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ADVERTISEMENT.

The publications of the United States Geological Survey are issued in accordance with the statute,

approvc'd March 3, 1879, which declares that

—

'The publications of the Geological Survey shall consist of the annual report of operations, geo-

logical and economic maps illustrating the resources and classifications of the lands, and reports upOB
geperal and economic geology and paleontology. The annual report of operations of the Geological

Survey shall accompany the annual report of the Secretary of the Interior. All special meinoirs an(i.

reports of' said Survey shall be issued in uniform quarto series if deemed necessafy by tjie Director,

but otherwise in ordinary octavos. Three thousand copies of each shall be published for scientific

exchanges and for sale at the price of publication ; and all literary and cartographic materials received

in exchange shall be the property of the United States and form a part of the library of the organiza-

tion. And the money resulting from the sale of such publications shall be covered into the Treasury

of the United States."

ANNUAL REPORTS.

From the above it will be seen that only the Annual Reports, which form parts of the reports of the

Secretary of the Interior and are printed as executive documents, are available for gratuitous distri-

bution. A number of these are furnished the Survey for its exchange Mst, but the bulk of them are

sapplicd directly, through the document rooms of Congress, to members of the Senate and I^ouse.

Except, therefore, in those cases in which an extra number is supplied to this Oifice by special resbja-

tion, application must be made to.members of Congress for the Annual Reports, as for all other exec-

utive documents.
. ,
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. .

Of the-so annuals there have been already published*:

I. First Annual Report to the Hon. Carl Schurz, by Clarence King, 8°, "Washington, 1880, 79 pp., 1

map.—A preliminary report describing plan of organization and publications.

! II.- Report of the Diricctor of the United States Geological Survey for 1880-81, by J. W. Powell, 8=,

Washington, 1883, Iv, 588 pp., 61 plates, 1 map.

CONTENTS.

Report of the Director, pp. i-lv, plates 1-7.

Administiative Reports by Heads of Divisions, pp. 1-46, plates 8 and 9.
'

The Physical Geology of the Grand Caiion District, by Capt. C. E. Dutton, pp. 47-166, plates

10-36.
"

Contribution to the History of Lake Bonneville, by G. K. Gilbert, pp. 167-200Jplates 37-43. .'

Abstract of Report on the Geology and Mining Industry of Leadville, Colorado, by S. F.

Emmons, pp. 2U1-290, plates 44 and 45.

A Summary of the Geology of the Comstock Lode and the "Washoe District, by George F.

Becker, pp. 291-330, plates 46 and 47.

- Production of Piecious Metals in the United States, by Clarence King. pj). 331-401, plates 48-53.

A New Method of Measuring Heights by means of the Barometer, by G. K. Gilbert, pp. 403-565,

plates 54-61.

Index, pp. 567-588.

The Third and Fourth Annual Reports are now in i)res8.

MONOGRAPHS.

The Monographs of the Survey are printed for the Survey alone, and can be distributed by it only

through a fair exchange foi- books needed in its libiaiy, or through the sale of those coi)ies over and
above the number needed for such exchan<re. They are not for gratuitous distribution.

So far as already determined upon, the list of these monographs is as follows

:

I. The Precious Metals, by Clarence King. In preparation. /

U. Tertiary History of the Grand Caiion District, with atlas, by Capt. C. E. Dutton. Published. '^
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m. Geology of the Comstoclc Lode and Washoe District, with atlas, by George F. Becker. Pub-
lished.

IV. Comstock Mining and Minors, by Eliot Lord. In press.

V. Copper-bearing Rocks of Lake Superior, by Prof. K. D. Irving. In press.

VI. Older Mesozoic Flora of Virginia, by Prof William M. Fontaine. In press.

Geology and Mining Industry of Leadvillc, with atlas, by S. F. Eniinous. In preparation.

Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague. In preparation.

Coal of the United States, by I'rof. R. Punipelly. In preparation.

Iron of the United States, by Prof R. Puuipelly. In preparation.

Lesser Metals and General Mining Resources, by Prof R. Puinpelly. In preparation.

Lake Bonneville, by G. K. Gilbert. In preparation.

Dinocerata. A monograph on an extinct order of Ungulates, by Prof 0. C. Marsh. In press.

Saurojjoda, by Prof O. C. Marsh. In jjieparation.

Stegosauria, by Prof O. C. Marsh. In preparation.

Of these monographs, Xos. II and 111 are now published, viz:

II. Tertiary History of the Grand Caiion District, with atlas, by C. E. Dutton, Capt. U. S. A., 1882,

4°, 264 pp., 42 plates, and atlas of 26 double sheets folio. Price $10.12.

III. Geology of the Comstock Lode and Washoe District, with atlas, by George F. Becker. 1882, 4°

422 pp., 7 plates, and atlas of 21 sheets folio. Price $11.

Nos. IV, V, and VI are in press and will appear in quick succession. The others, to which numbers
are not assigned, are in preparation.

BULLETINS.

The Bulletins of the Survey will contain such papers relating to the general purpose of Its work as

do not come properly under the heads of Annual Repokts or Monographs.
Each of these Bulletins will contain but one paper, and be complete in itself. They will, however,

be numbered in a continuous series, and will in time be united into volumes of convenient size. To
facilitate this, each Bulletin will have two paginations, one proper to itself and another which belongs

to it as part of the volume.

Of this series of Bulletins Nos. 1 and 2 are already published, viz :

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Angitic Rocks, by Whitman Cross, with

a Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883, 8°, 40 pp. Price ten cents.

2. Gold and silver conversion tables, giving the coining value of Troy ounces of fine metal, &c., by
Albert Williams, jr. 8°. Washington, 1883. ii, 8 pp. Price five cents.

STATISTICAL PAPERS.

A fourth series of publications having special reference to the mineral resources of the United

)*V States is contemplated ; of that series the first is this volume: Mineral Resources of the United States,

by Albert Williams, jr. 8°. Washington, 1883. xvii, 813 pp. Price 50 cents.

Correspondence relating to the publications of the Survey, and all remittances, should be addressed

to the

DiRECTOU OF THE UNITED STATES GEOLOGICAL SURVBY,

Washington, D. O.

Wabhujgton, D. C, October 1, 1883.
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LETTER OF TRANSMITTAL.

United States Geological Survey,
Division of Mining Statistics and Technology,

WasJiington, D. C, June 30, 1883.

Sir : I have the honor to transmit herewith a statistical report upon
the j)resent condition of the mining industries of the United States,

prepared in accordance with an act passed at the first session of the

Forty-seventh Congress, and under your instructions of August 5, 1882.

Very respectfully, your obedient servant,

ALBERT WILLIAMS, Jr.,

Geologist-in-charge.

Hon. J. W. Powell,
Director United States Geological Survey.
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SUMMARY.

Coal.—The only statistics in which the trade is interested are those

relating to the amount of coal which is mined for and reaches the mar-

ket. There is besides a local and colliery consumption which is usually

disregarded in statistics, and which ranges from 5 to 6J per cent, on the

total shipments. Of what may be called the commercial jiroduct, the

quantities in 1882 were : Pennsylvania anthracite, 29,120,090 gross tons;

bituminous, brown coal, lignite, and small lots of anthracite mined out-

side of Pennsylvania, 57,963,038 gross tons ; total, 87,083,134 gross tons.

The spot value of the commercial product was as follows : anthracite,

$65,520,2165 bituminous and other coals, $72,453,797; total, $137,974,013.

During the first six months of 1883 the output was : Pennsylvania an-

thracite, 14,010,767 gross tons ; bituminous and all other coals, 30,000,000

gross tons; total, 44,010,767 gross tons. The spot value of the com-

mercial product during the first half of 1883 was : Pennsylvania anthra-

cite, $31,524,226; bituminous and other coals, $37,500,000; total,

$69,024,226. Including the local consumption, etc., the total product

in 1882 may be stated at 92,219,454 gross tons ; namely, 31,358,264

tons of Pennsylvania anthracite and 60,861,190 gross tons of other coals;

and the value at the mines was: Pennsylvania anthracite, $70,550,094;

bituminous coal, etc., $76,076,487; total, $146,632,581.

Iron.—The principal iron statistics for 1882 are as follows: Pig iron

made, 4,623,323 gross tons; spot value, $106,336,429. Iron ore mined,

9,000,000 gross tons; spot value, $32,400,000. Domestic iron ore con-

sumed, 8,700,000 gross tons; spot value, $31,320,000. Imported iron

ore consumed, 589,655 gross tons. Total iron ore consumed, 9,289,655

gross tons. Total spot value of all iron and steel in the first stage of

manufacture, excluding all duplications, $171,330,429. Anthracite con-

sumed in all iron and steel works, including furnaces, 3,800,000 gross

tons. Bituminous coal consumed in all iron and steel works, including

furnaces, 6,600,000 gross tons. Coke consumed in all iron and steel

works, including furnaces. 3,350,000 gross tons. Charcoal consumed in

all iron and steel works, including furnaces, 107,000,000 bushels. Lime-

stone consumed as flux, 3,850,000 gross tons ; spot value, $2,310,000.

For the first six months of 1883 the totals are as follows : Pig iron

made, 2,352,019 gross tons; spot value, $47,040,380. Iron ore mined

(and consumed), 4,500,000 gross tons; spot value, $12,375,000. Im-

poKed iron ore consumed, 185,000 gross tons. Total iron ore consumed,
^ XI
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4,685,000 gross tons. Total spot value of all iron and steel in the first

stage of manufacture, excluding all duplications, $71,000,000. Anthra-

cite consumed in all iron and steel works, including furnaces, 1,810,000

gross tons. Bituminous coal consumed in all iron and steel works,

including furnaces, 3,140,000 gross tons. Coke consumed in all iron

and steel works, including furnaces, 1.780,000 gross tons. Charcoal con-

sumed in all iron and steel works, including furnaces, 38,750,000 bush-

els. Limestone consumed as flux, 1,950,000 gross tons; spot value,

$1,072,500.

Gold and silver.—The Mint authorities furnish the following statistics

for 1882: Gold, $32,500,000; silver, $46,800,000; total, $79,300,000 ; or

an increase of $1,600,000 over the output in 1881. For the first six

months of 1883 the product is estimated at $16,250,000 gold, $23,400,000

silver, and $39,650,000 total; the rate of production being assumed to

be the same as in 1882.

Petroleum.—The production of crude petroleum in the oil fields of

Pennsylvania and New York in 1882 was 30,053,500 barrels of 42 gal-

lons each, worth, at an average spot value of 78J cents per barrel,

$23,704,698. During the first sixmonths of 1883 the yield was 11,291,663

barrels, worth, at an average spot value of $1.00^ per barrel, $11,305,778.

In addition to the quantity above stated, California produced in 1882

about 70,000 barrels.

Copper.—The production of copper in 1882 was 91,646,232 pounds,

worth, at an average value of 17i cents per pound in Kew York,

$16,038,091. For the first half of 1883 the production is estimated at

58,000,000 pounds, worth, at an average price in New York of 14.65

cents i)er pound, $8,500,000. The spot value of the copper at the point

of production is a matter which cannot be stated with any accuracy;

nor was any attempt made to ascertain the tons of copper ore mined.

In 1882 3,325,000 pounds of bluestone, worth $191,187, were made; and

in the first half of 1883 the manufacture of bluestone is estimated at

1,662,500 pounds, worth $95,593.

Lead.—In 1^82 132,890 net tons of lead were produced, worth, at an

average value of $95 per net ton on the eastern seaboard, $12,624,550.

For the first half of 1883 the production is estimated at 70,000 net tons,

worth, at $90 per ton, $6,300,000. In this case, as with copper, it is

impossible to state the average spot value of the lead, or the tons of

lead ore mined. A very large proportion of the lead ore smelted is

argentiferous, and is worked for its silver contents and not for the value of

the lead. In the census year ending May 31, 1880, the amount of white

lead corroded was reported at 123,477,890 pounds, worth $8,770,699.

Zinc.—The production of metallic zinc in 1882 was 33,765 net tons,

worth, at an average value of 5.4 cents per pound in New York,

$3,646,620. The production during the first six months of 1S83 is esti-

mated at 18,000 net tons, worth, at an average value of 4| cents per

pound in New York, $1,665,000. In addition to the spelter and sheet
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zinc made in this country, there is also a large manufacture of zinc oxide

made directly from the ore. As in the case of copper and lead, it is im-

possible to fix an average spot value for the i)rodnct, and the collection of

statistics of zinc ore mined has not been attempted. In the census year

1880 the amount of zinc oxide manufactured, including that made from

scrap zinc, was reported at 20,121,761 pounds, worth $706,337.

Quicksilver.—In 1882 the production of quicksilver was 52,732 flasks

(of 76^ pounds each = 4,033,998 pounds), worth, at an averajje price in

San Francisco of 36^ cents per i)ound, $1,487,537. During the first six

months of 1883 the production was 22,740 flasks (= 1,739,610 pounds),

worth, at an average price of 35| cents per pound, $613,213. During

the year 1882 700,000 pounds of vermilion were made in the United

States, having a total value of $315,000.

Nickel.—The production of pure grain nickel in 1882 was 277,034

pounds, worth, at $1.10 per jiound, $304,737. There was also a produc-

tion of 50 per cent, copper-nickel alloy containing 4,582 pounds of

nickel, worth $.5,040. The total nickel production was therefore

281,616 pounds, \s:orth $309,777. The only nickel reduction works in

the United States were closed during the first half of 1883.

Cobalt.—The value of cobalt ores and matte for 1882 was about

$15,000. The amount of cobalt oxide made was 11,653 pounds, worth

$32,046.

Manganese.—The production of manganese ore in 1882 was 3,500 gross

tons, and the spot value at the mines, estimated at $15 per ton, was

$52,500.

Chromium.—The production of chrome iron ore in 1882 was about

2,500 net tons, w^orth, at an average price of $40 per ton in Baltimore,

$100,000. The spot value cannot be ascertained.

Tin.—A trifling amount of tin ore was mined in 1882 and the first half

of 1883, and i)roduction of metallic tin began on a small scale towards

the close of the latter period.

Antimony.—The production of metallic antimony, so far as ascer-

tained, was 60 tons in 1882, worth about $12,000.

Building stone.—It is estimated that the value of the building stone

quarried in 1882 was $21,000,000.

Brick and tile.—It is estimated that the total value of the brick and

tile made in the United States in 1882 was $34,000,000.

Lime.—There were 31,000,000 barrels (of 200 pounds each) made in

1882, having a total spot value of $21,700,000 at the kilns.

Cement.—The amount of artificial Portland cement made in 1882 was

85,000 barrels, worth, spot, $ 191,250. Of the cements manufactured from

natural cement rock there were 3,165,000 barrels made, worth, spot,

$3,481,500. The total production of cement was 3,250,000 barrels, worth

$3,672,750.

Clays.—Complete statistics of the quantity of fire and potters' clay

mined in 1882 were not obtained. The value of the whiteware made
was over $5,000,000.
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Frecious stones.—The spot value of tlie precious stones found in 1882,

before cutting, was between $10,000 and $15,000; after cutting, between

$50,000 and $00,000.

Corundum.—It is estimated that 500 tons were mined in 1882, worth

on an average only about $12.50 per ton, crude and unground; total,

$6,250. The value of the ground corundum manufactured duriug the

same year was about $135,000.

Grindstones.—The value of the grindstones made from domestic rock

in 1882 is estimated by leading dealers at $700,000.

Pumice stone.—There were 70 net tons quarried in 1882, worth about

$1,750.

Phosphates.—The production of washed phosphate rock in 1882 hy
the land mining companies of South Carolina was 191 ,305 gross tons ; spot

value, $1,147,830. By the river mining companies, 140,772 gross tons,

spot value, $844,032. Total, 332,077 gross tons ; spot value, $1,992,462.

Marls.—In New Jersey, 1,080,000 net tons of marl were dug in 1882.

The average spot value at the pits is 50 cents i^er ton, making the total

$540,000. There was a small yield of marls in some of the Southern

States, the amount of which has not been ascertained.

Gypsum.—The most complete statistics for 1882 are those of the out-

put of Michigan, namely, 37,821 net tons of land plaster and 135,655

barrels (of 300 pounds each) of stucco. The manufacture of plaster-of-

paris ou the Atlantic seaboard was 525,000 barrels (of 250 pounds each),

chiefly made, however, from Nova Scotia stone. Colorado produced

10,350 sacks (of 100 pounds each). The production of California and
some other States was not ascertained.

Salt.—The amount of salt made in 1882 was 6,412,373 barrels (of 280

pounds each=l, 795,464,440 pounds), having a spot value of $4,320,140.

During the first six months of 1883 the production is estimated at

3,206, 186 barrels (=897,732,080 pounds), worth $2,160,070, the rate of pro-

duction being assumed to be the same as in 1882.

Borax.—The production in 1882 was 4,236,291 pounds, having a spot

value at the works of $338,903. For the first half of 1883 the output

is estimated at 2,800,000 pounds, worth, spot, $224,000.

Sul2)hur.—Complete statistics were not obtained. The production in

the census year was stated at 1,200,000 pounds, worth $21,000.

Barytes.—The amount of crude barytes mined in 1882 was 20,000

tons, worth at the point of production $160,000. The value of refined

and ground barytes manufactured from the crude product above stated

Avas about $440,000.

Mica.—The quantity of merchantable mica mined in 1882 is estimated

by leading dealers at 75,000 pounds, worth $250,0C0. The ])roduction

is rapidly increasing.

Soapstonc.—The amount quarried in 1882 is estimated at 6,000 net

tons, worth $00,000 at the quarries.

Quartz.—The amount of quartz mined in 1882 for glass making and
abrading purposes is estimated at 75,000 net tons.



SUMMARY. XV

Asbestus.—Amount mined in 1882, 1,200 net tons, worth $36,000 at

the point of production.

GraiMte.—Amount mined in 1882, 425,000 pounds, worth, crude, at

the point of production, $34,000. During the first six months of 1883

the production is estimated at 262,500 pounds, worth $21,000.

Carhonate of soda.—Over 1,600,000 pounds were produced in 1882

from native deposits.

AsphuUum.—The production in 1882 was 3,000 net tons, having a spot

value of $10,500.

Alum.—No statistics. In the census year the amount of manufact-

ured artificial alum was reported at 39,217,725 pounds, worth $808,165.

Copperas.—The amount of copperas manufactured in 1882 is estimated

at 15,000,000 pounds, worth $112,500.

. The j)roduction of the following-named substances was insignificant:

Apatite, arsenic, bismuth, infusorial earth, iridium, lithographic stone,

nitrate of soda, ozocerite, platinum, strontia.

i^o reliable statistics were obtained of the following substances:

Buhrstones, chalk, feldspar, fluorspar, mineral paints, pyrites (for acid

manufacture), suliihate of soda, talc (other than "soapstone").

N'one of the following substances are known to have been mined in

1882 or in the first half of 1883 : Carbons, cryolite, rottenstone, wolfram.

Totals.—It is impossible to state the total mineral product in any
form which shall not be open to just criticism. It is evident that the

production statistics of such incongruous substances as iron ore, me-

tallic gold and silver; the spot value of coal mined and the market

value of metallic copper after having been transported hundreds of

miles; the spot value of a crude substance like unground, unrefined

barytes, and the value of a finished product like brick (in which the

cost of manufacture is the leading item), such details cannot well be

taken as items in a general summary. The statistics have been com-

piled with a view to giving information on those points which are of

most interest and utility, and are presented in the form usual in the

several branches of trade statistics. The result is that the values

stated for the different products are necessarily taken at different stages

of production or transportation, etc. Theoretically perfect statistics

of mineral products would include first of all the actual net spot value

of each substance in its crudest form, as taken from the earth ; and yet

for practical purposes such statistics would have little interest other

than the fact that the items could be combined in a grand total in which

each substance should be rated on a fairly even basis. The following

groupings, therefore, are presented with a full realization of the incon-

gruity of many of the items:
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Values of the metallic products of the United States in 1882.

Pig iron, spot value $106, 33G, 4'i9

Silver, coiuing value 4G, 800, OOO

Gold, coining value 32, 500, 000

Copper, value at New York City 16, 038, 091

Lead, value at New York City 12, 624, 550

Zinc, value at New York City 3, 646, 620

Quicksilver, value at San Francisco 1, 487,537

Nickel, value at Philadelphia 309, 777

Antimony, value at San Francisco 12, OOO

Platinum, value at New York City 1, 000

Total 219,756,004

Values of some of the non-metallic products of the United States in 1882 (all spot

values, except chrome iron ore).

Bituminous coal, Lrown coal, lignite, and anthracite mined out-

side of Pennsylvania *.. §76, 076, 487

Pennsylvania anthracite 70, 556, 094

Crude petroleum 23, 704, 69h

Lime 21,700,000

Building stone 21,000,000

Salt 4,320,140

Cement 3, 672, 750

Limestone for iron flux 2, 310, OOO

Phosphate rock 1,147, 830

New Jersey marls 540, 000

Crude borax 338,903

Mica 250,000

Crude barytes 160,000

Chrome iron ore, value at Baltimore 100, 000

Soapstone 90,000

Manganese 01*6 52, 500

Asbestus 36,000

Graphite 34, 000

Sulphur 21,000

Cobalt ore and matte 15, 000

Precious stones, uncut 12, 500

Asphaltum 10,500

Corundum 6, 250

Pumice-stone 1,750

Total $226,156,402
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R48uin4 of the values of the metallic and non-metallic mineral ftuhaiances produced

in the United States in 1882.

Metals $219,756,004

Mineral substances named in the foregoing table 22G, 156, 402

445, 912, 406
Fire-clay, kaolin, potter's clay, common brick clay, terra-cotta,

limestone used as flux in copper and lead smelting, iron ore

used as flux in lead smelting, i)yrites (for acid making),

zinc white made directly from ore, marls (other than New
Jersey), apatite, gypsum, tin ore, bismuth, arsenic, iridos-

mine, mill-buhrstone and stone for making grindstones,

lithographic stone, talc (other than " soapstoue"), quartz,

feldspar, fluorspar, terra-alba, chalk, crude mineral paints,

nitrate of soda, carbonate of soda, sulphate of soda, native

alum, ozocerite, mineral soap, strontia, etc.—certainly not

less than 8,000,000

Grand total.-, 453,912,406

The grand total miglit be considerably reduced by substituting the

value of the iron ore mined for that of the pig iron made ; by deducting

the discount on silver ; and by considering lime, salt, cement, borax, etc.,

as manufactures. It will also be remarked that the spot values of

copper, lead, zinc, and chrome iron ore are much less than their re-

spective values after transportation to market.

M K n
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MINERAL RESOURCES OF THE UNITED STATES.

Albert Williams, Jr.,

Chief of Division of Mining Statistica and Technology.

COAL.
GENERAIi VIEW OF THE COAL-MINING INDUSTRY.

