arthur V. Abbott, New York
City.
Topographical Models: their Construction and Uses, by A. E. Lehman,
Philadelphia, Pa.
An Electrical Furnace for Reducing Refractory Ores, by Dr. T. Sterry
Hunt, Montreal.
The Cape Breton Coal-Field, by AY. Routledge, Sydney, C. B. (read
by the Secretary).
The following papers were read by title :
The Amalgamation of Gold Ores, and the Loss of Gold in Chlo-ridizingRoasting, with Especial Reference to Roasting in a Stete-feldt Furnace, by
Charles A. Stetefeldt, New York City.
Lixiviation and Amalgamation Tests, by F. W. Clark, Boston, Mass.
The Manufacture of Iron in Canada, by J. H. Bartlett, Montreal.
The Homogeneity of Open-Hearth Steel, by H. H. Campbell, Steelton,
Pa.
Improvements in Ore-Crushing Machinery, by Stephen R. Krom, New
York City.
Note on a Self-Dumping Water-Tank, by AY. Ide Pierce, Tangier, N.
S.
The Estimation of Manganese, Carbon, and Phosphorus in Iron and
Steel, by. Professor Byron W, Cheever, Ann Arbor, Mich.
E. D. Campbell's Colorimetric Process for Estimating Phosphorus in
Iron and Steel, by Professor Byron W. Cheever, Ann Arbor, Mich. .
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The Product and Exhaustion of the Oil Regions of Pennsylvania and
New York, by C. A. Ashburner, Philadelphia, Pa.
The Contraction of Iron under Sudden Cooling, by H. M. Howe, Boston,
Mas.
The Wolf Benzine-Burning Safety-Lamp, by E. J. Schmitz, Columbia,
S. C.
The Work of the Blast-Furnaces of the North Chicago Rolling-Mill
Company, by Frederick W. Gordon, Philadelphia, Pa.
The Improved Brückner Cylinders, by R. W. Raymond, New York
City.
The Specific Gravity of Low-Carbon Steels, by G. S. Miller, Mingo
Junction, O.
The two following papers, originally read by title at the Chattanooga
meeting, but subsequently withdrawn, were again read by title:
The Distribution and Proportions of American Blast-Furnaces, by
John Birkinbine, Philadelphia, Pa.
Basic Refractory Materials, by Professor T. Egleston, New York City.
The following persons, duly recommended by the Council, were elected
members and associates:
MEMBERS.
Carl Angstrom .......................................... Domnarvet, Sweden.
George H. Babcock .........................................New York City, N. Y.
Edgar G. Barratt, .................................. Chicago, Ill.
William Brückner, ..............................................Marysville, Mont.
Walter H. Bunce ................................... Pueblo, Col.
E. Renshaw Bush, .............................................New York City.
Frederick W. Christie ............................ Bedford Station, N. S.
Charles E. Clapp,..................................... Pittsburgh, Pa.
Victor Deshayes,....................................... Tamaris, Gard, France.
William P. Dewey ................................. San Francisco, Cal.
Mills R. Disosway .................................... West New Brighton, S. I., N. Y.
Walter F. Ferrier .................................. Montreal, P. Q.
Charles R. Fletcher .........................................Boston, Mass.
William Frear .................................................State College, Pa.
William C. Frick .............................................Danville, Pa.
Edwin Gilpin, Jr.,..............................................Halifax, N. S.
A. A. Hayward, ...............................................Renfrew Gold Mines, N. S.
Adolf Heberlein, .................................... Butte City, Mont.
Thomas Hodgson,........................................... Buffalo, N. Y.
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Henry L. Hollis, ............................... Braddock, Pa.
George Lawson, ..............................................Hal ifax , N. S .
W. O. Leutz, ........................................ Mauch Chunk, Pa.
Dennis McCarty, ............................................Tombstone, Arizona.
Samuel McDonald, ...........................................Ben wood, W. Va.
Edward W. Martin, ....................................... N e w Yo r k C i t y, N . Y.
William G. Matheson, .................................. New Glasgow, N. S.
Leverett S. Miller,......................................... Tro y, Ne w Yo rk.
Stephen E. Noble, .................................... Anniston, Ala.
Henry S. Poole, ..............................................Acadia Coal Company, N. S.
Robert M. Raymond, ...................................... Haile Gold Mine, S. C.
Jacob S. Robeson, ......................................... Braddock, Pa,
David S. Robinson, ...................................... Saltsburg, Pa.
Frank A. Ross, ................................. Hecla, Mont.
Alfred W. Sims,........................................ Orbisonia, Pa.
Charles G. Slack,.................................. Aspen, Col.
George A. Smith, .......................................... South Chicago, Ill.
Ernest Sticht, ................................................ South Pueblo, Col.
Robert Sticht ...................................... South Pueblo, Col.
Arthur L. Walker, ......................................... Globe, Arizona.
Stephen Wilcox ..............................................Ne w Yo rk Cit y, N. Y.
Walter Wood,..................................... P h i l a d e l p h i a , P a .
ASSOCIATES.
Louis Brown....................................................N e w Yo r k C i t y, K . Y.
Daniel C. Herr, ..............................................H a r r i s b u r g . P a .
Simon H. Holmes, ........................................ H a l i f a x , N . S .
S. A. Knapp, Jr., ...........................................Hawthorne, Nev.
George F, Peabody,...................................... Ne w Yo rk Cit y, N. Y.
Charles S. Robinson .....................................Wareham, Mass.
Pemberton Smith, ..................................... Troy, N. Y.
Gray Staunton, ...............................................Hartford, Conn.
Edward I. E. Stetson, .......................... R e a d i n g , P a .

The status of the following associates was changed to membership:
Arthur S. Dwight.

|

EH Whitney, Jr.

The closing session was held Thursday evening, September 17th, in
the hall of the Young Men's Christian Association, when the following
papers were read:
The Geology of Natural Gas, by C A. Ashburner, Philadelphia, Pa.
A New Method for the Determination of Phosphorus in Iron and
Steel, by J. B. Mackintosh, New York City.
The Presidential Address was then delivered, the subject being The
Engineer and the Wage-Earner. (This address is printed separately: see
page 327.)
VOL.
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On motion of Mr. Wm. Kent, of New York City, heartily seconded by
several members, the thanks of the Institute were presented to Mr. Bayles
for his admirable and timely address.
On motion of Mr. J. D. Weeks, of Pittsburgh, Pa., the Secretary was
instructed to express to the governments of the Dominion and the
Province, the local committees, corporations, and citizens generally, the
thanks of the Institute for the great courtesy and hospitality shown to
visiting members, and for the thoughtful and thorough arrangements
made for their comfort, pleasure, and profit. The President then declared the
meeting adjourned.

EXCURSIONS AND ENTERTAINMENTS.
It is scarcely possible to enumerate—still less could this brief report
justly describe—the many courtesies extended to the Institute in
connection with this meeting. Both the government of the Dominion of
Canada, and that of the Province of Nova Scotia, made liberal
appropriations for the purposes of a hospitable reception; free
transportation was furnished over all parts of the Intercolonial railway
system; and so many excursions of importance and interest were organized
that it was impossible for any one of the guests to accept invitations to
them all.
Wednesday afternoon was devoted to an excursion around the beautiful
harbor of Halifax, in the steamer St. Pierre.
Wednesday evening, the celebrated Public Gardens were illuminated, and
an open-air promenade concert, with fireworks, was given in honor of the
Institute.
Thursday morning, a large party of members and guests was driven in
carriages from Dartmouth, opposite Halifax, to the Montague gold-mine, a
distance of about 8 miles. The mine and 24-stamp mill, belonging to the
New Albion Gold Mining Company, Limited (Chas. Annand, Managing
Director), were examined, and luncheon was served, the table being adorned
with magnificent pyramids of gold-bearing quartz of extraordinary richness.
Friday morning, three parties left Halifax for as many different
excursions.
An excursion to Londonderry and Springhill, tendered by the Steel
Company of Canada, and the Cumberland Railway and Coal Company, was
carried out under the direction of Messrs. R. G. Leckie and G. Jamme.
The party visited the interesting mines
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and iron-works at Londonderry, and the extensive coal-mines at Springhill,
and was hospitably entertained at both places.
Another party, under the guidance of Major-General Laurie, visited
Windsor, the St. Croix plaster-quarries, Grand-Pré, and Annapolis Royal
meeting everywhere the most cordial welcome and entertain-.ment at the
hands of the citizens, and enjoying en route a military reception in the
camp at Aldershott.
The third and most numerous party combined an excursion to the
Pictou coal-field, under the auspices of the Coal Managers' Association of
Picton and the town of New Glasgow, with a still longer trip to Cape
Breton, given by the Executive Committee and the Coal Managers'
Association of Cape Breton.
Stellarton was reached at noon on Friday, and the Acadia, Drum-mond,
and Albion collieries were visited; also the steel-works and glass-works of
New Glasgow, where a social reception was given Friday evening, at the
house of Mr. and-Mrs. F. D. Laurie.
Saturday morning, a special train conveyed the party to Port Mulgrave,
on the Strait of Canso, where the steamer Marion received them and carried
them through St. Peter's Bay and Canal, and thence through the lovely
Bras d'Or lakes to Baddeck. On Saturday evening an impromptu
entertainment was given at the Telegraph Hotel.
On Monday the parfy proceeded to Sydney, where, on that day and the
next, the Coxheath copper-mines, the Low Point, Bridgeport, Glace Bay,
and Cow Bay coal-mines, Yeadon's patent fuel machinery, the old town of
Louisburg, etc., were visited. On Tuesday evening a reception and ball
were given by the citizens of Sydney.
On Wednesday, in spite of a severe storm, the Sydney mines were
visited, after which the party was driven to the Little Bras d'Or, and
regained the steamer Marion, returning to Port Mulgrave after a most
delightful experience.

MEMBERS AND ASSOCIATES PRESENT.

The following members and associates made their presence known to the
Secretary by registering their names at headquarters. The list is
incomplete, by reason of the neglect of some who were present to make this
registry. A large number of ladies attended the meeting and enjoyed the
excursions.

THE ENGINEER AND THE WAGE-EARNER.
BY J. C. BAYLES, NEW YORK CITY.
(Presidential Address.)

G ENTLEMEN OF THE I NSTITUTE :
The first article of our organic law declares it to be one of the
objects of our organization to promote the welfare of those engaged
in our mining and metallurgical industries. But even in the absence "of specific authority for a departure from the safe precedents
of former years, I should still deem it fitting and desirable that our
thoughts be from time to time directed to the great economic and
social questions of the hour, as well as to problems of strictly technical interest, inasmuch as those of us who are actively engaged in
professional work are in a position to be profoundly affected by
any changes occurring in our industrial system. The engineer is
not merely a student of the arts and sciences; he is a man of affairs,
a business man, identified with the activities of trade. Labor is the
instrument with which he must work, and the great problem of the
relations of the wage-earning classes to those who employ them, and
to society in general, is one of especial concern to those whose professional work places them in command of industrial enterprises.
However blind one may be to the spread and influence of socialistic
teachings, there is little excuse for persistence in cherishing the idea
that the wage-earner has no cause for dissatisfaction with his situation and prospects, or that his proper duty in life is to imitate the
excellent example of the pious shepherd of Salisbury Plain, who
derived supreme contentment from the fact that a kind Providence
had vouchsafed him salt to eat with his potatoes. Since the French
Revolution, of 1793, there has been a steady, and of late a rapid,
progress of the socialistic movement. More general education, a
free press, and organization for resistance or aggression have been
the agencies by which the working classes have gained clearer ideas
of their power and opportunities. The dull despair of mediaeval
servitude has given place to an intelligent and profound discontent
with a situation which every year seems to make more hopeless;
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and I do not hesitate to venture the opinion that, unless strong and
willing hands are extended to lift them up, they will again and
again reach from the mire to pull down and destroy that to which
they cannot attain unaided. Blind Samson way stand chained, but if
he shall bend himself upon the pillars against which he leans in sullen
silence, the whole superstructure of society will come crashing to the
ground ; and nothing will restrain his purpose, should the mood
seize him, even though that which he destroys must inevitably fall
upon and crush him.
We have not time for even a superficial study of the conditions
which obtain in the Old World, where upon the broad and patient
shoulders of labor are piled burdens representing the accumulations of
centuries of misgovernment, oppression, and useless wars. No doubt
it would seem at first glance that in this great New World, labor has
no cause for dissatisfaction ; that equal citizenship and a free ballot
place each man's destiny in his own hands, and that European
socialistic teachings have no chance to take root and grow in
American soil. I grant that the conditions here are different from
those existing in most countries of the Old World, and that the
difference is in favor of the working classes of America; but even a
casual examination of the relations which have already taken shape
between the social classes here will show that we have grave problems of
our own to consider which demand our roost careful study. Of these
the least serious are those which attract the attention of the newspapers
and invite the interference of the police. The inflammatory utterances
of nihilist refugees and the vehement orators of the Sand Lots, the
resolutions passed at meetings of the so-called communists, and the
impotent conspiracies of restless spirits who delight in planning
revolution and destruction, may be dismissed as mere breaches of the
peace. The movement which has in it the power and potency of
unmeasured good or evil makes no threats, hides no incendiary torch
and plots no secret deeds of violence. It does not rendezvous in beer
cellars or organize mobs to terrorize our city authorities. It has
organization, however, and is felt in the councils of the working
classes. Even in free America socialism has gained more than a
foothold, and its influence is already seen and felt in legislation
directed against monopolies. The Granger movement in the Western
States, the advocacy of the postal telegraph, the opposition to
national banks, the outcry against land grants and subsidies, trade
unions, national labor leagues, anti-monopoly leagues, cooperative
insurance associations—these are a
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few of the phases of socialism in its American aspects. All such
movements are tending in one direction, and are prompted by the
instinct of self-protection.
It is undoubtedly true that in no country of the world has the
man with labor to sell so free a market in which to sell it as in
America. The country is yet comparatively new, and there is still
so much land open to settlement that mouths have not yet begun
to multiply more rapidly than food. There are so many examples
in which, under favoring conditions, industry and thrift have secured
to the wage-earner independence, and even wealth, that those of us
who have never known from personal experience what it is to overcome the difficulties which beset the mechanic in his struggle for selfimprovement and social advancement, are very free with good advice
for those who ask it, as well as for those who do not. But there is
good reason to suppose that we know very little of the actual situation
of the average workingman, and that we have no adequate conception
of the strength of the cords which bind him down in the place which
our industrial system has made for him. If Daniel Webster was
right when he uttered the prophetic warning, "The freest
Government cannot long endure when the tendency of the law is to
create a rapid accumulation of property in the hands of a few, land to
render the masses of the people Door and dependent"—we may with
propriety consider whether even the foundations of the Republic are
not menaced by the tendencies of the times.
In considering the position of the wage-earner in any one of our
great industries, we must remember that the progress of half a
century has closed to him many of the doors which once stood open to
industry and thrift. The high perfection of the machinery employed
in all branches of production has of necessity destroyed the apprentice
system, or at least so much of it as was advantageous to the
apprentice. The young man upon whom devolves the necessity of
self-support has very little chance to learn a trade. He can and does
learn a part of it, but, beyond acquiring a general familiarity with one
or two operations in an industrial process, he reaches man's estate with
very little more knowledge of the trade he has undertaken to master
than he had when he began. His chances of gaining the comprehensive
knowledge which is needed to fit him for advancement to responsible
positions of management and direction are so small that they may be
said to be as nothing. His early education is such as boys without
home advantages are likely to gain in the free schools, and of this
he will retain only the elements. He can
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read, write and compute in the four simple rules of arithmetic; but
his mind is untrained, and unless he has a strong natural bent for
study there is little likelihood of his supplementing the deficiencies
of his education by systematic and profitable reading. Were he
disposed to do this he could not find the books which would serve
his purpose. Even elementary works presume a knowledge greater
than his, and if he should make the attempt, as thousands of ambitious young mechanics have done, to improve his mind by reading
the text-books of his trade, he would abandon the task, as thousands
have before him, because between him and the beginnings of technical literature there is a gulf which he finds impassable. He knows
his daily work and it yields him a support. The future is before
him—full of hope, perhaps, but offering no tangible goal for his
ambition. Restless and dissatisfied, he seeks change and usually
finds it in marrying. He selects a wife from his own class—ignorant
like himself, without purpose in life other or different from his own.
His earnings will support a wife, living as the people of his class
live, and he cuts off the slight remaining chance of bettering his
condition by anchoring himself in the sphere to which he was born.
The children which come to him are dear to his heart, but every
one added to the number is only another millstone about the neck
of his ambition. His home may be as happy and comfortable as a
virtuous and industrious wife can make it with the slender resources at
her command, but it is cramped and crowded, and the ever-present
cradle is an obstacle to self-improvement which only genius can overcome. His youthful ambition matures into the hope that -he will be
able to earn food and shelter for his dependents. He realizes, however, that he is but a part of the great industrial machine, and that
forces as far beyond his individual control as are those which hold
the planets in their orbits, determine whether he shall attain the
measure of even this reasonable hope. He works when it serves
the purpose of capital that he shall work; he stands idle when
capital orders production to stop. His savings in times of prosperity
are consumed in times of depression, and the debts then incurred
become a mortgage upon his future. His children have no brighter
outlook than he had. As they grow up, each in .turn must help carry
the burden. Of what use is it to him to know that in the far West
there are unmeasured acres of fertile land, and that he may have a
farm for the asking? How shall he get there? How can he bridge
the interval between leaving the daily work which feeds his family
and reaping the harvest which that land would
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yield? How shall he build his house and his barn and provide the
implements of husbandry? Who will teach him how to break the
virgin soil and plant the fruitful seed? He cannot escape from the
servitude of his trade, whatever its vicissitudes. He is a free
citizen of a free country, but the iron collar of "Gurth, Born Thrall
of Cedric the Saxon," was lighter and more easily borne than are
the shackles with which the exigent demands of his daily life have
bound him hand and foot. His is not an isolated ease. He is a
type, and in considering his situation we have considered the situation of millions like him.
The wage-earner may be ignorant of science and the arts, and the
sum of his exact knowledge may be only that which he has gained
in his closely-circumscribed daily toil; but he is not blind, and his
thoughts do not take the shape of daily and hourly thanksgiving
that his condition is not worse than it is. He sees on every side the
lavish display of wealth in which he has no part. He sees a large
and growing class enjoying inherited abundance. He sees miles of
costly residences, each occupied by fewer people than are crowded
into single rooms of the tenement in which he lives. He cannot fail
to reason that there must be something wrong in a system which
effects such unique' distribution of the wealth created by labor. In
the union, which is only defence against the oppression of individual
or corporate greed, he meets the thousand others who, like himself,
feel that their only hope is in destroying the existing relations of
labor and capital and substituting for them a better and more
equable system of joint participation in the profits of production. He
may reason wrongly, but it does not help the matter to tell him
so. He may act on wrong impulses, but if repressed and defeated he
will try again. The discontent and unrest of the working classes is
to society, as at present organized, what Vesuvius was to Pompeii.
When the pent forces burst their bonds asunder, who shall predict
the consequences? The impulse to pull down and destroy, and to
create equality in suffering because no other equality is possible,
does not now exist as a purpose; but scarcely a year passes without
giving evidence that it may flash into instant action, and that in the
discontent of the working classes we have the potentialities of
inestimable catastrophe.
As is always true in such cases, there is another duty than that
involved in the repression of lawlessness created by the incendiary
teachings of demagogues. The hopelessness of the position of the
average wage-earner consists in his ignorance. The progress of the.

332

THE ENGINEER AND THE WAGE-EARNER.

arts has been so rapid that few men starting in life without educa- tion are
able to keep pace with them, or, indeed, to acquire such familiarity with
principles that they can hope to attain to responsible positions of
management. While the sphere of those born to serve has been thus steadily
narrowing, the sphere of those so fortunately situated that they have been
able to acquire liberal education is steadily broadening. The capitalist is
rarely safe in intrusting his interests in mining or manufacturing to the
merely practical man. Success in business enterprises of every kind now
depends upon so many things of which the merely practical man knows
little or nothing, that management is usually intrusted to the man who combines education and experience, and his staff of responsible assistants is made
up of young men of education who take .subordinate positions to gain
experience. It is in our great industries much as it is in the army. As
vacancies are created among company officers they are filled by graduates
from West Point, of which the supply usually exceeds the number of
vacancies to be filled. Promotions from the ranks are infrequent, and
properly so, for in the ranks are found very few men in any respect fitted to
discharge the duties devolving upon commissioned officers, and they would
be out of place among the educated men who have been trained to command.
The soldier may grow gray in honorable service, but the highest to which
he can attain is the chevron of a non-commissioned officer, which entails
added duties and responsibilities without bringing release from any of the
restraints and limitations which the rules of the service impose upon
enlisted men. This comparison fails only in one respect; the wage-earner's
term of service is never at an end. His future, in all but exceptional
instances, promises nothing better than continuance in the labor he has
learned, as a competitor with machinery which may at any time displace
him, and force him to seek some other and perhaps less congenial
employment, or starve. An industrial system which considers only the
volume and economy of production has cut him off from the chance of
learning the trade at which he works, and the schools from which he and his
children can derive no benefit are furnishing graduates whose superior fitness
for organization and management close to him every avenue of advancement.
To dispense with the little skill he has gained is the constant aim of his
superiors, and he can never know when arms of iron that tire not, and
fingers of steel that work with mechanical precision, shall come to take his
place, or when the progress of science shall discover ways of rendering his
knowledge of no further
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use. Is it to be wondered at that such a man is discontented and
restless, and that if it is left to him to solve the great problem of a
satisfactory readjustment of the relations of the classes he will try
impracticable and dangerous methods, knowing no others? He has
a grievance in the misfortune of birth under conditions which have
given h i m little or no chance for self-improvement, and he rebels
against his fate.
These are plain and practical truths known to us all, but perhaps
not realized in all their grim significance. The dignity of labor is
a fiction. To intelligence and education belong the dignity—to
labor remains the burden. I know not how many hundreds of
thousands of such men as I have described are commanded by the
membership of this great Institute. As representatives of the "aristocracy of" education" do we not owe them an obligation other and
greater than can be discharged weekly at the pay window? The
industrial system in which we are captains and lieutenants holds
them inexorably in the ranks, while to us all the avenues of promotion are open. If the great problem of the improvement of the
condition of the working classes is ever to be solved, we whose
minds are trained to logical and purposeful thought, and who control the machinery of capital, must at least help solve it. For the
idle and vicious there is nothing but the bitter fruits of idleness
and vice. Those who break the inflexible laws of nature must
expect to incur her inexorable penalties, and it would be a false and
hurtful philanthropy which should seek to avert them. But for
industry and thrift there should be something better than our present
industrial system gives. Arbitration should decide fairly and impartially the issues between workman and employer, and some part of
the profits of production should seek investment in ways which will
react favorably upon the interests of labor. Participation should
be established on an equable basis as the reward of faithful service,
and co-operation should he promoted wherever and whenever it can
benefit the wage-carners. What may be our duty in these directions depends upon what may be our opportunity. Wise leadership
and direction for the labor movement will come, if at all, from the
men of education who are carrying on for capitalists or corporations
the productive industries of the country. The doctrines promulgated in the several schools of political, economic and Christian
socialism are well worthy our careful and thoughtful study. Properly understood they are full of suggestions for the man who has
the love of his fellow-men in his heart. Misunderstood, as they
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are likely to be by the average wage-earner, they are as flaming
brands thrown among inflammable material.
I do not take a sentimental view of this subject. My intercourse
with the working classes has been sufficiently intimate to show me
how little they invite generous and unselfish philanthropy. I know
they are not docile and tractable ; that they are suspicions of every
offer made them ; that they are short-sighted, unreasonable, obstinate and often ungrateful. I can understand how an employer may
grow as hard and unsympathetic as a prison-keeper, conceding
nothing and ever ready to press his advantage to the bitter end. I
know that many schemes for the improvement of the condition of
the working classes, prompted by the most generous impulses and
consecrated by profound sacrifices, have ended in disappointment
and humiliation, because the wage-earners have refused the helping
hand held out to them, and have regarded the purest Christian
philanthropy as a juggle of capital to entrap them into a yet more
absolute dependence upon its bounty. But it is not always so, and
the exceptions are many and conspicuous. I believe that the encouragement is great enough to warrant the experiment again and
again.
Let us first dismiss from our minds all idea that legislation can
deal with this delicate question, and try to remove the impression
in the minds of the workingmen that all evils can be righted by the
simple expedient of " Be it enacted." Herbert Spencer, in his
startling essay on The Coming Slavery, shows how legislation sets
in motion causes which cannot be checked when they have accomplished the object sought, but which go on producing effects often
disastrous beyond estimation. Naturally, the workingman looks to
legislation of his own framing as a means to the end he is seeking,
and it is part of the duty of the more intelligent to point out to
him the great danger that any law he may frame will become an
agent in the hands of the governing classes for his further oppression. We should also dismiss from our minds the notion that we
can assume the paternal relation towards our workpeople. Most
philanthropic schemes have failed because conceived in the desire to
make philanthropy take the shape of giving something for nothing.
This is mistaken kindness. Either it exerts a pauperizing influence,
making willing dependents of those-whose only hope is in maintaining independence; or it imposes obligations which become irksome
and are sooner or later repudiated. The idle, the vicious and the
improvident will stay where they are, and it is where they belong.
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The problem is to supply the ladder by which those who will may
climb high enough to enjoy, not the bounty of charity, but some
substantial good which they have acquired by the practice of the
virtues which have ever been promotive of human welfare and the
good of society.
I have no plan to suggest. One may well be distrustful of everything in the shape of off-hand solutions of a problem so complex
and profound as that to which I have called attention. Each of us
for whom it has a direct and personal concern must study it from
his own point of view. He has l i t t l e reason to hope that, like
Œdipus in the fable, he will guess this riddle of the Sphinx; but
that he can do something to establish more cordial relations between
labor and capital, and to create that community of interest which
long ago ceased to exist between them, is more than probable. My
own idea of the first step in this direction should be a more conspicuous recognition of individual worth and capacity. A plan
which deals with men by classes tends to destroy the incentive to
individual effc to excel. Obviously, it is the interest of capital to
hold out all reasonable incentives to those who have the ambition to
rise above the average of their fellows, by making such self-advancement profitable. The trade-union tends to the establishment of an
equality on the level of a low average; it will lose its power only
when men who grade above the average secure a recognition and a
protection from capital which leaves them nothing to expect at the
hands of those whom they have left behind, content with a lower
plane of skill and efficieney. In no other way can the ambition of
young men in the ranks o. labor be quickened, than to open for
them a way in which they can secure an alliance with those who
represent the power of capital, as the reward of zealous and intelligent service. What should be the second step would depend very
much upon conditions necessarily local and, perhaps, temporary. I
do not doubt, however, that, wherever the desire exists to do something for the benefit of labor, the means will suggest themselves in
conference with those in the ranks of the workingmen whose counsel
may be sought with advantage. We may dismiss from our minds
all the dreams of the advanced socialists, and venture no impracticable experiments. We need recognize no rights as belonging to
the working classes other than those which enlightened self-interest
prompts us to concede. But within this safe territory of the practicable and the expedient we can find many opportunities for broad
and intelligent philanthropy, which will be fruitful of good results
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in readjusting the relations of the great social classes upon a safer
and more stable basis. No one need consider unworthy of his most
serious study a problem which in its many phases has commanded
the profoundest consideration of some of the greatest minds of the
centary; no one need hope for another solution of it than will be
found in well-considered and wisely-directed personal effort within
the narrow spheres of individual influence.

THE AMALGAMATION OF GOLD-ORES, AND THE LOSS OF
GOLD IN CHLORIDlZING-ROASTING, WITH ESPECIAL
REFERENCE TO ROASTING IN A STETEFELDT
FURNACE,
BY C. A. STETEFELDT, NEW YORE CITY.
IN May and June, 1885, I was engaged in examining the goldores of Las Minas, in the State of Vera Cruz, Mexico, with a view
of finding a cheap and efficient method for extracting the gold.
The following minerals could be plainly seen in the ore: magnetite, pyrites of iron, pyrites of copper, quartz, and garnet. Neither
galena nor zinc-blende were visible, but the ore contained a trace of
lead, and in some samples of ore from the Muertos mine, 1.19 per
cent. of zinc was found. Antimony and arsenic were not present.
Native gold could scarcely be seen in specimens of the ore, and it
only appeared—mainly in extremely fine particles—after pulverizing and washing. Magnetite was in every instance the most
prominent mineral, its quantity varying between 43 and 67 per cent.
Determinations of copper and sculphur showed that from 3.5 to 7 per
cent. pyrites of copper, and from 3 to "22 per cent, pyrites of iron
were present.
The gold-value of the ore varied between 0.3 oz. and 0.8 oz. per
ton. I do not, speak of specimens, but of average samples of large
quantities of ore put through the battery. In ore that had been
crushed through a No. 40 screen, the gold appeared, in part, as free
gold, the rest being thoroughly mixed with the magnetite and pyites, both minerals containing about the same percentage of gold. If
this free gold was brought in contact with pure quicksilver it did not
amalgamate readily, even if the quicksilver was charged with sodium
amalgam.
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All the gold-ores contained some silver, partly alloyed with the native gold,
partly mineralized. But the silver-value was so low that it had to he entirely
neglected in the metallurgical treatment.
That the gold-ores of Las Minus, on account of their pyritic character, were not fit
for raw amalgamation, could he seen a priori, and the practical tests made at the mill
had fully established this fact. Such ores ran only be prepared for subsequent
beneficiation by a complete roasting. Hence I directed my first efforts to roast
the ore dead. By that I do not mean only a desulphurization of the pyrites, and a
decomposition of the sulphates formed in roasting, but also a higher oxidation of the
magnetite to ferric oxide.
EXPERIMENTS IN ROASTING.

The ore was crushed wet by stamps (this being the only means of pulverizing at
my disposal) with No. 40 screen on the mortar, and allowed to settle in a tank. In the
sluice-boxes, between the battery and the settling-tank, the coarser particles of the
native gold were caught. This arrangement was made in order to avoid errors of
sampling, produced by coarse gold, in subsequent metallurgical experiments.
The roasting was done in a small reverberatory furnace. A charge of 500
pounds was all the furnace could conveniently take, but generally not more than
200 pounds were roasted, this quantity being more than sufficient-for my
metallurgical experiments.
Charge No. 1.—San Anselmo ore, with 64 per cent. magnetite. The charge
contained, after 41/2 hours' roasting, 44.8 per cent. magnetite. The solution, from
a sample leached with water, gave no copper-reaction, the copper sulphate being
already decomposed. Some aluminium sulphate was found. After 141/2 hours the
magnetite was only reduced to 42.3 per cent. After 161/2 hours one-half of the ore
was discharged. It still contained 39.6 per cent. magnetite.
Charge No. 2.—To the ore remaining in the furnace, 21/2 per cent. of salt was
added, and the charge stirred for 1 hour. It was now drawn into a pile and left in
the furnace, firing being discontinued. After 4 hours the ore contained 20.7 per cent.
magnetite, and after 8 hours 19.2 per cent. The ore was discharged after 22 hours.
The magnetite had increased to 24.5 per cent A sample, tested for copper,
showed that in one ton of ore 0.44 pound of copper was present as cupric chloride,
and 1.32 pounds as cuprous chloride.
Charge No. 3.—Muertos ore, with 47 per cent, magnetite. The
VOL.
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charge contained, after 5 hours' roasting, 35.7 per cent. magnetite, and considerable
copper sulphate. After 7 hours 30.5 per cent. magnetite was found, and the copper
sulphate had been entirely decomposed. After 17 hours one-half of the ore was
discharged. It now-contained 20.0 per cent. magnetite, no copper sulphate, but some
aluminium sulphate.
Charge No. 4.—To the ore left in the furnace, 31/2 per cent. salt was added, and
treated like Charge No. 2, with this difference, that the furnace was kept hot by
continued firing. After 3 hours the ore contained 6.2 per cent. magnetite, and much
copper chloride. After 5 hours the magnetite had increased to 10.7 per cent.,
remaining at the same figure after 8 hours. The fire in the furnace was now
stopped, and the ore discharged after 15 hours. It contained 11.8 per cent.
magnetite. The cupric chloride had entirely disappeared, and only 0.6 pound of
copper was present as cuprous chloride in one ton of ore.
Charge No. 5.—San Anselmo ore, with 65.7 per cent. magnetite. Mixed at once
with 5 per cent. salt.
After 4 hours' roasting, a Sample contained 1.6 per cent. magnetite, and considerable
cuprous chloride. After 7 hours the magnetite had increased to 2.6 per cent. Firing
was now stopped, the charge drawn into a pile, and left for 13 hours in the
furnace. After discharging, the magnetite had increased to 5.6 per cent. Very
little cuprous chloride was present, hardly sufficient for determination. A soluble
aluminium salt was still left in the ore.
Charge No. 6.—San Anselmo ore, with 67.2 per cent. magnetite. Mixed at once
with 5 per cent. salt.
After 11/2 hours the magnetite had decreased to 18.6 per cent.; after 41 hours,
to 1.4 per cent. After 51/2 hours the ore was discharged. It now contained 2.5 per
cent. magnetite. In one ton of ore there were present 0.2 pound of copper as cupric
chloride, and 0.6 pound of copper as cuprous chloride.
SUMMARY OF RESULTS.
These experiments present many interesting features. They show: First.—That a
mere oxidizing-roasting leaves a large percentage of the magnetite intact, and that
a continuation of the process is of very little benefit after the pyrites have been roasted
dead. Some aluminium sulphate, resulting from decomposition of the garnet, remains
undecomposed, a salt that would not interfere with any treatment to which the ore
may be subjected.
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Second.—A. direct chloridizing-roasting removes the magnetite almost
completely and very rapidity.
Third.—If the chloridizing-roasting is continued beyond a certain time, magnetite
is re-formed, cuprous chloride becoming oxidized by withdrawing oxygen from
ferric oxide. This is very evident in Charge No. 5.
Loss of Gold in Chloridizing-Roasting.
It remains, however, to record the most remarkable results of the e
experiments. In determining the gold value of the ore, before and after
chloridizing-roasting, I found an enormous loss of this metal by volatilization.
These results were so entirely unexpected that I first concluded an error had been
made in the assays. Such was not the case, and in repeating the experiments, by
roasting in a muffle, the facts were established beyond any doubt. In the latter
use well-mixed samples were carefully assayed, and then one assay- mixed with
three per cent. salt, roasted for one hour, and assayed a er roasting.

There is no doubt that the volatilization of the gold takes place with that of the
copper chlorides. The loss increased with the quantity of these chlorides formed
and then volatilized.
This is shown by the much smaller loss in the reverberatory farnace charges, No.
2 and No. 4, in which the salt was added after a complete oxidizing-roasting,
thereby reducing the formation of the copper chlorides to a minimum.
Temperature and time of roasting must also influence the result.
That copper chloride is by no means an essential element in producing this loss is
shown in the following experiments, made by Mr. C. Butters, with a gold-ore
entirely free from copper. The gangue
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of the ore was a very hard whitish quartz, intimately mixed with about 7 per
cent. calcite. It contained 5.55 oz. silver, and 0.65 oz, gold per ton. In ordinary
specimens neither silver minerals nor gold were visible to the naked eye. After
concentrating a quantity of the ore, pulverized so as to pass a No, 40 wire-screen,
and examining the concentrates under a powerful microscope, a dark steel-gray
silver mineral was revealed, covered with minute crystals of gold. In several
samples examined, all the gold appeared to be attached to the silver mineral, and
none was seen by itself.
Besides, there was some pyrites of iron. In subjecting the ore to an oxidiziugroasting it assumed a pinkish color, and lost about 3 per cent. in weight,
corresponding with the amount of carbonic acid driven out from the calcite. A loss
in silver from 2 to 9 per cent. took place, but none in gold.
Very different were the results in chloridizing-roasting. These experiments were
also conducted in the muffle, at a cherry-red heat. In roasting several samples for 1
hour with 5 per cent. salt, from 70 to 80 per cent. of the silver, and from 68 to 85 per
cent. of the gold were lost. The chloridized ore assumed a dead-white color. After
leaching it with water, the solution gave only a faint chlorine-reaction, the salt
having been completely volatilized, and with it the larger portion of the precious
metals. Boasting with 10 per cent. salt did not increase the loss in silver and gold.
The ores in both experiments were of an uncommon and peculiar character and
contained the gold in exceedingly fine particles.
While I am not prepared to say, upon experimental proof, in what form the gold
is volatilized in chloridizing-roasting, I would suggest that it escapes as a double
salt. If this is the case, the toss will depend—other circumstances being the
same—upon the volatility of the chloride with which the gold chloride is
combined. Now, the chlorides of copper are much more easily volatilized than
sodium chloride, and the loss should be greatest in ease copper is present in the
ore, as is actually shown by my experiments.
Plattuer speaks of the loss of gold in oxidizing-roasting, but entirely neglects
chloridizing-roasting. G. Kuestel records a loss of 8 percent. of gold in roasting
telhiret-ores with salt, and states that by increasing the temperature and time of
roasting, the loss in gold may be 20 per cent. and more. Mr. R. P. Rothwell has
drawn my attention to C. H. Aaron's book on leaching gold- and silver-ores.
Aaron suffered heavy losses in the chloridizing-roasting of gold-bearing
sulphurets, and in making tests in a muffle, lost more
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than 50 per cent. of the gold. Both Kuestel and Aaron neglect to give details of
their experiments. In Australia, the chloridizing-roasting of gold-ores was
abandoned on account of heavy losses.
I have repeatedly expressed the opinion that the volatilization of metals in roasting
is principally a function of time. My experiments in the chloridizing-roasting of
silver-ores have established this fact in the ease of silver. Why should it not hold
good with regard to gold ? The advantages of instantaneous roasting, as done in
the Stetefeldt furnace, are as yet very little understood and appreciated by
metallurgists. It is erroneously assumed that this system, for which the Germans
have coined the word Staubstromröstung, is only of very limited application.
Leaving all economical and mechanical questions out of consideration, the system of
instantaneous roasting has three great advantages, namely :
1st. The loss of precious metals is reduced to a minimum.
2d. The roasted ore is in the most favorable condition for subsequent treatment.
3d. The fine ore-particles accumulating in the dust-chambers are thoroughly
roasted.
The last-named point, being one of the essential features of the Stetefeldt furnace, is
too well known to require any discussion. To ascertain the loss of precious metals by
experiments on a large scale in a direct way, namely, by weighing and sampling the
ingoing raw ore and the outgoing roasted ore, is attended with so much inconvenience
and expense, that I have not found parties in charge of any mill employing Stetefeldt
furnaces willing to undertake it. Hence I had to get at the question by an indirect
method. If a sulplurct ore is subjected to an oxidizing-roasting, the outgoing elements
are generally of greater weight than the ingoing ones, and the result is a loss in
weight. The same is the case in chloridizing-roasting, provided we compare the weight
of the raw ore, without salt, with the weight of the roasted ore after leaching out the
soluble salts. Under the circumstances it follows that the assay-value of the roasted ore
must he greater than that of the raw ore, in proportion to the loss in weight the latter
has suffered, provided no silver has been volatilized. If, however, the roasted ore
should fail to come up to the required value, no other inference can be drawn but
this: that silver has been lost in roasting.
In 1880, I carried out at the Ontario mill, Utah, under circumstances that are not
likely to occur again, a series of comparative experiments in the Stetefeldt and Howell
furnaces. In one of these
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experiments the ore treated by both furnaces was exactly the same. It came
from the same stamp-battery, and, after being elevated to a hopper, was
distributed from the spout of a conveyer-trough, one-half going to the
Stetefeldt and the other half to the Howell furnace. The latter had been
provided with a system of dust-chambers as complete and well-constructed as
that attached to the Stetefeldt furnace. The roasted ore was discharged into cars
and carefully sampled. At the end of the experiment, the dust-chambers were
cleaned out. The average result, after a run of six days, was as follows:
Value of raw ore, ........................................ 106.0 oz. silver per ton.
Value of roasted ore, after leaching with water:
From Stetefeldt furnace, ................................ 142.5 oz. silver per ton
From Howell furnace, ................................... 98.1 oz. "
"
Difference: 14.4 oz. silver per ton, or 13.5 per cent of the silver in the ore.
This difference represents the loss of silver by volatilization in the Howell
furnace above that in the Stetefeldt furnace. That the latter must be very small
is evident from the much higher value of the roasted ore compared with the
raw ore. The increase in value corresponded very nearly with the loss in weight,
as ascertained by muffle-tests, which the raw ore suffered in roasting. In
these experiments, from 25 to 28 tons of ore were roasted per day, and divided
between the two furnaces, running them only at half capacity. In regard to the
Howell furnace, this had the effect of keeping the ore much longer in the
cylinder than if the latter had received its full charge of 25 tons. Subsequently
the Howell furnace was kept running for 10 days at full capacity, receiving the
ore from 20 stamps, and the Stetefeldt furnace was supplied from another battery
of 20 stamps. The results from the Howell furnace were as follows:
Value of raw ore,....................................... 120.6 oz. silver per ton.
Value of roasted ore, ................................. 115.5 oz, ”
“
Difference. ...................................... 5.1 oz,
“
“
or the roasted ore was 4 2 per cent, lower in value than the raw ore. The results
from a 40 days' run of the Stetefeldt furnace were as
follows:
Value of raw ore,............................................. 109.8 oz. silver per ton.
Value of roasted ore,....................................... 115.8 oz. "
”
Diflerence,.......................................... 6.0 oz.
"
"
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or the roasted ore was 5.4 per cent, higher in value than the raw ore. This
makes a difference of 9.G per cent, between the two furnaces, and represents the
loss of silver in the Howell furnace above that taking place in the Stetefeldt
furnace. In comparing the losses of silver resulting in the two experiments we
have again a confirmation of my theory of the influence of time. When the
Howell furnace was running at half its capacity, and the ore remained longer
in the cylinder, the loss in silver was 3.9 per cent, greater than in the second
experiment, when the furnace was run at full capacity. The character of the
Ontario ore is such that these. losses are by no means astonishing. It contains
nearly all its silver as a fahl-ore, rich in antimony and arsenic, and carries a
large percentage of zinc-blonde. In conducting the process in the Howell
furnace, it was necessary to roast at a slightly higher temperature than in the
Stetefeldt furnace. With a low fire, the ore had a tendency to run forward in
the cylinder, and get discharged while still partly raw. The average value of the
tailings resulting from the amalgamation of the roasted ore was so nearly
uniform that any difference was within the limit of errors in sampling. This
shows that the roasting was equally well done in every instance.
At the Lexington Mill, Butte, Montana, a silver-ore that contains a
considerable amount of gold is subjected to a chloridizing-roasting in the
Stetefeldt furnace. The ore is composed of silver-bearing pyrites of iron,
pyrites of copper, zinc-blende, galena, and some native silver, with a quartz
gnugue, sometimes replaced by silicate of manganese. Antimonial and
arsenical silver-minerals are absent. Native gold is not visible. From the
character of this ore, we can safely infer that it will lose less silver in roasting
than Ontario ore, and that in a Stetefeldt furnace this loss must be exceedingly
slight. Now if, in the roasted ore, the proportion of silver and gold remains the
same as in the raw ore, it follows that also the loss in gold must be very small. I
give below such statistics as are in my possession, but will take up this subject
again when I can supply more facts.
The average of about 600 samples, taken at the Lexington mill, from
October, 1883, to August, 1884, and compiled from the monthly averages
of the assayer's report is as follows:
Raw ore, ………………. 45.9 oz. silver; 0.77 oz. gold per ton,
Roasted ore, after teaching out soluble sahs 50.0 oz. si1ver; 0.84 oz, gold per ton.

Increase in value,……….. 4.1 oz. silver; 0.07 oz. gold per Eon,
Increase in value, …………8.8 per cent, silver; 9.1 percent gold.
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From this it would appear that the loss of gold in chloridizing-roasting in the
Stetefeldt furnace is somewhat less than that of silver. The difference, however,
in the increase of value between silver and gold is only 0.3 per cent., and within
the limits of errors in assaying.
Finally, I wish to say a few words about the advantage of instantaneous
roasting in relation to a peculiar condition of the roasted product. The most
striking facts I have already presented in my paper on Russell's Process.* I
refer to paragraph 19, which contains the experiments in lixiviating ores
subjected to an oxidizing-roasting. If ores were roasted in the muffle, the
amount of silver that could be extracted by hyposulphite solutions decreased
rapidlv with an increase of time in roasting. If, however, the ore had been
roasted in a Stetefeldt furnace, as much as 85.7 per cent, of the silver could be
extracted by Russell's process. It is not to be assumed that different
combinations of silver are formed by the instantaneous process of roasting, but
that the silver compounds formed are more easily soluble on account of their
short exposure to heat. We know, for instance, that peroxide of iron becomes
quite insoluble in dilute acids after being exposure to a high temperature for a
long time. The same is the case, but less pronounced, with other oxides. Instances of this kind might be multiplied.
EXPERIMENTS IN AMALGAMATION.
Taking into consideration the low grade of the Las Minas gold-ores, the high
price of salt and chemicals in Mexico, and the local resources and facilities of the
country generally, I became convinced that extraction of the gold by
amalgamation, after previous oxidizing-roasting, would be the only economical
process. With this object in view, the following experiments were undertaken. In
experimenting with such gold-ores there were only two ways possible: either
to work very large quantities, or to make tests on such a small scale that the
results possessed analytical exactness. The latter course was the only one
that could be pursued. These experiments being somewhat novel and surprising
in their results, it will be necessary to enter into details. The apparatus used
consisted of one iron mortar, five inches in diameter, with a rather flat
bottom (F. M.); one iron mortar, five inches in diameter, with a concave bottom
(C. M.); and one wedgewood mortar, with concave bottom (W. M.). In grinding
the charges, the iron mortar with flat bottom proved to
* Transaction, vol. xiii., p. 47.
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give superior results as compared with the iron mortar with concave
bottom—its grinding effect was the best. The iron mortars were used to
imitate the work of an iron pan; the wedgewood mortar that of an arrastra.
The charges consisted of five assay-tons of roasted ore (1 A. T.=29.166
gm.). This was ground or mixed with water and quicksilver, the latter
being added either immediately or after the ore had been treated with
other reagents (10 gm. quicksilver to a charge of 5 A. T. of ore).
The charges were amalgamated either at ordinary temperature or with
heating. The latter method had no beneficial effect.
After the amalgamation had been completed, the charge was
thinned with water, and gently stirred, until the quicksilver was
united. For separating the tailings from the quicksilver, an enameled
iron pan (8 inches diameter on the top, 61⁄4 inches diameter at the bottom,
l1⁄2 inch height) was used. With a little skill and practice, with the aid
of potassium cyanide, if necessary, the quicksilver was easily gathered in
one mass, and transferred to a beaker-glass. It was now dissolved in
nitric acid. Here the following phenomena were observed : In case only a
trace of copper, and very little silver had been amalgamated, the gold
remained at the end of the operation as a spongy globule that could be
easily transferred to a drying-cup. The gold so obtained was, however,
not perfectly pure. It had to be packed in to a piece of lead-foil, inquartated
with silver, cupelled, and the alloy redissolved in the customary way. If
considerable copper had been taken up in amalgamation, the gold
appeared as an exceedingly fine powder—after solution of the
quicksilver. It became necessary to filter the solution, collect the gold
on the filter, incinerate the latter, and cupel the ashes as above. The
presence of a large amount of silver produced a similar but less
pronounced effect, and also in this ease filtering was necessary. It will
be seen that these tests must give a positive and very accurate result.
That in every instance the gold-value of the charges was ascertained in
the most careful manner, and ail reagents tested for their purity, it is
hardly necessary to mention. In all, fifty-one charges were
amalgamated, and those giving the most interesting results are recorded
below:
No. 1.—Roasted San Anselmo ore, from charge No. 1 of " roasting
experiments." It contained 39.6 per cent, magnetite. No copper
sulphate present. The charge had been roasted for 161⁄2 hours. Time of
amalgamation 3 hours, with quicksilver added at once. Time of
settling 1⁄2 hour. (Time of settling the same in all subsequent
experiments.)
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Value of ore, 0.916 oz. gold per ton.
Extracted, 0.195 oz. gold per ton, or 21.2 per cent.
No. 2.—San Anselmo ore, from charge No. 5, roasted chlridizing.
It contained 5.6 per cent, magnetite, and a very slight amount of cuprous
chloride.
Quicksilver added at once. Time of amalgamation, 21⁄2 hours.
Value of ore, 0.075 oz. gold per ton.
Extracted, 0.0G0 oz. gold per ton, or 80.0 per cent.
No. 3.-—San Anselmo ore, from charge No. 1, sifted through a No. 80
screen.
It continued 2G.6 per cent, magnetite. No copper sulphate.
Grinding, 1 hour ; then quicksilver added. Time of amalgamation, 21⁄2
hours.
Value of ore, 0.450 oz. gold per ton.
Extracted, 0.125 oz. gold per ton, or 27.7 per cent.
No. 4.—The same ore as in No. 3.
Grinding, 1 hour; then 1.5 gm. mercuric; chloride added, and a few drops
hydrochloric acid (Designolle process), and worked for 3⁄4 of an hour ; then
quicksilver added, and amalgamated 3⁄4 of an hour longer.
Value of ore, 0.450 oz. gold per ton.
Extracted, 0.345 oz. gold per ton, or 76.G per cent.
In repeating these charges (Nos. 3 and 4), but without previous grinding,
adding quicksilver in one case, and mercuric chloride in the other at once, and
amalgamating for 21⁄2 hours, ordinary amalgamation extracted 31.1 per cent.,
and the Designolle process 82.2 per cent, of the gold.
Further experiments with the Designolle process, in which the mercuric
chloride was reduced to 0.5 gm. per charge of 0 A. T., gave less favorable results,
extracting only from 51 to 56 per cent of the gold.
All the above charges were worked in iron mortars.
No. 5.—Blanket-washings, from San Anselmo ore, roasted oxidizing for 4 hours,
contained 19.5 per cent, magnetite. Copper sulphate completely decomposed.
(These blanket-washings were obtained in crushing 70 tons of San Anselmo ore
for the purpose of sampling it.)
In order to imitate the working of a pan by first grinding without quicksilver,
and then amalgamating with raised muller, the ore was ground in the iron
mortars for 1 1⁄2 hours; then quicksilver added, and for 1 hour amalgamated
by stirring with wooden pestles.
Value of ore, 1.48 oz. gold per ton.
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Extracted in F. M., 0.82 per ton, or 55.4 per cent.
Extracted in C. M., 0.75 per ton, or 50.6 per cent.
In the following charges the same ore was ground for 3/4 of an hour, and
then quicksilver added and amalgamated with iron pestles, under grinding, for 1
1/2 hours, with these results:
Extracted in F. M., 1.40 oz. gold per ton, or 94.6 per cent.
Extracted in C. M., 1.09 oz. gold per ton, or 73.3 per cent.
Finally, the quicksilver was added at once, and the charges amalgamated for 2
1/2 hours with grinding.
Extracted in F. M., 1.42 gold per ton, or 95.9 per cent.
Extracted in C. M., 1.23 oz. in gold per ton, or 83.1 per cent.
No. 6.—San Anselmo ore, roasted oxidizing for 4 hours. The raw ore
contained 67 per cent magnetite and the roasted ore 31 per cent. Immediately
after discharging no copper sulphate was present, but after cooling it appeared
to some extent, undoubtedly in consequence of the presence of aluminum
sulphate.
Quicksilver being added to the charge, the amalgamation was continued for 2
1/2 hours.
Value of ore, 0.800 oz. gold per ton.
Extracted in F. M., 0.355 oz. gold, or 44.3 per cent.
Extracted in C. M., 0.340 oz. gold, or 42.5 per cent.
No. 7.—The same ore as in No. 6 was treated in this experiment. But, in place
of quicksilver, pure silver amalgam was added (a piece the size of a pea) and the
charge ground for 2 hours. Then quicksilver was added, and amalgamated \ of
an hour longer, to collect the amalgam, before settling was commenced.
Value of ore, 0.800 oz. gold per ton.
Extracted in F. M., 0.620 oz. gold, or 77.5 per cent.
Extracted in C. M., 0.565 oz. gold, or 70.6 per cent.
The silver amalgam in the last experiment was moist. In using silver
amalgam that was much drier, but by no means hard, the following results were
obtained:
Extracted in F. M., 0.676 oz. gold per ton, or 84.0 per cent.
Extracted in C. M., 0.660 oz. gold per ton, or 82.5 per cent.
No. 8.—Muertos ore, roasted oxidizing. Contained 43 per cent, magnetite
before, and 19.5 per cent, after roasting. This ore was discharged, by mistake, too
soon. A considerable part of copper sulphate had remained unrecompensed.
Two charges were amalgamated, one in the iron mortar with flat bottom, and the
other in the Wedgwood mortar, both with silver amalgam.
Time of
amalgam-
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mation, 2 1/2 hours; then quicksilver added and amalgamated . 1/2 of an hour
longer.
Value of ore, 0.370 oz. gold per ton.
Extracted in F. M., 0.120 oz. gold, or 31.6 per cent.
Extracted in W. M., 0.316 oz. gold, or 83.1 per cent. .
The amalgam from the iron mortar was very base, that from the wedgewood
mortar very fine.
No. 9.—Muertos ore, roasted oxidizing. Contained 28 per cent, magnetite
after roasting. A well-roasted charge, showing not a trace of copper sulphate
after discharging. After cooling, a slight quantity of copper sulphate was,
however, re-formed.
The amalgamation was carried out with silver amalgam as in previous
experiments, but the amalgam squeezed very day.
Value of ore, 0.3-10 oz. gold per ton.
a. Extracted in F. M., 0.296 oz. gold per ton, or 87.0 per cent.
Extracted in C. M., 0.286 oz. gold per ton, or 84.1 per cent.
b. Extracted in F. M., 0.270 oz. gold per ton, or 79.4 per cent.
Extracted in W. M., 0.332 oz. gold per ton, or 97.6 per cent.
e. Extracted in F. M., 0.292 oz. gold per ton, or 85.9 per cent.
Extracted in W. M., 0.326 .oz. gold per ton, or 95.9 per cent-.
If the magnetite was ground sufficiently fine, it did not interfere with good
settler work. In all these experiments no flowering of quicksilver took place, in
spite of the grinding; it united without difficulty, and a loss was hardly
preceptible.
The amalgam from the charges worked in the iron mortars contained some
copper, even if the ore was apparently free from copper sulphate, while the
amalgam from the wedgewood mortar was always fine, no matter how much
copper sulphate had been left undecom-posed in the ore.
SUMMARY OF RESULTS.
These results are of great interest and importance, and throw considerable
light upon gold-amalgamation generally. Jt has often been found extremely
difficult to extract a high percentage of gold from roasted ores by panamalgamation, and the theory of "rusty gold" has been extensively circulated in
metallurgical literature to explain this fact. It has also been found more
difficult to extract the gold from gold-bearing silver-ores by pan-amalgamation,
especially if the roasting has been conducted in a reverberatory furnace and
not by the instantaneous process. From my experiments it appears that in all
these cases the low results are due neither to
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Imperfect roasL.ng nor to the formation of gold combinations which cannot be
amalgamated, but to the defects of pan-amalgamation itself.
My
experiments lead to the following conclusions:
Firet.—That the ore should be well roasted in as short a time as possible. A
complete change of the magnetite to ferric oxide is not necessary, and even a
large percentage of this mineral may remain unaltered without producing an
injurious effect.
Second.—That copper, if it enters the amalgam, even in small quantities,
prevents in a great measure the amalgamation of the gold. Lead will no doubt act
still more injuriously. Hence, the amalgamation in an arrastra, where no iron is
exposed, will give far better results than it the process is conducted in an iron
pan. Considerable copper sulphate may be present in the ore without materially
impairing the result in an arrastra.
Third.—The amalgamation of finely divided gold requires friction, and contact
alone with quicksilver is uot sufficient. But more than that: liquid quicksilver
eludes in a great measure the contact with gold, and it is necessary to
amalgamate with gold-amalgam (for which silver-amalgam was substituted
in my experiments, and should be in starting works on a large scale). This
amalgam should not be too soft, so that in the process of grinding liquid
quicksilver is not pressed out. I have repeatedly drawn attention to the fact
that in amalgamation generally great fineness of the material treated is
injurious, and need only to point out the difficulty experienced in working raw
slimes, or the fine dust from roasted silver-ores.
Fourth.—Other conditions being equal, the result of amalgamation depends
upon the grinding efficiency of the apparatus usetl. The much better yield in
the iron mortar with flat bottom, as compared with the iron mortar with concave
be -torn, demonstrates this clearly. In grinding effect, the wedgewood mortar
was about equal to the iron mortar with concave bottom; but in spite of this,
it always yielded higher results than the best grinding roil mortar. Hence the
arrastra is, under all circumstances, the. best amalgamator. It is hardly
necessary to state that the arrastra must be so constructed that iron does not
come in contact with the ore.
Fifth.—Experiment No. 5 gives exceptional results. They are, however,
explained, if we take into consideration the character of the ore treated. This
charge, being a product of concentration, con-taiued most of the gold in
comparatively coarse particles, which are readily taken up by quicksilver. In
this case, too, grinding was essential, and mere mixing gave low results.
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Sirth.—These facts throw some light upon the working of the Designolle
process. The small quantity of quicksilver reduced from the mercuric
chloride, by contact with iron tinder friction, product's at oncesolid gold
amalgam, and the latter is really the effective reagent.
The amalgamation of gold-bearing silver-ores which have been subjected to
a chloridizing roasting cannot be conducted in an arrastra. In such cases it
may be profitable to extract by the arrastra process the gold remaining in
the tailings.
That an arrastra, the bottom of which is covered with gold amalgam, is the
most effective apparatus for amalgamating gold, has been known to the
Mexicans for more than 200 years. I may claim to have rediscovered this fact
by scientific research. To my knowledge, no series of experiments has ever been
carried out before "ke that recorded in this paper.
If the Las Minas ores are roasted in a Stetefeldt furnace, and amalgamated in
arrastras, there is not the slightest doubt in my mind that from ninety to
ninety-five per cent, of the gold can be extracted. Besides, the process is wellsuited to the country, and the Mexicans understand its manipulations
thoroughly.
METALLURGICAL TREATMENT OX A LARGE SCALE.
This would comprise the following operations:
First.—Crushing the ore in a roek-breaker.
Second.—Drying the crushed ore.
Third.—Pulverizing by Krom's improved rolls, and screening through No.
.'30 wire-cloth.
Fourth.—Roasting in a Stetefeldt furnace.
Fifth.—Amalgamating in arrastras.
Sixth.—Settling in American settlers, such as are used in silver-mills.
Seventh.—Straining the quicksilver, retorting the amalgam, and melting the
bullion into bars.
At Las Minas there is ample water-power, and ordinary labor and fuel are
very cheap. I have shown, by careful estimates, that under the existing
favorable conditions, and with an output of 120 tons per day, the expense of
mining and reduction would be as follows, viz.:
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Hence ores of a very low grade can be worked with a profit.

.

TEE PRESENT VALUE OF STEEL CASTINGS. BY ARTHUR
V. ABBOTT, NEW YORK CITY.

DURING the past four years I have had occasion to make quite extensive use of
steel castings in the manufacture of testing-machines and large scales for
Messrs. Fairbanks & Co. The failure of game of these castings at stresses
much below those which were claimed for them by the makers induced me to
institute a series of experiments to determine the actual constructive value of
the steel castings now to be obtained in this country. The art of steelcasting is rapidly improving, almost every issue of the scientific press bringing
accounts of some new development; consequently, the results of the following
experiments are only exponents of the value of steel castings as at present made.
In order to make the examination as thorough as possible, ten sets of
patterns were made and forwarded to as many different firms in the country
who advertised to make steel castings. The first part of the accompanying
table gives a list of these manufactures, together with the price per pound.
The order accompanying the patterns simply requested the manufacturer to
supply two castings from each pattern of his ordinary product of steel. These
easting were sent to me and paid for in the usual manner, so that it is probable
that the samples fairly represent the quality of the average of steel castings,
and are free from the suspicion of being "special runs." Two patterns were
sent to each maker, one being a straight
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bar 2 inches square and 30 inches long, and intended to supply
samples for tests in compression and transverse stress, the other
being a bar 1 1/2 inches square for a distance of 6 inches on each
end, and turned round for a space of 12 inches in the center, and
designed to furnish tension test-pieces. Two castings from each
pattern were ordered, so that any questionable result could becheeked
by duplicate experiments. The intention in commencing this
investigation was to make tests in tension, compression, and transverse
stress on samples from all the makers, and then, as a matter of additional information, to supplement the physical tests with a chemical
analysis. Unfortunately from only seven of the ten manufacturers
samples were received; and so much delay has been experienced in
obtaining these, that at present I am only able to give the results of
the physical tests, and shall be obliged to postpone the account of
the chemical investigation to a future paper.
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In my own practice I find it necessary to do very little machinework on steel castings; consequently, the patterns for the test-pieces
were designed to furnish castings that could be placed in the testingmachine just as they came from the sand, without any machinework. By this means it was hoped to embrace in the results the
element of an undisturbed skin, which is generally considered so
impcrtaint. in castings. My impression is that, in the case of true
steel castings, the skin tends to decrease the strength, as it seems to
be less ductile than the interior, and, yielding first ander stress,
assists the failure of the whole. Consequently, I am of the opinion
that the results of the experiments I have made would have been
higher if the outer surface of the test-pieces had been removed.
Additional investigation is required to demonstrate this; yet the
accompanying results may be taken as a fair indication of the value
of steel castings, when used without the removal of the outer layers.
In the tension and transverse pieces, the samples were placed in
the machine just as they were received from the makers, but the
compression specimens had each end trued off, so as to obtain a fair
VOL.
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bearing against the compression-plates. The rest of the castingwas
was left undisturbed, so as to give a comparison with the results
given by other stresses.
All the tests were made on the testing-machine used by me in
the department of tests and experiments, Fairbanks & Co., New
York City. The ultimate strength of any material is always a very
uninteresting quantity. The elastic strength is, on the contrary,
very valuable, for it is the only guide that can lead the engineer to
successful construction. Usually the elastic strength is some definite ratio of the ultimate resistance, but in steel of different compositions, and especially in steel castings, where so much depends on
the crystallowraphic arrangement of the particles, this ratio may vary
very considerably. Consequently, in these experiments I have
we taken the greatest care to accurately determine the elastic limit and
modulus of elasticity, and have given comparatively little attention to
the ultimate strength; indeed, for want of time, the ultimates in
compression have been omitted. In tension, compression, and transverse stress each piece was put in the testing-machine and submitted
to regularly increasing loads of as nearly as possible 1000 pounds
per square inch of section, and the deformation of the specimen
measured to 1/10000 inch As long as the increments of \ deformation
were proportional to the increments of stress, the loads were assumed to
be inside the elastic limit, and the point at which they became
disproportionate was taken as the limit; consequently, the elastics
here given may be relied on to be correct within 500 pounds per
square inch.
The results of the tension and compression tests have been reduced to pounds per square inch and the elongation and reductions
to per cent, and, excepting in the cases of those tests marked " A,"
all the experiments have been made on bars of the same size and under
the same conditions as to size and preparation of specimens and
duration of tests. The tension-specimens were 1 1/2 inches in
diameter and 10 inches long under gauge. Compression-specimens
were 2 inches square and 2 1/4 feet long under gauge. The transverse
specimens were 2 inches square, 2 feet long, clear span, and loaded at
the centre. The results of the transverse tests have been reduced to
equivalent bars of 1 inch square and 1 foot clear span, but the
deflections are given in 1/100 inch, without reduction. The modulus
of elasticity in transverse stress has been calculated
by the well-known formula,
elasticity,

in which E= modulus of
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w = center load on the piece, I = clear span, b — breadth, d =
depth ; and D = deflection produced by w. While this neglects
the effect of shearing stress, it is within the limits of error due to
the inequality of rough castings.
The tests marked " A " were made on pieces differing from the
above description. The sizes of specimens and method of testing
"2A" were as above, but the material was not steel, but a superior gunmetal, perhaps containing wrought iron or steel scrap, and supplied at
6 cents per pound. "9A" were test-pieces submitted to the United
States Navy Yard as samples of steel easting to be furnished for
naval construction. These pieces were turned from end to end, and
reduced in the centre for a length of 2 inches, the diameter of the
reduced portion being 1 inch.
Omitting " 2A," and taking an average of the elastics, elongation,
and moduli of the tension-tests, 29.000 pounds, 9 per cent., and
24,443,000 pounds are found. With the exception of the elongation,
which is low, this is equal to good iron, while either Nos. 7 or 9
furnish a material that is decidedly superior. In comparison with
east iron we here find a material that at the least calculation is three
times as efficient for construction.
The results of the transverse tests are similar in character excepting that, subjected to this form of stress, the lack of ductility tells
badly against the material, and, preventing the particles from accommodating themselves to the stress, causes rupture sooner than would
have been anticipated from merely a consideration of the tension
results. In compression the hardness and rigidity of the material
make it compare still more favorably with wrought metal, especially
where it is to be used under circumstances free from lateral or bending
stresses. Between steel castings and cast iron, howevey, the
comparison in compression is less favorable to the former, as in this
form of stress the materials resemble each other closely.
The bête noir of steel castings has been the possibility, not to say
probability, of blow-holes, the presence or absence of which can
only certainly be ascertained by an examination of the fracture of
the piece in question. Still, if a maker has succeeded in producing
sound castings of a good quality, the presumption is that the operation can be repeated. The description of a steel fracture is a difficult
piece of literature, for words can hardly convey the impression that
the practiced eye at once receives, and so I have had the ends of the
tension and transverse test-pieces cut off, and have brought them
here to let them speak for themselves. An examination of the
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specimens will show that only three of the makers have supplied
samples from which both the tension and transverse pieces show
perfectly sound fractures, free from blow-holes, viz., Nos. 3, 7, and
10. All the other samples are imperfect, either through the presence of blow-holes or from a soft and spongy center. Sample No.
1 shows a great want of uniformity between the fracture of the transverse and tension pieces. The transverse piece presents a fracture
light in color, finely crystalline, with high metallic luster, and perfectly sound, excepting a small pipe in the center. The tension
piece, on the contrary, is very dull 5n color, with a foliated rather
than a crystalline structure, with numerous blow-holes around the
periphery. Indeed, the difference between these two specimens is
so great as to give rise to the suspicion, at least, that they were not
cast from the same run of metal. Specimen No. 2A simply presents
the ordinary cast-iron fracture. No. 3 is, perhaps, the most interesting of the collection. The castings seem to have been subjected to a
process of cementation, whereby an outer coating of steel about 1/8
inch thick has been formed around a center of totally different
physical properties. It is probable that anything affecting this
exterior skin would materially alter the value of the casting. The
remainder of the samples present in their fractures little that is noteworthy, all being bright crystalline, of various degrees of fineness
and metallic luster, Nos. 6 and 9 only being seriously affected by
blow-holes.
The economic value of steel castings is a matter so largely dependent upon the circumstances of each particular case that a generic
statement is hardly possible. Where a large number of similar
castings are required, the cost of the pattern, unless exceedingly
complicated, is too small to affect the price of the product, which
may be generally stated at about 11 cents per pound. Where but
a single casting is required, the cost of the pattern will increase that
of the casting from 10 to 50 per cent. Thus it may be safely
assumed that the net cost of steel castings as they come from the
sand will rarely exceed 15 cents per pound unless the articles are
very small and light. This is about 30 per cent, higher than the
usual prices for iron and steel forgings. Yet for shapes that are at
all complicated the steel casting is much the more economical, inasmuch as there is little or no waste metal, nor is any expensive
machine work required to dress the rough hammered piece to its
appropriate shape. Therefore, for parts of machinery that are subjected to anything but direct compression the steel casting may be,
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as at present made, considered the successful rival of forged work.
Where, however, compression is alone to be resisted, east iron will
for a long time to come hold its own, for, subjected to this stress,
the steel is but little superior to the iron, and the great difference in
price will long continue to make iron the successful competitor.