Importance.—It is a somewhat trite but true statement that coal is the

most important of all mineral substances in its bearing upon the material

prosperity of any country, and it is none the less familiar that coal is the

principal mineral product of the United States. Appropriately, there-

fore, the discussion of coal statistics forms the subject of the leading

chapter of this report. Upon coal depends directly the great iron in-

dustry, as weTl as many others. The most prosperous countries are those

which are the largest producers of coal, and thus the relative output

and consumption form a direct standard of the relative progress of

nations. In the United States the present annual production is 1.8 tons

per capita, and the annual consumption is somewhat greater, notwith-

standing the enormous quantities of wood and charcoal which are here

used. This country is now second on th^ list of coal producers of the

world, and it is a question of no very distant time when it shall have

reached the first place in point of annual output. It possesses within

its borders a larger coal-bearing territory than any other (at least with

the possible exception of China, whose coal area is undetermined),

and the production will no doubt continue to grow in increasing pro-

portion. As the country fills up by immigration and by the natural in-

crease of population there is an augmented demand for manufactured

commodities of every description, and these cannot be supplied without

the initial force given by coal.

Gross product and value in 1882.—The total output of coal in the

United States in the calendar year 1882 may be stated at 92,219,454

tons of 2,240 pounds, of which 60,861,190 tons were bituminous coal and

31,358,264 <tons were anthracite. These figures include the estimated

local consumption at the collieries in the case of bituminous coal, and

the complete returns of the Pennsylvania anthracite production, as

given by the inspectors' reports. Taking an average of $1.25 per ton

for bituminous coal, and $2.25 per ton for anthracite, as the value of

the coal at the mines, the total spot value is found to be $146,632,581,

or nearly twice the assay value of the precious-metal output. The

spot value of the bituminous coal is computed at $76,076,487, and that

of the anthracite at $70,556,094. The actual price received for the coal

1
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WHS enormously greater than the total thus estimated, for the cost of

transportation and handling rapidly increases the price. Reference

to wholesale prices at various points, quoted on a subsequent page,

will show how greatly the actual market price exceeds the original

value at the point of production. In some of the Eastern States the

spot value is slightly below the rates assumed in this computation, but

there are many exceptions where the rates are equally in excess.

The coal Avhich reached the market, or what is known as the com-

mercial product, is somewhat less, and is stated in the tables on page G,

namely, 29,120,096 gross tons of anthracite, 57,963,038 gross tons of

bituminous coal, and 87,083,134 gross tons total. In the coal trade the

statistics ot the commercial product only are taken into account.

Product in first six months of 1883.—The anthracite shipments have

been as follows

:

Gross tons. CTrts.

January 2,075,741 19

February 1,937,996 18

March 2,375,512 7

April •. 2,511,709 18

May 2,439,224 10

June 2,670,581 16

Total 14,010,707 8

The production of bituminous coal for the market during the same

period may be safely estimated at 30,000,000 gross tons, making a total

of 44,010,767 gross tons as the commercial product of the first half

of 1883.

Classification of coals.—For statistical purposes it is practically im-

possible to draw a sharp line of demarcation between the varieties of

coal. Throughout this discussion the figures relating to anthracite

refer to the Pennsylvania anthracite alone; and under the head "bitu-

minous" are grouped also the Tertiary brown coals and lignites, together

with some semi-anthracite coals mined elsewhere than in Pennsylvania.

Collectors of coal statistics.—The section of statistics of bituminous

coal for this report has been conducted under the personal supervision

of Mr. Frederick E. Saward, the editor of the Coal Trade Journal,

who from his long experience in the compilation of coal statistics is

'recognized as a leading authority upon the subject; and in the follow-

ing pages the greater portion of the matter should be credited to him.

Mr. Saward also furnished valuable material bearing upon the anthra-

cite production ; but in this branch of the subject, Mr. Charles A. Ash-

burner, geologist-in-charge of the anthracite work of th» Second Geolog-

ical Survey of Pennsylvania, has submitted so complete and compact a

statement of the occurrences and product, that his contribution has been

inserted in its entirety, and in the form in which Mr. Ashburner has pre-

pared it. It is worth noting here that the results reached by these

gentlemen agree very closely. The returns from the Rocky ]\rountain

region and the Pacific coast are mainly due to the energetic canvass

conducted by Messrs. F. F. Chisolm and C. G. Yale, respectively.
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Difficulties connected with the collection of statistics.—The collection of

coal statistics involves a number of difficult problems; and statisticians

by using different sources of information, or by studying the same
material from different points of view, have reached results considerably

at variance, though the discrepancies are perhaps not so great as might
have been looked for. The simplest and most obvious way of arriving

at the production in many cases is to take the sta-tistics of the trans-

portation companies, carefully eliminating duplications of returns

caused by the shipments over successive lines, and to add by estimate

the local consumption and the small quantities which reach the market
through unrecorded channels. A direct canvass of all the collieries and
small irregular producers of the country is an almost hopeless task,

requiring the expenditure of more time and money than the results can
be regarded as worth, in view of the acknowledged fact that the best

criterion of accuracy and completeness is the agreement ornon-agreement

of such returns with the already known statistics of the trade. It may
also be said that direct returns from all sources can never be expected

in the absence of a general and uniform system of mine inspection, and
that figures collected in this way would even then have to be checked

by the transportation data. Some idea of the difficulty of obtaining

direct returns from the individual producers may be had by considering

that in the last census the number of regular coal-mining establishments

reported was 3,267, while what are known as "farmers' mines," which
produce in the aggregate only about 1,000,000 tons, are in great numer-

ical excess over the larger establishments. In the case of a few local-

ities only, where the production is from a small number of mines, or the

industry is in the hands of a central control, or where the system of

mine inspection is in practical operation, is it possible to obtain satisfac-

tory figures by the direct method.

THE COAL AREA OP THE TXITED STATES.

Arbitrary divisions.—East of the Eocky mountains the coal areas may
be grouped under four principal divisions or districts, viz.

:

1. The first division or district comprises the coal fields of the Appa-
lachian mountains, covering an area of 875 miles in length, with a

breadth varying from 30 to 180 miles. These fields cover large tracts

of laud in western Pennsylvania, eastern Ohio, the western corner of

the State of Maryland, Virginia, West Virginia, and eastern Kentucky,

and finally crossing into the State of Tennessee the coal fields end in

the State of Alabama. The deposits of anthracite coal, situated in

northeastern Pennsylvania, form the most important coal field, though

the basin is not by any means the largest. Of bituminous coal, the

State of Pennsylvania possesses large quantities, it being found in

almost every county west of the Alleghany mountains.

2. The regions designated as comprising the second district cover

land in the central i)art of the State of Michigan. The coal fields
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spread over a large surface, but the seams are weak in many parts,

and, moreover, the product leaves, here and there, much to desire in

point of quality.

3. The third district stretches likewise over immense tracts of land

which occupy very nearly two-thirds of the State of Illinois, in addition

to an extensive portion of western Indiana and the western portion of

the State of Kentucky.

4. The fourth district includes the western portion of the State of

Iowa and the vast regions of Missouri. Thence it joins the coal fields

of eastern Kansas and Territories of which the surveys are more or less

incomplete.

5. Nebraska, Colorado, California, and Oregon have in more recent

years been added as coal-producing States, as well as the Territories of

Washington, Wyoming, CTtah, and New Mexico. Eegarding these

scattered areas little definite knowledge as to their extent has yet been

gained.

Total area.—To sum up, it is stated that the four first named coal-pro-

ducing areas occui)y 191,99GJ, or, in round numbers, 192,000 square miles,

namely, 4G8J square miles of anthracite, and 58,738 square miles of bi-

tuminous coal in the Alleghany regions, included in the first district ; the

second district, Michigan, is stated to comprise 6,700 square miles ; and
the third and fourth divisions, respectively, 43,000 and 87,000 square

miles. These figures are exclusive of the important areas of the Eocky
mountain and Pacific coast regions. The following areas have been

reported, but are extremely doubtful : Colorado, 35,000 ; Montana,

60,000 (?) ; Wyoming, 20,000 ; Dakota, 100,000 (?) square miles.

The usually accepted dimensions of the coal fields which have been

to more or less extent surveyed are as follows

:

Area of the coalfields of tlie United States so far as knoion with av\j precision.

Square miles.

New England basin 500

Pennsylvania anthracite 468^

Appalachian basin

:

Pennsylvania section 12, 302

Maryland section 550

West Virginia section 16, 000

Ohio section 10,000

East Kentucky section 8,983

Tennessee section 5, 100

Alabama section 5, 330

Michigan basin G, 700

Illinois basin :

Illinois section 36, 800

Indiana section 6,450

West Kentucky section 3, 888

Missouri basin 26, 887

Texas basin 4, 500

Iowa 18,000

Nebraska 3,000
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Square miles.

Kansas 17,000

Arkansas 9,043

Virginia 1B5

North Carolina 310

Totalj exclusive of the Kocky mountain and Pacific coast areas. 191, 996^

THE WORLD'S COAL AREA AND OUTPBT.

To compare the present position of the United States with other

countries, the following table, showing the extent of the foreign coal

areas and the total output of the world in 1880 and 1881, has been com-

piled from various sources

:

Countries.
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Coal shipments in recent years.

[Gross tons of 2,240 pounds.]

Tears.
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The following table is for the year ending May 31, 1880, and the

quantities reported are tons of 2,000 pounds

:

Census statistics of coal production of the United States.

States and Territories. Tons pro-
duced 1870.

Tons pro- Number of
duced 1880. collieries,

Men employed.

Miners. Laborers.

Capital in-

vested.

Alabama
Arkansas
California
Colorado
Georgia
Illinois
Indiana
Iowa •

Kansas
•Kentucky
Maryland
Michigan
Missouri
Montana
Nebraska
North Carolina
Ohio .:..

Oregon
Pennsylvania anthracite.. .

Pennsylvania bituminous.

.

Ehode'lsland anthracite . .

.

Tennessee
Virgiina anthracite
Virginia bituminous
"Washington
West Virginia
Wyoming

11, 000

Total
Anthracite coal..
Bituminous coal

,

2, 624, 163
437, 870

263, 487
150, 582
32. 938

2, 345, 153

28, 150

621, 930

1,425

"2,'527,'285

15, 648, 437

7, 800, 386
14, 000

133, 418

61, 803

"608,178'

33, 310, 905
15, 662, 437
17, 648, 468

323, 972
14, 778

236, 950
462, 747
154, 644

6, 115, 377

1, 454, 327

1, 461, 116
771, 142
946, 288

2, 228, 917
100, 800
556, 304

224
200
350

6, 008, 595
43, 205

28, 640, 819
18, 425, 163

6,176
495, 131

2.817
43, 079

145, 015
1, 839, 845

589, 595

71, 067, 5"76

28, 649, 812
42, 417, 764

19
14
6

25
2

590
216
227
189
65
32
6

144
1

1

1

618
3

275
666

1

20
1

4
5

129
6

3,266

772
total men.

478
1,133

185
12, 233
2,214
3,797

total men.
1,960
2,797

total men.
total men.

3
total men.

1

12, 123
52

20, 333
total men.

13
680
18
80

103
total men.

830

667
130
255
227
237

3,204
2, 212

958
3,617

709
805
412

2,599

5
2

3,497
21

49, 049

33, 348
18

368
24

161
44

4,497
159

49, 805 107, 225

$772, 858
15, 600

1, 239, 431
5, 939, 258
441,745

10,054,261
2 304, 720

2, 778, 937
767, 994

1, 968, 537
13, 165, 557

66,800
389, 315
13,550

500
40, 170

13, 652, 484
226, 523

154, 399, 796
38. 7U9, 344

27, 500
1, 708, 968

77, 040
329, 000
335, 421

5, 750, 674
726, 398

256, 502, 373

ANTHRACITE.
DESCRIPTION AND PRODUCTION OF THE ANTHRACITE COAL FIELDS OF PENNSIITANIA.

By Chas. a. Ashburner.

Anthracite counties.—The anthracite coal fields of Pennsylvania are

contained in the following counties : Susquehanna, Wayne, Lackawanna,
Luzerne, Carbon, Schuylkill, Columbia, ISTorthumberland, Dauphin, and

Lebanon. Sullivan county contains the Loyalsock coal field, which pro-

duces anthracite different in its character from that contained in the

other counties. A very small area is contained in the counties of Sus-

quehanna, Wayne, and Lebanon, and from the latter two no coal is at

present produced.

The main fields.—The region, exclusive of the Loyalsock basin (a), is

divided into the following fields

:

aThe Anthracite Survey has not, as yet, made any examination of the Loyalsock

basin ; it has been included in the anthracite region on the basis of Mr. Franklin

Piatt's report (.GG) on Sullivan county. The area of this basin is not known.
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Square miles.

Northern coal field 198

Eastern luiddlo or Lebigh coal field 37

Western middle coal field 91

Southern coal field : •

Exclusive of Panther Creek basin 130 i

Panther Creek basin li>.5 \
^^^'^

Total area 468. 5

The areas assigned to the different fields are those which are at present

generally accepted. The area of the Panther Creek basin is the only

one which has as yet been measured by the State Geological Survey.

Northern field.—The northern field is contained, with the exception

of the extreme northeastern end, in the counties of Lackawanna and
Luzerne. The northeastern half, drained by the Lackawanna river, is

generally known as the Lackawanna basin, and the southwestern half,

through which the North Branch of the Susquehanna river flows, is

known as the Wyoming basin.

The general geological structure of this field is that of a broad syn-

clinal with comparatively low dips. The deepest part of the field is in

the southwestern end, where the red ash coal bed, which is the lowest

bed which has been proved here of workable thickness, occurs about

1,100 feet vertically below the surface.

In the vicinity of Carboudale there are 300 feet of Coal Measures, con-

taining six individual coal beds, with an aggregate thickness of 20 feet.

At Scranton, further to the southwest, the Coal Measures are 700 feet

thick and contain eleven coal beds with an aggregate thickness of 72 feet.

In the vicinity of Wilkes Barre there are 1,000 feet of Coal Measures,

containing thirteen coal beds having an aggregate thickness of 94 feet,

and near Nauticoke, over 1,000 feet of Coal Measures, with fifteen beds

aggregating 102 feet in thickness.

The coal-bed thicknesses include slate and bony coal, which are inter-

calated with the different coal benches of the individual beds, so that

the thickness assigned to the beds does not represent the actual thick-

ness of coal which can be mined and sent to market. The individual

beds vary so much in thickness within limited areas that it is dillicult

to assign an average thickness to any one without a more extended sur

vey of the entire field than that which has at present been made by the

State Survey. This remark applies equally to all the coal fields. For
instance, in the rei)resentative section of the Panther Creek basin pub-

lished by the Survey, there is shown a total thickness of coal beds of

126 feet, contained in twenty-one different beds. At one point in the

Panther Creek basin, in the vicinity of the old Summit Hill mines, the

Mammoth bed alone measures 114 feet, with lOG feet of coal. The
northern field since 1829 has produced about 212,805,000 tons, which is

42 per cent, of the total production of tbe entire field to the fend of 1882.

Lehigh field.—The eastern middle or Lehigh coal field is contained

mostly in the soutliern part of Luzerne and northern part of Carbon

counties. The principal basins contained in it are the upper Lehigh,
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Black creek, West Cross creek, Hazleton, and Beaver Meadow basins.

They are narrow and comijaratively shallow as compared with the other

anthracite basins. The deepest parts of the Black Creek and West
Cross Creek basins contain about 600 feet of Coal Measures above the

lowest bed, with about 75 feet of coal divided into eight difterent beds.

The Hazleton basin contains about 700 feet of strata above the lowest

coal bed, and there are about the same number of beds with an average

thickness possibly a little greater than in the former basin. At one

point in the Black Creek basin the Mammoth bed is between 60 and 90

feet thick over a large area, where the coal bed is quarried. The Lehigh

basins, including the Panther Creek basin in the eastern end of the

southern coal lield, have produced up to the end of 1882 about

96,764,000 tons, or 19 per cent, of the total production of the field.

Western middle field.—The western middle coal field is contained in

the counties of Schuylkill, Columbia, and Northumberland. The geo-

logical structure of this field is somewhat different from that of either

the northern or the Lehigh fields. Although the outline of the bottom

of the Coal Measures is continuous around the entire field, as it is in the

northern field, yet it is broken up into a number of independent basins

by prominent anticlinals, like the Lehigh field, but which do not sepa-

rate the district into isolated areas underlaid b^^ the Coal Measures as

in the Lehigh. The dip of the coal in this field is generally much
greater than in the northern field, while it may be considered to be

nearly the same as the average dip of the Lehigh field. In the eastern

half of this district there is a thickness of about 1,000 feet of Coal Meas-

ures over the Buck mountain, which is the lowest bed exi)loited and
which probably corresponds to the red ash bed of the northern field.

The total average thickness of all the coal beds here is probably about

110 feet, divided into thirteen individual beds. In the vicinity of Shen-

andoah the Mammoth bed measures over 100 feet in thickness. In the

western half of this field there is a thickness of about 1,600 feet of Coal

Measures above the Lower Lykens valley bed, which may probably here

prove workable (a).

There is here an average thickness of about 120 feet of coal contained

in sixteen different beds.

Southern field.—The southern coal field lies in the counties of Carbon,

Schuylkill, and Dauphin, with a small area in Lebanon. The eastern

end of the field, between the Lehigh and the Little Schuylkill rivers,

is known as the Panther Creek basin, and has always been included in

the Lehigh field, from the fact that most of the coal which has been

mined from it has been shipped down the Lehigh river. That portion

of the field west of the Little Schuylkill river is generally known as

the Schuylkill coal field. More recently the same name has been ap-

plied to the western middle field, although not half of this latter field

lies in Schuylkill county. The bulk of the coal, however, which is

mined from it, has been shipj)ed through the Schuylkill valley. The

a The Lower Lykens valley bed lies 219 feet below the Buck niouutaiu.
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deepest basins in the region are contained in this field. In many cases

the individual basins are no broader than those of the western middle

or eastern middle fields ; consequently the highest dips are found in

the southern field. At Tamaqua, which is on the Little Schuylkill

river near the eastern end of the field, there is a thickness of Coal

Measures of 2,300 feet, which contain twenty-one coal beds with an ag-

gregate thickness of 126 feet, although, as has been stated, one of the

beds, the Mammoth, is 114 feet thick, a short distance east of Tamaqua.
In the vicinity of Pottsville there are about 3,300 feet of Coal Measures,

which contain twenty-eight individual beds, with an aggregate average

thickness of 154 feet. The western middle and southern coal fields, ex-

clusive of the Panther Creek basin, which has been included in the Le-

high field, have together produced 199,806,000 tons up to the end of

1882, or 39 per cent, of the total production of the entire region.

Thickness of the Goal Measures.—The aggregate thickness assigned to

the Coal Measures in the northern field is that determined near the cen-

ter of the basin, where the strata are frequently' nearly horizontal for

several hundred feet, so that the thickness of the strata represents the

depth of the coal basin. In the other three fields, however, on account

of the steepness of the dip of the strata and the sharpness of the bottom

of the basins, their depth is much greater than the thickness assigned

to the strata. For instance, at Tamaqua, which may be considered a

fair illustration, there are 2,300 feet of Coal Measures above the lowest

coal bed ; this bed, however, in the' center of the Tamaqua basin, is 2,800

feet vertically below the surface of the ground.

Consumption and reserves of coal.—A number of estimates have been

made as to the total contents of the anthracite basins, and their proba-

ble life. These have been based ui)on very general, and in many cases

questionable, data, so that nothing is certainly known, from a systematic

examination of the entire region, as to what the total contents are.

Estimates will however be made by the State Geological Survey be-

fore the completion of the work. They have already been completed for

the Panther Creek basin, whose area, as has been already noted, is 12.5

square miles.

This basin originally contained 1,032,9!J7,000 gross tons. The area which

had been exhausted, and was under exploitation, at the end of 1882

originally contained 92,189,000 tons. Out of this area there have been
taken 54,110,000 tons. My report of progress {a) of the survey in this

basm will show the distribution of the coal mined out, or that which
was shijjped to market as fuel, that which was consumed at the collier-

ies, and that which was thrown on the culm banks as waste, either from
containing too much bone or slate, or from being too fine to burn. The
amount of coal which still remains in this basin is divided into vertical

zones of 500 feet. This has been done in order to show how much coal

can probably be mined in diiferent parts of the basin by shafts driven

a The statistical tables to follow will be published iu Mr. Ashburuer's first repor*;

of progress of the anthracite enrvey, Vol. I., southern coal field, Pauther Creek basiu.
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to different depths. This same system will be carried out over the en-

tire region.

Chronology of the anthracite industry.—The most important historical

events connected with the development of the anthracite coal fields may
be noted as follows

:

1820. Leliigli Coal and Navigation Company began mining and sliipping coal from

Summit Hill region. Canal opened Mauch Chunk to Easton, 1829. White

Haven to Mauch Chunk, 1837.

1825. Schuylkill canal was completed from Mount Carbon to Philadelphia.

1829. Delaware and Hudson Canal Company began transporting coal from Carbondale

region.

1831. Nesquehoniug railroad and plane built.

1831. Morris canal opened Philipsburgh to Newark; opened to Jersey City, 1836.

Leased by Lehigh Valley Railroad Company, 1872.

1832. Little Schuylkill Eailroad began transporting coal from Tamaqua region.

1833. Shamokin Division, Northern Central Railway, originally opened. Reorganized

1851. Leased to Northern Central Railway, 1863.

1833. Delaware Division Pennsylvania canal opened.

1834. Wyoming and State canals opened.

1835. First geological survey of the anthracite coal fields commenced.

1837. Shipments of coal began from Beaver Meadow region.

1837. Shipments of coal began from Pine Grove via Union canal.

1837. Morris and Essex railroad opened. Leased to Delaware, Lackawanna, and

Western Railroad Company, 1869.

1S38. Shipments of coal began from Hazleton region.

1839. Summit Branch railroad opened. Leased to Summit Branch Railroad Com-

pany, 1866.

1839. Shipments of coal began from Shamokin region westward.

1839. Shipments of coal began from Lykens Valley region westward.

1840. Shipments of coal began from Buck mountain region.

1840. Quakake railroad opened. Extended and opened to Mount Carmel, 1862.

1841. First geological survey of the anthracite coal fields completed.

1842. Philadelphia and Reading Railroad Company began transporting coal through

to Port Richmond.

1846. Shipments of coal began from Wilkes-Barre region via Lackawanna and Summit
railroad planes, and Lehigh canal.

1850. Pennsylvania Coal Company began business.

1852. Central Railroad of New Jersey, opened from" Elizabeth to Easton. Third rail

from Hampton Junction laid 1856.

1854. Delaware, Lackawanna, and Western Railroad Company began mining and

shipping coal.

1855. Lehigh Valley Railroad Company began transporting coal to Philipsburgh.

Opened to Perth Amboy in 1875.

1856. Trevorton Railroad opened.

1857. Belvidere Delaware Railroad Company began transporting coal.

1857. North Pennsylvania railroad opened. Leased to Philadelphia and Reading

Railroad Company May 1, 1879.

1858. Lackawanna and Bloomsburgh railroad opened. Leased to Delaware, Lacka-

wanna, and Western Railroad Company, 1873.

1858. Mining began in McCauley Mountain region.

1868. Lehigh and Susquehanna railroad opened to Philipsburgh. Leased to Central

Railroad Company of New Jersey, 1871.

1869. Pennsylvania and New York railroad opened to Waverly.

1870. Sunbury, Hazleton, and Wilkes-Barre railroad opened. Leased to Pennsylvania

Railroad Company, 1878.
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1H71. Erie Railway Company began mining and shipping coal.

1872. Nesquehouing Valley railroad and tunnel into Panther Creek basin opened.

1873. Philadelphia and Reading Coal and Iron Company began mining and shipping

coal.

1874. Lehigh and Wilkes-Barre Coal Company began operations.

1879. Philadelphia and Reading Railroad Company leased Delaware and Bound Brook

railroad, May 1.

1880. Second geological survey of the anthracite coal fields commenced August.

Production.—A number of statistical tables have been prepared by

different authorities to show the past production of the anthracite

region ; the one which I have adopted for the use of the State Geologi-

cal Survey, and which has been published in the Panther Creek Atlas

to accompany Vol. I. (AA), Southern Coal Field Eeport, has been com-

piled by Mr. P. W. Sheafer for the years 1820 to 18G8, inclusive, and

since 18G8 by Mr. John H. Jones, accountant of the anthracite trans-

porting companies. This table, published below, does not include the

coal sold to the local trade and consumed for fuel at the collieries.

This amount in the i)ast has been variously estimated to be from 8 to

10 per cent, of the total tonnage reported as shipped to market. At

the present time it would seem to range from 5 to CJ per cent, in the

diflerent parts of the region. Although the amount of coal burned

within the region has increased from year to year, yet the percentage

of the total amount mined, which has been so used, has unquestionably

diminished at the same time. The statistics of Messrs. Sheafer and

Jones show that up to the end of 1881 there had- been shipped from the

region 438,580,391 tons; if to this 9 per cent, be added for local consump-

tion and colliery fuel, the total production up to 1882 would amount to

478,052,029 tons. The production reported by the mine inspectors for

1882 is 31,281,000 tons; so that the total output of the anthracite

mines to January 1, 1883, has been 509,333,095 tons («)•

It is difficult to appreciate this enormous tonnage. Assuming that

a ton of coal, of 2,240 pounds in the bed, contains on an average over

the entire region 25 (6) cubic feet, 509,333,095 tons would form a solid

wall of coal 100 feet wide a'nd 100 feet high for a distance of about 241

miles, or it would form a solid wall along the line of the Pennsylvania

railroad between Philadelphia and New York 100 feet wide and 208

feet high.

The amount of coal which still remains to be mined has been vari-

a This does not include the production of the Loyalsock basin, which is given in

a la.ter table, and which has produced in the aggregate 491,020 tons.

h An average ton of coal made up of the different sizes as it is sent to market con-

tains about 40 cubic feet. The average specific gravity of the coal shipped from the

Panther Creek basin as determined from a number of specimens collected from differ-

ent parts of the basin is 1.G307, which makes 101.G4 pounds in one cubic foot of coal,

or 22.038 cubic feet in one ton (2,240 pounds), or 1,976.586 tons in one acre of co.al one

foot thick. I have used 25 cubic feet in the above calculation, since that is the num-

ber generally accepted, and as the coal in the western part of the region is considered

to be of lower specific gravity than in the eastern iiart (Panther Creek basin), where

the State Geological Survey has only as yet made such determinations.
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ously estimated, but all the estimates have been based upon insufficient

facts, and until the completion of the State survey little can be cer-

tainly known. I have roughly estimated, however, that the region

originally contained about 25,000,000,000 tons. This is between the ex-

treme estimates which have been made.

Shipments of coalfrom the anthracite fields of Pennsylvania from 1820 to 1S82, i7iclusivef

with the amount and percentage of the total shipped from each region.

Schuyltill region. Lehigh region. Wyoming region. Total.

Tonnage. Per
cent.

Tonnage. Per
cent.

Tonnage.
Per
cent.

Tons.

1,480
1,128
1,567
6,500

16, 767
31,360
47, 284
79, 973
89, 984
81,854

209, 271
252, 971
226, 692
309, 508
432, 045
530, 152

446, 875
475, 077
490, 596
624, 466
583, 273
710, 200
887, 937
131, 724
308, 500
665, 735
733, 721

728, 500
840, 620
328, 525
636, 835
GU5, 110
191, 670
552, 943
603, 029
373, 797
273, 245
448, 708
749 632
160, 747
372, 583
911,683
161, 970
356, 959
787, 902
161, 671
330, 737
77,5, 138
968,157
5:.2, 772
694, 890
212. 601
RG6, 877
281,712
221,934
195, 042
282, 226
9ti0, 829
554, 742
253, 958
459, 288

183, 323, 672

39.79
16.23
14.10
18.60
34.90
49.44
61.00
71.35
51.50
46.29
57.61
51.87
60.19
60.54
63.16
60.98
60.49
58.05
56.75
65.07
52.62
56.21
54.45
56.22
55. 82
57.79
56.12
53.30
54.80
52.34
52.81
51.30
53.11
53.77
52.91
50.77
47.86
44.16
44.04
39.74
42. 86
40.90
40.89
45.14
45.56
39.74
38.62
41.66
30.70
41.74
34.03
33.97
34. (19

31.87
33.63
39. 35
35.68
34.28
32. 23
32.46'

32. 48

365
1,073
2,240
5,823
9,541

28, 393

31, 280
32, 074
30, 232
25, 110
41,750
40, 966
70, 000

123, 001
106, 244
131, 250
148, 211
223, 902
213,615
221,025
225, 313
143, 037
272, 540
267, 793
377, 002
439, 453
517, 116
633, .507

670, 321
781, 556
690, 456
964, 224

1,072,136
1, 054, 309
1, 207, 186
1, 284, 113
1,351,970
1, 318, 541
1, 380, 030
1, 628, 311
1, 821, 674
1, 738, 377
1, 351, 054
1, 894, 713
2, 054, 669
2, 040, 913
2, 179, 364
2, 502, 054
2, 502, 582
1, 949, 673

3, 239, 374
2, 235, 707
3, 873, 339
3, 705, 596
3, 773, 836
2, 834, 605

3, 854, 919
4, 332, 760
3, 237, 449
4, 595, 567

4, 463, 221

5, 294, 676
5, 689, 437

60.21
83.77
85.90
81.40
65.10
50.56
39.00
22.40
23.90
23.17
19.27
25.22
28.21
2.3. 41
21.66
25.75
28.92
27.01
26.07
14.90
24.59
21.19
23. 12
21.33
22.07
21.98
21.70
24.10
20.56
21.68
21.47
20.29
20. 13

19.43
19.52
19.84
20.18
20.86
21.40
21.85
17.17
19.80
20.19
21.14
17.15
19.27
18.13
14.06
20.02
14.24
19.70
17.46
18.73
14.38
20.84
20.80
18.40
17.58
19.05
18.58
19.54

7,

43
54
84

111
43
90,

103
115,

78,

122,

148
192
252
285,

365:

451
518
583,

685
732
827,

1,1.56,

l,2r

1, 475,

1, 603;

1,771

1, 972,

1,952
2, 186,

2,731
2, 941

3, 055,

3, 145,

3, 759,

3, 960,

3, 254,

4, 736,

5, 325,

5,968
6,141
7, 974

6, 911,

9,101
10, 309,

9, 504,

10, 596,

8, 424
8, 300
8, 085,

12, 586,

l\,'i]9

13, 951

13, 971

6.25
24.60
30.54
23. 12
22. 91
11.60
16.05
15.18
13.27
10.59
14.94
17.18
20.03
22.79
22.60
22.43
22.45
22.11
20.23
22.18
22.60
24.64
25.98
25.72
28.41
26.73
26.80
28.47
29.39
31.96
34.98
34.56
38. 41
39.97
39.30
38.92
33.72
37.29
40.99
43.25
44.28
49.28
44.02
46.27
48.57
47.18
53.75
45.53
39.85
45.92
48.14
48.72
48.96
47.98

1,

3,

6
11

34
48
63
77.

112,

174
176,

363,

48
376.

56o;

684
869,

738,

818,

864
959,

1, lOS,

1, 263

1, 630
2, 013
2, 344
2, 882,

3, 089
3, 242
3, 358

4, 448,

4, 993,

5, 195
6. 002,

6, 608,

6, 927,

6, 644,

6, 839,

7,

8, 513,

7,954

7, 869.

9, 5R6
10, 177

9, 652,

12, 703,

12, 988,

13,801
13, 866
16, 182,

15, 699,

19, 669,

21,227
20, 145,

19, 712,

18,501
20, 828
17, 605,

26, 142,

23, 437,

28. 500,

29, 120

39.19 88, 920, 568 19.01 195, 456, 250 41.80 467, 700, 490
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The Schuylkill region includes the western middle coal field and that

portion of the southern coal field west of Tamaqua. The Lehigh region

includes the eastern middle coal field and that portion of the southern

coal field east of Tamaqua, known as the Panther Creek basin. The
Wyoming region includes the Wyoming and Lackawanna basins, which
together form the northern coal field.

Shipments of coal from the anthracite coalfields of Pennsylvania, arranged in periods of ten

years, from 1820 to 1882, inclusive.

Tears.
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Anthracite coal tonnage of the different transportation companies, etc—Continued.

1878. 1880. 1881. 1882.

Philadelphia and Reading Railroad Com-
pany

Lehigh Valley RaOroad Company
Central Railroad Company of New Jer-

sey
Delaware, Lackawanna, and "Western
Radi'oad Coni])any

Delaware and Hudson Canal Company..
Pennsylvania Railroad Company
Pennsylvania Coal Company
New York, Lake Erie, and Western Rail-

road

Tons.

5,112,219
3, 403, 318

2, 264, 979

2, 180, 673
2, 046, 235
1, 302, 674

957, 032

278, 132

Tons.

7, 442, 617

4, 405, 958

3, 825, 553

3, 867, 405
3,014,117
1, 682, 100
1, 427, 150

477, 783

Tons.

5, 933, 923
4, 394, 533

3, 470, 141

3, 550, 348
2, 674, 705
1, 864, 032
1, 138, 466

411, 094

Tons.

6, 940, 283

5, 721, 870

4, 085, 424

4, 388, 970
3,211,496
2, 211,.363

1, 475, 380

465, 230

Total. 17, 605, 262 26, 142, 689 23, 437, 242 28, 500, 016

Tons.

7, 000, 113
5, 933, 740

4,211,052

4,638,717
3,203,168
2, 332, 974
1, 469, 821

330, 511

29, 120, 096

Production of the Loyalsoch field, Sullivan county.

Gross tons.

... 23,1221871

1872 51,527

1873 32,058

1874 36,268

1875 16,522

1876 , 30,000

1877 23,000

1878 37,000

1879 50,000

1880 50,000

1881 64,325

1882 77,198

Total 491,020

The collieries.—The following table gives a list of theworking collieries

reported by the mine inspectors, with their location, name of operator

during 1882, and total production [a) in tons duf^ng the years 1881 and

1882, respectively. The different fields have been variously divided

into smaller districts, although the work of the State Geological Sur-

vey has not progressed sufficiently far to enable me to propose any final

subdivision of the different fields. The division of the field, which has

been provisionally accepted by the State Survey, is that proposed more
particularly for the convenience of the coal trade by Mr. John H. Jones.

oThe tonnage reported from the collieries in the first, second, and third Schuylkill

districts and the eastern Carbon and Luzerne district, all.of which are marked hy
the numbers 1, 2, 3, or 5, has been reported as the shipment and not the production.

In these districts the local and colliery consumption has be«n taken to be 6 per cent,

of the shipment, so that in order to obtain the total production of each colliery 6 per

cent, must be added. This has not been done in the table for the reason that the fig-

ures as they are reported agree with the official records, and it is desirable that they

should be.published here in that form. In the table giving the total productian and
shipment from the mine inspectors' districts 6 per cent, has been added to the total

shipment of these four districts, Nos. 1, 2, 3, and 5, to obtain the total production.

The colliery and local consumption of the eastern Carbon and Luzerne district in 1881

amounted to 5^ per cent, instead of 6 per cent., as reported for 1882.
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Production hrj collieries.

1.—CARBONDALE DISTRICT.

00

I:

1
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Froduclion hy coUiericK—Contiuiied.

2.—SC IIA >iTOX DISTKICX—Contiuued.

17

Xanie of colliery,

1882.
Locatiou.

Hampton !
Lackawanna town-

I

ship.

Bellevue
Scranton Slope .

Dodge
Central

Hyde Park
Diamond Shaft No. 2

Diamond Slope No. 2

Diamond Tripp
Slope.

Brisbin

-do
.do
.do

Operator, U-82.

Tons.
Delaware, Lackawanna. lOO. 471
and Western Railioad
Company.

do 165,486
do

Cayuga

Von Storch ,

Leggitt's Creek.
Marvin
Lucas

Pancoast Shaft and
Slope.

Troop or Jermvn
Xo. 4.

Seranton, fifteenth
ward.

Scranton, fifth ward.
Scrautuu, twenty-

first ward.
Scranton, twenty-

first ward.
Scranton, twenty-

fir.st ward.
Scranton, twenty-

first ward.
Scranton, third
ward.

Scranton, sec ond
ward.

Scranton, first ward.
Scranton, first ward

.

Scranton, sec ond
ward.

Dickson City bor-
ough.
do

.do.
do.

-do.
-do.

do.

do.

do.

do.

Delaware and Hudson
Canal CompanA-.

do '.

do
Lucas Coal Company

Pancoast Coal Company.

John Jermyn

140,917 :

r.iS, 769

142,070
'

181,224

81,401

69,017
i

1

140,251

107,014
^

237,756
!

m, 2S9 i

165.628
'

3, 846, 505

Tons.
172, 282

160,729
:iG, 193

137, 515
172, 110

118, 9.^0

152, 074

71, 013

67, 94S

122, 374

109, 923

231. 595

1.54, 398
149, .522

1, 5u0

63, 707

8,390

3, 999, 673

3.-PITTST0X DISTRICT.

Everhart ..

Tompkins .

Faiimount.
Twin
Seneca

Beaver
Butler
Mozier
Heidelberg (shaft) .

.

Phcenix-
Hillside.

Columbia

.

Slope A'o. '.

Jenkins township ..

Pittston borough ...

Pittston township .

.

Pittston borough .

.

...do

do
Pitt.ston township .

.

Hughestowu
Pittston township ..

Marcy township
Pleasant Valley

Marcy township
Jenkins township ..

bor

Slope Xo. 4
1

do
Shaft Ko. 5 1. . . .do
Shaft Xo. 6

1
do

Shaft No. 7 ...do
ShaftXo.ll 1... do
ShaftKo.4 !....do
Shaft Xo. 1 Hughestowu

i

ough.
ShaftXo.8 do"

Tunnel Xo. 1 i Pittston township .

Slope Xo. 6 i Hughestown bor
oush.

Shaft Xo. 9 Pittston
Shaft Xo. 10 Hughestown
Shaft Xo. 12 1 Pleasant Valley . .

.

2 M R

WaddellcfeCo
G.E Wilson & Co
A. Morris & Co
Pittston Coal Company ..

Pittston Coal Comitany,
abondoned July 1, 1882.

Waterman & Beaver
Butler Coal Company

do :

Lehigh Valley Coal Com-
pany.

Phceuix Coal Company. .

.

Hillside Coal and Iron
Company.

Grove Brothers . -

Pennsylvania Coal Com-
pany.

do
do
.do.
.do-
do,
do.
-do.

.do.
do.
do.

do.
.do.
.do.

.56,861

13,882
53, 878 I

33,546 ^

54,270 !

16,029
j

6.3,326

52,200 I

2,000
I

36, 112 !

62,624
!

1.5,605 I

49,504 :

71,962
.'

71,270 I

50, 874
94, 625
36, 280
90, 515
29, 477

60, 686
40, 878
27, 826

69, 323
126, 130
76, 975

44, 954
1,500

57, 986
49, 500
21, 973

19, 587
56, 000
67, 985

55, 500

31, 417
58, 031

25. 825
49, 435

66, 155
70, 776
57, 930
77, 840

29, 530
77, 771
31, 163

66, 855
39, 008
28, 056

81.712
125, 106
56, 805
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Production by collieries—Continued.

3.—PITTSTON DISTRICT-Continued.
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Production by collieries—Coutiuued.

4.-r-WILKES.BAIlRE DISTRICT—Continued.
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Production by coUierics—Continued.

7.—HAZLETON BASIN—Continued.

Name of colliery,
1882.

East Sugar Loaf
No. 1.

East Sugar Loaf
No. 4.

East Sugar Loaf
No. 5.

East Sugar Loaf
No. 2.

East Sugar Loaf
No. 3.

Buck Mountain
Mouut Pleasant
Humboldt

Locatiim.

Stoctton.

...do ....

....do ....

....do ....

...do

Buck Mountain.
Mount Pleasant.
Humboldt

Opitrator, 1882.

Linderman, Skcer &. Co. I

do
|-

do J

do

.do

Buck Mountain Coal Co. . I

Pardee, Sons & Co
i

Linderman, Skeer & Co . . I

Tons.

102, 413

37, 499

89, 583

120, 719
146, 691
96,240

Tons.
62,363

1. 279, 577

131, 027

64,606

83,851

108,906
143, 373
87, 730

1, 355, 583

8.-BEAVER MEADOW BASIN.

6
u
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Produclion hy collieries—Coutiuued.

10. -WEST MAHAKOY DISTRICT.

21

Name of colliery,

18S2.

Bostou Euu

.

Conner
Girard
Hammond
Indian liidge
Plank llidge
West Shenandoali
Shenandoah City .

Bear Kiin
Gilberton
Girard Mammoth .

Turkey Kan
Bear Ridge No. 1 .

Bear Ridge No. 2 .

Packer No. 1

Packer No. 2 .

.

Packer No. 3 .

.

Packer No. 4.

.

Cambridge
Cuyler
Draper
Kobinoor
Lawrence
Stanton
Kehley'.s Run.
William Penn

.

Location.

Boston Run.

Laurel Ridge
Oak Dale
MountCarmelShaft

.

Bast
Keystone
Merriam
Potts
North Ashland . . .

.

Preston Nos. land 2.

Preston No. 3
Tunnel
NorthFranklinNo.2
Reliance
Locust Spring
Locust Gap
Ben Franklin
Monitor
Black Diamond
Hazel Uell
Mount Carrael
Big Mine Run
Continental

Girardville
...do
....do
Shenandoah
...do
....do
...do
Saint Nicholas
GUberton
Raven's Run
Shenandoah
Mahanoy City

do
W. Mahanoy town

ship.
...do
...do
...do
Shenandoah
Raven's Run
Gilberton
Shenandoah
Mahanoy Plane. . . .

.

Maizeviile
Shenandoah
W. Mahanoy town-

ship.
Mahanoy City
Shenandoah
Mount Carmel

Operator, 1882.

Philadelphia and Reading
Coal and Iron Company.

do
.do.
.do
.do.
.do.
.do,
.do.
.do
.do .

.do.

.do.
Myers, McCreary «fc Co. .

.

, do '

Lebigh Valley Coal Com-
pany.

do
do
do

Cambridge Coal Company
Heaton Brothers
Oliver Diston
R. Heckscber & Co
Jacob S. Lawrence
Miller, Hock & Co
Thomas Coal Company. ..

William Penn Coal Com-
pany.

John A. Dutter
E. L. Powell
Philadelpbiaand Reading
Coal and Iron Company.

...i.doBig Mine Run . .

.

Locust Dale do
Locust Summit do
Locust Dale do
Dark Corner do
Girardville do— do de
Ashland do
Treverton do .

Mount Carmel do
Locust Gap

I

do
-..do

! Greaber & Shepp
Doutyville

1 Baumgartner & Douty ..

Locust Gap George W. Johns & Bro

.

Mount Carmel
j

WiOiam Scbwenk & Co.

.

Centralia ' Skyes & Jones
Mount Carmel

!
Montelius, Righter & Co

Montana No. 1

.

Gordon
Rausch Gap
Monroe
Pioneer
Logan
Centr.alia
Bear City
Morris Ridge .

.

Bellmore

Big Mine Run
Centralia

....do
Barry township
Valley View
Montana
Ashland
Centralia
....do
....do
Ashland
Mount Carmel..

Jeremiah Taylor & Co. .

.

Lehigh Valley Coal Com-
pany.

Daniel Beaver
William Cleaver & Co. .

.

Israel Nye
A. H. Church
David Vaugbn & Co
Lewis A. Riley & Co

do :

John Q. Williams
Isaac llay & Co
S. S. Bicklo

Tons.
46, 705

137, 251
69. 567
95, 274

143, 562
107, 195
122, 204
84, 819
19, 221
52, 988
14, 273

114, 298
63, 196
74, 425
81, 564

126, 510
170, 078
200, 682

9,065
177, 954
117,132
175, 861
112, 200
57, 854

222, 252

11, 016
10, 000

184, 358

91, 785
7,726

93, 589
96, 240

119,300
63, 491

88, 576
17, 404
93, 310
104,964
90, 508
86, 000
32, 158

126, 062
7,368

29, 000
13.5, 612

134, 525
62, 506

73
29,017
1,195

42, 941
958

117,525
10, 662
2,450

4.5, 507

Tons.
80, 470. 44

138, 293. 44
104, 647. 36
93, 838. 58

144, 602. 00
108, 257. 71
103, 776. 58
116,213.40
43, 751. 31
77, 090. 40
47, 832. 62

127, 763. 53
69, 283. 80
65, 491. 27
61, 700. 00

98, 434. 09
158, 595. 44
218, 127. 85
10, 939. 00

175, 949. 36
114,031.49
162, 000. 00
95, 368. 00
68, 733. 00
79, 616. 00

228, 000. 00

24, 104. 40
10, 000. 00

182,139.31

90, 160. 80
2, 709. 27

110,771.71
83, 941. 22

111, 035. 71
68, 028. 67
86, 078. 80
49, 094. 70
86, 382. 49

118, 840. 71
95, 447. 76
73, 204. 67
31,006.71

131, 546. 4D
21,329.43
7, 638. 04

170, 042. 80
132, 362. 49
16, 541. 76

Abandoned.
23, 368. 44
1, 088. 18

35, 854. 04
441). 00

231, 169. 00
S?, 283. 00
2, 000. 00

55, 490. 27
6, 805. 31

4, 532, 916
]

4, 946, 912. 97
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Production hy colUerie>i—Continued.

ll.-SHAMOKIN DISTKICT.

5*" Name of colliery,

1882.

Bear Valley

Bnrnside
Big Mouutain ..

Excolsior
Knterprise
Henry Clay
Peeiless
Sterling
Royal Oak
Buck Ridge
Cameron

Location.

Sbamokin

Operator, 1882.

Philadelphia .and Reading
Coal and Iron Compauv.

do :..

Luke Fidler
Pennsylvania ..

Hickory Ridgo
Lancaster
Carson ,

Greenback

Carbon Run
Shamokin ' Patterson «S: Llewellyn . .

.

Excelsior Excelsior Coal Co
do Enterprise Coal Co

Shamokin
j

J. Langdon Sc Co
do Cruiksbank &. Co

Carbon Bun Kendrick & Co
.Shamokin Tillet & Brother

do
I

May, Audenried &, Co .

.

do 1 Mineral R. R. &. Alining
Co.