DISCUSSION.
FRANCIS COLLINGWOOD, New York City: The subject treated
by Mr. Abbott is one that has occupied the attention of foreign
engineers for some time, and it may be of interest to review some of
the results thus far obtained, more especially as they seem to be
more favorable than those obtained here. Mr. William Parker,
chief engineer of Lloyds, states that stern-frames, rudders, and
stem-pieces of ships, also crank-shafts up to 8 tons weight, and a
gun carriage 28 tons in rough and 17 tons finished, have been
cast in steel, and are giving entire satisfaction, also locomotive
axles. Great stress is laid by French engineers on the necessity
for prompt removal from the moulds and annealing and tempering in oil after removal. A test of a casting unannealed gave a
tensile strength of 32 tons and 16 per cent. stretch; when annealed,
33 7/10 tons and 17 per cent.; and when tempered in oil, 38 6/10 tons
and 17 per cent. The tests by torsion, extension, transverse strains,
percussion, rolling and hammering, and drop tests, all gave more
favorable results than the same on wrought iron. Transverse tests of
rough bars east 1 inch square gave a strain in exterior fibers of
53,000 to 85,000 pounds per square inch, and while tempered in oil
102,000 pounds, and, after planing, similar bars but 90° to 100°
before failure. It is claimed that for large masses hammering does no
good, as it does not reach to the interior, and for this reason large
shafts, etc., are just as likely to be sound when cast directly as when
forged. Failures which have taken place, it is claimed, can all be
traced to a lack of the precautions necessary for sound work.
A
recent paper describes a method of making castings from wroughtiron scrap, which has been very successful.
The result when
best Swedish scrap was used was to increase the strength of the iron
about 20 per cent., and to diminish the elongation about 5 per cent.
The iron is cast at a high temperature, and the moulds are specially
prepared.
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THE HOMOGENEITY OF OPEN-BEARTH STEEL.
BY H. H. CAMPBELL, STEELTON, PA.

IN the extending employment of open-hearth steel for structural
purposes, it is a matter of prime importance that the test-piece shall
represent with practical accuracy the characteristics of every portion of
the heat from which it conies.
In ordinary practice this homogeneity is assumed; but inasmuch as
leading exponents of the revolving-hearth system have claimed that
a reasonable uniformity could be obtained by their method alone, it
may be pertinent to offer a few facts on the subject.
The following heats made by the Pennsylvania Steel Company,
for bridge-work, were tested by casting two four-inch ingots, one
being taken during the first third and the other during the last third of
the cast.
Test-pieces obtained from these small ingots usually give results
inferior to those obtained from larger sizes; but for purposes of comparison they are equally conclusive. Many of the tests were made
for experimental purposes within a few hours of the time of rolling,
and before sufficient time had elapsed for the usual molecular redistribution necessary for the best results. All the tests were made
on 3⁄4-inch rounds just as they left the rolls and without annealing;
the results, therefore, are subject to the errors caused by variations
in the diameter, and in the temperature at which the bar was
finished.
The tests from any one heat, however, were always made as nearly
as possible under the same conditions; and inasmuch as these data
include the results of every heat so tested, and inasmuch as the errors
could not by any chance always support any single theory, we may be
certain that the unanimous testimony of the experiments indicates a
valid conclusion.
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Testa from Four-Inch Ingots.

NOTE.—Where four results are given for one heat, duplicate tests were made
from each ingot. In every case A is the first ingot cast and B the second.

The bars were chosen without distinction from charges of all temperatures and characteristics and with no precautions beyond those
invariably taken to insure homogeneity. In addition to these tests
we have more complete knowledge of two heats which were tested
by a bridge-inspector for his personal satisfaction. They were selected
at random by him without consultation with any one, or knowledge
of their previous history.
From heat No. 4533 were cast:
One ingot 14" square, weight 2800 lbs.
Eleven ingots 18" x 20", weight 3800 lbs. each.
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From heat 4536 were cast:
Seven ingots 14" square, weight 2800 lbs. each.
Seven ingots 18" x 20'', weight 3700 lbs. each.
In heat No. 4533 a test was taken from nine of the 20-inch ingots
and also from the 14-inch ingot.
In heat No. 4536 a test was taken from six of the 20-inch ingots
and also from a 14-inch ingot.
Two tests were cut from each bar and the following results obtained :
Tests from Large Ingots.

The bars were prepared in the same manner as those of the first
table, and the remarks concerning sources of error are equally pertinent, as may be seen by the following application:
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It is the general law that, other things being equal, as the strengthcolumns (elastic limit and maximum strength) augment, the ductilifycolumus (elongation and contraction of area) decrease, and vice versa.
But in the tables above, it will be found that in neither heat is
the maximum in the strength-columns coincident with the minimum
in the ductility-columns; neither is the minimum of the first coincident with the maximum of the latter.
We may, however, obliterate the influence of individual irregularities
by forming, in each heat, groups of the bars giving low ultimate
strengths and those giving high results, and we will find that the
results accord with the law, and indicate the true formula of the
heat.
An inspection of the table will justify this division as not entirely
arbitrary.

These results more nearly represent the true character of the metal
than those obtained from the 4-inch ingots under the various conditions
before mentioned.
A slight superiority may be detected in the bars rolled from 20-inch
ingots over those obtained from the 14-inch; but a conclusion drawn
from these two cases would be puerile. We may, however, confidently
assert, from the comparative figures of the first table and the more
definite results of the second, that the assumption of homo-
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geneity in a heat of steel made, with proper care, in a stationarv openhearth, involves no errors that are not entirely overshadowed by the
inevitable irregularities incident to practical construction.

THE WORK OF THE BLAST-FURNACES OF THE NORTH
CHICAGO ROLLWG-M1LL CO.
BY FRED. W. GORDON, PHILADELPHIA, PA.

THE North Chicago Rolling-Mill Co., of Chicago, have four
furnaces at South Chicago, built during 1881. Each furnace is 20
feet diameter of bosh, and 75 feet total height, the hearth being 11
feet diameter, and the top 15 feet 4 inches. They are blown through
seven 7-inch buyers placed 5 feet 6 inches above the hearth level.
Cubical contents, 15,000 cubic feet. Each furnace is supplied with 2
blowing engines, 84-inch blowing cylinder, and 36-inch steam
cylinder, and 54-inch stroke. These two have one jet-condenser
worked by an auxiliary pump. The blast for each furnace is heated
by the aid of three Whitwell fire-brick stoves, each 21 feet diameter
and 60 feet high. In the batteries of boilers furnishing steam for
four furnaces there are 36 double-length boilers, 72 feet long, 48
inches diameter and 16,000 square feet heating-surface.
The plant was designed to produce 3600 tons per week, or 900
tons for each furnace, and was fitted as above with such engines,
boilers, and hot-blast stoves as were thought requisite for that production ; hence, calculated from the present make—not the least
remarkable feature is the economy of construction—there are less
engines, less boilers, and less hot-blast power for the iron made than
at any plant within my knowledge, or it could to-day be duplicated
for less money per ton of iron made per week than could any plant
now in existence, whether using fire-brick or cast-iron stoves for
heating the blast. This is a practical demonstration of my assertion
in a paper on fire-brick stoves, read before the Institute,* that the
application of fire-brick stoves in construction really lessens the first
cost.
In view of the statements just made, I must be most emphatic in
assuring the members that nothing is strained or overburdened.
* Transactions, vol. ix., p. 488.
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The engines run at 23 revolutions, the piston speed being 252 feet
per minute. The hot-blast stoves at present heating the blast to
1450º F. have ample power to sustain the heat, and the boilers,
which are now all on for three furnaces, are continually blowing off
steam without any extra attention. The surplus of steam generated is
so great that no thought of difficulty can be entertained when the
fourth furnace is put on. As for the engines and stoves, there are
only those used -.which belong strictly to the plant at work. With
the four furnaces at work at the present average there will be but 21
feet of boiler surface per ton of iron per 24 hours. One 84-inch
engine is furnishing blast for over 100 tons of iron per day, and
350 square feet of surface in the stove plant are heating the blast for
each ton of iron per day.
After a blast with each of the original furnaces, which was not
entirely satisfactory, they were remodeled to the writer's designs, and
No. 5 started March 22,1884. The work was most satisfactory, compared with the best work at that time, and the remodeling of Nos.
6, 7, and 8 was proceeded with, all being built exactly alike. No. 8
has not been blown in, but is ready. The large make of the others
and the slack orders are the reasons. No. 6 was blown in July 28,
1884, and No. 7 March 31, 1885. The latest monthly reports of
these furnaces are:

During August there was an unusual stoppage of 57 hours, owing
to delays in the mill. As the metal from these furnaces is worked
direct in the converters, the furnaces and the mill are worked
together as much as possible.
For the last four weeks the pounds of coke per ton of iron on No.
7 were:
1,930

1,833

1,800

1,875

The fuel was the ordinary Connellsville coke, its analysis being:
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The yield from the ore in the furnaces was, however, only 63 per
cent., while the pig contained 2 per cent. of silicon and 4 per cent.
of carbon. The metallic iron in the ore would thus be but 59.22 per
cent., so that the earths would be 8.74 — 2.68 SiO2 = 6.06, to which
the supposed iron of the analysis (62.79 — 59.22) should be added,
equal to 6.064-3.57 = 9.63 per cent., allowing for the silicon of the
pig coming from the ore.
During the last four weeks the charge on No. 7 has averaged to
each ton of 2240 pounds of pig iron:
Ore, .
.
Fuel, .
.
Flux, .
.
limestone.

. 3555.5 pounds containing 2105 pounds iron.
. 1S62 pounds containing 1612 pounds carbon.
. 608 pounds containing 553 pounds

The waste gas analysis and temperature were taken repeatedly and
carefully, and averaged 46 volumes of carbonic acid to 100 volumes
of carbonic oxide. The temperature of the waste gases was 480° F.,
while the blast temperature was 1375° F.:
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The average make for 24 hours' running time was, tons,
.
The average make for week, running time, was, tons, .
.
Product per week per 1000 cubic feet furnace capacity, tons,
Average total engine revolutions, per minute,
.
.
.
Average time in motion per day, hours,
.
.
.
.
Displacement of piston each revolution, cubic feet,
.
.
Pressure of blast in engine-room, pounds per square inch, .
Pressure of blast at tuyere, pounds per square inch, .
.
Work done by blowing engines, horse-power,
.
.
.
Work done by blowing engines per ton in 24 hours, horse
power,
.
.
.
.
.
.
.
.
.
.
Add 50 per cent. to this for .noisting and pumping and total
per ton, 24 hours, horse-power ...................................................
Heating surface of boilers apportioned to each furnace per
horse-power developed square feet, .
.
.
.
.
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209
1463
97.5
56
22
345
6
4
507.8
2.44
3.66
5.25

The work of this furnace is here analyzed by Sir I. Lowthian
Bell’s system (see Chemical Phenomena of Iron Smelting, page 154,
etc.), using his cwt.-units, etc., that it may be more easily comred with European data:
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1. Strict economy in fuel consumption can be effected, while the
product is very great.
2. In accompanying this great output by lowering the heat-units
employed to a unit of work, the temperature throughout the furnace are lowered (except perhaps at the immediate region of the
tuyeres), and thereby greater durability of the walls secured. In
the vicinity of the tuyeres are placed well-tried appliances to combat
the erosion accompanying this intense local temperature.
3. By proper construction and practice, the region of economic
reduction has been so far increased that the gases pass away at an
exceedingly low temperature, while they contain a maximum of
carbonic acid as compared with any mineral fuel practice, though
flowing with rapidity.
4. The reduction of fuel consumption having been accompanied
with increased output, while engine-speed, and pressure, and steam
consumption have been reduced, the cost of plant per unit of product does not represent so great an outlay, while the parts are not
driven so fast.
5. As out of 69,217 heat-units developed, 11,073 come in with
the blast, much of the economy must be credited to superheated
blast. independen of the changed condition of the descending material tending toward further economy in part resulting from this heat.
Inasmuch as from April till the present time, no change whatever has been made in the furnaces or their appliances, an examination of what a furnace may be doing is no criterion of what it
should do in fuel-economy. The examination by Sir I. Lowthian
Bell and others of furnaces to which superheated blast has been
applied, is only of existing facts and not of the possibilities. I
maintain from this experience that such practice as should have
accompanied the increase of blast heat was not resorted to, hence
but little economy was found to follow. If with a given consumption of fuel, 1000° F. in the blast sufficed for all the heat
requirements, any additional heat introduced in the blast must be
found in the escaping gases, or the proportion of carbonic acid will
be reduced, or both. This is what examinations have shown, but
they have not shown that the fuel could not be saved. It is hoped
that the record given does establish that it can. Below I calculate
the fuel consumption required when using similar material to that
used at the Durham Furnace, as given in B. F. Fackenthal Jr.'s
carefully prepared paper read at the late Chattanooga meeting. The
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work of this furnace is perhaps as good as any under similar conditions.
It has good height to absorb the heats, has good regular heats in
the blast, and the contrast seems as favorable to the cast-iron stove
practice as its most ardent advocates could wish. The only change
I have made from the charges in Mr. Fackenthal's paper is a small
reduction in the limestone required to meet the reduction of fuel ash.
The fuel is calculated at the same percentage of carbon, and it is
assumed that the gases may be made to pass away containing as
large a percentage of carbonic acid and at as low a temperature.
These two latter propositions may not be admitted, but comparative
data* and reasoning on the subject would lead to the conclusion that
more carbonic acid† and a lower temperature might be found‡ where
the larger quantity of limestone is used.
In the calculation just made 69,217 beat units were developed
from 16.62 cwt. of fuel, or for each hundredweight of fuel 4160 heat
units. If the unit requirements in the new case are divided by this
* Sir I. L. Bell gives the Clarence and Ormsby furnaces and two
Consett furnaces
f ll

showing that the furnaces more heavily charged with limestone had the
largest quantity of carbonic acid as compared to the fuel consumed. These
cases I take as fairly good examples, as the examination dees not reveal
any marked degree of economy of the former pair over the latter, all
conditions considered.
† Carbonate of lime commences to lose its carbonic acid at a low red
heat; much more rapidly than that carbonic acid will be converted into
carbonic oxide in the presence of coke. From this it is inferred that some
of the carbonic acid of the limestone is found in the gases without
suffering any conversion. .
‡ All of this carbonic acid converted into 2 carbonic oxide absorbs
3200 calories of heat per unit of carbon in the carbonic acid. Hence it
follows that the greater the gas of the limestone is in proportion to the
total gases the cooler will the latter be in passing from the furnace, as
much of the carbonic acid is converted into 2 carbonic oxide. And I
would say that the practice being the same with the Durham Furnace and
South Chicago materials, to assume the gases in an equally economical
condition with the former is understanding the probabilities.
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NOTE ON A SELF-DUMPING WATER-TANK.
BY WILLARD IDE PIERCE, NEW YORK CITY .

IT is often desirable to work an old mine that has not been in
operation for some time and that is filled with water. This is especially
true in Nova Scotia, where no great depth has yet been reached
in any of the mines. The following is a description of a self-dumping water-tank which was used by me at Tangier, for draining
a mine, and which did the work of a large pump, while the original

cost is merely nominal, in comparison with the price of a pump.
The tank, A, Fig. 1, is 1 1/3 by 3 feet and 4 feet high, inside measurement,
made of 2-inch stuff and securely bound with iron.
There are two clacks in the bottom which open as the tank is
lowered into the water, and which close and hold the water as the
tank is raised. B is an iron rod running through the tank, below
and back of the center, and projecting beyond the sides of the tank.
C is one of two guides, and D, a movable iron rod in each guide.
This rod, attached to an upright, E, is moved forward and close up
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against the guide by means of the lever, G, and, on being released, is
brought hack into position by the weight, F.
The tank being in the shaft and full of water is hoisted by means of a
cable passing over a drum. On nearing the surface the tank passes
between the guides, C (the rod, B, running over them), and is raised until
the rod, B, is over the rod, D, when the tank is lowered until its weight is
held by the rod, D; the cable is then slackened and the tank tips forward and
discharges the water into the sluice-box, H. The tank is then raised until its
weight is removed from the rod, D, when the engineer by means of the
lever, G, forces the rod against the guide, C, and the tank is thus permitted
to pass down into the shaft to be again filled. A tank like the above will
discharge 75 gallons per minute from a depth of 150 feet, and one man
only is required to operate it.

ESTIMATION OF MANGANESE, CARBON, AND PHOSPHORUS IN
IRON AND STEEL.
BY BYRON W. CHEEVER, UNIVERSITY OF MICHIGAN, ANN ARBOR, MICH.

W HILE working upon the processes which have been described from
time to time in the Transactions of the Institute for the estimation of these
elements, I discovered that certain reactions take place under certain
conditions which if overlooked, give erroneous results. Some of these
reactions are new, to me at least.
Estimation of Manganese.
A weighed sample is dissolved in nitric acid and the manganese
precipitated by potassium chlorate in the usual manner, care being taken to
add some strong nitric acid at the last, and boil, to completely destroy the
chlorate. Filter through purified ashestos, suck the filter dry with an
aspirator; then wash with HNO 3 (1.40sp. gr.) until the acid comes through
clear, and again suck dry with the aspirator. The nitric acid used for
washing must be free from nitrous acid, for this acid reduces the peroxide
of manganese; the lower oxide thus formed is dissolved by the strong nitric
acid and is carried through the filter; some manganese also will nearly
always be dissolved if the precipitate is washed with water. The nitric
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acid should always be freed from nitrous acid before use by blowing air
through it t i l l perfectly colorless.
Now transfer the precipitate, with the asbestos, to the beaker in which
the precipitate was formed; add 75 c. c. of water and then run in from a
burette a deciuomal solution of ammonio-ferrous sulphate, 5 c. c. at a time,
stirring briskly after each addition, until the MnO2 is all dissolved.
The decinormal ammonio-ferrous sulphate is prepared by dissolving 39.2
grains of the salt in water, adding 50 c. c. of strong H2SO4 and then diluting
with water to one liter. If heat has been employed in dissolving the MnO2,
the solution must be cooled and then the excess of ammonio-ferrous sulphate
titrated back with decinormal potassium permanganate (made by dissolving
3.156 gnus. KMnO 4 in one liter of water, and compared with the ammonioferrous sulphate before use).
The number of cubic centimeters of the amrnonio-ferrous sulphate actually
required to reduce the MnO 2 , multiplied by 0.00274 = Mn.
There is some difficulty in determining when enough permanganate has
been used to oxidize the excess of ammonio-ferrous sulphate, on account of
the gradual fading of the rose-color after the end-reaction has apparently
been reached. This seems to be due to the manganous sulphate, which in
acid solutions, when asbestos or some other insoluble matter is present, causes
the rose-color to gradually disappear without destroying the oxidizing power
of the solution ; for after an excess of permanganate has been added and no
rose-color produced, this solution, on being titrated with ammonio-ferrous
sulphate, will require as much of this reagent as the excess of permanganate
used. In order to overcome this difficulty and obtain accurate results, I
titrate back the excess of ammonio-ferrous sulphate with the permanganate
t i l l the first flash of the rose-color is obtained, and then test a drop of the
solution on a porcelain slab with a drop of freshly prepared potassium
ferricyanide. If it gives a blue color, add more permanganate; if not, add a
few drops of the ammonio-ferrous sulphate, to see if you have not gone too
far. In this way the exact end-reaction can be obtained. After a little
practice, the end-reaction can be determined without the indicator, which
makes the process more rapid than when bichromate is used.
Of the other processes, the acetate and Ford's both give too high results. It
seems almost impossible to thoroughly wash the acetate precipitate; and the
manganese phosphate always contains either lime or magnesia, or both,
which the strong HC1 has dissolved from

374

MANGANESE, CARBON, AND PHOSPHORUS IN IRON ANT) STEEL.

the asbestos. Volhard's process, when properly performed, gives good
results,
The colorimetric process which is quite extensively used in some
sections, can never be made to give reliable results, for it is impossible with
peroxide of lead and nitric acid to convert all of the manganese into
permanganate, only about two-thirds being thus changed ; and as the amount
thus converted is not constant, it is impossible to obtain even fair working
results.
Estimation of Carbon.
In estimating carbon by the chromic acid method, I have found it
uecessary to prepare my own reagents, since those obtained from the
manufacturers are often so impure as to preclude the possibility of
obtaining correct results. I would therefore call especial attention to the
preparation of Nos. 1 and 4 of the following reagents :
Reagents.—No. 1. Dry granular calcium chloride, free from calcium
oxide: Take crystallized calcium chloride in a porcelain dish and heat very
carefully (not above 200° C.) till fused, then stir constantly until
granulated; now transfer the dish to an air-bath and heat at 200° C. till
perfectly dry. Keep in well-corked bottles. After filling the U tubes, pass
dry CO2 for one hour, then dry air until the CO2 is removed.
No. 2. Anhydrous copper sulphate: Take small pieces of pumice stone,
soak them in a saturated solution of copper sulphate, and then heat them in
an air-bath for several hours at 250° C.; cool and keep in well-corked
bottles.
No. 3. Double chloride of copper and ammonium: Take 340 grms.
CuCl2,2H2O, 214 grms. NH.C1, and 1850 c. c. water. When dissolved add
enough NH4OH to form a slight precipitate; allow this to subside and
use only the clear solution. Of this solution 50 c. c. will dissolve one
gramme of steel.
No. 4. Solution of CrO3 and H2SO4: Take 16 grms. CrO3 and dissolve
in 100 c. c. of water in a porcelain dish; add to this 260 c. c. of strong
H2SO4* and heat to incipient ebullition. When cold it is ready for use.
it should not be prepared long before needed.
* On adding the H2SO4 to the CrO2 solution, white fumes, with a peculiar odor, arise;
these are not retained by any of the materials used in the U-tubes; therefore if the
mixture is made in the generating-flask in the usual way, these fumes pass on and are
absorbed by the potash in the potash-bulb, which always gives high and varying results.
But by preparing the reagent as above given, this error is avoided. I have not been able
to determine the nature of these fumes.
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One gramme of ordinary steel will require 30 c. c. of this solution ; the
amount must be increased with the per cent of carbon.
Description of Apparatus.—In the accompanying figure A and B are for
removing CO 2 from the air; A is filled one-third full with a solution of
KHO, and B is filled with soda-lime. C is a funnel for transmitting the
solutions into the generating-flask D; it is connected by a rubber tube and
cork a with the U-tube B, so that all the air which enters the apparatus at
this end is freed from CO 2 ; it is also provided with a stop-cock (1). D is
the generating-flask. E is a flask for condensing any vapor that may pass over
during the operation. The bottom is covered with strong H2 SO,; the entrancetube passes just through the cork, and the exit-tube extends down to within
one-quarter of an inch of the H 2 SO 4 . For greater safety this flask may be
immersed in a beaker of cold water. F is an 3-inch three-bulb U-tube filled
to the mark b with strong H 2 SO 4 . G is an 8-inch plain U-tube filled with
granular chloride. H is an 8-inch plain U-tube, the left arm filled with
anhydrous copper sulphate, and the right arm with granular calcium
chloride. K is a potash bulb filled to the mark c with KHO (1.27 specific
gravity); connected with it, and fastened to it, is a 4-inch plain U-tube, L,
the upper arm filled with soda-lime, and the lower arm with granular calcium
chloride. K and L are for the absorption of the carbon dioxide. M is a
guard tube, the left arm filled with granular calcium chloride, and the
right with soda-lime. O is an aspirator-bottle, which holds 5 liters of water.
N is a funnel tube for collecting the carbon.
Description of the Process.—Weigh out 3 grms. of the fine iron or steel,
add 150 c. c. of the double chloride of copper and ammonium solution ; stir
the solution frequently, and after a few minutes apply a gentle heat (50° or 60°
C). When the iron and precipitated copper are dissolved, add a few drops of
HC1 to dissolve the thin film of oxide of iron, which has formed on the
surface. The carbon is now collected in the funnel N, which is loosely
stopped with a small quantity of asbestos. Hot water is first run through the
filter, then the solution ; the residue is washed once with the double chloride,
and then with hot water, until the wash-water gives with AgNO 3 no
reaction of chlorine. The funnel is then broken into three pieces, by
scratching at d and e with a file and applying a hot iron, and the pieces, with
the carbonaceous residue, are introduced into flask D. The whole apparatus is
now carefully connected, and the aspirator set running; valves 1 and 3 being
open and 2 closed,
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and 1 liter of air drawn through; valve 3 is now closed and valve 2
opened. After standing thirty minutes disconnect K and L and weigh
them. Re-connect K and L, close valves 1 and 2, remove the cork, «,
and, by means of a funnel, introduce into C 90 c. c. of the solution of CrO3
and H2SO4; insert cork, a, open valve 3, and start the aspirator. As soon as
air-bubbles commence coming through K, open valve 1 and allow the
solution to flow gradually into D, Now close valve 1 and apply heat to
D; shake D carefully to insure thorough contact of its contents, and
continue the heat till white fumes appear, or to incipient ebullition.
Remove the lamp and gradually open valve 1 till wide open ; when the
aspirator O is half empty, open valve 3 so that the air-bubbles will come
over more rapidly. At first the bubbles should not come through faster
thau three in a second, and at no time fast enough to throw the potash
solution in K into the exit-tube. When the aspirator O is nearly empty
close valve 3, and in about five minutes open valve 2 ; allow the
apparatus to stand thirty minutes, then disconnect K and L, and weigh them;
the increase in weight is the weight of CO2, which, multiplied by
27.223,.gives the weight of carbon.
Volumetric Method of Estimating Phosphorus.
The accuracy of this method will depend largely upon the correctness of
the composition of the phospho-molybdate precipitate, which is adopted as
a basis for calculation ; this I have found after many trials to correspond
with the following well-known formula:
3(NH4)20,P2O5,22MoO3,l 2H2O.
This formula contains 1.685 per cent of phosphorus and 86.01 per
cent. MoO3. After reducing the MoO3 to Mo2O3 by zinc and sulphuric acid,
the solution is then titrated with decinormal (n/10) potassium
permanganate, when the following reaction takes place:
5Mo2O3 + 6KMnO4 + 9H2SO4 = 10MoO3 + 3K2SO4 + 6MnSO4
+ 9H2O.
From this reaction we obtain the n/10 factor of MoO3 as follows:
6KMnO4 will form 10MoO3; by substituting the atomic weights for the
symbols and dividing by 30, we obtain 31.568 parts of KMnO4
corresponding to 47.866 of MoO3; and since the n/10 factor of KMNO,
= 0.0031568, that of MoO3 = 0.004786ft. From the
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foregoing data we obtain the n/10 factor of phosphorus by this simple
proportion : 86.01 :1.685 :: 0.0047866 : x, whence x = 0.0000938,
the n/10 factor of P.
Reduction and Titration of the Phospho-Molybdaie Precipitate,
After washing the precipitate in the usual manner it must be washed
twice with pure water to remove the ammonium nitrate; then dissolved in dilute ammonia, and the solution diluted to 50 or 60 c. c.
Select an 8-ounce beaker, place in it a large piece of platinum foil
and on top of this about 10 grins of granulated zinc which has
been amalgamated. (The zinc amalgam is prepared by placing a
quantity of granulated zinc in a dish, covering it with mercury, and
adding a very dilute solution of sulphuric acid, and stirring ti ll
action ceases; now place in a funnel to drain off the excess of
mercury.) Run into the beaker thus prepared 15 or 20 c. c. of the
phospho-molybflate solution, and add 75 c. c. of dilute H 2 SO 4 (l
part H 2 SO 4 to 3 parts water); cover with a clock-glass, and apply
heat till the top of the liquid is covered one-fourth of an inch deep
with bubbles. Continue this heat for twenty or thirty minutes.
When the reduction is complete the solution will have a brown color.
Now decant the solution into a flask, and wash the residue several
times with cold water; cool the solution to 60° C. and titrate
immediately with n/10 KMnO4, and multiply the c. c. used by the /10
factor of phosphorus (0.0000938); the product is the amount in
grains of phosphorus in the sample taken.
The solution after reduction is dark, on titration it grows lighter till
it becomes perfectly white, when a few more drops of the permanganate will produce the rose-color.
My first estimations were made by using zinc and sulphuric acid to
reduce the MoO3; the results obtained were too high, which led me
to suppose, at first, that I had employed the wrong formula for the
phospho-molybdate precipitate. But I found, on making a number
of tests of the same sample of steel, that my results were not
uniform. This led me to look for the cause elsewhere, and I found
that the error was caused by the zinc sulphate which is formed in
reducing the MoO3, and which reduces or destroys the permanganate.
If, then, zinc is used in place of amalgamated zinc, it is necessary
first to determine the reducing power of the zinc sulphate formed by
dissolving a given weight, say 5 grams, of zinc; then use in the
reduction a given weight of zinc, and continue the action till it is all
dissolved. Now titrate the solution with n/10 permanganate, and
deduct from the amount used the amount reduced by
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the zinc sulphate; then multiply the remainder by the n/10 factor of P, as
given above.
DISCUSSION.
A. E. HUNT and GEORGE II. CLAPP, Pittsburgh, Pa. (communication to
the Secretary):
Manganese.—We think Professor Cheever's wholesale condemnation of
some of the standard methods for the estimation of manganese is, to say
the least, too arbitrary. The acetate method and Ford's method, which
Professor Cheever says give too higli results, as well as the colorimetric
process, which ha says " never can be made to give reliable results," are
extensively used by chemists of high repute, and in controlling important
metallurgical operations, as well as in placing large values upon materials.
If Professor Cheever had merely said that these methods were not accurate
in hits hands, the mischief that his statement might make if allowed to go
without comment would have been largely avoided.
Many of the members of the Institute who have occasion to use the
results of chemical analyses, have neither the time nor the experi-v.ice to keep
themselves posted upon the details of chemical work ; but they know in a
general way that the results given them by their chemists were obtained
by certain standard methods; and to see these methods arbitrarily
condemned in our Transactions because the censurer is ignorant of or neglects
the necessary precautions that pertain, in varying forms, to nearly every
chemical operation, we maintain in kindness and with all due respect to
Professor Cheever, is misleading, and may bring forth an unfortunate train of
circumstances entirely beyond his calculations.
The objection that Professor Cheever finds to Ford's method for the
estimation of manganese is that it gives too high results, owing to the lime
and magnesia which the strong HC1 has dissolved from the asbestos. We
know of many good chemists using this method, and every one takes the
necessary precautions to free the asbestos from the soluble lime and
magnesia, by ignition and subsequent digestion with strong HC1 and
thorough washing, before attempting to use it for filtering. The venerable
acetate method, which Professor Cheever says also gives too high results,
and which is used, we think we are safe in saying, by a very large majority of
all chemists, as the standard " check " method of analysis, can have the error
due to imperfect washing of the basic acetate reduced to a very slight
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amount by making a second, and, in the case of a material rich in
manganese, a third separation of the iron. In practical work with Steel
and other materials low in manganese, the washing is often entirely done
away with by making up to a known bulk the fluid in which the basic
acetate separation has been made, filtering through a dry filter an aliquot
part of the clear supernatant fluid, and performing the subsequent analysis
for the manganese in this divided portion.
As to the statement that the colorimetric process can "never be made to
give reliable results," on account of the impossibility "with peroxide of lead
and nitric acid to convert all the manganese into permanganate," we have to
say that we are in one of " those sections " where this method is extensively
used; that we have used it since 1876, uniformly with good results; that it is
necessary in this process, as in most others, to use pure reagents and to
observe certain precautions in manipulation. The nitric acid must be of not
over 1.20 sp. gr. in the fluid after boiling. It is best to start with 1.15 sp.
gr. acid.
The boiling must be energetic until all the carbon is in solution and the
nitrous fumes have been driven off, and the pure PbO., must be added
to the boiling solution, best from a platinum spoon. The solution must then
be boiled for from two and a half to three minutes,not over three minutes.
We always time this ebullition with a watch, doing several analyses at the
same time. We have checked the method upon steels very many times and
with many chemists using different methods, and we find it capable of
giving uniformly good results with steels of from 0.15 to one per cent,
manganese.
We are in daily use of the colorimetric process, checking with our results
two steel works chemists, using respectively Ford's and Vol-hard's
methods.
Phosphosu.—Professor Cheever's figures for the composition of phosphomolybdate of ammonia add, we think, another to the growing list of the
compositions of that interesting precipitate.
The Metallurgical Review, Vol. I., p. 470, gives the results of six
chemists upon the phosphorus iu the yellow precipitate as follows:
Sonnenschein,..................................................
Eggertz,............................................................
Seligsohn,.........................................................
Lipowitz, .........................................................
Struve and Sramberg,......................................
Nutzlnger,
, ..............................................

1.27 pep cent P.
1.63 "
"
1.33 "
"
1.57 "
"
1 5S "
"
1.67 ''
"

And our Transactions quote results from 1.54 per cent, to 1.75 per
cent, phosphorus. We think the majority of chemists use
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Eggertz's original figure of 1.63 per cent, phosphorus in the
phospho-molybdate of ammonia when thoroughly dried at 60° C.
PROF. CHEEVER (communication to the Secretary): The remarks of
Messrs. Hunt and Clapp upon my paper neither discuss nor criticize the
processes I recommend. Their main efforts are directed to what they call my
"wholesale condemnation" of other processes.
A candid examination of the paper will show a very simple statement, and
one not fraught with so much danger to those processes, except perhaps the
colorimetric, as these gentlemen seem to think. When they charge in
substance that I am ignorant of or neglect "the necessary precautions,"
they use rather strong language, especially since there are many chemists in
this country and foreign countries, who have made the same statements as
my paper contains. I have much and good company.
In working by Ford's method, which is among the best, I found lime in
some of my manganese phosphate precipitates; and in seeking for the cause, I
found that my purified asbestos gave up soluble matter on again being
treated with strong HC1. I corresponded with other chemists upon the
subject, and found that they ha'1 met with the same difficulty.
As to the acute method, there has been so much written upon the
defects of the process, that any further comment is unnecessary. Messrs. Hunt
and Clapp touch only one of its important defects.
The colorimetric process has been worked up by a German chemist,
and his conclusions can be found in Annalen der Chemie, vol. exeviii., p.
362. They are far from complimentary to the process. Some work has been
done on the process here, which led to the conclusions expressed in my
paper.
The composition of the phospho-molybdate of ammonia is to be found in
so many authorities that I will not refer to them. From the formula given,
any one can calculate the percentage of phosphorus, which is that in the moist
precipitate; the per cent, given by the authors referred to, is of the dry
precipitate, no formula being given.
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MR. E. D. CAMPBELL'S COLORlMETRIC PROCESS FOR ESTIMATING
PHOSPHORUS IN IRON AND STEEL.
BY BYRON W. CHEEVER, UNIVERSITY OF MICHIGAN, ANN
ARBOR, MICHIGAN.
THE greatest objection to he brought against the present methods for
estimating phosphorus in iron and steel, is the time consumed in the operation.
The following method, originated and perfected-by Mr. E. D. Campbell,
assistant in the chemical laboratory of the University of Michigan, will, I
think, if carefully followed out, give results that are sufficiently accurate for
technical purposes, and will give them in less time than they can be obtained by
any other process.
The process consists in comparing the color obtained by the action of
stannous chloride upon a solution of the phospho-molybdate precipitate obtained
from the solution of iron or steel, with that obtained from a standard solution
of molybdic acid which represents a given amount of phosphorus.
The
operation is as follows :
Take of ordinary steel 1 grm. and treat as in any of the well-known
processes until the phosphorus is precipitated as ammonium-phospho-molybdate.
When precipitated, the phospho-molybdute precipitate is filtered out, thoroughly
washed with an acid solution of ammonium nitrate, and, finally, twice with water,
to remove most of the ammonium nitrate. The precipitate is then dissolved in
about 1 c.c. of 10 per cent, potassium hydrate, which is let fall drop by drop on
the filter till the precipitate is dissolved; the filter is now washed with about 25 or
30 c. c. of water, and the potassium hydrate solution, which now consists of 25-32
c. c. of solution, is boiled until the peculiar frothy appearance, which first
appears on boiling, is entirely gone. The solution is then cooled until perfectly
Gold, and about 10 or 15 c. c. of strong hydrochloric acid added ; if the solution
is kept cold this will form no precipitate, but a light yellow or colorless
solution. The solution is now ready for the addition of stannous chloride, and
the subsequent comparison of color produced with that obtained from the
standard molybdic acid. The comparison is. made in tubes that are calibrated
like carbon-tubes, but which are larger, about 5/8 inch bore, and graduated to
100 c. c.; this makes them about 18 inches long.
To make the comparison of color, first transfer the now acid solu-
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tion of the phospho-molybdate precipitate to one tube, then in the other place 5
c. c. of a solution of molybdic acid, 1 c. c. of which is equivalent to .0001 grm.
phosphorus. The standard is then diluted with stannous chloride to 20 c. c. ; this
gives a brown solution, 1 c. c. of which is equivalent to .000025 grm. of
phosphorus. About 15 or 20 c.c. of stannous chloride is then added to the tube
containing the solution of the unknown, and the solution kept cold by a stream
of cold water t i l l the bubbles cease rising to the top; there will almost always
be an evolution of nitric oxide due to the ammonium nitrate, which remains
unremoved when washing, and the nitric acid of which acts on the reduced
molybdenum and stannous chloride; this must be destroyed before a permanent
color is produced. "When the evolution of nitric oxide has ceased and a
permanent color has been produced, the color is compared with that of the
standard; if the unknown is lighter than the standard, the latter is diluted with
stannous chloride to 40 c. c, when each c.c. becomes equivalent to .0000125
grm. of phosphorus. The tubes are now placed in a carbon-box and the
unknown diluted with stannous chloride until the intensity of color is the same
in both solutions. From the number of c. c. the amount of phosphorus can be
easily calculated, and from this the per cent of phosphorus in the sample. The
two important solutions are the stannous chloride and the standard molybdic
acid.
Stannous Chloride Solution.
SnCl2,.............................................................. 200 grms.
HC1, 1.16 specific gravity, .............................. 325 c. c.
H2O, ................................................................ 660 c. c.
The IIC1 is added to the SnCl2 and then the H2O and the whole heated on a
water-bath until the solution is perfectly clear.
Standard Molybdic Acid Solution.
Take 5 grms. of molybdenum trioxide, dried at 100° C, add 200 c. c. of
strong hydrochloric acid, and boil until a clear solution is obtained ; this is then
cooled and diluted with water to about 900 c. c, and is then to be
standardized. To standardize this, take about 5 grms. of steel in which the
phosphorus has been accurately determined, and precipitate and treat the
phospho-molybdate as before directed up to the acidification with
hydrochloric acid. After the solution has been acidified with hydrochloric
acid, it is
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diluted to such a point that each c. c. shall contain .0001 grm of phosphorus.
This will give a temporary standard solution, but it will precipitate in a
day or two; to avoid which evil, we standardize a solution of molybdic acid
in hydrochloric acid, as this will keep indefinitely without changing. If we had
5 grms. of steel with 0.15 per cent, phosphorus, there would he .0075 grms of
phosphorus, and the solution would have to be diluted to 75 c. c. in order that
each c. c. should be equal to .0001 grm. of phosphorus. To compare the two
solutions, take 5 c. c. of the temporary standard, add 20 c, c. of stannous
chloride, and, when the effervescence has ceased, more stannous chloride, until
the whole is diluted to 40 c. c. in the color-tube. Each c. c. of this solution is
then equivalent to .0000125 grm of phosphorus, which gives a very good
depth of color for comparison. 5 c. c. of the hydrochloric acid solution of
the molybdenum trioxide is then placed in the other tube and diluted with
stannous chloride till the colors of the two solutions agree.
Let a be the amount to which the 5 c. c. of molybdic acid solution had to
be diluted in order to equal the standard in color, and b be the amount of
solution in the cylinder, or whatever it is to be diluted in. Then,
40 : a :: b : æ, in which x is the amount to which b will have to be diluted
in order that each c. c. shall be equivalent to .0001 grm. of phosphorus. In
this way a permanent standard solution of molybdic acid can be made
which can be diluted a little at a time, when desired, with stannous chloride, to
give a standard color.
I have found that where the carbon in a sample of steel has been destroyed by
means of potassium chlorate, and the manganese precipitated as the dioxide, if,
instead of hydrochloric acid, ammonium oxalate be used to reduce the
manganese, and the solution then boiled nearly to dryness, or until almost all
the nitric acid has been driven off, the iron precipitated with ammonium hydrate
and redissolved in nitric acid and boiled a few minutes, a clear straw-colored
solution is obtained from which the phosphorus may be completely precipitated
by ammonium molybdate in forty minutes if the solution is heated to 60° C.
The precipitation takes place almost immediately, and seems to be nearly
complete in ten minutes, although I generally allow forty minutes.
By adopting the two above methods, I have made estimations of phosphorus
in steel agreeing to within less, than .01 per cent, with those obtained
gravimetrically, and have completed the estimations
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in a little more than three hours from the time I began to weigh. One
estimation I completed in two hours and fifty minutes, and I think, with
practice, the time could he reduced to two hours and thirty minutes.

A NEW METHOD FOR THE DETERMINATION OF PHOSPHORUS
IN IRON AND STEEL.
BY J. B. MACKINTOSH, SCHOOL OF MIES, NEW YORK.
THE general method which has been followed since the time of Heinrich
Rose, and perhaps before, for the determination of phosphorus in iron and
steel, is to dissolve the sample either in nitric acid, aqua regia, or some
other oxidizing agent, in order to convert the phosphorus into phosphoric acid.
In 1832 Rose* recommends HNO3, or aqua regia, preferably the former.
Wöhler, in 1854, † directs that the iron should be oxidized by burning in a
stream of oxygen for the determination of carbon, and the resulting oxide of
iron containing all the phosphorus as phosphoric acid be treated as an ore. In
the fourth English edition of Fresenius' Quantitative Analysis,‡ pp. 666—667,
we find directions to dissolve the iron in aqua regia or bromine; and, coining
down to more recent times, we find F. A. Cairns § directing the employment of a
boiling solution of potassium chlorate and hydrochloric acid for the oxidation
and solution of the sample to be analyzed. It is unnecessary to multiply
quotations from the literature of the subject, though they might be extended
almost indefinitely, since it would only be a repetition of the above
mentioned series of methods in one form or another; and the references given
have been selected to show how little essential variation there is in the typemethods of solution used. In fact it seems to be universally accepted as a
necessary first step in the determination that some such method of solution
should be followed.
One chemist, however, struck out on a different line of thought, and to the
best of my knowledge only one, M. V. Tantin, who, in
* Rose's Traité Pratique d'Analyse Chimique. Translated from the second
German edition, by A. J. L. Jourdan, 1832, vol. ii., p. 414.
† Wöliler's Handbook of Inorganic Analysis. Edited by A. W. Hofmann.
London, 1854, p. 61.
‡ 1865.
§ A Manual of Quantitative Chemical Analysis. By F, A. Cairns, A. M.,
1880, p. 114.
VOL. xiv.—25
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a contribution to the Comptes Rendus (1 have not been able to find the original
article, however), copied in the Chemical News,* describes his method for
determining phosphorus in cast-iron as follows:
"When seeking the means of avoiding these sources of error,† I concluded that
the best way of so doing would be to use a precisely contrary method, namely, by
liberating the phosphorus as a hydrogen compound; but one objection
naturally arose—would the totality of the phosphorus pass into the state of a
gaseous product? I may safely affirm that I have never been able to
discover the least trace of phosphorus in the residue after the complete attack
of the cast-iron by chlorhydric acid, which fact is not surprising if it be
considered what strong affinities phosphorus has for hydrogen."
According to M. Tantin, the resulting gases, composed of phosphuretted,
arsenuretted, sulphuretted, and carburetted hydrogen, are passed through
potash and then into nitrate of silver, where all the phosphuretted hydrogen is
caught as phosphide of silver, which is afterwards treated with aqua regia, and
the phosphoric acid resulting determined as ammonic-magnesic phosphate. The
following precautions are mentioned as indispensable.
1. The cast-iron must be attacked very slowly, or part of the
phosphuretted hydrogen may traverse the solution of nitrate of
silver without being absorbed.
2. When the solution is finished, a current of hydrogen is to be passed
through the apparatus,
M. Tantin seems to have overlooked the possibility of some of the
phosphorus remaining in the solution, and to have assumed that if none was
found in the residue, all must have gone off with the gas. If such were the
case, the determination of phosphorus would be much simplified.
Some years ago, I tried this method on a pig-iron which I knew ran over
one per cent, of phosphorus, but my final precipitate, if any, of ammonicmagnesic phosphate, was so small as to be invisible. I concluded that the method
was not suited for American pig-irons, and gave no more attention to the subject
till the present summer, during which I have had considerable leisure time for
experiment.
In Watt's Dictionary of Chemistry‡ we find the statement,," When a very
small quantity of phosphorus is associated with a large quan* Chemical News, xviii., p. 252.
† Loss as phosphuretted hydrogen; estimation of arsenic as phosphorus;
and errors due to large bulk of solutions employed.
‡ 1866. Vol. iv., p. 510.
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tity of iron, as in many kiwis of pig-iron, the whole dissolves in hydrochloric
or dilute sulphuric acid, the phosphorus passing into solution as
phosphoric acid." This statement is the very reverse of that made by M.
Tantin, and to ascertain its accuracy I made the following experiment.
I had just finished an analysis of bar-iron which, by the ordinary method I
used,* had given 0.124 per cent, phosphorus. I took 10 grams of this and
dissolved it in hydrochloric acid, finally boiling the solution, neutralized
with ammonia, and, after adding a few c.c. of permanganate to oxidize a
little iron, precipitated basic acetates, boiling the filtrate twice for further
precipitates ; the combined precipitates were dissolved in hydrochloric acid,
oxidized with nitric, precipitated with ammonia and the precipitate
redissolved in nitric acid, and the phosphorus precipitated with ammoniummoly date, finally weighing the yellow precipitate. The result I obtained
by this method was 0.122 per cent., which is a very satisfactory confirmation of the statement the experiment was meant to verify. The time
taken in this determination was about from 5 to 6.30 P.M. one evening, by
which time I had the yellow precipitate formed, † and the time necessary
to filter and weigh the precipitate the next day, perhaps an hour more.
This result being so satisfactory, I treated some filings of a highphosphorus pig (in which by my ordinary method I had found 0.826
per cent.) in the same manner, but found that I had only succeeded in
obtaining 0.580 per cent., or about five-sevenths of the total amount
present. I also prepared a button of very high-phosphorus iron, and on
treating in the same way found that I only obtained about three-quarters
of the amount present. This made me think that probably the loss was
due either to the escape of phosphuretted hydrogen or to the formation of
some other compound than phosphoric acid.
I therefore arranged a
simple apparatus, the
* Ten grams dissolved in 120 c.c. nitric acid sp. gr. 1.20, evaporated to dryness and heated
in air-bath to 120° to 130° C. several hours, redisaolved in hydrochloric acid, reduced with
ammonium bisulphite: precipitate the phosphoric acid by a basic acetate separation, boil
the filtrate twice for further precipitates, making three in all, dissolve the combined
precipitates in hydrochloric acid, filter out silica, oxidize solution with nitric acid,
precipitate with ammonia, redi.ssolve the precipitate in nitric acid and precipitate with
ammonic molybdate. This last precipitate is redissolved in ammonia and reprecipitated by
nitric acid, is then filtered on a Gooch crucible, dried and weighed, and afterwards checked
by precipitation as ammonic-magnesic phosphate.
† I did not seek to remove silica by evaporation to dryness. Per cent. Si = 0.151.
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same, in fact, which I use for the determination of sulphur in iron, which
is filled with an atmosphere of hydrogen throughout the operation, and
consists of a flask A to hold the acid, a flask B.for the iron, and flasks C
and D, of which C is generally left empty to. catch condensed steam, and
the two flasks D contain the absorbent liquid.

The absorbent liquid in D was a solution of potassium-permanganate
acidified with nitric acid. The iron having been placed in B, and the
necessary amount of dilute hydrochloric acid to dissolve it in A, the
whole apparatus was filled with hydrogen, a current of which was kept
passing through the whole time. When the air was all expelled, the
flask A was inverted above the level of B, so that its contents flowed into
B and the solution of the iron commenced. The solution was heated to
boiling for some minutes, and when all had dissolved, with the exception of
the insoluble portion, the apparatus was disconnected, the insoluble residue
filtered from the solution, the solution divided into equal parts, one of
which was oxidized with nitric acid and treated as in an ordinary
determination of phosphorus, while the other was immediately precipitated
by basic acetate, as in the first experiment described.* The amounts of
phosphorus found in the prepared iron phosphide were distributed as below.

Showing a loss of 0.50 per cent, of phosphorus in the solution in some
other form than phosphoric acid. It is very possible that nitric acid
fails to oxidize to phosphoric acid all the phosphorus
* Care being taken to remove silica wherever present.
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compounds formed in the solution. Referred to the total amount of
phosphorus found (6.50 per cent.), the distribution per cent, is as follows:

I repeated the above process on a sample of pig-iron said to contain
0.885 per cent, phosphorus, and in which, by my usual method, I found
0.880 per cent, weighing as magnesia pyro-phosphate, or, calculating from
the weight of the yellow precipitate, 0.878 per cent. This was also
conducted in a hydrogen atmosphere. The gas was caught in
permanganate acidified with sulphuric acid in the first flask and with
nitric acid in the second. Nearly all the phosphorus in the gas was retained
in the first flask, a very small amount only passing over to the second.
The results obtained were—

I then took a sample of high-phosphorus pig in which I had found in
usual way 1.45 per cent, (weighed as yellow precipitate), or 1.48 per cent
(weighed as magnesia pyrophosphate), and dissolved 1 gram in 10 c.c.
hydrochloric acid, and 30 c.c. water, finally heating the solution to
boiling. This time, instead of a stream of hydrogen being passed
through the apparatus, a stream of oxygen was employed. The escaping
gas was passed through permanganate and nitric acid. All the
phosphorus caught was found in the first flask.
The residue, as in all these experiments, was heated with nitric acid
and potassium chlorate; the solution was partially oxidized with 10 c.c.
permanganate (1 c.c. = .01 Fe) and precipitated as basic acetate as usual;
the silica separated from both portions, and the
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phosphorus determined; The total amount of phosphorus found was
1.42 per cent, weighed as magnesia pyrophosphate, or 1.37 per cent,
weighed as the yellow precipitate, showing a loss of 0.00 per cent. The
distribution of the phosphorus was:

I next took 2 grams of the .8S0-.S85 per cent, pig and dissolved it, as
in the last case, in a stream of oxygen, but instead of following up each
portion separately, mixed them all together (the gas was caught in
sulphuric acid permanganate), and collected the residue with the first basic
acetate precipitate, treated with nitric acid and potassium chlorate, and
proceeded as before. The phosphorus found was only 0.771 per cent., or of
the total amount present, 87.41 per cent, was found and 12.59 per cent.
lost.
I repeated the last experiment, using, however, dilute sulphuric acid in
place of hydrochlorie as the solvent, a stream of oxygen passing
continually through, and the solution being kept boiling for fifteen minutes,
after all visible action had ceased. The total phosphorus found was 0.767
per cent., distributed as follows:

These last two pxpei'"menis showed thai oxygen was not sufficient to
convert the phosphorus in the forms lost into phosphoric acid; so the
problem resolved itself into finding a method of converting the lower oxygen
compounds of phosphorus into phosphoric acid, without simultaneously
oxidizing ferrous to ferric iron. The solution of this problem was obtained
in the next trial. The process is the same as before described, using
hydrochloric acid as the solvent, and a current of oxygen ;* and after
raising the solution to boiling, introducing an excess of a strong solution of
sulphurous acid previously
* The use of oxygen in place of hydrogen is recommended because it lias no appreciable
oxidizing effect on the iron solution, while it prevents the reduction of the permanganate,
which rapidly takes place with hydrogen.
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placed in the flask A, and continuing the boiling for some minutes. The result
of the reaction is visible in the precipitation of sulphur in the solution, and the
insoluble residue is much altered in appearance, being much more disintegrated.
The results obtained in this experiment were: total phosphorus present, 0.882 per
cent., weighed as magnesia pyrophosphate (care being taken to ensure its purity
by resolution and reprecipitation of the magnesia precipitate), distributed
In residue,....................................................................... 13.49 per cent.
In solution,.................................................................................. 80.84 “
In gas, ........................................................................................... 5.67 “
100.00 “
Loss, ............................................................................................. 0.00 “
In confirmation of this result, I made another determination in the same
manner, starting at noon; by the following morning I found 0.865 per cent,
of phosphorus, and had lost a small amount in the course of the rather hurried
analysis.
The results obtained are given in tabular form on the preceding page.
I also made some confirmatory experiments on the sample used in
experiment No. 5, weighing the yellow precipitate first obtained, instead of
purifying it by reprecipitation. The precipitates carried traces of iron, which in
experiments 11 and 12 entered into the magnesia precipitates. This explains
discrepancies observable between the results calculated from the weights of
the yellow precipitate and from those of the magnesia pyrophosphate.
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From inspection of this table it is seen that there is a far closer agreement
between the results calculated from the weights of the yellow precipitate than
in those calculated from the magnesic pyro-phosphate ; and I am of the opinion
that the true percentage of this sample is very near 1.454, the average of the
four lowest results obtained.
In experiment 10, the phosphorus found was distributed--

In experiments 11 and 12, all portions were mixed together.
The following is a brief outline of the steps to be followed :
1. Solution in hydrochloric acid
in
a stream of oxygen or air,
absorbing the escaping gases in permanganate acidified with sulphuric
acid.
2. Heating the solution to boiling, stopping the passage of the
oxygen current, and carefully adding an excess of sulphurous acid
solution, and continuing the boiling till the precipitated MnO2 in
the absorption-flasks is redissolved.
This boiling should last several
minutes to ensure the completion of the reaction.
3. Disconnecting the junctions between the absorption-flasks and
solution-flask, and between the solution-flask and the acid-flask, and
allowing to cool.
4. Mixing solutions, filtering out residue which is placed (with
filter paper) in a porcelain casserole, oxidizing with nitric acid and
potassium chlorate, and evaporating to dryness.*
5. Boiling the solution till the excess of sulphurous acid
is
expelled, adding a few c.c. of permanganate to peroxidize a little of
the iron, and precipitating basic acetates.
Boiling the filtrate for
other precipitates, to ensure getting all the phosphoric acid present.
6. Dissolving these precipitates in hydrochloric acid and adding
to the solution of the residue in which, by this time, the paper will
have been thoroughly destroyed.
* I prefer to filter out the residue instead of filtering it out with the first
basic acetate precipitate, because it is difficult to work accurately on a
muddy liquid, and because there is a probability of loss of phosphorus by
the continued action of the hot acid solution on the residue, after the
sulphurous acid has been expelled. By proceeding as directed, this chance
of loss is removed. Perhaps some of the loss in the ninth experiment may
be due to this cause, as the residue in that experiment was not separately
treated.
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7. Evaporating to dryness for silica, and proceeding as usual with the
molybdate precipitation.
The saving of time by this process is the greater, as the percentage to be
determined is less. In a steel of low percentage, where it is necessary to use
10 grams for the determination, necessitating the use of 120 c.c. of nitric
acid for solution, by the old method, the time taken for the evaporation of
this amount of liquid, for the subsequent thorough drying of the residue,
and for the resolution and reduction of the iron to the ferrous state, is
evidently much greater, and the operations followed are much more tedious
than by this method, where the phosphorus is concentrated at the start in
but a few milligrams of iron in very little bulk of solution, enabling the
subsequent evaporation to dry ness and thorough drying of the residue to be
performed in a very short period.
In M.. Tantin's experiments he used cast-iron only. Mine have been
conducted on pig and wrought-iron. It is possible that the difference in our
results may be partially accounted for by different modes of occurrence of
phosphorus similar to the different forms of carbon, but of this I cannot
speak from experience, and merely offer it as a suggestion.
The small amount of phosphuretted hydrogen which is found, seems to be
the product of a secondary reaction between phosphorous acid and the nascent
hydrogen evolved. Whether hypophosphorous or hypophosphorie acids are
present, or, indeed, whether phosphorous acid is present, I am at present
unable to say, but the results obtained point to the presence in the solution,
along with phosphoric acid, of one or more of these, as the cause of loss. The
use of sulphurous acid, however, oxidizes these to phosphoric acid without
affecting the iron, so that by this process, a determination can be made in a
day which formerly required several days.
In calculating the percentage of phosphorus from the weight of the
yellow precipitate, I have used in all cases the figure of 1.63 per cent,
phosphorus in the precipitate, and have thought it worth while to give the
results I have obtained in two determinations I have recently finished. I
prepared the yellow precipitate from phosphoric acid, precipitated in the
usual manner with excess of molybdic acid. One of these precipitates (A)
was purified from possible excess of molybdic acid by solution and
reprecipitation ; the other (B) was analyzed without going through this
process. The magnesia precipitate obtained from A was also purified by solu-
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tion and reprecipitation, while that from B was ignited and weighed direct.
The results are given below.

LIXIVIATION AND AMALGAMATION TESTS.
BY F. W. CLARK, BOSTON, MASS.

AT the present time, when lixiviation versus amalgamation is being
so thoroughly discussed by practical men, and published information is so
meagre, the following tests, made by students in the mining laboratory of the
Massachusetts Institute of Technology, may be of interest to others. The
ore experimented upon was obtained from the Sombrerete mines near
Zacatecas, Mexico. A careful analysis of the dried sample resulted as
follows :
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Two lots of the ore were taken for treatment: the first, weighing 446 k. (981
pounds), was treated by the Patera and Russell processes, by Mr. O. T. Stantial;
and the second, weighing 201 kilos. (442 pounds), was treated by the ordinary
roasting and amalgamation process, by Mr. N. M. Randall.
Lixixiation Tests.--The ore was crushed with rolls to pass a 30-mesh
sieve. Several trial-charges of 10 kilos. (22 pounds) each were roasted in a
small reverberatory furnace (hearth 2 feet x 2 feet) under varying conditions,
such as mixing salt with ore before charging, mixing salt at different periods of
the roast, varying heat and length of roast, etc. Each charge was carefully
sampled, the sample finely ground and assayed to ascertain the percentage of
silver chloridized; and the results were invariably higher than those afterwards
obtained in leaching the charge. It is probable that some of the ore-particles,
partially fused in the roasting, were impervious to the solutions. The charges
were leached first with water, then with a solution containing about 4 per cent,
of hyposulphite of soda until no precipitate was given on addition of Na2S,
and finally with a Russell solution containing about 4 per cent. Na2S2O3 and
2 per cent. Milestone.
Table I. gives the results of trial charges.
TABLE I.
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These trial-charges being satisfactory, the main part of the ore
was roasted in four charges in a reverberatory furnace (hearth 4 feet
by 4 feet). Ten per cent. of salt was used with each charge, though
half that quantity would probably have given nearly as good results.
The salt was added towards the end of the roast in each case. The
loss of silver by volatilization was determined by estimating total
amount of silver present before and after roasting. This includes
loss in flue-dust and loss due to the furnace not being thoroughly
cleaned out. It is probably too high in the first two roasts and too
low in the latter two.
In leaching, cold water was admitted below the charge and diluted
as it rose above, considerable chloride of silver being precipitated.
Cold, and finally warm, water was passed through, until the addition of Na2S gave no precipitate. A 3.3 per cent. solution of hyposulphite slightly warmed was then passed through the ore until the
addition of Na2S to the filtrate produced no precipitate, but only a
deep wine-color. Finally, a Russell solution containing 3 kilos.
hyposulphite and 11⁄2 kilos. Milestone to 40 gallons of water was
used, until no more silver would dissolve. The results of each
charge are given in Table II.

Charge two roasted at low heat.

Charge four at a heat that baked it badly.

It is probable that a lower heat than that used would have given
better results, but time and ore were insufficient to continue experiments.
Amalgamation Tests.--Ore crushed to pass a 30 mesh sieve. Four
trial-charges roasted in small furnace, and two larger lots in large
furnace, gave the results shown in Table III. All charges were
well mixed and amalgamated in 12-inch and 18-inch combination
pans. Table IV. shows the results of amalgamation.

These tests show that this ore can be worked equally well by
either process. The leaching gives nearly pure bullion. That from
amalgamation can be improved very much by further studying the
conditions of amalgamation and roasting. The weakest point of the
Russell process is in handling the mixed sulphides of copper and
silver. It is not claimed that the results by either process are as
good as would be obtained by continuous working of the ore; but
they are interesting as showing what comparatively inexperienced
workers can do at the first attempt with a rather difficult ore.
The gases given off during the chloridizing period were examined
qualitatively by drawing them off from the interior of the ore-pits
and leading them through suitable condensing apparatus and different solutions. These gases were Cl, HC1, SO2, SO3. and the ordinary
products of combustion. The chlorides of Fe, Ag (a trace), Pb, Na,
Zn (a trace), Ca (a trace), Cu, As, and Sb (a trace) were also given
off.
Another student, Mr. David Baker, made a large number of tests
with a highly oxidized manganese ore from the Knoxville mine,
Charleston, Arizona.
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This ore was roasted under a variety of conditions, with no very
satisfactory results. The loss by volatilization was frequently very
great. The addition of 5 per cent. of sulphurets did not help the
chloridization appreciably. Steam reduced the volatilization of
silver to almost nothing. The amount of silver chloridized varied
from 30 to 75 per cent.; the amount volatilized, from 50 per cent.
to nothing. In the muffle-furnace, chlorinations of 90 per cent.
were readily obtained without excessive volatilization.
In amalgamating the ore, a considerable loss in slimes occurred,
the silver mineral apparently floating off on the surface of the water.
The addition of Milestone, salt, and sulphuric acid in the pans produced some additional chlorination, 81 per cent. being extracted
from one charge. The results on a lot of 313.6 kilos. (690 pounds)
averagd as follows. Ore assayed 45.4 ounces per ton:
Per cent.
Loss in roasting, ....................................................................................... 17.7
Bullion, ...................................................................................................... 43.6
Slimes, .
................................................................................................ 20.9
Tailings, ..................................................................................................... 17.8
100.0
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NOTE ON THE CONTRACTION OF IRON ON SUDDEN
COOLING.
BY HENRY M. HOWE, A.M., S.B., BOSTON, MASS.

IF a bar of wrought iron or steel is suddenly cooled from a bright
red-heat, the contraction which then occurs is considerably greater
than the expansion previously caused by heating the bar, so that
its final length is considerably less than it s initial length. . Mr.
Thomas Wrightson has investigated this phenomenon,* and has
shown that not only does this permanent contraction occur on sudden cooling, but, if the heating and cooling be repeated, say fifty
times, a further permanent contraction occurs at each successive,
cooling. In Mr. Wrightson's opinion, this contraction cannot be
explained on mechanical grounds, and he ascribes it to some molecular change caused by sudden cooling; but I think that we need
not invoke mysterious molecular changes to explain this phenomenon,
which appears to me to be due to very simple and purely mechanical
action.
Let us consider the cooling as divided into two periods, in the
first of which the exterior or skin of the bar becomes almost completely cooled, and hence tends to contract almost to its initial dimensions, while the still hot and plastic interior contracts but l i t t l e ;
in the second period the already cool skin remains nearly constant
in temperature, and hence tends to contract but little, while the
interior cools from a comparatively high temperature to the ordinary temperature, and hence undergoes great contraction.
The excess of the contraction of the skin over that of the interior
during the first period tends to make the bar bulge in the middle
of its length. This, as well as the decrease of density which occurs,
Mr. Wrightson correctly explains. The interior of the bar just
sufficed to fill the skin when both were in their initial condition,
before being heated at a l l . At the end of the first period, the
volume of the still hot interior is more than the now contracted
skin can hold while maintaining its initial shape; and the effect is
much the same as when we powerfully blow into a soft India-rubber bag of the shape of the skin of the bar--it bulges, and tends
to approach the spherical shape, in which the ratio of surface to
* Journal of the Iron and Steel Institute, 1879, ii., p. 418.
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volume reaches the absolute minimum. This transverse bulging
permits the s k i n to contract longitudinally t i l l , at the end of the
first period, when it has almost completely cooled, it has returned
nearly to its i n i t i a l length.*
When we come to the second period, the tendency of the interior
to contract as it cools is vigorously opposed by the already cold and
contracted exterior, and, as Professor Stokes points out, t h i s resistance to i t s contraction tends to leave the interior porous; hence
the lower specific gravity of the interior of pieces thus cooled.
Now it appears to me, that this struggle between the contracting
interior and the comparatively rigid skin is the cause not only of
the final porosity of the interior, but also of the permanent longitudinal contraction of the piece as a whole. As the interior contracts,
it tends both to draw the skin inwards and to shorten i t , exerting
a tremendous internal tension on it, and this pull is, of course,
resisted by the rigidity of the skin. Now, both the pull of the
interior and the resistance of the skin have their effects. The resistance of the skin to a certain extent prevents the interior from contracting to its initial dimensions, while the pull of the interior
to a certain extent compresses the skin both longitudinally and
transversely, just as a powerful external pressure would. Acting
lengthwise, it causes a permanent longitudinal contraction of the
skin, just as an upsetting force from without would. †
* As this enables the skin to contract longitudinally to an extent closely corresponding to the fall of temperature, so that its length measured around the bulge
falls, at the end of the first period, nearly to the initial length, the length of the
bar, measured in a straight line, might fall even below its initial length; but this,
alone, cannot account for the whole of the contraction of the skin, since in Mr.
Wrightson's experiments the length of the skin itself, measured on the bulge, suffered permanent contraction.
† I have already pointed out that the effect of the excess of the external over
the internal contraction, during the first period, resembles that of inflating a soft
India-rubber bag whose normal shape is that of our bar; the skin, not being large
enough to contain the interior while maintaining its own shape, bulges. Now. if
we allow the excess of air to escape from our India-rubber bag, its bulged sides draw
in, or collapse, to an extent the same as that to which they had bulged, which brings
the bag back to its' initial dimensions. As, owing to the internal cooling during
the second period, the interior of our bar tends to contract to its initial volume,
one might at first suppose that, as in the case of our India-rubber bag, the sole
result would be to counteract the bulging of the first period by an equal amount of
collapsing, which would in like manner bring the bar back to its initial dimensions.
But bulging and collapsing involve a considerable lengthwise motion and displacement of the internal particles, the bulging forcing them towards the middle of the
length of the bar, the collapsing forcing them back again from the middle towards
VOL. XIV.--26
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This compression of the skin by the pull excrted on it by the contracting
interior is probably one of the causes of the hardening of iron and steel by
sudden cooling, which acts like cold-rolling or cold-hammering; though I
believe that hardening is chiefly clue to chemical rather than mechanical
action.
Mr. Wrightson, as I have already remarked, believes that the permanent
contraction is the result " of a change in the distance of the molecules
caused by the sudden change of temperature in the successive coolings,”
while I believe it to be caused by the endeavor of the interior to contract
after the skin has returned to approximately its initial dimensions. Now,
to test the matter, we may alter the conditions so that, on the one hand,
the changes of temperature shall be even more sudden than in Mr.
Wrightson's experiments, while, on the other hand, hardly any
contraction of the interior shall occur after the skin has completely cooled
and contracted. This should afford a crucial test: If Mr. Wrightson be
right, we should in this case find still greater longitudinal contraction,
caused by the more sudden cooling; if I am right, we should find much
less contraction, owing to the almost complete elimination of what I have
called the second period of cooling.
These conditions we may obtain by suddenly cooling, not bars so thick
that a very great difference exists between the external and internal
temperature while they are cooling, but wires so thin that at each instant
the temperature is practically uniform throughout their cross-section, so
that interior and skin contract at practically the same rate, while at the
same time the cooling is much more sudden than in thick bars. From the
results given in the accompanying table we see that the 1 1/8 inch square
bars experimented on by Mr. Wrightson contracted, under like conditions,
about 7 times as much as wire of No. 24 B. W. G., and from about 10
times to about 22 times as much as wires of Nos. 30 and 32.B. W.G., the
thin wires contracting much less than the thick. These results accord with
my explanation.
the ends; and, during the second period. the interior is so much less
plastic than during the first, that its particles resist this longitudinal
displacement much more vigorously. Hence, the internal contraction in
the second period, unable to fully relieve itself by collapse (i.e, by
drawing the sides together in the middle of the length of the bar, and
forcing the interior from the middle towards the ends), partly results in
leaving the interior porous, and partly, as I believe, in compressing the
skin lengthwise as well as transversely.
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THE PICTOU COAL-FIELD.
BY HENRY S. POOLE, F. G. S., ASSOC. R. S. M., STELLARTON, NOVA SCOTIA.