... do do
do i do

Coal Run
;

do.
do

J

Sniytbe & Keyser
Sbamokin M. E. Robinson
Greenb.ack I H. J. Tondy ,

Tons. '

73, 174

50, 918 i

178,959 i

142,481
j

141,820
114.935
4C, 01

G

95,030
,

4,802
30,015
175,655

{

140,291
118,837
22,311
30, 806
14, 410
30, 358

Tons.
69, 634. 36

08, 048. 09
168, 769. 67
125, 464. 62
]2I,U19.76
91, 074. 80
47, 824. 80
99, 389. 80
3. 850. 00

06, .")5.5. 13
104,590.49

124, 973. 67
125, 167. 04
23, 640. 67
22. 751. 67
8, 070. 18

42, 514. 07

1,410,830 L 373, 945. 42

12.—PANTHER CREEK DISTRICT.

Breaker No. 3 .

Breaker No. 4 .

Breaker No. 5 .

Breaker No. 6 .

Breaker No. 9 .

Breaker No. 8 .

Breaker No. 10.

Breaker No. 11.

Greenwood
"West Lehigh ..

Nesqneboniug ' Lehigb Coal and Naviga-
tion Company.

Jamestown do
Andrewsville do

do
;

do
Coaldale do

do
I

do
Bull Run do

do do
Tamaqua, , Kaabe & Fey

do "Wood & Pearce

136, 150

51, 324
73, 240
91, 551
59, 133

140. 365
86, 463
81,525
2,776

10, 500

114, 692. 67

127.411.36
71, 585. 36
79, 866. 44

i07,423.'80

116,259.44
76, 955. 00
2, 480. 00

12, 000. 00

742, 027 708, 074. 07

13.—EAST SCHUYLKILL DISTRICT.

Pine Dale. ..

Pine Forest.

Eagle
Beechwood .

"Watlesville
Eagle Hill
Pottsville
Palmer Vein
Saint Clair
Sharp© Mouuta.in.
Monitor
Peach Orchard . .

.

....do
Middle Lehigb ...

East Lehigb
Repplier

1 I Mammoth
1

I
Furnace
Keim & Repp
Garfield
North Dale
Oak Hill
New Castle
Corinda
Oakwood
Morning Star

Middleport

.

Saint Clair..

...do
Mount L.affee.

Wades ville

New Philadelphia
Pottsvillo
New Philadelphia .

Saint Clair
Pottsville
Wadesville ,

Saint Clair
...do
New Boston
Mahanoy City
New Castle
Broad Mountain . .

,

Saint Clair
Mill Creek ,

Middleport
Mount Laffee
Now Castle
Wadesville
New Castle Station
....do

Lewis Lorenz 6, 600
Philadelphia and Reading 41, 549
Coal and Iron Companj-.

Geo. W. Johnson &. Bro.. 49,361
Philadelphia and Reading 39, 706
Coal and Iron Company.

do 110,874
do I 70,084
do 16,478

Alliance Co.al Company.. 28,000
Atkinson & Lessig 3, 524
Thomas Wren 2, 540
John H. Denning 1,854

!

do 1,362
I

Thomas Burke 235
Mill Creek Coal Companv .

' 153, 924
MitcheKt Svmonds '.. 10,116
J. F.Quinu." 3,100
Mahanv «fc Co 750 1.

John Wvlam 129 I

Samuel B. Myers 165
i

TimCoekhill
]

252 ..

Alliance Coal Company !

Martin Devlin : i

B.F.Palm&Son
George Morgan
John Bothani &. Co
Whyms & Morgan :

Theodore Uellman I
637 .

1,827.76
42, 486. 09

28, 594. 31
31, 920. 40

15, 233. 18
69,811.44
42, 625. 85
35, 596. 00
4, 858. 22
1, 265. 44
2, 840. 00

261.00
9.00

14b. 432. 04
8. 461. 09
4, 250. 71

.io.oo

151.00

2.' 968.' 00
320.44
659.00
919. 00

1. 000. 00
560.00

541, 246 443, 099. 97
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Production by coUierics—Continued.

14.—WEST SCHUYLKILL DISTRICT.

Name of collierv, Location. Operator, 1882.

Gate Vein
Mine Hill Gap.

Mlnersville .

...do

Thomaston
Richardson
Glendower
Phcenix Park No. 2.

Phoemx Park No. 3.

Black Miue
Ellsworth
Black Valley
Sundas
Jugular
Svratara

Heckersville..
Glen Carbon..
...do
Phcenix Park
...do
Llewellyn
New Castle..
Minersville ..

do
New Castle . .

.

Swatara

Otto
I

Blanch Dale
Black Heath Minersville .

.

Chandler
[

. . . do
Lewis Tract do
Swatara I Swatara
Chandler Tract

|

Minersville .

.

Wolf Creek Big Dia- ! Wolf Creek
mond.

Wolf Creek Dia
mond.

Forestville Forestville

.

George Wilson
Philadelphiaand Reading
Coal and Iron Company.

do
do
do
do
do

J. D.Curtz Crook
John R. Davis
Ed. Hoskins
Davis &Co
Jacob S. Hepner
Philadelphia and Reading
Coal and Iron Company.

do
Wm. Harris
Patrick Keenan
George Harris
JohnD. Felty
William Lloyd
James r. Donahoe

Tons.

Middle Creek.
Kirk Line . . .

.

Chryatal
Jonestown

Minersville John«A.. Lawrence .

Swatara
Thomastown ,

New Castle..
Primrose
Wolf Creek..

Philadelphia and Reading
Coal and Iron Company.

do
P. O'Conner
Joseph Brady
T. F. Guinn
George Kantner

48, 902

82, 975
58, 388
51, 465
33, Oil
22, 163

16, 357
11, 933
1,942
5,000
869

53, 124

55,905
21, 132

100
207

1,046
9

8,000

5,624

7

2

478, 161

Tons.
31.00

51, 540. 40

70, 784. 27
66, 381. 00

1, 220. .53

32, 963. 80

30, 676. 13
5, 620. 00

15, 036. 00
1,966.76
9, 681. 76
1, 049. 76

41, 725. 22

11, 422. 40
6, 245. 13

882.22

"'5,"866.'00

2. 205. 38

11,443.00

4. 872. 00
219.00

5, 149. 49
350. 00
729. 00

378, 054. 25

15.—LORBERRT DISTRICT.

Colket

.

East Franklin
Lower Rausch Creek
Tremont Lands
Woods

Donaldson.

Upper Rausch Creek
Tremont township..;
Tremont
....do

Philadelphia and Reading 43, 221

Coal and Iron Company.
|

do
]

19,179
Miller, Grae£f& Co ;

85,382
Peter Laux : 131

Geo. S.Woods
;

1,054

148, 967

31, 484. 36

25, 051. 85

62, 682. 76
Abandoned.

887. 09

120, 106. 06

16.—LTKENS VALLEY DISTRICT.

Lincoln
KaJmia
West Brookside . .

.

WiUiamstown ,

Tremont township . . ; Levi Miller & Co
Orwin Phillips & Sheafer
Porter township Philadelphia and Read-

1 ing Coal and Iron Com-
j

pany.
WiUiamstown

j
Summit Branch Railroad
Company.

Short Mountain ' Lykenstown
j
Short Mountain and Ly-
kens Valley Coal Com-

i

pany.
Big Run Gap

|
Williams Valley

;
James Fennel

146, 899
83,167

374, 533

279, 790

198, 188

2,628

165, 678. 31
201, 100. 22
289, 892. 09

342, 218. 40

195, 095. 44

2, 498. 00

1, 085, 205
;

1, 196, 482. 46

Total reported as shipped from collieries.

Total reported as consumed at collieries..

Total production hard anthracite

29, 525, 909
1,011,672

30, 213, 697. 31

1, 067, 369. 14

30,537,581 I 31,281,066.45
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ryodjcl'ion h'/ coUicrien—Coiitinuod.

17.—LOVA LSOCK I5A.SIX.

§••?! Naiiit> of coUicvv,

.2 5! 1882.
()|Miati.! IKsj

Bcrnicf. Sulliviiii State Lino .ind Sullivan
county. Kailroad Company.

Tonn.
04, 000 7". 198. 00

Total production anthracite coal (iehl.s .-JO, 601, .081 '31, HSS. 264. 4.")

Total production and shipments from the mine innjyectors' districts for the yearn Iri^l and
1H82, loith the coUieri/ and load conaumption.

Districts and inspoctor.s.

1. First Schnvlkill, Samuel
|

Gay, inspector 1, 726, 069
2. Second Schuylkill, Rob-

j

ert Mauchline, inspector. J 4, 248, 666
3. Third .Schuylkill, Janies

|

Ryan, in.spector ...! 4, 181, 679
4. !^iddlc Carbon aud Ln-

|

zemo, G. M. Williams, in-
;

specter ' 6, 624, 061
5. Eastern Carbon aud Lu-

;

zerne, Patrick Blewitt,
inspector 7,310, 042

6. Southern Carbon and Lu-
zerne, James E. Roderick,

\

inspector 4, 7.'>2, 781

i eS S

103, 566 '

1, 829, 035

254, 980
I

4, 503, 646

250, 304 '

4, 432, 583

397, 444

402, 222

28.5, 167

7,021,505

7,712,264

5, 037, 948

1, 623,

4, 403,

4, 323,

6, 659,

7, 4.39,

5, 061,

157. 05

892. 51

0.51. 25

761. 95

38.5. 00

192.29

0) « 3

= 5 =

97, 389. 42

2C4, 233. 55

259, 383. 07

399, 585. 72

446, 363. 10

303, 671. .54

Totals i28, 843. 298 jl, 694, 283 30, 537, 581 !29, 510, 440. 05 11, 770, 626. 40

, 720, 546. 47

, 668, 126. 06

, .582. 434 32

, 059. .347. 67

, S85,748. 10

, 364, 863. 83

31, 281, 066. 45

Production of the anthracite roal feld'^ of I'cnnai/lvania in Idr*,*, by counties.

Counties.
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Anthracite inspection districts.—lu order to systematically attend to

the matter of proper ventilation, etc., the Pennsylvania anthracite region

is divided into six inspection districts, as follows

:

First. Pottsville district, embracing collieries the production of which

is known in market as Schuj'lkill and Lorberry coal. Mr. Samnal Gay,

mine inspector.

Second. Shenandoah district, embracing collieries in the Shenandoah

and East oNIahanoy regions, of the Schuylkill coal field. Mr. Robert

Mauchline, mine inspector.

Third. Shamokin district, embracing those collieries located in the

western part of Schuylkill, eastern Northumberland, and Dauphin

counties. Coal sold as Lykens valley, Shamokin, and Mahanoy. Mr.

James Rj^an, mine inspector.

Fourth. Wilkes-Barre district includes the collieries in the northern

coal field in the middle district of Luzerne county. Mr. G. M. Williams,

mine inspector.

Fifth. Scrauton district includes those collieries in the Lackawanna,

Scranton, and Pittston regions, located in eastern Luzerne, and in Lack-

awanna county. Mr. P. Blewitt, mine inspector.

Sixth. Lehigh district includes collieries in Carbon, and in the south-

ern part of Luzerne counties. Mr. G. Roderick, mine inspector.

Owners of the land.—On the anthracite coal fields of Pennsylvania the

land is owned by large corporations, whose respective interests are

shown in the following table

:

Company.
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Difita nee from market.—All the carrying' companies lueutioned above
Lave lines extending to tidewater, whose respective interests are shown
in the following table:

Fi'om—
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WorMng time.—Many persons are of the opinion that it is possible to

work the anthracite mines each and every work-day in the year, and

make calculations as to the probable output on this opinion. The

mining" engineer of the Eeading Company i)uts a practical veto on this

notion, for he figures up that the average number of working days,

deducting for lost time from restriction by agreement, holidays, funerals,

pay-days, etc., during the four years 1878-'79-'80-'81, was 193.8, or 61.86

per cent., reckoning 312 working days for the year. This engineer esti-

mates that 240 working days out of 312 are all that can prudently be

counted on in coal mining ; that there will always be an average of at

least 72 days' lost time for accidents, holidays, funerals, etc., when the

mines cannot be worked.

Percentage of the various sizes.—At one of the largest establishments in

the anthracite coal field the percentages of the various sizes shipped to

market in 1882 were carefully recorded, with the following result

:

Percentage of marketaile sizes of anthracite.

Sizes.
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first-class, $0.00 per week ; second-class, $0; tliird-class, $8. On con-

tract, on Mammoth vein coal, per ton of 48 cubic feet, 42.J cents.

' Trico of
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average cost of miuing iii tlie upper Wyoming region. It was put at

$1.15 per ton. This did not include royalty, nor did it include the cost

of preparing the coal for market. Even the figures named were acknowl-

edged to be low, and obtained by active competition in large produc-

tion, and omitting many items of repairs, etc.

Miscellaneous anthracite statistics.—The following table shows the

number of collieries, number of persons employed, production, etc., in

the several counties of the anthracite coal fields of Pennsylvania, com-

piled from returns made to the office of the Secretary of Internal Aiiairs

for Pennsylvania for the year ended December 31, 1882 :

Counties.
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Price of anthracite in 1883.—Opening rates for anthracite coal were

made in March, 1883.
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buru culm are the Pottsville shaft, Brookside, and Schuylkill. About
a year ago the company determined to generate steam with culm instead

of coal. The Schuylkill colliery has eight boilers, and these consume
from ten to twelve tons of coal per twenty-four hours. Immediately be-

hind the breaker stood the culm bank. The boilers were built up against

The bank, and their furnaces were furnished with sheets of i)erforated

iron instead of bars. Each of them was also furnished with a blower,

of the steam jet pattern. From all accounts culm raises steam more
quickly than coal, which is the great desideratum among engine drivers.

The fireman opens the door of a furnace and going to the culm bank,

not 10 feet distant, throws in shovelfuU after shovelfull from the bank.

Large pieces of rock and slate find their way into the furnace, as well as

other material of somewhat more favorable heat-producing qualities.

The rock and slate come come out of the fire in much the same condition

as they go in, a little cracked, and the rock perhaps shriveled, but by
no means consumed by the action of the fire. The other parts of the

bank are burnt to ashes.

It is said that the Philadelphia and Eeading Eailroad Company will,

have one hundred dirt-burning locomotives on its line by the first of

January, 1884. The cost of hauling 100 tons one mile, during six months,
averaged 17^ per cent, less with dirt-burning engines than it did with
regular anthracite coal burners. All the locomotives are using the

Wootten boiler in burning the " culm."

The following table, in the several columns, shows the theoretical

values of the various coals used, also the amount of heat obtained in the

Wootten and ordinary boilers in generating steam. The amount of work
done by the two sorts of boilers used for these trials is also expressed
in pounds of water evaporated from 212° Fahr., by burning one pound
of coal.

Heat-producing value of anthracite.

Description of coal.

1. Anthracite, waste
2. Anthracite, marketable
3. Anthracite, marketable
4. Bituminous, wa.ste
5. Bituminous, marketable...
6. Bituminous, markrtable ..

7. Bituminous, marketable...
8. Bituminous, marketable...
9. Lignite, 20 per cent, water
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Miuiny anthracite by stripping.—The coal formation in the vicinity of

Ilazleton is often found near the surface, and operations are going on

to remove the earth and stone, so that the coal niaj' be taken out with-

out the risk that occurs in the underground workings. At present, the

work of strip[)ing, a term applied to the mining of coal by firj;t remov-

ing the earth surface, is carried on at Bear Kidge, Colerain, Yorktown,

Beaver Brook, Miluesville, and Hollywood collieries. At the last-named

])lace, operated by Calvin Pardee & Co., the work is of the most exten-

sive character, at least 300,000 tons of coal being exposed to view,

which can be removed without the necessit;^ of very skilled labor or

any great danger. It is stated that at least 50 per cent, of the coal is

lost by what is known as robbing the mine, but by the mode of strip-

ping, as here practised, every ])Ound of coal can be saved and worked

at much less expense and danger. When a sufQcient amount of coal

has been uncovered, mining operations are commenced. The coal is

loosened by blasting, and drills and picks are the tools used. In one of

the workings the coal is about 25 feet in thickness, and there twenty

men are employed as miners. They take out about sixty wagons of

coal a day, the wagon loads averaging two tons each when cleaned.

This labor is being done almost entirely hy Hungarians, and they are

industrious and make good wages.

Otlier anthracite localities.—Anthracite is found in other portions of

the LTnited States besides the fields of Pennsylvania, notably in Gun-

nison county, Colorado, Ehode Island, Virginia, and in the Los Cerillos

mountains of New Mexico. Small bodies of coal, which might be

termed anthracite, the result of local alteration, are met with not infre-

quently, as on the Pacific coast and in Texas ; but, broadly speaking,

Pennsylvania is the anthracite-producing State, and, in comparison with

its resources, the anthracite found beyond its limits is of insignificant

amount.

Of one of the reported anthracite localities in Virginia, that in Au-

gusta county, recent tests with the diamond drill would seem to prove

the presence of anthracite. Three holes were put down by the Pennsyl-

vania Diamond Drill Comiiany in North Eiver gap, two on the Pyron

land to a depth of 914 feet, and one on the Davis land to a depth of 107

feet.

Jii'ifuU of boring.s hi Augusta counly, Vinjinia.

Near The surface 10 feet of fire clay.

At 25 feet 13 iuclies of coal.

At 40 feet 21 iuches of coal.

At r)6 feet 36 iuclies of coal.

• At 70 feet 8 feet of coal.

At 125 fact 5 feet of coal.

Thence to 014 feet, where red sandstone was struck, several minor

seams of coal were passed through. The coal is said by those who
have seen it to be true anthraciie coal.
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BITU3IINOUS COAL.

GENERAL STATISTICS,

Largest coal-prodiicing counties.—According to Bulletin Ko. 273, of

the Tenth Census, the total production of bituminous coal in the year

ending May 31, 1880, was 42,417,704 tons (of 2,000 pounds),- and of this

22,167,999 tons, or about one-half, was from the following counties,

each of which produced over 500,000 net tons

:

No. Counties.

Allegheny
Westmoreland

.

Fayette
Alleghany
Clearfield
Washington . .

.

Saint Clair
Tioga
Perry
Clay
TrumbuU
La Salle
Will
Cambria
Columbiana
Bradford

States.

Pennsylvania

.

do
do

Maryland
Pennsylvania

.

do
Llinois
Pennsylvania

.

Ohio
Indiana
Ohio
Illinois

do
Pennsvlvania

.

Ohio."
Pennsvlvania

.

Tons.

426, 871
297, 390
318, 728
198, 073
722, 711
968, 042
956, 265
938, 517
913, 974
772, 423
722, 265
714, 787
611,311
590, 075
515, 602
500, 965

The following counties east of the 100th meridian produced during

the same period over 250,000 net tons each of bituminous coal:

No.
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Production of bituminous coal during the census year ending May 31, 1880, compared with

the one ending May 31, 1870, for mines east of the lOOth meridian.

Per cent.

Gain in number of mines 122.

Gain in yearly tonnage 135.

Gain in value of yearly product 44.

Gain in value of material used 133.

Gain in amount i^aid as wages 46.

Gain in total number of employes 133.

Gain in total capital 54.

Decrease in value per ton 39.

Gain in tons raised per man per year 3.0

Decrease in yearlyyearnings 36.

Decrease in cost of labor per ton 38.

Decrease in cost of material per ton 1.0

Gain in per cent, of value of the product i)aid for labor 0. 7

Gain in per cent, of value of the product paid for materials 3. 9

Decrease in per cent, of value of the i^roduct left for royalty, interest,

profits, etc 4.6

Gain in number of counties reporting 08.

*

General averages.—The following series of averages, compiled from

the census returns from bituminous coal mines east of the 100th merid-

ian, are of interest

:

States.
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the demand bad to be built up; the pioneers iu the business did not find

it profitable ; some could not find a market ; others struck poor veins

of coal, and the result iu either case was failure. The day had not come
for Alabama coal, nor tor the Cahaba, the Newcastle, the Spencer mines,

and others. Perhaps the first real success iu profitable mining- in the

State was made by Messrs. T. EL. Aldrich & Co., who leased a mine and
worked and continue to work the Montevallo coal, a coal superior to

any coal in the United States as a grate coal, fully equal to English

cannel coal. In 1872 only 10,000 tons of coal were mined iu Alabama.

In 1879 the Pratt Coal and Coke Company went to work operating the

Pratt seam for steam, coke, and gas purposes, and the Helena seam for

grate and coke purposes ; this was a new era in the coal business of

the State, and much credit is due to Mr. H. F. DeBardeleben, the origi-

nator and principal owner of this company, who had the foresight to

see the future that awaited the coal industry iu Alabama.
The Warrior coal field is the ijarticular portion of the coal area in the

State which has received most attention, and it may be expected to

produce the largest amount of coal. There has been a new trade de-

veloped in this Alabama coal, at Mobile. In fact supplies have been

sent to jSTew Orleans, where it competes with the Pittsburgh coal com-

ing down the Ohio and Mississippi rivers. This coal should also supply

the West Indies and Central America.

There are three troughs or synclina^ basins in the Warribr coal field,

with local wrinkles, each one resembling iu form a long shallow tray,

with seams dipping at the edges and ends, but nearly horizontal in the

center. The first extends from near Birmingham, going westerly, to a

point near the Warrior river, in the great Sequatchie fold, which ex-

tends from Tennessee southwesterly, in a straight line with Sequatchie

valley, in that State, and its continuation. Brown's valley, in Alabama,

crossing the Black Warrior river at a point near the mouth of Five-mile

creek. The second extends from this Sequatchie fold, or its continua-

tion, to Byler's Kidge, which forms the shed between the water of the

Black Warrior and West Sipsy, a tributary of the Tombigbee. The

third extends from Byler's Eidge to the western edge of the coal field,

and is the smallest and least important of the three coal basins men-

tioned.

In the first two basins, which may be designated, respectively, the

Birmingham basin and the Jasper basin, there are not less, according to

Prof. E. A. Smith, State Geologist of Alabama, than 2,G00 feet of coal

measures, including between thirty and thirty-five seamsof coal, five of

which have been extensively mined.
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The appended analyses will serve to show the character of the coal in

this coal field

:
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Tvithin 55 feet of the level o^ the river frout. The product is about

5,000 tons. The existence of a second vein, which is, as near as can be
ascertained, about 30 feet below the one now working, is a matter of

development. The coal can be placed at Little Eock at $3.25 a ton ; at

the monlli of the Arkansas river, $3.75 a ton ; at Xew Orleans, §5 a

ton ; at Saint Louis, $0.75 iier ton."

The only coal to compete with on the lower Mississippi, from the

mouth of the Arkansas to New Orleans, GOO miles—which section of

country consumes about one million of tons per annum—is the bitumin-

ous coal j)rincipally furnished by Pittsburgh.

The mines of the Ouita Coal Company, producing an excellent variety

of this semi-anthracite, are 72 miles from Little Rock; the vein is 32

inches thick. Analysis gave 80.40 fixed carbon; 12.66 volatile matter;

ash, 5.11; water, 1.77; color of ash, light brown.