THIS field is geologically of much interest. It is small, but with
some seams of unusual thickness, the main one being as much as
thirty-eight feet thick. The quality of the seams, as also of the
associated beds of shale and sandstone, in several instances changes
to a remarkable degree within short distances.
The strata dip at inclinations that carry the coal to depths of 3000
feet or more; heavy faults cut up the district, and the New Glasgow
conglomerate, of disputed age, separates it from the Upper Carboniferous measures, in which no seams of workable thickness are
known. This coal-field offers to the geologist much ground for
study and speculation.
The commercial value of the field is affected by its restricted area,
the varied quality of its coal, and its advantageous position in the
mainland, with railway connection and home markets, offset by the
physical difficulties which make the cost of production high.
It has been so long a habit with us to speak of our resources of
coal as boundless, that any adverse comments, or insinuations that
avoidable loss in working is a national loss, have hitherto fallen on
idle ears. While it is not my purpose to underrate the riches we
do possess, yet I deem that no good end is served by echoing exaggerated estimates which encourage a national indifference to wasteful
*Part of the apparent contraction may have been due to slight kinking
of the wires. We may certainly say that the contraction of the wires was
not greater than that given in the Table, and probably somewhat less.
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mining and consumption of fuel. It should be clearly understood
that these remarks especially apply to Nova Scotia proper; Cape
Breton, with fields of unquestionable extent, is not included. The
area of its coal-deposits has not been so greatly exaggerated, nor
are its less inclined seams subject to the same proportionate waste in
working and screening as attends the mining of the more highly
inclined beds of the Pictou and Cumberland fields.
The combined area of our coal-lands has frequently been put at
18,000 square miles, equal nearly to the total area of the Province;
while a liberal estimate, based on our present knowledge, cannot
make the extent of workable seams to cover one-fiftieth of that surface. In the Pictou district, so largely is it affected by faults, and
the quality of many of the seams being in part reduced below a
marketable grade, that an output equal to that of the United Kingdom in the last three years would more than exhaust its resources.
And this estimate will not seem surprising when it is known that
from an aggregate of 550 acres of seams called 22 and 38 feet thick,
barely 10,000 tons per acre were obtained, a quantity that a ninefoot seam of clean coal, under favorable conditions, has produced.
In Cumberland County, also, similar conditions prevent the actual
winning of a large proportion of the nominal contents of the seams;
and the angle at which they a l l dip must, within a comparatively
short distance, put them beyond the depth at which the coal can be
profitably extracted.
In the Pictou field, operations have been in progress for over half
a century, and the contrivances used for drawing coal have developed
from the simple horse-gin and ski]) to the modern high-pressure engine, in one instance direct-acting, with cylinders 38 inches; and
drums 18 feet in diameter.
The mines railway to the loading-ground is said to have been the
second railway built in America. The gauge adopted, 4 feet 8 1⁄2
inches, has since become the standard, at any rate, on this continent.
The district can still show some antiquated appliances, and a working locomotive built as long ago as 1838.
The field has been gone over by the Geological Survey; and in
the Report for 18S6-69 will be found detailed sections and analyses,
to which only passing reference here need be made. It may be considered as divided into three districts: the Central, or Albion; the
Western, or Westville; and the Eastern, or Vale; the northern and
southern portions being practically of small importance.
The Albion section shows some 4000 feet of measures, the lower

THE PICTOU COAL-FIELD.

405

part being conformable millstone grit beds, and the upper part some
1000 feet of unbroken black shales over the coal. These overlying
beds are rapidly transformed to the westward, and the black shales
give place to sandstones within a mile of the Foord pit, no break
intervening. The section is known to contain a number of seams,
but only four are thought to be of present workable value. Others
of sufficient thickness are, so far as known, of inferior quality.
A downthrow of 1600 feet to the west separates this district from
that of Westville, where only the equivalents of three upper seams
are exposed. The crops of any lower seams, if they exist, as in the
Albion series, have not yet been discovered ; the surface is heavily
drifted, and perhaps they are cut off by a fault.
The Vale district, on the other side, presents no characteristics in
common with the Albion ; and the relation of the beds of one series
to those of the other is s t i l l a matter of dispute. It is in the form
of a synclinal trough, with its axis east and west, the seams being
thickest on the southern outcrop where they are worked. On the
northern side the seams are thinner, and to the west they come to
the surface before they reach the fault that separates them from the
representatives of the Albion beds.
The coals of this field are non-caking, and are chiefly used for
steam and domestic purposes. Some make good coke for ironfurnaces.
In working the beds, as the crops of those opened have already
been mined away, and the difficulties that attend the extraction of coal
from increasing distances and greater depths present themselves more
forcibly, problems come up which make it seem doubtful whether
parts of the field can in the future be economically won. The depth
to which the dip soon carries the coal, and the tenderness of the
overlying measures, requiring in parts close timbering and frequent
renewals, entail such expenses for dead work that it becomes a question : How can the seams of minor quality and thickness be profitably worked, not only at shallow depths, but also at the great depths
to which in a l l probability they extend?
The assistance of mechanical engineers must be sought in the solution of this question ; and the great advances made of late years seem
to indicate that difficulties which but a short time ago appeared
insuperable, may be greatly reduced or wholly overcome. Lang's
patent supplies a light rope of great strength and durability, so that
the increase of dead load due to depth is diminished. A speed of
35 miles an hour in mid-shaft, attained with safety in some deep
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pits, shows how loss of time, due to distance, may be much reduced
by careful attention to construction. Still, steep inclines, which we
have to consider, do not, as ordinarily laid out, offer the same facilities for high speed ; and we do not know where to look for good practice that would indicate the limit of speed on inclines of say 15° to
30° for ordinary work, and again, when men are riding. To a
depth of 1000 feet, workmen may he got to walk up and down ; to
greater depths, the tax on their strength would be of some moment.
Sooner or later the question of the men riding has to be considered ;
and if the safe limit of speed be slow, and but few men be allowed
to ride together, the loss of time while moving them will be more
serious, the deeper the slopes become.
Another difficulty is encountered in dealing with the water that
finds its way from crop openings to the deep. As a usual thing, the
seams in depth are quite dry and even dusty. Can this water from
above be kept back by a barrier of unwrought coal ? The Acadia
Coal Company are trying the experiment with a barrier of 200 feet,
left unwrought right across their area. Above the barrier they
have placed, at a vertical depth of 990 feet, a duplex compound
engine, which forces water to the surface in one column ; and, to
remove a small quantity of seepage, they are placing in the deeps a
hydraulic engine, which will get its power from the main column.
The experience of the Pipe Line Companies in successfully dealing
with pressures exceeding 1000 pounds per square inch, and with
continuous lengths of many miles of pipe, shows that this system can
be made to meet the difficulty, provided the action of the water on
the pipes be not very corrosive.
I have referred to the changes that have been found to occur in
the character of the strata within very short distances, and instanced
the gradual substitution of sandstone for bituminous shales. Similar
changes occur in the coal-seams. For instance, a poor coal, within
a mile, becomes of superior quality; first coking fairly well, then
not coking. Then the coal again deteriorates, and ultimately the
bed ceases to be coal. In fact, most if not all of the seams in this
district show alterations in quality, and this liability to change,
coupled with the smallness of many of the working areas, deters
owners from putting down deep pits and costly plants, and leads
them to content themselves with extending their crop-slopes, and
so winning, lift by lift, thereby adding to the duty of their surfacemachinery.
An exception has been made at the Drummond mine, where
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single high- and low-pressure cylinders are coupled in an engine
placed half-way down the prospective slope to hoist all coal from
the deep of them, and deliver to the landing of the surface-engines.
Details of some of the machinery used in this field are given in the
Notes* published for the benefit of the members visiting the
Pictou field, after the present meeting.
* The following are the details referred to:

Drummond Mine.—11 to 13 ft. of coal worked ; seam clips 15 degrees, worked by
slopes, now 2800 ft. long; lifts every 450 ft.; counterbalanced planes every 700 ft.
Ventilation by exhaust fan, 20 ft. by 7 ft.; speed. 52 to 56 per m.; current
100,000 ft. per m.—alternative jet in upcast; lamps, Clanny.
Winding engines, pair 16 in. by 24 in.; V friction geared 2 to 1; drums, 8 ft.
din.; work singly or connected ; hauls gross wt. 11.400 lbs.; up 1S00 ft. 1 m. 50 sec.
lowered by break in 1 m.; W. engine underground ; single compound 16 in. and 28
in.; pinion fitted with Fisher's pat. clutch; engine with Joyce's pat. expansion valvegear (new); steam pipe 5 in.
Pumping.—3 steam pumps, one 18 in. and 8 in., by 36 in.; vertical lift 347 ft.;
column 10 in. cast; independent condenser; boilers, steel, 30 ft. by 5.5 ft,, 2 flues and
egg-end ; flash 30 ft. by 3.5 ft.
Acadia Pit, at Westville, 3 m. from Stellarton, on I. C. R.
Seam of 10 ft. worked ; dip averages 27 deg.; slope 2350 and sinking 600 ft.; extreme vertical depth 1300 ft.
System of working: in lifts of 400 ft. counterbalance planes every 700 ft., with
few primary narrow bords, driven in and outbye, followed by prompt pillar working outbye from boundaries.
Ventilation by fan 24 ft. by 8 ft., iron easing; engine 20 in. by 20 in. cut-off;
water-gauge, barometer, etc,; Liveing's gas indicator.
Lamps—Mueseler and Marsant.
Hoisting engine on slope, pair 16 in. cyl., 42 in. stroke; geared 3.5 to 1; drum, 9
ft.; piston speed (usual) 1100 ft. perm.
Pumping.—DupIex compound condensing, 22, 12 in. by 24 in., rams 5.5 in.; column length, 2400 ft., vertical head 990 ft., wrought pipe, tarred, 6 in. upset ends vanishing threads, metal flanges, no leaks; steam-pressure on top 105 lbs., pipe 4 in.
covered with infusorial earth from a local deposit; air-feeder added to air-chamber,
Boilers.—Water tube; fuel, culm; grates, perforated plates, and Howe's raker
with steam-jet in ashpit.
Screens, double.—Primary, 6 in.; secondary, ‡ in. apart curved ; 5 sizes of coal;
elevator, revolving and shaking screens; Clarke's jig.
Albion Mines, at Stellarton, on I. C. R.—Railway second built in America; locomotives include "Samson," built in 1838, and exhibited at Chicago Exhibition;
Main seam, 38 ft, thick; 148 ft. lower, Deep seam, 22 feet thick; Foord Pits, vertical, 900 ft. deep, sunk to Main seam; scene of explosion in 1880; loss of life,.
44; workings now full of water; machinery massive; hoisting engine, 38" cyls,
5 ft. stroke, 18 ft. dia. drum; Cornish pumps, 62 in. cyl., 9 ft. stroke; beam, 34 ft.
long, 7 ft deep in the middle; weight, 18 tons; working barrel, 18" dia.
Air-compressors in course of erection at time of explosion, and now rendered"
useless in present position; steam cyls., 36"; dia. do., 40"; stroke, 6 ft.; flywheel,
22 ft. dia , weight 20 tons; present workings in lower seams; capacity 1000 tons per
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Many of our appliances and mining practices arc, we know, open
to criticism. In mining the seams we have failed to extract, or
have wasted, large quantities of coal; and we have suffered disasters
that entailed serious loss of life and property. Therefore, I do not
thrust on the notice of the Institute the extent to which we have
followed the progress effected elsewhere, but rather ask members to
note the weak points of our practice, and our failures, that this visit
may lead to subsequent improvement and our better instruction. :
I am the more induced to take this ground since, in commenting
on this year's disasters in European mines, the American -Engineer. ing and Mining Journal, which, I take it, though not an organ of
the Institute, is in sympathy with it, and expresses opinions which
some of its members have formed from their practical experience,
spoke as follows: "Our exemption [in Pennsylvania, from frightful
calamities] is solely due to the better ventilation and more intelligent
supervision exercised ............Well-arranged air-ways and plenty of
fresh air, strict discipline, and vigilance, can prevent any such ter-,
rible disasters (we hesitate to say accidents) as those recorded."
Now our practices and circumstances somewhat conform to those
under criticism, and, as we have hitherto considered that no better
could be done with such strata as are often met with in bituminous
mines, at depths of 1000 or more feet, we shall be glad to have our
errors exposed, and have to remember not only the honor the Institute has done us in visiting our mines, but the good results which
followed.
diem ; ventilation by furnace and fans; the latter 30 ft. dia. by 10 ft. wide; lumps,
Mueseler and Clanny; coal used for coking purposes; 104 ovens; bee-hive 10 ft.
dia.; average pitch of seam, 22 degrees.
Vale Mine, 6 m F of New Glasgow, works two seams ; McBean, by slope 2400 ft.
long; dips 30 to 35 degrees; vertical depth, 1350 ft.
System of working, per levels at 500, 800,1300, 1800, and 2300 ft. on slope; bords
followed by pillar robbing; coal run down in shoots from bord ends; roof very
tender.
Ventilation by fan, 80 ft. by 10 ft.; engine, 24 in. by 3G in.; casing of stone,
lamps, Marsaut and Clanny.
Winding engines, pair direct, 32 in. by 60 in. stroke; drums, 14 in. dia.; steel
ropes, 1,5 in. dia.
Pumps, 30 in,, with 7 in, rams by 36 in.; independent condenser; vertical lift,
840 feet; other pumps, 20 in. by 3(5 in. and 18 in., with 6 in. rams by 24 in.
Boilers, 6 steel; return fine, 30 ft, by 5.5 ft.; 7 egg-end, 30 ft. by 3 ft.
Six-foot seam.—Slope, 1100 ft.; outcrop for 500 left unworked ; a new winning
ventilated by compression-fan, 16 ft. by 6 ft.; engine, 10 in, by 16 in.
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DISCUSSION.

C. A. A SHBURNER , Philadelphia, Pa.: The waste of coal due to
the variable character of t h e beds is not so large an i t e m in Pennsylvania, where we have beds from 2 1/2 to 100 feet in thickness, presenting pretty constant characters over large areas. Oar waste is
largely due to commercial considerations. We throw away what it
would cost us too much to save. In bituminous coals the waste is
less, say 5 per cent, and upwards, while in some extreme instances
in anthracite mining, only 25 to 30 per cent, of the coal in the
ground is actually shipped. Many companies, however, do much
better. The Delaware and Hudson Canal Company is shipping as
much as 60 per cent.
R. P. ROTHWELL, New York city : Is there trouble from fire-damp
in the Pictou districts, and have any explosions been traced to coaldust as a medium or cause?
E. G H . PI N, J R ., Halifax, N. S~: We do have gas in these mines,
and there have been some explosions. In one instance, in which
several lives were lost, coal-dust was asserted to have been the
cause; but on examination of the case, I came to the conclusion
that gas had been present, and the coal-dust had served to aggravate
the effect. In that mine, we now sprinkle with water the neighborhood of the breasts before firing. Our loss of coal is partly due to
the slack demand for coal, to careless mining, and the use of too
much powder. Moreover, the steep dip of the seams and the softness of the roof make the pillars crumble rapidly. "We employ the
bord-and-pillar system.
E. Y. D'I NVILLIERS , Philadelphia, Pa.: In Western Pennsylvania, 1 have found serious changes in the quality of the bituminous
coal-beds, similar to those described in this paper. With regard to
the fire-damp, I would like to ask whether it is more abundant in
the roof or in the floor.
M R . G ILPI N : The gas is everywhere. Bore-holes have been
known to give it off steadily for years. As to the irregularity of
the beds, it should be observed that the conditions of deposit in the
Pictou field appear to have been peculiar. In Cape Breton, on the
other hand, the beds are persistent and regular.
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THE WOLF BENZINE-BUSNING SAFETY-LAMP.
BY E, J.

SCIIMITZ, COLUMBIA, S. C.

T HIS novel safety-lamp, which was first introduced in some of
the German coal-mines in 1882, at once attracted general attention in the coal-districts of Europe. Objections which arose during
the early stages of its use at the mines have gradually died away
with the increase of experience in handling the lamp on the part of
the miners, and the continual efforts to perfect it on the part of its
inventors. Wolf's lamp has rapidly surpassed all its rivals, and
has already a greater distribution on the Continent than any one of
its older sisters. In the course of two and a half years, the manufacturers have sold 25,000 of the lamps, besides remodelling several
thousand rapesecd-oil lamps.
This great success, which of itself speaks loudly enough as to the
superiority of the Wolf benzine-lamp, is corroborated by both official
and private reports, which all agree in pronouncing this lamp the
best yet brought forward.
It was described in a paper by Mr. Eugene B. Wilson, read at
the Chicago meeting of the Institute, in May, 1884,* in which its
salient merits were briefly but clearly indicated. Every previous
improvement of the original Davy lamp has been directed to one or
more of the following main points:
1. Light of greater and more uniform intensity.
2. Freedom from smoke or soot, which clogs the gauze and other
parts of the lamp.
3. A greater safety and sensitiveness in the presence of firedamp.
4. An illuminating material which, satisfying the foregoing conditions, should fat also cheap.
5. A lock which could not be opened in the mine by the miner.
6. An arrangement for lighting without opening the lamp.
7. An arrangement for changing the size of the flame in the
closed lamp, to supersede the picker, the danger from which is explained in Mr. Wilson's paper, already cited.
It may safely be said that Wolf's lamp was the first to secure all
these objects. The adoption of benzine instead of rapeseed-oil (previously the best illuminant) has completely satisfied conditions 1,
2, 3, and 4. Benzine gives a much clearer, stronger, and more uni—'—'—'—'--------------------------- ~ ----- -—■—'----- —~ ~
* Transactions, vol. xiii., p. 129.
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form light; does not clog the lamp with any carbonaceous deposit,
and hence affords no occasion for poking the flame; and, moreover,
by virtue of this cleanliess and superior luminosity, permits the use
of a finer gauze, thus considerably increasing the safety of the lamp,
while, at the same time, it affords a sensitive indication of the presence of fire-damp, since, when the latter has increased to a dangerous
percentage, the light goes out. Yet, on the other hand, it will burn
in an atmosphere contaminated with black-damp (carbonic acid) long
after an oil-lamp would have beer, extinguished for want of oxygen.
To all these advantages is added that of economy, the cost of benzine
being only half that of oil. As to points 5, 6, and 7, the Wolf lamp
has a lock which can be opened only by the magnet kept for the
purpose by the proper official; it can be lighted with ease and certainty by the percussion-tape without opening it; and no picker is
needed either to clean or to adjust the wick, cleaning being unnecessary, and the wick being raised or lowered by means of a screw.
Description of the Lamp.—Wolf's lamp is manufactured in two
forms, which we may call No. 1 and No. 2. No. 1, which is the
most economical of the two, conveys the air from below to the flame,
while in No. 2 the air enters from above through the wire gauze.
The conveyance of air from below to the flame, which from the
chemical standpoint is without doubt the better way, is also, as the
experiments of the Safety-Lamp Investigation Commission* have
clearly demonstrated, superior in safety; and I therefore give in
Fig. 1 a lamp of system No. 1.
The body of the lamp, a, contains the benzine and is packed with
cotton or mineral wool to prevent spilling. Through a gauze
cylinder, a is connected with c, the space holding the wick. The
screw, d, passing through the pipe, e, carries the collar,/, and has
connection with the wick-picker, g, which fits exactly in the case, i,
so that the benzine gases can only pass upwards through the wick.
The air enters through the ring, k, and the wire gauze, I; and the
screen, m, directs the air to the flame. The locking-device is in the
case, n; and o represents the upper end of the chimney, in which the
lighting-device is placed.
Fig. 2 shows the lighting-device in full size. The mauner in
which it is operated in the lamp is shown better in the illustration
of Mr. Wilson's paper, already cited, than in Fig. 1 accompanying
this paper. This device has proved so advantageous that no lamps
* Juhrbuch für Berg- und Süttenwesn des Königreichs Sachsen, 1884.
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without this attachment are now wanted, and thousands of oil-lamps
have already had it applied to them. A priming-strap or percussiontape (costing only a few cents) being inserted, the lamp can be l i t
about 75 times before renewal is necessary. This device, besides
its absolute safety, affords a very considerable economy of time and
money. The miner is no longer compelled to leave the shaft, in the

event of his lamp being extinguished, for the purpose of getting a
reserve lamp from the lamp-stores; and the management thus saves
the cost of all the reserve lamps.
The magnetic lock in use on Wolf's lump belongs to the so-called
"direct-acting" class, and is one of the best yet devised. It is represented in Fig. 3, and consists in an iron anchor, turning upon an
axis, and held by a spring in a position which prevents the unscrewing of the lamp-body. The force of this spring, which is inaccessible
from the outside, must be overcome by means of a strong magnet
before the lamp can be opened.
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To complete the plant for the lighting of mines, the manufacturers
of this lamp construct a filling-apparatus, which consists of a large
sheet-iron reservoir and a small glass vessel. The capacity of the
latter corresponds with that of the lamp, and it is shut off from the
reservoir or tank, while the lamp is filled from it.
There is also a testing-apparatus, which enables managers of mines
to prove at any time whether the lamps are really in good order or
are leaking, and therefore unsafe. This apparatus consists of three

disfinet and connected vessels. The first and largest vessel is composed of two cylinders, fitting in each other, open on opposite ends,
and partly filled with water. Its purpose is to create a current of
air, by virtue of the weight of the upper cylinder. The air enters
into a second vessel with a number of fish-bellied sheet-iron partitions, filled with any suitable absorbing material, which receives
benzine from a small tank at the upper end of the vessel. The
third vessel or cylinder has a glass window and contains a coil of
pipe provided with small apertures. Within this coil the burning
lamp is placed. The current of atmospheric air produced in vessel
No. 1 enters vessel No. 2 at the bottom, and-passing upwards absorbs
benzine from the material impregnated with it, thus forming a.
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"benzine-gas," which escapes from the upper portion of vessel No.
2, and enters No. 3 at the bottom. Here it passes through the pipe
of the coil which surrounds the lamp, escapes through the small
apertures in jets directed at the lamp, and ignites in case the lamp
is not tight.
Official Reports upon Wolf's Safety-Lamp.—The report of the
"Safety-Lamp Investigation Commission," appointed for Saxony,
and presided over by Professor Kreischer and Bergrath Dr. Winkler,
of the Bergakademie at Freiberg, was published in the Jahrbuch for
1884, already cited. It is without doubt the most thorough of
recent reports upon this subject. The lumps brought into a competitive test before this Commission were the following:
1. Wolf's Safety-Lamp (benzine-ourning), Nos. 1 and 2.
2. Oil Safety-Lamp (Rube's system), conveying the air from
below.
3. Oil Safety-Lamp (Schoendorff's system, Koetz's patent), with
air-conveyance from above and magnetic locking-device.
4. Colza (Rape-seed) Oil and Petroleum Safety-Lamp (Winkler's system), with air-conveyance from below.
During the first trials, a Davy and a Stephenson lamp (from
the manufacturer, E. Thomas, of Aberdare, England) were also
tested; but these were afterwards set aside, because in photometric
power, and in usefulness as indicators for the detection of fire-damp,
they were too far behind the others for practical comparison. The
Müseler lamp was also excluded, because, by reason of its sheetiron chimnev, it could not well have much value as an indicator.
From the report of this Commission, I translate the following
passages concerning the Wolf lamp.
Speaking of the small and irregular light given by the old oillamps, the Commission observes that without doubt miners are, for
this reason, frequently compelled to open their lamps in order to clean
the wick and enlarge the flame, and adds that these difficulties could
not have been overcome in lamps using greasy and slow-flowing oils
which yield carbonaceous secretions. Therefore it had been tried, years
ago, to introduce the burning of a mixture of colza-oil and petroleum
in safety-lamps, but without much success. The Commission adds
that in this respect only very lately a thorough improvement has
been brought forward, consisting in the use of benzine in the Wolf
lamp, which has placed all other illuminating materials for safetylamps in the back-ground, especially as the benzine has been shown
to be free from danger in a well-constructed lamp.
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An account is given of the tests made by the Commission to determine to what extent benzine used in Wolf's lamp might be liable
to explosions. That a lamp producing such a strong light as the
benzine lamp does, and so distinguished besides for cleanliness and
convenience, has met with great favor, is easy to understand. But
there existed one uncertainty about the benzine-lamp which had to
be officially settled ; and that was, whether a lighting-material like
benzine, which consists of oils boiling at from 50°-130° C, and the
vapor of which combines with air to a very inflammable and explosive mixture, would not produce new danger for the mines. These
fears have not been confirmed. Already, in 1882, Mr. Menzel,
mining inspector in Zwickau, made, by order of the Royal Mining
Office, a number of experiments in this direction, and proved that
benzine, burning in Wolf's lamp, was not at all dangerous. This was
subsequently confirmed by the numerous and careful tests made by
the Commission. Very instructive were a number of trials made
with the Wolf lamp with air-conveyance from below (System No. 1),
which were burned for hours in a glass cylinder, into which a mixture of common illuminating gas and air was conducted. An
"aureole" was thus formed which filled the entire inner gauze space
and brought the benziue to boiling, without being able to make the
gauze red-hot.
With regard to the consumption of benzine in Wolf's lamp, the
report furnishes the following data:
The height of the flame in Wolf's benzine and the colza-oil and
petroleum lamp during the tests was 25 mm.; in the colza-oil lamp
it was 20 mm.
The cost per hour for the different lamps was in Pfennigen (the
pfennig or farthing being 1/100 of a mark, and the mark being
worth between twenty-four and twenty-five cents):
Pfennigs.

Wolf's benzine-lamp No. 1
= 0.161
Wolf's benzine-lamp No. 2
= 0.157
Colza-oil lamp with air-conveyance from above
= 0 325
Colza-oil lamp with air-conveyance from below
= 0.221
Colza-oil and petroleum lamp with air-conveyance from below = 0.403

The photometric power of the different lamps was as follows:
Height of
Flame.

Wolf's benzine-lamp No. 1, 25 mm.
Wolf s benzine-lamp No. 2, 25 mm.
Colza-oil lamp No. 1,
20 mm.
Colza-oil lamp No, 2,
(15 mm., not normal)
Colza-oil and petroleum lamp, 25 mm.

Cost per
Hour.

0.161
0.157
0.325
0.221
0.403

Photometric
Power.

54.90 per cent.
42.83 "
33.44 "
25.08 "
6'.'.33 "
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The lighting power of a normal flame of the German Vereinskerze will cost per hour in the different lamps:
Pfennige.
Wolf's benzine-lamp No. 1 .............................................0.293
Wolf's benzine-lamp No. 2 ...............................................0.367
Colza-oil lamp No. 1, ..................................................... 0.975
Colza-oil lamp No. 2 ....................................................... 0.861
Colza-oil and petroleum lamp,....................................... 0.646

Relative Cost,
1.00
1.252
3.323
2.940
2.505

These figures demonstrate that the Wolf benzine-lamp No. 1 (with
air conveyance from below) gives the cheapest light, costing per
candle-power only from 30 to 40 per cent as much as the colza-oil
lamps.
The tests made with this lamp, to ascertain its relations to gas
mixtures with different percentages of fire-damp, gave the following
results:
The normal flame of the lamp is lengthened already several
millimeters in a gas-mixture with 1 per cent of fire-damp, and can,
therefore, to a limited extent, be used to indicate even such a small
percentage of fire-dump. At 3 per cent of fire-damp, the flame is
lengthened more than one-half of its original height, and at 4 per
cent the height is more than doubled. Hence the normal flame of
Wolf's benzine-lamp gives, for fire-damp mixtures which are not
inflammable at all, very reliable and easily perceptible signs. At
5 to 6 per cent fire-damp, these signs show themselves in a still
higher degree, and at 7 per cent the light goes out. In all stronger
gas-mixtures of fire-damp, the phenomena of flame-extinction and
the aureoles thereby caused give certain tests for the percentages of
fire-damp.
A second and far more reliable test for fire-damp is given by the
changes which take place in the aureole of the reduced flame. At
1 per cent of fire-damp the aureole is small, but it develops rapidly,
and is at 2 per cent already closed at the top and about 10 mm.
long.
This appearance is clearly visible, and can be produced by any
unskilled miner, if he has only been shown the occurrence once, and
is able to turn the set-screw slowly.
From 2 per cent upwards, the aureole grows at first in proportion
to the percentage of fire-damp, and is at, 4 per cent already 45 mm.
high, while at 5 per cent it reaches the upper end of the gauze.
Between 6 and 7 per cent is the limit, as well for the normal flame
as for the aureole. Both are extinguished at 7 per cent. In the
VOL XIV.—27
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same region we have to look for the point of inflammability of firedamp mixtures. The Commission pays: " The Wolf benzine-lamp is
extinguished, as we observe, as soon as the lamp is brought into contact
with inflammable, and, therefore, dangerous gas-mixture." In stronger
gas-mixtures, far above the minimum of explosibility, neither
flame nor aureole can exist. Only at 15 per cent the aureole
appears again.
The Wolf benzine-lamp No. 2 does not show the increase in length
of the normal flame or of the aureole so much as No. 1. No. 1 is,
therefore, a more useful indicator. But in stronger gas-mixtures the
aureole of No. 2 will remain in most cases and have a constant and
characteristic form (as for instance at 10 per cent fire-damp); hence
No. 2 will do good service in stronger gas-mixtures, in which No. 1
will go out.
No. 2 shares this tendency to form a more permanent aureole
with those colza-oil lamps which also convey the air from above
through the wire gauze. As these aureoles remaining in the lamps
are the reason of the red heat of the wire gauze, which is liable to
cause the ignition of the fire-damp outside, it is well understood that
lamps forming such permanent aureoles are more dangerous than
those in which the aureoles are extinguished. It appears, therefore,
contrary to the opinion very generally held, that the safety-lamps
with air-conveyance from above through the wire gauze are a great
deal more dangerous than those with air-conveyance from below.
The Wolf magnetic locking-device, according to the report of the
Investigating Commission, has resisted, up to this time, all efforts of
the miners to open the lamp, by beating and throwing it about, etc.
It is further remarked in the report of the Commission that the
wick-regulation in this lamp for the enlarging and reducing of the
flame is an excellent one, and that Wolf's safety-lamp stands, in this
particular also, at the head of all the lamps tested.
The lighting-device works without fail, and has been brought to
such a state of perfection that it is very seldom that one of the percussion-wafers is missing.
Sudden shocks applied to the lamp in a cold state, just after it is
lighted, do not affect it more than they do any colza-oil lamp; while
such shocks when applied to the benzine-lamp in a warm state do not
nearly so often extinguish the light, as is the case with any oillamp.
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THE PRODUCT AND EXHAUSTION OF THE OIL REGIONS
OF PENNSYLVANIA AND NEW YORK.
BY CHARLES A. ASHBURNER, GEOLOGIST IN CHARGE PENNSYLVANIA
SURVEY, PHILADELPHIA, PA.

THE petroleum industry of western Pennsylvania and southwestern New York has been one of phenomenal development.
Greater and more sudden fluctuations have occurred in the price* of
crude oil, and in all the collateral interests dependent upon its production, than in the case of any other mineral product which has been
extensively exploited in the United States. This was more particularly so from the commencement of drilling for oil in 1859 down to
the end of 1877. The experience gained during these early years
has enabled the oil men to operate more intelligently since; the
business is not now attended with the hazardous risks with which it
is generally credited.
The most important questions connected with the oil industry are
those of (a) the oil-supply, and (b) the possible ultimate exhaustion
of the field. Since 1876 my attention has been directed to the study
of the statistics of the product of the oil regions. In January, 1880,
in order to show some interesting points connected with these questions, I prepared a graphic chart which was used to illustrate a
lecture on petroleum delivered before the Franklin Institute. This
chart was afterwards reconstructed in two distinct forms for publication in the census report on Petroleum and its Products. These
latter I have redrawn in a condensed form, and have extended them
to include the statistics up to 1885, for publication in the Transactions of the Institute, in conjunction with a map of the oil-regions
prepared by Mr. John F. Carll and myself. It is hoped that these
illustrations will be found interesting to the members of the Institute,
and of practical utility to oil-men, without any extended discussion,
since it is my desire to make only such brief references to them and
give such additional detailed facts as may serve to make the prominent features understood.
* The average price of crude oil for January, 1863, was ten cents a barrel. This
was the lowest monthly average ever attained; the highest monthly average was
$12.121⁄2 per barrel for July, 1864. The lowest yearly average was 787/8 cents for
1882, and the highest $9.87 1⁄2 for 1864. The average price of the entire product to
January, 1885 (260,990,435 barrels), has been $1.631/3. A barrel of petroleum is
always considered to contain forty-two gallons.
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For convenience of reference, during the past few years, the
individual oil-pools of the region have been grouped under six
prominent districts, as follows:
1. Allegany district includes the Richburg and several small
outlying pools in Allegany County, N. Y. The area which has
proved productive oil-territory is 31 square miles,* of which the
Richburg field embraces an area of 28 square miles.
The Allegany district up to January, 18S5, produced 15,000,000
barrels, an average of about 419,000 barrels per square mile.
2. Bradford district embraces the oil-pools in central and northern McKean County, Pa., and southern Cattaraugus County, N. Y.
The area of productive territory in tills district is 133 square miles,
121 square miles of which is included within the Bradford field
proper. The sand from which the oil in the Allegany and Bradford
districts is obtained consists of a gray, black, dark-brown or choco
late-brown colored sand of about the coarseness of the ordinary
beach-sand of the New Jersey coast.
The interval between the top of the oil-sand and the bottom of
the Olean conglomerate (the bottom member of the Pottsvitle conglomerate, No. XII., or Millstone grit), which is one of the most
persistent and best recognized geological horizons in western Pennsylvania, is, at Bradford, 1775 feet.
The oil obtained is dark amber-green and, occasionally, black. Its
gravity is generally slightly greater than that of the oil mostly
obtained throughout the Venango and Butler districts, which is
generally stated at about 48 degrees.
The Bradford district up to January, 1885, produced 109,000,000
barrels, an average of about 820,000 barrels per square mile.
3. The Warren district comprises the oil-pools in eastern Warren
County and northeastern Forest County, Pa. The total area of the
productive territory in this district is 35 square miles. The two
largest pools are the Clarendon, in Warren County, which covers
* The territories of which the areas are given here were defined by arbitrary lines,
drawn to include all the surface where producing wells have been obtained or which
was known, from actual drilling up to January, 1885, to be underlaid with oil. All
the individual pools are shown on the accompanying map; the areas of some of
them have been slightly exaggerated in order that they might be observed on a
scale of twenty-five miles to one inch. A map on a scale of six miles to one inch,
showing, with approximate exactness the areas of the pools, will appear in the
annual report for 1885 of the Second Geological Survey of Pennsylvania. The total
area of all the productive oil-territory in Pennsylvania prior to 1885 was 369 square
miles.
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in area of about 14 square miles, and the Cooper and Sheffield, partly
in Warren and partly in Forest, covering an area of 9 square niles.
The oil in this district comes from sands of varying geological
horizons, having somewhat the general appearance of the Bradford nd
Allegany sand, but frequently coarser-grained and sometimes ontaining
small pebbles, which latter I have never known to have been found in
the sands of the other two districts. According to Ir. Carll, the
depths of the Warren district oil-sands below the lean conglomerate
are as follows: North Warren sand, 1100 feet; Varren third sand,
1300 feet; Clarendon third sand, 1450 et; Cherry Grove third
sand, 1625 feet; and Cooper (Forest ounty) third sand, 1850 feet.
The Cooper sand is supposed to ecupy the same geological horizon as
the Bradford and Allegany nd. The Allegany, Bradford, and Warren
district sands I believe be of Chemung (Devonian) age. The oils
from the different arren pools vary greatly in color and gravity; but
they are gen-ally spoken of as amber oils. The Warren district, up to
January, i85, produced 12,000,000 barrels, an average of about
343,000 reels per square mile.
4. The Venango district, which was the scene of all the earlier
developments, includes 40 distinct and well-recognized oil-pools, 8 total
area of which is 65 square miles, the largest pool being it lying
between Oil City on the south and Pleasantville on the rth, covering an
area of 28 square miles. No one of the other pools 3eeds an area of 5
square miles, which is about the productive ritory covered by the
Tidioute and Triumph pool in southwestern Arren County, and the
Franklin pool in western Venango County. e oil of this district is
obtained from three principal sand-beds, own respectively as the first,
second, and third oil-sands, con-led within an interval of 350 feet.
The first sand, which is the) ermost one of the three, lies about 450 feet
below the base of the conglomerate. The Venango sands I believe to
belong to Catskill (Devonian) formation No. IX. These oil-sands
were first discovered in Pennsylvania; and drillers from this field, oping
in other districts, have designated the sands which were found he new
districts as the first, second, and third sands, irrespective heir relative
geological position. The Venango sands generally list of a white, gray
or yellow pebble-rock. The pebbles are er-worn, are sometimes as
large as hazelnuts, and are loosely ented together and generally
bedded in fine sand. The sand in
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?is district has not as regular or as homogeneous a character, ova( tended
areas, as in the Bradford and Allegany fields, where the inds are
phenomenal in this respect; consequently, the risk taining dry holes and
wells of variable production in the Venang strict has always been greater
than in the Bradford and Allegany he oils are generally green, frequently
black, and in some instance iber. The gravity varies from 30 to 51
degrees, 48 degrees being out the average gravity of the oil obtained
from the third sand tich is the greatest producer. The Venango district
up to Janu, , 1885, has produced about 55,000,000* barrels, an average
of out 846,000 barrels per square mile.
*). The Butler district has been made to include the oil-pools in tler and
Clarion Counties and southeastern Venango County. e total area of the
oil-pools is 84 square miles, of which at least square miles are embraced
in the Clarion, Butler and Armstrong I, and the Butler cross-belt, The
oil in this district comes from same group of oil-sands as in the
Venango district. Certain s occur in the sands, however, which have
not been discovered he Venango district. The character of the sands
and the oils h they produce vary much the same as in the Venango
dis-the individual oil or sand in one district having a counterpart e
other district. The Butler district, up to January, 1885, pro-1 about
69,000,000 barrels, an average of about 821,000 barrels pare mile.
The Beaver district includes the two principal oil-pools known ppery
Rock and Smith's Ferry. The former pool and -that
te Vuiiango district, up to June, 1882, produced an aggregate of 53,569,000 Since that
date the reported production of this district has been included in the Butler and Beaver
districts, go that the estimated aggregate product of nango, the Butler, and the Beaver
districts respectively, to 1885, is only mate, although the total product of the three
districts, composing what is now is the Lower Field, has been obtained from actual
reports. All the figures this paper have been based upon the statistics which have been
published in Stowell's Petroleum Reporter, with one exception; the aggregate produc-885 of
the Beaver district, which has been compiled from various sources, ?r than that given
either in the Petroleum Reporter or on the accompany-t t, showing the annual
production of the individual districts. Mr. Carll ared a "Statistical Chart of the Oil
Production in Pennsylvania and New m 1859 to 1882," which is published in the
"Survey Report on Warren The statistics contained on Mr. Carll's chart have been
collected by him ions sources; I believe them to be more accurate in detail than
any ve ever been published, they differ but little in their general conclusions e reported
by Mr. S. H. Stowell, which latter have been much more con-use in this connection.
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portion of the latter east of the Pennsylvania State line cover an area of
about 16 square miles; the area of the Slippery Rock pool being about onefourth that of the Pennsylvania portion of the Smith's Ferry pool. In both of
these pools heavy oil is obtained from the representative of the Pottsville
conglomerate, No. XII., and amber oil from the Berea grit in the Subcarboniferous series. The production of oil in this district up to January, 1885,
was about 1,000,000 barrels, an average of 02,000 barrels per square mile.
Outside of the limits of these districts a small amount of oil has been found
in isolated pools to the south and southeast of the Beaver and Butler
districts; at Mt. Nebo, in the vicinity of Pittsburgh; in the vicinity of Pleasant
Unity, Westmoreland County; near the mouth of Dunlap Creek in Fayette
County; along White-ley Creek, west of Maple town, and along Dunkarcl Creek
north of Fairview, both in Green County; and in the vicinity of Washington, in
Washington County.
That the general boundaries of the oil-regions of Pennsylvania are now
well established, there is but little doubt; and that all the sands in which oil will
ever be found in paying quantities are known and have been drilled through at
different localities in the oil-regions seems quite certain, so that we can have no
reasonable expectation that any new and extensive field will be found which
could compare in area or in the amount of oil to be obtained from it with the
Butler, Clarion, and Armstrong pool, the Oil City and Pleasantville pool, the
great Bradford pool, or the Allegany pool. Prof. Lesley, in speaking of this
subject in January, 1883, says: "It is certain that petroleum is not now being
produced in Devonian rocks by distillation or otherwise. What has been stored
up can be got out. When the reservoirs are exhausted, there will bean end of it.
The discovery of a few more pools of two or three million barrels each can
make little difference in the general result." Mr. Carll, in June of the same
year, writes: "There are not at present any reasonable ground for anticipating
the discovery of new fields which will add enough to the declining products of
the old, to enable the output to keep pace with the shipments or consumption."
These results, foreshadowed by Prof. Lesley and Mr. Carll, were not generally
appreciated until the latter part of 1883.
The irregular but, in the long run, steady decline in the daily production of
petroleum from July, 1882, when the maximum average daily production for any
one month was attained (105,102 barrels) is now generally realized.
The
production for any one month
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one year may be increased very materially, over what it is at present by
renewed activity in drilling wells within the general confines of the oil
region, or by working over old territory under the stimulation of a
hungry market and high prices; but such an increase in production can
only be of limited duration, since there is nothing to hope for during a
decade of years but a progressive decline. In 188-1, the total production of
the region was 22,732,209 barrels, which* was nearly one million
barrels less than the shipments; during the first eight months of the
present year the production has fallen 2,022,355 barrels within the
shipments. At the end of August, 1884, the maximum of stocks ever
held in the oil regions was attained (39,084,561 barrels); two weeks
ago (September 1, 1885), the stocks had declined to 35,343,771 barrels.
It is estimated that in July, 1883, there were in the region, 17,100
producing wells, the average daily product of which was 3.8 barrels. In
July, 1884, there were 21,844 producing wells, and the average daily
product was 3 barrels; and in July of this year it is stimated that there
were 22,524 producing wells, the average daily product being 2.5 barrels.
A defined territory, a product inadequate to meet the demand of be
market for the past eighteen months, a growing market and apidly
diminishing stocks; an increasing number of drilling and reducing
wells, and a rapidly falling daily average product per well, all significant
signs of a certain decline in a great industry ; and et the average price of
crude oil per barrel for the month of July, 885 (921/2 cents) was 131/4
cents less than the average price for the tire year of 1883, and only 9
cents more than the average price r 1884. In the month of August,
1885, the average price per rrel had risen to $1.001/4. Although
this is a great advance over e price for the preceding months of the
year (January, $0.70 7/8, bruary, $Q.723/8, March, §0.803/8, April,
§0.781/2, May, 0.79, June, ,82), yet it is not as great as might
reasonably be expected in view the conditions of the petroleum industry
referred to. At the Washington meeting of the Institute, held in February,
1882, late Henry E. Wrigley read a paper on the amount of oil remain-in
Pennsylvania and New York (Transactions, X., 354), in which gave the
area of the oil-territory, the amount of oil produced per
The total production for 1884, as stated by the Petroleum Reporter, was 24,772,200 Is ;
the total production given above, like all the totals made use of in this paper, omputed
from the individual monthly reports, and are believed to be correct.
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square mile, and estimates of the amount of territory yet to be
drilled over, and of the quantity of oil which could be expected. I do not
wish to make special criticism of Mr. Wrigley's statements or
conclusions, but merely to say that facts did not sustain his statements,
and I never accepted his conclusions. The mystery with which the
operations in the oil-regions have been conducted during the last ten
years, makes it extremely difficult to gather authentic particulars
from the drillers or producers; and if it were not for the valuable
services which Mr. Carll has rendered, as far us the records of oilwells and the geology of the region is concerned, and that which
has been rendered by Mr. Stowell in the collection and publication
of statistics, it would be impossible, even now, to arrive at any conclusions bearing on the questions to which I have presumed to make
brief reference in this paper.
The geologists of the Pennsylvania Survey, and a few of the oiloperators who have given the subject a careful consideration, are
united in believing that the general confines of the territory are
defined, and it is admitted that it is in vain to drill wells, as has
been done during the past year in Lycoming and Chester counties,
where none of the conditions under which oil has been obtained in
Pennsylvania are to be found. The fact must not be lost sight of,
however, that some of the individual oil-sands have been explored
within limited areas only of the oil-region proper. For instance,
the Bradford sand, which has been found so prolific in the Allegany
and Bradford districts over an extent of territory 42 miles in length,
and in places 15 miles in breadth, owing to its great depth below the
surface, and the procurement of oil at higher horizons, has not been
thoroughly explored in districts to the southwest, although this is
the producing sand in the Cooper pool, and in several instances wells
have pierced its horizon.
In February, 1878, in a paper which I read before the Engineers'
Club of Philadelphia, on the oil-sands of Pennsylvania, I referred
to the discovery of the Smethport oil-sand in McKean county, about
360 feet below the bottom of the Bradford oil-sand. What the possibilities of obtaining oil at this horizon anywhere in the oil-region
are, it is impossible at present to state. The horizon of this sand
has been pierced by several wells, and a small show of oil has been
found; but additional wells drilled for exploring this sand may
prove complete failures. It is a noted fact that no two oil-sands,
one immediately above the other, have been great producers over
the same extended area. I have called attention to these facts as
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??h may influence the extent of the production of oil ??in nia and
New York in the future.
Mr. Wrigley stated that the total production to the com-?? of that year
had been 154,000,000 barrels, and that but barrels of oil remained to
be got. Up to thecommence-?? present year the total product of the
oil-regions was ?? barrels, as shown by the accompanying chart.
That t has passed its meridian, there is no question, but ??tal
aggregate for the future will be, it would be folly to That the product
per well will be less, and the cost of one barrel much more than in
the past, experience would ??ve. These, with other collateral facts
connected with ??ion, manufacture, and consumption of the product
will ??haustion of the field a gradual one ; and it is probable fore
every barrel of oil shall have been taken out of the ?? cost of
production per barrel will be so great, that ?? occupation in
Pennsylvania and New York will be hardly probable that the
Japanese practice of excavat-??il shaft 600 feet in depth to obtain a
few gallons of oil ??ver prove a profitable enterprise in America.

THE GEOLOGY OF NATUBAL GAS.
A. ASHBTJRNER, GEOLOGIST. IK CHARGE PENNSYLVANIA SURVEY,
PHILADELPHIA. PA.

??ence of natural gas-springs in Pennsylvania and the ??ates west
of the crest of the Allegheny Mountains was ??e earliest settlers.
Possibly the first gas obtained from ??t Fredonia, Chautanqua
County, N. Y., where a well the bank of Canadaway Creek, near
the Main Street 21, and sufficient gas obtained for 30 burners, the
inn?? illuminated by the gas when General Lafayette passed village
about 1824. In 1858 another well was drilled, ??ed 200 burners. A
still larger one was drilled to a ??0 feet in 1871. According to Mr.
E. J. Crissey, Sec-?? Fredonia Natural Gas Light Company, the
average ?ly of these wells in 1880 was 110,000 cubic feet. ??, when
the drilling of oil-wells in Western Pennsyl-
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vania was commenced, natural gas has been obtained either in conjunction with oil or in wells which produced only a trace of oil. In
most of the flowing oil-wells, the pressure which forces the oil up the
well results from the gas contained in the oil-sand in the immediate
vicinity of the well or at a considerable distance away. In the
former case, gas is frequently mixed up with the oil as it intermittingly flows from the well-mouth, the gas coming from the well continuously between the oil-flows ; while in the latter case, no perceptible quantity of gas is obtained from the well. I believe that, by
special examination, all the oil coining from the Pennsylvania and
New York wells may be proved to contain some gas.
The product of gas-wells has been utilized in various ways, particularly for light and fuel at the towns and-villages in the immediate
vicinity of the wells, and also to a limited extent for the manufacture of lampblack—sometimes called "diamond black"—by the
deposition of the carbon resulting from the imperfect combustion of
the gas. A comparatively small proportion of all the gas produced
in the region, however, was ever made use of until within two years,
when the introduction of gas into the industrial establishments—
principally iron, steel, and glass-works—in the vicinity of Pittsburgh
have made its use as a fuel an important consideration in the manufacturing industries of Western Pennsylvania.*
The geology of the oil-regions of Pennsylvania has been carefully
studied during the past ten years by the geologists of the Pennsylvania survey, but more particularly by Mr. John F. Carll, who,
since the commencement of the Survey in 1874, has been in charge
of the special examination of that district. The deatil geology of
the region has been made public through numerous State reports,†
* It is estimated that at present there are being supplied with natural gas in the
city of Pittsburgh alone, 1500 dwellings, 66 glass factories, 34 rolling mills, and 45
other industrial establishments, and that about 10,000 tons of coal are thereby displaced daily. The gas consumed in Pittsburgh, isused almost exclusively for fuel.
The following figures, reported by T. P. Robert ?????
e estimated value of coal
supplanted by natural gas consumed in Pennsy ??????? w York, Ohio, and West
Virginia, in 1882, 1883, and 1834:
1882 Pittsburgh region, $ 75,000. Elsewhe.
1883
1834

"
"

"
"

200,000.
1,100,000.

"
"

0. Total, $ 215,000.
0.
360,000.

"
"

475,000.
1,460,000.
•

† See the following reports of the 2d Geol. Survey of Pa.: I 2, I 3, I 4, and J
relating almost exclusively to the oil regions proper; L, for the Pittsburgh gas-well,
and the use of gas in the iron manufacture (1876); Q,Q2,Q3,Q4, for references
to oil-rocks in Beaver, Lawrence, Mercer, Crawford, Erie, and S. Butler counties;
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which relate principally to the consideration of geological problems
affecting the occurrence of petroleum; they necessarily, however
refer indirectly to the geology of natural gas, although no great
attention has been directed to the latter question until the past summer, when a special survey was commenced by Mr. Carll, for the
State, of the geology of portions of Western Pennsylvania in the
vicinity of the recently-discovered oil and gas-pools, more particularly
the latter. Until this survey is finished and Mr. Carll's report is
published, our knowledge of this interesting question must be more
or less incomplete.
The extensive drilling which is now being done by manufacturers,
gas companies, and property owners in all sections of Western Pennsylvania and contiguous areas in adjoining States, where it is thought
natural gas may be obtained, has made the study of the geology of
natural gas one of pressing importance as an aid to locate profitable
wells.*
Much is being published as the result of interviews with practical
gas-explorers and professional geologists on the subject; and, while
I do not wish to anticipate the results of Mr. Carll's investigations,
I desire to record a few general conclusions which have resulted
from my personal field-observations extending over a period of ten
years, and from numerous studies made in conjunction with Mr.
Carll of the results of his oil-surveys, which have been more
thorough, complete and valuable, than any which have been made
relating to the geology of petroleum.
The general conditions upon which the occurrence of natural gas
seems to depend, from a consideration of the facts at present at our
command, are: (a) the porosity and homogeneousness of the sandstone which serves as a reservoir to hold the gas; (b) the extent to
which the strata above or below the gas-sand are cracked; (c) the
dip of the gas-sand and the position of the anticlines and synclines;
(d) the relative proportion of water, oil, and gas contained in the
gas-sand; and (e) the pressure under ?bich the gas exists before
being tapped by wells. Other condition ????
will be discovered
K for the Dunkard creek oil wells of Greene county; R, R 2, for descriptions of oilrocks in McKean, Elk, and Forest counties; V, V 2, for notes on the oil-rocks of
N. Butler, and Clarion counties; II 2 for oil-boring at Cherry Tree, Cambria
county; G 5 for oil-boring in Wayne county.
* I believe it to be possible for an experienced practical geologist to define areas
where it is impossible to obtain natural gas, and therefore, where it would be the
height c. folly to drill wells, and other areas where it is possible for natural gas
to exist.
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which will have as important a bearing upon the problem as these
which I have stated.
The oil and gas-regions of Pennsylvania are one in a geological sense. The strata drilled through by the gas-wells in the
vicinity of Pittsburgh (now considered the most important gasdistrict) are, in a general way, the same as the strata in the different
parts of the Devonian and Carboniferous series pierced by the oilwells at Smith's Ferry (30 miles north 600 west from Pittsburgh)
and the Slippery Rock (34 miles north 20° west from Pittsburgh)
districts, where, in both cases, heavy oil is obtained from the base
of the Coal measures and amber oil from the Berea grit ; in the
Thorn Creek (25 miles north 5° east from Pittsburgh) and south
end ) of the Clarion, Butler and Armstrong (28 miles north from
Pittsburgh) districts, where oil is obtained from the Venango
(Devonian) sands; and in the Pleasant Unity (30 miles south 65
east from Pittsburgh), Dunlap Creek (31 miles south 12° cast from
Pittsburgh), Whiteley Creek (45 miles south from Pittsburgh) and
Dunkard Creek (48 miles south from Pittsburgh) districts, where
oil is obtained from the Mahoning sandstone (Lower Barren Coal
measures) and overlying strata.- The discovery of oil at Mt. Nebo,
about 8 miles northwest of Pittsburgh, and the several small oilwells reported to have been obtained in close proximity to the
Washington (Chartiers Creek) gas-wells, together with traces of oil
found upon special examination in the gas from wells which are
supposed to produce absolutely dry gas,* the existence of natural
gas either in or near all the productive oil-pools under geological
and physical conditions similar to those found to obtain in what are
frequently spoken of as "natural gas-regions proper," are all sufficient reasons for considering the districts, containing wells which are
supposed to produce either oil or gas exclusively, one geologically.
This conclusion is an important one in the consideration of the
geology of natural gas, and it is believed that it is fully borne out
by the numerous columnar sections of strata in Western Pennsylvania which have been published by the Geological Survey.
The general structural geology of the oil- and gas-regious is comparatively simple. The rocks lie nearly horizontal, being thrown
into broad and almost imperceptible rolls by southwest-dipping
* The gas obtained from the Carpenter well on the Daum farm, Westmoreland
County, was supposed to be free from oil or water; when, however, the gas was
confined under a pressure of 160 pounds to the square inch, water was precipitated.
In the same way oil is found to exist in the gas from wells which are supposed to
produce absolutely dry gas.
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?s and synclines which are parallel, in a general way, to the
?ent of the Allegheny Mountains, and which produce gentle
?t and southeast dips from the crests of the anticlines down
?he centers of the synclines. An appreciation of the intensity ?dips may
be had from the following figures: From the city
?ord, in McKean County, immediately south of the Penn? and New York State line, and about 72 miles, in an air?ittle south of east of the city of Erie, the strata dip at an
? rate of 14 feet per mile to Oil City, which is 64 miles south
? of Bradford. From Oil City to Pittsburgh, a distance of
? in a direction south 12" west, the average rate of dip per
? about 20 feet. From the city of Erie to Beaver, on the
over, at the mouth of the Shenango River, the distance is
?0 miles in a direction south 7° west, and the average rate
?ll of the strata is 20 feet per mile. Although these are the
?lips of the rocks, yet many very much greater local dips occur
?reas between the localities named. The maximum dip in
?ford oil-region, which I determined from my surveys in
?is 69 feet per mile, and this for a distance of only 2½ miles.
?enango oil-belt and southern end of the Butler oil-belt the. ?he oilsands, as shown by Mr. Cavil's survey, rarely exceeds
?er mile. A dip in the strata at the rate of 75 to 100 feet
for even very short distances, is the rarest occurrence,
?gh the horizontal structure of the oil and gas-regions is
?dively simple, the columnar structure, as revealed both by
? of the outcropping rocks and the records and drillings of
? is not so easily understood, and in special areas is more or
?plex. The rocks which have so far been found to produce
?gas are found in a vertical range of about 3000 feet of Car?is and Devonian strata, extending from the Mahoning sand?he base of the Lower Barren Coal measures, which is on an
about 500 feet below the Pittsburgh coal-bed, down to the
?rt oil-sand in McKean County, which is 360 feet below the
?dford oil-sand of that region. The principal gas-horizons
he probable representative of the Venango first oil-sand at
?gh, which is from 1300 to 1850 feet below the Pittsburgh
and contained, as I believe, in the Catskill formation No.
? the Sheffield gas-sand, which appears to be the lowest oil? sand in Warren County--the horizon of this sand is about
above the bottom of the interval of 3000 feet--and (c), the
oil-sand, which occurs 1775 feet below the base of the
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Pottsville conglomerate, which is the lowest member of the Lower
Productive Coal measures. The Sheffield and Bradford sands are
undoubtedly of Chemung age.
While most of the largest gas-wells which have been drilled in
Pennsylvania have obtained gas from these three horizons, yet gas
in commercial quantities is not exclusively confined to them. Between the Mahoning sandstone as the top limit and the Smethport
oil-sand as the bottom limit, about 10 (more or less) prominent sandbeds have been found which produce petroleum, and each one of
these sand-beds has been found to contain gas in greater or less
quantity, nor is it possible to say that the gas is confined exclusively
to these definite sand-horizons, for sand-beds having only a local
occurrence, but included within the rock interval of 3000 feet, may
contain gas.*
The origin of natural gas has an important bearing upon its
economic geology. Although it is believed that we are in possession
of much data to throw some light upon this interesting question of
cause, yet it is still shrouded in too much uncertainty to permit of
complete explanation. It is necessary, however, that some statement
should be made in regard to the origin of gas in order to thoroughly
comprehend the conditions upon which its existence seems to depend.
It would appear that the gas is closely related to petroleum,† and that
* Outside of Pennsylvania, in West Virginia, Ohio, and Kentucky
natural gas is not confined to the Devonian formation, but has been
obtained from strata as low in the geological column as the Lower Silurian
limestone, although the most productive wells have obtained the gas from
the Pennsylvania Devonian sands.
† According to Prof, S. P, Sadtler, the Pennsylvania and New York
petroleum is a mixture of hydrocarbons which can be classed under the
marsh-gas series (paraffines) having a general formula CnH2n+2. and the
ethylene series (olefines) having a general formula, CnH2n. The
composition of natural gas from different wells or from the same well at
different times, is found to vary slightly ; according to recent analyses
made by Mr. S. A. Ford, the average composition of the gas in the vicinity
of Pittsburgh is:
Per cent.