Professor Owen gives an analysis of the coal in the First Geological

Eeport on Arkansas, page 130. It was also analyzed by Mr. I. A. Lie-

big, and by Mr. L. C. Bierwirth, with the following results

:
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rop, Stewart, Superior, Mitchell, Garfield,^ Briggs, and tlie Star. The
coal from this district is a free-burning lignite of jet black color, high

luster, and of a specific gravity averaging about 1.33. As a rule it is

wholly destitute of any fibrous or woody structure, and contains less

than .4 per cent, sulphur. The proportion of ash varies from 2 to 8 per

cent., averaging about 4.5. It is in general use for domestic purjjoses,

for locomotives, and for blacksmithing. The veins which are worked
vary in width from 3 to 12 feet, and average about 6 feet.

The following analyses show the characteristics of the coal from the

various mines of northern Colorado

:

Golden

:

No. 1. No. 2.

Water 13,43 13.67

Volatile matter 37.15 34.75

Fixed carbon 45. 57 47. 58

Ash 3.85 4.00

100.00 100.00

From the Murphy mine on Ealston creek, Jefferson county:

Water 13.83

Volatile matter 35.88

Fixed carbon 44.44

Ash 5.85

100. 00

From the Marshall mine at Langford, Boulder county:

Water 12.00

Volatile matter 26.00

Fixed carbon 59. 20

Asli 2.80

100. 00

From the Erie mine at Erie, on Coal creek. Weld county:

Water 14.80

Volatile matter 34. 50

Fixed carbon 47. 30

Asb 3.40

100. 00

The coal mines of northern Colorado stand second in the list of pro-

ducers, their output being exceeded only by the mines of southern

Colorado, which section includes the mines of Las Animas county.

The middle division includes the counties of Park, Fremont, and El

Paso. In El Paso county the only mines worked to any extent are

those owned by the Denver and New Orleans Eailroad Company at

Franceville. The coal is an average grade lignite, slacking readily

upon exposure to the atmosphere, but suitable for all domestic and
heating purposes. The product of these mines has only become avail-

able since the completion of the Denver and Xew Orleans Eailroad in

July, 1882. Since that time active work has been prosecuted, and the
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output has rapidly increased. Tlie following was the monthly output

in 1882

:

Pounds.

July 2,243,425

August 5,432,100

September 9, 830, 440

October 9,830,236

NoA-ember 10, 017, 700

December 10, 017, 700

Total 47,377,601

In all, 23,694 net tons.

The following is an analysis of the coal

:

Water 12.90

Volatile matter 39.10

Fixed carbon 46. 00

Ash 12.00

Total 100.00

In Park county the coal mines are at Como, and are owned by the

Denver, South Park, and Pacific Eailroad Company. They produce a

good coking coal, a small part of which is made into coke, but the

greater part is consumed by the railway company. The bank is known
as the Lechuer, and averages about 6 feet in width.

The principal mines in Fremont county are the Oak Creek Xo. 1, Oak
Creek No. 2, and the Coal Creek. The coal is semi-bituminous, and
when mixed with bituminous coals from El Moro makes an excellent

coke. Its composition is shown by the following analyses of Caiion coal

:

No. 1.

Water 4.50

Volatile matter 34.20

Fixed carbon 56. 80

Ash 4.50

100.00

Sulphur 0.35

No. 2.

Water 5.49

Volatile matter 39.33

Fixed carbon 51.01

Ash 4.17

100. 00

Sulphur 0.35

The mines are owned and worked principally by the Denver and Eio

Grande Kailroad Company and the Atchison, Topeka, and Santa F6
Bailroad Company. The coal ranks first in the State for all domestic

purposes, and is largely used in Denver, while Caiion City and Pueblo

derive their supply almost entirely from these mines.
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The southern division includes the counties of Las Animas, Huerfano,

La Plata, and Dolores, and is by far the largest producer in Colorado.

The coal of Las Animas county is, as a rule, bituminous, and large

quantities are made into coke for the use of smelters in Colorado and
New Mexico.

Its composition is shown by the following analyses

:

Analyses of Cucharas coal.
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output of tlie company's mines at Crested Butte, Gunnison county^

amounting in 1881 to but a few tons, and in 1882 to 38,909 tons

:

iXet tons.

. 12, 187

. 18, 092

1873

1874

1875 15,278

1876 20,316

1877 44.410

1878 82,140

1879 120,102

1880 221,378

1881 350,944

1882 511,239

The coal veins of La Plata county are said to be the largest yet dis-

covered in Colorado, and vary from 12 to 90 feet in thickness. The
Durango vein is said to be 13 feet thick, the Peacock 75, and the Cali-

fornia considerably over 75 feet. The coal produced by these veins is

an excellent lignite, which in some cases is sufficiently bituminous to

I)roduce good coke. The distance of Durango from any but a restricted

market will for along time retard the development of the coal veins in

its neighborhood. At present the mines supply the small local demand,

and about one-quarter of the quantity of fuel used by the Darango
branch of the Denver and Eio Grande railroad, the greater portion

being derived chiefly from the mines at Monero, New Mexico.

The coal veins at Eico, in Dolores county, vary from 2 to G feet in

width, and produce excellent coking coal, but the limited demand for

home consumption—about 2,500 tons annually—prevents their full de-

velopment.

The northwestern division embraces Gunnison, Pitkin, Summit, Boutt,

and neighboring counties. The most extensive developments are at

Crested Butte, Gunnison county. In some respects this is the most

important coal bed in the State, producing as it does the best coking-

coal, and, with the exception of the limited beds in the Los Cerillos

mountains, New Mexico, is the only true anthracite coal found west of

the Alleghanies.

The bituminous coal occurs in four veins of 4 feet, 5 feet, G feet, and
10 feet thickness, the 10-foot vein only being opened to any great ex-

tent. The following analyses will show the composition of the different

varieties of Crested Butte coal, and the quality of the coke manufac-

tured from the bituminous variety :

Analyses of Crested Butte bituminous coal.
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Analysis of Crested Butte anthracite.

Water 1.588

Volatile matter 5.862

Fixed carbon , 89. 780

Asli(recl) 2.770

100. 000

The following is an average of a large number of analyses made ^t

different times and by different chemists

:

Water 1.20

Volatile matter 5. 16

Fixed carbon 90.24

Ash (red) 3.40

100. 00
Analyses of Anthracite Mesa coal.
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Analysis of coal from Cutler hanks.

Water 7.26

Volatile matter : 43. 42

Fixed carbon 41.72

Ash 7. GO

100. 00

This coal does not coke.

A vein of semi-anthracite coal occurs in the caiion of the Uncom-
pahgre, about 5 miles nortli of Uncompahgre park. The vein is about

2J feet in width, and some small amounts of the product are freighted

to Ouray. The composition is shown below:

Water 1.86

Volatile matter 10. 70

Fixed carbon 77. 32

Ash 10.12

100. 00

The anthracitic character of this coal is thought to be due to the

igneous dikes in the vicinity of the outcrops.

Coal veins are known to exist in Pitkin county, near Eock creek;

at Garfield, in Chaflee county, and in Summit, Routt, and Grand coun-

ties, but their remoteness from market, and the absence of any demand,
make them valueless at present. The comjiletion of the Denver, Utah,

and Northwestern railroad through the North Park will create a de-

mand which will put the veins in Summit, Grand, and Routt counties

on the list of active producers.

The production of coal in Colorado has steadily increased since the

mines in Boulder and Jefferson counties were first opened. In the

decade from 1860 to 1870 considerable quantities of coal were mined

for domestic uses in Golden, Denver, Boulder, Black Hawk, and Central,

the principal supply coming from the mines near Golden, and on Ral-

ston creek, 10 miles north. The Marshall coal bank assumed impor-

tance as a producer in 1865, although previous to that time the ranch-

men in the neighborhood had hauled away small quantities of coal.

The completion in the summer of 1870 of the Denver Pacific railroad

from Cheyenne to Denver, the Kansas Pacific, and the Colorado Cen-

tral from Denver to Golden, created a large demand upon the mines of

Jefferson and Boulder counties. The completion of the Boulder Valley

railroad from Brighton to Boulder, in 1873, opened to market the mines

of Weld and Boulder counties, where the present coal-mining towns of

Erie and Canfield now stand.

The following table shows the growth of coal mining near Golden:
Not tons.

1664 fl500

1865 a 1, 200

1866 fl fc 6, 400

1867 fl 6 17, 000

1868 a b 10, 500

a Estimated. b Includes product of Marshall mine, Boulder county.
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Net tons.

1869 a & 8, 000

1870 a 613,500

1871 a & 15, 860

187-2 a 614,200

1873 a 6 14, 000

1874 a 6 15, 000

1875 : 623,700

1876 a 628,750

1877 o 30, 000

1878 31,400

1879 33,435

1880 36,500

1881 37,625

1882 46,264

The amouut of coal sliipped from the mines in the vicinity of Erie

and Canfield, from the completion of the Boulder Yalley road in 1872

to 1877, is shown by the following figures, as furnished by the auditor

of the Denver Pacific railroad

:

Net tons.

* 1872 54,340

1873 43,790

1874 44, 280

1875 59,860

1876 68,600

The estimates of the production of the northern division for the years

1877 and 1879 are taken from Fossett's "Colorado," which is generally

accepted as an authority in statistical matters. The average thickness

of all the beds composing the Jefferson county coal field is from 30 to 35

feet. These beds have been explored to a depth of over 600 feet—the

deepest coal mining in the Far West. At this depth the coal is dense,

hard, free from mechanical moisture, and of superior quality as fuel,

resembling anthracite in many of its properties.

All the coal mined in northern Colorado is used on the divisions of

the Union Pacific railroad in Colorado, the Denver, Utah, and Pacific

railroad, and in Denver and the agricultural mining towns north of the

divide. The capacity of the various mines at Erie, Canfield, Louisville,

and Langford, on January 1, 1883, has been estimated by Major Mc-

Dowell, of Erie, to be as follows

:

Erie an^l Canfield:
Tons daily.

Star mine 100

Jackson mine 150

Northrop mine 150

Briggs mine 12

Garfield mine 36

Stewart mine 150

Superior mine 18

Mitchell mine 200

Erie mine 200

a Estimated. 6 Includes product of Marshall mine, Boulder county.
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Louisville

:

Tons daily.

Louisville or Welch luine 500

Laugfoixl:

Marshall mine (2 slopes) 300

Fox mine (1 slope) 100

Black Diamoiul luiue 2't

The mines at Franceville, Avliiob are owned by the Denver and Xew
Orleans Eailroad Company, have only recently been opened to any
extent, and tbeir capacity is not yet known. The vein is about 9 feet

thick, and produces at present about 150 tons daily. The coal is used

for fuel on the Denver and New Orleans railroad, and is burned in con-

siderable quantities in Colorado Springs and Denver.

The coal from the mines at Trinidad, Walsenburg-, and Caiion City

is used by the locomotives of the Denver and Eio Grande railroad, by
the Colorado Coal and Iron Company at Pueblo, the Atchison, Topeka,

and Santa Fe railroad, and in large quantity at Denver for domestic

purposes, and exclusively at Caiion, Pueblo, and other southern towns.

Until the opening of the bituminous coal banks at Crested Butte, the

product of the Trinidad mines was used for making gas in all the gas
works in Colorado, and the largest portion of the coke used in western

smelters is yet made from it.

The coal from the bituminous mines at Crested Butte is now exclu.

sively used in gas-making in Pueblo, Denver, Leadville, Gunnison, and
other cities in Colorado. ,

The Colorado Coal and Iron Company have erected a number of cok-

ing ovens at the latter point, and since the opening of the Denver and
Eio Grande railroad to Salt Lake City are shipping considerable quan-

tities of coal and coke to Utah. Small quantities of Crested Butte coal

are used east of the continental divide, but the i>rincipal part of the

product is consumed in Gunnison and other western counties.

Mr. Chisolm, in summing up the production statistics of the State,

writes: "The statement of the product of Colorado since 1865 is the

result of close and careful research. Every doubtful element in the

estimate has been eliminated, and the total for each year is, if anything,

probably lower than the actual output. Prior to 1872 the output is

estimated entirely; after that year it is partly estimated and partly

derived from reliable sources. For the years 1877, 1878, and 1880, the

l)roduct is adopted entirely from Fossett. The output in 1882 and for

the first six months of 1883 is that given by my returns."

Coal product of Colorado from 1864 to 1883.

Net tons.

1864. Jeflferson and Boulder counties 500

1865. Jefferson and Boulder counties 1,200

1866. Jefferson and Boulder counties 6,400
1867. Jefferson and Boulder counties 17,000

1868. Jefferson and Boulder counties 10, 500
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Net tons.

1869. Jeftersou aud Boulder counties 8, 000

1870. Jefl'ersou and Boulder counties 13, 500

1871. Jeiiersou and Boulder counties 15, 860

1872. Jefferson and Boulder counties 14,200

Weldcountv 54,340
68, 540

1873. Jeiierson and Boulder counties 14, 000

Weld county 43, 790

Las Animas and Fremont counties ». 12, 187
69, 977

1874. Jefferson and Boulder counties 15,000

^Yeld county 44, 280

Las Animas aud Fremont counties 18, 092
77, 373

1875. Jefferson and Boulder counties 23, 700

Weld county 59, 860

Las Animas and Fremont counties 15, 278
98, 838

1876. Jefferson and Boulder counties 28,750

Weldcounty 68,600

Las Animas and Fremont counties 20, 316
117,666

1877 160,000

1878. Northern division 87, 825

Central division 73, 137

Soutliern division 39, 668
200, 630

1879. Nortliern division 182,630

Central division 70, 647

Southern division 69, 455
322, 732

1880. Northern division 123, 518

Central division 136,020

Southern division _ 126, 403

Northwestern division 1,064

Unreported mines 50, 000
a 437, 500

1881. Northern division 156, 126

Central division 174,882

Southern division 269, 045

Northwestern division 6, 691

Unreported mines 100,000
706, 744

1882. Northern division

:

Mines near Erie and Canfield 88,000
Louisville 90,000
Langford 92,000
Golden 30,000

300, 000
Central division

:

Mines near Franceville 23, 694

Como 60,000

Canon City 160,000
243, 694

a This is widely at variance with Mr. Saward's estimate of 575,000 long tons, and is confessedly belffw
the truth.
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Southern division

:

Net tons.

Mines near El More and Trinidad 370, 185

Walseuburg 96,200

Rico 2,000

Diiraugo 5,900

474,285
Northwestern division

:

Mines near Crested Butte 43, 500

43, 500

1,061,479
1883—first six mouths

:

Northern division

:

Mines near Erie aud Caufield, estimated 41,500

Louisville 50,198

Langford 32,827

Golden 8,776

133, 301

Central division:

Mines near Franceville 35, 880

Como 31,572

Canon City 129,305

196, 757

Southern division

:

Mines near EI Moro and Trinidad 180, 696

Walsenburg 40, 751

Durango and Rico 5, 500

226, 947

Northwestern division

:

Mines near Gunnison and Crested Butte 38, 474

38, 474

Total 595,479

The wages paid in coal mining vary from 90 cents to $1.50 per ton of

coal mined.

The value of the State's product in 1882 may be averaged at $2.25 at

the mines—a total of $2,388,328. The price of coal at retail in Denver

varies from $3 to $9 per ton for Gunnison anthracite, the average price

of lignite being $4.50 per ton.

The average number of men employed in coal mining is 1,781.

During the first six months of 1883 the amount of coke made in Colo-

rado was as follows

:

Net tons. Pounds.

Colorado Coal and Iron Company :

Trinidad 50,411 400

Crested Butte 9,185 1,400

59,596 1,800

Trinidad Coal and Coking Company, Trini-

dad 13,892 692

Grand View Mining and Smelting Com-
pany, Rico "20

Total 74,209 492
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D AKOT A.

In Dakota coal occurs in quite extensive beds, which have re-

mained entirely undeveloped. Some slight work has been done on a

1,600-acre tract of coal laud on Hay creek, near the Black Hills ; and in

1880 it was proposed to construct a railroad to the coal field, about 30

miles north of Deadwood, but the project failed of realization. In 1874

Government land oflice reports estimated the coal area of the Territory

at 100,000 square miles, but this is probably excessive.

IDAHO .

Bituminous coal and lignite, some of which burns tolerably well,

have been found at many points in Idaho. Beds of these varieties of

coal have been discovered on Eeynolds's creek, Owyhee county, where

a. tunnel, after being driven a distance of 30 feet, exposed a vein of coal

12 feet in thickness. Should this deposit prove to be heavy, and of even

a moderately good quality, the find wiU greatly benefit this portion of

the Territory, as it abounds in valuable mines, and contains but little

timber, scarcely any of which is fit for lumber.

A fine variety of lignite has been found at many different points in

the vicinity of Boise City. The " float" picked up, no regular beds

having yet been discovered here, resembles cannel coal, and is said to

burn welL As wood is becoming scarce, the discovery of a good mineral

fuel in this neighborhood is already a desideratum. Similar "float," and

in some places quite heavy deposits of lignite, have been met with along

the foot-hiUs from a point 50 miles southeast of Boise City all the way to

the Lewis and Snake rivers. This lignite burns in grates freely, emits

much heat, leaves but little ash, and has little sulphur. Small quantities

of lignite, with siliceous fossil wood, are met with in the auriferous

placers of Bois6 basin. These have only mineralogical interest.

The present product of Idaho is insignificant, and no record of the

scattering lots of a few tons each which have been mined is obtainable.

ILLINOIS.

The valuable features of the coal found in this State are that there is

plenty of it, that it is very widely distributed over the State, and that

it is readily accessible. Although it is generally necessary to mine it

by means of shafts, the coal is reached at so reasonable a depth from

the surface that its mining is done without unusual expense. The num-

ber of railroads traversing all parts of this State, with good level grades

and without curves, furnish an abundance of cheap transportation, and

there is a large market for the coal that is produced.

The valuable iron-smelting Big Muddy coal, found in the southern

part of the State, and extensively used at Saint Louis, as well as some

4 M R
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of a fair quality in other localities, would lead to the hope of yet find-

ing coal of a better quality than much of that which is now mined.

The United States Census of 1880 reports the production of coal in

Illinois at 6,115,337 tons. To those accustomed to the large production

of the mines of Pennsylvania, these figures may appear small, but it

should be considered that the coal business in the West is yet in its in-

fancy. In La Salle county there are three seams of coal, the upper 4J
to 5 feet thick, the middle usually 6 feet, and the lower 4 feet. The
most popular in the market is the middle, as it makes a dense fire, and

the coal is largely used for steam and domestic uses.

Twenty-fire counties of Illinois are now engaged in mining coal

The total area of 32 counties embraced within the boundaries of the.

coal field is 18,864 square miles. If we deduct over one-half of this

area for portions of the district where coal will never be found, because

of the seams being washed out by the streams and rivers, or from the

failure of the seam from any other cause, we shall have at least 9,000

square miles of a 4-foot seam of coal. In every acre of land bearing a

4-foot seam there are 5,000 tons of coal, or 3,205,000 tons to the square

mile, or a total of 28,845,000,000 tons.

Saint Louis, Missouri, obtains a large supply of bituminous coal from

the Belleville district, in Saint Clair county, Illinois. This county'

shows a very large coal area, and the output in 1882 was 865,685 tons.

The coal seam is 7 feet in thickness, and contains 55.2 fixed carbon and

33.8 volatile matter. There are some very large mining concerns in this

district, the most prominent being the Carbondale Coal and Coke Com-

pany. A large business was done in making coke last year, 260,000

tons having been received at Saint Louis. Peoria county is reported as

having tm-ned out 419,087 tons of coal in 1882. The Streator coal field

is also an important district, and the output last year was 721,559 tons.

The output of coal in Illinois is likely to largely increase; the growth

in ten years is shown in the fact that whereas the census of 1870 gave

credit for a production of 2,624,163 tons in this State, that for 1880 gave

a tonnage of 6,115,377 tons. The mine inspectors give an estimated

return for 1882 at 9,115,653 tons. Having these facts in hand, a return

of the output since 1873 is not without interest:

Gross tons.

1873 3,500,000

1874 3,000,000

1875 3,500,000

1876 3, 500, 000

1877 :i, 500, 000

1878 :!,500,000

1879 3,500,000

1880 4,000,000

1881 <i, 000, 000

1882 9,000,000
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Analyses of some Illinois coals.
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tons daily. The capacity of these mines will be doubled by September

1, 1883. These mines are worked on the long-wall plan, the coal being

but 4 feet thick and of a different nature from that found at Savanna,

being similar to that found in Illinois, opposite Saint Louis.

The cost of producing this coal is much greater than in the Eastern

States, but the company has been obtaining for it from $2.50 to $2.75

per ton. The superior quality of Savanna coal has attracted the atten-

tion of coke men, and an experimental oven is to be built for the pur-

pose of giving it a thorough test in the manufacture of coke, for which

it seems to be suitable.

INDIANA.
c

The area of the Indiana Coal Measures approximates one-filth of the

entire State, and embraces the counties of Perry, Spencer, Warwick,
Posey, Vanderberg, Gibson, Pike, Dubois, Daviess, Knox, Martin, Sul-

livan, Greene, Clay, Vigo, Parke, VermUliou, and Fountain. The most

important coals, from a manufacturing point of view, are those known
as the " lower block," 3 feet 8 inches thick; the '' main block," 4 feet 4

inches thick, and " upper block," 1 foot 10 inches thick. Block coal

has a laminated structure, and is composed of alternate thin layers of

vitreous dull-black coal and fibrous mineral charcoal. It splits readily

into sheets, breaking with difliculty in the opposite direction. On burn-

ing, it scarcely swells or changes form, and never cakes or runs together.

What the celebrated English chemist, Mushet, said about a certain

Welsh coal, is equally applicable to the block coal of Indiana. To the

purity of splint coal it unites all the softness and combustibility of wood,

and the efiects ijroduced by it in the blast furnace, either as to the quality

or quantity of iron, are claimed to exceed everything in the manufacture

of that metal with charcoal. From careful analyses it is ascertained

that this coal gives from 56 to 62 per cent, of fixed carbon, a small

amount of water, and a small amount of ash. Dr. E. T. Cox, the geolo-

gist, gave this coal an exceptional character as an iron-smelting fuel,

and reports a ton of pig iron as being made with 4,250 pounds of block

coal.

The coal in Clay county is favorablj^ known as an irou-smeltiug fuel,

and its qualities are thus described :
" There are two veins of coal, the

upper averaging about 3 feet 10 inches in thickness and the lower aver-

aging about 4 feet. The roof is principally sand rock, slate, and slate

and sand rock mixed. Fire and potters' clay of good quaUty underlie

the coal. The average depth to the first vein is about 45 feet from the

surface, and the second or lower vein is found at an average depth of

75 to 80 feet. The coal is free from slate and sulphur. It burns freely,

and leaves a soft, fine white ash, similar to wood ash, and no chukers."

For domestic and steam purposes, the coal is largely used in all the

cities and towns, both of this and adjoining States, as transportation

facilities are of the most extended character.
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III tlie block-coal zone of the Iiuliana coal fields there are as many as

eight seams of non-caking coal, four of which are of good workable

thickness over a portion of the field. These are I, G, F, and A, whi(i^

together have a maximum thickness of 15 feet; and by including the

other four seams we have 6 feet more, making a total of 21 feet of block

coal.

The coal of Parke county is favorably reported on for the manufacture

of iron. It is a block coal, averaging 5 feet in thickness, weighing 77

pounds to the cubic foot, and gives by analysis 62.5 fixed carbon, 31.00

vohitile matter, 4.05 water, and 2 per cent, of ash. The estimated area

is about 300 square miles of workable coal.