100 liters weigh 64.8585 grams; 1000 cnbic feet natural gas are equivalent in
heating power to about 55 pounds of the average Pittsburgh bituminous coal.
VOL. XIV.--28
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Their origin is due largely to the same cause – the decomposition of
animal
and vegetable life. It is believed that the gas is not indige- nous to the sand –
rock from which it is obtained, but comes from the decomposition of life-forms
which were entrapped in underlying strata. If this be so, the amount of gas
contained in any one sand depends, first, upon the extent to which the rocks are
cracked between the horizons of such organie remains and the gas-sand reservoir in order to permit the gas to flow into the sand; and, second, upon the
extent to which the rocks are cracked above the gas-sand, which would permit
the gas to escape into the atmosphere and totally
disappear.
That the absence of both pertroleum and natural gas in our plicated strata
east of the oil-regions is to be explained by the cracking of the rocks would
seem to be evident, since the survey of the outeropping rocks and a study of the
records of dry wells show that the oil-and gas sand extend far beyond the limits
of the area of the region in which any traces of oil or gas have ever been
found. Even within
the area where oil and gas-wells have been found
the cracking or jointing of the rocks must have a potent influence upon the
amount
of oil or gas obtained in certain localities. From the surveys of Mr.
A. W. Sheafer and myself in Elk County, it appears that the direction of
certain streams is to be attributed to their flow along joints
in the rocks,
which have resulted from the contraction of the earth’s crust during the process
of secular colling. I believe that this, in
a measure, accounts for the
occurrence of gas at certain points in western Elk County and its absence at
other points, the gas being obtained where the rocks are not jointed, and not
being found where
they are jointed.
The first necessary condition for the presence of gas, however, is dependent
upon the existence of a porous rock to serve as a reservoir to hold it. A
number of wells have been drilled which have pierced sand-beds; in these cases
the gas has been unquestionably obtained from a crack in the strata which serves
as a conduit to
convey the gas from its sand-bed reservoir to the well.
Although
the dep of the gas-snad and position of the anticlines and
synclines have an important bearing upon the occurrence of gas (in many
cases this would seem to be the most fimportant consideration), yet
it is not
believed that natural gas-wells can be located on what has been formulated as
“the anticlinal axes, although some of the largest
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and most important wells in Pennsylvania have been found in such
positions. A great many wells have been drilled in synclines which
have found gas. These two statements are of great importance,
since a large amount of money is now being expended in drilling
wells which have been located on the basis of the anticlinal theory,
so-called. The following references to notable instances where gas
has not been found on anticline, and where it has been found in
syuclines, will serve as sufficient illustration :
Most of the saddles and basins in western Pennsylvania have a
progressive dip along their axial line toward the southwest, and a
well, drilled 1⁄2 mile to the northwest or southeast of a given point on
the crest of an anticline, may encounter any given stratum at the
same elevation as a well drilled immediately on the crest of the
same anticline, at a distance southwest from the given point; the distances in each case being dependent upon the intensity of the dip in
the three directions. The anticlinal along which the famous Murraysville gas-wells in Westmoreland County have been drilled is an
instance. About 10 miles northeast of the village of Murraysville
two large gas-wells have been obtained about 3 miles apart, northwest and southeast, one on Beaver Run, the other on Pine Run.
The total dip of the Upper Freeport coal-bed from the Beaver Run
well to the Pine Run well is 215 feet, or at the rate of 70 feet per
mile toward the northwest. The former well is found in close
proximity to the anticlinal axis along which the great Murraysville
wells are obtained further to the southwest, while the latter well is
near the synclinal axis. The extension of the general direction of
this anticlinal line to the northeast of the Beaver Run well crosses
the Kiskiminetas River near the mouth of Roaring Run, where a well
was drilled, evidently on account of the existence of the anticline at
that point, but no gas was found. The Apollo well, about 3 miles
northeast of the Pine Run well, along a line parallel to the structural
lines of the district, found no gas. In the case of the Roaring Run
and Apollo wells, it may be possible that no porous stratum which
could serve as a gas-reservoir was pierced by the drill; this, as
already stated, is the first necessary condition of the existence of gas.
The Ridgway gas-well is located in a syncline, and not on a subordinate anticline, as has been suggested, hut at a point where there
is a certain regular clip of about 1° toward the west, on the side of
the syncline. The Kane gas-wells, including the large one at Kane,
which is now supplying the residents of the town with light and
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fuel, and the famous Kane Geyser gas-well, are both in a syncline;
the southeast flip in the one ease, and the northwest dip in the other
ease, toward the center of the basin, being less than 50 feet per
mile, and the southwest dip along the axis of the basin being from
15 to 25 feet per mile.
The great McMullen and Hallock gas-well,* commonly known
as the "Mullen Snorter," is not in the vicinity of any anticline.
The gas sand at this well is nearly horizontal, having only a dip of
about 11 feet per mile in a direction south 15° west.
The gas-wells found in the vicinity of the city of Erie are located
in a region where no anticlines or synclines have been discovered.
The dip of the rocks here is toward the southwest at the rate of
about 20 feet per mile, from recent surveys, or, from the survey
made nearly 50 years ago by the First Geological Survey, as pointed
out by Professor Lesley, the average dip was estimated to be 14 feet
per mile.
No anticlines exist in the vicinity of the Fredonia (N. Y.) wells,
so far as the structure has been made out.
On the other hand, some of the largest gas-wells have been found
on the crests of anticlinal axes; among them can be enumerated the
Sheffield well, about 21⁄2 miles east of Sheffield, which was drilled in
September, 1875. This well still supplies the town of Sheffield with
light and fuel and has proved one of the largest and most remarkable gas-wells ever drilled in Pennsylvania. The history of this
well is interesting on account of the great pressure of the gas, which
made the drilling difficult, A vein of salt water was passed through
at a depth of 418 feet, the water from which was permitted to leak
into the well; the gas-sand, which was 45 feet thick, was struck at
a depth of 1350 feet. The great pressure tinder which the gas was
confined in the sand-bed was relieved as the gas flowed into the
well, and the sudden change of pressure caused heat to be absorbed
from the water, which rapidly froze, until the well became almost
entirely stopped up by the core of ice for a distance of nearly 200
feet above the gas-sand.
The Wilcox wells, 5 miles northeast of the village of Wilcox, in
Elk County, are all located within 1⁄2 mile of the crest of the anticline which separates the Fifth from the Sixth bituminous coal* This well is located on the Loup farm in Olean township, Cattaraugus
Comity, N, Y, and was drilled in the spring of 1877. It was one of the
largest gas-producers ever obtained in the Bradford district. During the past
three years it has produced but little gas, and during this time between two
and three barrels of oil have been obtained from the well daily.
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basin, the dips on either side of the axis of this anticline, toward
the northeast and southwest, being at the rate of about 50 feet per
mile. The dip of the rocks at the Sheffield gas-well is not quite so
great as at the Wilcox wells.
The gas-wells in the vicinity of Marionville, Forest County; at
Tarentum, in Allegheny County; at Murraysville, in Westmoreland
Comity; and at Canousburg, and Hickory, in Washington County,
are all located in close proximity to anticlinal axes.
An interesting fact, connected with the dip of the rocks as independent of the position of the anticlines in influencing the presence
of gas, is to be seen in the flooding by water of the gas-sand in the
vicinity of Pittsburgh, as recently pointed out by Mr. Carll. A
line showing the limit of the flooded rock at this point has been approximately located by Mr. Carll, and in the area included by it
but little gas has been found, although the gas-sand has been pierced
by the drill. The rapid diminution in the flow of the gas from the
wells in the vicinity of East Liberty would seem to be due to the
driving back of the. gas by the flooding of the gas-sand with water.
The relative proportion of water, oil, and gas in a sand bed, and
the pressure* under which the gas exists, have an important bearing
upon its occurrence, when considered in conjunction with the dip of
the sand and the position of anticlines. If nothing but gas existed
in a given homogeneous sand-bed, having only the ordinary dip of
the strata in the oil-region, from which the gas could not escape by
cracks into overlying strata, and the quantity of confined gas being
such that it should fill all portions of the rock with gas under a
great pressure, it must be apparent, that, no matter where the gassand was pierced by a well, the same quantity of gas would be
obtained, excepting so far as it might be influenced by the force of
gravity. If petroleum, water, and gas should all exist in the same
sand-bed, the pressure on each would necessarily be approximately†
the same, if there was an open connection throughout the whole
* The pressure under which The gas flows from different wells varies
greatly. In the Pinsburgh district it ranges on an average between 100 and
200 pounds* per square inch. Mr. Carnegie reports that at their works,
where the gas is used 9 miles from the well, the pressure was 75 pounds
per square inch. When I visited the Bessemer Steel Co.'s works, at
Homestead, on the 27th of last August, the re- corded pressure was 60
pounds per square inch. The highest pressure I know of being measured
was 750 pounds per square inch. I believe, however, I have seen
the gas coming from wells under special conditions at even a greater pressure
than this.
† The pressure at the bottom of a sheet of water or oil which nowhere, in
the sand-bed, could be of any very considerable height, would be but slightly
augmented by gravity.
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extent of the rock in which they occurred ; but the water would seek the
lowest level of the sand-bed, the oil the next, and the gas would be
found in the highest portions. The same condition of affairs would
exist where either water or oil existed in the sand with the gas to the
exclusion of the other.
A careful study of these facts makes it apparent that under special
conditions the anticlinal theory alone may account for the existence of
gas; but when, however, it is known that large gas-wells have been
found in synclines. under conditions differing from those which obtain in
the vicinity of gas-wells on anticlines, it is quite certain that the
occurrence of natural gas in the Pennsylvania and New York regions
cannot be explained but by a careful consideration of all the geological
and physical conditions under which it is procured.
The facts relating to the geology of natural gas now in the possession
of any one geologist are not sufficiently numerous or connected to
permit the acceptance of any ultimate theory; and it is only possible for
the present to deduce special geotectonic conditions under which natural
gas has so far been exploited. Some of these conditions are so varying
and apparently antagonistic that it is only possible to arrive at any
general law, controlling the occurrence of natural gas, by a comparison
of the individual facts obtained from innumerable well-drillings.
Mr. C. IX Angel, one of the most successful oil-operators in the early
history of petroleum-mining, deduced a theory in 18G7 accounting for
the existence of oil in definite areas. This was known as the " helttheory," and sought to maintain that oil would always be found along
lines having a definite direction, irrespective of their length; and to this
day many oil-wells are located on degree-lines upon the basis of the
belt-theory. It has long been proved by the investigations of geologists
and the results of practical drillers, that within individual oil-pools the
most productive wells have been located along definite degree-lines; yet
the belt-theory has long since been abandoned by the most intelligent
operators, as being insufficient to account for the existence of petroleum
under all conditions. The history of this theory will doubtless prove
analogous to the history of the anticlinal theory as accounting for the
existence of gas. Many gas-wells are now being located in
Pennsylvania and West Virginia and Ohio on the basis of this theory,
and in many cases the practical driller is rewarded by finding the object
of his search ; but it is quite certain that the theory as an ultimate
means for the locating of gas-wells is quite insufficient, and will lead to
failure in special cases.
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TOPOGRAPHICAL MODELS: THEIR CONSTRUCTION
AND USES.
BY A. E. LEHMAN, PHILADELPHIA, PA.
A RECENT demand for some form of panoramic display of an important
railway line, showing its branches, connections, and territory controlled by it,
revealed to the writer the advantages of a topographical model or relief map for
this purpose.
Hitherto, maps of this nature have been used chiefly for scientific and
geographical purposes, and confined to a comparatively narrow field of service.
They deserve to become more popular and to' have their advantages better
understood. Much has been written and accomplished in this direction by Prof.
Leslev, Messrs. Harden, Moulten, de Mendonca Cortez, and others ; but I
believe their published descriptions of the methods employed in the
construction of these models are confined to those used by themselves. It is
the writer's aim to present in condensed form these various methods, and
some suggestions of practical value as to the most economical course of
procedure, as well as to mention some of the uses that may be made of the
results obtained.
Methods of Construction.—Many different materials have been prepared and
used in the preparation of relief maps, such as metal, clay, plaster, gypsum,
wax, putty, card-board, papier-maché, wood, and compositions of various kinds,
with results more or less successful : wood, however, in the writer's experience,
bas been found to be by far the most satisfactory, combining the advantages of
stability, accuracy and ease of handling.
The following is a brief description of several of the methods used in
constructing topographical models : When clay, wax, putty, compositions or
materials of a plastic nature arc used, the operator carries his work up from its
base by means of measurements or by the eye, manipulating and shaping the
material as best he can, according to such features! of his subject as he wishes
to delineate. This process requires remarkable skill, and given this, will
probably fall short even then of an approximation to accuracy; lacking
essential elements of detail all over the work and exactness, particularly in
position and elevation of the most important points in the territory mapped.
When either of the above mentioned materials or compositions are used,
metal or wooden pins are sometimes driven into the base or level datum plaue
of wood, the top of these pins giving the eleva-
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tions required. As a guide to the proper position and elevation of the
pins, the contour-line map (of course, in all eases a necessary prerequisite), of the same horizontal scale as that selected for the model, is
carefully spread upon the base board. The pins are then driven firmly
through the contour-lines i n t o the board, the tops left standing at a
sufficient distance from the latter, to represent the elevation of the
several contour-lines, according to the vertical scale adopted for the
model, The number and spacing of the pins driven are governed by
the topographical features and detail desired. After the pins are a l l
properly set, the material to be used to form the model is carefully
worked into place over and thoroughly covering the pins, and is carved
and shaped where necessary with suitable instruments ; the pins, of
course; guiding this operation. The surface of the model is then
carefully smoothed off even with their tops before the material is
allowed to harden or dry. Such a model may be satisfactory in
appearance, but is not substantial, and must, of course, be carefully
handled. It will not bear transportation freely, shrinks soon and cracks.
Numerous models have been constructed by the present Geological
Survey of Pennsylvania. The methods used are well described by Mr.
O. B. Harden, vol. x., p. 264, of the Transactions of the Institute. The
tools required in this process area scroll-saw with treadle for doing
light ornamental work, a stylus, a light hammer, and a glue-pot. The
materials are wood of a suitable kind sawed into thin boards of a
thickness equal to the contour intervals of the map, small brads, glue,
and red wax. The latter comes into use last of all, and is shaped over
the surface of the wooden structure, filling up its re-entrant angles or
steps giving the surface a smooth appearance, and, in the hands of a
skillful workman, permitting all small details of the subject to be
accurately represented, without which the work would be flat and
meaningless. The instruments used in moulding this wax covering are
bone and ivory scrapers, such as are used by modelers in clay. The
consistency of this wax is a very important matter. The ingredients and
proportions are given in Mr. Harden's paper above cited, as follows : 16
parts of yellow beeswax, 8 parts of corn-starch, 1 part of Venetian red,
4 parts of Venice turpentine, and 1 part of sweet-oil. The wax must be
soft, tough, plastic, very adhesive, and yet not too sticky to handle. The
necessity for this material is, in my opinion, the weak point in this
process of making relief maps. The models lack durability, owing to the
non-adhesiveness, in many points, after a certain time, of this stratum
of wax; as well as other disadvantages due to It that might be men-
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tioned. Of course, there is a great deal I have not noticed in the work
required in this process of construction ; hut the ground will be covered later
on in this paper.
A method of making relief maps, which, I believe, has been patented in
England, was invented by de Mendonca Cortex of Lisbon. It is certainly
very ingenious, but, I think, far too tedious and expensive for American
use. Here we have a variety of materials to choose from, but some of them
would be exceedingly difficult and costly to use ; particularly several kinds
of metal which are suggested.
Whatever material is selected, he it wood, metal, or card-board, it is treated
in this manner. As many copies of the map to be represented in relief are
printed from the lithographic stone or engraved plate on sheets of paper or curdboard, as there are height-indicating contour lines. These copies are then placed
upon, and firmly fixed to, perfectly smooth and level plates of metal or other
suitable material chosen for the purpose. The thickness of these plates is
proportionate to the interval of distance between the contour lines of the
original map, according to the vertical scale selected for the construction of the
model. These several plates are then laid upon a suitable table and carefully
cut out by means of a scroll-saw, . knife or other means (if metal is inert,
the inventor does not say how this operation can he economically done), great
care being taken to follow precisely the contour-line curves and to cut out a
different height curve in proper ascending order in each plate. When this is
done there will result, of course, a series of inner cuttings of different sizes
and areas corresponding to the various contour-lines, and also a series of
corresponding outer or bordering cuttings.
The inner cuttings are carefully placed one upon the other, in order of size
and elevation, in accordance with the exact relative position of the contourlines in the original map. They are then permanently fixed by means of glue,
solder, nails, or otherwise, upon a perfectly level bed-plate or pedestal. By this
means a perfectly proportioned rediero is obtained of the subject under
treatment. This model or core is now marked with the requisite number of
gauge-points, by means of which the map to be moulded in relief can be
easily adjusted. The next proceeding is to cover this core with a sheet of
moistened paper, of a sufficient thickness and size to cover fully the total area
of the model. The thicker the paper can be the better and more substantial
the final result. Upon the core thus composed and covered with the moistened
paper, the outer or border cuttings are separately adjusted in their proper
order, by
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means of the gauge-points above mentioned. This is done in such a manner as to
bring the outer or marginal cutting of that plate which has the largest
aperture next (on top) to the base plate and adjoining and surrounding the
bottom or largest plate of the core. The next marginal cutting (i.e., the one
having the next smaller aperture), is then placed upon the first and fitted to
the size' and contour of its corresponding plate of the inner cuttings, and so
on in regular order up to the top and last marginal cutting, or plate having the
smallest aperture, indicating the highest elevation of the ground and forming
the top of the core. The cut-out plates being in this manner adjusted seriatim,
two or more strictly vertical holes are drilled through them outside the limits of
the map to facilitate succeeding adjustments.
The outside cuttings are now removed one by one and the moistened paper is
withdrawn. There is now an exact model in relief or core and a
complementary model in intaglio, matrix, or die, corresponding thereto. All this
constitutes a pattern and machine suitable for moulding on paper of proper
thickness a map in relief. The extent to which the map to be formed in relief will
bear stretching and shaping, now being ascertained (if the operation has been a
success), the paper is again placed in exact position upon the core by means of the
gauge-points referred to, and moistened as often as may be required by brush,
sponge, or other suitable means. The outer cuttings are then again laid in regular
succession around their corresponding sections in the core, and are exactly
adjusted by moans of the holes bored in them ; the paper of the map being
pressed and drawn more or less, as may be required to conform to the desired
shape. After the first marginal cutting is put into place, the paper is again
moistened and another outer cutting is placed in superposition to the preceding
one, and so on to the last one as before. Should the paper show any
obstinacy to assuming the desired shape, it should be coaxed into form by
gentle pressure and moisture. Finally, a level plate, as heavy as possible, is
placed upon the ton and the whole mass is subjected to suitable pressure.
The top plate and marginal cuttings are next carefully removed, one after
the other, beginning at the top, and the map moulded in steps in relief is
raised from the core, thoroughly dried and then stiffened with shellac or other
suitable medium. It may then be mounted and braced in such a manner as to
be properly protected.
I will here remark that after all this careful and tedious work, the result is
in perishable and flimsy paper, in steps; the surface admitting of no
embellishment in the form of geographical features,
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such as streams, roads, towns, railroad-;, etc. Moreover, obstacles
to practical use appeal1 to be insuperable. However, the inventor
continues and says that if a relief map with smooth surface and
natural appearance is desired, the inner plates must be cut with a
bevel along the hypsometrical curves and the marginal cuttings must
be formed with overhanging bevels to correspond. In other words,
the inner and outer cuttings must be cut with hovelled edges and at
angles corresponding to the slopes shown on the original contoured
map. These angles would be constantly varying, some being very
acute, and the operation would be exceedingly difficult, if not really
impracticable. The only advantage in a machine constructed on
these principles—if it was possible to so construct it with reasonable
economy—would be the facility with which duplicate maps could
be moulded.
Mr. M. Moulton describes a method used by him during the
year 1875-76, in the construction of a relief map of the State of
New Hampshire, which is by far the best known to the writer.
This method combines all the most desirable ways of working,
and may be recommended as decidedly preferable to all others
noticed in this paper. The map was made for Dr. Hitchcock, State
Geologist, and when finished was about 16 feet in length, the
highest elevation (Mt. 'Washington), being some 61⁄2 inches above
tidewater datum. The material used was basswood. From a
copy of the topographical map of the State, made on tracing vellum,
the sea-level line and the contour l i n e next above it were traced
through the cloth placed on a layer of basswood one-half inch thick
and equal in size to the area of the map, by means of a suitable
tracing point, pressed on hard. This produced two distinct impressions on the wood, which were then drawn over with colored pencils ;
blue for the outside and red for the inside line. The outer contour
was cut around with a scroll saw, thus breaking off the wood outside
of the sea-level line.
The pedestal or base-board on which the map was permanently
to rest then received the first layer of wood, which was firmly
secured by means of brads and glue. The next layer was then prepared for sawing, as in the first ease, but the outside line of this
layer was the first 500 feet contour, and the inside or red line was
the next above. This also having been cut out with the saw, it was
placed in superposition to the first layer and located by means of
the red line before mentioned. These red lines served through the
whole work as guides, by which each successive layer found its
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Proper position. The process of sawing out the contours in wood
and building them up, was followed throughout the necessary
number of layers, to attain the height of Mt. Washington. After
three layers were firmly fixed in position, the steps or re-entrant
angles thus formed at their edges were carefully shaved and carved
off with keen-edged chisels and gouges to produce smooth slopes at
angles corresponding to those shown on the original map. Each
successive group of three or more layers was treated in the same
manner.
When this had been done, the surface of the entire work was given
a good finish by going over it with sand-paper, and coloring with a
neutral tint. It was now to receive the geographical work. Watercourses, public highways, railroads, town and county lines were
painted upon it in various colors and afterwards plainly lettered, including names of mountains. Previous to putting on all this detail,
negative moulds were cast in plaster, from which positive casts were
made for the use of schools and colleges throughout the State.
This model seems to have been made on the best principle known
to the writer. No wax was used, and the work, when completed,
was light and substantial. It might he suggested that to insure
such work against warping and distortion, owing to drying and
unequal shrinkage, the contour-layers of wood should be laid so
that the grain of each should be at right angles to that of the next;
and that the smoothing and dressing of the surface shall be done in
such a manner as to allow the, contour-lines of the map to be faintly
seen over the entire surface, since, to be thoroughly practical and
useful, relief maps should always show contour-lines on their slopes,
yet not so distinctly as to destroy the effect of the geographical features represented.
It has been found that paper can be used in place of wood and
treated in the manner just described. The absence of any perceptible
grain and the facility with which it can be obtained of any required
uniform thinness are two very important advantages possessed by
paper. By slightly different handling it may be carved and moulded
as easily as wood. It is very difficult to procure suitable wood of a
uniform thickness less than 1/8" with planed surfaces. By bandsawing it has been produced as thin as 1/16. This, however, is a
dimension that cannot always be guaranteed ; and there are no means
known by which these sawed surfaces can be reduced economically
by planing.
The process of duplicating relief maps in piaster is described in
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Vol. X., page 2(56, of the Transaction*, and also in Prof. L. M.
Haupt's admirable book, The Topographer.
The Work of a Shelled Topographer Prerequisite. — All the
methods of work here imperfectly described, although requiring
skill, are purely mechanical. As a preliminary to their employment,
much the largest proportion of the whole labor required has to be
done by the topographer. On him depends the success of the final
result; his work is of a superior kind, requiring much more experience and skill. As the engraver on wood follows the design of the
artist, so does the model-maker follow the contour-lines and other
data supplied by the topographical engineer. Everything depends
on the accuracy of these data.
For some purposes, the field-work, in the hands of an expert,
may be hastily done and yet not involve errors of serious magnitude.
The topographer must be able to analyze rapidly the characteristics
of the district to be mapped, and above all, he must have a good
memory and judgment respecting peculiar and important features
observed. This is particularly necessary in regions that are wild and
inaccessible, presenting serious obstacles to topographical work.
Much more could be said on this part of the subject; but it would
far exceed the proposed limits of this paper.
Scales of Models.—In few eases will the effect be satisfactory if
the horizontal and vertical scales of a model are uniform. In the
opinion of the writer, more or less exaggeration of the vertical scale
is in most cases expedient, if not really necessary—the remark of an
eminent geologist and topographer: " He that will distort or exaggerate the scale of anything will lie," to the contrary notwithstanding.
A perfectly natural expression is of course desired; and to cause this the
features of the topography should be distorted and exaggerated in
vertical scale just enough to produce the same effect on the beholder
or student of the district of country exhibited as his idea of it would
be if he were on the real ground itself. Care should be taken, however, not to make the scales so disproportionate as to do violence to
mental impressions. Often, indeed, prominent or important features,
when they will bear it, may be still more effectively shown by additional exaggeration in the vertical scale. No distortion or exaggeration in the horizontal scale is ever required, except occasionally in
the coloring of streams, railroads, towns, etc., to provide for photographing in certain positions. When views of the model from
different positions are required, as these features do not appear in
projection, they must receive proper treatment according to the rules
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of perspective. As to the finish, the model should be neither useful at the cost of beauty nor ornamental at the expense of practical
serviceableness.
The Accompanying Illustration Described,—The illustration accompanying this paper is a view of Cumberland Valley and the adjacent
country, in Pennsylvania and Maryland, taken from a map in relief,
constructed in the month of January of this year at Philadelphia,
entirely from surveys and maps executed, and data furnished, by the
writer. The mechanical and all other work pertaining to the model
was performed by Mr. E, B. Harden, assisted by his brother, Mr. J.
H. Harden, a pioneer in this art, who has done much to develop it.
The finished model is in plaster, five feet long, two and one-half feet
wide, cast in plaster from the wooden core surfaced with wax ; it rests
in a substantial frame of wood, braced and stayed by iron rods entering the plaster. As will be seen, the territory shown is nearly a rectangle in shape. The area covered is about 2752 square miles, comprising, in whole or in part, eight counties in Pennsylvania and four
in Maryland. The horizontal scale of the model is 0.70 of an inch
to the mile, with a vertical scale of 1600 feet to one inch. The relation of the two scales is 1: 4 4/7. The latter scale was made slightly
too large, and a greater vertical exaggeration than was intended was
the result. Two thousand feet to one inch would have proved more
satisfactory. However, the work as a whole fairly met our expectations ; and had it been possible for the photographer to do as well
with his part of the task, the final effect as shown in the plate would
be what we desired.
The original intention was to have photographic negatives made
of the model, in sections as large as the camera would permit. A
series of these were to have been taken from the original in different
positions ; the model afterwards to be laid aside for future use.
Photographic prints of these negatives, in sections, were intended to
be joined together, as Mr. Gutekunst has so frequently done with
success, in large scenic views taken from nature. But this was found
impracdeable, because the model had to be placed at a rather fiat
angle to the camera, and the resulting perspective did not permit
the printed sections to be joined without too great distortion in the
picture. This principle in perspective had been overlooked.
The camera was next taxed to its fullest capacity to produce on a
single negative a view as large as possible of the whole surface of
the model. Subsequently a reduced copy was made, of which the
view shown in the plate is a reproduction by the Ives process. The
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phototype process for illustrations of this kind may be strongly
recommended, when the size of the picture desired does not exceed
the possible limits of the camera, say : 20'' X 20". The Ives process has in some respects advantages over all others, particularly in
cost, but here the possible limits of size are 8" X 8". The inventor
states that in time, as the process becomes more perfected, these limits
may be increased. This is most desirable and would much enlarge
its usefulness, which is now restricted to illustrations of book-size
only..
The Particular Section of Pennsylvania and Maryland Represented
in the Illustration.--Much might be said, did time and space permit,
as to the geological and topographical features of this particular district of
Pennsylvania. Some mention might be made of its historical associations also.
These are in numerable, especially since the two great battles of Gettysburg and
Antictam were fought on this ground during our civil war. But they are not
pertinent to our subject, except so far as they serve to make our picture an
object of more particular interest.
The most striking features of the picture are : first, in the foreground, the
plain ; next, in the middle distance, the South Mountains ; then a section of
what is called the Great Valley, this particular portion, extending from the
Susquehnnna to the Potomac rivers, being named the Cumberland Valley ; and
last, the North Mountain chain, with its crests forming a distinguishing feature and
silhouette horizon in the distance.
The South Mountains in Pennsylvania are supposed to be the
focussing-line of the picture, with the observer about 170 miles from
and 50 miles above them, looking northwest. From this point of
view, a magnificent outspread of country is commanded, tempting
the beholder to examine it more closely in all its various details.
It would be difficult to find a district of country where the close and
remarkable relations existing everywhere between geology and
topography are more clearly revealed, and the laws governing them
are made more apparent to the student. A comprehensive rendering of this
feature was one of the designs of the work.
The plain before mentioned, in the foreground, is elevated some
650 feet above sea-level, and is composed for the most part of Mesozoic
sandstone and shales, with small patches of limestone to the south.
Immense outbursts of syenitic trap occur and form in this section of
the field, prominent elevations, of which the abrupt, cone-like forms
of the Round Tops near Gettysburg, are fine examples. Both of
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these were strategic points of the great battle, are now famous the
world over, and are visited by many thousands of persons annually
attracted by the old fortifications, handsome memorial monuments
and numerous reminders of the conflict s t i l l carefully preserved.
Within the area covered by the Mesozoic sandstone are found numerous
deposits of magnetic and specular iron-ore, many of which have been
successfully mined. Particularly has this been true near Dillsburg, where
the ores are found remarkably rich and abundant, and have for many
years supplied a large output.
The trap highlands in the plain contrast greatly with the gentler
undulations of the great valley beyond, over the mountains; here
we find different geological conditions. On crossing the valley and
North Mountains beyond, travelling west, say by the Monterey road
(the line of Lee's mournful retreat from Gettysburg in 1863), the
formations of the Paleozoic system are passed over seriatim from
the limestone and slates of No. H, to the Chemung-Hamilton
Upper Helderberg shales of No. VIII. This may be done with little
deviation right or left; the regular order of the formations being
but slightly disturbed by intervening areas of earlier ones repeating
themselves. The first utterances of the formations to succeed those
of the South Mountains are noticed immediately after leaving the
outlying spurs and adjacent foot-hills of t h i s range. Throughout
the southeastern half of the valley, composed for the most part of
limestone and calciferous slates (and elsewhere in these formations)
are distributed numerous beds of limonite ores. Especially is t h i s
the case along the edge of the South Mountains. They are, from
time to time, largely mined and go far toward making up the great
mineral output and wealth of the whole region.
The Cumberland Valley shows itself in our view, somewhat in
the form of a crescent, with a general direction northeast and southwest. This peculiar curve shape of the valley is a fact never before
graphically shown, and quite surprised some of its oldest inhabitants,
not a few of whom, even now, accept it with a certain degree of
doubt.
The topography and geology of the South Mountain chain is,
above all other sections of our territory, the most interesting. As
will be seen, they form the southeastern wall of the great valley.
As traced from the southern States, they continue with their characteristic
ruggedness
through
North
Carolina,
the
Virginias
and
Maryland, into Pennsylvania, only to be thwarted in their formation at
Dills-burg, before quite touching the Susquehanna river, as
can readily he illustrated by reference to the view.
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Prof. Lesley, State Geologist of Pennsylvania, has referred to
them, in some respects, " as u terra incognita." Since 1874, a carefu! topographical and geological survey of the Pennsylvania section of
these mountains has been prosecuted with more or less diligence to
the present time, under the auspices of the State Geological Survey.
Until 1877, it was under the direction of Dr. Persifor. Frazer;
since that time it has been under my own personal supervision.
This range presents a most interesting study. Its closely assembled
hills, wild broken gorges and stern central ridges (more than 2100 feet
above the sea level), present a strong contrast to the long, regular,
parallel ridges of the North Mountains, over beyond the valley, and
forming its northwest wall. The former have all of the picturesque
ruggedness with none of the monotony of the latter. They attract
miners and geologists as well as artists and tourists, the latter by
thousands every year.
Of its geological formation and structure much of scientific interest and importance could be said, did not time preclude. Dr. Persifor Frazer, during the progress of his work there, spoke of this
region, in substance, in this language : "The great South Mountain
chain is composed of essentially two great groups of rocks ; the
lower or northwest group, consisting of various modifications of
quartz conglomerate in which quartzite occurs in various forms ; and
the upper or southeast group, which is felsitie in character, containing
also large beds of hydro-mica and chlorite schists, intersected by
veins of milky quartz. This may be regarded as provisional,simply,
and subject to modification," according to results from subsequent
examinations. It would be difficult as yet, to contradict these statements of Dr. Frazer, if they ever can be contradicted. My surveys
have been exhaustive and are mapped in 10-foot contours, giving the
locution and dips of all rock-exposures, and should furnish reliable
data for the construction of geological profiles and sections; but
until all the evidence is summed up it would be premature to discuss
the subject further.
By reference to the map, the location of Pine Grove may be found.
Here occurs an isolated deposit of limestone cropping out at various
points along Mountain Creek valley. In this locality are found
the well-known Pine Grove limonite ores and mines, a property of
great resources and value. These beds have been mined for more
than one hundred years, and have yielded an immense supply of limonite ore ; and yet the development may be said to have just begun.
Here may be seen one of the largest open workings in the country,
VOL.
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exposing an unlimited quantity of ore, at Fine Grove, the terminus
of the South Mountain Railroad. Much of the land in this range
is valuable for agriculture. Some of the valleys, though narrow,
are very fertile, and arc changing from wild to pastoral scenes.
The railroad system of the district of country displayed in the
accompanying view is worthy of brief mention. A total mileage of
500 miles is shown, probably involving a cost of at least $35,000,000.
The Cumberland Valley Railroad, one of the oldest lines in the
country, controls the traffic of the valley. This road is now well
known for its superb alignment, easy grades and equipments. The
Gettysburg and Harrisburg Railroad, starting at Carlisle, crosses
the mountain by a most picturesque route to Gettysburg. Although
an independent line, it practically connects this interesting neighborhood with the great Pennsylvania Railroad system, besides affording
additional means of transportation for the minerals of the South
Mountains.
The Uses of Topographioal Hodels.--To a geological student,
before going into practical work in the field, nothing is so comprehensive and graphic as this means of illustration, particularly when, after
the geological formations are put in suitable colors upon the surface,
the model is cut into sections and the strata and structural folds are
shown in profile. Of the numerous models constructed under the
direction of State Geologist Lesley for the Pennsylvania Geological
Survey, and illustrative of many intricate geological and topographical problems, some have been treated thus, to better show complicated
structure and demonstrate difficult problems. They bring into small
compass and close relationship all evidence bearing on the subject,
and show the formations as seen in place in the field.
Models are frequently of great advantage in suits at law, in settling
mining claims and damages in dispute, when a resort to ordinary
methods, maps, diagrams, etc., might fail.
For the graphic display of a railroad system and the territory
controlled by it, nothing is better. To the President and Board of
Directors of a railroad company, what could be more satisfactory?
They are just beginning to remark on the advantages of this form
of map. The management in considering the development of new
territory would be greatly assisted by having it spread out in miniature, in this way. Furthermore, as railroad advertising displays,
such models have no equal when photographed, lithographed
and printed in color. The scheme of employing topographical
models for this and other commercial purposes is, I may claim, an
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original idea,* and is barely emerging from the domain of science
where, heretofore, they seem to have been exclusively used, into the
hands of new exploiters, who may expect to receive the condemnation of scientific enthusiasts for devoting such work to profane use.
The scheme is intended especially as a substitute for the highly
colored lithographic monstrosities displaying recent railroad systems
and combinations. The means by which photographic views, of
limited size, of models may be reproduced by lithographic process,
in colors, on any scale, will readily suggest themselves to practical
minds.
While models unquestionably offer the only correct way of representing in miniature a section of country, the expense, bulk or weight
of any form of fac simile reproduction of the original will always
stand opposed to their popular use excepting in special eases, as, for
instance, for educational purposes. For such purposes they must be
light, strong and of small cost. Various means and materials have
been suggested, but paper in some form is perhaps the only material
deserving consideration. The art is worth developing, and should
be perfected; and some means should be found by which exact
copies can be produced rapidly and economically. However, to best
serve a popular demand, the photographic process can be used, and
by phototypes, artotypes and lithographs the latter for views on a
large scale, models may be made practically useful, as illustrated by
the accompanying example.
For educational purposes, much might be said recommendatory
of these models. How much, for example, would the teaching of
geography be simplified, could our educational authors and publishers be induced to leave worn paths, and, unfettered by tradition,
develop a new system which, if carried out on a liberal scale, would
work some improvement and lessen the tedium of present methods
in geographical education, particularly to blind students? The use
of topographical models would be found to contribute greatly to this
end.
Geological and topographical models have also some artistic
value ; they are often framed and exhibited as ornaments. They
may be said to be alto relievo work and to be to maps what statues are
to figure-paintings..
Among notable models known to the writer, besides those before
mentioned in this paper, and the interesting collection at the Smith* I have since learned that on one occasion this idea was suggested to a railroad
official by Mr. Ashburner.
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sonian Institution at Washington, are the following: Harden's model
of Morrison's Cove, Pa., now at the Academy of Natural Sciences,
Phila. ;* the model of the Panther Creek coal basin, Pa., designed
by Charles A. Ashburner, assistant geologist Pa. Geol. Survey;
King's model of the United States, made by Mr. and Mrs. F. H.
King, of Wisconsin (an unusually large example, constructed,
I believe, to facilitate the study of physical geography) ; and Prof.
Lesley's model of a large area of formation No. IV., in Pennsylvania, showing this formation cleaved of all the upper rock-measures
and exhibiting it in a continuous bed, with all its peculiar folds, and
such portions as have been eroded above the present natural surface
restored. This model is a most curious and interesting work, which
exhibits some remarkable features of geological structure. Prof.
Lesley has done much in a practical way to encourage and stimulate
the construction of models for scientific purposes. As a proof of
this, I refer to the large family of models that has grown under his
able, management of the Second Geological Survey of Pennsylvania,
illustrative of the numerous and important geological and topographical problems met with during the progress of the survey. These
models have all been made by Mr, E. B, Harden.
The King relief-map of the United States, above mentioned,
probably shows the largest area ever attempted. The horizontal
scale is 65 miles to one inch; the vertical scale, 5000 feet to one
inch. The scales are as 1 to 68 1⁄2. This model was made by easting
a block of plaster in a wooden frame of the requisite size and depth
and then reducing it by carving to the desired conformation, beginning at the highest points and working gradually down to sea
level. This method has been used, experimentally, I believe, by
others. Sliding or travelling vertical and horizontal scales, available at any point in the work, are necessary to secure correct elevations and positions of the different features. Mr. King is now said
to be engaged on a model of the world, "attempting the configuration of both Continents and the ocean beds."
Wyeth's well-known model of Jerusalem and the surrounding
country, at Ocean Grove, New Jersey, is a striking example on a
large scale. It is about 50 feet in diameter. Here fine details are
worked up with particular care, but the absence of scales and other
necessary information makes a proper appreciation of the work quite
difficult.
In a recent letter, Mr. Charles A. Ashburner kindly furnishes
* Topography and geology by Sir. E. H. Sanders; model by Mr. E. B. Harden.
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me with a full description of his very interesting model of the
Panther Creek coal basin, to which reference has been made,* This
model is deposited at his office in Philadelphia. A duplicate, after
having been exhibited at the New Orleans Exposition, was placed
with the collection at the National Museum, at Washington.
The following is an abridged extract from Mr. Ashbtirner's letter:
"The sharp plications which exist in the Carboniferous strata of
the anthracite region of Pennsylvania, which permit the outcropping
of all the coal beds in the series along the ridges or mountains,
limiting the coal basins, and the occurrence of the same coal beds
in the centers of these basins at depths as great as 3500 feet in the
vicinity of Pottsville, have made the study of the structural geology
of the region, one encompassed with great difficulties. The necessity which exists of having some definite information in regard to the
structural geology of the coal beds, before successful mining operations
can be prosecuted, resulted in my designing, in 1880, a new method
of representing on surface maps, the underground structure of the
coal beds, from which could be ascertained (1) the location of the
outcrops of the coal beds; (2) the position of the synclinial and
anticlinal axes ; (3) their depths in special coal beds below the surface of the ground; and (4) the dip of the beds from the crest of
the anticlinal to the bottom of the synclinal. This was accomplished by contour curve-lines drawn along the floor of the coal
beds (1) from elevations determined in the areas where these coal
beds were mined; (2) from exploring the shafts and drill-hole?,
and surface exposures, in areas where no extensive mining had been
done ; and (3) in areas where no underground exploration had been
made, by deducing the position of the contours along the floors of the
coal beds, from surface exposures and an extension of the structure
from areas where actual exploration or exploitation had been done.
" After the construction of the contours in exploited and explored
areas, one of the most important aids to the determination of the
geological structure of the coal beds in areas where surface exposures could not be obtained, has been found to be the construction of
a model (vertical and horizontal scales being the same) which should
show the shape of the floor of the bed. The first area which was
so mapped in the region by the anthracite survey was that of the
Panther Creek coal basin, lying between Mauch Chunk, in Carbon
County, and Tamaqua, in Schuylkill County.
* Made by Mr. E. B. Harden, assisted by Mr. O. B. Harden,
and exhibits much dexterity in its construction.

This work required
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“This is one of the most highly complicated coal basins in the recion; and many of the difficulties were not understood until a model
was made of the floor- of the Mammoth coal bed, which is not only
the most important coal bed in this special basin, but the thickest
and most valuable bed which is mined throughout the entire, region.
“A map was first made on a scale of 800 feet to one inch, upon
which contour-curve lines were constructed along the floor of the
Mammoth coal bed, 50 feet vertically apart, in the exploited and
explored areas. In the areas included between the two classes, theoretical contour-curve lines were drawn on the map, which are consis tent with the dip of the exposed strata in each special area."
From this map the model was made in wood and wax, as previously described.
'" Thus the final model not only formed a graphical representation of the shape of the floor of the coal bed, but proved a great aid
in the definition of the geological structure.
" The use of this system of modeling as an aid to the study of the
structure of the strata in a highly placated region, such as the anthracite, I believe is almost indispensable, in order to insure the best
geological deductions as an aid to practical mining.
"The horizontal area of the surface of this model included between the outcrop lines of the Mammoth coal bed, is equivalent to
an area of 10 7/10 square miles in the Panther Creek Valley, and if
ail the convolutions of the floor of the Mammoth coal bed, represented in the model, should be flattened out, the horizontal area
would represent on the ground 16 7/10 square miles. The practical
application of this model for the deduction of many conclusions
affecting the amount of coal contained in this coal basin and the
proper methods to pursue in its ultimate mining, has been very
great.
This was the first time that such an underground model was
constructed in this way, and for the purposes for which the Panther
Creek model was designed by myself; it has attracted the attention
of many of the mining engineers of the anthracite fields, and of
eminent professional geologists."
The above statement certainly contains strong and satisfactory
evidence of the practical value and advantage of this manner of
illustration.
In conclusion, I will say that all the information within my
reach on this interesting and important subject has been presented,
with the hope that its further study may thereby be promoted. I
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have endeavored to put this information in such form as to answer
the lit demands of those wishing to advance the art of making and
using topographical models.

BY T. EGLESTON, PH.D., NEW YORK CITY.
BASIC REFRACTORY MATERIALS..

THE necessity of using a refractory material capable of much
greater resistance to chemical action and having a far higher melting-point than those which contain silica, which melt and sweat off
in the furnace even when not exposed to bases forming with silica
more or less fusible compounds, has led to a careful practical study
of all those materials which contain very refractory bases. The
results of these researches, extending over several years, and made on
a very large scale in many of the largest works in Europe, are of the
highest interest, not only considered as a step in the progress of the
study of the materials themselves, but in the application of refractory
materials to metallurgical uses in general. The result of the expertinence of the last seven years with these basic materials, as in general with all such substances, is that natural products cannot be used
as such. They are either too uncertain in their quality, contain substances which may in certain eases be very injurious, or, when in a
condition in which they might be used, are so rare as to become
practically unavailable for employment on a large scale. The materials that may be used are therefore not only limited in number, but
they must be prepared artificially. When the use of basic artificial
material is further extended, no doubt the number of these substances
will not only be greatly increased, but the methods of preparation
will be both perfected and cheapened to such an extent as to permit
their application in processes for which they have hitherto proved
too expensive. The quantity of refractory materials required for
making ingots will be from 130 to 150 lbs.. Per ton. Or between 6
and 8 per cent, of the metal produced. In an establishment producing 2000 to 3000 tons of steel per week, considerable space is
required to handle the basic materials properly.
It is proposed in this paper to briefly discuss these basic materials and their application in the only two metallurgical processes
where they have as yet been applied. These are the basic Bessemer
and the basic open-hearth process, known as the Thomas-Gilchrist
processes.
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The materials that may be used are bauxite, chrome-iron, lime,
dolomite, maguesite,--when it does not contain too much silica, which
is seldom--or artificially prepared magnesia.
Bauxite is a comparamtively rare mineral, found only in a few
places, and, in most localities, of uncertain composition. A l i t tl e
silica or an excess of oxide of iron makes it fusible, and therefore
not suitable. When pure, and burned, it is not plastic, and must be
mixed with some aluminous material to make it so. It cannot, therefore, be used on a very large scale. It has only been successfully
applied to the separation of the basic and acid materials in the basic
open-hearth process.
Chrorne-iroii is exceedingly refractory, but cannot be used in very
large masses. It is used in large pieces for lining the cupolas for
burning dolomite. It is generally crushed and mixed with tar to
form the junction between the basic and siliceous material in the
open-hearth furnaces. This, magnetite and bauxite are almost the
only materials that can be used for this purpose.*
Lime and dolomite, used alone or together, or magnesia extracted
from dolomite by some chemical process, seem to be the only materials that are practicably available for basic refractory linings.
Dolomite is not absolutely essential, as limestones will answer perfectly well, provided they contain a small proportion of clay. If the
limestone is perfectly pure it is difficult to burn, while if it is too impure it is very likely to frit or to fuse. It has been found by experience that eight per cent, of these foreign matters does not affect it
seriously, but of this percentage there should be some alumina, and as
little silica as possible.. The presence of iron is also to be avoided.
Dolomite may be used either by itself or simply for the magnesia
which is extracted from it, as is the ease in a number of the continental works. It should not be too pure, but it is impossible to
say just how much or how little foreign matter it should contain to
be of the greatest utility. It may be said, however, that whether
the dolomite is to be used by itself, or the magnesia is to be extracted
from it, the higher its contents in magnesia, the better. The dolomite contains generally 2 to 3 per cent, of silica, 2 to 3 per cent, of
iron, and 30 per cent, of carbonate of magnesia.
Burnt lime has been, and still is, used for the bricks, but it is expensive when burned at the same high temperature as dolomite;
and there is very little if any advantage in using it to compensate
for the difficulty of keeping it, which has proved a serious objection.
* “Basic Open-Hearth Process," School of Mines Quarterly, October, 1885.
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Because of the difficulty of finding a limestone that will answer the
all conditions, dolomite is almost universally used ; for while the
presence of magnesia is not indispensable, the combination of constituents that seem to answer the purpose best is usually found
associated with it. Its use was almost universal, and seemed for a
long time to be destined to become entirely so. It now seems
likely, however, to be supplanted in the near future by artificially
prepared magnesia.
The carbonate of magnesia, as it comes from only three or four
localities, has been found too costly, and not sufficiently advantageous
to he used to any great extent. If it could be obtained pure and free
from silica it would, when calcined, be the most useful material for
the purpose yet tried.*
It has been proposed, in addition to the foregoing substances, to
use ores of iron; but the difficulty of forming any mass with such
material that would not he fusible and that would hold, has prevented its use. The danger of portions of a ferruginous lining becoming detached and falling into the melted steel has also aided in
preventing its adoption.†
If natural material found in a given neighborhood does not possess the precise composition required, the amount of the constituents
wanting may be added to it. This necessitates the complete pulverizezation and mixing of the materials, making them up into bricks, and
then burning and regrinding them--an expensive operation which is
not practicable to any great extent. Whatever the material may be, it
must be calcined so long and at such a high temperature that it will
not afterward either slack, except upon long exposure, or contract
at any heat to which it may be put in the converter. The calcination must be done with care, since it is desirable that the pieces
burned should not split under the influence of heat, and that there
should not be a large amount of fine material produced. This consideration is so important and affects the cost so unfavorably that
the manufacture of bricks made of such artificial mixtures has generally heen avoided, except where it is indispensable.
Magnesia prepared artificially was used at Hörde for several years,
and seemed at one time likely to take the place of much of the acid
material now used. But after long trial it was found to be too
* “Basic Open-Hearth Process,” School of Mints Quarterly, October, 1885.
† It would seem as though a water-jacketed converter, which would be
but neutral, ought to answer: but the danger of using it. or the enormous
water required for a large output, seems to have prevented any one from adopting it.
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expensive to compete with the manufacture of the tar-bricks, and
its use in the converter was abandoned. They are now, however,
making a series of experiments in the hope of being able to use the
magnesia bricks in furnaces where very high temperatures arc required—and with every prospect of snecess.
When the processes by which magnesia is made can be cheapened,
as there seems every probability of doing, it will he one of the best
of a l l the materials used. A description of the process by which it
was manufactured at Hörde w i l l not be out of place, although it
has been abandoned, in those works, because it was of itself interesting, and some application of it which will cheapen it, may possibly
be made again. I have given a short description of the process of
making magnesia from sea-water which is now being experimented
upon on a large scale, for making bricks used in the basic works,
and will probably prove to be a very useful invention.
At Horde, for several yearn, magnesia extracted from dolomite
was used with great success. It was made on a large scale and had
the advantage of being a perfectly homogeneous material, almost
pure, which could be stored much longer than the dolomite bricks.
Two processes were used, equally simple, and giving equally good
results. The first was invented by Dr. Scheibler, of Berlin, the
second by P, Closson, of Paris.*
Dr. Seheibier's process consists in burning the dolomite to drive
off the carbonic acid, and then making a thick milk of it with, water.
Into this is poured a solution of molasses and water containing 10
to 15 per cent, by volume of molasses. The mixture is carefully
stirred with a mechanical stirrer. In a few moments saccharate of
lime is formed, which remains in solution while the magnesia is precipitated. The reaction which takes place is very simple:
Molasses + CaOMgO = saccharate of lime + MgO.
The milky material is put through a filter-press. The magnesia
remains behind and the saccharate of lime passes through. This is
then treated with carbonic acid, which precipitates the lime as carbon:
ate:
Saccharate of lime + CO2 = molasses + CaO, CO²;
* The description of the two processes for making magnesia was written at Hörde,
August 21st, 18S2, where I saw the Closson process, which was then being worked
there on a large scale. The details of both processes which I could not see, were
given to me by Mr J, Massenez, the director of the works. These processes have
since been described by Dr. Wedding In Die Darsiellung des schmiedharen Eisens,
Braunschweis 1884. n_ 43.
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the whole is put through a filter-press; the lime after washing is
used or thrown away, and the molasses is used over again. The
composition of the magnesia so obtained was:
Silica, iron oxide and alumina,................................... 147 per cent.
Lime..............................................................................2.18 "
Magnesia,......................................................................95.99 "
99.64

The loss in molasses was found to be from 5 to 10 per cent.
This loss was too large for economical manufacture, though the
qualities of the bricks were unexceptionable.
This process was replaced by the Closson process, based on the
use of magnesium chloride, which is one of the by-products of the
manufacture carried on at Stassfurt, and is there thrown away in very
large quantities as useless. The reactions which take place are quite
as simple as in the former method, and are expressed by the formula:

To carry out these reactions a sufficient quantity of the Stassfurt
magnesium chloride is added to dolomite which has been burned and
made into a mill;, both being mixed together with sufficient water.
The tub in which this is done has a series of arms fixed on its side
and others revolving on an upright axis. The reaction takes place
rapidly. When it is quite complete the tub is tapped from the
bottom and its contents are run through an ordinary sugar filter-press
from .50" to .60™ square, and pressed. The chloride of lime runs out
and leaves the pure hydrate of magnesia in the filter. This is carefully washed with water and leaves the pure hydrate of magnesia in
the press, while the chloride of lime is collected in a basin. To
utilize this material it is carried to a receptacle like that in which
the blast-furnace gases are washed, except that it has revolving
wheels to stir the chloride, making a thorough mixture of the gases
and liquid. Two of these receptacles are placed together back to
back. Above is a valve-box with a valve which, when one side is
done, can be reversed so as to send the gases to the other side, and
thus keep up a continuous working. Into this box a quantity of
freshly burned dolomite is put, together with the chloride of lime.
The blast-furnace gases passing through precipitate the lime, have
their carbonic acid or a part of it removed, and are thus rendered
more combustible. They deposit, besides, a considerable quantity
of the solid materials carried off mechanically with them and are
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thus made cleaner. Magnesium chloride is re-formed which remains
in solution. The reaction is shown by t h e following formula:

The liquor drawn off is filtered, the mad and the carbonate of lime
are thrown away, and the chloride of magnessium is used over again.
There is hut a small loss, not more than 5 to 6 per cent., of chloride
of magnesium. The magnesia obtained by this method is made into
bricks and burned. It is then reduced to powder, mixed with a
l i t t l e water, and formed into bricks of any shape in a hydraulic press,
which, with four men, makes 4000 small bricks a day, two at a time.
The same press is used for the tar-bricks. After a few hours'
standing in a dry place these bricks are quite hard. The filterpress makes one filtering and washing in 45 minutes. It contains
25 moulds about 0.02 thick. The two presses make about 230
kilos at a time, or a ton of magnesia per' day in a single press.
To produce the ton of magnesia, 1250 kilos of dolomite and 8750
of the magnesium chloride are required. The total cost is about 4
marks per ton. The analysis of the magnesia produced is:
Silica, iron oxide, alumina, .........................................1 05 per cent.
Lime .............................................................................1.94 "
Magnesia, .....................................................................96.90 "
99.89

The difference between the products of the two processes is hardly
appreciable, and they are nearly alike in cost. Closson's process is
not applicable except in the vicinity of works like those of Stassfurt.
Scheibler's process can be used wherever molasses can be had at a
moderate price.
It is now proposed to make the magnesia out of sea-water which
contains about four pounds as chloride or sulphate in a cubic yard
of water. This is done on a large scale on the Mediterranean coast
of France at Aigues Mortes, with milk of lime, the reactions being
the same as in the Closson process. The sea-water is pumped into
a tank made of masonry, and milk of lime in the proportion of 1.5
per cent of lime for every per cent of magnesia is pumped into it at
the same time. From here it flows into two similar tanks, where the
two liquids are mixed mechanically by means of stirrers run by power,
to be then filtered into shallow excavations about 1000 feet long and
16 feet wide, on the bottom of which there is a bed of clean beach-
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sand. When enough has collected, the stream is turned off and the
precipitate is allowed to dry in the sun. This takes (went)-to thirty
days, and can only be done in the summer. In the winter it must
be artificially dried, which can easily be accomplished. The dried
material is calcined at white-heat, ground, and made i n t o bricks,
as at Horde. If this process proves a commercial success it will
replace, to a great extent, and perhaps altogether, the manufacture
of dolomite bricks.
The use of magnesia has the great advantages of simplicity of
operation and uniformity of product. The amount of magnesia
necessary for a ton of steel is only one-third as much as is required
of dolomite, while it lasts much longer in the converter, when properly made by hydraulic machinery. It can be made into bricks by
mixing with water only; the process of manufacture is therefore
much more simple than that of the dolomite. Moreover, the magnesia bricks can be kept a much longer time without clanger than any
others. They also resist pressure at least as well as the others. Notwithstanding all these advantages it has been found, up to the present
time, that the manufacture which involves the comprehension of nice
chemical reactions cannot be carried on by ordinary workmen in competition with the tar-bricks, and the processes of Closson and Scheibler have been abandoned for the present at Horde. The sea-water
process is still in the trial-stage. The use of magnesia as a refractory
material has, however, too many advantages to remain long dormant.
Whatever natural substances are used for tile manufacture of basic
refractory materials must be calcined at a very high temperature, in
order to make it certain that no subsequent change of form from
contraction will take place. There are two general methods of such
calcination. The first, which is very generallv employed, is carried out in the shaft furnace; the second, in some kind of gasfurnace, the object in this case being not only to have a very high
temperature, but also to avoid the introduction of silica or other
impurities which come from the ashes of the coke.
It lias been found expedient, in most of the works in England, to
burn in cupolas, raising the temperature to a white heat, and then
selecting from the product those pieces only which are of a certain
color, rejecting every piece not sufficiently burned, or which shows
any kind of agglomeration, and breaking off any adhering siliceous
material formed by the ashes of the fuel. It has been found possible
in England to operate this method successfully, and produce an excellent brick.
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Tlie chief objections to the cupola are, that, as the temperature
cannot be regulated, there is danger that the dolomite w i l l not he
heated sufficiently to prevent further shrinkage in the converter;
that it makes a considerable quantity of fine dust by abrasion ; and
that the ash of the fuel is l i k e l y to form more or less fusible
siliceous attachments to the pieces. As it is q u i r e impossible to
always have a perfectly pure coal, the material will frit and form
engorgements in the furnace which after a time force it out of blast.
This is partly remedied by having the center on wheels, us at the
Northeastern works.
The system of continuous regenerative calcining-furnaces is used
on the continent. These furnaces use less fuel than the cupola, and
are free from the objections just named; so that, by their use, l i t t l e
of the material is damaged. It must be understood that in both
cases the temperature must be very high, for, should the material be
submitted to a higher temperature in the converter than it has
already endured in the calcining — furnace, it would undergo a s t i l l
further contraction.
The disadvantage of the cupola or shaft-furnace—namely, its
liability to engorgement, although the lining is always basic, and
the consequent necessity of putting out the furnace to remove the
obstructions—has been already mentioned. The cupola requires
also the constant work of a number of men, not only to charge but
to discharge i t ; and it must be worked with long iron rods, in order
to make the material come down quickly enough.
In the continuous furnace there is no difficulty of this kind. The
hearths only of the furnaces are made of basic material, the sides and
roof being siliceous. No inconvenience results from this, since the
material to be calcined does not touch the sides of the furnace at all.
In such a furnace as the Mendheim, Fig. 1, which is used at Horde,
there is no loss of time and material, and comparatively l i t t l e fuel
is burned in order to produce the temperature required.
The arrangements for receiving and calcining the dolomite are
different in different works. In almost every instance the stone is
sent to the works in cars, a large supply being kept on hand, and
is burned as required for use. Occasionally it is purchased already
calcined, in which case the calcination should have been done at a
very high temperature, and the material should be stored in a dry
place, and used as quickly as possible. There are too many uncertainties connected with this method of working to make it generally
desirable, and it is practiced in only a few places.
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At ( l i e Northeastern works the dolomite is brought in at one end
of the works and stored in bins. Next to them are three cupolas
for burning it. These are lined with basic bricks, as other material would stand the contact with the. dolomite at the high heat employed. The dolomite is mixed with coke and burned for nine
hours. It comes out at a white heat, is shrunken to half its previous dimensions, and has lost half its weight.
At the Rhine steel works the cupola is about 10 meters high, inchiding the chimney, and 2.5 meters in diameter on the outside. It
is blown with two tuyeres, and consumes about 65 per cent, of coke
which has 8 per cent, of ash. The calcined material is drawn from
four draw-holes at the bottom about 0.65 m square.
At the Northeastern works the central section of the cupolas is
supported on wheels so that it can be rolled out to be re-lined. It
is about eight feet high. The bottom and top remain permanently
fixed. The space between the two, above and below, is rammed with
slurry.* One lift serves for bringing up the charges for the three
cupolas, which are not all worked at one time. Two barrows of coke
are used for burning, seven of dolomite, in pieces about the size of the
fist. The bottom of the furnace is closed by a door. When this is
opened the charge docs not always fall by itself, but requires raking
with long iron rods from below in order to detach it. Occasionally
the charge becomes agglomerated, and can only be detached with
great difficulty. The material, raked out about once in two hours,
falls, mostly at a white heat, about seven feet upon the iron floor
below. The dolomite contains some iron, and some of the pieces are
fused or partly so. These are carefully picked out and thrown away.
Those which are insufficiently burned are put back i n t o the cupola.
The pieces are shrunk to a very irregular form. They are spread
out on the iron floor to cool, and, when picked over, are charged in
a lift to be carried to the grinding apparatus.
The lining of the movable body lasts about 40 turns. It has lasted
as long as 60. This depends partly on the way the furnace is
worked, and to some extent on the quality of the dolomite burned.
The basic lining is abraded, both by the descent of the charge and
by the action of the tools, and when too much worn, the central
part is detached, rolled out, and re-lined. The amount of fuel required to burn the dolomite is from 1300 to 1600 lbs. for every
ton of shrunk dolomite produced.
* "Slurry" is the mixture of tar and shrunk dolomite, which is liquid when hot.
When the mixture is only sticky while hot, it is called "mixture" or "ramming."
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At the South Staffordshire works the dolomite for the bricks is
for the most part purchased already burned, The cupolas are used
mostly for burning the old bricks. It has been found worth while
here to reburn them all before crushing, and not to use them directly
without reburning, as is done in most of the other works in England and in Germany. The brick and the dolomite are ground in a
Chilian mill which is attended by one man.
At the Alexandrowsky works in St. Petersburg,* where the openhearth basic process is used, the cupola furnaces required to be repaired every two weeks when they were lined with basic brick: and
for these blocks of chroine-irom-ore have been substituted. Each of
the four furnaces has an iron mantle, and is 3.5'" high and 1.75™ in
diameter. Each has seven poke holes at different levels to work the
material in the furnace from the outside. The lining is made 0.15™
thick, of blocks of ore laid up with a mortar made of two parts of
fine ore and one of lime. Such a lining lasts three months of constant use. As it does not hold very fast, great care must be exercised in working scaffolds or obstructions in the furnace from the
outside not to dislodge the lining. When such a furnace is to be
put into blast, it is filled with wood to the height of 1.20, over
which 0.60" of refuse coke from the producers is put, and then 560
kilograms of dolomite and 260 to 300 of coke. The whole is then
lighted. The furnace is drawn every twelve hours, and 3200 kilograms of shrunk dolomite, which is about 51 per cent, of the charge,
is removed. It requires 1200 kilograms of coke to produce one ton
of shrunk dolomite. The burned dolomite is cooled and broken by
hand to pieces of about the size of the fist, and then sorted into three
classes. The first is well burned, of high gravity and very tough;
the third is porous and light, and constitutes about 25 per cent, of the
entire product; the second is between the other two in quality. The
first and second are broken fine and mixed with tar, and are used for
making slurry. The first only is used, mixed with burned dolomite,
in making the hearth of the furnace. The third is not mixed with
tar, and is only serviceable in making the repairs which are necessary after every casting.
At Hörde most of the dolomite is burned in a Mendheim ringfurnace, Fig. 1, so arranged that the heat may, by opening or closing
a valve, pass in or out of a compartment. The furnace here had
sixteen chambers. Fourteen is probably the least that it would be
profitable to construct. The bottoms of the compartments are made

* Stahl and Eisen, vol. Ii., p. 603
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of the dolomite bricks, and the sides of ordinary fire-brick. The
dolomite is piled in pieces four to five t i m es the size of the fist on

the floor, so as to touch neither the sides nor the roof, and heated
gradually up to a white heat, and is gradually cooled, the dolomite
VOL.

xiv.—30
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itself being used to store the heat necessary to bring the air up to a
proper temperature for the combustion of the gases. The furnace, is
not opened u n t i l all the material is cool enough to be handled. The
fuel in poor coal, burned in a producer. This furnace has the advantage of not only being
a continuous one, but it may also be kept
constantly at work, if desired, at other things as well as the calcination
of the dolomite, for, as the temperatures are under control, and the
chambers not very large, it may be used for treating a number of
substances at a time. The repairs to the furnace are small, and the
amount of fuel and labor required are not large. Both the cupola
and the Mendheim furnaces are in use at Horde. The disadvantages
of the former have been found to be that it gives too mu dust by the
reducing of the dolomite by abrasion in passing through the furnace,
and that the material is not evenly burned. The advantages of the
Mendheiui furnace are so great that the cupolas are used only to
supplement it, or when this furnace is occupied with other work.
When the dolomite is properly calcined, the surfaces of the pieces
are extremely uneven, and the pieces very irregular in shape. The
surface is always more or less brilliant and generally concave,. The
hardness has also been greatly increased. It must be carefully
inspected, and any pieces that are fritted or show any signs of fusion
must be rejected, From the Mendheim furnace this can be done as
each piece is being taken from the furnace.
From the cupola, on the other hand, the whole charge drawn at
any one time must be spread out on the iron floor to cool, and is
then inspected, but the inspection is never as thorough as where
every piece is handled, as it is in the Mendheim furnace.
After inspection the pieces are ready to be ground. The first
breaking is done either by hand or in a Blake's crusher. The machine does the best and quickest work. After this the material is
carried in some kind of an elevator or conveyor to the mills where
it is crushed to pieces of about 0.004™ to 0.005 cube, and from
which it is delivered only as fast as it is required to be used. It is
usually made into two sizes, coarse and fine, which are mixed together in different proportions, according to the use to which the
bricks are to be put.
A great variety of mills are used for grinding the shrunk dolomite.
In England the use of the Chilian or edge-mill is general, while on
the continent either the Carr or the Vapart apparatus, which is a
centrifugal machine, is employed. . In order to make the bricks, or
the concrete used for the furnace or converter-linings, which are
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made exactly in the same way, the ground calcined limestone and
dolomite, is brought i l l harrows or conveyors to the place where it
is to be used, and dumped on the floor, which is covered with plates
of Iron and sprinkled with dolomite dust to prevent the tar sticking
to i t . It is mixed with from 3 to 12 per cent, of tar, according to
the purpose for which it is destined. For ordinary bricks one
bucket of tar is generally added to ten or fifteen of dolomite, according as the mixture is to be more or less dry. In most of the
works the tar is carefully boiled to expel any water or ammonia that
it may contain, for fear that this might cause the disintegration of
the bricks if allowed to remain. This is done in a boiler, and when
the water and ammonia have been driven off, the tar is pumped into
a vat from which it can be readily drawn when wanted. In other
works it is claimed that it is useless to boil the tar, either for the
bricks or for ramming, as all the water is expelled when the bricks
are burned or the ramming is fired; but most makers are justly
very particular about i t . When properly done, the bricks made
with the boiled tar last the longest.
The shrunk dolomite, crushed to about pea-size, is made into a hollow pile, and the tar poured i n t o the center from a bucket and roughly
mixed with a shovel. In some works the shrunk dolomite is shoveled
into a hopper and the tar allowed to run on it until the workman
judges by the eye that there is enough, but in such cases they often
make mistakes about the quantity, and are obliged to add either more
tar or more shrunk dolomite. The mixing is done differently in different works. On the continent the use of the Vapart mixer is almost
universal. This consists of a helix run by a belt and set in a castiron cylinder, at one end of which there is a hopper for charging,
and at the other a discharge-opening. The bottom of the machine
is set 0.60 above the ground at the discharge-end so that the top
of the hopper is about 1.80m high. Two men work the apparatus,
one doing the mixing and the other the charging. The mixed material is carried away by a third man. The screw of the mixer is
about 6 feet long, and discharges the material in a heap at the other
end. The men are made to do the mixing themselves, and when by
mistake too much tar has been added they mix it with the shrunk
dolomite dust and put it back again through the machine. It is discharged from the other end of the mixer into a l i t t l e heap on the iron
floor in a very thick pasty condition, and is immediately carried in
barrows to the place where it is needed. It is mixed only just as fast
as it is required for use. This mixture is stiff when cold but soft
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when heated. When it is to he used as slurry a l i t t l e more tar is
mixed with i t , so as to make it run very slowly when cold but be
quite l i q u i d when hot. The amount of line dust will vary with the
apparatus used. Generally it w i l l he about one-third of the volume
of the material which is put into the machine.
At the Northeastern works, where all the work is done by contract, the Vapart apparatus has been discarded as too difficult for
use and as not giving good results, for occasionally when the men
are careless with i t , f i l l i n g it too full or trying to make it do too
much, it gets clogged and refuses to work. This will generally
happen when the quantity of tar is such as to make it stick to
the screw. It then takes some time to empty the machine and start
it again, and all the material has to be remixed and passed through
a second time. At these works the mixing is done with a shovel in
front of the edge-mills, the pans of which are set in motion and
cause the revolution of the wheels. The shrank dolomite and tar,
approximately mixed, are put into the mills, which are provided with
followers, so that the material is constantly pushed under the mill,
and when it is sufficiently ground and mixed it is removed from the
front by a shovel. When removed, or even while it is passing
under the m i l l , the men judge by the look and the feel of the mixture whether more or less tar is required. This method avoids all
the dust which is usually caused when the grindi n g and mixing are
done separately. The only objection to it is that as the pieces are
only coarsely broken in a crusher, the sizes of the material are not
uniform, and pieces the size of a hazelnut or larger can be easily seen
in the ground and mixed material. Care must be taken to avoid having too much dust with the coarse. It has been found advantageous
to have coarse and fine together; when coarse alone is used the bricks
made do not have sufficient consistency, and when too much fine is
used, it takes up too much of the binding material. For ordinary
bricks, the mixture is one part of tar to ten of shrunk dolomite.
The mixture thus formed is afterwards made into bricks of the
desired shape, or else used as a concrete' and stamped into the place
where it, is to be used. When this is to be done a form is put in on
the inside, adjusted so as to leave an equal space between it and the
sides of that part of the furnace or converter, and the material is
carefully stamped in with hot irons.
The manufacture of the bricks requires special care. They are
made in iron moulds, a special one being required for each shape of
brick made. They are so arranged that by driving out keys from
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cotter-bolts they readily full apart, and are as readily put together
by reinserting the keys. In many of the older basic Bessemer works
there are six sizes of these bricks; but the effort is now being made
to simplify the construction of the converters, so as to bring down
the number of sizes to two or three, which differ mostly in the
length of their radii, so as to fit the curves in different parts of the
converter. The number of shapes required for use in an openhearth furnace will not be more than two, since the surfaces are
either flat or so slightly rounded that the bricks can be easily made
to fit. The iron for the tops, bottoms, and sides of the moulds is
cut from boiler-plates with projecting ends, into which a slot is cut
for the insertion of the keys, as shown in Figs. 2 to 8, inclusive.
The plates are bent to shape and flanged so as to project enough to
admit of two long bolts which hold the top and bottom together,
and are keyed with iron keys which can be readily knocked out.
The bottom piece projects enough for the bolt to pass the sides.
The top, which is of the same size as the bottom, is laid on and
keyed in. Formerly the iron for the sides, top, and bottom was
simply flanged and put together by cotter-bolts. This took so long
a time that it diminished the possible number of bricks that could be
made in a day. To remove this difficulty, the present very simple
method was adopted. Of these moulds there are two general types,
as shown in Figs. 2 to 8. These look very much alike, but the use
of the type shown in Figs. 2, 3, and 4, which is that employed at
the Northeastern works, effects a great diminution in the repairs,
as well as a very considerable increase in output, as they can be
much more readily put together and taken to pieces than the older
pattern, and are less likely to get broken and consequently need
fewer repairs. They are made so as to have fewer keys than elsewhere, and they consequently last much longer and are more easily
taken apart. They last with but little repair for six months.
At first it was considered necessary to clamp the moulds in place
so as to prevent their slipping. This was done by bolts with long
washers and a nut fastened to a hinged iron piece screwed to the
table on which the bricks were made. The mould was first clamped in
and then filled. The bricks are now made in most of the works on
the cast-iron floor or on blocks of wood 0.12™ high, in which depressions are cut to fit the projections of the mould. This raises the
mould from the floor. This method takes such a large amount of
space, as every man takes all the room he wants, that at the Northeastern works the bricks are made on platforms of red brick 20
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inches high, covered with cast-iron plates 1 inch thick, with lugs
underneath so as to fit i n t o the brickwork. The plates are 3(3 by
40 inches, which is all the space allowed to one than. In the center

of the plate there are two long oval holes and six small ones, so
that the brick mould will not slip about, as the projections on it
fit into these depressions. There are three such platforms, each one
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having places for five men. Two of these platforms are together,
placed at right angles to each other. and detached from the third.
This method concentrates the work of making the bricks in a very
small space, but large enough to do the whole of the work well, and
permits a complete supervision of a l l the men. The iron moulds
with the top open are placed on the platform in the depressions
made to receive them. In some works the sides of the mould are
roughly smeared with oil to prevent sticking, but this is not usual.
The mixture is then shoveled in in small quantities at a time and
pounded with red-hot irons, Fig. 9. a, b,c. The stampers for ramming are all heated in a stove, Fig. 10, in which coke is burned.
It stands in the place most conveniently reached by all the men.
It is square, and has nine to twelve holes on each side. The rammers are put in here until they are red-hot,* and then used. The
handles, while the ends are in the stove, are held up by a bearer,
Fig, 11, made of iron and three rows high. The ordinary stampers
for bricks are everywhere made alike, but those for the plugs have
a hole through the middle or cut out of the side. They are about
•

0.08™ square, having a handle 1.5° long, and weigh from 5 to 6
kilograms each. They are used with both hands, the bricks being
the better the harder they are beaten.
Care must be taken not to put too much of the mixture in the
mould at any one time, as there would be danger of layers forming
which would afterwards separate when the brick came to he used.
In order to avoid this the mould is filled only one-fifth full, and is
then stamped. When t h i s is done the surface should be made rough
with a knife or a point; but this is not usually done, especially when
the bricks are made by contract. The mould is filled in five stampings. When stamped full the cover is keyed on, so that the brick is
completely inclosed in the iron case. At the Rhine works six men
are employed; each man makes twenty-five in a day, and is paid 16
pfennings each, the overseer 1 pfenning per brick. The cost of these
bricks at Horde is 1.20 marks per ton of steel. Here each man is
expected to make twenty bricks in ten hours, and if for any reason
the hricks are not made in the given time he is expected to remain
until they are done. In England each man makes twenty-two in
a day. At the Northeastern works ten men work on the two platforms, at right angles to each other, and five on the other, or fifteen
* They need not be red-hot, but it is a little more convenient to have them so.
They should in any case be so hot that none of the material will stick to them.
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men making bricks, Figs. 2 to 8.

One man brings the material and

Apparatus for Stamping Bricks.

one man shovels it iuto the moulds for the ten.

Each man when
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working at piece-work can make two to two and a half bricks in an
hour. When they work by the hour they do much less. The
moulds cost 17s. 6d. each in England. The cost for the mould per
thousand bricks is 3 pence. Filled, it weighs 80 pounds. Each
brick weighs about 55 pounds.
The manufacture of the bricks would be better and more quickly
done by proper hydraulic machinery. I have not seen any experi-

ments made in this direction on large-sized converter-bricks, but I
am quite certain that the results would be satisfactory.
The bricks in the moulds are caught by a grampus and dragged
over the floor to the front of the furnaces, Fig. 12, in which they
are to be burned. These furnaces have a down-draft. They are
alike in nearly all the works, the dimensions of the principal ones
being given below. They differ only in the fact that in most of the
English works the interior of the furnace is divided into two parts
by a horizontal partition of railroad rails set about 0.10m apart,
while those on the continent have no such division. At Horde the
furnace is 1.50m high, 1.50m long, and 1.50m deep, arched at the top,
with a small fire-place at the bottom. It is closed with iron doors
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lined with fire-brick 4 inches thick. It takes eight men four hours
to fill the furnace ready for burning. Such a furnace when full
holds 60 to 65 bricks, which will weigh about 30 cwt. They are
fired in the evening from a small fire-place below, and the day's tale
of bricks i.5 burned during the night. The tar burns out in about
three to six hours, but the furnace has to cool down before it can be
discharged, so that the firing takes twelve hours, and only one turn
can be made in twenty four hours. The temperature in the furnace
does not rise much over 300- C. The bricks undergo very little
shrinkage. They are discharged the first thing in the morning, and taken
at ones out of the moulds by knocking out as many of the
keys as is necessary to deliver the brick. It takes several hours to
discharge the moulds. It will generally be 11 A.M. or later before
they commence to stamp the new bricks for the day.
When the furnace is opened the bricks are discharged hot. Two
men do this work; one, with a small spadelle having a long handle,
brings the bricks to the front, one holds the spadelle, and with the help
of the other slides them over the platform upon a pile of slurry in
front. The men handle the hot moulds with gloves or cloths, and
open them at once, removing the top and one side. If the brick does
not deliver, another side is taken off. As soon as the brick is out,
the sides are replaced and the moulds sent back to the platforms,
and the men commence at once to make new bricks. The furnace
is turned very rapidly, it being discharged every fourteen hours.
When finished each brick will weigh about 25 kilograms. They
are carried at once to the place where they are to be used. Two
furnaces will be sufficient to burn all the bricks required for a production of 3000 tons of converter-steel per month. The amount of
fuel required is 15 cwt. per ton of bricks burned.
The bricks are used as quickly as possible to prevent their disintegration in the air. When very well made they can remain in the
air for about three weeks, but usually in winter they disintegrate in
about six days, and in summer in three. For this reason only jnst
enough are made to keep one converter ready for work. The .sooner
the bricks are used the better. They will easily keep fifteen days,
and when well made have been kept longer, but it is never wise to
keep them in stock, as they fail much more rapidly than the shrunk
dolomite, and can easily be made as required. I saw at Bolckow
Vaughn's at Eston a freshly lined basic converter which had not been
used, but had remained,! in place for six weeks while the works were
idle. The whole of the bricks had in that time completely slacked.
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The bricks taken from the furnace or convertor when it is repaired
arc broken up and used over again. In a few works they are burned
in the cupola with the dolomite, but in most of them are simply
ground without burning, and then mixed with the other dolomite.
In the Northeastern works the shrunk dolomite is used exclusively
for bricks. All the old bricks are re-ground, but this material is
used exclusively for slurry or for ramming. Occasionally some
slight slacking is observed in some of the pieces which then show
a whitish appearance in the slacked part. Such material should be
reburned as the slacking shows too long an exposure to the air.
The bricks so prepared are used in the cupola furnace, where they
require no special description, in the open-hearth furnace, and in the
basic Bessemer converter.
Experience with the basic open-hearth furnace is confined to a
few works, and but little is known of it except from the practice
of a few works in England and on the Continent. The practice is
less difficult than that of the converter, but there is also less experience of its working, and a description of it will, therefore, be interesting. The furnaces employed have been usually altered from furnaces
with siliceous linings. This can be easily done when the lining is
removed. The interior construction and, to a certain extent, the
exterior also, require to be slightly different in the case of the basic
lining, as compared with the acid, because the lining has to be made
of two totally different refractory materials. In order to separate
the phosphorus and withstand the reactions on the hearth, it must
be made of basic material, while, in order to withstand the high temperature at the roof, that has generally been made of acid material.*
The difficulty is not in the formation of the interior, but to prevent
the fusion of the two different materials at the line of junction, which
would necessitate frequent and extensive alterations and repairs to
the furnace. To overcome this difficulty, the hearth is put in first,
and is entirely independent of the roof, the latter being supported
on iron projections attached to the side of the furnace. The hearth
is brought up to near this point of junction, and a special refractory material stamped between it and the roof. This material,
in the works in Russia, Poland and Terre Noire, and some of those
in England, is chrome-iron mixed with tar, rammed tight between
the two. This is so infusible that little or no chemical action takes
* A roof has been made of magnesite, but it was very expensive,and
quickly failed, from defects which might have been remedied, if it had
been worth while to continue the experiment.
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place, and the repairs required to it are very easily made. In Eugland, at the Farnley iron-works near Leeds, and at Creusot in Franco,
the junction is made of bauxite, ground and mixed with tar in the
same way, and causes no special difficulty.*
The construction of the hearth is different in different works. At
Farnlev, † the ramming made of bnrned dolomite and tar is first
stamped over the bottom to the depth of about one-third of the total
depth of the hearth. Over this tar-bricks are built in in a step-shape
so as to leave an irregularly shaped bottom, on which the final hearth
is afterwards to be made. On the sides and against the siliceous
lining and the material of the air and gas ports, is placed first, a
lining of bricks made of calcined magnesia mixed with tar, anil next
it, coming in contact with the1 basic material, a bed of bauxite prepared in the same way. While the lining is being made, wooden
plugs are placed for the formation of the tap-holes. To isolate the
basic material from the roof, which is made of Dinas bricks, the
bauxite is rammed against the roof, being about twice the thickness of the magnesia ramming below. When the furnace is completed thus far, it is lighted, and in about seventy-two hours is
ready for the formation of the bottom of the hearth. This is
made by first mixing freshly-ground burned dolomite with ten per
cent, of ground fire-brick so as to give a sufficient fluxing material for binding together the upper and lower part of the furnace
bottom. The heat has been sufficient to burn out the blocks of wood
used for forming the tap-holes, and the holes are stopped either with
drv lime or lime mixed with a small quantity of powdered coke.
The ports need repair everv eighteen to twenty days. The sidewalls on the side of the tap-hole last from thirty-six to forty-five
days. The hearth of the furnace requires repairs when the side-wails
are repaired. In the other English works, the bottom is entirely
rammed. At Dombrowa the hearth is made entirely of bricks
with the coating above. At the Alexandrowsky works near St.
Petersburg the gas and air-channels are first put in in Dinas
brick. Ramming is then stamped over the whole iron bottom to a
depth of 25™'; as many pieces of shrunk dolomite as can be put in
are bedded in this mixture. A wooden wall is then arranged
around the sides of the furnace parallel to them, but at a distance
from the bottom of 46°™ and at the top of 29*°, and into this space

* " Basic Open-Hearth Process," School of Mines Quarterly, October, 1885.
† Proc. lust. Civ, Engs, London. Vol. Ixxvii., part 3.
‡ Eieen und Stahl, Vol. u.. o. 599.
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the mixture, made of pieces of dolomite about the size of a walnut,
and mixed with 7 to 8 per cent, of coal-tar, is stamped. Experience has shown that the harder the dolomite is burned, the less
tar is required, and the finer it is ground the more tar is necessary
to make the mixture resisting. The wooden plugs are put in to
form the tap-holts. while this stamping is going on. It has been
found necessary in stamping in, that the beds should not be stamped
more than 5cm in thickness at a time, as with that thickness the
adherence between the layers can be made perfect by the blow of
the hot and heavy stamper. When these walls have been brought
up to their proper height, a ramming made of chromic iron mixed with
tar and 15cm deep is stamped in, over the iron support of the roof.
which is made of Dinas brick, and between it and the basic work below.
This is constructed in three arches put together without any mortar or
other binding material. The ports on each side, and about one-fifth of
the hearth on each side are covered by the side-arches, and the remaiming three-fifths in the center by another arch. The object of
this construction is to enable repairs to be made to one part without
touching the others. When the whole furnace is ready, short pieces
of rails are placed over the bottom of it, so as to cover it as completely
as possible. The side-walls are protected with pieces of boiler-plate
which are supported in place by rail-ends leaning against them.
The furnace is then heated : the bottom and sides being protected
from the air, the tar is only burned out when the mass has been
brought up to a point where it will frit. Without this protection
the sudden burning of the tar would cause the lining to crumble
before it had become compact. The iron protection is not removed
from the furnace until just as it is about to melt. After the removal
of the iron, the firing is kept up until the hearth is quite hard, as it
will be by the time that it is at a white heat. This will take about
a day and a half when the furnace is fired with wood, and two and
a half days when it is fired with gas. The charge in these furnaces
is about six tons. The bottom of the hearth will stand from 150
to 200 charges. The side-walls and bottom have to be repaired with
ground shrunk dolomite after every charge. The tap-hole has to be
repaired every three or four days if only 2 charges are worked out
in twenty-four hours. The gas and air-ports have to be frequently
repaired with a mixture of coke-dust and coal-tar.
The work of lining a converter is much more complicated, and as
access can be had to every part of it, and as different parts wear differently, it is desigued with special reference to the facility of lining
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it. The converter ,Fig. 13, in all the recently constructed works
consists of three parts, the upper part or cone, through which the
casting; is made, the body or middle part, and the ring or bottom
below it, which holds the plug containing the tuyeres. Those can

not only all be detached from each other, but also from the trunnions,
so that each part can be taken into the brick-shop to be repaired
while another is put directly in its place. In most of the acid works
which have been altered to basic, only the bottom is movable, so that
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the body with the, cone attached, to be relined, has to be turned over
and relined in place. In some of them the cone is also movable,
and the body alone rests on trunnions. It is always better to have
all the parts movable, as it is not always convenient to reline in
place, especially where the slag is dumped in the pit.
The shape of the converter is a matter of some importance. As
the action is much more tumuhuons in the basic than in the acid
process, the nose projecting over the side has been abandoned and
the conical form used. Experience has shown that it is best not to
place the axis of the cone in the prolongation of that of the body
but a little to one side of it, and in this way avoid as ninny of the
projections from the center as possible, and that it is desirable to
give the converter more motion than in acid works. Thus, at Eston
it has a motion of 3(50°, and can be swung one way or the other.
Most of them are required to move 180° either to the right or left.
This motion is desirable because the side opposite to the castingpit, which is always tare when the converter is turned down, wears
more rapidly than the other, never having the protection of slag
such as the opposite side has acquired from the slag remaining behind when the steel is run into the ladle. This slag is all subsequently melted off, but during the first part of the operation as it
is not very fusible it protects that side while the other would be
bare. By easting the slag on one side and the steel on the other
both sides are equally protected. As the slag is so slightly fusible,
the nose becomes constantly obstructed, and after every operation
these engorgements have to be removed, which takes time. The
opening of the nose is for this reason lined with acid bricks so that
it can be repaired with clay. A great advantage of the conical
form is that it requires the least possible number of sizes of bricks.
Being made in three pieces only, the converter can be easily put
together and the surfaces of junction made tight. As the parts do
not wear uniformly, with such a disposition any one that requires
repair may be replaced and repaired at leisure. This is all the
more necessary as the cooling takes more time than it does with
the acid converters, which could be cooled off with water, which
would be impossible with the basic lining, as it would slack. Each
piece can be set away to cool until it is ready to be repaired.
The converter is lined in two ways, either by ramming or with
bricks. The method used depends partly on the supply of brick
and partly on the position of the section of the converter. Ramming would undoubtedly be the best method for all parts, but it
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takes much longer, requires greater pare, and when not well done is
more expensive than filling with brick. The bottom and plug are,
however, always rammed. When a shell is to he relined it is
turned up as when it is in action. The hydraulic wagon moved by
wire ropes attached to a steam capstan is brought under the bottom
and that is removed. It is now turned with the cone down which is
removed in the same way. The body is then taken away by the great
overhead crane, and a new converter put in, in the reverse order.
When the body or the cone are to be rammed, a wooden or an
iron pattern is adjusted on the inside, which corresponds exactly to
the shape that the interior of the converter is to have. A platform
is made on the outside by iron hangers which hook on to the side of
the shell, and on this hoards are placed. The mixture is rammed between the sides and the ring. It must be beaten with great care, as
the surfaces are very large. But little of the ramming is put in at a
time. Six men are thus engaged on the circumference so that the
work is very nearly uniform. When the whole shell has been carefully rammed, the form, if of wood, is removed, and the converter
fired very slowly with coke until the tar is burned out. These patterns are made in segments for greater ease of manipulation. In
places where wood is cheap they are sometimes left in after the ramming is completed, and are burned out when the lining is heated.
Generally, however, the form is made of iron. A fire is made in it,
as is done for the cone. This is a much better method. Occasionally the body is made partly of brick and partly of ramming. This
is, however, only done when the bricks give out, and delay is impracticable. It has all the inconveniences of both methods, and none
of the advantages of either.
When the converters are adapted from old acid works, the body
and the cone are often made together, the bottom only being removable, but when they are built for the purpose each part is separated
and treated separately. When the body is to be lined with brick
at the Staffordshire works, they arrange the platform around the outside of the body, exactly as if ramming was to be used. The bricks
are brought to the platform and handed down into the inside of the
body. They are placed against the shell with 2 or 3 inches space
between them and the outside. The space between the shell and
the brick is then rammed, care being taken to break joints in the
rows of brick. The converter holds 491 bricks. When there are
not enough bricks they sometimes ram a ring and put in a ring of
bricks. Four men can line a converter in two days. A converter
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so lined with brick should last, with repairs, 50 to 00 blows. They
actually last from 30 to 35. When the tipper part has been freshly
lined the lining is held in place, at the South Staffordshire works, by
an iron ring held in its place against the bottom of the bricks by lugs,
which turn down from the outside of the shell. When the converter
has been working, and a new bottom is to be put on, the lining is
so thoroughly burned that it will hold itself, and this ring is removed. At the Northeastern works an iron ring is permanently
attached to the shell which just catches the back end of the bricks
and supports the ramming. Generally the body is placed on a
bogie raised high enough above the ground so that all the material
can be put under it. Two men then get in the inside and lay up
three courses of brick and ram them. The bricks are laid touching
each other with nothing between. They are not always even in front.
After the three first courses as many men as can work get inside.
This will be four or five at least. After a number of courses have
been laid up both the ramming and bricks are brought to the top
of the shell in baskets carried on a man's head. He climbs a
ladder with it and delivers the contents on the inside where they
are wanted. It would be quicker and better to make some arrangement with the crane to carry a large number of bricks, and a
considerable quantity of ramming, for the men are often idle for want
of material. As, however, the work is done by contract but little
attention is paid to this.
At the Northeastern works, all the bricks required for lining the
shell are piled up in a heap with the ramming that is required. The
body is brought by the overhead crane and set over them. The
men get inside with ladders and do the work. The layers of brick
are put in rather loosely, and then are pressed out from behind with
crowbars, and the mixture rammed in. As the sides of the brick as
they come from the furnaces are nearly plane surfaces this makes
the joints quite tight. The first three rows require to be laid up
with special care. Only the back end of the bricks is supported by
the ring on the shell, and if they were not carefully put in the whole
lining of the body might be endangered. In some works the body
is rammed. This is more quickly done than by the use of either
dolomite or magnesia bricks, but it is more uncertain. When it is
well done, however, the lining lasts quite as long. With bricks the
whole converter can be relined in about eighteen hours.
Sometimes the lining of the body is so much worn that it is not
safe to use it, but too little to justify taking out all the brick.
VOL, XTV.--31
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To repair it, an iron pattern, corresponding to the exact shape of
the inside, is heated and put inside the body, which is still hot.
Shiny is then put in between it and the old lining. The heat of
both pattern and body acting on it, causes the slurry first to run
into every fissure and irregularity of the lining, and finally cokes it;
after which the pattern is removed. This has to be done slowly and
systematically. By this method a body can be relined so as to make
only eighteen hours from blow to blow. The slurry which is used
for this purpose contains more tar than that used for the ordinary
brick. It must run stiff when it is cold, but be very liquid under
the heat applied to it, so that it runs like water into every crevice.
The material which is used may be the worn-out bricks or the shrunk
dolomite mixed with fresh tar. The old bricks ground but. not reburned are oftenest used for this purpose. When the plant is so
arranged that the body with or without the cone must be repaired
in place, it is done either with bricks or by the method just described, that being most convenient, as it does not require the converter to be perfectly cool.
The cooling of the converters to make repairs takes more time than
in the acid plant, as water cannot be used. When they are required
to remain in place, this is a serious inconvenience. In some of the
works a fan-blower with an air-conduit, in which there are a very
large number of openings, is used to force the air against "the sides
and thus cool the converters. This is placed under the converter
after the bottom has been removed and the converter turned up.
When all parts are movable and there are a sufficient number of
them they are left without making any attempt to cool them artificially.
At the Northeastern works the cone is placed upside down and
rammed against an iron shell. This shell is made in two parts.
The bottom one carries a set of grate-bars. When this has been
rammed up, the top section composed of two parts is put in and the
upper part is then rammed. When completed the whole is filled
with coke and burned for twenty-four hours. Thirty-six hours
would be a better time. It is then lined at the mouth with two
rows of acid bricks. This work is generally done too rapidly. A
more careful and slower ramming would undoubtedly make the
parts last longer and diminish the repairs. In most of the works
the lining is done with bricks of a very large size so that the work
is quickly done, but at Eston the cone is lined with bricks the size
of house bricks and rammed. The bottom is also rammed. In
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These works the cone is rammed against a mould in two parts, the
lower whole, the upper made in small sections. When rammed it
is placed on a support covered with a conical cover and blown from
below with pressure.
The bottoms of the converters are removable, and are always made
of the slurry or concrete. The bottom is the most important part of
the converter. It is made of two parts, the ring, and the plug
which carries the tuyere holes. These are made and burned sepa-

rately, and the greatest care is required not only in making them,
but also in putting them together. The plug, Fig. 14, is made in
an iron ring which was formerly made at the Northeastern works
in two pieces, and held together by three or four lugs welded to it.
It is now made of a single piece and held together by three links
which fit over the lugs, and makes a much simpler construction, as
it is quickly removed from the plug after it is burned and is readily
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adapted again for a new plug. A square bench, Fig. 15, with a circular hole in the center the size of the ring, and made in two parts
so as to be easily removed, is placed around it for the men to work
on. This ring is set upon a bottom-plate of east-iron, Fig. 14,
which is filled with holes corresponding to the tuyeres. The number
of these holes varies in different works and varies also with the size
of the converter. At the Rhine works there are 45 of them 0.015m
in diameter. At Glengarnock there are 56, and at the Northeastern

works there are 62, which are 0.02m in diameter. These holes are
regularly distributed in the plate. Through them iron rods with
heads to prevent their coming through the plate, of the same diameter and a little longer than the length of the tuyere, are placed.
This east-iron plate with the rods in the holes is placed upon a support so that the heads of the rods cannot fall out (Fig. 14), and
the ring placed on it so as to leave the cast-iron plate projecting
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0.02m to 0.03 m beyond it. The ramming is shoveled into the
ring and pounded with the stampers, in the same way as for the
manufacture of the brick, only as the piece, is much larger and there
are to be holes in it, much greater care is required in making it.
At first the same stampers were invariably used for making the
ring and plug which were used for making the bricks. It was then
found that the abrasion by the blast was very great because the
point where the material was least compressed was directly around
the holes made by the iron rods. The stampers being all of the
same size and shape, Fig. 9 .a, the men were required to stamp
against the rods, and to go constantly round them to get an equal
pressure on all parts. Each man stamped his part, but it was not
the duty of any one in particular to stamp against the rod. The
consequence was that the holes wore out rapidly and unevenly in
their length on account of the different parts being of different densities. To remedy this defect the stampers were made with a halfcircle cut into them, Fig. 9 c, in some works, or else had a hole
through them, Fig. 9 6, a little larger than the size of the tuyere
rod, and a certain number of the men used this kind of a stamper,
while the others used the ordinary ones. The practice is quite different in different works in this respect, but in most of the works
the stamper with a semicircle cut out of one side is used by all the
men, care being taken to give the greatest force of the stamping
around the rod. The greatest care must be taken that the mixture
does not contain too much tar, and that no large amount is thrown in
any one place, for fear of having the beds separate in the converter.
The mixture for the bottom and plugs is made of 10 to 15 parts
of shrunk dolomite to 1 of tar; the shrank dolomite used is half
powder and half the ordinary shrunk dolomite ground somewhat
finer than that used for the bricks. There seems to be little doubt
that if the whole bottom were made at one time by pressure it would
last much longer than it now does, as it would then all be of the
same density and there would be no danger of solution of continuity
between the different beds. The plugs when finished are about lm
in diameter and 0.75m high, and slightly conical. They are placed,
two high, on bogies, and run into a furnace (Figs. 16 and 17), which
holds five bogies, so that there are ten in the furnace at a time. At
Bolckow Vanghn's the bogie holds four plugs, placed one on the top
of the other, and eight are burned at a time. At the Northeastern
works there are three of these furnaces. They are 14 feet high,
4 feet 10 inches wide, with walls 27 inches thick, and 45 feet long.
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In some of the works they are so constructed that the bogies with
the plugs on them are pushed in at one end and out at the other.
When the furnace is full, the doors, which are 9 feet high and the
whole width of the furnace, are walled up and the furnace is fired.
At the Rhine works this furnace is made of an old gallery on the
outside of which three fire-places have been adapted. It is 2m.high,
15 to 17m long, and holds 15 of the plugs at a time. In these furnaces the plugs are burned from three days to a week, depending
on the need there is for the plugs, about seven days being apparently
the best time. When they come out they are red-hot in the center.

In cooling they sometimes split from top to bottom. When cold
they are placed on a circular support, the iron rims are removed
and the iron rods are driven out with light hammers. They must
be started with light blows, as a heavy blow would only upset the
ends without starting the rod, and make it difficult to get the rod
through the hole. They fall upon the floor below and are collected
at once to be used in making the next plug. They are made of hard
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iron with a head at one end and slightly conical at the other. They
have to be repaired every time they are used, and for this purpose are heated in the stove and hammered up at once on an anvil
near by. One man is engaged most of the time at this work; he
is, however, only a laborer. It is not always possible to drive
out all the iron rods. Many of them stick, and where they cannot
be driven out except with danger of injury to the plug, they are
simply left in. It sometimes happens that 10 or 15 will be left in
a single plus;. The obstruction of a few of the holes makes no
very great difference, but if too large a number of the rods could
not be driven out, then the plug would have to be broken up. This,
however, very rarely happens. When the rods are removed the
plug on its cast-iron bottom plate is ready to be placed in the ring.
This bottom plate is used continuously, and lasts a very long time, as
it has no wear, and is only subject to the heat of the furnace in
which the plugs are burned. It must be carefully inspected "when
a new plug is to be made, as the steel from the converter sometimes
drops through the bottom and fills the holes up. These holes must
all be punched out when a new plug is to be made. Generally a
light blow is all that is required. At the Northeastern works five
men make three plugs per shift. This is working rather faster than
is consistent with the best work. At the Rhine steel works and at
Glengarnock, four men make two in a day. At the South Staffordshire works, seven men are required to do the same work. -Four of
these use the ordinary rammers, the three others have rammers
through which the tuyere-irons pass, and these ram constantly on
the tuyere-irons; the other men ram between.
The rings are always stamped. To do this the iron shell is placed
on a support, a circle of sheet-iron corresponding to the plug being
placed in the center. They are burned like the plugs. When they
are repaired, it is done by stamping in ramming. It takes six men
an entire shift to make one. When repairs are to be made to the ring,
the upper rounded part is cut off, tar is sprinkled on it to make the
slurry stick to the burned portion, and when a little has been
pounded on, fresh additions of the mixture are made, and so on,
ramming "hard at every operation. The joint in this way is pasty
and closes. When the whole converter is rammed the operation
takes sixty hours from blow to blow. When it is done with bricks
alone it takes 15 hours.
In some of the works on the continent, notably at the Rhine Steel
Works and at Angleur, the bottom was formerly made in acid mate-
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rial and the tuyeres made of magnesia were introduced just as add
tuyeres are used. The process was found to work advantageonsly,
but it required a different set of men making bottoms from those
making the bricks, and is now given up. These bottoms are attached to the converter with very little trouble and are ready for
use as soon as they are so attached.
In a certain number of cases the ordinary acid tuyeres are used.
These are replaced as they are in the acid process, and are cemented
in with the ordinary mixture of dolomite and tar. The stamped
bottom, however, is found to answer quite as well if not better.
The wearing out of the plug is caused rather by mechanical than
chemical action. It is always worn out very unevenly. The pitting is generally in the direction of the tuyere holes. There is much
abrasion and slagging as well; but there is no sign of slagging anywhere on the lining; what has been chemically combined is carried
off in the slag. The rammed is very much softer than the ordinary
acid bottom, and wears out much faster. The top of the hole generally becomes very much enlarged and trumpet-shaped, and the
blast becomes too scattered to bear the pressure of the liquid steel
and there is danger of the charge running into the wind chest.
When the plug is well worn the holes close up, as the opening is
too large, and there is too little force of blast to keep the metal out.
The constant pounding from the motion of the steel wears away the
dolomite by abrasion. This can be easily seen from the nose, and
when the holes are too much worn the bottom is taken off.
At the Rhine Steel Works the ordinary acid bottom in which the
magnesia tuyeres are placed was formerly made by four men who
-Stamp the fire-clay with hot stampers. It takes about as long to
make one of these as the basic bottom. The. ordinary acid tuyeres
are made by pressing the clay into an iron mould. This is brought
and fixed in position under an iron press, which is a screw with a
heavy wheel. Five men swing this down. At the end of the screw
are eight prongs corresponding to the holes in the tuyeres. These
are pressed down once and are drawn out by the screw. The work
is hard. The men are, however, paid by the piece, and are satisfied
to do it. It might be entirely done by machinery and could he done
much cheaper. It was thought at these works that there would be
an ecoumy in using square tuyeres, but the experiment failed.
When the plug is about half worn through it is no longer safe
to use it and a new one must be put in. It then presents a very
uneven appearance, being pitted in every direction with holes of
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unequal depth. The plug Lasts from eight to eighteen blows, and sometimes
longer. In some of the works the regular average is twelve to thirteen.
When the stamping has been done very quickly or carelessly, it will not last
more than seven. Generally the bottom section is not worn out when the
plug is. It should last for twenty- four operations. It is repaired by
ramming. The body will last from thirty-four to thirty-six operations. It
has lasted as much as' sixty or even seventy. The cone lasts about the
same. At the Northeastern works two extra cones and bodies and four extra
bot- toms are kept in reserve or are in repair to be put in at once as soon
as any part gives out.
When a new plug is to be put in, the old one is broken out by a weight
of about 1000 pounds falling eight to ten feet. It some-times requires
three blows to detach it. The bottom and ramming are then pried off with
are. The ramming separates easily from the plate on the bottom.
To put in a new plug it is placed on a pillar, the projecting iron rim
around the bottom covered with slurry and wound with a hemp rope. The
bottom is then raised by the overhead crane, it having been previously
brushed clean and set down on the plug. When it is done properly it goes
in at once and is fastened to its place by bolts arranged for the purpose.
When it goes in crooked it has to be driven out by the falling weight, the
top of the ring being protected with boards. When the plug is in, the
whole bottom is picked up by the crane and carried to the proper place
to be stamped. Five men stamp the interstices, one man shovels up the
ramming. It takes from four to five hours. When it is stamped up and
ready, slurry is brought on men's heads in baskets and shoveled round the
rim so as to make the joint with the body of the converter. Great care
mast be used to sec that all the water and ammonia arc out of the tar used
for the filling. An explosion which destroyed a bottom was once caused by
the use of tar with which this precantion had not been taken.
To take the converter to pieces for the purpose of making repairs it is
first turned up to remove the bottom. In all the works which were
converted from the acid plant this is done by a hydraulic lift beneath, such
as is in general use, the bottom being delivered on to a bogie. In the latest
works, especially at the Glengarnock and at the Northeastern, the
bottom is removed on a hydraulic crane wagon, a cover being put over it
to protect the men from the heat. This wagon entirely takes the place of
the pit lifts, so that the pit
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under the bottom is entirely free. By means of tracks and turn-tables this
wagon can, not only reach each converter, but any part of the basic shop to
which it is desirable that it should go. The different parts are lifted from it
by the overhead crane and set down exactly where they are wanted. The
converter is then turned completely over, and the nose removed in the
same way. The body is then lifted off the trunnions. At the Northeastern
works this is done by a 70-ton overhead crane running above the
converters, which lifts the body off and places it upon its wagon. All the
different parts are brought into the open shop and are there manipulated
by a 30- ton overhead crane. The converter is put together in the inverse
order, first the body and then the nose, and lastly the bottom. The bogie
that carries the two latter is moved by a steam capstan or a hydraulic
pusher, and has adjustments on it into which each of the pieces fit, so
that when they come up under the converter they fit it exactly. There
are 16 Ings on the outside of the converter which fit into ways on the
bottom into which keys are driven. The ways are cut to receive the keys as
well as the lugs, so that once In, no movement is possible. To give the
necessary movement to the blast pipe, both joints are loosened. To secure
the cone to the body there are eight places for lugs and keys. There are
six holes in short arms to lift out the converter, and sixteen on the bottom
to secure it with the keys to the body.
The operation of putting on a bottom is simple. They commence to take
one off just as soon as the converter is turned down to cast. By the time
that the casting is finished the bottom plate is so much loosened that it is
ready to come off just as soon after the casting as the converter can be
turned up to the position where it can be reached, At the same time the blast
pipe is loosened. The converter is turned down, leaving the bottom plate at
the converter level. The crane wagon comes up under the converter and
raises the ram up against the bottom. The few bolts which hold it are
removed and the bottom taken away, and a new one brought and
secured below in the same way that the other was removed. It would not
be practicable to put on the bottom plate which has been left on the level
above from below. It is turned up on its edge on the platform above
and the converter raised so that the holes in the bottom are on a level with
those in the plate. Two bars are then inserted through the holes in the
bottom plate and in those corresponding to them in the bottom. These
are then raised so that the plate slips on the bars to its place. A third bar
is put in, two being held after they
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are in, by one man. Two or three bolts are slipped in and keyed and the
bars withdrawn. The bottom must previously be covered with a mixture
of ramming and cut straw which makes a tight joint. By moving the
converter more or less up and down all the bolts and nuts become
accessible. The men strike the iron of the platform with a hammer to give
the signal for raising or lowering during the adjustment. The bottom is
always examined with an iron rod turned up at one end and having a pin
welded to it, near the handle; the distance between the pin and the end
being the exact thickness of the bottom when new. By inserting this rod
in the tuyere-hole, and drawing it back to where it catches on the bottom
on the inside, the exact amount that the plug has worn away is shown.
The plug can be worked down to 71⁄2 inches, but it is not safe to continue
the blow after that.

AN ELECTRICAL FURNACE FOB REDUCING
BEFRACTORY ORES.
BY DR. T. STERRY HUNT, MONTREAL, CANADA.
THE application of electricity in the extraction of metals has hitherto
been chiefly confined to the, electrolysis of dissolved or fused compounds
f these by various methods. The power of electric currents to generate
intense heat in their passage through a resisting medium has, however, long
been known, and the late W. Siemens thereby succeeded in fusing
considerable quantities of steel. But it was reserved to Messrs. Eugene
II. and Alfred H. Cowles, of Cleveland, Ohio, to take a new step in the
metallurgic art by making the heat thus produced a means of reducing in
the presence of carbon the oxides not only of the alkaline metals, but of
calcium, magnesium, manganese, aluminium, silicon, and boron, with an
ease that permits the production of these elements and their alloys with
copper and other metals on a commercial scale. In the apparatus devised
and now employed by the Messrs. Cowles, a column of fragments of wellcalcined charcoal, so prepared and arranged as to present the requisite
electrical resistance, is imbedded horizontally in finely pulverized charcoal,
and covered by a layer of the same material coarsely broken, the whole
being arranged in a box of fire-brick, covered with perforated tiles and opened
at he ends to admit two carbon electrodes an inch and a half in diameter.
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Through these, the current from a electric machine of 30 horse-power is now
made to traverse the central core of earbon fragments, where by such a
temperature is at once produced therein that platin-iridium may be instantly
melted, and the most refractory oxides already named are not only fused and
volatilized, but reduced to their elemental state, with formation of carbonie
oxide gas.
If alumina in the form of granulated corundum is mingled with the
carbon in the electric path, aluminium is rapidly liberated, being in part
carried off with the escaping gas, and in part condensed in the upper layer
of charcoal. In this way are obtained considerable masses of nearly fused
aluminium, and others of a crystalline com- pound of the metal with
carbon. When, however, a portion of granulated copper is placed with the
corundum, an alloy of the two metals is obtained, which is probably formed in
the overlying stratum, but, at the close of the operation, is found in fused
masses below. In this way, there is got, after the current has passed for an
hour and a half through the furnace, from four to five pounds of an alloy
containing from fifteen to twenty per cent. of aluminium, and free from
iron. On substituting this alloy for copper in a second operation, a
compound with over thirty per cent, of aluminium is obtained. Already, the
small experimental plant, with a 30 horse-power dynamo, is producing daily
ver five pounds of aluminium in the form of a rich and brittle alloy, which,
by suitable additions of copper, is converted into different grades of
aluminium bronze. The valuable qualities of these are so well known that it
is only their great cost hitherto that has prevented their more general use in
the arts. They arc now offered for sale at Cleveland on a basis of five
dollars a pound for the contained aluminium.
The reduction of silicon is even more easy than that of aluminium. When
siliceous sand, mixed with carbon, is placed in the path of the electric
current, a part of it is fused into a clear glass, and a part reduced, with the
production of considerable masses of crystallized silicon, a portion of this
being volatilized and reconverted into silica. By the addition of granulated
copper, there is readily formed a hard, brittle alloy, holding six or eight per
cent. of silicon, from which silicon bronzes can be cheaply made. The
direct reduction of clay gives an alloy of silicon and aluminium, and with
copper, a silico-aluminiuin bronze that appears to possess properties not less
valuable than those of the compound already mentioned. Even boric
oxide is rapidly reduced, with evolution of copious brown fumes, and the
formation in presence of copper of a boron bronze, that promises to
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be of value; while, under certain conditions, crystals of what appears
to be the so-called adamantoid boron are formed. In some cases, also,
crystalline graphite has been produced, apparently through the
solvent action of aluminium upon carbon.
Remarkable results are got by alloying small quantities of aluminium with an admixture of copper and nickel. One of these compounds, designated as Hercules metal, broke with a strain of
111,000 pounds to the square inch, with an elongation of 35 hundredths, while a ten per cent. aluminium bronze broke with 109,000
pounds. An addition of from two to three per cent, of aluminium
to brass greatly increases its tensile strength, and renders it less susceptible to oxidation. While fifteen or twenty per cent. of aluminium with coppery yields a brittle compound, an addition of ten per cent.
of copper gives to pure aluminium a great increase of hardness and
tenacity, forming an alloy that may have a wide application. It
may be added that the difficulties in the way of getting together
the reduced aluminium without the aid of the copper promise to be
overcome at an early day, so that we may expect the cheap production of such alloys and of pure aluminium.
The Messrs. Cowles, in their later work, have been aided by the
chemical skill of Prof. C. F. Mabery, now of Cleveland, who is
associated with them in one of their patents. These now cover not
only the reduction of aluminium, silicon, and boron, as described,
but the extraction of manganese, magnesium, and the alkaline
metals by the electric furnace. I bad the pleasure of hearing Professor Mabery give the first scientific notice of this discovery
before the American Association for the Advancement of Science, at
Ann Arbor, August 28th, and then spoke of the early results of
Deville and those of Debray on aluminium and its alloys, having
myself witnessed many of the experiments of both of these chemists
thereon. I also insisted that the importance of this new instrument
that the Messrs. Cowles have placed in the hands of chemists, for
producing and controlling degrees of temperature never before obtained, can scarcely yet be estimated, either in its economic or its
scientific aspect. This heat of the furnace realizes the dream of the
alkahest, or universal solvent of the alchemists, and he who can
rightly use it will be worthy of the ancient title of Magister Magnus
in igni.
I may add that, through the courtesy of these gentlemen, I have
since been enabled to spend two entire days in their experimental
works at Cleveland with the brothers Cowles and Professor Ma-
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bery, when they explained to me several points not yet made public,
and allowed me to direct experiments with one of their furnaces.
The fusion of quartz and the reduction of silicon without the presence of copper was repeated; also the reduction of boron and the
formation of boron bronze, with many other interesting experiments.
I then suggested trials for the reduction of titanium, both from
rutile and from titanic iron ore, which will probably soon be made.
The present plant at Cleveland is but a first experimental one,
and has only been in operation a few months. The Cowles Electric
Smelting Company has secured a large water-power at Lockport,
New York, and a dynamo-electric machine of 125 horse-power is
now building for them at the Brush Works in Cleveland, which
will soon be in operation at Lockport, and will permit the establishment of the electric furnace on a larger scale. A series of experiments of the products got by this remarkable discovery is, by
the courtesy of these gentlemen, placed before the members of the
Institute.

NOTE ON THE APATITE REGI0N OF CANADA.
BY T. STERRY HUNT, MONTREAL, CANADA,

SINCE the date of my previons paper on this subject, presented at
the Cincinnati Meeting, February, 1884, and published in our
Transactions, vol. xii., p. 459, I have had occasion to revisit the
Canadian apatite region, and to collect further data concerning its
geognosy, which I hope to describe at a future time. At present,
I shall put on record a few brief observations concerning the more
recent operations in apatite-mining in the Lièvre district, to the
north of the Ottawa River, where the mines are as yet confined
to a small area in the townships of Buckingham, Portland, Templeton, and Derry; the earlier workings having been along the
Ridean Canal, to the south of the Ottawa, The large mining operations lately undertaken in the Lièvre district show that the crystalline phosphate of lime or apatite belongs to lodes of great size,
which traverse the ancient gneiss of the region. These lodes include a granitoid feldspathic rock, and a pyroxene rock, with large
masses of quartz, of carbonate of lime, of pyrites, and of apatite.
All of these often show a banded structure, not unlike that of the
gneiss, to which they are evidently posterior, and of which they
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often contain fragments. Their study is full of interest to the geologist.
The mining operations on these great lodes, often over one hundred feel in breadth, arc in part by open cuts and in part by shafts,
and have reached depths of a little over 200 feet. The production
of some three or four of these mines in 1882 was from 4000 to 5000
tons each of commercial apatite. The improved machinery and the
better system now in course of introduction here are greatly increasing the yield of these mines, some of which during the past summer
have put out 600, 700, and even 1000 tons in a month. The
mineral, yielding on an average eighty per cent. of phosphate of
lime, is now worth in Montreal eighteen dollars a ton, and is mined
with great profit. It is now chiefly shipped to Great Britain, where
it is used for the manufacture of high-grade superphosphates; but
it is believed that in the near future a larger market will be found
for the apatite in the United States and Canada. The growing demand for high fertilizers on this continent, and the fact that the
apatite of Canada may be shipped to the valleys of the Ohio and
Mississippi much more cheaply than the phosphate rock of South
Carolina, give a great importance to these Canadian mines. The
output from those of the Lièvre district this year will probably exceed 30,000 tons. Works on a large scale are now in construction
at the lower falls of the Lièvre, on the line of the Canadian Pacific
Railroad, for the grinding of phosphates and the manufacture of
fertilizers.
While the production of the Lièvre mines has caused the neglect
of the earlier-discovered deposits of the Ridean district, there are
among the latter some which, in my opinion, will be found, when
properly developed, not inferior to those of the Lièvre; and I believe that these two districts of phosphate-bearing veins in Canada
will soon become an important source of revenue to the country, and a great
benefit to the agriculture of the continent.
DISCUSSION.

R. P. ROTHWELL, New York City: In this connection I wish to
call attention to another Canadian product, destined, I believe, to
prove most useful to agriculture. I refer to arsenic, which is manufactured at Deloro, Ontario, in the treatment of auriferous arsenical pyrites. It has been found that arsenic, mixed with the
phosphates or scattered directly upon the soil, is a sure destroyer of
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all injurious insects and worms, while at the same time it is not taken
up by the vegetable growth, and does not prove in any way dangerous to farmer or consumer. Some striking results have already been
experimentally obtained by its use; and I hope to be able, when
these shall have been verified on a more extended scale, to lay before
the Institute the proofs of its great importance. The limited employment of Paris green, principally against the potato-bug, is wellknown. But it appears probable that the simple arsenious acid,
which is relatively insoluble, will-prove not only cheaper and safer,
but more efficacious and more generally applicable.

IMPROVEMENTS IN ORE-CRUSHING MACHINERY.
BY S. R. KROM, NEW YORK CITY.

IN connection with perfecting a system of pneumatic concentration
I had in view the improvement of machines for crushing and pulverizing ores. A study of the whole subject convinced me that the
principle upon which the construction of the Blake crusher, and that
of rolls, is based, possessed the mechanical elements which, if perfected and simplified, would make these machines the successful
rivals of every other device. It is well-known that until very recently the stamp-battery held undisputed possession of the field;
and mill-men and mill-builders almost universally believed that
stamps would not be superseded by any other machine for fine crushing. The first step to drive stamps from the field was the introduction of rollers in the Bertrand and the Mt. Cory mills. In both of
these mills the great superiority and economy of a system of crushing with rollers instead of stamps has been fully demonstrated.
While perfecting the rollers, I had the fact confronting me that they
had frequently been tried without success. In fact, the universal
opinion prevailed that rollers could be used only for coarse, and not
for fine crushing. The secret of the difficulty I discovered to lie in
the imperfect and weak character of the rolls heretofore used, due to
a misconception of the requirements for a machine for such work,
and a failure to appreciate the advantages of continuous, rotting,
crushing-surfaces, operating on the toggle-lever principle, which gives
the greatest crushing pressure with the least power expended, and the
minmum of wear.
VOL. XIV.--32

498

IMPROVEMENTS IN ORE-CRUSHING MACHINERY.

But no sooner is the fact, established that rolls are destined to
supersede stamps, than some jump to the conclusion that cheap
rollers will also prove successful; and manufacturers of cheap
machines are making statements that they sell rolls at one-half
the price of improved steel rolls, which will do the same work.
Those who believe such statements and buy such cheap rolls will
pay dear for their experience. Great strength, superior material,
perfect workmanship and completeness, as well as simplicity, of design, are indispensable to economy and efficiency in practice; and
these elements can only be secured by paying a fair price for the
machine.
The Blake crusher is so well-known that no description of it is
necessary here. During the life of the patent (twenty-one years) of
this celebrated and valuable machine, the frame was cast in one
piece, and no improvement of any importance was made in the
construction until after the patent had expired.
The first practical plan to improve the construction of the Blake
crusher is shown in Fig 1, and was patented in 1875. The principal features covered by the patent are the tie-bolts to take the
strain due to crushing, and breaking-cups to relieve the machine
from excessive strain. The breaking-cups are placed on the tiebolts and also on the pitman; but it is intended that the small cups
on the pitman should be the weakest, and that only these should
give way. A lug underneath the pitman holds it from dropping
too low. This method of constructing a crusher with bolts not only
makes a stronger machine, but one of less weight and easier to transport, and allows the employment of means to prevent the machine
from being subjected to undue strain.
The next steps in improvement are shown in Figs. 2 and 3. In
this machine the upper tic-bolt is shortened, so as to give a better
and more convenient form to the side-frame, and the lower tie-bolt
is so placed that it receives all the strain due to crushing the ore.
In the toggle-abutment through which the main tie-bolt passes are
recesses around the bolt holes, and these recesses are covered with
wrought-iron washers of sufficient strength not to bend under the
ordinary strain in crushing the ore, but to yield to excessive strain.
These washers take the place, and serve the purpose, of the breakingcups in the first machine, but do not fly to pieces; and therefore
both ends of the toggle-block yield evenly together, and the frame
of the machine is not liable to be twisted or broken, or have the
bolts bent.
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The third improvement consists in forming the crushing-faces of bars of
steel and in the means of clamping them securely in place. These bars are
of good steel, rolled exactly to standard sizes, and cut to proper lengths;
and the lower bars are hardened to increase their durability. Provision is
made for bringing the jaws closer together, to compensate for wear. Thin
strips of metal are also provided to put behind the bars to keep the wearingfaces in line. The bars or crushing-faces can easily be got at by taking the
nuts from the bolts, and sliding the stationary jaw forward.
The fourth improvement consists in hanging the jaws on an axis below
the crushing-faces, instead of at the top, as in the Blake crusher. This
manner of hanging the movable jaw gives a more uniform product, and
the principle is correct, since the strain on the jaw is greater at the
bottom than at the top, and the motion should be the least where the
strain is the greatest.

The fifth improvement consists in the employment of toggles with rolling
ends which work without friction or oil. It is shown in Figs. 3 and 3 a. In
the latter cut, the teeth which hold the toggles in place are omitted on one
end so as to better show the rolling-surfaces. The bearings are selfadjusting, large and long, and the machine is constructed for high speed,
hard work, and large crushing-capacity.
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Fig. 4 represents the first step in the improvement of crushing-rolls,
constructed with bolts to take the strain. It is also the first crushing
machine with forged steel tires. The system of the gearing is also new. It
will be observed also that the pillow-blocks are well adapted to take the
strain. This is the first machine of the kind carried on a bed-plate in one
piece. Breaking-cups are also introduced to relieve the machine from
undue strain. The patent covers the bolts to take the strain, the system of
gearing, the manner of putting on the steel tires and the breaking-cups
Some details omitted from Fig. 4 as not essential, are shown in the
following figures.
The next step in the improvement of crushing-rolls is shown in Figs. 5
and 6. It consists in a reconstruction of the pillow-blocks so as to adapt
them to one bolt on each side instead of two as in Fig. 4. This both
simplifies the machine, and in other respects makes a better pillow-block.
The bolts being placed close to the bearings serve the purpose better than
four bolts, two bolts being much more convenient for adjusting the rolls.
This arrangement also allows the shafts to be lifted out of their bearing
for repairs without removing any of the tie-bolts, and permits the use of
springs on the tie-bolts, as shown at S, Fig. 5. It is hot practicable to use
springs with four bolts. These springs were introduced to supersede the
breaking-cups in Fig. 4. The tie-bolts have solid collars near the middle
and a nut on each end. The springs and pillow-blocks are placed between
the collar and nut, so that the pressure is obtained without forcing the rolls
together, when the springs are set up to give the necessary resistance to
crush the ore. At the date of this machine it was considered necessary to
employ some means to relieve the machine from undue strain; and the
springs as here shown are the best arrangement for the purpose yet devised.
The arrangement of the gearing is the same as in Fig. 4, except that the
intermediate gear D1 is increased in size, and so placed as to require no
change of position when the pillow-blocks are moved up to adjust the
distance of the rolls and to compensate for wear. The wheel D1 is
placed nearly on a line drawn vertically through wheel B2, but two inches
in front of it; and when the tires are worn-out, the wheel D1 will be two
inches in the rear of the perpendicular line through wheel B2. This
movement of four inches only slightly affects the meshing of the teeth of
the wheels D1 and B2, the variation being only 1/32 of an inch from a
true pitch. It will be seen that one roll is driven through the intermediate
wheel D1, and the
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other by a pinion C1 directly engaging with wheel B1, By this
arrangement and location of wheel Dl the rolls can be adjusted without
change of position of any of the gear.
In the machine shown in Fig. 4, it was necessary to adjust gearwheel D1
as the gear-wheel B2 was moved forward towards gearwheel Bl.
The rolls shown in Figs. 5 and 6 were successfully used at the Galena
mil], Nevada, and this led to the adoption of an improved form at the
Bertrand mill, as described below.
Figs. 7 and 8 illustrate very important additional improvements in
crushing-rolls. The first is the substitution of band-wheels for toothed
gearing ; the second, the substantial casing for inclosing the rolls, and a
hopper to insure the spreading of the ore evenly across the face of the
rolls. These improvements complete the adaptation of rolls for
pulverizing ores to any degree of fineness required. With pulleys we can
run at any speed desired and thereby increase the capacity of the rolls. The
wear is reduced nearly to the crush-ing-faees alone ; the danger of breaking
the machine is avoided ; and the rolls perform their work with but little
noise and shock.
The housing (Fig. 9) so in closes the rolls that the dust made in crushing
is easily prevented from escaping into the building by means of a small
draft of air produced by an exhaust-fan. The housing also forms a very
substantial frame for supporting the cheek-piece and the feeding-hopper. I
prefer to drive with one large pulley, and use the small one to insure the
bite of the rolls upon the ore. Both rolls, of course, when crushing, travel
at the same surface-speed; but I prefer to speed them so that the roll driven
by the small pulley, when the machine is not crushing, will revolve one or
two revolutions faster per minute. The reasons for preferring this system
of driving with only one large pulley, are:
1. It would not be a good arrangement to hang on the movable
pillow-block so large and heavy a pulley as would be required.
2. The driving of one roll will cause the other to revolve at the
same surface-speed, where hard ore is fed between them, and there
fore it is only necessary to drive one roll with a strong and steady
power, and the other with sufficient force to insure the rolls always
taking hold of the ore, and to keep them in motion during the time
when no ore is between them.
Concerning the machine shown in Figs. 7, 8, and 9, Mr. Albert Parents,
Superintendent of the Mt. Cory mill, says, " Now as to the economical
question—the only one of practical interest—I will state
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that the cost of treating a ton of ore at the Bertrand mill is thirty per cent.
cheaper than at the Northern Belle mill [a stamp-mill], although the latter
is crowded to its utmost capacity, and treatsb more ore than any other
mill of its size I know of........................................I once advised having a
side-motion to one of the rollers; but I find if they are fed evenly the
rollers wear even. I am astonished at the even degree of wear of the steel
tires. I would not use stamps now for our purpose under any
considerations."
Mr. R. S. Clark, Superintendent of the Bertrand Mining Co., says:
"One great reason of our cheap milling at the Bertrand is that we use
rolls instead of stamps. We crushed about 15,000 tons of ore before
putting new tires on the finishing rolls, and have crushed in all about
20,000 tons; and we do not expect to put new tires on the roughing rolls for
two or three months yet. From my experience of the past fourteen months,
it is safe to calculate that each set of tires and each set of phosphor-bronze
linings will last to crush 20,000 tons of ore. There has been no other
expense for repairs upon our rollers except the cheek-piece. The faces of
the worn-out tires are not grooved at all, and they would be still good for
wear had they not expanded by becoming worn thin. They have
certainly stood the test of time and are to-day more in favor with us than
ever before. We would not have stamps if furnished without cost, and kept
in repair for nothing also."
The next and latest step in the improvement of crushing-rolls is the
swinging pillow-block, shown in Figs. 10 and 11. This, by reason of its
uniqueness and importance, deserves to rank first in the order of merit. In all
other machines, one pair of the pillow-blocks is arranged to slide on the
bed-plate, and each one of the sliding pillow-blocks has to be adjusted
separately. It requires care to bring up the two movable pillow-blocks
evenly and parallel with the stationary ones; and any looseness between
the faces of the movable pillow-blocks and the bed-plate results in damage
to the faces and pounding on the bed. In this machine all the bearings
are securely and firmly fixed to the bed-plate, and no chance whatever exists
for looseness, causing wear or damage to any part of the machine. In fact,
the movable bearings are now better secured to the bed-plate than the
stationary ones, although the latter are very securely bolted on the bed. The
two swinging bearings are united together by a very heavy shaft (m, Fig.
11) 11 inches in diameter, so that the bearings must swing together, and
consequently the rollers and shafts are always parallel. The shaft TO,
connecting the swinging
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bearings, is so strong that one bolt on one side is sufficient to hold the
rolls together when crushing ore. It will be observed that springs have
been dispensed with. The machine is constructed so strong that they are no
longer required; and besides, I now employ magnets to take out from the ore
all pieces of steel which might dent the faces of the rollers.
The rolls work better and more economically without springs. Contrary
to what might at first be expected, the machine is more simple than any
other and more durable. The tires are held by two heads slightly coneshaped. One of these heads is securely fixed to the shaft by shrinking it on.
The other is split on one side, so that when the heads are drawn together
by the bolts, within the tires, the split head will close tightly upon the
shaft.
Recapitulating the several improvements described, we have:
1. Steel tires and the method of securing them.
2. Pulley-gearing.
3.Housing to unclose the rollers.
4.Swinging pillow-blocks.
5. Bolts to take the crushing strain.
6.The hopper for spreading the ore.
This paper would not be complete without a comparison between rolls
and stamps (other pulverizing machines not being worthy of attention here).
On this head I submit the following observations:
1. The capacity of any machine for crushing ore is dependent on
the amount of crushing-surface brought in contact with the ore in
a given time, and the efficiency with which the crushing-surface is
applied.
2. The cost of crushing depends on the power consumed and the
expense of maintaining the machine in a working condition.
It will be manifest from these axioms that the employment of correct
mechanical principles with simplicity of construction and fewness of
working parts will play an important part in the settlement of the question.
For this calculation we will begin by computing the capacity of two sets
of 26-inch rolls with 15-inch face, the average diameter of which by reason
of wear will be say 24 inches. One pair of the rolls is to receive the coarsely
crushed ore from the breakers and the other set is for finishing or
pulverizing. Such rolls, running 100 revolutions per minute, will bring
into contact with the ore 113,100 square inches, and the two sets of rollers
are therefore equal to 226,200 square inches of effective crushing surface per
minute.
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The usual diameter of each stamp-shoe and die is 8 inches, and the
area is therefore 50 square inches to each stamp. Counting all this
as effective crushing surface, we have for each stamp (falling, say 90
drops per minute) 4500 square inches of crushing surface. It will
therefore require 50 stamps to give nearly the same surface (namely,
225,000 square inches) as can be obtained with two sets of 26-inch
rollers.
Let us now consider the two machines from a purely mechanical
point of view. Stamps crush by the percussive effects of a falling
weight, and the power consumed is in excess of the work performed;
because it takes the same power to operate stamps, whether the blows
are effective or not, and it is safe to assume that one-half the power
is lost. With rollers the crushing force is applied continuously in
one direction, and, other things being equal, it must be evident that
the power is far more economically utilized. Fig. 12 illustrates the
difference, representing the faces of the rolls as composed of the shoes
of a stamp-battery and the stamp-heads, stems, and tappets as fastened
to, or composing the fly-wheel, to give weight and steadiness of
motion and crushing force sufficient to overcome irregularities of
resistance. It must be evident that if the rolls, Fig. 12, are held sufficiently rigid together, the pieces of rock falling between them will
be crushed and the power consumed will be in proportion to the
work done, while the surplus power will be stored up in the flywheel. If the same amount of metal were put in stamps, on the
ether hand, and the stamps did not (as of course they would not)
give in falling a full equivalent of useful work for the power consumed in raising them, the excess of power is wasted with no possibility of recovery. Moreover, the blow of a stamp has no regular
efficiency, and is always only partially effective by reason of crushing on too much ore or on ore already fine enough.
With rolls the crushing-effect is positive, and ore cannot pass between them without being crushed if they are properly held together.
Besides, no ore which is fine enough is acted upon a second time.
Again, the toggle-lever principle acting in rolls,as illustrated in Fig.
13, serves to give the necessary crushing-pressure with the smallest
expenditure of power, while with stamps the contrary is the case.
I have met persons who have claimed that the percussive effect of
a blow has some quality more effective than pressure. Now the
velocity which the stamps attain at the moment of striking the ore,
dropping 9 inches, is 7 feet per second, while the surface of rolls
24 inches in diameter, running 100 revolutions per minute, travels
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628 feet per minute, or about 101⁄2 feet per second. This gives
already more percussive effect than stamps; so that, if percussion is
any aid to. pulverizing, we have it in the rolls also by giving them
velocity. But I do not adopt this reasoning. The whole matter is
summed up in the statement, that stamps must attain a certain
velocity to crush, while the crushing-effect of rolls is produced at
either high or low velocity, without material change in quality of
product; speed, however, giving increased capacity.
Simplicity of construction has also been claimed for the stampbattery. Let us see if this claim can be sustained.
The working or wearing parts of each set of two rolls, as above
illustrated, are as follows :
4 journals on two shafts.
4 pillow-blocks for journals.
2 crushing-rollers.
2 side wearing-plates.
Total : 12 wearing-parts to each set of rolls, or 24 in two machines.
None of these parts can break, or are subject to rapid wear.
On the other hand, the working or wearing parts in a 50-stamp
battery are :
15 journals on 5 shafts (viz., 10 stamps on each shaft).
5 cam-shafts.
15 bearing-boxes for journals.
50 stems.
100 guide-boxes for stems.
50 stamp-heads (bosses).
50 shoes.
50 dies.
50 cams with keys.
50 tappets with keys.
Total: 435 parts, all of which are subject to severe wear or liable
to break.
Recapitulating our comparison :
1. The average crushing surface of 26-inch rolls is 226,200 square
inches, while the crushing surface of 50 stamps is only 225,000 square
inches per minute.
2. Two sets of rolls have only 24 wearing parts, while a 50-stamp
battery has 435 wearing parts (to say nothing about the screens,
which are frequently damaged, and the meshes of which become
clogged with ore).
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3. The breakage and wear of stamps are much greater than those
of rolls.
4. The rotary crushing motion of rolls, mechanically considered,
is better and more economical than crushing under falling weight,
or with any other machine or system.
5. By the toggle-lever principle in rolls, advantage is taken of
the most economical and powerful means of obtaining the necessary
crushing-pressure on the ore, which cannot be obtained in any other
way, and is not obtained in any other machine.
Mr. C. A. Stetefeldt, in, an appendix to his able paper on Russell's
Improved Process for the Lixiviation of Silver Ores,* has made a
comparison between steel rolls and stamps, to which I need add
nothing, except to corroborate and emphasize it from later data of
experience. I may point out one advantage of rolls which Mr.
Stetefeld does not mention, viz., their freedom from the terrible
noise, dust, and frequent stoppage for one cause or another, to which
stamps are liable.
Since Mr. Stetefeldt's paper was written, the capacity of the rolls
in the Bertrand mill has been rated at 150 tons per twenty-four
hours, crushing to pass a 16-mesh screen. This is 50 per cent. more
than Mr. Stetefeldt felt justified in assuming. The rolls have also
been put in successful operation in the Mt. Cory mill, Nevada, and
the Haile mill, South Carolina.
What the full capacity of the improved rolls is, has not yet been
demonstrated by actual test, as either the screening or elevator
capacity has not been sufficient to allow a complete demonstration
of this point. We only know that at the Bertrand mill the rolls
crushed 50 tons of hard ore in twelve hours, and in the Mt. Cory
mill, 50 tons to 30-mesh fineness in the same time. If we rate the
capacity of stamps of 850 pounds at 2 tons per stamp in twentyfour hours, doing the same kind of work, this would show that two
sets of 26-inch rolls are equal to 50 stamps. The calculation given
in the preceding pages, and results in practice, justify, I think, this
rating.
Mr. Clark of the Bertrand Company says: “We have demonstrated the following facts: That we can pulp more ore with the
rollers than can be done with a 40-stamp battery; that we have
crushed 9000 tons of ore without a dollar’s expense in repairs; that
we have done it with less than one-half the power that would have

*Transactions, vol. xiii., p. 114.
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been required had we used stamps; that the cost of repairs, wear,
and tear will not exceed one-quarter of that of crushing with stamp;
that we make less dust, jar, and noise."
At a later date Mr. Clark says: " We crushed 15,000 tons
of ore before putting new tires on the fine-crushing rollers, and
have crushed now 20,000 tons; and it will be two or three
months yet before we will put new tires on the coarse-crushing
rollers. It will be safe to calculate that each set of tires with a set
of composition liners for journals will last to crush 20,000 tons
of ore. There has been no other expense for repairs upon our
rollers except the cheek-piece."
On the above basis (crushing 20,000 tons with a wear of two
sets of steel tires and one set of composition liners) the cost of
renewal at present prices for steel will be as follows :
Two sets of steel tires,................................... $530 00
Freight on 3264 pounds, at 3 cents, ................ 98 00
Composition liners for journals and cheek-piece100 00
Total,................................................................. 8728 00
which amounts to 3 6/10 cents per ton of ore.
But after all that has been proved for rolls, it is still sometimes
asserted that they arc only suitable for coarse crushing ; that ore
cannot be pulverized with them sufficiently fine for
amalgamation and other purposes where pulverizing is needed,
such as cement, phosphate-rock, etc. This is true, as before
pointed out, of ordinary cheap rollers only. The same assertion
was made when it was proposed to adopt rolls in the Bertrand
mill for pulverizing ore for lixiviation ; and almost everybody
who knew of the affair predicted that the rolls would prove a
failure. At the same time, such critics admit that stamp-batteries,
centrifugal roller-mills, attrition-mills, ball-pulverizers, mill
stones, and various unpractical machines will pulverize. It would
be as good reasoning to argue that a heavy load can be drawn
on a sleigh on bare ground, but that the same heavy load cannot
be carried on a strong and well-constructed wagon or railroad car.
Crushing with rolls is carrying the load on wheels, while all the
other devices are similar to dragging the load with great-loss of
energy.
Rolls as a pulverizing machine, if properly constructed,
cannot be improved upon either in principle of operation or in
economy of results. All the parts are of such a character as to
contribute to
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abundance. I apprehend that it will be next to impossible to exhaust this
mine, as there is an extent of country of four leagues in length from
Cap de la Madelaine to Champlain, which is covered with iron- ore; all
the streams indicate its existence. I had the curiosity to taste the
water, and I found it all strongly impregnated with rust add iron, but
the miners whom I sent there render the affair certain; they are now
working there and if yon have any intention of establishing forges and a
foundry, you may be certain that the material will not be wanting.
There are six piles of ore, now lying at Cap de la Madelaine which,
according to the annexed report of the miner, would last for two castings
a day for four months. The important question is the placing of the
forges. According to my opinion I should prefer building them on
Ruisseau Pepin, which is in Champlain, rather than at the Cape, where
the Jesuit fathers have a mill already in operation. By thus ,placing the
forges they would be between the two mines, and the material could be
more easily con- veyed from both to the central establishment. When
you have decided upon establishing the said forges, as the workmen you
will send out will be competent men, they perhaps can decide whether
there is enough water in the stream I have above mentioned to work
the wheel of the projected forges, also to judge whether it would not
be practicable to bring in other streams in the neighbor- hood, such as
Ruisseau d'Hertel, to increase the quantity of water. The chief miner,
who is now here, assures me that this can be easily and successfully
done. It is certain that if the forces are once established many
advantages will result to the colony; excellent iron will be
manfactured there, and the consumption of fuel will help materially in
the clearing of the forest land. Moreover, many men will be employed at
the work, and a market will thus be afforded for the surplus provisions
which we have at our disposal." The West India Company
surrendered its charter in 1675, and on the 4th of August, 1676, the
first deed in connection with the forges appears, as the original
concession of the Seigneurie of St. Maurice was made on that date to
Dame Jeanne Jalope, widow of Maurice Poulin, Sieur de la Fontaine,
King's Attorney for Three Rivers, by the Intendant, M. Talon.
On the 19th January, 1683, Dame Jalope gave the property to her son,
Michel Poulin ; but the other children evidently had some claims upon it,
as on the 30th of April, 1683, there is a discharge recorded from Jean
Baptiste Poulin de Corval, one of the brothers, and on
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the 20th November, 1690, a discharge was registered from Francois
le Maitre de la Movill, who married a sister.
In 1681, an extract from a letter, by the Count de Frontenac,
reads as follows :
"I am convinced that there is a very fine iron-mine in the vicinity
of Three Rivers, where a forge could be profitably worked. I wish
I had a man here who could plan the construction of an establishment
of that kind ; it would be of great use to His Majesty the King and to
the whole colony. Monsieur Vallon can inform you, my lord, how
Mons. de Colbert has tested the quality of the ore and with favorable
results. I have sent a small quantity to Mons. Arnoul, who can give
you an account of it. There is a large stream in the vicinity of this
mine."
In 1685 the Marquis of Denonville was appointed governor, and
on the 18th of November, the following year, in a despatch to the
government of France, he says :
"I have this year again had the iron-mine near Three Rivers
thoroughly examined. I am convinced that there is a much larger
quantity of that metal than the colony requires. The great desideratum is the discovery of a stream or water-power, which can be used
in winter, and it is in this respect that we require an able experienced
man, who could see what could be done for the establishment. Last
year I sent a sample of this iron to France, and the iron-workers,
who found it of good quality and percentage, wish to have fifteen or
twenty bariques to give it a thorough trial as to quality; it would
be well to satisfy them on this point next year. If our Northern
Company should succeed there would be no difficulty in accomplishing this desirable object."
On the 4th of April, 1725, Pierre Poulin made " Foi et Hommage"* in the castle of St. Louis in Quebec for himself, and also on
his brother's account, for the fief and seigneurie of St. Maurice, and
on the following day "L'aveu and Denombrement" of the seigneurie
was made.
The mining rights and minerals do not seem to have been granted
with the land ; for King Louis XIV., on March 22d, 1730, granted a
license to a M. Francheville to work the mines, and a partnership
was entered into by him with Peter Poulin, Gamelin and Cugnet,
for this purpose, the deed of partnership being dated the 16th of June,
1733. It seems probable that a forge was now built, but the enter-

* See Parkman's Old Regime, p. 246, also Lemcine's Quebec Past and
Present, p 121, for a description of " Foi et Hommage."

THE MANUFACTURE OF IRON IN CANADA.