The "upper block," at Washington, in Daviess county, is extensively

mined, and meets with a ready market at Saint Louis and all the towns
on the Ohio and Mississippi railroad. Its specific gravity is 1.294; a

cubic foot weighs 80.87 pounds; by analysis it yields: fixed carboQ,

60.00; ash, 4.50; volatile matter, 35.50. The coal worked is known as

L, a 5-foot seam of bituminous, an excellent caking coal, free from im-

purities, which may be handled and stocked without much loss. It has

been used for gas-making at Saint Louis, and is a 3-foot 10-inch seam
of very pure coal, jet black, of cubical fracture, and bears a good repu-

tation as a fuel for general uses.

All the coals of the Indiana field belong to the class known as bitu-

minous. The principal varieties may be designated as follows

:

Caking coal, long flame, gas and smith coal, fat coal.

Semi-caking coal, long flame.

Block coal, non-caking coal, long flame, dry burning coal, furnace
coal.

Semi-block coal, long flame.

Cannel coal, long bright flame, dry burning, gas coal.

The following analyses will serve to show the character of the Indiana
coals

:

ronni n county
Vandr berg connty. ..

Warwick eonnty
Posey county
Sullivan connty
Daviess county
Vermillion county
Parke connty "

Montgomery county..
Clay county
Owen county
Greene county

Fixed

car-

bon.
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being approached from the large ravines that extend through this sec-

tion. The coal of this new district is not of the best quality, but it will

compare very favorably with the majority of coals in the State. The
seams are generally level. Most of the openings are drifts. The seam

is reached in some places by slopes, and in some few places shafts are

sunk. The seam is shallow in the ravines, but there is a very heavy

body of rock over it in the large hills that extend over this entire region.

This area is reached by two new railways—the !N^ew Albany and Saint

Louis Air-Line road, and the Evansville and Indianapolis railway.

In order to show the progress of coal mining in this State, the follow-

ing statement of the production during recent years is appended

:

Gross tons.

1873 1,000,000

1874 812,000

1875 800,000

1876 950,000

1877 1,000,000

1878 1,000,000

1879 1,196,490

1880 1,500,000

1881 1,771,536

1882 1,976,470

The report of the mine inspector for last year shows that whereas the

mines in 1881 numbered but S6, they had increased to 214, but the out-

put is not so much larger; there will doubtless be considerable increase

during 1883, from the improvements made last year.

In Census Bulletin l^o. 273 the following results are reached from a

study of 100 typical Indiana mines, classified on the basis of power
used:

Comparison of results in coal mining in Indiana.

Class 1.—Mines nsing no power to supplement manual labor.
Clasi 2.—Mines using the power of animals only.
Class 3.—Mines using boiler-power not exceeding 100 horse-power.
Class 4.—Mines using boiler-power exceeding 100 hor.se-power.

Number of mines in class
Aggregate maximum yearly capacity, net tons
Product census year, net tons
Value of census year's product at mines
Average yearly product, net tons per mine.
Average value per tou at mine
Average cost or labor per tou miucd
Average number of dajs worked by eacli man
Average earnings per man, census year
Average per diem wages earned.
Average product per ifuan per day worked, net tons.
Average horse-power to mme
Tons mined per horse-power yearly
Per cent, of value of product p«id for labor
Per cent, of value of product paid for materials
Per cent, of value of product for profits, including

interest, repairs, and royalty
Average numb<'r of hands to" mine, all cla!<ses of

labor, including superintendence

Class 1. Class 2. Class 3. Class 4.; Total.

12

42, 808
9, 807

$13, 201
817

$1 35
$0 87

102

$202 00
$1 25
1.44

36
j

430, 082 I 2,

143, Or>7 ' 1,

48
000, 000
144, 243

4
314,820
122, 617

64
5.0

31.0

3.5

$214, 924
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rrom which is deduced "the proposition that large mining establish-

ments, which employ power and labor-saving machinery, can pay higher

wages and give more steady employment to labor than smaller ones."

lOW^ A.

In Iowa that group or series of strata known as the Coal Measures is

probably from 300 to 500 feet in thickness. Although the Coal Measures

are generally spoken of as horizontal, there is a general inclination or

dip to the south and west, or more properly towards the southwest.

There are many places where, in limited districts, the strata may seem

to be horizontal, or may even show an inclination to dip to the east,

but the general tendency of all the coal-bearing, as well as other forma-

tions, is to dip to southwest. Geologists have divided the Coal Meas-

ures of Iowa into three groups, \iz., the upper, middle, and lower Coal

Measures. Each of these formations embraces a great many strata of

various kinds of rock which are usually associated with the seams
of coal of the particular measure to which they belong. The strata

belonging to the Coal Measures are a succession of sandstone, limestone,

sandy shale, carbonaceous shale, marl, and coal. In some places the

Coal Measures are barren of any seam of coal of sufficient thickness to

be worked with profit, and in some places the coal is wanting alto-

gether ; but as a general rule each of these measures carries a seam of

coal that is one of the chief characteristics of that measure wherever

it may exist. The upper Coal Measures lie wholly to the southward

and westward of the Des Moines river. The eastern or outcropping

edge of this upper horizon may be approximately traced by a line drawn
from about the center of Appanoose county, in the southwestern part

of the State, northwestwardly through Chariton, Guthrie, Center, and
Audubon. Therefore its position is whoUy in the southwest part of

the State. This measure consists principally of limestone, with some
iine-grained sandstone, marly shale, and coal. This formation carries

only one seam of coal, which averages about 18 inches in thickness.

The middle Coal Measure projects northwestwardly an average of about
25 miles beyond the edge of the upper one and the lower Coal Measure,
oocupying the region of the Des Moines river, some 50 miles in width,

and following the river through the counties of Webster, Boone, Dallas,

Polk, Warren, Marion, Mahaska, Wapello, and Yan Buren. This Coal

Measure contains all the larger beds of coal, and in fact about all the

coal of any consequence there is in the State. The eastern edge of the

lower Coal Measure, and also of the coal field of the State, extends from
the southeast corner of Van Buren county north, lapping over into

Lee county, in places a distance of 4 or 5 miles. Eunning north through
Jefferson and Henry counties in the same manner, extending through
Washington county to a point on Crooked creek, close to the southwest

corner of Franklin township, following the creek northwestwardly some
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15 or 20 miles and about 3 miles west of the city of Washington, thence

west to the east line of Keokuk county, thence following almost a direct

course to the Iowa river at the point where the river crosses the east

line of Marshall county, thence up the river to a point about 2 miles

below Iowa Falls, then west to the north line of Webster county, fol-

lowing the line as above described, and the northern and eastern bound-

aries of the Coal Measures will be found. Xorth and east of the line

it is useless to look for coal in Iowa, with the exception of the small

deposit in Scott county, S miles west from Davenport, and from 2 to 3^
miles north of Buffalo, where there is a small district of almost one

township which bears a seam of coal averaging about 3 feel in thick-

ness. In this district are located ten mines—one slope, and nine shafts.

The deepest one is 64 feet. The mines in this locality give employment
in the winter season to about 125 men. This pocket of coal is not con-

nected with any other portion of the coal field of the State, as the sub-

Carboniferous rocks come to the surface between this body of coal and
the Iowa coal fields, as above described; showing that there can be no

connection between the two.

The production of coal has increased in this State in a very rapid

ratio, as the following tabular statement will prove

:

Output of coal in lotva.

Gross tons.

1873 :?50,000

1874 500,000

1875 1,000,000

1876 1,500,000

1877 1,500,000

1878 1,500,000

1879 1 , 600, 000

1880 1,600,000

1881 1,750,000

1882 3,500,000

KENTUCKY.

The greater portion of Kentucky, excepting only those strips of ter-

ritory contiguous to the Louisville and Nashville, Cincinnati Southern,

and a few other roads which have been in operation for some time, is

essentially an undeveloped wilderness, but one which contains perhaps

greater possibilities than any other region of corresponding area in the

United States. The State is divided naturally into three districts

—

eastern or mountainous, the central or blue-grass, and the western or

Green Kiver. The eastern district contains a coal field over 10,000 square

miles in area, which, with the western field, gives the State a coal area

of over 12,700 square miles, exceeding the area of the Pennsylvania

coal fields, or the entire coal area of Great Britain and Ireland. This

eoal is mostly bituminous, and is considered among the best known for
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niaiiufactnrmg purposes. lu addition to the bitumiuous coal in the

eastern district, there is also the largest area of cauuel coal in America.

This coal is from 3 to 4 feet thick, and of superior quality. There was
very little coal mining done in Kentucky before the war. In 1870 the

total amount mined was stated in the census report for that year to

be 150,580 tons, which in 1»75 was increased to 500,000 tons, and in

1882 to 1,260,300 tons. In the western field the most persistent and
uniform coal of the series is D, or No. 9; it is from 4 to 6 feet thick, aver-

aging 5 feet. It is an excellent coal for grate and furnace, and gives

a good coke. A lot of slack from this vein, from the Saint Bernard

mines, Earlington, washed and coked, gave a bright, firm coke. There

is also coal sent out via the Kentucky and Cumberlaud rivers, and the

Ohio, from Boyd and Lawrence counties, besides local nse. The eastera

coal field is credited with 500,000 tons for 1882.

Details of the production of the western coal field are given below:

Production of the tcesfern coal field of Ktntucly.

Mines on Henderson division of Louisville and Nashville
Mines on Paducah and Elizabethtown railroad
Mines on Green river..—
Mines on Ohio river, below Green river
Mines on Ohio river above Green river

• Total

1880.

Tons.
192, 047
234, 963
100, 000
82,000
80, 000

1881.

Tons.
283, 281
261, 000
100, 000
80,000
80, 000

1882.

689,010
j

804,281

Tons.
269, 600
274, 700
96, 000
60, 000
60, 000

760, 300

Tbe Straight Creek Coal Company in Carter county is working the

Colton seam, 5 feet in thickness, in the eastern coal field. In Pulaski

county, a company is operating quite largely a seam of 46 to 48 inches

of good coal. The Mount Sterling and the Lexington Mining Com-
panies are also developing land in Carter county. The railways are

becoming large carriers of coal, and they are tending to greatly enlarge

its distribution ; this in turn tends to develop the coal resources of the

State. In Greenup county are valuable coals for all purposes. A few

sample analyses are appended:

i
No.l.
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coal beds. The com])letioii of the Chesapeake and Ohio railroad, with

its connections will afford greater advantages for the manufacture of

iron than are possessed by the corresponding region beyond the Ohio
river. In Bath county, and farther south, is the Eed river car-wheel

iron."

The recent survey has demonstrated the fact that the valuable deposits

of coking coals which have added such wealth to Pennsylvania and
West Virginia have been traced and identilied in the valleys of the

Cumberland, the Kentucky, and the Big Sandy, with a thickness of 7 or

8 feet. It is claimed that the analysis of the State chemist shows the

coal to be equal if not superior to that of Connellsville or New river,

and this will give a great imj^etus to the development of the region in

which it lies. A statement of the output is annexed :

2'otal coal production of Kentucki/ since 1873.

Grosa tons.

1873 300,000

1874 360,000

1875 ,500,000

1876 650, 000

1877 850,000

1878 900,000

1879 1,000,000

1880 1,000,000

1881 1,100,000

1882 1,300,000

M A. R Y L, A X D .

The Cumberland (George's creek) coal field, located in Alleghany

county, at the western extremity of the State of Maryland, supplies an

important proportion of the semi-bituminous coal reaching the seaboard

markets. The connections with the tidewater markets are: (1) via the

Baltimore and Ohio railroad from the town of Cumberland, 178 miles,

and Piedmont, 20G miles west from Baltimore. (2) The Chesapeake

and Ohio canal, from Cumberland to Georgetown, 184 miles, and Alex-

andria, 191 miles. The boats carry 110 tons, and make the trip in four

to five days. The canal is owned by the State of ^Maryland, and is man-

aged by a board of public works. (3) The Pennsylvania State Line

branch, which taps the Cumberland and Pennsylvania railroad near

Mount Savage (this gives an outlet to the Pennsylvania railroad and

its connections for South Amboy, jSTew Jersey). (4) The George's

Creek and Cumberland railroad, from the mines near Lonaconing to

Cumberland, thence by canal ; and to the Pennsylvania railroad.

The coal is bituminous, of superior quality. The vein worked is said

to be 14 feet in thickness, but the full extent is seldom taken out, the

roof being insecure. The mines are located at various distances from

the shipping ports, saj' from 1^ to 20 miles from Piedmont, and from 11

to 33 miles from Cumberland. The entire length of this coal field is from
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50 to 60 miles; viz., from the headwaters of George's creek, near Frost-

burg, about 15 miles to the northeast of Piedmont, to those of the north

branch of the Potomac, some 30 miles to the southeast. The width of

this valley averages 6 miles from, outcrop to outcrop of the lower seams

of coal. It is narrowest at the northern end, and widens out consider-

ably at the southern. The total thickness of the coal-containing strata

is about 1,400 feet, but this thickness does not pervade the entire area,

as to the south of Piedmont and Bloomington the erosion has been

greater, and it is only a few isolated hills that contain the upper seams

of coal, and notably the " big" or 14-foot seam.

In the entire thickness there are many seams of coal, but there are

only five or six of a thickness of 3 feet or over, as follows, commencing

with the lowest, known as the "Parker" and "Bluebaugh" veins at the

northern end of the region, and which lie near the bottom of the forma-

tion, and are crossed by the river and railroad at Piedmont

:

About 150 feet above is the 6-foot seam.

About 300 feet above is the 3-foot (Savage).

About 380 feet above is the 5-foot 8-inch seam.

About 600 feet above is the 5-foot 9-inch seam.

About 850 feet above is the 14-foot or "Big vein."

The coal from the smaller veins will hardly come into use to a great

extent while that from the larger continues to be offered at so low a

rate as at present.

The Baltimore and Ohio railroad began carrying this coal in 1842;

the Chesapeake and Ohio canal in 1850 ; the Pennsylvania State Line

branch in 1872. The George's Creek and Cumberland railroad was com-

pleted in December, 1880.

The total business since the beginning, in 1842, to the end' of 1882

foots up 41,439,452 tons, divided as below

:

Tons.

Baltimore and Ohio railroad 26, 622, 700

Chesapeake and Ohio canal 13, 171, 416

Pennsylvania railroad 1,645, 33G^

Within the past ten years business has fluctuated as below

:

Maryland coal shipments since 1873.
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During the first six months of 18S3 the mining in thecoal field in this

State has been carried on steadily. The season for contracting opened

late, and the competition with other districts was active and bitter, so

that prices were reduced to a low figure. To i^ut the average at

Georgetown, D. C, at 83 per gross ton and at Baltimore at $3.15 is a

fair estimate of the actual rates. The tonnage is large this year, as

compared with last, for the reason that in 1882 there was a strike

against a reduction in wages from March 15 to September 20. At
present wages, 50 cents per gross ton, the men are doing well, as they

are fully employed.

Missotrm.

The Coal Measures of Missouri comprise an area of about 22,995

square miles, including 160 square miles in Saint Louis county, 80 in

Saint Charles, and a few outlying spots in Lincoln and Warren ; the

remainder in northwest and western Missouri. This includes 8,406

square miles of upper or ban^en measures, about 2,000 square miles of

exposed middle, and 12,420 of lower measures.

The boundary between the middle and lower coal is not well defined,

but is limited by a thick-bedded, coarse, micaceous sandstone, some-

times of no great extent, at other times of great thickness. It is

supposed to enter the State in the west part of Bates county, and to

pass thence through Butler to Chilhowee, in Johnson county ; thence

northwardly, 4 miles west of Warrensburg, to 4 miles east of Aull-

ville. La Fayette county ; thence irregularly meandering through La Fa-

yette county, crossing the Missouri river, passing to ten miles east of

Carrollton, Carroll county ; thence to the southeast corner of Livingston

county, from which point it bears northeast to the center of Linn

county, and thence northward. The southern and eastern boundary of

the lower Coal Measures is as follows (through Barton, Bates, Vernon,

and Saint Clair counties the boundary has not yet been well defined)

:

•entering the State in Barton, it passes northeast through the eastern

part of Yemon ; it enters Saint Clair about midway on its western line

;

thence meanders eastward to a point a few miles north of Osceola;

thence northward to within eight miles of Clinton, Henry county;

thence northeast to the east line of Henry county ; thence northwardly,

with occasional variations of sandstones as much as eight miles east to

Brownsville, Saline county ; thence northeastward to Marshall, and
thence to Miami. On the north side of the river it passes eastward

from a point opposite Arrow Rock to the east line of Howard county;

and thence in a meandering course via Columbia, Boone county, and

New Bloomfield and Fulton, Callaway county, to the northeast corner

of Callaway ; thence northeastwardly to a i)oint three miles west of the

northeast corner of Montgomery county ; thence northwest to near the

mouth of Lick creek, Balls county ; thence southwest to Mexico, Audrain
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county ; from tlieuce to the northwest corner of Monroe county ; thence

irregularly trending northward to the northwest corner of Elnox county^

thence to a point on the north line of Lewis county, about 12 miles west

of the Mississippi river ; thence northwardly to the Des Moines river,

on the north line of the State of Missouri. East of this are small out-

lying deposits in Montgomery, Warren, Lincoln, and Saint Louis

counties, and perhaps others in southwest Missouri.

Bates and Yernon counties are being rapidly developed. At Eich

Hill, Bates county, a town not two years old, there were 500,000 tons

mined in 1882. This new district is traversed north and south by the

Missouri, Kansas, and Texas, the Missouri Pacific, and the Kansas City,.

Eich Hill, and Memphis railroads, and east and west by the Emporia,

Eich Hill, and Saint Louis railroad. Extensive prospecting has de-

veloped immense beds of very fine bituminous coal at depths of 20, 40»

and 80 feet—three strata. The upper is 5^, the middle is 6, and the

lower is 7^ feet thick. What seems to give this locality most impor-

tance is the fact that it is the only source of cheap coal supply for the

treeless plains of Kansas and Nebraska.

The production of coal has been as follows :

Production of coal in Missouri since 1873.

Gross tons.

1873 700,000

1874 714,000

1875 750,000

187G 900,000

1877 900,000

1878 900,000

1879 900,000

1880 1,500,000

1881 1,750,000

1882 2,000,000

MONTANA.
Tn Montana bituminous and brown coal is known to occur over an

extremely great extent of territory, some authorities estimating that

an area of 60,000 square miles of the surface is underlaid with coal.

The lack of satisfactory surveys and the practically unopened con-

dition of the northern portion of the Territory, however, render esti-

mates such as this of but little value. The construction of the !N"orthern

Pacific railroad along the Yellowstone valley is proving an important

factor in developing the coal resources of the Territory. An extensive

vein of true bituminous coal was discovered in 1882 on the line of the

ivTorthern Pacific near the new town of Livingston on the Yellowstone

river, and the railway company is preparing to develop the mine ex-

tensively and use the coal in its locomotives. Coal of good quality

is fouml near Helena, and the bank here has been opened to some con-

siderable extent, and has proved excellent, the ]3roduct being in general
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use for blacksmithiug and similar purposes throughout the Territory.

The great abundance of fine timber in the mountains of Montana has
heretofore been the principal cause of the neglect of the coal beds, but
as the population increases and the forests are destroyed more atten-

tion will be given to them. No statement of the small product of the
coal mined near Helena has been obtainable. Near Bozeman coal

occurs abundantly in numerous beds. The following are analyses of

specimens from two different beds in that locality:
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Kocky mountains, and is an extension of the Las Animas coal field of

southern Colorado.

The anthracite and bituminous fields of Santa F^ county cover an

area of at least 15,000 acres, a considerable proportion of which is un-

derlaid by four distinct veins of anthracite coal varying from 4 to 6 feet

in width. The coal beds are found between the Eio Galisteo and the

Eio Santa F6, and are about 25 miles southwest of Santa Fe, and not

very far from Cerillos station on the Atchison, Topeka, and Santa Fe
railroad. They are known as the Los Cerillos beds. The coal here is

hard, dense, and of brilliant luster, and is said, "so far as its applica-

tion for all practical purposes is concerned, to be fully equal to the best

Pennsylvania anthracite." Its composition is shown hy the following

analysis

:

Water 2.90

Volatile matter 3. 18
• Fixed carbon 88. 71

Ash 5.21

100. 00

The vein now being worked is the next to the lowest, is 5 feet in width,

and from it about 500 tons of good coal were taken in 1882 and shipped

to Santa Fe, Albuquerque, and Las Vegas. About 2 miles west from

the anthracite vein now being worked are the bituminous coal mines.

Here seventeen veins of coal are exposed, the one on which work is pros-

ecuted being about 4^ feet in width. The coal is remarkably free burn-

ing, and about 10,000 tons have been mined to January 1, 1883.

The coal field of Eio Arriba county is opened at Amargo, and is an

extension of the La Plata county (Colorado) deposit. The veins here

are very wide, and have been developed to some extent since the com-

pletion of the Durango branch of the Denver and Eio Grande railroad,

furnishing as they do the principal supply of fuel for that branch. The
coal is in every respect similar to tliat from the Peacock mine at Durango,

and cokes satisfactorily. In 1882 some 12,000 tons were produced.

In Bernalillo county brown coal is extremely abundant, the known
area comprising almost the entire western portion of the county. The
principal developments are at Gallup and Defiance, and the mines are

owned and operated by the Atlantic and Pacific Eailroad Company,
the fuel supply for the road coming entirely from this locality. In the

Tijeras caSon one vein 9 feet thick is exposed, while along the canons

of the upper Eio Puerco veins of brown coal from 4 to 8 feet in thick-

ness are everywhere exposed. The distance of these beds from a market
has prevented their development, but the Atlantic and Pacific Eailroad

Company is now rapidly opening them uji. The product of the mines

at Gallup from March 20 to December 31, 1882, was 33,373 tons, of which

30,705 tons were used by the railroad and 2,668 tons were shipped for

commercial use. The average number of men employed at Gallup is 220.

Near Silver City, Grant county, there is a bed of moderate extent
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which produces a massive, compact, very hard, and non-intumesceut

coal of the semi-anthracite variety. Its composition is:

Water 2.13

Volatile matter 4. 86

Fixed carbon 80. 56

Ash 6.45

100. 00

It has not yet been developed to any extent.

The coal area in the vicinity of San Antonio, Socorro county, is of

considerable extent, but has not as yet been fully explored. The mines

here are owned and operated by the Atchison, Topeka, and Santa F6
Eailroad Company, the coal output having been entirely consumed by
this company. The bed is of considerable thickness. At first the

product was of extremely poor quality, great trouble being experienced

on locomotives in making steam on account of the large percentage of

water and ash, but with depth the coal has become much better and is

now giving complete satisfaction for all railroading purposes. In 18S2

the output of coal amounted to 16,321 tons.

The coals of New Mexico are in general inferior to those found further

north, and only a small proportion of the Territory is known to be coal-

bearing. With further and more thorough exploration other and good

beds may be found.

The product of the Territory in 1882, so far as reported, was as follows

:

Coal product of Xetc Mexico in W82.
Net tons.