511

prise did not prove a success ; the principal, Francheville, having
died, his widow and the other partners, on the 23d of October, 1735,
surrendered their rights to the Crown.
The iron-ore was a bog-ore, the deposits being on the surface, or
only a few inches below the soil, so that the work of collecting the
ore was more digging than mining, and it was necessary to have access to a considerable area of land. We find that on the loth of
October, 1736, Poulin, Louise de Bonlanger his wife, and Michel
Poulin his brother, a priest, sold the fief and seigneurie St. Maurice,
to Fraçois Etienne Cugnet, Pierre François Taschereau, Olivier
de Vezain, Jacques Simonet, and Ignace Gamelin for 6,000 livres,
with no terms, so long as they paid 300 livres a year.
The partners above named were called Cugnet & Cie., or "La
Compagnie des Forges," and the King of France, now Louis XV.,
by an order-in-council dated April 22d, 1737, empowered them to
erect iron-works, and for this purpose advanced them 100,000 livres
and claimed no rents or dues. They accordingly in that year built
a blast furnace, and on the 12th of September obtained a concession
of some more land, called the fief St. Etienne, from M. Hocquart,
who was Intendant at that time. In two years' time, a French
artisan was procured who improved the works and methods of
working; but it was all in vain, a want of capital being said to have
been the cause of failure. The Company could not carry on the
works, but had to give them up, and, on the 1st of May, 1743, the
Crown took possession, whereon they were worked on the King's
account and in his name.
"Skilled workmen were sent out from France, who rebuilt, in
part at least, the blast-furnace as it now stands, and erected a
Walloon hearth which is still in use for refining."* Extensions
and additions were made, and the place in six years' time had
assumed very considerable proportions, as the following account will
show.
On August 3d, 1749, Professor Peter Kalm, Professor of Economy
in the University of Aobo in Swedish Finland, and member of the
Swedish Royal Academy of Sciences, stopped at Three Rivers in
his travels through the country, for the special purpose of seeing the
iron-works. He thus describes his visit :†
"Whilst my company was resting, I went on horseback to view
the iron-works. The country which I passed through was pretty
* Dr. T. Sterry Hunt, in Swank's Iron in all Ages, 1884.
† Travels into North America, by Peter Kalm, London, 1771, vol. iii., p.
87.
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high, sandy and generally flat. I saw neither stones nor mountains
here. The iron-work, which is the only one in this country, lies
three miles to the west of Trois Kivièires. Here are two great forces,
besides two lesser ones to each of the great ones and under the same
roof with them. The bellows were made of wood, and everything
else, as it is in Swedish forges. The melting-ovens stand close to
the forges and are the same as ours. The ore is got two French
miles and a half from the iron-works and is carried thither on
sledges. It is a kind of moor-ore, which lies in veins within six
inches or a foot from the surface of the ground. Each vein is from
six to eighteen inches deep, and below is a white sand. The veins
are surrounded with this sand on both sides, and covered on the top
with a thin mould. The ore is pretty rich and lies in loose lumps
in the veins, of the size of two fists, though there are a few which
are near eighteen inches thick. These lumps are full of holes which
are full of ochre. The ore is so soft that it may be crushed betwixt
the fingers. They make use of a gray limestone which is broke in
the neighborhood for promoting the fusibility of the ore; to this
purpose they likewise employ a clay marl, which is found near this
place. Charcoals are to be had in great abundance here, because all
the country round this place is covered with woods, which have
never been stirred. The charcoal from evergreen trees, that is, from
the fir kind, are best for the forge, but those of deciduous trees are
best for the smelting-oven. The iron which is here made is described
to me as soft, pliable and tough, and is said to have the quality of
not being attacked by rust so easily as other iron ; and in this point
there appears a great difference between the Spanish iron and this
in ship-building. This iron-work was first founded in 1737 by
private persons, who afterwards ceded it to the King; they cast
cannons and mortars here of different sizes, iron stoves which are in
use all over Canada, kettles, etc., not to mention the bars which are
made here. They have likewise tried to make steel here, but cannot
bring it to any great perfection, because they are unaquainted with
the best manner of preparing it. Here are many officers and overseers, who have very good houses built on purpose for them. It is
agreed on all hands that the revenues of the iron-work do not pay
the expenses, which the King must every year be at in maintaining
it. They lay the fault on the bad state of population, and say that
the few inhabitants in the country have enough to do with agriculture, and that it therefore costs great trouble and large sums to get
a sufficient number of workmen. But, however plausible this may
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appear, yet it is surprising that the King should be a loser in carrying on this work, for the ore is easily broken, very near the ironwork and very fusible. The iron is good and can be very conveniently dispersed over the country. This is, moreover, the only ironwork in the country, from which everybody must supply himself
with iron tools, and what other iron he wants. But the officers
and servants belonging to the iron-work appear to bo in very
affluent circumstances. A river runs down from the iron-work into
the river St. Lawrence by which all the iron can be sent in boats
through the country at a low rate. In the evening I returned
again to Trois Rivières."
There evidently was very good ground for Kalm's suspicions, as
the peculations of the Governor, Intendant, and principal officials
were at this time notorious, and " complaint after complaint was
despatched to France touching the ruinous state of things they were
fast producing in the Province."*
The Governor, the Marquis de la Jonquière, was recalled, but
died in Quebec, in May, 1752. In that year an inspector, M.
Franquet, was sent to visit the different posts in La .Nouvelle France,
and the following is a translation of a portion of a French manuscript account of his visit to the forges :†
" M. Bigot, Intendant of New France, who resides at Quebec,
had recommended me to visit the St. Maurice forges, as the establishment was extensive, and as he had no doubt that I would be
pleased to be in a position to give an account of it. By stopping at
Three Rivers, I could reach the forges in two hours, so having
settled upon that course, I requested M. Rigaud, who was then in
charge of that post, to accompany me. We left Three Rivers at 5
o'clock A.M., with M. Tonnancour and other friends, whom M,
Rouville, director of the forges, had invited to accompany us. In
leaving the town, we ascended a hill covered with sand, crossed a
plain, and passed through a wood of stunted trees, on emerging from
which we stood on a hill overlooking a valley, in which the said
forges of the king are situated; we crossed a wooden bridge built
over a small stream, and disembarked from our conveyance at the
door of the Director's dwelling. After the first ceremony of reception by the Director, his wife, and the other employés, we proceeded to visit the works. The stream which drives the machinery
is dammed up in three places; the first dam drives the wheel for the
*McMullin’s Canada, 1855, p. 106.
† Macaulay in British and Canadium Review.
VOL. XIV.--33
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furnace, the second and third each a trip-hummer. Each dam has a
water-pass to prevent overflow in high water; it is supposed that
the stream or water-power is sufficiently strong to drive two other
hammers. The buildings of the post are irregularly situated on the
banks of a stream, and little or no taste seems to have been displayed in placing them. The principal building is the Director's
residence, a very large establishment, but scarcely large enough for
the number of employés who have to be accommodated.
"On entering the forge, I was received with a customary ceremony ; the workmen moulded a pig of iron about 15 feet long, for
my special benefit. The process is very simple, it is done by plunging a large ladle into the liquid boiling ore and emptying the material into a gutter made in the sand. After this ceremony I was
shown the process of stove-moulding, which is a very simple affair,
but rather an intricate operation; each stove is in six pieces, which
are separately moulded, they are (afterwards) fitted into each other,
and form a stove above three feet high. I then visited the shed
where the workmen were moulding pots, kettles, and other hollowware. On leaving this part of the forge we were taken to the hammer forges, where bar iron of every kind is hammered out. In each
department of the forges, the workmen observed the old ceremony
of brushing a stranger's hoots ; in return they expect some money
to buy liquor to drink to the visitor's health. This establishment
is very extensive, employing upwards of 180 men. Nothing is consumed in the furnace but charcoal, which is made in the immediate
vicinity of the post. The ore is rich, good, and tolerably clean ; it
formerly was found on the spot, now the Director has to send some
distance for it. The management of these forges is economical. It
must be readily understood, that owing to the numerous branches in
which expenditure must be incurred, unless a competent man be at
the head of affairs, many abuses would be the consequence. Among
other employés, His Majesty the King supports a Recollet Father
at this establishment, with the title of Aumonier. This iron is preferred to the Spanish iron, and is sold off at the King's stores in
Quebec at the rate of from "25 to 30 eastors (beaver skins) per hundred weight. In order to obtain a better knowledge of the position
of these works, I would refer to the notes sent to the Court of France
on this subject, wherein will be found all details of their management. I may say, however, in conclusion, that they are unprofitable to the King, and I am assured that if they were offered on
lease at public sale, one hundred pistoles per annum might be pro-
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cured for them. After a splendid dinner at M. de Rouville's mansion, we returned to Three Rivers highly pleased with our visit, and
took supper at M. de Tonnancour's. The distance from the town
to the forges is nine miles."*
It would appear as if the forges produced more iron than the
colony could consume, and that, although some was exported to
France, the authorities there would not be convinced that it was fit
for firearms; so it was proposed to form a naval establishment in
Canada and make use of this Canadian iron in shipbuilding. Orders
were accordingly given for erecting docks at Quebec for building
men-of-war, but nothing was in effect accomplished.†
We next hear of these forges in the articles of capitulation between their Excellencies Major-General Amherst, Commander-inchief of His Britannic Majesty's troops and forces in North America,
on the one part, and the Marquis de Vaudreuil, etc., Governor and
Lieutenant-Governor for the King in Canada, on the other, on the
8th of September, 1760.
Article XLIV. says: "The papers of the Intendancy, of the
officers of Comptroller of the Marine, of the ancient and new treasurers of the King's magazines, of the officers of the revenue, and
forges of St. Maurice, shall remain in the power of M. Bigot, the
Intendant, and shall be embarked for France in the same vessel with
him ; these papers shall not be examined."
The Intendant arrived safely in France, but was at once seized
and imprisoned, and made to disgorge most of his ill-gotten gains.‡
The forges and all pertaining to them now passed into the hands of
the British Crown, and, although for some years there are no records,
there is no doubt that they were worked.
In 1767 the Crown, which was represented at that time by Governor Murray, leased the tract of land and works for sixteen years
from the 19th of June, to Christophe Pellisier, Alexandre Dumas,
Thomas Dunn, Benjamin Price, Colin Drummond, Dumas St.
Martin, George Alsopp, James Johnson, and Brook Watson, at a
rental of £25 currency per annum. In 1775 the American invasion
occurred, when it appears that Pellisier helped the invaders with
both goods and money, and went to see them at Holland House,
* Taken from the British and Canadian Review, vol. i., No. 2, January, 1803, by M.
Macaulay.
† History of America, by William Russell, of Gray's Inn, London, 1778, Book iv., p. 372.
‡ Parkman's Montcalm and Wolfe,
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near Quebec; he also cast shot and shell for them to be used in the
siege of Quebec, and finally, the night before the battle of Point du
Lac, where the invaders were beaten by the English under General
Carlton, be ran off to Sorel and the United States, taking with him
all the funds, as also the vouchers for the money advanced to the
Americans, about £2000, got them cashed, and sailed for France.
This crippled the company, but, by dint of hard work, they managed to recover and continued operations till the expiration of their
lease,*
On the 10th June, 1783, Conrad Gugy was the new lessee, and
his term was for sixteen years at £18 15 sterling per year. He sold
the balance of his lease on the 10th of March, 1787, to Alexander
Davidson and John Lees for the sum of £2300 currency. This
partnership was subsequently dissolved, as on the 6th of June, 1793,
Alexander Davidson sold the balance of his lease to George Davidson, David Munro, and Matthew Bell for £1500 currency. Their
terra expired in 1799, but, on the 30th of May in that year, they
were granted an extension to the 1st April, 1801, at the same rental.
A new arrangement was now made, Munro & Bell entering into
a five years lease and paying an annual rental of £850 sterling.
This lapsed in 1806, but they continued to hold it on sufferance till
the 1st of January, 1810, when they secured a lease for twenty-one
years, at £500 per annum.
At this time the manufacture of iron was the most important
industry in Canada, † there existing then a considerable export of
east-iron articles, particularly of stoves.
From year to year the place had grown. The following account
gives an idea of what it was : "The establishment is furnished with
every convenience necessary to an extensive concern, the furnaces,
the forges, the founderies, workshops, etc., with houses and other
buildings, present the appearance of a tolerably sized village. The
principal articles manufactured are stoves of all kinds used in the
Province, large potash kettles, machines for mills, and various kinds
of cast and wrought iron, also a great quantity of pig and bar iron
for exportation. The number of men employed is from 250 to 300.
The overseers and persons employed in the construction of models
are English and Scotch, the workmen are generally Canadians."‡
The inhabitants in the District now began to complain that so
* F. C. Wurtele.
† Letter from Canada, Hugh Gray, London, 1809, p, 22.
‡ Bouchette's Lower Canada, 1832. St. Maurice.
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much land was leased to the forges that " the town of Three Rivers
was hemmed in at the back," and that people who desired to settle
in that neighborhood could not obtain any land; this irritation was
further increased, "by a proclamation the lessees induced Lord
Dalhousie (Governor from 1820 to 1828) to issue, prohibiting even
the making of maple-sugar on the land in question. This had been
an immemorial source of advantage to the inhabitants around ; in
the season from 300,000 to 500,000 pounds were made each year.
Even the pretence of destruction to the fuel could not be made for
this, as tapping the trees did not destroy them for wood."
The Honorable Matthew Bell, Seigneur of St. Maurice, was a
man of great importance; he lived in princely style in his chateau
at the forges, where he kept a stud of horses and a pack of foxhounds, and when his lease expired on the 31st of March, 1831, he
was able to get it renewed by orders-in-council from year to year
till 1846. He died shortlv afterwards, and at the time of his death
was in very reduced circumstances, being insolvent before he gave
up the forges.
The Crown now resolved to sell the property, and it was bought
at auction by Henry Stuart, Advocate of Montreal, on August 4th,
1846, and was leased by him to James Ferrier, of Montreal, who
worked it for some years.* Henry Stuart finally sold his interest
to Andrew Stuart and John Porter, of Quebec, who abandoned it
in 1859, as it did not pay.
It appears that when Henry Stuart purchased the property he
paid very little, if anything, on it, and the balance of the purchasemoney not being paid when due, the Crown obtained a judgment
against him and seized the property, which was sold by the sheriff
on the 22d October, 1861. " The forges not bringing the value set
upon them by the Crown were acquired by them for $72OO,"† and
sold (together with a farm attached, but without any more land) the
following year to Monsieur Heroux, of St. Barnabé, for $7000, who
in his turn sold the forges, retaining the farm, to John McDougall,
for £1700 currency. This price included the furnaces, works, house,
cottages, water-privileges, etc. All the land formerly pertaining to
the forges was sold to the squatters and settlers who supplied ore
and wood to the works, which were now once more resumed. Their
* The Hon. James Ferrier informs me that he occupied and worked the forges for four
years, from 1847 to 1851.
† Extract from report of Commissioner of Crown Lands, 1861. lam indebted for this
information to Mr. J. T. Judith, of Montreal, late Superintendent of Crown Domain and
Jesuits' estate, Department of Crown Lands.
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product, however, was chiefly used in the manufacture of ear-wheels,
and so the trade in stoves and hollow-ware gradually fell off.
The property is now owned by George McDougall, of Three
Rivers, the furnace having been in blast till the summer of 1883,
when, owing to the ore and fuel becoming exhausted, it was finally
closed. When working, it was the oldest active blast furnace on the
American continent.
This statement is made upon the authority of Mr. James M.
Swank, late Secretary and now Vice-President and General Manager
of the American Iron and Steel Association ; a short account is
given of the works in his "Statistics of the Iron and Steel Production of the United States," which he, as special agent, compiled in
1880, for the tenth census of the United States, and more recently
in his History of the Manufacture of Iron in all Ayes, published last
year, wherein Mr. A. T. Freed, of Hamilton, Out., and Dr. T.
Stem' Hunt, of Montreal, are acknowledged as having contributed
most of the information as respects these forges.
Through the kindness of Mr. Y. C. Wurtcle, Librarian of the
Quebec Literary and Historical Society, and also of Mr. H. M. Price,
of Quebec, I have been enabled to give fuller particulars than are
furnished by Mr. Swank. In addition to those thus named, other
authors and authorities have been carefully consulted in my endeavor
to give a complete account of the Saint Maurice forges, from their
rise to their close ; for they are unique in the history of this country.
Iron Works at Btasican.—About the year 1798. a blast-furnace
and casting-house, two forges, a saw- and grist-mill, besides other
workshops and dwelling-houses, were built on the east side of the
Batiscan River, about six miles from its mouth. The works were
situated in the seigneurie of Batiscan, County of Champlain, were
in operation some little time, and were similar to those at St. Maurice ; but the proprietor died, and the place was shut up. Both ore
and wood are reported to have been more plentiful here than at St.
Maurice.*
An interval of sixty years now occurs before we again hear of a
new enterprise.
The (e Radnor Forges.—The Radnor forges at Fermont, in the seigneurie of Cap de la Madeleine, County of Champlain, are situated
about ten miles from Three Rivers, on the Piles branch of the North
Shore Railway, and were erected about 1860, by Messrs. Larue &
Co.,† the firm consisting of Larue, Turcotte, and G. B. Hall & Co.
* Bouchette's Lower Canada, 1832.

† Can. Geol. Survey, 1863.
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The establishment was extensive, consisting of a blast-furnace, forge,
and large rolling-mill; a car-wheel foundry in Three Rivers, 40,000
acres of freehold land (timber and ore lands) also forming a part of
the property. Sir William Logan, in his Geology of Canada, 1863,
says : " The crude ore is brought to the furnace partly by the workmen of the company and partly by the farmers on whose land it is
found. It is washed to free it from adhering earth, and then yields
from forty to fifty per cent, of metal; about 2000 tons of cast-iron
being now produced annually from between 4000 and 5000 tons of
ore. The number of men employed at the Radnor forges varies
from 200 to 400, a great many hands being required at certain seasons to dig up and bring in the ore, and to prepare and transport
the charcoal.
"The chief manufacture of the company has, of late, been castiron wheels for railway-ears, for which the metal appears well
adapted. A pair of ear-wheels, which were said to have run 150,000
miles with an axle of this manufacture, were sent by Messrs. Larue
& Co., the proprietors of the forges, to the International Exhibition
of 1862. Wrought-iron is also made at this establishment, and a
rolling-mill has recently been erected here, which furnishes iron for
the manufacture of scythes and nail-rod iron."
The rolling-mill and forges, etc., hove since been destroyed by fire,
and at present the blast-furnace is in operation, turning out about
four tons of iron per day. The ore is dredged up from the bottom
of Lake Tortue, delivered on railway-ears, and carried direct to the
furnace, whilst the iron is still used for car-wheels in the wheelfoundry at Three Rivers, now leased to Mr. George McDougall.
Over a million dollars have been sunk in these works since their
commencement, through bad management and disastrous fire.
L' Islet Blast-Furnace.—This furnace was built by the Messrs.
McDougall, the proprietors of the St. Maurice forges, about four
miles from those works,* but it has not been in operation for some
years.
Iron Works at Hull.—In 1857 the Canada Iron Mining and
Manufacturing Company of Montreal built a blast-furnace at Hull,
near Ottawa, and, for a time, in that and the following year, produced a superior quality of pig-iron, but "the economic results not
being satisfactory," the working was stopped, and the furnace, being
much injured by a forest fire a few years afterwards, was abandoned †
* Geol. Survey, 1873-74.

† Geol Survey, 1866-9,1873-4.
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Smelting in Yamaska.— The St. Francis River Mining Company, in 1869 erected a blast-furnace in the County of Yamaska,
near the Rivière aux Vaches, and kept it working until 1873, producing in that time 5520 tons of charcoal pig-iron. The property
was purchased in that year by Messrs. John McDougall & Co., of
Montreal,* and operated by them till 1880, when the bog-ores having been exhausted within a paying distance from the furnace, it was
dismantled.
Baie St. Paul Iron-Works.—Two blast-furnaces, extensive buildings, and a railway from the works to the river, were completed in
1873 by the Canadian Titanic Iron Company, near Baie St. Paul,
on the north shore of the St. Lawrence, about sixty miles below
Quebec, for the purpose of smelting the titaniferous iron-ore of that
region.† The furnaces were only in operation a short time, the cost
of production being too great. The place was never worked again,
and was dismantled in 1880.
Grantham Iron-Works.—Messrs. John McDougall & Co., of
Montreal, in 1880 and 1881, built two blast-furnaces at Drunimondville, on the River St. Francis, in the Township of Grantham,
County of Drummond. They are still in active operation, and are
known as the Grantham iron-works. The resident manager, Mr.
Robert McDougall, has kindly furnished the following particulars :
" The blast-furnaces are each thirty-four feet high, with boshes of
eight and ten feet respectively. They arc worked with hot and cold
blast, and the air-pumps are driven by water-power from the River
St. Francis. The fuel used is charcoal, and the bog-ore, which contains about 40 to 45 per cent, of iron, is obtained about three miles
from the works. The annual capacity is 4000 tons, and the product
charcoal pig-iron for car-wheel purposes."
A siding from the Southeastern Railway runs directly into the
works, and the iron is made into car-wheels at the foundry in
Montreal.
Moisc'Iron-Works.—The Moisic Iron Company was originated
in 1867 to work the iron-sands on the north shore of the Gulf of
St. Lawrence.
Dr. Sterry Hunt, in his "Notes on Iron and Iron Ores," in the
Geological Survey Report of 1866-69, says :
" The great deposits of black iron-sand on the beach near the mouth
of the Moisic river having attracted attention, various attempts to
reduce it were made. In January, 1867, Mr. W. M. Molson, of
* Geol. Survey, 1873-4.

† Can. Geol. Survey, 1873-4.
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Montreal, had the ore successfully treated by the bloomary process,
in northern New York, and the result proving satisfactory, several
bloomary furnaces were, in 1867, erected by him at Moisic, and
have since been in successful operation."
A forge and rolling-mill were subsequently erected in Montreal
to work up the loops or blooms, which were made into forgings, etc.,
and also exported to the United States.
The proprietor having lost a large amount of money was obliged
to close both the works at Moisic and those in Montreal, and they
were dismantled and sold in 1876 or the following year. The action
of Congress, no doubt, which prevented the export of the blooms to
the United States by refusing to allow them to be classed as pig-iron,
deprived him of the only market there was for that class of iron,
and was the cause of the mercantile failure of the enterprise.
Quebec Steel-Works.—An attempt was made in Quebec to work
these sands. Mr. B. J. Harrington, B.A., Ph.D., in his "Notes
on the Iron Ores of Canada and their Development," in the
Geological Survey Report of progress for the year 1873-4, thus
describes it:
" In the month of June last, I had an opportunity of visiting the
steel-works erected at Quebec for the purpose of manufacturing steel
directly from the purified sands of the Gulf. Since the death of
Mr. Labreche Viger, the works have passed into the hands of anew
company, the president of which is Mr. Chinic, hardware merchant
of Quebec. The enterprise, so far as I could learn, has not been
successful, and at the time of my visit, nothing whatever was being
done. The furnace is a well constructed Siemens regenerative furnace, with five gas-producers, and, except in the construction of the
hearth, which is perfectly flat, and in one or two other minor details,
resembles the one employed by Messrs. Cooper and Hewitt at
Trenton, X. J., in the manufacture of steel according to the SiemensMartin process.
" In making steel, the sand, which had been purified by Dr.
LaRue's magnetic machine, was mixed with tar and charcoal-powder
in a box containing revolving knives or beaters, and the mixture
was then pressed into square blocks by means of a hydraulic press.
The blocks were then piled upon the furnace-hearth and melted
down to steel, which was finally tapped off into ingots containing
about 200 pounds.
"The cause of failure I was not told, but difficulty was probably
experienced in obtaining a regular and homogeneous product."
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Mr. Chinic subsequently stated, "That further and rather more
successful experiments have lately been made with the furnace,
and ten or twelve tons of steel produced. A good deal of difficulty was experienced in pouring, and the ingots were frequently
honey-combed, and after forging were liable to contain flaws. Not
more than 500 pounds of steel were produced at a melting, which
required six hours." Nothing more was done, and the works were
abandoned.
Haycock Iron-Works.—In the winter of 1872-73, still quoting
from Mr. Harrington, " The Haycock Iron Mine was opened, and
about 5000 tons of ore raised." The mines are situated about eight
miles northeast of the City of Ottawa, in the Province of Quebec,
and the works consisted of a " steam saw-mill, bloomary forge,
engines, pumps, steam-hammer, workmen's cottages, stables, etc.
Some blooms were made and exported to England ; the iron was of
very fine quality, but the enterprise was not commercially successful
and the place was closed, and has not for some years been used.
The Ottawa Iron and Steel Manufacturing Company recently
acquired the property.
Experimental Works in Montreal.—The Canadian Iron and Steel
Company, of Montreal, were incorporated in 1881 to test an invention of Dr. George Duryee, of New York, for making wroughtiron direct from the ore. The process was patented, and was called
the " blow-pipe process." Crude petroleum was the fuel used, it
being dripped into a strong blast and vaporized. An experimental
furnace had been built in Toledo, Ohio, and some iron is claimed to
have been made there, with, however, very doubtful results; but the
inventor, sanguine, after his kind, urged that by certain improvements in the furnace, eventual success could not be a matter of
doubt.
A site was chosen in Hochelaga, a suburb of Montreal, and about
a twelve-month was occupied in perfecting the machinery and getting everything ready. The furnace consisted of an iron cylinder
lined with firebrick; the cylinder was inclined and made to revolve;
it was 120 feet long and 5 feet in diameter for 100 feet, the remaining 20 feet being 10 feet in diameter. The iron-ore was
ground fine and mixed with flux, and introduced into the elevated
end of the cylinder and gradually worked down as the cylinder revolved. The heat from the combustion of the vaporized oil was
intense; and when under its influence the particles of ore began to
melt, they stuck together, and by the time they reached the "pud-
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dling chamber" at the enlarged end, should have gathered into
balls, which, when ready, were to be taken out and hammered into
bloom*.
The experiments were continued about twelve months, and iron-ore
from Hull, Bale St. Paul, Moisic sand and bog-ores were tried with
limestone, clay and quartz us flux, but although a small quantity of
iron was produced, the experiments could not be called successful;
and so after spending some §70,000 or §80,000 they were stopped.
Montreal Iron- Works.—In Montreal there are, at present, four
rolling-mills which manufacture iron for their own use from wrought
iron scrap and imported puddled bars. For tack-making the best
quality of English sheet-iron is imported and Swedes charcoal tackstrips, the product being spikes, nails, horse-shoes, tack-brads, springs,
bolts and nuts in the one case, and butt-welded iron pipe in the other.
They may be enumerated as follows:
1. The Montreal Rolling Mills Company, which
manufacture
cut nails, pressed nails, horse-nails, tacks, brads, etc., and iron pipe
butt welded. Both mills are worked by steam-power.
2. Pillow, Hersey & Co.'s works, which produce cut nails, railway
and pressed spikes, horse-shoes, cut tacks, brad and shoe-nails, also
carriage, tire and other bolts, coach-screws, hot-pressed and forged
.nuts, etc.
The rolling-mill is run by steam, and the bolt-factory,
etc., by water-power.
3. The works of Peck, Benny & Co., which produce nail-plate,
cut nails, clinch and pressed nails, horse-shoes and horse-shoe nails,
ship- and railway-spikes, and tacks of all sorts.
These works are
operated by water-power.*
4. The Metropolitan Rolling Mills, Abbott & Hodgson, proprietors, manufacture railway and ship-spikes, horse-shoes, clinch,
pressed, cut, barrel, box and other nails.
This mill is run by steampower.

II.
EARLY ENTERPRISES IN ONTARIO.

The first attempt to manufacture iron in Ontario was made at
Lyndhurst, then called Furnace Falls, on the Gananoque River,
in the County of Leeds. This county was first settled in 1785,
and its boundaries established by proclamation of the 16th July,
1792,
About the year 1800, a company composed of Ephraim Jones,
* Taken from Mr. W. J. Patterson's Board of Trade Report, 27th Angust, 1883.
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Daniel Sherwood, Samuel Barlow and Wallace Sutherland erected
a blast-furnace at the Falls, the water-power being no doubt utilized
to drive the machinery and work the blast.
" The ore was of inferior quality and had to be drawn a considerable distance; consequently the enterprise was not a financial success,
being abandoned after two years' trial. At one time, an attempt was
made to cast hollow-ware for the use of settlers, including pots and
kettles, but proved a complete failure." Such is the account given
by Thad. W. H. Leavitt, in his history of the united counties of
Leeds and Grenville.*
A forge for the manufacture of bar-iron was built about the same
time for the same company, and was in operation until 1812, when,
from want of capital, and on account of the derangement to business
consequent upon the war of that year, the place was shut up and
never opened again. The ruins are still visible.†
Normandale Furnace.—The next attempt made was in Western
Ontario, at Normandale, then known as Potter's Creek, in the township of Charlotteville, in the County of Norfolk, in the then London
district. The boundaries of the county were established by proclamation the 16th July, 1792, and the township contained 800 people
and 132 inhabited houses in 1817.
In the year 1815, Mr. John Mason, an Englishman, undertook to
manufacture iron, and in two years' time he had a blast-furnace in
operation, which was " of a rude and primitive description, entirely
the labor of his own hands, with the exception of the machinery for
the blast. The bellows were formed out of two hollow whitewood
trees. It is thus that the spirit of enterprise and necessity, which
has so truly been called the mother of invention, enables an individual
in this young country to overcome difficulties which in other situations would be considered insurmountable."‡
Mr. J. Harris, R. N., who furnishes the information, goes on to
say in regard to the situation chosen for the furnace: " With respect
to water they have a great advantage. Potter's Creek, though not
large, is a never-failing stream. The works are situated at its entrance, immediately on the shores of Lake Erie, hence the great convenience of sending off their weighty manufactured articles, or of
receiving any supplies which they may require, without the expense
of land-carriage. Moulding-sand is abundant on the site of the
* Brockville, 1879, p. 62.
† I am indebted to Mr. S. McCameron, of Gananoque, and Mr. E. C. Slater, of
Sweet's Corners, Ont., for these particulars.
‡ Lieut. Baddely's paper in Lit. and Hist. Soc., Quebec, 1S30, vol. ii., p. 420.
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furnace, and timber for charcoal is easily obtained and in great
variety; the hard maple is preferred."
In Robert Gourlay's Statistical Account of Upper Canada* the
following letter from Mr. Mason is to be found :
"SIR,

" POTTER'S CREEK, Dec. 4th, 181".

" You desired me to give you every information in my power of the probability or certainty of making iron in this part of the province, so as to be beneficial
to the manufacturer and the public. I will state to you what is for and what against.
In favor of iron-works is the high price of iron and plenty of timber for coal; everything but these is against the first beginner. The bog-ore is scattered over the
whole country, but I do not know of any one bed of ore that will exceed 120 ton*.
I spent three months in examining the country for ore, and I calculate that it will
take all the ore I found within twenty miles of this place to supply a small furnace
for seven years; but I believe considerable quantities within that space are not yet
found. No rock ore has as yet been found in this part of the province, and if there
is any, it must be at considerable depth from the surface of the ground and will be
difficult to find, as the strata lie horizontal. Another thing against iron-works is
that it will require many experiments before we can know the best method of working the ore. and there is not any stone in this part of the province that will stand
the fire, and I believe it will be best if it comes from three different places in the
United States. I want five or six pieces of iron, each 30 cwt., these will come to an
enormous expense. I intended to ask the Government to give or lend me five or
six disabled cannon for this. I asked the Government to pay the passage of five
or six families from England to work in the furnace. This could not be granted,
and therefore I would not ask for the cannon. Another thing against me is that
there is not a man in the country that I know capable of working in the furnace.
But the greatest difficulty I have to overcome is iron-men, as we call them, who are
the very worst sort of men to manage, colliers not excepted. Not one of a hundred
of them but will take every advantage of his master in his power. If I have just
the number of hands for the work, every one of them will know that I cannot do
without everyone of them, therefore everyone of them will be my muster. Anxiety
and trouble will be the consequence; and if I keep more hands than are necessary,
so as to have it in my power to turn those away who will not do right, this will be
expensive. But, after all, if the ore is as good as I expect, I hope to reduce the
price of iron very considerably. The place where I am is a reserve lot. Governor
Gore has promised encouragement to the works, when the Government is satisfied
they will answer a good purpose. If Governor Gore does not return to this country,
and what he promises should be refused me, iron-works will be at an end with me
and at this place; but I shall not ask for the promise until the inhabitants of the
country will be my bondsmen for the benefits arising from the iron-works. When
I saw you I offered a considerable sum of money to take them off my hands; this
I repeat, not but what I believe they will answer, but the trouble will be more than
equal to any profit from them. Those who begin iron-works in this country after
me will start many thousand dollars ahead of me, everything they want except
stone will be had here, the best method of working the ore will be known, and men
will be learned to work it.
"I am, sir,
" Your obedient servant,
" JOHN MASON ."
* London, 1822.
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Poor John Mason never reaped any benefit from his enterprise
and perseverance. He had only made a few tons of iron when the
inner wall of his furnace gave way and it became "bunged up," so
that it was of no use. This discouraging event seemed to prey on
his mind, and he sickened and died, leaving the property to his
widow and son.
In 1820 the property was purchased by Mr. Joseph Van Norman,
who is now in the 89th year of his age, and is living at Tilsonburg.
The following particulars were obtained from him and kindly furnished by his son, Mr. G. R. Van Norman, Q. C., of Brantford.
In 1821 Mr. Van Norman formed a partnership with Mr. Hiram
Capron, late of Paris, and Mr. George Tilson, late of Tilsonburg,
and commenced building a blast-furnace, which was completed and
put in blast in 1822, after an expenditure of $8000. The iron
turned out was of excellent quality, and the ore fairly rich. It was
bog-ore and was found in the swamps and marshes in the vicinity,
being hauled in by wagon-teams, a distance varying from six to
twelve miles. The average consumption per day was nine tons,
producing about three tons of pig iron. The furnace would be in
blast about eight or nine months out of the year, running night and
day, and producing 700 to 800 tons of iron, with an annual consumption of fuel equal to 4000 cords of hard wood, made into charcoal in the usual way.
In 1830 the works were burnt down, but were immediately rebuilt
on an extended scale.
In the early stage of the enterprise all the iron made was converted into various kinds of castings, there being no market for pigiron ; and as a consequence, the wants of the country at that time
becoming overstocked, some was exported to Buffalo, and a vesselload of stoves and castings sent to Chicago. The wares produced
were disposed of along the shores of Lake Erie, from Port Erie to
Amherst Bay, and taken into the interior of the country by teams.
Before the opening of the Welland Canal, stoves, kettles, and other
iron-ware were sent very long distances by teams, particularly in
winter, going as far as Chatham, Waterloo, and beyond St. Catherine's. After the opening of the Welland Canal (the first vessels
passed through in the year 1S29), places on the canal and Lake
Ontario were accessible by water, and accordingly two vessels
were employed by Mr. Van Norman, and kept busy during the
summer. Hamilton, Toronto, Port Hope, Kingston, etc., were thus
supplied, and from these centers the wares were distributed into the
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back country. Some of the goods were sent as far as Montreal.
The business seemed to be the right thing for the country, and
started at the right time to be of use to the new settler, to furnish
him his sugar-kettles and his kettles for boiling the ashes gathered
from the burning of his log-heaps. At that time the potash made
from these ashes was the only exportable article which could be
shipped to foreign countries and for which money could be obtained.
There was in those days no money in the country, and business
was carried on by barter or exchange of commodities. Anything
the people had to sell was brought to the furnace and exchanged
for the wares in payment, or due-bills were taken, payable in ironware. Due-bills were in this way used as a kind of circulating
medium over a large section" of what is now the Province of Ontario.
At one time the books of the establishment showed outstanding over
§30,000 of these demand due-bills for iron, and then for a time the
practice was discontinued.
At the expiration of five or six years, Mr. Joseph Van Norman,
who was the managing partner, and gave the name of Normandale
to the locality, bought out his partners and took his brother Benjamin
into the business ; but he retired after a few years, and the concern
was carried on in the name of J. Van Norman & Son till 1847.
By this time both fuel and ore were well-nigh used up in the neighborhood of the furnace, and it was abandoned. The firm had also
a forge in the vicinity of Port Dover, where for some years they
carried on the manufacture of bar-iron for horse- and sleigh-shoes.
After the closing of the Normandale furnace, its owner paid a visit
to the Marmora Iron-Works, which will now be described.
Marmora Iron-Works.—The Township of Marmora, in the County
of Hastings, has long been noted for its iron-ores. " In 1821 the
township was first advertised for sate, but from the rocky and
swampy character of a large portion of the land it did not make
much progress towards settlement, and, in 1850, only contained 593
inhabitants."*
The village of Marmora is situated on the Crow river, 41 miles
from Peterboro, 32 miles N.N.W. of Belleville.
Iron-works were first commenced at Marmora about the year 1830
by a Mr. Hayes, who, after spending a large fortune and the fortune
of his wife, had to give up the property to his creditors; the late
Hon. Peter McGill, of Montreal, to whom over £40,000 was owing,
* Smith's Canada, 1851, p. 246.
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in this way came into possession of the place, and the works were
for a time carried on in his interest, under the management-of a Mr.
Manchan, who represented Kingston in the Upper Canada Parliament; but they resulted in a heavy financial loss.
In 1847 Mr. Van Norman visited the works and was tempted by
the appearance of the great ore-beds in the immediate vicinity (the
Blairton Big Bed) and the general appearance of the place, to continue to Montreal and see Mr. McGill; he did so, and bought the
property for $21,000.
In the fall of the same year he moved to Marmora, and after expending a large sum in fitting up the furnace, putting in machinery,
ovens, blowing-apparatus, erecting and repairing buildings, cutting
cord-wood and making it into charcoal for fuel, everything was
finally ready and the furnace was started the following summer.
The result was a bitter disappointment, for after being used to an
easily reducible bog-ore, Mr. Van Norman now had to treat a rockore, very rich in metallic iron. The amount of charcoal used per
ton of iron was consequently very large, and nothing but loss attended every effort he made. After the iron was made it had to be
carted thirty-two miles to Belleville, over rocks and " corduroy"
roads so rugged that the wagons were constantly breaking down,
and even the shoes of the horses were pulled off, roads existing
merely in name. It was found absolutely necessary to get some new
route, so a road was opened from the works to Healey's Falls, on the
river Trent, a distance of nine miles, and the iron taken from there
by steamboat to Rice Lake, and carted thence twelve miles to the
dock at Cobourg.
Up to this time iron ranged in price from $30.00 to $35.00 per
ton, and found a ready sale at these prices. In 1848, however,
the St. Lawrence canals were completed, and England had adopted
the principles of free trade, the consequence being that pig-iron was
brought up and sold in Belleville and Cobourg at §16.00 per ton.
This settled the question of making charcoal pig-iron for Mr. Van
Norman, who quotes these prices. He had to stop the works and
lose everything, not having even money enough left to get away
•from the place. Relief came, however, unexpectedly in the shape
of a letter from Mr. McGill, expressing regret at his failure and inclosing a cheque for £100.
We shall again hear of Mr. Van Norman in iron-manufacturing
enterprise, but must first complete the story of Marmora.
The next proprietor was a local concern from Belleville, called the
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Marmora Foundry Company. A gentleman connected with the
company furnished the following.*
"A company was formed in Belleville for the purpose of purchasing the property and making another attempt to work the mines.
The Marmora Iron-Works, the property of the Marmora Foundry
Company, are situated on lots Nos. 9 and 10, in the fourth concession of that township. The works, which are erected on the bank
of the Crow River, a short distance from the foot of Crow Lake, are
very extensive, and consist of two blast-furnaces of good size, one
of which has been within a few months almost newly built and lined
with Stourbridge brick, and is ready for use at any time when the
operations of the company may be resumed. The blast (which is
called the ' hot-blast') is furnished by a new and improved cylinder
apparatus with air-heating ovens on the most approved principle,
and is driven by a powerful and never-failing stream of water.
This furnace has been in blast but for a short period, and that only
for the purpose of testing the practicability of working the ore, so
as to produce such a quantity of iron per diem, as would leave
reasonable expectations of the manufacture proving profitable. The
company therefore spared no expense in fitting up the furnace, which
was done under the superintendence of an eminent iron-founder and
practical assistants. The quantity of iron (pig) produced from this
furnace was five tons per day of very superior quality, and it was
found that the probable cost of manufacture in a blast of longer
duration would not exceed three pounds, or three pounds five shillings per ton.
''Owing to some difficulty between the directors and a portion of
the stockholders, who had refused payment of their stock, the works
were stopped after this experiment, and will not probably be resumed
for a year or two unless the company succeed in leasing the premises
to some practical person, a course which they would prefer rather
than carry them on in future on their own account.
" The premises of the company are very extensive, and comprise
(in addition to the blast-furnaces and several large houses for storing
charcoal) a large stone building with trip-hammer, for the manufacture of bar-iron, several stone buildings and houses, used for shops
,
boarding-houses, etc., and about twelve frame dwelling-houses
occupied formerly by the work-people of the establishment, which
are now rented out to various parties. There are also a flouring* Smith's Canada, 1851, p. 247.
VOL. XIV.--34
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mill, a saw-mill, and a building formerly a tannery, but now about
to be converted into a clothing- and falling-factory, all driven by the
same stream (which is capable of propelling three or four times as
much machinery from the same head) over which a very handsome
and suitable bridge was built last year. A church (Roman Catholic),
built of stone and of very neat construction, is situated nearly opposite the bridge, on the western bank of the stream. All of these
buildings are on the property of the company, and form together a
compact and flourishing village, in which is a post office. On the
north side of the village, and also on the property of the company,
a town-plot has been laid out, and a few lots sold, on which buildings are now being erected by the purchasers; but the whole of the
grounds on which the buildings above described stand is intended
by the company to be reserved for the purpose of leasing to tenants.
On the south side of the village is a well-cultivated farm, with handsome dwelling-houses and suitable out-houses, gardens, etc, also the
property of the company.
"The ore-bed (or rather the main ore-bed from which the furnace
was supplied, for there are many valuable beds of magnetic iron-ore
in the neighborhood and some of bog-ore) is situated on a high bank
on the shore of Crow Lake; it is mined easily and loaded on board
scows for transport to the works, from which the ore-bed is distant
about three miles and a half. The ore is a magnetic oxide, very
rich, three tons yielding two tons of iron. Excellent as is the castiron made from this ore, it is still more suitable for bar-iron, the
toughness and ductility of that which has been made there giving it
a preference to the best Swedish iron. Marble and lithographic
stone are also on the property of the company; samples of the latter
were sent to the great exhibition at London and received (as did also
the iron and specimens of ore sent) favorable notices from the English
press." From authentic accounts, this company sunk about £20,000
in their venture.
In 1856 an English company came to the fore. Mr. Wm, Hainsworth, now Superintendent of the Pittsburgh Steel Casting Company of Pittsburgh, Pa., one of the largest and most successful works
of this sort in the United States, was sent out from England to
Marmora, and Mr. Vernon Smith, who had just left the Woodstock
Iron-Works of New Brunswick, took charge. He rebuilt the old
furnace and afterwards built a new one cased with iron. The place
seems to have been dismantled before he took charge; it was, however, again put into working order, but did not run long. Mr.
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Smith says, "The iron was too rich for economical working in a
blast-furnace, if flux was not very largely used; the iron being converted into wrought-iron and burning, not melting." By the time
they stopped, Mr. Van Norman estimates they had lost not less than
£70,000.
In 1866 one of the furnaces was put in blast by a Mr. Bentley,
of Marmora, and remained working for forty days,* and in 1867
the property passed into the hands of an American company, which
mined the ore and shipped it to Pittsburgh. In 1869 they amalgamated with the Cobourg and Peterboro' Railway Company, and
have since been known as the Cobourg, Peterborough and Marmora
Railway and Mining Company. They for some years shipped annually a large quantity of ore, a railway having been built on the same
route Mr. Van Norman had opened to Cobourg.
In 1875 an attempt was made by Mr. W. H. Fraser, now of
Ottawa, to smelt iron-ore with crude petroleum in one of the Marmora furnaces. In the proceedings of the Iron and Steel Institute
of England, for that year, a short notice is given of it, but they
" fear not much good will result." The experiments were not commercially successful.
Madoc Blast-Furnace.—In the year 1835 Mr. Uriah Seymour, of
Wolcott, Wayne County, New York, took some iron-ore from Madoc,
in the Township of Madoc, County of Hastings (not very far from
Marmora), and tried it in his furnace at Wolcott, and two years
afterwards built a blast-furnace at Madoc. He was never able to
produce much iron, but succeeded in losing all his means, and his
partner having been killed in the mine, Mr. Seymour closed up, and
the place has never since revived.†
Houghton Iron-Works.—We now hear again of Mr. Van Norman, and with him of the last smelting-enterprise in the Province.
After his failure at Marmora, he returned to his old home at Normandale. About this time the Great Western Railway (now G. W.
Div. G. T. R'y) was under construction. Messrs. Fisher and McQueston, of Hamilton, Out., were furnishing car-wheels to the
Company and had a great deal of trouble to get charcoal iron suitable for making car-wheels. The iron formerly made at Normandale was just the kind which was wanted, and an offer was made by
them to Mr. Van Norman, to take all the iron he could make, at a
price which promised to pay well, viz., $45.00 per ton. A contract
* Can. Geol. Survey, 1S63, p. 676, and 1866, p. 108.
† Can. Geol. Surrey, 1S63, p. 673, and 1866, p. 109.
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was entered into, a clause being therein inserted, providing that the
iron should he suitable for the manufacture of car-wheels. " A
person was at once sent into the Township of Houghton, in the
County of Norfolk, to prospect for bog iron ore, and on his having
reported that it could be found in sufficient quantities, a blast-furnace was at once built and placed in operation in the fall of 1854.
In the following spring, 400 tons of iron were shipped, but upon
being tested this iron was rejected, as it would not chill. It had
to be sold and only brought §22,00, which was below the cost of
production ; so the works, which had cost about $30,000, were
abandoned, and Mr. Van Norman's career of over thirty-four years
in the blast-furnace business ended, he having unfortunately lost at
Marmora and Houghton all that had been made at Normandale.
Furnace Falls Iron Company.—After an interval of eighteen
years, during which time a number of projects had been talked
of, a blast-furnace was commenced in 1882 by Messrs. Parry and
Mills, of Chicago, at a place they named Furnace Falls, on the
Burnt River, in the County of Haliburton ; but, after an expenditure of about $35,000, the works were stopped for want of capital
to complete them, and they still remain in this unfinished condition.
Apart from blast-furnaces, a number of other iron industries have,
at various times been, and some are still, in operation. They may
be enumerated as follows :
Toronto Rolling-Mills and Iron-Works.— About 1860 Messrs.
Gzowski and Macpherson, of Toronto, started a large rolling-mill
in that city for the special purpose of re-rolling iron rails; some
bar-iron was also made out of scrap. The works were situated in
the east end of the city, on the south side of South Front street.
About 1873 the place was closed and dismantled, and the land is
now owned by the Grand Trunk Railway Company, it being at
present the site of their ear repair-shops. The cause of the mill being
closed was the substitution of steel for iron rails.
In 1866 the Steel, Iron, and Railway Works Company was
organized in Toronto and a charter granted by the Ontario Legislature.* The authorized capital stock was $115,000, and the special
object of the company was to operate a patent granted to a Mr.
Hugh Baines, and dated 27th July, 1865, " for making railroad
crossing points, and for putting steel ends or sections on railroad
* Cap, 110, 26-30 Vic.
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rails." The works were situated in the west end of Toronto, on the
west side of Strachan Avenue, alongside the Great Western now G.
W. Div. G. T.) Railway, and their operations were confined to
patching iron rails and making some forgings. The adoption of'
steel rails closed the works, but they were resuscitated in 1872 by
being merged into the Canada Car and Manufacturing Company, a
concern chartered by the Provincial legislature,* with an authorized
capital of two million dollars, for the manufacture and leasing of
railway cars.
"On the 9th of August, 1872, a contract was entered into by the
Government of Ontario and the Canada Car Company of Toronto,
under which the Government leased to the said company for a term
of seven years and a half from 1st January, 1874, the labor of all
the prisoners sentenced to the Central Prison, except such as was
required to carry on the domestic work of the prison.
"This contract provides that prisoners shall not be sentenced to
the prison for a shorter period than three months, and that they
shall not, through physical or mental defects, be unfit to perform an
ordinary day's labor, consisting of ten hours per day, less two hours
every week. The Government is to furnish sufficient workshop
space (with foundations for machinery and other permanent fixtures) properly heated and lighted, to enable the industry to be
carried on, and the boilers, engines and shafting required for motive
purposes, not exceeding one hundred horse power,—the engineers
and firemen to be provided by the Company as well as the fuel for
the furnaces.
"The Company is to employ the prison-labor thus leased, in the
manufacture of railway-cars, in all its various branches and requirements, as well as in the maufacture of nails, bolts and spikes of
every description, etc.
" For the prison-labor thus leased the Government is to receive
from the Company the sum of fifty cents per day for each and every
prisoner during the first two and a half years' existence of the contract, for the second two and a half years fifty-five cents, and for
the third and last two and a half years the sum of sixty cents per
day."†
The Company's premises adjoined those of the central prison,
which was in course of construction. The prison buildings were
* Cap. 114, 36 Vic.
† Extracts from Report of Inspector of Prisons, etc., for 1871-2-3. Sess. Papers,
Ont., No. 27, 1874.
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not designed for this class of manufacture, but were altered and
made to answer, several railway-sidings were laid and the appliances put in were of the latest description. There were also introduced a forge with four large beam-hammers, and the necessary
furnaces and plant for the manufacture of locomotive and ear-axles,
and large forgings out of scrap-iron; several small hammers, a wheel
foundry equipped to turn out 120 ear-wheels per day, a large
foundry for soft castings, and shops and machinery for making
bolt.*, nuts, washers, together with a variety of iron-and wood-working tools. Large stocks of wood, iron, coal, etc., were laid in for an
extensive business.
From 200 to 350 prisoners were now ready, and their wages of fifty
cents per day had to be paid. About this time a period of very
severe depression set in, and orders for cars were not to be had at
any price, and after building about 100 or 200 cars, and altering
some trucks for the Intercolonial Railway, the Company collapsed,
and the place was subsequently dismantled and sold.
Hamilton Rolling-Mill—About 1864, the Great Western Railway
Company erected a rolling-mill at Hamilton (which cost about
$107,000, and had a capacity of about 7000 tons per annum*), to
patch and re-roll iron rails; it continued in operation till the 8th
March, 1872,† when it was closed. In 1879 it was leased to the
Ontario Rolling Mill Company, which is still in operation, and is
manufacturing bar-iron, nail-plate, and fish-plates, out of wrought
scrap. The mill has now a capacity of about 12,000 tons per annum.
A nail-factory is run in connection with it.
Steel Works at Niagara.—A venture in the way of steel-making
was tried in 1873, when Date's Patent Steel Company was formed
in Toronto, with a capital of $50,000, to manufacture steel under a
patent granted the 23d December, 1872, to H. H, Date and F. H.
Date, for a new process of converting iron into steel, and known
as " Date's steel-converting process." A charter‡ was obtained,
and complete works for the manufacture of edge-tools, etc., were
erected at Niagara. The product of the factory proved uncertain.
Some of the tools, such as axes and hammers, would stand the most
severe treatment, whilst others would not, and thus the goods were
so unreliable as to be unsalable, and the place had to be closed.
Last year some experiments were made there by Mr. A. G. Wright)
of Toronto, in the same direction, but with similar result.
* The Railways of Canada. Trout, 1870-71, p. 93.
† G. W. E. Report,
‡ Chap. 123, 36 Vic.
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London Steel- Works.—The London Steel Works Company, of
London, Out., started in 1883, and built works containing one 30pot Siemens melting-furnace, and a rolling-mill, driven by steam,
with a ten-inch train of rolls, the annual capacity being 3000 tons
of cast-steel, The works were put up specially to make steel eastings and the Washburn patent car-wheel, which has a east-iron
center, and homogeneous cast-steel tire. The Company proposed
also to make bar-steel flats and rounds, coil-springs and the best
qualities of bar-iron. In 1884 a new puddling furnace was built
and steam-hammers put in, to make steel and semi-steel by a new
process, but, these following in the wake of their predecessors, the
concern failed and the place was closed.
Forge at Hamilton.—The Hamilton Iron Forging Company, of
Hamilton, Out., make car-axles and forgings out of wrought scrap
and have a complete forge. They commenced about 1878 and are
still running.
III.
THE MANUFACTURE OF IRON IN NEW BRUNSWICK.
This Province has not witnessed many attempts to mannfacture
iron, only one smelting-works having been built. In 1836 iron-ore
beds were discovered at Woodstock, in the County of Carleton, by
Dr. T. C. Jackson, of Boston, Mass., during a geological survey
conducted under his guidance, by the authority of the State of
Maine.*
About 1848 The York and Carleton Mining Company obtained a subsidy from the Provincial Government of 10,000 acres
of picked land, and expended altogether about $30,000 in erecting
a blast-furnace, two blowing-engines, a helve-haminer, operated by
a separate small engine, boilers, buildings, etc. Within a year or
two, the works and the furnace were injured by a fire. Repairs
were made, and the works again put in operation. Another misfortune overtook them. Charcoal was used as fuel, and it one day
happened that some small repair necessitated the stoppage of the
blowing-engines for a few hours. With the object of saving the
charcoal, the furnace was "banked" by piling sods on the top of
it; there was a large " receiver" between the two blowing-engines,
and by some mistake, the air-valves were left open, gas generated in
the furnace, which being " banked " prevented its egress to the outside, and caused it to "back up" through the open valves into the
* Mines and minerals of New Brunswick, by Prof. L. W. Bailey, 1864, p. 55.
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air-pipes and receiver. After a stoppage of about four hours, the
engines were started again, and on the second revolution an explosion took place, which wrecked the furnace and buildings, and ruined
the Company. Mr. Vernon Smith, C. E., who kindly furnished most
of the foregoing particulars, came out from England about 1854, as
the agent of Mr. Charles Sanderson, of Messrs. Sanderson Bros., of
Sheffield, for the purpose of making iron to be used in the manufacture of steel, as, owing to the war with Russia, the supply of iron
from that country was stopped.
The works were now rebuilt, and remained in operation for about
eighteen months, during which time about 1,000 tons of iron were
made. They were then closed and remained idle for some years.
In 1862 the property passed into the hands of Messrs. Morris
Best and Ellis Smith, who worked it as "The Woodstock Charcoal
Iron Company." White pig-iron was made and exported to England, and was used by Messrs. John Brown and Co., of Sheffield, in
the manufacture of armor-plates. Although the iron made is said
to have been of superior quality, the cost of the production was too
great, and as a consequence the place was closed and has not been
operated since. The Woodstock ores are very lean and contain
a large proportion of phosphoric acid, besides being very difficult to
concentrate. The furnace was situated in the village, about three
miles from the ore-deposits.
Works for the Manufacture of Wrought-Iron, etc.—The most important of these was incorporated in 1873, as the Coldbrook Rolling-Mill Company,* with a capital stock of §1,000,000, for the
manufacture of bolts, screws, axes, rails and railway-iron, boilerplate, rivets, tools, implements, machinery, etc. A rolling-mill
was built at Coldbrook, three miles from St. Johns, X. B., on the
Intercolonial Railway, and a nail-factory in connection with the
mill was situated a mile or two away on the hill-side, and driven
by water-power. Old iron rails and scrap-iron were the raw materials used and were converted into nails, spikes, bar-iron and shipknees.
The works were in full blast for some years, when the Company
failed, and the place lay unused and idle till last year, when the property was purchased by Messrs. I. and E. R. Burpee, of St. John,
who are now working it. They advertise that they are now prepared
to supply common, refined and horse-shoe bar-iron, nail-plates, mine
* Cap. 121, 36 Vic.
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rails weighing eighteen pounds per yard, angle-iron, fish-plates, and
ship-knees and straps.
Iron-Works in St. John.—The Portland Rolling-Mill makes
nail-plate, forgings, car-axles and ship-knees, etc., out of wrought
scrap. The mill is in Portland, a suburb of St. John, and is owned
by Messrs. James Harris and Co., the car-builders who manufacture, amongst a variety of other things, the Washburn patent
car-wheel, which has a steel tire, cast homogeneously on a cast-iron
center.
Messrs. J. A. and W. A. Chesley make forgings, ship-knees, etc.,
at their rolling-mill in Portland, St. John.

IV.
T HE M ANUFACTURE OF I RON IN N OVA S COTIA .
A discovery of iron-ore was made in the year 1604, by the Sieur
de Monts, who had been appointed the previous year LieutenantGeneral of Acadia, by Henry IV. of France. He sailed from Havre
de Grace the 7th April, and arrived at a harbor on the southeastern
side of Acadia. After some explorations around the coast, he doubled
Cape Sable, and anchored in St. Mary's Bay. Here they remained
several days, and, while surveying the coast, discovered a vein of ironore.* At St. Mary's Bay, west of Digby, titaniferous iron-ore is found
as sand, forming bands of irregular extent in the beach, the indications being extensive.†
"The first attempt to manufacture iron was made in the first
decade of the present century, when a small quantity of bar-iron was
made in a Catalan forge from the ores at Nictaux." ‡
Moose River Iron-Works.—The next enterprise is thus described,
by Haliburton in his History of Nova Scotia : § "In the year 1825
an association was formed for the manufacture of iron, called the
Annapolis Mining Company, with a capital of £10,000, divided
into one hundred shares of £100 each. An Act of Incorporation
was passed by the Legislature, and the Governor was authorized to
grant to the Company a charter under the Great Seal of the Province. It was also protected by a clause of the Act, which provided that no stockholder should be liable for any debts contracted
* The Pioneers of France in the New World, Parkman, p. 220. Also compare
History of Nova Scotia, Haliburton, 1829, p. 12.
† Mints of Nova Scotia, Gilpin, 1880.
‡ Nova Scotia Mines Report, 1377, p. 43.
§ 1829, p. 162.
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by the Company, beyond the amount of his shares. As a further
encouragement, two bounties of £600 each were offered for the
manufacture of a certain quantity of hollow-ware and bar-iron.
The associates immediately purchased an extensive and valuable
vein of ore, situated about three and a half miles from the mouth
of the Moose River, and another of equal importance at Nictaux,
in the upper part of Annapolis Township, with one or two of
smaller extent in other places. The local superiority of the former
place gave it a decided superiority over any other part of the country, being distant only eight miles from Annapolis, twelve from
Digby, and fifty from St. John, N. B., accessible by water, and affording a good anchorage. They therefore selected the eastern bank of
the Moose river as the site of their buildings, and erected a large
smelting-furnace, coal-houses, stores, etc. (Mr. Cyrus Alger was the
superintendent.*) The extensive forest at the head of the river
supplied them with an abundance of charcoal.
"They have already (1828) manufactured a quantity of hollow
ware, and are now engaged in laying the foundations of forges, for
making bar-iron. To carry these objects into effect, they have
increased their capital to more than twice its original amount. The
quality of the ore has now been ascertained, and the only part of the
experiment yet to be decided is, whether they can compete with the
English ware, or whether the cost of production will not exceed the
value of the article when manufactured, a result which must depend
very much upon the economy and skill with which the establishment is managed."
The works .were only in operation a short time when " they were
suddenly suspended, owing to political causes, but not before excellent iron had been produced, both pig-iron for foundry purposes and
refined bar-iron."† For thirty-three years the works were closed,
and when operations were resumed, it was for a short time only, to
be again neglected for ten years more. In 1872 one hundred and
sixty tons of pig iron were made and shipped to Boston, but since
that time nothing has been done.
Experiments in Pictou County.—In 1828 an attempt was made by
the General Mining Association to smelt some clay-iron-stone and
East river ore, in a foundry-cupola, at the Albion Mines, Stellarton,
and, as might have been expected, the experiments were not a
success.
* Mines Report, 1877, p. 43.

† Mines Report, 1877, p. 43.
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Nictaux Furnaces.—Two blast-furnaces were built at Nietaux (one
in 1856), but they did not remain long in blast, and the iron produced is said to have been of poor quality, on account of " the
. phosphorus in the ores." In 1874 the furnaces were " in ruins,
having been partly torn down by the people in the neighborhood to
obtain the bricks."*
Bloomfield Furnace.—About 1860 a blast-furnace was put in operation at Bloomfield, to smelt the bog-ores of that district, and it has
been in blast several times since then.†
Acadia Iron- Works.—We now come to the most important iron
works of the Dominion, viz., those at Londonderry. The great vein
of the Acadia mines was discovered by the late Mr. G. Duncan,‡ of
Truro. In 1845, Dr. Gesner, and in 1846, Mr., now Sir William
Dawson, visited and reported on the iron-deposits in the Cobequid
Hills; and again, in 1849, Sir William Dawson, this time in conjunction with Mr. J. L. Hayes, of Portsmouth, N. H., went over
the ground ; and their report made to Mr. Charles D. Archibald, of
London, resulted in the property being developed,§ and a charcoal
blast-furnace, with the necessary buildings, being built in 1853
by the Acadia Mining Company. In 1850 a Catalan forge was
put up, and a small quantity of bar-iron made, but this was discontinued, when the furnace was put in blast. The charcoal blastfurnace, which was built in 1853, continued in blast till 1874, and
it is estimated produced about forty-five thousand tons of pig-iron.
Sir William Fairbairn
speaks of the Londonderry iron as follows:||
" The specular ore of the Acadian Mines, Nova Scotia, is said by
Dr. Ure, to be a nearly pure peroxide of iron .................. The
Acadian ores are situated in the neighborhood of large tracts of
forests capable of supplying almost any quantity of charcoal for the
manufacture of the superior qualities of iron and steel. Several
specimens of iron from these mines have been submitted to direct
experiment, and the results prove its high powers of resistance to
strain, its ductility, and adaptation to all those processes by which
the finest descriptions of iron and steel are manufactured.
"The difficulties which the Government have had to encounter
* Can. Geol. Survey Report, 1874; Harrington, " Iron Ores."
† Mines of Nota Scotia, Gilpin, 1880.
X Natural History Society, Montreal, vol. vii., p. 134.
§ Acadian Geology, Dawson, p. 582.
Iron, its History, Properties, and Processes of Manufacture, by William Fairbairn,
F.R.S., F.G.S., p. 34.

540

THE MANUFACTURE OF IRON IN CANADA.

during the last two rears, in obtaining a sufficiently strong metal for
artillery, are likely to be removed by the use of Acadian pig-iron.
Large quantities have been purchased by the War Office, and experiments are now in process under the direction of Lieutenant-Colonel
Wilmot, Inspector of Artillery, and the writer, which seem calculated to establish the superiority of this metal for casting every
description of heavy ordnance."
The site chosen by Mr. Archibald for the furnace and buildings
was on the west branch of the Great Village River, immediately on
the ore-deposits of that place. The nearest shipping point by water
was at Great Village, some six miles away, and there were no means
of communication except by teams. The importance of obtaining
railway-communication was very great; so, when the Intercolonial
Railway surveys were being made in 1864, Mr. John Livesey, who
at that time represented the iron-works, exerted himself to get the
railway as close as possible to the works.
Mr. Sandford Fleming, in his History of the Intercolonial Railway,
says : " Mr. Livesey continually urged, both privately and officially,
the importance of locating the railway on a route passing close to
the iron-mines in which he was interested ................. The
working season of 1865 was occupied in surveys. Every pass across the
Cobequid Mountains, within the limit of the iron-district, was
examined, and every effort made to secure a practical line near the
iron works."
The Chief Engineer, Mr. Fleming, favored a line which did not
run close to the works, and a discussion was carried on very warmly
in Nova Scotia. The matter had finally to be referred to Ottawa, as
in 1867 the provinces were confederated, and the Dominion came
into existence.
Six different routes had been surveyed; and one of them, a sort of
compromise, was finally adopted by the Dominion Government, and
by a letter of the 6th November, 18G8, the Chief Engineer was
instructed to carry it out. Mr. Fleming goes on to say : " Thus the
controversy was ended; and hence arose that gigantic and conspicuous
sweep, which the railway-traveller will observe on the southern
flank of the Cobequid Mountains, where the line describes nearly
half a complete circle. So marked is this feature in the location,
that the popular voice has applied to it the term, 'The Grecian Bend,'
which possibly may be retained so long as the railway endures."
In October, 1873, the Acadia iron-mines were purchased by the
Steel Company of Canada (Limited). In the previous year, Dr. A.
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R. C. Selwyn, F. G. S., Director of the Geological Survey of Canada,*
made a report on the Acadia iron-ore deposits.
The property consisted of 55 square miles of freehold-land, with
all the mines and minerals. Dr. Siemens was the chairman of the
company, and they proposed to work the main bulk of the ore by
Siemens' direct process for the production of iron and steel. Two of
the furnaces were rotators, specially designed for the work, 9 feet in
diameter and 8 feet long, and were revolved by machinery, others
were afterwards built 7 feet in diameter by 10 feet long.
About two and a half million dollars were spent in opening the
mines, building tramways, furnaces, a rolling-mill, coke-ovens, etc.,
and in 1877 over 10,000 tons of pig-iron were produced, and the
amount has been increased every year since.
Although the works were built with a view to the manufacture of
both cast and spring-steel of the very finest description, this was not
carried on for any length of time, and a large portion of the plant
has since been discarded. Probably the sudden stoppage of the
proposed construction of the Canadian Pacific Railway by Sir Hugh
Allan, made a change in the product necessary, and the company
never made any steel rails, but turned its attention to bar-iron,
nail-plate, car-axles, car-wheels, castings and pig-iron. The brand
is "Siemens," and the quality of their products is the very best.
Like all pioneer enterprises, they have had a great many difficulties to contend against, and it is much to be regretted that
the company is now in liquidation, and its property is for sale.
They advertise that their works consist of " two modern blastfurnaces, 19 feet bosh, 65 feet high, with Siemens, Cowper & Ford's
patent hot-blast stoves,† spacious stock-houses, and all necessary
tracks and rolling stock, 67 bee-hive coke ovens, puddling forge
and rolling mill, including car-axle plant, capable of manufacturing
10,000 tons of iron per annum, a car-wheel foundry of a capacity of
100 wheels per day machine, pattern and carpenters' shops, dwellings, etc. Also the Chignecto and St. George Coal Mines, situated
near Maccan, Cumberland County, N. S., together with 1500 acres
of land well timbered. The Chignecto Mine is fully developed,
and thoroughly equipped for raising and delivering 400 tons of coal
per day."
Halifax Iron-Works.—In addition to the iron-works already men* Report of Progress, 1872-3.
† These stoves were the first set of firebrick stoves erected on the continent of
North America. Swank, p. 327.
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tioned, there is a rolling-mill at Halifax, where scrap-iron is worked
up into nail-plate, ships' knee?, etc., by the Halifax Rolling-Mill
Company,
Forge and Steel- Woks in Pictou County.—The Nova Scotia Forge
Company, at Trenton, near Glasgow, in the County of Pictou, are
situated on the East river bank ; they have very complete appliances
for forging all classes of work out of scrap-iron ; they make ships'
knecs, steamship and mill-shafts, and specially car-axles. Probably
more work is turned out from this shop than from any other forge in
Canada.
The Nova Scotia Steel Company's Works adjoin the forge. These
steel-works are the only ones in the Dominion ; they were completed
in 1883, their first cast being made on the 25th July of that year.
One 15-ton open-hearth Siemens' furnace, gas-producers, a reheatingfurnace, with two trains of rolls, one 10 and the other 28-ineh, complete the steel-making plant. The mill is driven by a reversible
steam-engine of the latest type, and steam is furnished by seven
multitubular boilers.
The works have an annual capacity of 9000 tons, and produce
plates, bar, spring and machinery steel, from hematite pig and steel
scrap. Everything is very compact and complete about the works,
which are well situated on the banks of the East river, a short distance below Smelt brook, between the river and the line of the Intercolonial {Pictou and Truro Branch) Railway. Vessels can unload
direct into the company's premise, and the railway has a siding into
the works, so that shipping facilities by rail or water are equally good.
The Pictou Coal Field being only a mile or two distant, fuel is very
cheap. A nail-factory for cutting steel nails has recently been established in connection with the works.

THE SYDNEY COAL-FIELD, CAPE BRETON, N. S.
BY W. ROUTTLEDGE, M.E., MANAGER OF THE RESERVE COLLIERY,
CAFE BRETON.
(A Communication to the Secretary.)

As is well known, the Sydney coal-field comprises an area of
about 200 square miles, being about 32 miles from the month of
Big Bras d'Or, on the northwest, to Mira Bay on the southeast, by
about 6 miles in width. The whole of this area is underlain by
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valuable seams of bituminous coal, ranging from 2 feet up to 9 feet
in thickness and lying at angles varying from 3° up to 40°, the dip
of the greater portion being from 5° to 12°, and only in one place,
at Victoria mines, amounting to 40°, as the result, no doubt, of
some extraordinary upheaval.
The seams of coal in this coal-field are of the bituminous or
soft variety, and all yield a coal well adapted for general purposes,
while the product of some of them is specially applicable to the
manufacture of gas. Much of it will compare very favorably with
the best English coals. The aggregate thickness of coal in workable seams in the several basins (hereafter named) in the Sydney
coal-field is from 25 to 60 feet; and as a rule the seams dip at a low
angle and, so far as is known, are not affected by faults or dikes.
As all the strata dip seaward, much of the coal will be available in
the submarine as well as in the land-areas.
Although the Island of Cape Breton possesses so large an area of
coal-bearing strata, very little has been done beyond explorations,
except in the eastern or Sydney coal-field, where a number of firstclass collieries have been opened, fully proving the extent of the
field and also the approximate depth of the coal-measure.
Although geological surveyors and explorers generally make an
attempt to connect continuously the several seams in the Sydney
coal-field from one end to the other, it seems on a careful study of
outcrops and sections that tin's field is practically composed of four
separate basins, viz.: the Sydney mines, Lingan, Glace Bay, and
Cow Bay basins. The great difference in the depth of seams in the
several basins, and, moreover, the opposite curvature of the lines of
strike of seams in the Sydney coal-field, and the fact that the dips
on the north and south sides of Sydney River, and also Lingan Bay,
are at right angles to each other, give strong presumption of the
existence of these four separate basins in the field. The delineation of well-known lines of outcrop tends to show that what is here
called the Glace Bay basin is elliptical in form, as the Cow Bay
basin undoubtedly is, from proof in the workings of the Block House
mines at Cow Bay.
The four basins may be described as follows:
No. 1, extending from the mouth of Big Bras d'Or River eight
miles southward to Sydney River, and comprising what is generally
known as the Sydney Mine Section.
No. 2, extending from Sydney River south about five miles to
the shore of Lingan Bay, and usually termed the Lingan Tract.
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No. 3, extending from the southern shore of Lingan Bay about
eleven miles southward to the northern head of Cow Bay, and generally known as the Glace Bay Section.
No. 4, extending about four miles westwardly inland from the
shore of Cow Bay and southwardly under the waters of Cow Bay,
called the Block House Section.
No. 1. The Sydney 3Iine Section.—This basin contains four valuable seams of coal, besides a number of smaller ones, all lying at an
easy angle of about 7°. The coal-seams in this basin are much
thicker southward on Sydney River than to the north on Bras d'Or;
but openings that have been made show that the quality of the coal
remains uniformly the same. The southern termination of this
basin may be supposed to be about at the middle of Sydney River,
the seams of coal being broken off by what may be termed a submarine anticlinal, known as Petrie's Ledges, a dangerous reef of
rocks running nearly the same course as the river.
A section of this basin shows the following important seams in
descending order.
Thickness.
Feet. In.

No. 1. Cranberry Head seam
No, 2. Lloyd's Cove
"
No. 3. Chapel Point
"
No. 4. Sydney Main
"
No. 5. Indian Cove
"
No. 6. Shaley
"

21 feet down, .
302
"
665
"
1030
"
1500
"
1690
"

.
.
.
.
.
.

Total thickness of workable seams,

.
. 4 0
. . . 6 0
. . . 2 0
.
.
.
6 0
. . .
4 8
. . .
3 0
.

,

. 25 8

With the exception of Chapel Point seam and Shaley seam, all
the seams in this section have been worked to some extent. The
Main seam at the Sydney mines has been worked for more than
forty years, and produces a first-class domestic coal. Lloyd's Cove
seam has been partially worked by the owners of Sydney mines, but
operations ceased in this seam about twenty years ago, owing to the
ability of the company to supply all the demand from one pit. This
seam has a stone band about two feet from the top, which does not
seriously damage the character of the coal. The Indian Cove seam
has also been worked in this district by the General Mining Association of London, at their No. 3 Pit at Sydney mines, on Ingraham's coal area on the Bras d'Or road, and by parties owning
mining areas on Little Bras d'Or River ; but the character of the
coal was not such as to bring a paying price in the various home
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and foreign markets, and all workings on this seam have been
abandoned except by the farmers, who mine for home-consumption.
The only colliery at present working on this basin is the pioneer
colliery of Cape Breton, the Sydney mine.
No. 2. The Lingan Tract.—By crossing Sydney River to the
south, Basin No. 2, or the Lingan tract, is reached. It extends five
miles southwards from the southern shore of Sydney River to the
northern head of Lingan Bay, and is underlain by valuable seams
of coal, only one of which is less than three feet thick. The angle
of dip in this basin is peculiar. At the Lingan or southern end the
seams lie at an angle of 12°, whereas at the northern end, on Sydney
River, the angle increases to 40°.
The following seams, in descending order, are found in this basin.