Raton district 91,798

Gallup district 33,373

Amargo district 12, 000

Los Cerillos district 10, 500

San Antonio district 16, 321

Total 163.992

No returns could be obtained from the Atlantic and Pacific mines at

GalluiJ and Defiance.

From January 1 to June 30, 1883, the production, so far as reported,

was

:

Output injirst six months o/1883.
ICet tons.

Raton district 56, 127

Los Cerillos

:

Hard coal 144

Soft coal 360

Gallup—Atlantic and Pacific Railroad mines 32, 528

Monero—Denver and Rio Grande Railroad mines 8, 631

San Antonio—Atchison, Topeka, and Santa F6 Railroad mines 19,955

Total 117,745

The capacity of the mines at Ivaton is stated at 300 tons per day, and

of those at Amargo 125 tons daily. About 485 men are employed iu

the mines exclusive of those employed at Defiance. About 93 per cent,

of the product of the Territory is consumed by the railways.
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The value of these coal« may be put at $3 per ton, making a total

value of $391,857 for the product of the Territory in 1882.

OHIO.

The coals of Ohio are all of the bitumiuous variety^ aud are kuowu
by various and general names, as block coal, gas coal, cauuel coal, etc.,

aud by many special names, as Mahoning valley coal, Hocking valley

coal, Salinesville coal, etc., according to the localities from which they

are drawn. The best furnace coal is the block coal of the Mahoning

valley ; the best coke is made from the coals at Leetouia aud Washing-

tonville, in Columbiana county ; the best house coal is found in Jackson

county ; the best gas coal, so far as recent tests would seem to indicate,

is the Barnesville coal of Belmont county.

In the Mahoning valley raw coal, with a little Connellsville coke, is

used in the blast furnaces of the district. In the Hocking valley raw coal

,

is also used. In Jackson county raw coal from two seams, the Jacksoji

shaft coal aud the Wellstou, is used. At Leetouia coke is used, jjartly

made on the spot aud partly Connellsville. At Steubeuville a mixture

of coke and coal is used from the same seam, the shaft coal of the

count}'. The Jefferson county coal is one of the most valuable in the

State. Gas is made from the coals of the Mahoning valley, the Hock-

ing valley, the Steubeuville coal, the Ohio river coal at Bellaire and
Pomeroy, and the Hanging Eock coal of fronton.

The outi^ut is growing to such an extent that Ohio is now second on

the list of coal-producing States in the Union. Many of the early mines

were crude affairs, and the method of working was reckless and short-

sighted. Already many localities, once supposed to possess inexhausti-

ble stores of coal, are being rudely awakened to the fact that the wanton

waste in the past, if continued but a short time, will render their coal

fields worthless. Mining of coal is a business demanding the best of

talent; and the practical miners, costly machinery, and skilled em-

ployes of every grade now employed will help this State to maintain its

position.

The Ohio coal field, which occui^ies nearly one-third the area of the

State, and which along the Ohio river from Bellaire to Pomeroy at-

tains a thickness of 1,600 feet, has been so recently opened, and so lim-

ited have been the excavations, that it is largely a matter of conjecture

as to the causes as well as the extent of many of the wants or intervals

of barren ground. But that great areas of barren ground extend through

many if not every one of the twenty or more different beds of coal of

workable thickness known to exist in the State is now generally ac-

knowledged alike by geologists, mining engineers, and i^ractical men.

A vast and invaluable amount of information in regard to the existence

of wants in coal seams was brought to light by the late State Geological

Survey, particularly in the more recent volumes of the survey, for the first

5 >r R
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l)ublisbed reports were more liopeful than the later ones as to the amount
of coal inclosed in the mineral strata of the State.

The steadiest of all the coal beds is No. 8 of the geological nomencla-

ture—the rittsburgb vein ; next to this in steadiness, so far as develop-

ments would iiulicate, is the "great vein" of the Hocking valley, Xo. G

of the geological reports. The least reliable coal, though one of the

most valuable as regards quality and adaptability to various uses, is the

lower coal of the State series, No. 1, or the " block coal " of the Mahon-
ing valley. This coal is mined extensively near Youngstown, Massillon,

and Akron, and is also opened and worked to a considerable extent

around the village of Jackson, in Jackson county'. It is everywhere

found disposed on a wavy and uneven floor, being thickest in the low

places or swamps of the mine, and growing gradually thinner as it ex-

tends up the sides of the swamps or troughs, until it is either suddenly

cut away by a fault or it continues the ascent of the trough sides till it

thins down to a feather edge.

The growth in production of coal within this State is shown in the

following table:

Production of coal in Ohio since 1873.
Gross tons.

1873 :{, 944, 340
1874 :i, 810, 344
1875 4 , 346, 653
1876 3,500,000
1877 5,250,000
1878 5,000,000
1879 5,000,000
1880 7,000,000
1881 8, -250, 000
1882 9,450.000

The following deductions are made in Census Bulletin Xo. 273 from

a study of 187 typical Ohio mines, classified on the basis of power used:

Comparison of rcsitJts in coal mining in Ohio.

Class 1. Mines using no power to supplement nianaal labor.
Class 2. Mines using the power of animals only.
Class 3. Mines using boiler power not exceeding 100 horse-power.
Class 4. Mines using boiler power exceeding 100 horse-power.

Class 1. Class 2. Class 3. : Class 4.

Xumber of mines in class
Aggregate maximum yearly capacity
PrcKluct census year, net tons
Value of census year's i>roduct at mines
Average yearly product, net tons per mine
Average value \)vv ton at mine
Average cost of labor per ton mined
Average number of day.s worked by each man .

.

Average earnings per man, census year
Average per diem wages earned . .

.'

Average product per man per day worked, net
tons.

Average horse-power to mine A
Tons mined per lior8e-i>o\ver yearly ,

Per cent, of value of product iiai<l for labor
Per cent, of value of product ])aid for materials .

I*er cent, of value of pnxluct lor jtrotits, includ-
ing interest, repair.s, and royalty

Average number of hands to mine, all classes
of lalior, including superintendence

12
231, 865
99, 875

$157, 218
832

$1 57
$U 93
216.4

$267 00
$1 23

1.33

50.1
7.47

33.43

29.0

88 78
3,830,000 3,031,000
2,008,000 2,129,421
^2, 337, 000 $2, 939, 625

Total.

23, 500
$1 13
$0 77
267.5

$339 00
$1 27

1.64
7.2

3,264
68.42
16.57

15.01

53.6

27, 300
$1 38

:

$0 96
:

223.6 I

$318 00
!

$1 42

1.49
38.2
715 1

69.34
I

10. 86
,

19.80

82.2

:

9 187

682, 175 ; 7, 775, 040
404, 908

I 4, 702, 201

$628,415 '$6,062,258

44.990
$1 55
$1 03
228.

$388 00
$1 70

1.66
140.0
3, 082
60. 13
10.95

22.92

2.5. 145
$1 30
$0 88
229.

4

$330 70
$1 44

1.63
26.4
953

68. 45
12. ."W

18.97
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PENNSYLVANIA.

Tweuty-five counties iu Pennsylvania contain no coal whatever, viz.:

Philadelphia, Delaware, Chester, Montgomery, Bucks, Northampton,

Lehigh, Berks, Lebanon, Lancaster, York, Adams, Franklin, Cumber-

land, Mifflin, Juniata, Perry, Snyder, Union, Montour, Monroe, Pike,

Wayne, Susquehanna, and. Erie. They are all situated, in the sortth-

easternpart of the State, except Erie iu the northwestern corner. The

anthracite coal of Pennsylvania is i^rincipally iu the counties of Dau-

phin, Schuylkill, Carbon, Luzerne, and Lackawanna, with smaller quan-

tities in Noithumberland, Columbia, Sullivan, and Wyoming counties.

Six counties contain detached fields of semi-bituminous coal: Bradford,

Lycoming, Tioga, Huntingdon, Bedford, and Fulton. Twenty-seven

counties iu the western and northwestern i^art of the State contain

bituminous coal, viz. : Somerset, Fayette, Greene, Washington, West-

moreland, Cambria, Indiana, Armstrong, Allegheny, Beaver, Lawrence,

Butler, Clarion, Jefferson, Clearfield, Blair, Centre, Clinton, Cameron,

Elk, Forest, Venango, Mercer, Crawford, Warren, McKean, and Potter.

The total bituminous coal area is 12,222 square miles, besides 80 miles

in Broad Top and 468J in the anthracite fields, making a total of

12,770^ square miles of coal of all kinds in Pennsylvania.

The anthracite regions and their output are fully described on pre-

ceding pages, and therefore facts relating to the bituminous coal only

will here be considered. From the best sources of information, the fol-

lowing statement of the production has been prepared:

Output of hittiminous coal in Pennsylvania since 1873.
Gross tons.

1873 11,695,383

1874 11,000,000

1875 10,500,000

1876 11,500,000

1877 12,500,000

1878..; 13,500,000

1879 14,500,000

1880 19,000,000

1881 - 20,000,000

1882 22,000,000

In order to systematically attend to the matter of proper ventilation,

etc., the bituminous mines in Pennsylvania are divided into four dis-

tricts, and the inspectors of mines hold office for four years, the present

incumbents holding commissions dating from May 15, 1881. Their sev-

€ral districts are as follows

:

First district. James Louttit, for the counties of Greene, Washington,

Fayette, Somerset, Bedford, and that portion of Allegheny lying south

of the Ohio and Monongahela rivers.

Second district. John J. Davis, for the counties of Beaver, Butler,
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Armstroug, Indiana, Westmoreland, and that portion of Allegheny lying

north of the Ohio and Monongahela rivers.

Third district. Thomas K. Adams, for the counties of Lawrence, Mer-

cer, Crawford, Erie, Warren, Forest, Venango, Clarion, eJettersou, Clear-

field, Cameron, Elk, and McKean.
Fourth district, lioger Hampson, i'or the counties of Cauibia, iJlair,

Huntingdon, Centre, Clinton, Lycoming, Sullivan, Potter, Tioga, and

Bradford.
The production during 1882 was as follows, in tons of 2,000 pounds:

J'roduciion of bitiiminous coal hi 18H2, bj) dinirlcis.

Xou.-»,

First district 10, 237,4&«

Second district 7, 307, .J8<l

Third district J, 618, 24.5

Fonrth district :3,5©0,0OO

These figures are largely estimates, as many of the operators do not

reply to the circulars asking for information.

By the last census it appears that Allegheny county produced one-

tenth of the total bituminous coal produced in the United States. What
is known here as "Second Pool'' coal has no successful rival as a gas-

making coal, and is consumed in all river cities in the Mississippi val-

ley. It reaches Chicago, Milwaukee, Detroit, East Saginaw, Kochester,

Toronto, and a host of smaller places, by rail. A few years ago Pitts-

burgh coal reached inland cities by the way of Cincinnati to a greater

extent than is now the case. But still Columbus, Indianapolis, Peoria,

and other cities are so supplied. The other cities along the river take

gas coal in quantities of the following magnitude annually' : Cincinnati,

1,500,000 bushels; Saint Louis, 1,500,000 bushels; Louisville, 000,000

bushels; New Orleans, 500,000 bushels; Memphis, 300,000 bushels;

and Vicksburg, Baton Rouge, and other cities in lesser quantities.

In regard to the available quantity of bituminous and semi-bitumin-

ous coal in the State of Pennsylvania, the following statement has 1>een

made by the present State Geological Survey :

Reserves of bitiiDthioim coal in Patrtsylvauia.

Tons. Tons
Upper barren measures

:

Washington bed, 3 to 3^ feet 787, 200, 000

787, 200, (m
Upper productive measui'es

:

Waynesburg bed, 3 to h feet 2, 126, 400, 000

Uniontown bed, 2 to 3 feet 312, 000, 000

Sewickley bed, 3 feet 432, 000, 000

Redstone bed, 2 to 3 feet 326, 400, 000

Pittsburgh bed, G to 12 feet 10,438,800,000

13,(j35,600.00<>

Lower barren measures

:

Brush creek, Coleman, etc., beds 878,400,000

876, 400. OOO
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Lower productive measures:
ilona. Tona.

In Westmoreland, Fayette, and Allegheny

counties 2, 064, 000, 000

Millerston bed, :5 feet 28, 800, 000

Freeport upper bed, 3 to 5 feet 3, 764, 800, 000

Freeport lower bed, 2 to 6 feet 2, 385, 600, 000

Kittauuing upper bed, 2 to 4 feet 1, 596, 000, 000

Kittanning middle bed, 2 to 3 feet 829, 800, 000

Kittauuing lower bed, 2 to 6 feet 4, 225, 200, 000

Clarion coals, 2 to 3 feet 696, 000, 000

Brookville bed. 2 to 4 feet 1, 627, 200, 000

17,217,400,000

Conglomerate series

:

Mercer coals, 2 to 3 feet 932,600,000

Quakertown bed, 2 feet 57, 600, 000

Sharon coal horizon, 2 to 3 feet 38, 400, 000

1 , 028, 600, 000

Total ,.. 33,547,200,000
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The Peimsylvania Bureau of Industrial Statistics reports tbe force

employed in the bituminous coal mines of the State in 1882 as follows:

Laior emploi/ed in hltiiminous coal mining, etc.

Miners '28, 372

Inside laborers 1, 281

Outside laborers 2. 863

Mule drivers 2,412

Blacksmiths and carpenters 616

Overseers and clerks 681

Boys - 1,343

Coke oven employes 2, 080

All others 385

Total 40,03:3

An agreement between the Pennsylvania Eailroad Company and the

Baltimore and Ohio Eailroad Company was made in March, 1883, to

charge an equal toll on the coal carried to tidewater by the roads. It

was not, however, rigidly adhered to. Bituminous coal sold at $4 per ton

at Philadelphia, $3 at Georgetown, and 13.25 at Baltimore, in March

and April. Subsequently these rates were cut, especially on large con-

tracts, to the extent of 25 cents per ton.

The miners along the railroads centering at Pittsburgh have had a

series of combats with the ojierators on the wages question. Starting

at 3J cents per bushel, an attempt was made to reduce this rate to 3

cents. Arbitration was tried and failed. Then a recourse was had to

a labor tribunal, with an umpire under the Wallace act, but this resulted

in nothing. It should be remembered that the miners were kept fitfully

at work during these efforts to agree on a price ;
the wages being paid

at 3 cents pending a decision. The operators contend that their coal

goes to the same markets as coal dug in Ohio, which pays only 75,

80, and 85 cents for digging. Along the Monongahela, work has been

steady during the six months from January to July, 1883, at 3i cents per

bushel, or 93 cents per ton. Shippers find that coal from the Kanawha
river is competing with Pittsburgh coal in the lower markets, and it

may ultimately drive the coal out, as it has already reduced the price.

The Bureau of Industrial Statistics of Pennsylvania reports the rates

of wages of the various classes of employes in bituminous coal raining

and coke making during the past eight years, as follows:

Wages in bituminous coal mining and coke snaking in Pennsylvania.

Classes of employes.

Miners
Laborers, inside
Laborers, outside
Mule drivers
Blacksmiths
t'arpenters
Mining overseers ...

Clerks
Coke ovea chargers

.

Coke oven drawers .

Boys

1875. 1876. ' 1877. 1878. ' 1879. 1880. 1881. : ISSi

$2 47
1 90
1 76
1 81
2 29
2 29
3 04

$2 .59 $1 65
1 64
1 34
1 57
1 80
1 SO
2 40

1 47
1 47
1 46
1 91
1 90
2 64
2 38
1 60
1 60

77

$1 74



7-_' .MINERAL RKSOURCES.

Tiie lollowing table shows tlio miinbcr of collieries, number of ]»ersoiis

oinployed, production, etc., in the several counties of th<» bituminous

coal and coke fields of Pennsylvania, comi)iled from returns made to

the Bureau of Indnstrial Statistics foi- the year eiuled l)(>cember31, 1S.S2:

BltuniinuUH coal and coir utatinticx of the liurcuii of liuhiHiriul Sialintus of I'tmivj/lraiua.

Allegheny
Armstrong
Beaver
Bedford
Blair
Bradford
Butler
Cambria
Cameron
Centre
Clarion
Clearfield
Elk
Fayette
Huntingdon...
Indiana
Jelferson
Lawrenoe
Lycoming
McKean
Mercer
Somereet
Tioga
Venango
Washington...
"Westmoreland.

•- n.S-2
oca

Totel 442

390
232
217
244
278
239
227
264
250
244
260
225
279
186
248
300
229
206
241
209
220
202
272
200
203
232

237

10, 195
258
210
297
330
688
303

1,463
65

442
890

4,211
808

4, 642
550
18

419
420
517
164

1,134
625

2,517
77

2,125
6, 756

14, 940,

128,

121,

119,

137,

395,

149.

633,

50,

203,

368,

1, 657,

303,

2, 2G3,

235,

8,

200,

169,

229,

84,

485,

242
1, 203i

28,

956,

3, 348,

430 35
957 97
782 73
082 78
749 05
871 64
962 19

281 92
000 00
300 14

108 31

757 54
380 56
950 31
111 60
000 00
833 80
568 42
368 75
156 28
043 21

051 01
152 88
416 90
6G3 52
570 13

40, 136 18, 775, 553 05

7oH.v. Tonx.
4, 0:i3, 548. 10 l.-.S 24, 502. 09

119,186.08 60 12,797.00
91,905.03 4 766.03

175, 506. CO 88 36, 033. 00

1,43, 090. 15 lol 00,027.10
390, 9.57. 00
122, 881. 04 50 9, 000. 00
880,024.05 119 39.438.00
33, 000. 00 20 5, 000. 00

297,253.00 06 22,401.00
378, 327. 00 42 13, 500. 00

2,872,5,-8.02 86 20, 281.0<t

402,226.16
j

I

2, 971, 126. 05 , 5, 522
i

1, 764. 084. IX

288,399.00 '. 200
,

49,232.06
15,900.00

288,430.05 ' 31 11.891.00
112,077.15 18 6,200.00
209,875.00
79,924.00

'

416,839.12
,

423,697.02
|

6
;

1, 157, 106. 00 200 ' 64, 525 Ofl

21,764.15
804,536.10 4 1,000.00

3,903,340.17; 3,281 1,075,304.11

20, 694, 110. 02
I

10, 063 3, 219, 543. 17

TENNESSEE.

The coal area of Tennessee embraces the whole region of the Cumber-

land plateau, an area of 5,100 square miles. One may form some con-

ception of the enormous amount of coal in this vast region, when it is

borne in mind that throughout this wide extent there are from one to

seven Avorkable seams of coal.

The principal coal mines now being worked in this State are the.

Sewanee mines by the Tennessee Coal, Iron, and Railroad Company

;

the Victoria mines by the same comi^anyj the Coal Creek mines, owned

by the Coal Creek Mining and Manufacturing Company, ui)on which

five different companies are working under leases, while two otln^r com-

panies work upon lands of their own ; the Kockwood mines, worked

hx the Koaue Iron Company ; the Soddy mines at Kathburn, worked

by the Soddy Company ; the Poplar Creek mines, worked by the Oak-

dale Company ; the Etna, by the Etna ]\Iining Company, near Chatta-

nooga; the Campbell County mine, by the Campbell County Coal Com-

pany, at Careyville ; the Glen Mary mines, by the Crooke Coal Com-
pany ; the Helenwood mines, by the Helenwood Coal Company ; the
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Spring" City mines, by the Walden's Eidge Coal (Company -, the Dayton
mines, by an English company ; the Daisy mines, by Parks & Company

;

the Chattanooga, by the Chattanooga Coal Company, besides other

operations of lesser importance.

The mines of Coal Creek and Careyville, on the Knoxv^ille and Ohio

railroad, produce nothing but coal for steam and domestic use. In

1871 these mines shipped a product of 36,000 tons : in 1872 it amounted
to 48,000 tons, and in 1880 to 149,000 tons. For the year 1882, the total

reached 200,000 tons. In 1872 there were five mines, employing 184

persons. l!^ow there are eight mines, and one of them employs over

200 persons, and ships more coal than all did in 1872, while the total

force employed numbers over 500.

In 1872 the Cincinnati Southern road had been barely surveyed, and

on its present line there was only one mine shipping' coal to market
5

now there are five shipj)ing coal, and two more preparing to do so,

while the Eockwood mines are worked to their full capacity for sup-

plying the furnaces. In 1872 only 25 men were employed outside of

Eockwood in mining coal; now the Soddy alone employs four times that

number, and fully 400 j^ersons are more or less directly engaged in this

industry on the line of that road, and a large part of this increase has

been attained in the last two years.

The increase in the coal product over the whole State has been simi-

lar to that of these particular localities. In 1880 the total coal product

of the State was 494,491 tons. In 1882 the product was 867,879 tons,

worth fully $1,000,000 at the mines.

There are at present four companies in Tennessee engaged in manu-
facturing iron, using coke as fuel. These companies have seven stacks

and have an average aggregate produce of about 500 tons of pig iron

per da5^ They are as follows

:

Oakdale Iron Company, Jenks, Eoane county, one stack.

Roane Iron Company, Eockwood, Eo5ne county, two stacks.

Chattanooga Iron Company, Chattanooga, Hamilton county, one stack.

Tennessee Coal, Iron, and Eailroad Company, South Pittsburg, Mar-

ion county, two stacks.

Tennessee Coal, Iron, and Eailroad Companj", Cowan, Frankliu

county, one stack.

Details of the production are a* below

:

Producfion of coal in Tennessee since 1873.
Gross tons.

i 873 350, 000

1874 '...-. 350,000

1875 300,000

1876 550,000

1877 450,000

1878 375,000

1879 450, 000

1880- 641,04-2

1881 750,000

3882 ' 850,000
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T E X A S .

The coal fields of Texas are coming quite prominently to the front of

late years. There are three very large and promising fields in the State.

the Red River coal district, the Rio Grande, and the Pecos districts. In

the first of these districts are embraced the counties of Montague, Clay,

Wise, Jack, Young, Shackleford, Palo Pinto, Parker, Erath, Comanche,

Eastland, Callahan, Brown, Coleman, Runnells, ]\rcCulloch, San Saba,

and Menard. The same coal also crops out at various places in Burnet,

Mason, Llano, and Tom Green counties, and they may therefore be con-

sidered a part of the same district. To the north of this coal district and
bordering it almost everywhere the Permian formation is found, under

which the Carboniferous sinks, outcroijping occasionally at dift'erent

points, from which it is reasoned that the Carboniferous underlies the

Permian throughout the whole extent in Texas.

As this State has never yet had a geological survey, the extent of her

coal strata is not well defined. It is supposed, however, to embrace

about 30,000 square miles in the northern and western portions of the

State. Over this great area coal has been found, at a great many places,

but at no place has it been mined except to a very small extent. It is a

bituminous coal, and almost, if not quite, precisely' similar to the

McAllister coal of the Indian Territory. Some anthracite has also been

discovered in this coal field. The railroads are now penetrating the

coal formations of Texas, and this great source of wealth will soon doubt-

less be rai^idly developed. In addition to the true coals of Texas, there

is an immense bed of lignite, which extends apparently across the entire

State, from northeast to southwest. It is said to be at some points 20

feet thick. This lignite much resembles cannel coal. Extensive de-

velopments of superior coal have been made at and near Laredo.