All the above seams have been proved to some extent by the.
formers and fishermen on the shores of Sydney River and Lingan
Buy. The Lingan Main seam has been extensively worked by the
General Mining Association of London, at their Lingan mines, and
is found to yield an excellent gas-coal. In this seam, workings
are extended for some distance under the sea, where the coal
retains its usual good character. Three feet from the top of the.
Lingan Main seam, where it is exposed in the cliff on the northern
side of Lingan Bay, there is a stone band one inch in thickness.
This band continues to increase in thickness until, about 1000 yards
northwest from the shore (low water level line), the seam is divided
by a band 14 feet thick. From this point the band gradually
decreases till the seam nearly becomes united again.
The Ross or Davy's Head seam has been extensively worked by
the Victoria Coal Company at the Victoria mines on the southern
bank of Sydney River. The coal from this seam was largely used
for domestic purposes, and is much appreciated in the various
markets.
VOL. xiv.—85
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The Barrasois seam, cropping out at the surface about half-way
between Lingan and Victoria mines, has been proved with a slope
by the General Mining Association. As no sales of any moment
have been made from this seam, the character of the coal is not
known ; but from appearauees it will probably prove a good domestic
coal. So far as the slope has gone down, the dip is very slight and
does not approach in amount the dip at the Lingan or Victoria
mines.
At the southern or Lingan end of this basin is the anticlinal
which without doubt terminates this basin. The thickness of coalmeasures proved is about 1000 feet.
No. 3. The Glace Bay Section.—On the other side of the Lingan
basin, to the south, is basin No. 3, in which there are not less than
fourteen seams, eight of which are over three feet in thickness. The
depth of the coal formation is already proved to 3000 feet. In
extent of area, number of seams, and quantity of coal, this is the
most valuable of the several basins composing the Sydney coal- .
field. It yields coal of the best kind for the manufacture of gas and
for domestic and steam purposes; and it possesses the largest number of collieries in actual operation, and the best railway facilities,
giving access to the famous harbors of Sydney and Louisbnrg. Two
important railways intersect it, both running within easy distance of
the several coal-areas now worked, as well as of areas owned by
speculators with license to work in the future. The seams already
proved are, in descending order, as follows:

All the above seams down to No. 6 have been proved to some
extent by small workings in the cliffs, from Glace Bay Head round to
Lingan Sand Bar, which clearly show their thickness and angle
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of dip. Below No. 6, the several seams have been fully proved by
pits, borings, and working slopes.
The upper or Hub seam has been extensively worked by the
Glace Bay Mining Company. At the Roost slope and McLay pit
this seam yields a very tender and friable coal, which is probably
the most easily and cheaply worked coal in Cape Breton. Nevertheless, it has the reputation of being the best gas-coal in the island,
while it also ranks well for domestic purposes.
The Harbor or International seam has been extensively worked
by the Glace Bay Mining Company at the Harbor and Sterling pits,
and by the International Mining Company at Bridgeport. At both
places the coal has given great satisfaction, breaking in fine large
blocks, highly esteemed for gas and domestic purposes.
The next seam now worked is the Phelan, which has been more
extensively mined than any other in this section. At the old
Bridgeport mine, owned by the General Mining Association of London, a considerable amount was worked over thirty years ago. At
present it is largely worked at the Reserve mines, owned by the
Sydney and Louisburg Coal and Railway Company of London ; at
Caledonia Colliery, owned by the Caledonia Mining Company ; and
at the Clyde or Ontario mines, owned by Messrs. Campbell of Halifax. The coal from the Phelan seam turns out well, and gives
general satisfaction as a steam and domestic coal at the old Bridgeport mine. The Phelan seam is somewhat undulating, but maintains an average dip of 5°.
The next working seam in descending order is one partially
worked at Schooner Pond, and there known as the Ross seam. It
was also worked at the Emery mine, under the name of the Emery
seam. The coal from the Emery slope gave great satisfaction, and
the nature of the roof indicated a good seam for long-wall working. The Emery coal had a splendid reputation for both steam and
domestic purposes.
Below the Ross or Emery seam comes the Lorway seam, four
feet in thickness, of good, clean coal. This seam has only been
worked to a small extent at the Lorway West pit, owned by the
Sydney and Louisburg Coal and Railway Company. Unlike any
other seam in this section, it shows in the coal very close and numerous cleavages. At the face of the breast it presents a firm, solid
appearance, and with careful blasting makes good, large coals; but
from its thin cleavage this coal is not adapted for banking during
severe winters. In fact it is one of those seams that would prove
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most remunerative when worked during the summer months, or the
season of navigation only.
Below the Lorway, the next working seam, and the most westerly
worked in this section, is the Gardiner, which has been fully proved
by the sinking of the Gardiner pit by the Gardiner Coal Mining
Company of Montreal.
About 130 feet below the Gardiner, another seam, 5 feet 6 inches
thick, has been proved at the outcrop which, from the appearance of
the coal, seems well adapted for gas purposes.
Westward of this new Gardiner seam are two small seams, called
Clarke's and Martin's, containing very fine coal, but not of sufficient
thickness to work profitably in competition with the larger seams.
So far as is known, these seams define the western limit of the Glace
Bay basin.
No. 4. The Block House Section.—Basin No. 4 is separated from
No. 3 by an anticlinal, running nearly east and west, and forming
the range of bills between Cow Bay and Schooner Pond, over which
the road from Schooner Pond to Cow Bay is made through a for
midable accumulation of conglomerate boulders. Most of the seams
being cut off by the waters of Cow Bay harbor, this basin is limited
in extent; nevertheless, it contains coal-seams of a very valuable
character. It may be said to he the only basin in the Sydney coalfield that has been thoroughly proved. In the Block House seam,
slopes have been driven from the southern outcrop down to the
lowest level of the basin and out again (at a greater angle) on the
northern outcrop near the anticlinal, and again at a point proving
the extent of the basin to the westward of Cow Bay. The coalmeasures thus developed in this basin are about 1300 feet, containing seven seams of coal, five of which are more than three feet
thick, the highest and most valuable—the Block House seam—being
nine feet thick. But unfortunately, in point of surface-area, this is
the most limited of the four basins. It is almost entirely covered
by the area of the Block House Mining Company.
Geologists have endeavored to identify this basin with that of
Glace Bay, but the intervening anticlinal, the positive proof given
in the workings of the Block House seam, and the great disparity
in the number of working seams in the two basins, practically discourage such an attempt. On the eastern side of Cow Bay Harbor
there is a continuation of the seams running through the point of
land between Cow Bay and Mira Bay. At False Bay Beach, the
most southern point of Cow Bay, is found the Tracey seam. Up to
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this time this seam has not been found at any other place in the
Sydney coal-field, and in all probability it curves round to the north
in conformity to seams in the Block House basin, and is broken off
by the anticlinal. On account of its isolated position this seam has
not been included in this paper among the seams in the Block
House or Cow Bay Basin.
The first seam in descending order is the Block House, which
has been worked very extensively by the Block House Mining
Company of New York, This seam, like most seams yielding gas
coals, is in some parts very friable, but on the whole, it yields coal
of an average good appearance, which for some years has been in
great demand in New York and Boston as a gas-coal. One strange
and singular peculiarity in this seam is, that in many parts of the
workings it is found for a distance of ten or twelve yards, thickly
mixed with lumps of fire clay. In all cases where this disturbance
occurs, the angle of the dip remains the same. The workings in
this seam have proved conclusively the basin formation of the
district.
The only other seam working in this basin is the McAuley seam;
it has been extensively worked by Messrs. Archibald & Co. at the
Gowrie Colliery, has been found to be a good domestic coal, and is
in good demand in the various provincial markets.
None of the other seams in this section have been proved by
working, but their existence, depth, and angle of dip, have all been
undoubtedly proved by trial-pits near the several crops.
From the foregoing brief description of the Sydney coal-field, it
will be seen that the small island of Cape Breton is destined at some
future day to take an important position among the coal-producing
countries of the world.
In order to show how capitalists are taking advantage of its
mineral wealth, I add a short account of the present working collieries.
The Sydney Mines.—These collieries, the pioneers of our Cape
Breton coal-trade, are located on the northern side of the Sydney or
Spanish River, about one mile inland from Cranberry Head, the
norther entrance of the river.' This establishment is probably
more like an English colliery than any other of the Cape Breton
mines. It is owned by the General Mining Association of London,
a wealthy English corporation; and the equipments of the colliery
are purely English. A stranger arriving at Sydney Bar from
England, after a long sea-voyage, and seeing the old-fashioned
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wagons on the wharves, would fancy he was near one of the
Newcastle collieries. The raining areas of the Association at the
Sydney mines comprise sixteen square miles of land-area, and
seven square miles of submarine area. Several shafts have been
sunk on this property to prove it satisfactorily. The present working establishments consist of what is known as the New Winning,
being a pair of shafts about 680 feet deep, to the main seam. The
present plant is equal to an output far exceeding any quantity that
has been called for up to this time. Tin's colliery is connected with
one of the best shipping-places in Cape Breton by a line of railway
three miles long, leading from the colliery to North Sydney, on
Sydney River, where extensive wharves are erected for the delivery
of coal to vessels of large draught. The highest annual shipments .
from these mines have never exceeded 140,000 tons. The mechanical plant in actual operation for raising and shipping coal, is' a pair
of English hoisting-engines and one powerful English pumpingeng'me, besides five English locomotives and a number of other
smaller engines for various purposes.
The Victoria Mines.—This colliery, owned by the Lingan and
Low Point Coal Company, is located on the southern bank of Sydney River, about two miles from Low Point lighthouse, and was
established for working submarine areas underlying the entrance
of Sydney River. With the exception of that portion of the underground work comprising a pair of slopes passing through the General
Mining Association's coal, all the works in this colliery will be
under water. The seam has about six feet of clean coal, dipping at
an angle of from 40 to 45 degrees. The colliery is connected by
four miles of railway with a shipping-place owned by the Company,
at South Bar, on Sydney River (opposite North Bar), where wharves
are erected in a sheltered position with a good draught of water.
The working is by a slope driven at the full dip of the seam, and
coal is raised by a pair of 16-inch cylinder (colonial) engines. The
water from the mines is forced by Cameron steam-pumps up a separate pumping-slope; for working the railway, One of Neilson's
(Glasgow) tank-locomotives is employed. The annual output, so
far, has not been large, but it is capable of considerable extension ;
and with the substantial improvements already made, and the New
Winning (further eastward) opened by the present new company, it
is destined to become one of our first-class collieries, and assume an
important position in the Cape Breton coal-trade of the future.
The Lingan Mines,—These mines, five miles further south, are
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owned by the General Mining Association of London, and located
on the Lingan main seam, in basin No. 2. For thickness of seam,
quality of coal, and facility for shipping, this colliery will compare
favorably with any others in Cape Breton. A snug little harbor,
with about 14 feet draught of water, where coal can be shipped in all
kinds of weather, lies about one mile from the slope. The coal is raised
from these mines by a slope extending from the outcrop to the full
dip of the seam, more than half a mile down under the sea. This
colliery is well laid out and capable of doing a large amount of work,
if required. Of late years the output has not been large. Wharves
are laid out, capable of shipping 800 tons per day, and, if required,
the channel into the harbor could be deepened to admit larger vessels. The machinery consists of one powerful double engine for
hauling coals and pumping water; and one of Black, Hawthorn &
Co.'s locomotives for hauling coal to the wharf. The extent of coalarea at Lingan mines is about sixteen square miles land-area, and
eight square miles under the sea.
The International Mines.—These are reached from the foregoing
by following the shore line and crossing over Lingan Bay. They
are owned by the International Coal and Railroad Company of
Montreal. In extent of coal-area, these mines are the next largest
to those of the General Mining Association of London. They contain four square miles underlain by nearly all the seams in the
Glace Bay, or No. 3 basin, many of them, of course, at great depths.
The seam at present worked by a shaft 80 feet in depth, is called the
Harbor seam of Glace Bay, and is six feet thick. The mines are
connected by 12 miles of railway with a splendid shipping-place on
the east side of the southern branch of Sydney River, where an extensive pier, 1000 feet long, has been erected for delivering coal to
the largest class of vessels, drawing from 16 up to 30 feet of water.
The output of these mines has fallen off, on account of the present
almost prohibitory duty on coal entering the United States; their
highest annual sales have been about 82,000 tons. The machinery
comprises one pair of 16-inch engines for hoisting coal, two Cameron
steam-pumps for raising water, three capital English locomotives, and
the usual number of coal-cars.
The Glace Bay Mines.—These are about three miles southeast
from the International, and are owned by the Glace Bay Mining
Company of Halifax. This is one of the first mining properties
opened after the abandonment by the General Mining Association of
London of its exclusive mining rights in Nova Scotia. As one of
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the first parties taking up areas at that time, this company seems to
have been short-sighted taking so small an area. Its mining
rights cover two and a half square miles, underlain by all the seams
of the Glace Bay basin, the greatest number of them lying at great
depths. The property has been fully developed in the two upper
seams, viz., the Hub and the Harbor, to both of which pits have been
sunk and extensively worked. The product of both seams has an
excellent reputation as a gas-coal, and is largely consumed in the
Dominion markets. The Hub seam is one of the highest in the
Sydney coal-field, and probably the easiest coal to work. The Glace
Bay Company own the whole of the coal in this scam, which is of
limited extent; and their present pit and openings are sufficient to
work all the coal. The product of this seam is brought to the shipping place by a short line of railway. The Harbor seam is worked
by a shaft 300 feet deep. The coal is shipped direct from the tubs
coming out of the pit. This Company has great facilities for shipping coal, as it owns the entire rights and privileges of Little
Glace Bay harbor, and commands sufficient depth of water to load
vessels down to 18 feet draught. Like Lingan and Cow Bay, this
harbor is useful for shipping coals later in the season than is practicable at wharves situated on the upper part of Sydney River; but
owing to their being on the seaboard, they are all, on the other hand,
somewhat more exposed.
The machinery at these mines is all of American manufacture, and
much lighter than English mining-machinery. The railway is
operated by a small tank-locomotive, made by Neilson of Glasgow.
Caledonia Colliery.—This is likewise located on Glace Bay, about
one mile from Little Glace Bay harbor. It is owned by the Caledonia
Coal and Railway Company of Boston, and comprises two square
miles of mining-area, underlain by all the seams in Glace Bay basin,
below the Harbor seam. Two pits are sunk to the Phelan seam,
which is the only coal mined by this Company. The machinery is
first-class, the hoisting engine being of Anleriean make and very
powerful. The colliery is connected by a railway with the shippingplace, on the south side of Glace Bay harbor. The railway is
operated with a small locomotive built by Neilson of Glasgow.
The Clyde 3Iines.—These mines, situated on the south side of
Caledonia Harbor, about one mile along the shore, and sometimes
called the Ontario Colliery, are owned by the Messrs. Campbell of
Halifax, and comprise a splendid property of one and a half square
miles. So far, very little work has been done here; the seam has
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been opened by a slope to its full dip. The coal worked here is the
same as at the Caledonia, being the Phelan seam of 8 feet 6 inches
thickness. On account of the small quantity mined, the product of
this colliery has not gone ranch beyond the Halifax market, where
it has the reputation of being a good domestic coal. No plant of
any consequence has been erected here, there being only a small
American hoisting-engine for drawing coals up the slope. The tubs
are hauled about a mile to Caledonia Harbor, and discharged
directly to vessels, the coal worked during the shipping season being
riddled and cleaned in the pit. In proportion to the extent of
minhig-area, this is probably as fine a property as any in the Sydney coal-field.
Schooner Pond Colliery.—This colliery, about two miles further
south along the shore, is owned by the Sydney and Louisburg Coal
and Railway Company of London, and has a mining-area of two
square miles, the principal portion of which is a submarine area,
extending from the shore (outside of the Clyde area), some distance
under the waters of the Atlantic. Very little has been done here
beyond driving a pair of slopes through the coal in the Clyde area,
to reach the coals under the sea, owned by the Schooner Pond Company ; and, owing to the slight covering of strata, no work of an
extensive character has yet been done. The Ross seam, or, as it is
now called, the Emery seam, is proved at these mines. The coal is
much thicker than in some places at the Emery, but of about the
same quality. An excellent 3 feet gauge railway, 18 miles long,
connects this mine with the shipping-port on Sydney River; and its
limited product has been shipped there. A portion of Schooner
Pond area lies to the northeast (under the sea), and another portion
lies to the southwest (under the land) of the Clyde area, and this
case seems to be one of those in which an amalgamation of two
properties would be immensely beneficial to the owners of both,
especially as both could be worked with one plant.
The Block House Mines.—These mines, lying beyond the anticlinal from the foregoing, form one of the most extensive of the new
collieries. They are owned by the Block House Mining Company
of New York, and have a mining-area of two square miles. The
seam worked here is the upper seam in No. 4, or Block House basin,
and is called the Block House seam. It is not in any other area.
The coal is 9 feet thick, and has a reputation as a first-class gas
coal. From causes before named, the sales of this colliery have
fallen off considerably during the last few years, although an exten-
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sive plant has been erected for doing a large work. This area contains also all the other seams of the Block House basin. The Block
House coal is worked by both a pit and a pair of slopes. In winter,
when the coal is banked, it is all worked by the pit. During the
shipping season all the coal is worked by the slope, coming out at
the outcrop of the coal in the cliffs. The tubs going direct to the
wharf are discharged into the vessels, the coal having been previously riddled and cleaned in the mine. This colliery enjoys a great
advantage in having no surface-haulino, vessels being able to moor
close alongside the mouth of the slope. But the progress of these
works is greatly retarded by the present uncertain character of the
shipping-place. When the wind is blowing from certain quarters,
no coal can be shipped, owing to a heavy swell coming in from the
sea; and gales often cause serious damage to the wharf and shipping
property.
The, Gourie Mines.—These mines, situated about a mile west of
Block House, are owned by the Messrs. Archibald & Co., of North
Sydney. This mine works what is termed the MeAulay seam in
the Block House basin. It is 4 feet 10 inches in thickness. The
extent of mining-area held by this Company is two square miles,
underlain by all the seams below and including the McAnlay.
The coal from this seam works small and makes a considerable
amount of slack, but, owing to no blasting powder being used, the
coal stands the severe Cape Breton winters. From trials in the
American gas-works, this coal has a fair reputation for making gas,
but it is principally used as a domestic and steam-coal. A new industry has been started at the Gowrie colliery, in the making of
Yeadon's patent fuel from the slack coal. Machinery has been imported from England, and very good-looking bricks of patent fuel
are produced. It is hoped that a remunerative business will be
done.
The MeAulay seam at this colliery is worked by a shaft over 200
feet deep, with an English hoisting-engine. The pit is connected
with the shipping-place by about a mile of railway, worked part of
the distance by a self-acting incline. The shipping-place here is
much safer than at Block House, being inside a strong breakwater,
first erected by the enterprising proprietors for the protection of the
coal-wharf, but since purchased by the Dominion Government as a
general shelter for vessels in Cow Bay. Even with this protection,
heavy gales cause great destruction in some seasons.
The Reserve Colliery.—Taking a stretch across the country inland,
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and again crossing the anticlinal in a northern direction to a distance
of about 8 miles, we reach the collieries of the Sydney and Louisburg
Coal and Railway Company of London, the first of which is the
Reserve colliery, so called from the fact that this area was set apart
by the Provincial Government as a mining reservation, to encourage
the building of a railway from Sydney for the conveyance of coal.
The mining-area is one square mile, and contains all the seams in the
Glace Bay basin below Back Pit, or No. 4 seam. This colliery is
working the Phelan seam by a pair of diverging slopes, hauling
coal out of each. It is well laid out underground for doing a large
amount of work, the plant and machinery being of the best and
most substantial character. The coal from this seam has been sent
to various markets, has been found suitable for gas, and enjoys an
excellent reputation for domestic and steam purposes. The slack
coal makes a superior coke.
The Emery Colliery.—This area, situated about one mile to westward, is also owned by the Sydney and Louisburg Coal and Railwav Company, It is proved by workings in the old Emery slope.
The Emery seam is about 5 feet thick, and has a loose roof, indicating its suitableness for long-wall working. In the short time the
works have been in operation, the coal has gained a first-class reputation for steam purposes; and there is no doubt of its being useful
for gas and domestic purposes. The extent of mining-area is two
square miles; the mechanical arrangements are of the same style
and character as those at the Reserve colliery. The further proposed
working of this area is by a slope drift from Reserve seam, cutting
the Emery seam at the extreme dip of Emery area. Adjoining this
area is the Lorway mining area of two square miles, also owned by
the Sydney and Louisburg Coal and Railway Company. One pit
has been sunk to a depth of about 70 feet, but nothing has been
done in working. All the mines in operation owned by the Sydney
and Louisburg Coal and Railway Company are connected with their
shipping-place on Sydney River by a private railway of three feet
gauge, about twelve miles long. The railway is worked by three
English locomotives (two of them are Fairlie twin engines) and the
requisite number of coal-cars for doing a large business. A branch
railway connects the several colleries with the magnificent harbor of
Louisburg. The length of this branch is about twenty-two miles.
The shipping-wharves at Sydney and Louisburg, owned by this
company, are of the most substantial character and capable of accommodating vessels of great draught.
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Gardiner Colliery.—This colliery, situated two miles north of
Lorway on the shores of the Lingan basin, is owned by the Gardiner
Coal Mining Company of Montreal. The mining-area is two square
miles, and is underlain by the present working Gardiner seam and
another good seam 5 feet 6 inches in thickness, besides the smaller
seams known as Clarke's and Martin's seams in Glace Bay, or No. 3
basin. This colliery is the only one having a pit sunk to the extreme dip of the area and having all the coal to work to the rise.
No work has been done at this mine for some year. The pit is
about 160 feet deep. The machinery is of substantial character, the
hoisting-engine having been made by the Messrs. Coupe, of Wigan.
The pit is drained by two Cameron steam-pumps, which give great
satisfaction. This pit, although not deep, made an immense quantity of water during sinking, and was the first pit sunk on Cape
Breton with steam pumps. The seam worked is about 4 feet 9
inches in thickness, and is a very good steam-coal. The works
underground are well laid out, and in case of increased demand
could raise a large quantity of coal.
From the foregoing description of the collieries, it will be seen
what efforts have been made to utilize these vast stores of coal; It
must be borne in mind that previous to 1858 all the minerals (with
few exceptions) were owned by a wealthy London corporation, which
in that year abandoned nearly all its claims, retaining only those in
which it had collieries established, and thus threw into the hands of
the Provincial Government an immense area of mining-property.
The Government, in order to properly regulate and manage this
interest, had to wait for the requisite legislation. Up to the year
1862 the time was spent in prospecting and forming companies for
working new properties. After that year the new companies may
be said to have got fairly into operation. The following table will
show the progress made up to the end of 1884.
From the table, it will be seen that the Cape Breton coal-trade
began to expand after the abandonment of the monopoly by the
General Mining Association. From 1861 to and including 1865,
the production of coal was considerably increased by the demand
for provincial coals in the United States markets, consequent on the
war ; during which time very little coal was carried in United States
vessels, owing to the fear of capture by Southern cruisers. Provincial ship-owners as well as coal-owners reaped a good harvest
during the war. But this good fortune was not destined to last
long. The enormous demands of the United States treasury during
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the war compelled that government, in 1866, to put a duty of $1.25
per ton on provincial and other coals, and consequently a decrease
of shipments is shown from 1865 up to and including 1868. Circumstances having arisen to warrant the United States Government
in making, in 1868, a reduction of 50 cents per ton on the duty, the
shipments again began to show an improvement; and in 1873 they
more than doubled those of 1869. But this increase was assisted by
the high price of coal in England, which enabled steamers to buy
bunker-coal at a much cheaper rate in Cape Breton. There was
also greater demand for Cape Breton coal up the St. Lawrence, from
the fact that sailing vessels did not bring so much coal out for
ballast as was done in former years. As will be seen from the table
this was only a temporary increase; for in 1874 the product of coal
was reduced over 230,000 tons, the falling off in the shipments to the
United States being 135,599 tons. This was caused, to a certain
extent, by the over-stocked markets of 1873, and the sudden financial panic in the full of that year, which unsettled the commercial
machinery on the whole of the Atlantic seaboard.
Much as Cape Breton coal-owners may deplore the loss of trade
in the United States in 1874, it is very gratifying to find the demand
for coal so much increased in the neighboring provinces as to bring
the production nearly up to that of 1865, the year in which over
half the product of the Cape Breton mines was shipped to the United
States. This shows that in the last nine years there has been a steady
annual increase of demand in the provinces for Cape Breton coal.
The foregoing tabular statement is intended to show the economic
value of the several seams in the Sydney coal-field.
In the foregoing tabular statement the results are obtained from
laboratory analyses, except those as to the production of gas, which
are given from the reports of the various companies, which have
tried the coals for gas purposes. The following figures show that the
bituminous coals of this coal-field compare very favorably with coals
from other localities:
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For gas-purposes the Cape Breton coals have given general satisfaction in the United States for a number of years; but owing to
import duties are not much in demand in that market.
The season for shipping usually ends in the latter part of December, after
which the harbors are closed by ice until the beginning
of May, so that consumers using this coal are under the necessity
of laying in large stocks to serve over winter, and producers have
to bank coal during the winter months at the mines in order to keep
the men employed, and to be ready for quick shipments. On both
sides there is considerable loss, from depreciation, and in the expense
of lifting coal from the bank. Before closing these notes, it may not
be out of place to make a few remarks on the system of working
and the prices for cutting coal, etc., in this coal-field. As has been
shown, all the seams worked crop out at the surface. The existence
of full sections of coal-seams in the cliffs enables prospectors to fix
on the locality of the crop, and commence operations by driving
down a slope on the full dip of the seam. The system of working
the coal is principally the bord-and-pillar, or, as it is called here,
the "room-and-rib." Rooms are usually driven from 15 to
18 feet wide, with a rib of the same width between, and 66. feet
between the cross-cuts. The system of paying for coal-hewing or
coal-cutting, as it is called, varies at nearly every colliery; some pay
by the ton on all coal not passing through a half-inch riddle (slack
being left in the pits); others pay by cubic yard ; some by running
yard ; and others again by the tub. But, in all cases, the holings
and shearings are passed over a half-inch riddle, and the slack is
left in the pit.
The amount of slack taken out from screening over a half-inch
screen is, on an average, about 20 per cent. Taking a six-feet seam
as a basis, the cost per ton for cutting (with coal riddled in pit as
above) is about 40 cents.
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THE DISTRIBUTION AND PROPORTIONS OF
AMERICAN BLAST FURNACES.
BY JOHN BIRKINBINE, PHILADELPHIA, PA.

MUCH has been contributed to the Transactions of the Institute concerning
the construction and operation of American blast-fur-naces ; but the following
compilation is offered as possibly furnishing additional information upon the
general features, dimensions, locations, capacities, etc., of the blast-furnaces of
the United States ; while, incidentally, the ores upon which they rely are noted
in a general way. The paper it presented chiefly as a compilation, and
the figures given are selections from most reliable sources, or averages
calculated from official statistics, placed for convenient reference,
with a view of assisting those who consult the Transactions in determining the present relative merits and importance of various sections
of the country. The scope of the paper has been restricted to as
few topics as possible, and all the details of special plants, or notable
outputs have been ignored. While every effort has been made to
give correct figures and data, the changes which are constantly taking
place in the iron-producing industry, will, undoubtedly, by the time
the paper is in print, develop some errors.
It is difficult to determine which of the blast-furnace plants of the
country should or should not be considered as upon the active list.
A number which have not been in operation for years are still reported as active, some of which will scarcely be put in blast again,
and others are handicapped so that they can only operate in times
of abnormal profits. It. is therefore scarcely probable that there are
over 600 blast-furnaces in the United States which can properly be
considered as active; but so many considerations affect the various
plants, that, it being impossible to determine the exact number, I have
relied upon the annual reports presented to the American Iron and
Steel Association. Concerning the number of plants which could be
stricken from the list, the Secretary of this Association says: "In
January last (1885) we enumerated 669 furnaces, which included
many stacks which had not been in blast for a very long time, and
others which could not be operated except during short periods of
exceedingly high prices for pig iron. We have gone over this list
very carefully and have eliminated 10 anthracite, 19 bituminous,
VOL. xiv--36
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and 49 charcoal fornaces, or 78 in all. While most of the furnaces
thus dropped have been abandoned, we omit some which are not
likely to be operated again, unless prices rise very high and stay
high for a time, and even then the majority of them will be found
unfit for use without being refitted and practically rebuilt. Making
due allowance for 4 furnaces rebuilt in the past six months, the net
reduction in the total number of furnaces is 74, which leaves 595 as
the number of furnaces in the United States either in blast or
likely to blown in when trade shall warrant. To this number will
shortly be added several furnaces which are now being rebuilt and
others in course of erection which are entirely new." As, however,
the purpose of this paper is to discuss the location, equipment, and
the operation of the blast-furnaces of the country, the subject will
be treated for the present as the published records up to January 1st,
1885, indicated the condition of the industry.
At the close of the year 1884, there were 669 blast-furnaces in
the United States reported upon the active list. Of this number, 230
employed charcoal, 220 bituminous coal and coke, and 219 anthracite
coal as fuel. During the year, less than one-half of the furnaces
were in operation, and their product amounted to 4,589,630 net
tons, or 4,097,868 gross tons. To produce this metal, there was
consumed 7,213,761 gross tons of domestic ore, and 439,183 gross
tons of foreign ore, making a total of 7,652,947 gross tons of ore
used, or 1.87 tons of ore per ton of pig-iron. The fuel consumed in
the blast-furnaces to smelt this ore was as follows:

(In this estimate 120 bushels of charcoal are assumed as equivalent
to one gross ton. This is a little less than 18 pounds per bushel,
and is probably as close an approximation as can be made for the
country at large.)
In addition to the ore above mentioned, a considerable amount
of mill and forge-cinder was used in our blast-furnaces; and this
will probably not fall short of 500,000 net tons. This quantity
would bring the average consumption of ore per ton of iron up
to about 2 gross tons, but as the amount of mill-cinder used is
indefinite, it will be better to base comparisons upon data collected

THE DISTRIBUTION, ETC., OF AMERICAN BLAST FURNACES.

563

by the American Iron and Steel Association, published in its
Bulletin, which shows that, independent of the amount of cinder
employed, the State using the richest iron ore was Illinois, where
1.45 tons of ore were required to produce one ton of pig iron.
West Virginia follows next with 1.46 tons, then Michigan with 1.57
tons, Missouri and Wisconsin with 1.66 tons. In Ohio, 1.76 tons,
and in Pennsylvania, 1.83 tons of ore were required to produce a
ton of pig iron. The leanest ore was used in Maryland, where 2.06
tons were necessary for one ton of pig iron. The States showing
the richest ores depend almost entirely upon the Lake Superior ores
or the specular ores of Missouri for their supply; while Maryland
relies almost wholly upon carbonates. The yield of the magnetites
of New Jersey shows that State as using 1.9 tons of ore, while New
York requires 2.02 tons, per ton of iron made. Pennsylvania shows
a higher percentage of ore than would otherwise be the case, on account of the amount of select foreign ore imported. In the Southern
States the amount of ore used per ton of iron varies from 2.28 in
Virginia to 2.32 in Georgia and Alabama.
The data above referred to show that in smelting the ores in the
various States, the average amount of fuel consumed to produce
one ton of pig-iron was as follows: anthracite, 1,50 tons in
Pennsylvania to 1.61 tons in New York; an average of 1.52
tons. Bituminous coal and coke, 1.30 tons in Illinois to 2.13
tons in Kentucky, an average of 1.36 tons for the whole country.
Charcoal, 97 bushels, equal to .81 tons, in Michigan, to 172
bushels, equal to 1.45 tons, in Virginia; an
average of 123
bushels, or 1.03 tons per ton of iron for the entire country. In the
anthracite districts coke is often mixed with the harder fuel to
encourage better driving of the furnace, and as the industry is distributed in
the States of New York, New Jersey, and Pennsylvania,
with a few establishments in Maryland, there is scarcely sufficient
data to form any general comparisons of operation ; but in the furnaces using
bituminous fuel and charcoal, we do not find that a low
fuel consumption necessarily accompanies the smelting of rich ores.
Thus, the amount of bituminous fuel employed in Georgia, Alabama,
and West Virginia is practically the same, although in the two States
first named 2.32 tons of ore are required to make one ton of pig iron,
while in the latter State 1.46 tons are demanded, and the coke of
Alabama and Georgia is not as good as that generally employed in
West Virginia. Similarly, Pennsylvania, Virginia, and Missouri
use the same amount of bituminous fuel to produce one ton of pig
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iron, although the quantity of ore required is 1.83 tons in Pennsylvania, 2.28 tons in Virginia, and 1.66 tons in Missouri. This may
be accounted for in part by remembering the large number of old
furnaces in Pennsylvania, as compared with the other States. Ohio,
with ores which make a ton of pig iron with 1.76 tons of ore, requires
1.74 tons of fuel, but a considerable portion of the coal used in Ohio
cannot be considered as of superior quality.
The distribution and arrangement of the blast-furnaces of the
United States is itself a topic which would exhaust the limits of a
large paper if an attempt was made to go into detail. Pennsylvania
stands first as an iron producing State, followed in order by Ohio, Illinois, New York, Alabama, Michigan, Virginia, and Tennessee, all of
which produced in 1884 over 100,000 tons of pig-iron. In the 23
States and one Territory in which pig-iron was produced in 1884,
charcoal was used in all but Illinois, New Jersey, West Virginia,
Colorado, and Indiana; and in the States of Michigan, Connecticut,
Texas, Massachusetts, Oregon, California, and North Carolina, and
in Washington Territory, charcoal was the only fuel used. From
the data above given, it is evident that the blast-furnaces of the
United States are distributed over an extensive area, and employ
quite a variety of ores and fuels.
The ores used come from localities even more scattered than the
furnaces, and are of all kinds. Starting at the northeastern part of
the country, we find that in Maine limonile ore has been used. In
northern New York, along Lake Champlain, rich magnetic ores
abound; toward the St. Lawrence River, limouites are used; in the
centre of the State, fossil ores are mined ; while along the boundary
of Massachusetts, Connecticut, and New York, both limonites and
magnetites are obtained, and a considerable industry has lately been
established to develop deposits of carbonates. New Jersey obtains
its supply chiefly from its local mines of magnetic ores. In Pennsylvania, both
limonites and fossil ores abound through the eastern and central portions, and a
considerable quantity of magnetic ore is also obtained from the same localities.
The most important single operation is at Cornwall Ore Banks in central
Pennsylvania, where over 1000 tons per day are mined from a deposit,
estimated to have above ground from 30,000,000 to 40,000,000 tons. In
Maryland, limonites and carbonates (the latter existing in pockets or kidneys)
are chiefly used, and in Virginia, limonites and magnetites, particularly the
former, are the main dependence. North Carolina and eastern Kentucky
and Tennessee sustain a few charcoal blast-furnaces upon deposits
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of limonite and magnetite. West Virginia has some good ores, but its furnaces
rely largely upon ores brought from Lake Superior and from Missouri. In
Georgia, and more particularly in Alabama, the contiguity of brown and red
hematite ores to coal-deposits or heavily timbered areas, has brought that
section into unusual prominence. In Tennessee as in Alabama, there are
practically two principal ore districts, which may be described generally as
following the north and south courses of the Tennessee river. In the eastern
part of the State, where the river flows in a southerly direction, fossil ores
abound, and are smelted in coke furnaces, while in the more central portions of the
State, where the Tennessee flows northerly, the limo-nites are plentiful, and are
smelted chiefly with charcoal. The same may be said to exist in Alabama, but
in this case the line of fossil ores is to the westward of the line of the principal
limonite district.
Northeastern Ohio is well supplied with blast-furnaces, but obtains only a
small part of its supply from local mines, most of the ore for eastern Ohio and
western Pennsylvania being brought from Lake Superior and smelted with
Counelsville coke, although a local block coal is found immediately at furnaces
which wore originally con-structed mainly to use this fuel. In central and
southern Ohio and in Kentucky raw coal is used to a greater extent than
elsewhere in the country, and the dependence of the furnaces is principally
upon local carbonate ores mixed at times with Lake Superior and Mis-rouri
ores. A group of blast-furnaces, some using raw coal and some depending
upon charcoal as fuel, located in southern Ohio and northern Kentucky are
generally recognized as the Hanging Rock District. Indiana is deficient in local
ore-supplies, and the attempts to establish the industry with the block-coals
found in that State can- not be said to have proved advantageous. Illinois is
without local ores, and the furnaces are centered chiefly in the northern
portion, and obtain their supply from the Lake region, although in the
southern districts, along the Mississippi river, plants have been con- structed to
use the rich specular ores of Missouri. These ores also form the basis of the
iron industry in Missouri, and are obtained from the noted deposits of Pilot
Knob and Iron Mountain and from the beds of softer hematites in the central
part of the State; these latter, however, being chiefly smelted with charcoal.
Texas has a small iron-producing capacity, relying upon limonite ores, and
charcoal for fuel. Michigan uses charcoal alone as fuel, and smelts Lake
Superior ores, which, owing to their richness, permit of remarkably good work
and large yields. Wisconsin, while

566

THE DISTRIBUTION, ETC., OF AMERICAS BLAST-FURNACES.

depending principally upon Lake Superior ores, also has some local supplies of
hematite, one peculiar deposit in the eastern part of the State being known as
"Flax-seed" ore from its close resemblance in size and appearance to that grain.
Minnesota, Colorado, California, Oregon, and Washington Territory have
each one furnace-plant, all using charcoal except that in Colorado; and deposits
of good ores are claimed to exist in all of them. The only furnace in
Washington Territory depends on ores brought from British North America.
The sizes of the blast-furnaces in the United States arc scarcely less varied
than the ores they use; and the method of construction and the mode of
equipment exhibit fully as many differences as the structures themselves. One
remarkable feature, however, is the pertinacity with which various districts,
although close together, maintain special features, either of construction or
equipment, by which they may be readily recognized.
The following tables will indicate the number, the variations in size, and
what might be considered an average size for the furnaces using the different
fuels in most of the States, and in the whole country. The Census Statistics of
iron and steel for 1S80 exhibit, by a series of maps, the location of iron
manufacture and production, and give at a glance the general position and the
relative importance of various sections of the country. Taking the blast-furnaces,
I find that in most cases, convenience of supplies, ore, flux, and fuel, or the
carrying of their product, have been the guiding causes in determining the
location ; and, generally speaking, the existence of iron-ores in the immediate
vicinity has predominated in selecting the location of the blast-furnaces,
particularly those of the older plants; but, in many cases, the works have been
placed far from their ore-supplies, and more convenient to fuel or market.
In the former class, viz: those located close to ore-supplies, and distant from
sources of fuel—may be mentioned, practically, all of the blast-furnaces using
mineral fuel in the New England States and in New York.
The furnaces at Pittsburgh, and in western Pennsylvania generally, have
cheap fuel convenient; some have a partial supply of local ores, but most of
them obtain their ore supply from distant points. In eastern Pennsylvania
southwest Virginia, Colorado, Tennessee, and Alabama, fuel and ores both
abound, and the furnaces may be classed as occupying middle ground as to
transportation facilities. The furnaces about the larger cities of New York,
Pennsylvania,

THE DISTRIBUTION, ETC., OF AMERICAN BLAST-FURNACES.

567

Ohio, Illinois, and 'Missouri have mainly the convenience of market and
competitive transportation of stock for a basis of location. Some of them possess
certain advantages as to reception of raw materials, but their position must be
considered as available chiefly on account of the market and railroad features.
In general terms, we might say that, heretofore, the furnaces located for a
market for their pro- duct have been less successful than those placed nearer ores
or nearer fuel; but some new plants, situated at good market centers, to which
ores, fuel, and flux must be carried long distances, appear to produce
most satisfactory results. The charcoal furnaces of the United States are mostly
placed close to, or within, cheap transportation of ore-supplies, and the
accessibility of sufficient fuel is also considered in selecting a site. Some of
the charcoal furnaces, such as those in Michigan, Wisconsin, and Washington
Territory, have to transport their ores to locations where fuel is abundant, but,
with few exceptions, the location of the char- coal furnaces may be considered
as being placed close to their are- and fuel-supplies, practically independent of
market-conveniences, and often of transportation-facilities.
The charcoal furnaces about Baltimore are favored with cheap fuel, on
account of having water-transportation from extensive areas of timber. They are
convenient to market, but suffer on account of costly ores.
As a rule, we have not been as careful as circumstances warrant in electing
locations for blast-furnaces, and our iron-producing industry probably suffers
fully as much from bad location as it does from inferior construction, or from
want of good management. There are a few active blast-furnaces which have
been apparently injudiciously located, for which an excuse can be found in their
connection with some other business enterprise, such as the development
of a large tract of land owned by the parties operating the furnace; but
generally the plants which are defective in location are idle, and those in blast
now are favored either by excellent management, modern equipment, or
superior location. The annexed table, compiled from the Directory of the
American Iron and Steel Association, has been prepared to illustrate the
range, dimensions, and capacities of furnaces in various parts of the country
using the different fuels. The table is arranged, first, in the order of the kind
of fuel used, three classes only being recognized, namely, those using
anthracite coal, or anthracite mixed with coke; those using bituminous fuel,
embracing furnaces depend-

568 THE DISTRIBUTION, ETC., OF AMERICAN BLAST-FURNACES.
ing upon coke, raw bituminous coal, or raw coal mixed with coke; and
furnaces which are operated by charcoal. The table repersents the maximum
and minimum diameters of bosh, and the maxi- mum and minimum height of
furnaces at the time it was prepared. In connection with the maxima and
minima, average dimensions are presented, not as being absolute, but merely
as indicating in a general way the preponderance of size. The maximum height
and maximum diameter, or minimum height and minimum diameter,
are not necessarily associated in one furnace, but the table has been made to
show at a glance the general and the average proportions of the blast-furnaces
in each district or State:
PROPORTIONS OF AMERICAN BLAST FURNACES USING COKE OR BITUMINOUS
COAL AS FUEL.
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PROPORTIONS OF AMERICAN BLAST FURNACES USING ANTHRACITE COAL
AS FUEL.
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Total number of blast-furnace stacks in the United States using as
fuel,

These tables show two anthracite, one bituminous and four charcoal furnaces more than the Annual Report of the American Iron
and Steel Association, owing to the fact that the Directory and Report are not contemporaneous by a few months.
Aggregate annual capacity of blast-furnaces in the United States
using as fuel,

The present range of dimensions is as follows: maximum height
of furnaces, 86 feet; minimum height of furnaces, 17 feet.
Maximum bosh diameter of furnaces, 21 feet; minimum bosh
diameter of furnaces, 6 feet.
Average capacity of all furnaces in the United States, 14,011
net tons annually.
The difference between the capacities and the output of our blastfurnaces is often misunderstood by those who discuss iron statistics,
and the relation between the total number of furnaces and the number in blast seems to be but imperfectly appreciated. The Iron Age
has, since September, 1876, published periodically returns of the
number of furnaces, active and idle, and the Secretary of the AmErica Iron and Steel Association, in his annual reports, has covered
the same ground since 1872. The data collected by these two sources
seldom agree exactly, for the information is not often obtained on the
same dates and from the same sources. The statistics published by the
American Iron and Steel Association are issued at greater intervals
than those of the Iron Age, more time can be devoted to revision,
and the information coming directly from each individual plant is
probably more exact than it is possible for a periodical to secure
from staff-correspondents in time for prompt publication.
The January reports generally show a maximum number of all
the blast-furnaces active; April ordinarily exhibits the largest
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number of bituminous furnaces in blast; the greatest activity in
anthracite furnaces has been noted by the January reports; the
maximum number of charcoal furnaces are in operation chiefly when
the October and January returns are made; and the minimum number is generally in April. The latter fact is owing to the practice
which many charcoal furnaces still puisne of blowing out early in
each year when the stock of charcoal is exhausted; as in most parts
of the country where charcoal pig-iron is produced charcoal cannot
be made in meilers before May, a large proportion of the furnaces
are idle when the April returns are collected.
To more fully understand the proportion of active and idle furnaces the accompanying table has been prepared, showing the percentage of the blast-furnaces of the United States, arranged according to the fuel used, which were active at the dates named :
The reports from the two authorities are placed in parallel columns,
and wherever the data have been approximately contemporaneous
they are on the same horizontal liue. Wherever blank spaces are
left there were no reports made at the time noted.
From the Table of percentages we learn that at no time since 1873
have over 63.7 per cent of all the furnaces in the country been reported as in blast, and the proportion of active furnaces has been as
low as 30 per cent of the whole. The largest percentage of active
furnaces returned was 82.1, as shown by the record of anthracite
furnaces in April, 1880, and the least proportion of anthracite furnaces in blast was 31.1 per cent., in September, 1876. The biteminus furnaces show less variation than those using anthracite fuel,
the maximum percentage of the bituminous furnaces being 70.7, in
April, 1881, and the minimum 36.3, in September, 1876. The returns for December 31, 1873, show 68.1 per cent of the charcoal
furnaces in operation, and those for April, 1877, exhibit but 20.2
per cent in blast.
This analysis may surprise some, for few will surmise that in the
past twelve years there have at no time been two-thirds of all the
blast-furnaces in the country in operation; that the average propertion of active furnaces has been greater in those using anthracite
than in those employing bituminous fuel or charcoal, and that, ex
crept in the years 1873 and 1874, and from October, 1880, to October,
1882, less than one-half of the charcoal furnaces have been reported in operation at one time. The difficulty of obtaining reports
from some charcoal furnaces may partially account for the latter
statement.
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PERCENTAGES OF WHOLE NUMBER OF BLAST FURNACES WHICH WERE IN BLAST
AT VARIOUS DATES:
Minima In Italics, maxima in full-faced figures.

Minima in frotice, mexima in full-faced figures.

THE DISTRIBUTION, ETC., OF AMERICAN BLAST-FURNACES.

BLAST-FURNACES CAPACITY, FROM "IRON AGE" QUARTERLY REPORTS.
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The foregoing statement of blast-furnace capacity shows the est.mated output of the furnaces of the several classes at dates erredpending with those given in the Tables which were published in the
Iron Age. While the total quantities have corresponded remarkably
with the full returns published by the American Iron and Steel
Association, there has been a divergence where the outputs of the
various kinds of pig-iron are considered, and the quantity credited
to the charcoal blast-furnaces is somewhat in excess of what was
actually produced by them.
To estimate the aggregate furnace-capacity of the country, it
would not be proper to divide the output of our blast-furnaces, in
any one year, by the average percentage of active furnaces in that
year, and multiply the quotient by the total number of stacks; because many reported out of blast are handicapped by situation, size,
equipment, or supplies, and go out of blast at times when more forternate plants can operate successfully. There are always a considerable number of blast-furnaces being repaired or rebuilt; scaffolds,
fires, chills, explosions, bad management, scarcity of fuel or ores,
financial troubles, and other causes, are constantly occurring to withdraw furnaces from the active list, so that it is doubtful if, under
especially favorable circumstances, the country could produce 75 per
cent of the total calculated blast-furnace capacity in any year. The
percentages above given show that the average activity is scarcely
50 per cent of the total number of blast-furnaces.
*
The character of blast-furnace structures cannot, in the limits of
this paper, be discussed ; but the variety is great, embracing both
the crudest designs and the triumphs of modern engineering.
Furnaces are to-day considered on the active list which consist of
stone stacks, lined with shale and sandstone, blown with cold blast,
through one open tuners, the blast being supplied from wooden
blowing-tubs, connected with a water-wheel, their product averaging
from four to six tons per day. Modern plants, making over three
hundred tons per day, with equipment of powerful steam-blowing
machinery, hot-blast stoves, etc., furnish the other extreme; and
between these two are the large majority of American blast-furnaces.
Fully seventy-five charcoal blast-furnaces employ cold-blast, and
the number of furnaces which are operated with open tops, exceeds
one hundred. Although modern practice has been in fervor of
stacks formed of iron shells supported on columns, nearly one-half
of the stacks herein enumerated are in whole or in part stone or
brick structures, and one-fourth are what is known as " bank-
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furnaces," that is, they are placed against a hillside so as to receive
the stock at or near tunnel-head level.
The remodeling of old plants and additions to equipment have
caused many furnaces to occupy debatable ground as to character of
structure, but without considering the details of arrangement, the
above summary will be found close to the facts as they exist at this
date. Reconstructions or new plants will decrease the proportion of
older arrangements; but many will continue, by reason of local surroundings, to be ranked as named.
The amount of pig-iron produced in the United States, with
different fuels, and the total production for thirty-one years has been
as follows:
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THE IMPROVED BRÜCKNER CYLINDERS.
BY E. TV. RAYMOND, SEW YORK CITY.
THE Brückner roasting-cylinder is well known as an apparatus
which has clone good work in the desnlphurization, particularly of
refractory silver ores, in the western districts of this country. A
paper by Mr. J. M. Locke, of Cincinnati, describing the cylinders,
as constructed by Messrs. Lane& Bodley, in that city, may be found
at p. 295, vol. ii., of the Transactions of the Institute; and a paper
by Mr. N. H, Cone, vol. iv., p. 226, gives an account of their operation in Colorado. The purpose of the present paper is to present
an improved construction, designed by Mr. Bruckner. This is
clearly shown in the accompanying plate, which scarcely needs
explanation. It will be seen at once that this construction involves
two cylinders, instead of one. Mr. Brückner thinks that three
cylinders might be better yet, as securing an exact mechanical reproduction of the work of the well-known three-hearth Fortsohaufelungsofen, the most perfect of the reverberatories in which delicate
roasting is performed with hand-labor.
THE APPARATUS.
Erection of the Cylinders.--Although the cylinders may be put up
at any locality, or added to existing works, it is preferable, if possible, to choose the site on a hill sloping naturally, say about 30°
or 33°. Two excavations are made, one 8 to 12 feet higher up than
the other; and each is protected by a wall with a batter of about 1
inch to the foot, to prevent slides of stone and earth. Each cylinder
being 20 feet long and 7 feet in diameter, the total excavation should
be 60 to 70 feet along the hill, and 15 to 25 feet wide. On each
level a building is erected 35 feet long by 20 feet wide and 12 feet
high, with the roof containing a ventilator against the hill. When
both buildings are on the same level, there should preferably be a
solid frame-work of very heavy timber, to carry the four rollers
which bear the upper cylinder. The four rollers carrying the lower
cylinder should preferably rest on two very heavy pieces of timber,
strongly braced together and laid to their top in a foundation made
of stone or brick and cement. Foundations are necessary only
under each two opposite rollers, but they must be made carefully,
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because some little vibration in the movement of the cylinder cannot
be avoided.
The Lining of the Cylinders.--Many persons believe that it is
necessary to have fire-brick made in circular segments of the diameter
of the cylinder. This is a good thing, but unnecessarily expensive.
Common bricks, laid flat (not on edge) i n t o good fire-clay mortar,
will wear for many years without loosening or abrasion, being protected in most cases by a crust of sintered ore which forms on them.
To make the mortar, Mr. Brückner uses two parts of ground firebrick to one part of ground fire-clay, and a small percentage of salt
which aids in cementing the brick to the outer shell. No bracing
is required • the lining forms a ring about three inches in thickness,
which is, of course, a double arch, and braces itself. The three
inches of the thickness of the lining furnishes a sufficiently bad conductor of heat, so that when it is red-hot inside the outside shell is
hardly ever hotter than 100° C. The expansion is about the same in
the inside brick and the outside iron. This thickness of lining is
recommended for the iron stack also.
It is a common mistake to think that iron is rapidly destroyed in
the presence of sulphur or sulphurous acid. Everybody who has
ever made sulphide of iron for the manufacture of sulphuretted
hydrogen knows that he has to heat the iron first to white heat before
he adds the sulphur, otherwise it would not smelt and run out at all.
At lower heat the action is very slight, and slow. An iron stack,
even without lining, lasts for many years, if always in operation.
• Of course, if the furnace is id l e half the time it corrodes by exposure
to air and moisture. It is therefore best, if a substantial and cheap
stack is required, to make it 3 or 4 feet in diameter of No. 10 iron,
and line it with brick in the manner explained above. A height of
60 feet is considered sufficient; a damper ought to be provided at
the bottom-flue leading to the stack, for the purpose of regulating
draft.
Fire-places.—For the purpose of lightness, and convenience of
easy erection, Mr. Brückner makes his fire-box of iron lined with 5
inches of fire-brick. For wood, the grate is 5 1⁄2 feet long by 30
inches wide; for coal, square, with about the same area. These
fire-boxes can be set on small rollers, so as to be easily removed
when the cylinder is to be cleaned from incrustations.
To regulate the heat, it is well to have a second fire-box on one
side of the flue connecting the two cylinders; and a third may be
VOL. xiv.—37
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useful to roast the raw flue-dust before it enters the condensing
chambers.
Dust- and Condensing-Chambcrs.--The precious metals are volatilized in rousting, especially in the presence of chlorine, arsenic,
antimony, lead and zinc. This is well known since the earliest
days of metallurgy, and elaborate experiments have been made to
determine the conditions of volatilization by the ablest metallurgists,
such as Malaguti, Durocher, Plattner of Freiberg, and, lately, by
Messrs. Aaron, Falkenau and Reese, Küstel, Riotte, and Stetefeldt.*
Mr. A. Raht, at present superintendent of works at Wickes,
Montana, says that, according to his experience, the German process
(Fortschaufelung and Sinterung) is not adapted to the ores of that
locality when they contain much zinc, arsenic, etc., and that it is
preferable to roast such ores at low heat, and not to sinter to a slag,
which would cause much loss. Everybody advises low temperature. It is also generally admitted that the volatilization in Stetefeldt's instantaneous roasting process is much less than in the revevberatory.
The dust- and condensing-chambers are evidently of great importance. The common construction is that of flues, sometimes (in
Wales) several miles long, extending from the furnace to a chimney
on the top of a hill. Sprays of water, and forcing or sucking the
draft through water, have been tried with doubtful success. The
best results have been obtained in flues by dividing the draft with
screens (Wilson & French's lead-fume condenser). Experiments in
condensing fumes by forcing the contents of the flues through water
containing screen's have also been made at Lautenthal, Germany,
Filtering through towers filled with wet coke is employed to condense the Cl and HC! gases in the roasting of Spanish pyrites in
England and at Oker in Germany.
A very good condenser has been constructed by Freudenberg, of
Ems, Germany, which has been successfully used at the works in
Pueblo, Col., and at other places. It is described in a paper by
Professor Eglestoa, Transactions, vol. xi., p. 379.
Mr. Brückner proposes several towers between flue and stack,
filled with balls of glass or other suitable material resting on a grate,
and kept clean by a spray of water. The contents of the flue are
introduced into these towers by means of a Körting steam-blast, and
* See Mr. Stetefeldt's paper, read at this meeting, on the losses of gold in
roasting.
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filtered through the columns; of balls. The different towers are used
alternately at short intervals, being so arranged that, when one is
shut up by a valve, the contents of the flue are forced through the
next, and so on. He regards it as not absolutely necessary to have
any valves at all. All the towers may have a common flue, and
each its own steam-blast. Blast No. 1 drives the contents of the
flue into tower No. 1 ; and, when that blast is shut off, and blast
No. 2 let on, tower No. 2 will be filled, and so on to the end of the
towers, when blast No. 1 commences again.
Mr. Bruckner has also devised an ingenious arrangement by
which a single tower, 20 feet in diameter, suffices to do the work of
the series jusf described. I withhold the details, because he has not
yet made application for a patent.
THE OPERATION.
Mixing the Charge.--By far the most important part of the operation is the correct mixing of the charge. In fact, it is almost as essential to success as the right mixingof the charge in smelting. In the
latter case, the charge is proportioned to get a good slag; in roasting,
the ores are mixed to prevent caking, and to get rid of antimony and
arsenic.
Moreover, different charges are prepared, according to the subsequent treatment by smelting, lixiviation, or amalgamation, which the
product is to receive. Much attention was given to this matter at the
Halsbriücker works at Freiberg, when amalgamation and lixiviation
were used, before these processes were more or less superseded by smelting; and the perfection of these celebrated works was due to the large
amount of iron-pyrites added to the charge before roasting. Mr.
Bruckner reports that he. was indebted, in Peru, to a very large
bank of iron-pyrites, which cropped out close by his works at Moreeocha, and with the aid of which he succeeded in chloridiztng the
very refractory ores of Perrae, consisting of arsenical pyrites and
arsenical galena. Smelting was out of the question, because at that
high elevation of the Cordilleras (16,000 feet above the sea), fuel is
very scarce.
Formerly, it was thought necessary to have a certain percentage
of sulphur in the charge for its effect in chloridizing. This, Mr.
Brüekner thinks, is a mistake. In his judgment, the iron-pyrites is
added for volatilizing the arsenic and antimony, and for preventing
the formation of arseniates and antimoniates of silver and gold which
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resist chlorination. Very little sulphur, or, in its absence, quartz,
is sufficient to evolve, when in contact with a very small percentage
of salt, the chlorine necessary for chloridizing all the silver contained
in the charge, after the arsenic; and antimony have been driven off.
Thus, an addition of from 1 to 10 per cent of iron-pyrites is, in
most cases, required for the success of the roasting-process. Another
addition has to be made to such ores as are apt to cake, even at the
low temperature of the roasting-furnace; it consists of 10 to 25 per
cent of rich tailings. Finally, ores containing lime and alumina
have to be mixed with silicious ores, so that silica shall be in excess.
Mr. Brückner recommends also, in many cases, the addition of a
small percentage of copper-pyrites, or any other copper-ore, which
will be found very beneficial, rendering unnecessary all "doctoring"
with Milestone, sulphuric acid, zinc, time, salt, etc.,—which are not
required when the charge is made right before roasting. Chloridizing
on the cooling-floor is thereby obviated.
Charging and Discharging.—When concentrations from the jig
are to be roasted for the smelting-process, the cylinders have to be
arranged so as to work continuously. As is shown in the drawing,
the discharging-end is left. open. The ore, wet and coarse, as it
conies from the jig, is conveyed from the hopper into the end of the
first cylinder. There, it becomes mixed with a layer of hot ore, dries
quickly, becomes ignited, travels down the natural incline through
the flue into the second cylinder, proceeds down the natural incline
formed by the roasting ore, and is discharged into the cooling-conveyer, which has a hollow shaft, containing flowing water. Thence
it is conveyed or elevated into the hopper above the smelting-furnace.
Mr. Brückner does not recommend this continuous roasting when
the subsequent process is to be lixiviation or amalgamation. In such
cases, there is a much better control, if the ore is roasted in charges.
For this purpose, the lower end is closed by a flange, and a hopper,
large enough to hold a charge of five tons, is used above the little
charging hopper-pipe, into which it is caused to charge by means of
a screw-conveyer, so as to regulate gradual feed. Suppose the last
charge has just been let down, through the opening provided for
this purpose in the end-flange, into the lower cylinder. A small
amount of red-hot ore is left in the upper cylinder. Now, the new
charge is gradually let down, from the hopper, mixed with the hot
oxides left from the former charge, becomes hot, and ignites, until
the whole charge is put in. After it has been partly desulphurized,
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the door at the lower end is opened, and the upper charge drops
gradually into the lower cylinder, which has been just discharged
into the cooling-conveyer.
After roasting dead, salt or other chemicals are added through
the working-door at, the back end of the lower cylinder, and the
roasting is continued until a sample, taken from the same working
door, shows the desired reaction.
It is scarcely necessary to point out that the ore is by this apparatus charged, roasted, discharged, and automatically conveyed to
the hopper above the amalgamator or lixiviating tank, thus doing
away with handling the ore, and with the very unhealthy labor of
the cooling-floor.
The following is Mr. Brückner's estimate of the cost of roasting:
Daily Expense.
Two roasters, at §4.00,.......................................... $8 00
Two cords of wood, at $5.00, ............................... 10 00
Oil, light, and extras, ..............................................2 00
Total, .

.

.

.

. $20 00

Product, 20 to 40 tons of refractory ore roasted in twenty-four
hours, the amount being dependent (in inverse proportion) on the
proportion of sulphur.
THE ADVANTAGES CLAIMED.
Mr. Brückner claims for his improved apparatus—
1. That for highly sulphurous ores there is a minimum consumption of fuel, the combustion of sulphur in the lower cylinder sufficing
to ignite the charge in the upper one.
2. That there is a considerable saving of time, as compared with
the single cylinder, which requires one to two hours heating to bring
a cold charge to the glowing-point.
3. That a better control is possible, since the working-door at the
back-end of the lower cylinder permits the easy removal of incrustations, and also the convenient introduction
of salt and other
chemicals, after the partial removal of sulphur in the upper cylinder. This, again, effects a saving of salt and avoids the formation
of a superfluous lot of useless or troublesome soda sulphate.
4. The arrangements for charging and discharging are convenient
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and save labor; and
particularly the water-cooled conveyer takes
the place of a cumbrous cooling-floor.
5. Dust and injurious vapors are almost wholly avoided, or ren-dered
harmless.
6. Some further peculiarities in gearing, etc., permitting high
speed (which Mr. Brückner favors) are presented as novel and important improvements.
As they are not shown in the drawing, I
forbear to mention or discuss them.
In has been suggested that the cylinders be made conical, to facilitate the travel of the ore, or that, l i k e those of the White and Howell
furnaces, they be set at a slight inclination for the same object. But
Mr. Brückner has been led by experience to prefer the plain level
cylinder, in which the ore forms a natural talus, and the new
charges partly overtake and are mixed with the old. This assists
roasting and helps to prevent caking. The level cylinder, moreover, can be revolved with less mechanical difficulty and inequality
of wear.
E STIMATES OF C OST .
The following is Mr. Brückner's estimate of cost for a doublecylinder plant, to be erected in Montana.

Ironwork.—2 cylinders 2O’ x 7’; 2 fire-boxes,
1 smoke-stack 60' x 30", 2 conveyers, I
hopper
and
driving-gear,
driving-shafts,
countershaft,
pulleys,
pillow-blocks,
etc.,
complete.................................................
$5,850 00
Freight.— 40 tons from Chicago, at 2 cents per
pound,..............................................
1,600 00
Materials.—20,000 common brick, at $22.50, . $450 00
16 bbls. fire clay, lime and cement,
256 00
706 00
Labor.—1 machinist and 2 bricklayers for
twenty days.......................... $360 00
3 helpers, twenty days,
180 00
540 00
Building—60 x 25', ...........................
2,300 00
Total, ..............................

$10,96 00

It will be understood that I claim no originality for this paper.
It is simply a statement, based largely upon data obtained from Mr.
Brüekner, of the main features of his apparatus. His experience and
professional standing, as a metallurgist, entitle him to a respectful
hearing on the subject; and I hope that the Institute may, before
long, have the benefit of information from him, concerning actual
practice on a large scale with the furnace here described.
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THE SPECIFIC GRAVITY OF LOW-CARBON STEEL.
BY GEORGE S. M1LLER, MING0 JUNCTION, O.

Now that low-carbon steel is manufactured successfully in large
quantities by the Bessemer process, and threatens to displace wroughtiron for nearly all purposes, it becomes interesting to find how its
specific gravity compares with that of wrought-iron.
The general name "steel" is retained in this paper to designate that
metal made by the Bessemer process, which might be more properly
called " ingot iron." But the former name seems to be quite firmly
established in the iron trade.
This steel offers many inducements to the manufacturer of architectural iron, by reason of its homogeneity, and the large masses in
which it may be readily moulded.
The steel from which these determinations have been made, was
produced in four-ton heats and cast into ingots of about 3100
lbs. weight, having an average section 14" by 14". These ingots
were rolled in a blooming-mill to a section about 21⁄2" by 14", cut
into slabs and rolled in a plate-mill to a plate .065" to .165''
thick, and about 14" in width. The specific gravity was obtained
from pieces of this plate.
The metal showed by analysis .10 to .12 per cent, carbon, .33 to
.45 manganese, .060 to .072 sulphur, .075 to .082 phosphorus, and
.010 silicon. The samples were not annealed, but were brought to
a bright surface with a file. All figures given are averages of not
less than three determinations on separate pieces from the same
plate. The variation in the figures from which the averages were
made in no case exceeded .015.

Average of whole number 7.844.
Average of .134" and .165" thicknesses 7.8635.

With these specific gravities the weight of one cubic foot would
be as follows:*
* The weight of a cubic foot of water is taken as 62,321 lbs. at 62 F., at which
temperature all determinations were made.
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Average of whole number, 488.965.
Averages of .134" and 165" thiekneases, 490.072.

In this connection, the specific gravity of iron rolled from muck
bar to similar plate of a thickness of .165" was found to be 7.680,
and the weight per cubic foot 478.625 lbs.
Haswell gives the specific gravity of rolled iron plates as 7.704.
One cubic foot of such iron should then weigh 480.121 lbs., or according to his rule (based on 62.5 lbs. as the weight of a cubic foot of
water at its greatest density) 481.5 lbs. Of course the varying amount
of cinder present in rolled iron accounts for a variation in specific
gravity.
The specific gravity of steel plate is given by the same authority
as 7.806, which would make one cubic foot weigh 486.478 lbs.; and
"soft steel" is put at sp. gr. 7.833,-a cubic foot weighing 488.160
lbs.; but further data as to the analysis of the steel, or the dimension of the plates, are not given.
As shown by the above tables, the thinner sections show a lower
specific gravity than the thicker. That this will always hold true,
the writer would not care to assert.
Determinations of thicker sections were made as follows: thickness, .200", sp. gr., 7.860; thickness, .224", sp.gr., 7.866 ; thickness
.300", sp. gr. 7.865. From these figures, it appears that the maximum specific gravity of a Bessemer steel containing .10 to .12 carbon
is attained when the metal is rolled to a thickness of .165"; and
that this figure is not varied much for thicker sizes. I am entirely
unable to assign a reason for the lower specific gravity of the thinner
sections, and feel unwilling to consider it proved till further determinations have been made.
In every determination it was found that the increase of impurities caused a corresponding decrease in the specific gravity, and that
any increase in the percentage of carbon caused a corresponding
decrease in the specific gravity. To this last statement there is an
apparent exception in the figure for .12 carbon, .134" thickness.
This higher gravity, however, is due to a lower percentage of manganese than that in the other samples of the same carbon-tenor.
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From these figures I would therefore deduce the specific gravity
of a Bessemer steel with .10 to .12 per cent carbon, and .35 to .45
manganese, as 7.8635, and the weight of one cubic foot as 490.072 lbs.
DISCUSSION.
WILLIAM KENT, New York City (Communication to the Secretary) : About five years ago I had occasion to make some determinations of specific gravitv of open-hearth steel boiler-plate of
analysis approximately as follows: carbon 0.14, phosphorus 0.03,
silicon 0.02, sulphur 0.02, manganese 0.30. Five pieces of plate
3⁄4-ineh thick gave these results: sp. gr., 7.9328; 7.9320; 7.9318;
7,9356 ; 7.9275—average, 7.9319 ; maximum variation, 0.0081.
My note-book contains the remark made at the time, in explanation
of these unusually high figures : " This steel is probably purer than
any steel of which the specific gravity has ever been published."
The observation made by Mr. Miller, that increase of impurity
causes decrease in specific gravity, is, I believe, correct beyond question. His other observation, that the thinner plates show a lower
specific gravity than the thicker, can be explained by the fact that
errors in determination of specific gravity are more likely to occur
in th in plates on account of their presenting a greater surface in
proportion to their weight, than thicker plates; the surface retaining air to some extent, which prevents the water from thoroughly
wetting the piece while making the weighing in water. The pieces
I used were first planed to remove all possible scale indentations,
then filed smooth, then cleaned in dilute sulphuric acid, and then
boiled in distilled water, to remove all traces of air from the surface.
In my determination of the specific gravity of the copper-tin and
copper-zinc alloys (Reports of U. S. Iron and Steel Testing Board,
vol. i.) I found these precautions necessary to remove the air from the
pieces. In some cases, in order to obtain duplicate results, the pieces
were washed in alcohol, then in distilled water, and then placed uder
an air-pump and the air exhausted for a long time before weighing
in water.
The figures of specific gravity thus obtained by careful experiment on bright, smooth pieces of steel are, however, too high for use
in determining the weights of rolled plates for commercial purposes.
The actual average thickness of these plates is always a little less
than is shown by the calipers, on account of the oxide of iron on
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the surface, and because the surface is not perfectly smooth and regular. A number of experiments on commercial plates, and comparison of other authorities, led me to adopt the figure 7.854 as the
average specific gravity of open-hearth boiler-plate steel of the best
quality, and to use it in a table of weights of plates, which I constructed for use in the steel-works. This figure is easily remembered
as being the same figure with change of position of the decimal
point (.7854) which expresses the relation of the area of a circle to
that of its circumscribed square, or one-fourth the ratio of the circumference to the diameter. Taking the weight of a cubic foot of
water at 62° F. as 62.36 pounds (average of several authorities),
this figure gives 489.775 pounds as the weight of a cubic foot of
steel, or the even figure, 490 pounds, may be taken as a convenient
figure, and accurate within the limits of the error of observation.
A common method of approximating the weight of iron-plates,
is to consider them to weigh 40 pounds per square foot one inch
thick. Taking this weight and adding 2 per cent gives almost exactly the weight of steel boiler-plate given above (40 X 12 X 1.02
= 489.6 pounds per cubic foot).
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Carbonate Hill, Leadville, Colorado, Geology of, 280.
Careyville, Campbell County, Tennessee, coal [293].
Caribou gold district, Nova Scotia [679], 689.
Carleton County, New Brunswick, Canada, Iron-ore in, 535.
Carpenter gas-well, Daum farm, Westmoreland County, Pennsylvania, 431.
Carrie blast-furnace, Allegheny County, Pa., 658.
Carroll County, Virginia, Iron and copper sulphides in, 81.
Car-wheel iron, Analyses of, 797,918.
Cascade coal-mine, Elk County, Pa., 30.
Cast-iron, Analysis of, 797; Carbide and phosphide in, 799.
Cast-iron borings, Sampling of, 760.
Castledale, Utah, coke, 812.
Cattaraugus County, New York, oil-pools, 420.
Cedar City, Utah, coal, 811.
" Centennial" and "Lotta" Gold Properties, Coahuila (F K A ZEB ) [13], 196.
Centre County, Pa., coal, 33 ; Iron-mines in (brown hematite) [879].
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C HALFANT , J OHN M., Address of welcome at Pittsburgh meeting [589].
Champlain County, Quebec, Canada, Iron in, 508 et seq.
CHANCE, H. M., The Relative Value of Coals to the Consumer [13], 19.
Chartiers Creek, Pennsylvania, oil-wells at, 431.
Chattanooga, Tennessee, meeting: Proceedings of, 1; Papers of, 17.
Chautauqua County, New York, Gas-well in, 428.
C HEEVER , P ROF. B YRON W., E. 7). Campbell's Colririmetric Process for Estimating
Phosphorus in Iron and Steel [319], 382; The Estimation of Manganese, Carbon,
and Phosphorus in Iron and Steel [319], 372.
Cherry Grove oil-pool, Warren district, Pennsylvania, 422.
Chester blast-furnace, N. J., 862, 863.
Chesterfield Inlet, Canada, Iron pyrites, 697 ; Mica, 696.
ChezetCook synclinal, Nova Scotia [679].
Chignecto coal-mine, Nova Scotia, Canada, 541.
Chilled Furnace-hearth (GAYLEY) [595], 779.
C HISM , R ICHARD E., The New Mining Code of Mexico [13], 34.
Chloridizing-roasting, loss of gold in, 339.
CHRISTY, S. B., Quicksilver Condensation at New Almaden [13], 206.
Chromic iron, Mackenzie River, Canada, 697.
Chrysolite silver-mine, Leadville, Colorado, 276, 284, 286, 287, 288, 289.
Churchill River, Canada, Quartzites on, 697.
Cinder, blast-furnace, Analyses of, 837, 840, 842, 848.
Cinder, mill, Analysis of, 857.
C LAPP , G EORGE H., Remarks on methods for estimation of manganese and phosphorus in iron and steel, 379.
Clapp-Griffiths Converter: Later Practice and Commercial Results (WITHEROW) [594],
919.
Clapp and Griffiths Process (HUNT) [13], 139.
Clapp-Griffiths process for steel manufacture [789], 791; Works in operation or
construction in the United States, 919 et seq. Visit to works at Pittsburgh, Pa.,
604.
Clarence furnace, England, Work of, 368.
Clarendon oil-pools: Pennsylvania, Warren County, 420, 422.
Clarion County, Pa., Coal in, 29, 626 [643] ; Oil-pools in, 424 [425], 431.
C LARK , F. W., Lixiviation and Amalgamation Tests [319], 395.
Classification and Constitution of Pennsylvania Anthracites (ASHBURN'ER) [593], 706.
Claudet process for the precipitation of gold and silver, 110.
Clay : Analysis of, 701 ; Calcination of, 702.
Clay-ironstone: on Milville Island, Hudson's Bay Territory, 691; in Pictou County,
Nova Scotia, 62.
Clay-mine on Savage Mountain, Maryland, 699.
Clearfield County, Pa., coal, 22, 27.
Clearwater River, Athabasca District, Glass sand on, 698.
Climax silver-mine, Leadville, Colorado [288],
Clinton blast-furnace, Allegheny County, Pa., 658.
Clinton County, Pa., coal, 33.
Clinton County, N. Y., fire-sand, 757.
Closson, P., process for manufacturing magnesia, 458.
Clyde coal-mines, Cape Breton, Nova Scotia, 552, 557, 558.
Coal: Analyses of, 22, 23, 24, 27, 28, 29, 30, 31, 177, 178, 303, 304, 559, 560, 714,
715 el seq., 812.
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Coal, anthracite, at Commentary, France, 626; Anthracites in Pennsylvania, 706;
Bony coal, 721; Cannel coal in Pennsylvania, 644; Coal-product of Allegheny
County, Pa., 666; Compression of coal in formation, 652; Geology of the Pittsburgh coal-region, 618 ; Its production in Georgia, Alabama, and Tennessee, 5;
Relative values of coals to the consumer, 19.
Coal: Ohio: Trumbull County, 625; Pennsylvania : Allegheny Mountain, 22; Armstrong County, 22; Beaver County [24] ; Brookville [23]; Cambria County,
22; Cameron County, 22; Centre County, 22; Clarion County, 22; Clearfield
County, 22; Clinton County, 22; Elk County, 22; Freeport Lower, 22, 27; Freeport Upper [23]; Jefferson County, 22; Johnstown District [24]; Kittanning
Lower, 22; Kittanning Upper [23]; Lawrence County, 24; McKean County
[23], 33; Mercer County [24], 624; Moshannon Creek, 34; Washington County,
634; Westmoreland County, 636; Tennessee: 292; Anderson County, Coal Creek
[294] ; Marion County, 177; New River, 296; Sequatchie Valley, 176; Utah:
Cedar City, 811. Hudson's Bay Territories: 695; Nova
Scotia:
317;
Cape
Breton, Sidney, 542; Pictou County, 63.
COAL-MINES OF THE UNITED STATES: Pennsylvania: Armstrong County, Mahoning Coal Co., 30; Cambria County, Lloydsville, 30; Chest Creek, Melon, 30;
Clarion County, Fairmount Coal Co., 29, 30, Fox, 30, Goheen's, 29, McCall, 30,
Murphy, 29, Smullan, 29, Songer, 30, Wilkins, 29; Clearfield County, Beaver
Run, 27; Davis, 27; Derby, 27; Eureka, 27; Franklin, 27; Karthaus, 27;
Laurel Run, 27; Logan, 27 ; Mapleton, 27; Morrisdale, 27; Old Moshannon,
27; Penn, 27; Stirling, 27; Webster, 27; Elk County, Cascade, 30; Farmerdale, 30; St. Mary's Coal Co., 30; Jefferson County, Diamond, 28; Eshbaugh,
28; Hawk, 28; Hoover, 28; Huffman, 28; Hum's, 28; Keslar, 28; London,
28; McKee, 28; Pantall, 28; Patton, 28; Reynolds, 28; Seley, 28; Sharp,
28; Shiesley, 28; Sprague, 28; Strouse's, 28; Wachob, 28; Wingert, 28;
Philipsburg, Wiilliamson, 30; Westport, Merriman, 30. Tennessee: Anderson
County, Knoxville Iron Company, 297; Franklin County, Sewanee [294] ;
Marion County, Griffiths Creek, 177; Little Sequatchie, 177 ; Sequatchee County,
Brush Creek, 177. OTHER COUNTRIES: Nova Scotia, Cape Breton, Block
House, 553, 557, 558; Bridgeport [323] ; Caledonia, 552,557, 558; Clyde, 552,
557, 558; Cow Bay [323] ; Emery, 555, 557, 558; Gardiner, 556, 557, 558;
Glace Bay, 317, 551, 557, 5-38, 627: Visit to [323]; Gowrie, 554, 557, 558;
International, 317, 551, 557, 558; Lingan, 551, 557, 538; Low Point [323];
Lorway, 557,558; Reserve, 554, 557,558; Sydney, 317,549, 557,558; Schooner
Pond, 553,557,558; Victoria, 543,550, 557, 558; Chignecto, 541; Acadia [323] ;
Cumberland County, Spring Hill, 317, Visit to [323] ; Drummond [323] ; New
Glasgow Vale, 405,408; Pictou County, Albion, 317 [323] ; Stellarton, Albion,
Foord pit [405], 407 ; Drummond, 407; International, 317 ; Stellarton, Albion,
405, 407; St. George, 541; Westville, Acadia, 407.
Coahuila, Mexico, Gold properties in, 196.
• Cobourg, Peterborough and Marmora Railway and Mining Company, Ontario,
Canada, 531.
Coke, Analyses of, 63, 364; Utah: Castledale, 812; Nova Scotia, 317.
Coke manufacture in Pennsylvania, 667.
Colchester County, Nova Scotia, Iron in, 54, 57.
Coldbrook Rolling-mill, New Brunswick, Canada, 536.
C0.LLINGW00D, FRANCIS, Remarks on the present value of steel castings, 357.
Colorado, Iron-ore deposits in, 266.
Colored Mining Labor (BRAINERD) [13], 78.
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Colorimetric process for the estimation of manganese in iron and steel, 374, 380;
for estimating phosphorus, 382.
Col. Seller’s silver-mine, Leadville, Colorado [181], 187, 288.
COLTON, HENRY E., the Upper Measure Coal-fields of Tennessee [12], 292.
Commentruy, France, Anthracite coal-bed at, 626.
Compass, Mining, 870.
Comstock silver-mines, Nevada; Process for refining coppery bullion, 731.
Condensers used at New Almaden, Cal., 207.
Confederate iron-mines, Buchanan, Botetourt County, Va. [786].
Conglomerate coal-bed, Pa. [23].
Connellsville, Pa., Pittsburgh coal-bed at, 626 [637], 639, 652; Coke at, 667.
Consett blast-furnaces, England, Work of, S68.
Contraction of Iron under Sudden Cooling (HOWE) [320], 400.
COOK, EDGAR S., Remarks on "dirt troubles " in blast-furnaces, 859.
COOK, ROBERT A., The Manufacture of Fire-brick at Mt. Savage, Md. [595], 698.
Cooper oil-pool, Warren and Forest Counties, Pennsylvania, 422.
Copper, cement, Analysis of, 115.
Copper-mines: Canada: Ontario, Bruce, 692; Wellington, 692; Cape Breton,
Coxheath [323] ; Mexico: Coahuila, Panuco, 196.
Copper-ore in Hudson's Bay territories, 692.
Copper-sulphides of Virginia, North Carolina and Tennessee, Utilization of, 81.
Copper-works in Allegheny County, Pa., 665; at Duisbourg, Germany, 98 et seq.;
at Oker, Germany, 98 et seq.; at Hemixem, Belgium, 98 et seq.
Coppermine River, Canada: Apatite at, 697; Copper at, 692.
Coprolites of the Virginia Peninsula [83].
Cornwall Iron-Ore Mines, Lebanon, Pa. (D'INVILLIERS) [594], 873.
Costilla County, Colorado, Magnetites in, 271.
Cow-Bay coal-mines, Cape Breton County, Nova Scotia [323],
Cowles's Electric Smelting Company, 495.
Coxheath copper-mines, Cape Breton County, Nova Scotia [323].
Creighton, Pa., Visit to; Pittsburgh Plate Glass Works at, 602.
Crescent Steel Works, Lawrenceville, Pa., Visit to, 603.
Creusot iron-works, France, 476.
Crownpoint silver-mine, Leadville, Colorado, 189.
Crozer iron-mine, Roanoke County, Virginia [79].
Cumberland County, Nova Scotia, Coal in, 404; Coke in, 317.
Cumberland Mountain, Tennessee, Geology of, 178.
Cupel-Machine (WAIT) [595], 767.
Darr's Hill gold district, Nova Scotia, 689.
Davis coal-mine, Clearfield County, Pa., 27.
Dayton Coal and Iron Company, Visit to works of, 15.
Delamater gas-well, Butler County, Pa. [668].
Derby coal-mine, Clearfield County, Pa., 27.
Derry township, Canada, Apatite in, 495.
Diamond coal-mine, Jefferson County, Pa., 28.
Dickerson iron-mine, Succasunna, Morris County, N. J., 904.
Dillsburg, Pa., Iron-ore, Analysis of, 881.
D'INVILLIERS, E. V., The Cornwall Iron-Ore Mines, Lebanon, Pa. [594], 873.
Distribution and Proportions of American Blast-Furnaces (BIRKINBINE) [320], 561.
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Dolomite, Silurian and Carboniferous, of Leadville, Colorado, 276 et seq.
Dome silver-mine, Leadville, Colorado [182] [188].
Draft arrangement, Recent improvements in, 256.
Drifton, Pa., Industrial School for Miners and Mechanics [788].
Drug-Brook iron-mine, Pictou County, Nova Scotia, 56.
Drummond coal-mines, Nova Scotia [323], 407.
Drummond County, Canada, Iron in, 520.
Ducktown, Tennessee, Iron and Copper sulphides in, 81 [84].
DUDLEY, C. B. (and F. N. PEASE), Notes on the Constitution of Cast-Iron [594], 795.
Dudley, C. B., Remarks on Clapp-Griffiths process, 938.
Duisbourg, Germany, Copper-works at, 98 et seq.
Duncan Glass Works, Pittsburgh, Pa., Visit to, 604.
Dunkard Creek, Green County, Pennsylvania, oil-region [425], 431, 620, 642.
Dunkin silver-mine, Leadville, Colorado [284].
Dunlap Creek, Fayette County, Pennsylvania, oil-pools [425], 431.
Durham Blast-Furnace (FACKENTHAL) [12], 130.
Durham blast-furnace, Pa. [858], 862.
E. & G. Brooke Iron Company's Steel-works (Clapp-Griffiths), Birdsboro, Pa. [922].
East Liverpool, Ohio, natural gas, 667.
E. D. Campbell's Colorimetric Process for Estimating Phosphorus in Iron and Steel
(CHEEVER) [319], 382.
Edgar Thomson blast-furnaces, Pittsburgh, Pa., 658, 780.
Edgar Thomson Steel Works, Braddock, Pa., Visit to, 604.
Edge Moor Iron Company, Wilmington, Delaware [129].
Edith blast-furnace, Allegheny County, Pa., 658.
EGLESTON, PROP. THOMAS, Basic Refractory Materials [320], 455; Treatment of
Roasted Pyrites by the Longmaid and Claudet Processes for the Extraction of Gold
and Silver [13], 98 ; Remarks on failures of steel boiler-plates, 823.
Election of members and associates: Chattanooga meeting, 14; Halifax meeting,
320 ; Pittsburgh meeting, 596, 597, 598.
Electrical Furnace for Reducing Refractory Ores (HUNT) [319], 492.
Elizabeth iron-mine, Cornwall, Pa., magnetic, 891.
Elizabeth ore-bank, Altoona, Pa., 806.
Eliza blast furnaces, Allegheny County, Pa., 658.
Elk County, Pa., coal, 33; natural gas, 434, 436.
Emery coal-mine, Cape Breton, Nova Scotia, 535, 557, 558.
Emmons's blue limestone, Leadville, Col., 276, 282.
Engineer and Wage-Earner (BAYLES) [321], 327.
Eshbaugh coal-mine, Jefferson County, Pa., 28.
Estimation of Manganese, Carbon, and Phosphorus in Iron and Steel (CHEEVER)
[319], 372.
Eureka coal-mine, Clearfield County, Pa., 27.
Evening Star Silver-mine, Leadville, Col. [284], 287.
Experiments with Bolts and Screw-Threads (KING) [13], 90.
Explosives: Apparatus for determining their relative strength, 75.
FACKENTHAL, B. F., JR., The Durham Blast-Furnace [12], 130.
Fairmount coal-mine, Clarion County, Pa., 29, 30.
Falcon Island, Canada, Soapstone at, 695.
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Fall Brook iron-mine, Pictou County, Nova Scotia, 59.
Farmerdale coal-mine, Elk County, Pa., 30.
Farnley iron-works, Leeds, England, 476.
Fayette County, Pa., coal, 636; Iron, 646; Oil-pools [425].
Fiedler condenser, 215.
Fifteen-Mile Stream gold-district, Nova Scotia [679], 689.
Fire-brick hot-blast stove, 159.
Fire-brick manufacture at Mount Savage, Maryland, 698.
Fire-sand, Analyses of, 759; in Clinton County, N. Y., 757.
Flow of Air and Other Gases in Pipes (GORDON) [12], 146.
Floyd County, Va.., gold-deposits, 83.
Fond du Lac, Canada, graphite, 696.
Foord coal-pit, Albion mines, Stellarton, Nova Scotia [405], 407.
FORD, S. A., Remarks on the wearing properties of chilled car-wheels, 939.
Forest County, Pa., oil-pools, 420, 422 [651] ; Natural gas in [437].
Fork Run, Va., iron-ores, 808.
Fox coal-mine, Clarion County, Pa, 30.
Franklin coal-mine, Clearfield County, Pa., 27.
Franklin oil-pool, Venango County, Pa., 422.
FRAZER, D R . P ERSIFOR , The " Centennial" and "Lotta" Gold-Properties, Coahuila

[13], 196.
FREELAND, FRANCIS T., The Sulphide-Deposits of South Iron Hill, Leadville [13],
181.
Freeport coal-beds, Pa., 626 [643] ; Lower bed, 22, 27; Upper bed [23].
Fredonia, Chautauqna County, N. Y., gas-wells, 428, 436.
Fremont County, Col., magnetite, 271.
French River, Pictou County, Nova Scotia, red hematite, 61.
Fryer Hill, Leadville, CoL, carbonate ores, 275 et seq.
Fuels, Proposed apparatus for determining the heating power of, 727.
Furnace Falls Iron Company, Ontario, Canada, 532.
GAERTNER, ERICH G., The Mining Compass and Trigonometer [594], 870.
Galena silver-mill, Nevada, 501.
Gardiner coal-mine, Cape Breton, Nova Scotia, 556, 557, 558.
GARRETT, WILLIAM, Peculiar Phenomena in the Heating of Open-Hearth and Bessemer Steel [594], 789.
GARRISON, F. LYNWOOD, The Microscopic Structure of Car-Wheel Iron [594], 913;
The Microscopic Structure of Iron and Steel [12], 64.
Gas, natural, Geology of, 428.
Gases, The flow of, 146.
Gasoline-gas in a chemical laboratory, 769.
Gas-wells: Ohio: East Liverpool, 667. Pennsylvania: Allegheny County, Apollo,
667, Boyd's Hill [646], 649. Haymaker, 668, Tarentum [437], Westinghouse,
668; Armstrong County, Apollo, 435; Beaver Falls, 667; Butler County,
Delamater [668] ; Cattaraugns County, McMullen and Hallock, 436; Chautauqua County, Fredonia [436] ; Elk County, Ridgway, 435, Wilcox, 436; Forest County, Marionville [437], Leechburg, 667; Venango County, Kane, 435;
Warren County, Sheffield, 433, 436; Washington County, Canonsburg [437],
Hickory [437] ; Westmoreland County, Beaver Run, 435, Murraysville, 435
[437] Pine Run, 435, Roaring Run, 435. West Virginia: New Cumberland,
667.
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GAYLEY, JAMES, A Chilled Furnace-Hearth [595], 779.
Gay's River, Nova Scotia, alluvial gold, 684.
Geology: Carbonate Hill, Leadville, Colorado, 280; Fryer Hill, Leadville, Colorado, 276; Iron Hill, Leadville, Colorado, 280; Iron County, Utah, 809;
Lebanon County, Pa, 875; Low Moor, Va., 801; Nova Scotia gold-field, 676;
Pictou County, Nova Scotia, 54; Pittsburgh coal-region, 618, 629 ; Seqimtchie
Valley, Tennessee, 172; South Mountain Chain, Pa., 449; Tennessee coal-field,
294; Yankee Hill, Leadville, Colorado, 280.
Geology and Mineral Resources of the Sequatchie Valley, Tennessee (BOWRON) [12], 172.

Geology of Natural Gas (ASHBURNER) [321], 428.
Geology of the Low Moor, Va., Iron-ores (LYMAN) [595], 801.
Geology of the Pittsburgh Coal Region (LESLEY) [594], 618.
GILPIN, E., JR., The Iron-Ores of Pictou County, Nova Scotia [13], 54; The Nova
Scotia Gold-mines [595], 674; Remarks on explosions in coal-mines, and loss of
coal, 409.
Glace Bay coal-mines, Cape Breton, Nova Scotia, 317, 546, 551, 557, 558, 627; Visit
to [323],
Glacial phenomena of Nova Scotia [319].
Glasgow Iron Company's Steel-works (Clapp-Griffiths), Pottstown, Pa., 920.
Glass industry of Allegheny County, Pa., 665.
Glass sand in Hudson's Bay territories, 698.
Goderich, Canada, salt-works [788].
Goheen's coal-mine, Clarion County, Pa., 29.
Gold: in Hudson's Bay territories, 693; in Montgomery and Floyd Counties, Vir
ginia, 83; Longmaid and Claudet processes for its extraction from roasted
pyrites, 98.
Gold-mills : South Carolina: Haile, 506.
Gold-mines : Mexico: Coahuila, Centennial, 198, 204 ; Lotta, 202, 205; Vera Cruz,
Las Minas, 336 ; Muertos, 336; Canada: Huronian,693; Nova Scotia: Halifax
County, Montagu, 322, 681, 689.
Gold-mining in Nova Scotia, 674.
Gold-ores: Amalgamation of, 336; Analyses of, 200, 202, 203; Exhibition of
banded structure in a vein, 265; Experiments in amalgamation, 344; Experiments in roasting, 337.
GORDON, FREDERICK W., The Flow of Air and other Gases in Pipes [12], 146; The
Work of the Blast-Furnaces of the North Chicago Boiling Mill Company [320], 362;
Remarks on " dirt troubles" in blast-furnaces, 863.
Gowrie coal-mines, Cape Breton, Nova Scotia, 554, 557, 558.
Grand Pro", Kings County, Nova Scotia, visit to [323].
Grantham Blast-furnaces, Quebec, Canada, 520.
Grape Creek, Fremont County, Colorado, magnetites in, 271.
Graphite in cast-iron, 797, 919.
Graphite in Hudson's Bay territories, 696.
Grayson County, Virginia, iron and copper sulphides, 81.
Great Slave Lake, Canada, hematite, 691.
Great Slave Lake, Canada, petroleum, 696.
Great Whale River, Canada, hydraulic cement, 697.
Great Whale River, Canada, molybdenite, 693.
Great Whale River, Canada, silver, 693.
Greene County, Pa., coal, 634.
Griffiths Creek coal-mine, Marion County, Tennessee, 177.
vol. xiv.—61
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Gunnison County, Colorado, magnetite, 271.
Gypsum in the Hudson's Bay territories, 694.
Haile gold-mill, South Carolina, 506.
Half-way House silver-mine, Leadville, Colorado, 284.
Haliburton County, Canada, iron, 532.
Halifax, Nova Scotia, meeting, Proceedings of, 307; Papers of, 325.
Halifax Iron-works, Nova Scotia, Canada, 541.
Hall's Valley, Colorado, hematite [270].
Halsbrücker Smelting Works, Freiberg, Saxony, 579.
Hamilton Rolling-mill, Ontario, Canada, 534.
Hastings County, Ontario, Canada, iron, 527, 531.
Hawk coal-mine, Jefferson County, Pa., 28.
Haycock iron-mine, Province of Quebec, Canada, 522.
Haymaker gas-well, Murraysville, Pa., 668.
H. D. silver-mine, Leadville, Colorado [186].
Hecla iron-mine, Chaffee County, Colorado, 271.
Heine Safety-boiler (MEIER) [594], 941.
Heinrich, Oswald J., Biographical notice of [593], 784.
Hemixem, Belgium, copper works, 98 et seq.
Hercules metal, 494.
Hibernia iron-mine, N. J., 904.
Hibernia silver-mine, Leadville, Colorado [288].
Hickory gas-well, Washington County, Pa. [437].
Hochelaga iron-works, Province of Quebec, Canada, 522.
HODGES, A. D., JR., The Process used at the Comstock for Refining Coppery Bullion
from the Amalgamation of Tailings [595], 731.
Homogeneity of Open-hearth Steel (C AMPBELL ) [319], 358.

Honeyman, Rev. D., Remarks on the Glacial Phenomena of Nova Scotia [319].
Hoover coal-mine, Jefferson County, Pa., 28.
Horde, Germany, Manufacture of magnesia at, 458.
Hot Springs, Saguache County, Colorado, hematite, 268.
Hough ton iron-works, Ontario, Canada, 531.
Houston iron-mines, Botetourt County, Virginia [79].
HOWE, H. M., The Contraction of Iron under Sudden Cooling [320], 400 ; Remarks
on Clapp-Griffiths process, 929, 934.
Howell furnace, Comparison with Stetefeldt, 341.
Hudson's Bay territories, Mineral resources of, 690.
Hudson's Strait, Canada, graphite, 696; magnetite, 691; mica, 696.
Huffman coal-mine, Jefferson County, Pa., 28.
Hull blast-furnace, Ottawa, Quebec, Canada [519].
Hum's coal-mine, Jefferson County, Pa., 28.
HUNT, ALFRED E., Soft Steel for Boiler-plates [594], 826; Remarks on methods for
estimation of manganese and phosphorus in iron and steel, 379.
HUNT, ROBERT W., Clapp and Griffiths Process [13], 139; Remarks on the Clapp
Griffiths process, 932.
HUNT, DR. T. STERRY, An Electrical Furnace for Reducing Refractory Ores [319],
492; Note on the Apatite Region of Canada [319], 495.
Huronian gold-mine, Canada, 693.
Huston's Cave, Greene County, Pa. [638].
Hydraulic cement, Hudson's Bay, 697.
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Idria, Austria; Comparison of reduction-works with those of New Almaden, Cal.,
215, 230, 231, 247.
Improved Bruckner Cylinders (RAYMOND ) [320], 576.
Improvements in Ore-Crushing Machinery (KROM) [319], 497.

Industrial School for Miners and Mechanics, Drifton, Pa. [788].
Influence of Temperature in Steel-Making upon the Behavior of the Ingots in Rolling

(CABOT) [13], 84.
Ingham iron-mine, Page County, Virginia [79].
Inman iron-mine, Tennessee [79], 175.
International Coal-mines, Cape Breton, Nova Scotia, 317, 551, 557, 558.
Iron: Constitution of cast-iron, 795; Contraction of iron on sudden cooling, 400;
Determination of titanium in, 763; Estimation of manganese, carbon, and phosphorus in, 372 el seq., 382; Existence of carbon in, 914; Manufacture of, in the
South, 4; Melting wrought-iron, 774; Microscopic structure of iron and steel,
64, 913; Mitis-castings from wrought-iron or steel, 773 ; Reduction of ferricsolutions by amalgamated zinc and platinum foil, 766; Sampling of cast-iron
borings, 760; Utilization of sulphides of Virginia, North Carolina, and Tennessee, 81.
Iron County, Utah, iron-ore deposits, 809.
Iron Hill, Leadville, Colorado, Geology of, 280 ; Iron Hill Cons, silver-mine [188].
Iron-manufacture in Canada: Quebec, 508; Ontario, 523; New Brunswick, 535 ;
Nova Scotia, 537.
Iron Mountain iron-mines, Allegheny County, Virginia [79].
Iron Mountain, Missouri, Occurrence of apatite at'[811].
Iron pyrites in Hudson's Bay territories, 697.
Iron Silver Co. silver-mines, Leadville, Col., 287.
IRON-MINES OF THE UNITED STATES: Alabama: Jefferson County, Birmingham
[79]. Colorado: Chafee County, Calumet, 271; Hecla, 271; Smithville,271;
Leadville, Fryer Hill, 275; Kit Carson [275] ; Little Eva [275] [288] ; Pandora [275]. Georgia: Rising Fawn [79]. Michigan: Menominee district, 910.
New Jersey [905] ; Allen [909] ; Hibernia, 904 ; Morris County, Succasunna,
Dickerson, 904; Mount Pleasant [909]; Richards [909]. New York: Port
Henry, No. 21, 910; Port Henry, Old Bed, 910. Pennsylvania: Berks County,
Boyertown, magnetic [879] ; Wheatfield [879], 895 ; Boyertown, Phœnix, 895 ;
Warwick, 895; Centre County, brown hematite [879]; Cornwall, Elizabeth, magnetic, 891; Lebanon County, Cornwall, magnetic, 873; Reading Island [879],
895; Underwood, 895. Tennessee: Inman [79], 175; Roane County, Rockwood
[79]; Allegheny County, Iron Mountain [79]. Virginia: Allegheny County,
Low Moor [79]; Stack [79] ; Botetourt County, Confederate [786] ; Houston
[79] ; Middlesex County, Wilton, D. S. Cook [79] ; Page County, Ingham [79] ;
Milnes [79]; Roanoke County, Crozer [79]; Rohrer [79]. OTHER COUNTRIES : Canada: Batiscan, 518; Cap de la Madelaine, 508 ; Province of Quebec,
Haycock, 522; Moisic, 520; Radnor, 518 ; St. Maurice, 508; Nova Scotia :
Acadia, 539; Pictou County, Albion, 61; Arisaig, 59; Black Rock, 60; Blanchard, 58; Drug Brook, 57 ; Fall Brook, 59 ; McLaren's Brook, 59, 60; McGregor,
61; Springville, 59, 60; Watson, 57 ; Weaver, 57 ; Webster, 58, 59.
Iron-ores, analyses of, 57, 59, 60, 61, 62, 63, 175, 179, 270, 271, 273, 364, 812, 842,
857, 881, 892, 893, 894, 895, 910, 912.
Iron-ore deposits in Colorado, 266.
Iron-ores: Distribution in the United States, 564; In Hudson's Bay territories, 691;
Occurrence of apatite, 811; Purple ore, or residue from lixiviation of roasted

964

INDEX.

pyrites, 109; Pennsylvania: Altoona, Baker, 806; Elizabeth, 805; Marcellus
ore-bed, 805. Missouri: Iron Mountain [811], New York: Lake Champlain,
Sandford [811]. Virginia: Callaghan Creek, 808; Fork Bun, 808; Karnes Creek
Valley, 808; Low Moor, 801. Canada: New Brunswick, Woodstock, 535; Nova
Scotia, Colchester County, specular and limonite, 57; Pictou County, McLaren's
Brook, 59, 61; specular and limonite, 56.
Iron-Ore Deposits of Southern Utah (BLAKE) [594], 809.
Iron-Ores of Pictou County, Nova Scotia (GILPIN) [13], 54.
Iron-Works: Illinois, East St. Louis, Tudor, 947. New York: Allegheny, Boilingmills, etc., 660, 661; Troy, 947. Canada: Montreal, 523; New Brunswick,
Coldbrook, 536; Portland Rolling-mill, 537 ; Nova Scotia, Halifax, 541; Moose
River, 537 ; Ontario, Furnace Falls, 532; Hamilton, 534; Houghton, 532; Marmora, 527; Toronto, 532; Province of Quebec, Hochelaga, 522. England:
Leeds, Farnley, 476. France: Creusot, 476.
Isabella blast-furnaces, Pittsburgh, Pa., 147, 658, 861.
Island iron-mine, Beading, Pa. [879], 895.
James's Bay, Canada, gypsum, 694.
Jefferson County, Pa., coal, 28; cannel coal, 644.
Johnstown District, Pa., coal [24].
Kane gas-well, Venango County, Pa., 435.
Karnes Creek Valley, Va,, iron-ores, 808.
Karthaus coal-mine, Clearfield County, Pa., 27.
KENT, WILLIAM, Proposed Apparatus for Determining the Heating Power of Different
Fuels [595], 727; Recent Failures of Steel Boiler-Plates [594], 812; Remarks on
specific gravity of open-hearth steel, 585.
Keslar coal-mine, Jefferson County, Pa., 28.
KING, W. B., Experiments with Bolts and Screw-Threads [13], 90.
Kit Carson iron-mine, Leadville, Col. [275].
Kittanning coal-beds, Pa., 626 [643]"; Lower Bed, 22; Upper Bed [23].
Knee Lake, Canada, magnetite, 691.
Knoxville Iron Company's coal-mine, Coal Creek, Anderson County, Tenn., 297.
Knoxville silver-mine, Charleston, Arizona [398].
KROM, STEPHEN B., Improvements in Ore-Crushing Machinery [319], 497.
Labor, Colored mining, 78.
Lake Nipigon, Canada, asbestos, 697; dolomites, 697.
Lake of the Woods, Canada, dolomites, 697; lignite, 695.
Lake Superior, graphite, 696.
Lake Winnipegosis, Canada, salt, 695.
La Plata silver-mine, Leadville, Col., 189.
La Saline, Canada, salt, 694.
Las Minas gold mines, Vera Cruz, Mexico, 336.
Laurel Creek, Floyd County, Va., gold-deposits, 83.
Laurel Bun coal-mine, Clearfield County, Pa., 27.
Law, Mining, of Mexico, 34.
Lawrence County, Pa., coal [24].
Lawrencetown synclinal, Nova Scotia [679].
Lawrenceville, Pa., Visit to Crescent steel-works at, 603.
Lead-refining in Allegheny County, Pa., 666.
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Lead-mines in Wythe County, Va. [787].
Lead-ore in Hudson's Bay territories, 692.
Leadville, Col., ore-deposits of, 273; Sulphide deposits of South Iron Hill, 181.
(See also Silver-mines.)
Lebanon County, Pa., iron-mines, 873.
Leechburg, Pa., natural gas, 667.
Leeds County, Ontario, Canada, iron manufacture, 523.
Leeds, England, Iron-works near, 476.
LEHMAN, A. E., Topographical Models; their Construction and Uses [319]., 439.
LESLEY, J. P., The Geology of the Pittsburgh Coal-Region [594], 618.
Lexington silver-mill, Butte, Montana [343].
Liard River, Canada, Gold in, 693.
Lickdale Iron Company's steel-works (Clapp-Griffith), Lebanon, Pa. [922].
Lieore District, Canada, Apatite-mining in, 495.
Lignite in Hudson's Bay territories, 695.
Lime in Hudson's Bay territories, 697.
Lime silver-mine, Leadville, Col. [188], 283.
Limonite (see Iron-ores, Iron-mines, and Analyses).
Limestone, analyses of, 63, 882.
Lingan coal-mines, Cape Breton, Nova Scotia, 550, 557, 558.
Lingan Tract, Sydney coal-field, Cape Breton, Nova Scotia, 545.
L'Islet Blast-furnace, Province of Quebec, Canada [519].
Little Chief silver-mine, Leadville, Col. [276], 286 [288, 289],
Little Eva iron-mine, Leadville, Col. [275, 288].
Little Pittsburgli silver-mine, Leadville, Col., 286 [288, 289].
Little Sequatchie coal-mine, Marion County, Tenn., 177.
Little Whale River, Canada, asbestos, 697; lead, 692.
Lixiviation and Amalgamation Tests (CLARK) [319], 395.
Lloydsville coal-mine, Cambria County, Pa., 30.
Locomotive Works in Allegheny County, Pa., 670.
Logan coal-mine, Clearfield County, Pa., 27.
London coal-mine, Jefferson County, Pa., 28.
London steel-works, Ontario, Canada, 535.
Londonderry, Colchester County, Nova Scotia, Excursion to, 322; Specular ironores, 539.
Long Island, Hudson's Bay, anthracite, 695; copper pyrites, 692; hematite, 691.
Longmaid and Claudet processes for the extraction of gold and silver from roasted
pyrites, 98.
Lorway coal-mine, Cape Breton, Nova Scotia, 557, 558.
Loss of gold in chloridizing-roasting, 339.
Lotta gold-mine, Coahuila, Mexico, 202, 205.
Louisburg, Cape Breton, Nova Scotia, Visit to [323].
Lowe-Strong gas as a fuel, 253.
Lower Devonian rocks, Pa., 651.
Low Moor, Va., Geology of, 801.
Low Moor iron-mine, Allegheny County, Va. [79].
Low Point coal-mines, Cape Breton, Nova Scotia [323].
Lucy blast-furnaces, Allegheny County, Pa., 658.
Lunenburg, Nova Scotia, alluvial gold, 684.
LYMAN, BENJ. SMITH, Geology of the Low Moor, Va., Iron-Ores [595], 801.
Lyndhurst, Ontario, Canada, iron-manufacture, 523.
Lyon silver-mill, Dayton, Nevada, 731.
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Mackenzie River, Canada, chromic iron, 697; gold, 693; petroleum 696
MACKINTOSH, 3.B., A New Method for the Determination of Phosphorus in Iron and.
Steel [32V], 385.
Mackintosh, Hon. J. C, Address at Halifax meeting, 315.
Ma&oc Blast-furnace, Ontario, Canada, 531.
Magnesia, Analyses of, 460; Processes for manufacturing, 458, 460.
Magnetic iron-ores (see Iron-ores, Iron-mines, and Analyses).
Mahoning coal-mine, Armstrong County, Pa., 30.
Manganese, "Estimation of, in Iron and Steel, 372; Influence of, in steel-castinas 128.
Manitoba, Canada, gypsum, 694.
Manitoxmuck, Hudson's Bay, quartzites, 697.
Mansfield silver-works, Germany, 747.
Manufacture of Fire-brick at Mt. Savage, Md. (COOK) [595], 698.
Nabyfactyre if Irou in Canada (BARTLETT) [319] 508.
Manufacture of Steel Castings( SALOM) [12], 118.
Mapleton coal-mine, Clearfield County, Pa., 27.
Marble Island, Hudson's Bay, Q,uarteites on, 697.
Marcellus iron-ore bed, Pa., 805.
Marion County, Tenn., coal, 177.
Marionville gas-well, Forest County, Pa. [437].
Marmora iron-works, Ontario, Canada, 527.
Matchless silver-mine, Leadville, Col. [288].
Mattagami River, Canada, iron pyrites, 697; soapstone, 695; lignite, 695
Mauch Clunk red shale, Pa., 633, 646.
McCall coal-mine, Clarion County, Pa., 30.
McCormick steel-works (Clapp-Griffiths), Harrisburg, Pa. [922].
McGregor iron-mine, Picton County, Nova Scotia, 61.
McKean County, Pa., coal [23], 33; oil-pools, 420; mountain sands, 648.
McKee coal-mine, Jefferson County, Pa., 28.
McLaren's Brook iron-mine, Pictou. County, Nova Scotia, 59, 61.
McMullen and Hallock gas-well,Cattaraugus County, Pa., 436.
METER, E. D., The Heine Safety-Boiler [594], 941.
Melon coal-mine, Chest Creek, Pa., 30.
Melville Island, Canada, clay-ironstone, 691.
Members: Election of, at Chattanooga meeting, 14 *, at Halifax meeting, 320; at
Pittsburgh meeting, 596Mendheim furnace, 464 et seq.
Menominee iron-mines, Lake Superior, 910.
Mercer County, Pa., coal [24], 625.
Merriman coal-mine, Westport, Pa., 30.
METCALF, WILLIAM., Natural Gas, 589.
Methy Portage, Canada, glass-sand, 698.
Mexico, Gold in, 196, 336; Mining in, 34.
Mica in Hudson's Bay territories, 696.
Microscopic Structure of Car-Wheel Iron (GARRISON) [594], 913.
Microscopic Structure of Iron and Steel (GARRISON) [12], 64.
Midland Blast-furnace, Missouri [929].
MILLER, G.S., The Specific Gravity of Low-Carbon Steels [320], 583.
Milnes iron-mine, Page County, Va. [79].
Mineral Resources of the Hudson's Bay Territories (BELL) [595], 690.
Mining Compass and Trigonometer (GAERTNER) [594], 870.
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Mining in Mexico, 34.
Mining law in Nova Scotia, 686.
Minnie silver-mine, Leadville, Col. [181], 187.
Mitis-Castings of Wrought-Iron or Steel (OSTBERG-) [595], 773.
MOEN, PHILIP W., Biographical Notice of Professor Charles 0. Thompson [13], 190.
Moisic Iron-mines, Province of Quebec, Canada, 520.
Molybdenum in Hudson's Bay territories, 693.
Monongahela coal-measures, Pa., 637.
Montagu gold district, Halifax County, Nova Scotia, 322, 681, 689.
Montgomery County, Virginia, Silver and gold deposits in, 83.
Montreal Iron-works, Canada, 523.
Mooer's Forks, Clinton County, N. Y., fire-sand, 758.
Moose River, Hudson's Bay territories, Canada, gypsum, 694.
Moose River iron-works, Nova Scotia, Canada, 537.
Moose River, Nova Scotia, gold [679], 683.
Morgan County, Tenn., coal [295], 297.
Morning Star silver-mine, Leadville, Col., 287.
Morrisdale coal-mine, Clearfield County, Pa., 27.
Moshannon Creek coal-bed, Pa., 34.
Mountain sandstone, Pa., 647.
Mount Cory silver-mill (lixiviating), Nev., 497 et seq.
Mount Nebo, Pa., oil-pool [425].
Mount Pleasant iron-mine, N. J. [909].
Mount Savage, Md., Manufacture of fire-brick at, 698.
Mount Uniacke, Nova Scotia, gold, 682, 689.
Moyer silver-mine, Leadville, Col. [182, 186], 188, 288.
Muertos gold-mine, Vera Cruz, Mexico, 336.
Murphy coal-mine, Clarion County, Pa., 29.
Murraysville gas-wells, Westmoreland County, Pa., 435 [437].
Nastapoka Islands, Hudson's Bay, Manganiferous epathic ironstone on, 692.
Natural Gas (METCALF), 589.
Natural gas, anticlinal theory of, 654; Explosions of, 669; Geology of, 428; In
Pennsylvania, 620, 650, 667.
Nevil Bay, Canada, iron pyrites, 697.
New Albion gold-mine, Montagu, Nova Scotia, 681.
New Almaden, Cal., Quicksilver condensation at, 206.
New Brunswick, Canada, iron-manufacture, 535.
New Cumberland gas-wells, West Virginia [667].
New Discovery silver-mine, Leadville, Col. [276, 284], 289.
New Fire-brick Hot-blast Stove (STROBEL) [12], 159.
New Glasgow, Pictou County, Nova Scotia, clay-ironstone, 62; coal-mines, 408;
Visit to, 323.
New Method for the Determination of Phosphorus in Iron and Steel (MACKINTOSH)
[321], 385.
New Method of Submarine Tunneling (ROTHWEILL) [594], 770.
New Mining Code of Mexico (CHISM) [13], 34.
New River coal-field, Tenn., 296.
Niagara Steel-works: Ontario, Canada, 534.
Nictaux blast-furnaces, Nova Scotia, Canada, 539.
No. 21 iron-mine, Port Henry, N. Y., 910.
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Norfolk County, Ontario, Canada, Iron in, 532, Manufacture of iron in, 524.
Normandale, Ontario, Canada, "Manufacture of iron at, 524.
North-East Cape, Canada, Gypsum at, 694.
Northeastern steel-works, England, 463 et seq.
Nrorth Saskatchewan River, Canada, Gold in, 694.
Nottingham Island, Canada, Red granite on, 697.
Note on a Deposit of Fire Sand in Clinton County, N. Y. (BRAUBERD) [595], 757.
Note on an Exhibition of Banded Structure in a Gold Vein (ROLKER), 265.
Note on a Self-Dumping Water-Tank (PIERCE) [319], 371.
Note on the Apatite Region of Canada (HUNT) [319], 495.
Note on the Contraction of Iron on Sudden Cooling (HOWE) [329], 400.
Note on the Determination of Small Quantities of Titanium in Iron or Steel (WELLS)
[595], 763.
Note on the Reduction of Ferric Solutions by the Use of Amalgamated Zine and Platinum Foil (BEEBE) [595], 766.
Notes on Certain Iron-Ore Deposits in Colorado (ROLKER) [13], 266; Correction,
950.
Notes on the Constitution of Cast-Iron (DUDLEY and PEASE) [594], 795.
Notes on the Leodville Ore-Deposits (ROLKER) [13], 273; Correction, 950. •
"Nova Scotia: Excursions in, 322 ; Iron manufacture in, 54, 5S7 •, Geology of goldfild, 676; Product of gold, 688, 689.
Nova Scotia Gold Mines (GILPIN) [595], 674.
O'Hara Glass Works, Pittesburgh, Pa., 603.
Oil-pools: NewYork: Allegany County, Richburg, 420; Cattaraugus County,420;
Rochester [651]; Pennsylvania: Beaver District, Slippery Hock, 424, 431;
Smith's Ferry, 424, 431; Butler County, 424 [425], 431; Chatier's Creek,
Washington, 431; Clarion County, 424 [425], 431; Fayette Connty [425];
Dunlap Creek [425], 431; Forest bounty, 420, 422, 651 •, Green County, Dunkard Creek [425], 431, 620, 642; Whiteley Creek [425], 431; McKean County,
Bradford, 420 [425], 433; Smiethport, 427; Mt. Nebo [425]; Thorn Creek,
431; Venango County, 422, 424, 431; Franklin, 422; Pleasantville [425];
Warren County, 420 •, Cherry Grove, 422; Tidioute, 422; Triumph, 422;
Westmoreland County [425], 431; Pleasant \3nity [425], 431.
Oil-regions of Pennsylvania and Mew York, 419.
Oil-sand group, Pa., 648.
Oil-Dwells see (Oil-pools.)
Oker, Germany, Copper-works at, 98 et seq.
Old Bed iron-mine, Port Henry, N. Y.
Oldham gold district, Nova Scotia [679], 689.
Old Moshannon coal-mine, Clearfield County, Pa., 27.
Oliver Brothers & Phillips's steel works (Clapp-Griffiths), Pittsburgh, Pa., 919.
OIAVER, HENRY W., JR., Remarks on Clapp-Grimths Process, 927, 936.
Omega silver-mill, Virginia City, Nevada, 756.
Ontario, Canada, Early attempts to manufacture iron in, 523.
Ontario silver-mill, Utah [341].
Operation of Warwick Furnace, Pa., from August 27, 1880, to September 1, 1885
(BIRKINBINE) [595], 833.
Ore-crushing machinery, Improvements in, 497.
Ore Knob, Ashe County, N. C, Iron and copper sulphides in, 81.
Ormsby blast-furnace, England, "Work of, 368.
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OSTBEEG, PETTER, Mitis-Castings of Wrought-Iron or Steel [595], 773.
Ottawa Islands, Hudson's Bay, Canada, asbestos, 697; gypsum, 694; copper pyrites, 692.
Ottawa Iron and Steel Manufacturing Company, Canada [522].
Pacer Station, Costilla County, Col., magnetites, 271.
Pandora silver-mine, Leadville, Colorado [275].
Pantall coal-mine, Jefferson County, Pa., 28.
Panuco copper-mine, Coahuila, Mexico, 196.
Panuco gold-mine, Coahuila, Mexico, 202.
Papers: Of Chattanooga, Tenn., meeting, 17; Halifax, Nova Scotia, meeting, 325;
Pittsburgh, Pa., meeting, 607.
Park, Bro. & Co.'s steel works, Pittsburgh, Pa., Visit to, 603.
Parker, W., Views of, on steel boiler-plates, 827.
Partridge Lake, Canada, Gold at, 693.
Patton coal-mine, Jefferson County, Pa., 28.
Pay-streaks in Nova Scotia gold-mines, 682.
Peace River, Canada, gypsum, 694; petroleum, 696; silver, 693.
PEASE, F. N. (and C. B. DUDLEY), Notes on the Constitution of Cast-Iron [594], 795.
Peculiar Phenomena in the Heating of Open-Hearth- and Bessemer Steel (GARRETT)

[594], 789.
Penn coal mine, Clearfield County, Pa., 27.
Petroleum in Hudson's Bay territories, 696; in Lower Devonian Rocks of Pa. and
N. Y., 651. (See also Oil-pools).
Phoenix iron-mine, Boyertown, Pa., 895.
Phosphate-rock, Analysis of, 83.
Phosphide of iron in cast-iron, 799.
Phosphorus, Estimation of in iron and steel, 377, 382, 385.
Pictou Coal-Field (POOLE) [319], 403.
Pictou coal-field, Nova Scotia, Excursion to [323].
Pictou County, Nova Scotia, bituminous coal, 63; clay-ironstone, 62; coke, 317;
iron, 54, 538; limestone, 63; steel-works, 542.
PIERCE, W. IDE, Note on a Self-Damping Water-Tank [319], 371.
Pig-iron manufacture in Pennsylvania, 658, 659; South of Pennsylvania and
Ohio, 5.
Pine Run gas-well, Westmoreland County, Pa., 435.
Pittsburgh and Vicinity (SHINN) [589], 657.
Pittsburgh Barren Coal Measures, Pa., 640.
Pittsburgh coal-region, Geology of, 618, 629.
Pittsburgh, Pa., Isabella furnace, 861.
Pittsburgh, Pa., meeting, Proceedings of, 587; papers of, 607.
Pittsburgh Plate Glass Works, Visit to, 602.
Pittsburgh Steel Casting Works, Visit to, 604.
Pleasant Unity, Westmoreland County, Pa., oil-pools [425], 431.
Pleasantville oil-pool, Venango County, Pa. [425].
Pocono sandstone, Pa. [647].
POOLE H. S., Pictou Goal-Field [319], 403.
Poplar Creek, Anderson County, Tenn., coal (293, 294).
Port Henry, N. Y., Clapp-Griffiths steel works [922].
Portland rolling-mill, New Brunswick, Canada, 537.
Portland Township, Canada, apatite, 495.
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Potter County, Pa., coal, 33.
Pottstovm, Pa., Warwick blast-furnace, 833.
Pottsville conglomerate, Pa., 645.
POWELL, W. H., Remarks on Clapp-Griffiths Process, 928.
Present Value of Steel Castings (ABBOTT) [319], 351.
Proceedings: Chattanooga, Tenn., meeting, 1; Halifax, Nova Scotia, meeting, 307;
Pittsburgh, Pa., meeting, 587.
Process Used at the Comstock for Refining Coppery Bullion from the Amalgamation of
Tailings (HODGES) [595], 731.
Product and Exhaustion of the Oil-Regions of Pennsylvania and New York (ASHBUR.UER) [320], 419.
Product of Iron-Ore at Hibernia Mines, N. J. (PULLMAN) [595], 904.
Professional Ethics (BAYLES) [589], 609.
Proposed Apparatus for Determining the Heating Power of Different Fuels (KENT)
[595], 727.
Pueblo, Col., kidney iron-ores, 270.
PULLMAN, J. WESLEY, The Product of Iron-Ore at Hibernia Mines, N. J. [595], 904.
Pyrites, roasted, Analyses of, 99 et seq.
Quebec, Canada, iron manufacture, 508.
Quebec steel-works, Canada, 521.
Quicksilver Condensation at New Almaden (CHRISTY) [13], 206.
Radnor iron-mines, Province of Quebec, Canada, 518.
Rainy River, Canada, lignite, 695.
Rat Portage, Canada, asbestos, 697.
Rat River, Canada, gold, 693.
RAYMOND, R. W., Biographical Notice of Oswald J. Heinrich [593], 784; The Improved Bruckner Cylinders [320], 576; Remarks on the Clapp-Griffiths Process, 931, 937.
Recent Failures of Steel Boiler-Plates (KENT) [594], 812.
Redstone coal-bed, Fayette County, Pa. [637].
Red Lake, Canada, Soapstone at, 695.
Red Mountain, Alabama, Fossil ore in, 8.
Relative Value of Coals to the Consumer (CHANCE) [13], 19.
Robert E. Lee silver-mine, Leadville, Colorado [288].
Relief-maps, Methods of making, 441, 443.
Renfrew gold-district, Nova Scotia, 689.
Repulse Bay, Canada, Gold at, 693.
Reserve coal-mine, Cape Breton, Nova Scotia, 554, 557, 558.
Reynolds coal-mine, Jefferson County, Pa., 28.
Rhine steel-works, Germany, 463 et seq.
Richards iron-mine, N. J. [909].
Richburg oil-pool, Allegany County, New York, 420.
Richmond Gulf, Canada, lead, 692 ; silver, 693.
Ridgway gas-well, Elk County, Pa., 435.
Ringwood Furnace, Ringwood, N. J. [905].
Rising Fawn iron-mine, Georgia [79].
Rivet-steel, Specifications for, 832.
Roane Iron Company, Visit to furnaces and mines of, 15.
Roaring Run gas-well, Westmoreland County, Pa., 435.
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Roberts silver-mine, Leadville, Colorado [284, 289], 291.
Rochester oil-well, N. Y. [651].
Rock silver-mine, Leadville, Colorado [182, 283].
Rockwood, Roane County, Tennessee, coal [294]; Excursion to, 15; Iron-mines
[79].
Rohrer iron-mine, Roanoke County, Virginia [79].
ROLKER, CHARLES M., Note on an Exhibition of Banded Structure in a Gold Vein,
265; Notes on Certain Iron-Ore Deposits in Colorado [13], 266 (see correction,
950); Notes on the Leadville Ore-Deposits [13], 273 (see correction, 950.)
ROTHWELL, E. P., A New Method of Submarine Tunneling [594], 770 ; Remarks on
the use of arsenic as a destroyer of injurious insects, 496.
ROUTLEDGE, W., The Cape Breton Coal-Field [319], 542.
Safety-Lamp, Wolf Benzine-Burning, 410.
Saguache County, Colorado, hematite, 268.
SALOM, PEDRO G., The Manufacture of Steel Castings [12], 118; Remarks on the
Clapp-Griffiths process, 145.
Salt in Hudson's Bay territories, 694.
Salt River, Canada, gypsum, 694.
Salt-works at Goderich, Canada [788].
Sampling of Cast-Iron Borings (SHIMER) [595], 760.
San ford iron-ore, Lake Champlain, N. Y. [811].
Scheibler's process for manufacturing magnesia, 458.
SCHMITZ, E. J., The Wolf Benzine-Burning Safety-Lamp [320], 410.
Schooner Pond coal-mine, Cape Breton, Nova Scotia, 553, 557, 558.
Sohuylkill County, Pa., Mauch Chunk red shale in, 633, 646.
Scott County, Tennessee, coal [295].
Scottie Island, Lake of the Woods, Canada, iron-pyrites, 697.
Seley coal-mine, Jefferson County, Pa., 28.
Sequachee Valley, Tennessee, Geology and mineral resources of, 172; Coal in, 177.
Sewanee coal-seam, Cumberland Mountain, Tennessee, 178 [294], 305.
Sewickley coal-bed, Pa. [637].
Sharon coal-bed, Mercer County, Pa. [24].
Sharp coal-mine, Jefferson County, Pa., 28.
Sheffield gas-well, Warren County, Pa., 433, 436.
Sheffield oil-pool, Warren and Forest counties, Pa., 422.
Sherbrooke gold district, Nova Scotia [679], 682, 685, 689.
Shiesley coal-mine, Jefferson County, Pa., 28
SHIMER, PORTER W., The Sampling of Cast-Iron Borings [595], 760.
SHINN, W. P., Pittsburgh and Vicinity [589], 657.
Sboenberger blast-furnaces, Allegheny County,.Pa., 658.
Silicon, Influence of, in steel-castings, 126.
Silver Cord silver-mine, Leadville, Colorado, 187.
Silver: In Montgomery County, Virginia, 83; Lixiviation of, in Mansfield, Germany, 747; Longmaid and Claudet processes for its extraction from roasted pyrites, 98.
Silver-mills: Montana; Butte, Lexington [343] ; Nevada: Bertrand, 497 et seq.;
Dayton, Lyon, 731; Galena, 501; Mt. Cory, 497 et seq.; Virginia City, Omega,
756; Utah: Ontario [341].
SILVER-MINES OF THE UNITED STATES : Arizona: Charleston, Knoxville [398] ;
Colorado: Leadville: Amie [288]; A. Y. [188]; Big Pittsburgh [288];
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Chrysolite, 276 et seq.; Climax [288]; Col. Sellers [181], 187,288; Crownpoint, 189; Dome [182, 188]; Dunkin [284]; Evening Star [284], 287;
Halfway House [284V, H. D. [186V, Hibernia [288], Iron Silver, 28;
La Plata, 189; Lime [188], 283; Little Chief [276], 286 [288,289]; Little
Pittsburgh, 286 [288, 289]; Matchless [288]; Minnie [181], 187 ; Morning
Star, 287 ; Moyer [182, 186], 188, 288; New Discovery [276,284], 289 ; Pandora [275] ; Robert E. Lee [288] ; Hock [182, 283]; Silver Cord, 187 ; Silver
Wave, 283, 287 ; Smuggler [188], 283; Stone [182, 186, 188, 283] ; Vulture,
289,291; William Reddick [18.6]; Nevada: Comstock,731; MEXICO: Zacatecas, Sombrerete [395].
Silver-ore in Hudson's Bay territories, 693.
Silver-ore, Analyses of, 189, 288, 395, 396, 399.
Silver Wave silver-mine, Leadville, Colorado, 283, 287.
Simple Apparatus for Testing the Comparatire Strength, of Explosives (WHINERY) [12],
75.
Sligo Furnace, Missouri [929].
Slippery Rock oil-pool, Beaver District, Pennsylvania, 424, 431.
Smelting-works at Freiberg, Saxony, [579].
Smethport oil-pool, McKean County, Pa., 427.
Smith's Ferry oil-pool, Beaver District, Pa., 424, 431.
Smithville iron-mine, Chaffee County, Col., 271.
Smuggler silver-mine, Leadville, Col. [188], 283.
Smullen coal-mine, Clarion County, Pa., 29.
Soapstone in Hudson's Bay territories, 695.
Soddy, Hamilton County, Tennessee, coal [294].
Soft Steel for Boiler-Plates (HUNT) [594], 826.
Soho blast-furnace, Allegheny County, Pa., 658.
Sombrerete silver-mines, Zacatecas, Mexico [395].
Songer coal-mine, C\arion County, Pa., 30.
Souris River, Manitoba, Lignite on, 695.
South Iron Hill, Leadville, Col., Sulphide deposits of, 181.
South Mountain, Pa., Greology of, 449.
South Pittsburgh, Visit to Tennessee Coal and Iron Company's furnaces, 15.
South Saskatchewan River, Canada, Petroleum on, 696.
South Staffordshire steel-works, England, 464.
Spang Steel and Iron Company, Pittsburgh, Pa., 926.
Specific Gravity of Low-Carbon Steels (MILLER) [320], 583.
Sprague coal-mine, Jefferson County, Pa., 28.
Spring Hill coal-mines, Cumberland County, Nova Scotia, 317 ; Visit to [323].
Springville iron-mine, Pictou County, Nova Scotia, 59, 60.
St. Croix plaster-quarries, "Nova Scotia, Visit to [323].
St. Francis River, blast-furnace, Province of Quebec, Canada, 520.
St. George coal-mine, Nova Scotia, Canada, 541.
St. Mary's coal-mine, Elk County, Pa., 30.
St. Maurice iron-mines, Province of Quebec, Canada, 508.
Stack iron-mines, Allegheny County, Virginia [79].
Steel: Analyses of, 140,141,143,144, 815, 932; Determination of quality by the
fracture, 792; Determination of titanium, 763; Estimation of manganese, carbon, and phosphorus, 372 et seq., 382 ; Homogeneity.of open-hearth steel, 358;
Influence of temperature in steel-making on the behavior of the ingots in rolling, 84; Manufacture of steel in Clapp-Griffiths converter, 919; of steel-castings,
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118 ; Mitis-castings from wrought-iron or steel, 773 ; Overheating of steel not
injurious, 794; Phenomena in heating open-hearth and Bessemer, 789; Physical
and chemical properties of steel, 126; Soft steel for boiler-plates, 826; Specifications for rivet-steel, 832; Specific gravity of low-carbon steel, 583 ; Tests of
steel, 359, 360, 361; Unequal cooling of ingots, 824.
Steel boiler-plates, recent failures of, 812 ; Specifications for, 830; Physical tests of,
814,826.
Steel castings, Manufacture of, 118; List of ten American manufacturers of, 352;
Present value of, 351.
Steel-works (Clapp-Griffiths): Illinois, Belleville, Western Nail Company, 922,925;
New York, Port Henry [922]; Pennsylvania, Birdsboro, E. & G. Brooke Iron
Company [922]; Harrisburg, McCormick [922] ; Lebanon, Lickdale [922] ;
Pittsburgh, Oliver Brothers and Phillips, 919; Pottstown, Glasgow Iron Company, 920.
Steel-works in Allegheny County, Pa., 662 et seq.
Steel-works in other countries: Belgium, Angleur, 488; Canada, Nova Scotia,
Trenton, 542; Ontario, London, 535; Niagara, 534; Quebec, 521; England,
Northeastern, 463 et seq.; South Staffordshire, 464; Germany, Rhine, 463 et
seq.; Russia, St. Petersburg, Alexandrowsky, 464.
Stellarton, Pictou County, Nova Scotia, visit to, 323.
STETEFELDT, CHAKLES A., The Amalgamation of Gold-Ores, and the Loss of Gold in
Chloridizing-Roasting, with Especial Reference to Roasting in a Stetefeldt Furnace
[319], 336.
Stirling coal-mine, Clearfield County, Pa., 27.
Stockholm, Sweden, Östberg's Mitis-foundry in, 779.
Stone silver-mine, Leadville, Col. [182,186, 188, 283].
Stormont gold-district, Nova Scotia, 689.
Straight or No-Bosh Blast-Furnace (TAYLOR) [13], 88.
STROBEL, VICTOR 0., A New Fire-Brick Hot-Blast Stove [12], 159.
Strouse's coal-mine, Jefferson County, Pa., 28.
Submarine tunneling, 770.
Sulphide-Deposits of South Iron Bill, Leadville (FREELAND) [13], 181.
Sutherland's River, Pictou County, Nova Scotia, spathic iron-ore, 60.
Swan River, Canada, Lignite on, 695.
Sydney coal-field, Cape Breton, Nova Scotia, 317, 323, 544 et seq.
Tangier gold-district, Nova Scotia [679] ; Alluvial gold, 683, 689.
Tarentum gas-wells, Allegheny County, Pa. [437].
Tarentum, Pa., Visit to Philadelphia gas-works, 603.
TAYLOR, W. J., The Straight or No-Bosh Blast-Furnace [13], 88; Remarks on operation of Warwick Furnace, Pa., 861.
Templeton township, Canada, Apatite in, 495.
Tennessee Coal and Iron Company, Visit to furnaces of, 15.
Tennessee Upper Measure coal-field of, 292.
Thompson, Charles O., Biographical notice of, 190.
Thorn Creek oil-pool, Pa., 431.
Thurlow, Pa., Standard Steel Casting Co., 122.
Tidioute oil-pool, Warren County, Pa., 422.
Tipton Run, near Altoona, Pa., coal-beds, 632.
Titaniferous iron-ore in Nova Scotia, 537.
Titanium in irons and steels, 763.
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Topographical Models; Their Construction and Uses (LEHMAN) [319], 439,
Toronto Iron-works, Ontario, Canada, 532.
Tracy City, Grundy County, Tennessee, coal, 177 [294].
Treatment of Roasted Pyrites by the Longmaid and Claudet Processes for the Extraction
of Gold and Silver (EGLESTON) [13], 98.
Trenton Forge and Steel works, Nova Scotia, Canada, 542.
Trigonometer, 872.
Triumph oil-pool, Warren County, Pa., 422.
Trout Lake, Canada, Apatite on, 697.
Troy Steel and Iron works, Heine safety-boilers at [947].
Trumbull County, Ohio, coal-beds, 625.
Tudor iron-works, East St. Louis, Ill., 947.
Turner, Thomas, Views on steel boiler-plates, 828.
Underwood iron-mine, York County, Pa., 895.
Uniacke gold district, Nova Scotia, 689.
Union town coal-bed, Fayette County, Pa. [637], 639.
Uniontown, Fayette County, Pa., Iron-ore at, 646.
Upper Measure Coal-fields of Tennessee (COLTON) [12], 292.
Upper Barren coal-measures, Pa., 634.
Use of Gasoline Gas in a Chemical Laboratory (WAIT) [595], 769.
Utah, Southern, Iron-ore deposits of, 809.
Utilization of the Copper and Iron Sulphides of Virginia, North Carolina, and Tennessee
(BOYD) [12], 81.
Vale coal-mines, New Glasgow, Nova Scotia, 405, 408.
Venango County, Pa., coal, 33; oil-pools, 422, 424, 431; oil-sands, 647, 648.
Vera Cruz, Mexico, gold, 336.
Victoria coal-mine, Cape Breton, Nova Scotia, 543, 550, 557, 558.
Virginia, Coprolites of [83].
Vulture silver-mine, Leadville, Col., 289, 291.
Wachob coal-mines, Jefferson County, Pa., 28.
Wagon Creek, Costilla County, Col., magnetites, 271.
WAIT, PROF. CHARLES E., A Cupel-machine [595], 767 ; The Use of Gasoline Gas
in a Chemical Laboratory [595], 769.
Walnut Mountain coal-field, Tenn., 296.
Warren County, Pa., coal, 33; mountain sands, 648, 651; oil-pools, 420.
Warwick blast-furnace, Pottstown, Pa., 833.
Warwick iron-mine, Boyerton, Pa., 895.
Washington coal-bed, Pittsburgh, Pa., 626.
Washington County, Pa., coal, 634; natural gas [437]; oil-wells [647].
Washington-oil-pool,.Chartier's Creek, Pa., 431.
Water-tank, Note on a self-dumping, 371.
Watson iron-mine, Pictou County, Nova Scotia, 57.
Waverley gold-fields, Nova Scotia [679], 689 ; alluvial gold, 683.
Waynesburgh coal-bed, Greene County, Pa., 637.
Weaver iron-mine, Pictou County, Nova Scotia, 57.
Webster coal-mine, Clearfield County, Pa., 27.
Webster iron-mine, Pictou County, Nova Scotia, 58, 59.
Wellington copper-mine, Ontario, Canada, 692.
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WELLS, HORACE L., Note on the Determination of Small Quantities of Titanium in
Iron or Steel [595], 763.
Western Nail Company, Belleville, 111., 922, 925.
Westinghouse gas-well, Pittsburgh, Pa., 668.
Westmoreland County, Pa., coal, 636; natural gas, 435 [437] ; oil-pools [425], 431.
Westville, Nova Scotia, Acadia coal-pit, 407.
Wheatfield iron-mine, Berks County, Pa. [879], 895.
WHINEKY, S., A Simple Apparatus for Testing the Comparative Strength of Explosives
[12], 75.
White Mud River, Canada, Salt at, 695.
Whiteley Creek, Greene County, Pa., oil-pools [425], 431.
Whitwell, Cocke County, Tenn., coal, 177.
Whitwell-Cowper stove, 159.
Wilcox gas-wells, Elk County, Pa., 436.
Wilkins coal-mine, Clarion County, Pa., 29.
William Reddick silver-mine, Leadville, Col. [186].
Williamson coal-mine, Philipsburg, Pa., 30.
Wilton iron-mine, Middlesex County, Va. [79]
Windsor, Hauts County, Nova Scotia, Visit to [323].
Wingert coal-mine, Jefferson County, Pa., 28.
WITHEROW, J. P., The Clapp- Griffiths Converter: Later Practice and Commercial Results [594], 919.
Wolf Benzine-burning Safety-lamp (SCHMITZ) [320], 410.
Woodstock, New Brunswick, Canada, iron ore, 535.
Work of the Blast-furnaces of the North Chicago BoUing-MUl Company (GORDON)
[320], 362.
Wrought-iron (see Iron).
Wythe lead-mines, Austinville, Wythe County, Va. [787].
Yamaska County, Quebec, Canada, iron, 520.
Yankee Hill, Leadville, Colorado, Geology of, 280.
Youkon River, Canada, gold, 693.
Zinc and platinum amalgamation for reducing ferric solutions, 766.
Zinc in Hudson's Bay territories, 693.