It is estimated that the demand for coal at Laredo, to supply at least

1,000 miles of railroad in Tex'as, is equal to 48,000 tons per annum.

Add to this 12,000 tons for Laredo, San Antonio, etc., and there should

be an export by rail into Mexico. Railroads to the Gulf and cheap

freights might give a trade to Gulf ports.

No coal is found available for this region of country nearer than the

Indian Territory mines, about G25 miles distant. It will thus be seen

that if the coal holds its quality there is a very fair future before this

field. The seam worked is thin, only 20 inches, but test pits show other

seams below ha^'ing 24 and 50 inches of coal, respectively. ^Miners are

paid at the rate of $2 per ton. Coal sells at $0 a ton retail at Laredo,

and even at this rate is cheaj^er than mesquite wood at $3.50 to $.>,75

per cord.

U T A II

.

In I^tah, the first discoveries of coal appear to have been made at

Coalville, on the Weber river, when tlie Allen mine was opened eigh-
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teen years ago. This had a vein 11 feet thick, dipping to the west. It

was worked year after year until the town of Coalville had a series of

levels and chambers under the entire place. The coal mined was for

several years hauled to Salt Lake and other places bj^ wagon. A narrow

gauge road, styled the Summit County railroad, was built from Echo

on the Union Pacific to Coalville, a distance of 7 miles, and operated as

a coal road for several years. Five years ago the miners struck a jolt in

the vein, and the mine has since been abandoned for the present. The

Spriggs mine is located near, was opened about the same time, and

worked until about one year ago. On the hill west of Coalville and

high up the range the Carleton mine, oj^ened about the same time, sup-

plied Fort Douglas with coal for two years. This vein was 7 feet thick

and had a 2-foot deposit of fire clay in the center. This was abandoned

about sixteen years ago, when the Gen. Connor mine, 10 miles ui)#Weber

river above Coalville, was opened and worked for two years. The Dry
Hollow vein, lying west of Coalville, was opened a little about this time^

since which it has lain idle. There was no record kept of the workings

of these various properties, and it would be mere guesswork to make
any estimates of the quantity of coal taken from them. The town of

Coalville has now a population of 1,100, many of whom get their living

from the coal mines there.

The Crismon mine is located up a gulch near its head, and is reached

by the Utah Eastern, which climbs up 2 miles, j)art of which the grade

is 175 feet per mile. The mine is supplied with an engine and hoisting

machinery. The shaft runs on an incline on the vein, the dij) to the

northwest being 13 degrees. The incline is in 700 feet and levels are cut

every 100 or 200 feet. These levels run each side, and have been extended

1,200 feet each from the shaft. From these levels chambers are taken

out on the upper side, the chambers being 30 feet wide, leaving pillars

16 feet wide between. After all the chambers are worked out on the

level, then the pillars are nearly all removed, jiermitting the earth above to

sink and close up the aperture. The vein is 11 feet thick, and was not

struck on the incline until a depth of 350 feet had been reached. A
short distance down the gulch is the Wahsatch mine, worked in similar

manner to the Crismon. The machinery from the old Wahsatch shaft

has been jdaced at the new one, and work of mining lately begun. The
coal on being hauled to the surface is dumped from the cars on slanting-

screens, which iiermit the "slack" or finer portions going into a car for

waste while the good coal goes into another car. The amount of waste

or screenings is 30 to 40 per cent, of the whole.

Three miles down the Weber river from Coalville, a branch road

runs up Grass creek 3 miles on a heavy grade to the Grass creek mines.

The vein is 10 feet thick and dips to the north at an angle of 36°. The

incline shaft has reached a depth of 800 feet, from which levels are

run every 200 feet. These levels have extended a distance of 200 feet

on one side and 1,400 feet on the otlier. The manner of mining is the
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sAmv as already described. This coal is of good quality, beiug compact,

and yet the loss in screenings amounts to about 30 per cent. This is

dumped along the road and there rescrecned by people who pay 75

cents per wagon load for what they haul away, which amounts to 40 or

."0 loads daily.

Jn the San Pete valley is found n coal yielding 50 per cent, fixed

carbon, and 34 per cent, volatile matter. These three deposits are

nearly in the center of the Territory, just south of Salt Lake City, and

near to the line of the Denver and Eio Grande and the Utah Central

railroads—the former passing just east and the latter just west of the

mines, and with both of which they will all soon be connected by branch

railroads. A branch has already been constructed to the Pleasant

valley mines.

ANALYSES AND lAlORIFIC VAll'ES OF SOME UTAH COAIS.

By Ellsworth Daggett.

In view of the rapidity with which industries of all kinds are being

developed in our western States and Territories, the time is rapidly

approaching, and must be now near at hand, when the apparently in-

exhaustible deposits of iron ore in southern Utah will be developed

and utilized.

The Cedar City and Kanara coal fields, on account of their nearness

to the iron deposits, are unquestionably the sources which will furnish

most of the fuel. For this reason some analyses of carefully taken

samples may be of interest.

It is perhaps hardly necessary to state that none of these coals are

from the true Coal Measures, but are of much later formation, being

Upper Cretaceous or Lower Tertiary. In all cases, unless otherwise

specially mentioned, the samples were taken entirely across, and fairly

represent the average of, the bed or part of bed mentioned.

CEDAR CITY COAL FIELD.

In this field four openings were visited:

The Wall:er No. 1 is situated on the left side of Coal creek, about 3i

TQiles from, and about 600 feet above, Cedar City. An incline, driven

f>n the coal, is reported to be 150 feet deep, with a level at the bottom,

all of which is now filled up with water to within GO feet of the surface.

The bed is G feet in thickness, with several streaks of clay or dirt. The

sample marked " Walker No. 1" was taken across the entire bed, omit-

ting the layers of dirt mentioned, and is therefore of carefully mined

roal.

The Waller Xo. 2 is situated up a small gulch on the left of Coal

creek about one-fourth mile from the Walker No. 1 opening. It con-

sists of a cut and tunnel of 40 feet, an incline on the coal of 80 feet,

and at the bottom a drift of 340 feet. The bed, doubtless the same as
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the Walker Ko. 1, is G feet iu thickness. Upon the bottom is a layer

of clean coal 2 feet iu thickness (sample marked Walker No. 2 a) ; above

this a layer of 6 to 10 inches of dirt, then 1 foot G inches of clear coal

(sample marked Walker No. 2 h) ; above this 3 to 8 inches of waste,

and at the top 1 foot 8 inches of coal (sample marked Walker No. 2 c).

The Leyson claim is situated up the main south branch of Coal creek

about 5 miles distant from, and about 1,600 feet above the level of,

Cedar City. It has more development than any other claim in this

field. There are about GOO feet of accessible iucline and drift, expos-

ing a bed of coal 6 feet in thickness, which was, wherever closely ex-

amined, divided by a layer of clay and dirt into two parts; the upper

part 2 feet in thickness (sample marked Leyson claim a), and the lower

part of 4 feet, the sample from Avhich was marked Leyson claim h.

The analyses marked Leyson claim c and Leyson claim d are of picked

pieces of coal taken respectively from the upper and lower portions.

The Woods claim, situated about a third of a mile up the south branch

of Coal creek from the Leyson claim, is opened by a tunnel and incline

of a total length of about 200 feet. The bed here is also 6 feet in thick-

ness. Three samples were taken, the upper one of one foot of clean

coal next to the roof (marked Woods claim «); below this came about

10 inclies of clay and dirty coal not sampled, then 2 feet of clean coal

(sample marked Woods claim h) ; below this a layer of 10 inches of dirt,

not sampled, and on the bottom 1 foot 4 inches of clean coal, of which

the sample is marked Woods claim c.

In all the openings visited in this field considerable waste will be

produced in mining a fair quality of coal—that quality represented by

the samples upon which the calorific power is computed in Table B.

KANARA COAL FIELD.

This coal field, which is situated on the top of the Kanara mountain

about 5 miles distant from, and 2,600 feet above the level of, the settle-

ment of Kanaraville, is about the same distance as the Cedar City coal

field from both of the great iron deposits, viz., about 12 miles from

Iron Springs, and about 25 miles from Iron City. Two openings in this

field were visited. The first, owned by Messrs. Godbe & Hampton, is

known as the Lone Tree claim.

The Lone Tree claim consists of an incline on the coal, of about 150

feet in length. As both roof and foot of incline were in coal, the en-

tire bed, which, as shown by the next mentioned opening, is not less

than 14 feet thick, could not be sampled. The 8 feet of it exposed in

the face of the incline was iu layers as follows, beginning at the roof of

incline:

1 foot 10 iuclies coal ; sample luarked Lone Tree claim a.

3 to 6 inches clay and dirt ; not sampled.

6 inches coal ; sample marked Lone Tree claim b.

3 to 4 inches clay and dirt ; not sampled.
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4 feet 3 inches coal ; sample marked Lone Tree claim c.

2 inches clay and dirt; not sampled.

10 inclies coal ; sample marked Lone Tree claim d—to bottom of incline.

Pollock claim.—The opening on this claim is about one-third of a mile,

in a southwesterly direction, from the Lone Tree opening, and consists

of an incline on the coal about 100 feet in length, at the end of which

is a raise exposing a bed 14 feet 3 inches thick, with coal still in the

roof of the raise. The positions of the layers of coal and dirt exposed in

the raise were as follows, beginning at top of raise, above which coal

still extended

:

1 foot coal, forming part of sample Pollock h.

2 to 6 inches dirt and clay.

1 foot 8 inches coal; part of sample marked Pollock h.

1 to 3 inches dirt and clay.

6 inches coal
;
part of sample marked Pollock &.

2 to 4 inches dirt.

4 feet 6 inches coal; sample marked Pollock a.

3 inches dirt.

10 inches coal
;
part of sample marked Pollock h.

6 inches dirt.

2 feet 6 inches coal
;
part of sample marked Pollock h.

6 inches dirt.

1 foot 3 inches coal ; sample marked Pollock c.

The streaks of dirt are not included in the samples.

Here also in mining a fair quality of coal considerable waste will be

produced.

In the following Table A the above-mentioned samples are collected.

All determinations of volatile matter, fixed carbon, and ash were made
in duplicate, the result given being the average.

Table A.
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It will be observed that analyses of diflferent partvS of the same bed

differ considerably; but, so far as observed, there seems to be no regu-

larit}" in the differences.

In Table B the analyses and values of the coals mentioned in Table A
are compared with other Utah and Colorado coals. The units of heat

are calculated from the total carbon, as found by determining the

amount of lead reduced by a given Aveight of coal, and assuming the

entire reducing power of the coal to be due to the carbon. As all coal

contains a small percentage of hydrogen, a portion of which also may
reduce lead, and as lead reduced by hydrogen indicates a somewhat
higher calorific power than that reduced by carbon, the units of heat

given in the table are somewhat too low. On the other hand, no allow-

ance has been made for the heat required to volatilize the moisture and
chemically combined water, if there be anj^, and to raise the products of

combustion to the temperature they would possess on leaving an appa-

ratus of combustion. If therefore we regard the " units of heat" as the

availahJe or effectual units of heat, the two causes of error mentioned

above in a measure neutralize one another. Again, these and other

objections to the method, while they interfere with the ahsolute accuracy

of the results, have, when the method is applied to fuels of a class, much
less effect on the relative or comparative values obtained.

In Table B the first five samples are obtained by mixing together the

samples representing different parts of a bed in amounts proportionate

to the thickness of the jiarts represented. The analyses of these sam-

ples given in the table are not the calculated analyses, but those actu-

ally made of the mixtures. The samples fairly represent the coal which,

with ordinary care in mining, could be delivered from the various open-

ings.

Leyson claim.—Coal black. Powder brown. Sinters strongly on
heating. Ash gray.

Woods' claim.—Coal black. Powder brown. Sinters on heating.

Ash gray.

Walker No. 2.—Coal black. Powder brown. Sinters on heating.

Ash gray.

Lone Tree claim.—Coal black. Powder brown. lil^on-sintering. In
contact with water absorbs 4:^ percent, in 12 hours, becoming very frag-

ile. Ash yellowish gray.

PollocTc, claim.—Coal black. Powder brown. Non-sintering. In con-

tact with -water absorbs over 4 per cent, in 12 hours, becoming fragile.

Ash yellowish gray.

The samples of coals now in the Salt Lake market were obtained

from large piles or loaded cars at the railroad stations, by taking very
many small pieces from different i)arts of the piles, crushing the entire

sample to a uniform small size, and quartering down as with an ore

sample. , The following samples were so taken

:

EocJc Spring.—From two carloads of coal from the Eock Spring
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mine on the Union I'aciiic railroad. Coal black. Powder brown.

Absorbs some water wLen in contact with it, losing some strength.

Sinters slightly on heating. Ash gray,

Weber coal.—From six carloads of coal from the Grass Creek mine

near the AVeber i iver. ('oal black. Powder brown. Xon-sinteriug.

Ash white.

Eed cation.—From a large pile of several carloads in sheds at the

railroad station, from the Alma mine near Evanston. Non-sintering.

Coal black. Powder broMn. Ash yellowish gray.

Pleasant valley.—From three carloads from the Winter Quarters mine

in Pleasant valley. Coal black. Powder brown. Sinters on heating.

Ash yellowish gray.

San Pete.—From about two tons at company's office in Salt Lake

City. Coal black. Powder brown. When heated the powder sinters

strongly, but does not fuse, and fragments retain their shape, slightly

distorted. Ash yellow ish red.

Crested Butte colhig coal.—From a pile of five carloads at the Salt

Lake City gas works, about May 1, 1883. Coal black. Powder brown.

Fuses completely on heating. A true coking coal. Ash light yellowish

red (inclining to gray).

Crested Butte anthracite.—From a pile of about two carloads, nut

size, on platform of Denver and Eio Grande station. Coal hard. Spe-

cific gravity high. Luster brilliant. Fixed carbon high; a true an-

thracite. Ash yellowish red, slightly darker than the last-mentioned

sample.

Gonnellsville coal.—From a piece furnished by Mr. J. F. Beattie. True

coking coal. Fuses completely on heating. From Coal Measures of

Pennsylvania.

Home Coal Company's coal.—From mine near Coalville. Sample fur-

nished by Mr. FL H. Kussell. Coal black. Powder brown. Xon-sin-

tering. Ash gray.

The Connellsville coal is of course not on the Salt Lake market. It

is introduced in the table merely for comi)arisou. The Ilome Coal Com-

pany's coal is that now used by the Ontario Silver Mining Company for

the generation of steam in i)umping.
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Table B.

Sample.

Leyson claim
"Woods claim
Walker No. 2
Lone Tree claim
Pollock claim j

Eock Spring
"Weber
Eecl cailon
Pleasant valley
SanPete ...

Crested Butte coking coal.

.

Crested Butte anthracite (6)

ConnellsviUe
Home Coal Company

Pr. ct

1.79
(«)

2.36
2.45
(a)

.322

.83

.22

.27
2.46
(a)

(a)

(a)

(a)

1.34
1.34
1.36
1.31
1.35
1.26
1.30
1.37
1.27
1.46
1.26
(a)

1.26
(a)

"Volatile mat-
ter.

go

s

Fr. ct.

4.50
3.33
4.12
8.17
7.87
7.65
8.97
8.32
4.80
2.05
.80

1.47
1.17
10.32

r-i H
O <o

o

Pr. ct.

39.90
41.62
40.15
38.55
38.15
37.27
39.10
37.20
39.75
31.07
28.05
7.05

31.43
38.90

Pr. ct.

45.47
47.37
45.82
47.27
46.25
53.27
48.60
46.70
49.95
49.85
67.37
84.47
64.45
46.37

aa

Pr. ct
10.12
7.67
9.90
6.00
7.72
1.80
3.32
7.77
5.50
17.02
3.77
7.00
2.95
4.30

o

23. 151
24. 455
23. 658
23. 252
22. 582
25. 287
23. 272
22. 478
24. 836
23. 908
29. 125
31. 072
30. 052

(a)

O

Pr. ct.

22.62
24.54
23.47
21.09
20.17
21.10
19.85
19.41
23.10
20. 47
18.19
6.92

23.94
(a)

Pr. ct.

68.09
71.91
69.29
68.36
60.42
74.37
68.45
66.11
73.05
70.32
85.66
91.39
88.39
(a)

5500
5810
5620
5524
5365
6008
5529
5341
5901
5681
6920
7383
7140
(a)

aTSo determination made.
& Although it does not appear that the analysis of this coal as written can be literally correct, yet

epeated determinations do not materially change the figures as given,

r

Table is an arrangement of the coals in Table B, -with the excep-

tion of tlie ConnellsviUe and Home Company's coal, in the order of

their calorific power, with the respective market prices on May 26,

1883, per ton of 2,000 pounds, in carload lots, at the Utah Central or

Denver and Eio Grande stations in Salt Lake City. In the fourth col-

umn is shown the number of heat units in each coal which, at the prices

given, can be purchased with $1, or, more properly, the relative calorific

value secured for every dollar expended in the purchase, at prices named,

of the various coals

:

Table C.

Name of coal.

Crested Buttes anthracite.
Crested Buttes coking coal
Eock Spiing
Pleasant Valley
Woods mine (Cedar City) .

San Pete
Walker rnine (Cedar City).
Weber Grass Creek mine .

Lone Tree mine (Kanara) .

Leyson mine (Cedar City).
Pollock mine ( Kanara)
Red canon, Alma mine....

"Units of heat.

7383
6920
6008
5901
5810
.5681

5620
5529
5524
5500
5365
5341

Price per ton.
May 26, 1883.

$10 00
10 50
6 00
5 50

(c)

(c)

(c)

(c)

(c)

5 50

4 50

3 50

Calorific value
bought by $1.

(c)

(c)

(c)

(c)

(c)

738.3
659.0

1001. 3

1072. 9

1032. 9

1228. 6

1526.

c Not in market.

It appears from the foregoing comparisons that though the Ked Canon

coal has less calorific effect in a ton than any other coal in the list, it

nevertheless contains much more calorific effect in a given number of

dollars' worth than any other coal mentioned, {d)

6 M R
dMr. Daggett's contribution ends here.
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VIRGIXIA.

Tbe region called southwest Yirginia, and which is now by railroad

connection tributary to Roanoke, comprises the counties of Botetourt,

Roanoke, Montgomery, Floyd, Pulaski, Smyth, Wythe, Washington,

Carroll, Grayson, Giles, Craig, Russell, Tazewell, Scott, and Lee. This

district is bounded on the east by the Blue ridge. In its topographical

features this region is an elevated table-land, intersected by parallel

ranges of mountains, running from northwest to southwest, thus divid-

ing the whole country into a series of longitudinal valleys, along one of

which the i^orfolk and Western railroad runs. Coal is found in work-

able quantity in Montgomery, Pulaski, and Botetourt counties, but in

vast amount in Tazewell and Russell counties. The completion of the

branches of the Norfolk and Western railroad into this district opens

up a new coal territory, the seaboard outlet and shipping point of which

is Norfolk, A sample of coal from the mines at Pocahontas, Tazewell

county, yields the following analysis : Water, .932 ; volatile matter,

20.7385 fixed carbon, 73.728; sulphur, .618; ash, 3.984 = 100.000; coke

per cent., 76.330; phosphorus, .0013. The result of the analysis shows

a coal of excellent quality. Coke produced from it should not contain

over 5 per cent, of ash and .6 per cent, sulphur, leaving about 94 x>cr

cent, for fixed carbon. The seam is 12 feet in thickness, and above the

water level, so that the mines drain themselves and coal can be mined

and delivered at the minimum of expense.

In the eastern portion of this State coal mining has been a fluctuat-

ing industry for many years.

The following analyses of coal found in the Chesterfield, Powhatan,
Goochland, and Henrico basins will prove interesting

:

Analyses of Virginia coals.

Locality.

Stonehensre ,

Maidi^nhcad
Heth'.s pit
Mill's and Keid's
Will's pit
Will's pit, green-hole shaft
Heth's deep shaft, bottom seam
Heth's deep shaft, middle scam
Heth's dee]) 8h.'\ft, top seam
Powhatan pits
Winterpnck croek
Clovorhill, Appomattox rivor elate coal
Cloverhill, mean of four
Kichmond coal
Mid Lothian, Woolridge's pit
Mid Lothian, mean result average size co.al.

Creek Coal Comp.any, mean of sis trinls

Black Heath pits, mean of four
Tippecan<)o pits, mean of four
Handolph 's

Coalbrook Dale, second seam
Anderson's pit, first seam
Crouche's lower shaft, upper seam
Scott's pit
Waterloo shaft
Deep Run pits
Will's i)it, upper vein
Anderson's pit, bottom seam

Carbon.

Percent.
58.70
63.97
62.35
57.80
62.90
67.83
53.36
6«. 50
61.68
59.87
65.52
55.00
54.83
59.25
61.08
53.01
60.30
58.79
54.62
66.15
66.48
66.78
64.60
60.86
56.20
69.84
6G. 60
64.20

Volatile
matter.
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WEST VIRGINIA.

The Coal Measures of the great coal basin of the Ohio (ordinarily called

the Appalachian coal field), the one in which are the coal fields of Ala-

bama, West Virginia, Maryland, etc., attain their greatest thickness,

contain the most workable beds of coal, and aggregate the greatest

thickness of coal in the section of this basin drained by the Great

Kanawha river in Virginia and West Virginia. In the upper, middle,

and lower Coal Measures, Eogers's Nos. XII., XIII., XIV., 156 feet ot

coal have actually been opened and measured. These are summarized

as follows

:

In Xo. XIV., 275 feet of measures, 6 beds, 35 feet 2 inches of coal.

In Xo. XIII., ] ,075 feet of measures, 14 beds, 68 feet 8 inches of coal.

In Xo. XII., 1,100 feet of measures, 13 beds, 52 feet 4 inches of coal.

Totals, 2,450 feet of measures, 33 beds, 156 feet 4 inches of coal.

Besides these, it is known that there are a number of beds in these meas-

ures which have not been opened, and that there are several hundred feet

of the upper measures on the Kanawha, below Charleston, that are not

included in the above ; enough to make, in all, fully 3,000 feet of Coal

Measures and about forty coal beds, which aggregate not far from 175

feet of coal.

In regard to the actual working collieries in the Kanawha coal field,

the following statement has been published

:

1. In Xew Eiver district, 15.collieries, having a daily capacity for pro-

ducing 3,125 gross tons of coal.

2. In Kanawha district proper, on Chesapeake and Ohio railway, 27

collieries, having a daily producing capacity of 5,000 gross tons.

3. In Kanawha district, on Kanawha river, shipping by river only,

10 collieries, having a daily capacity of 2,155 gross tons.

So there are in operation at this time, in the Great Kanawha coal

basin, in Fayette, Kanawha, and Putnam counties, 52 commercial col-

lieries having a capacity for the production of 10,280 gross tons, or

11,513 net tons, of semi-bituminous and bituminous coal per day, equal

to about 3,5p0,000 net tons per annum. To this list might be added

some collieries that produce very considerable quantities for local con-

sumption, salt works, etc.

There are in this region 10 coke works now producing coke, with an

aggregate of 731 ovens and a daily capacity of about 800 tons. The
largest works is that of the Hawk's Xest Coal Company, 160 ovens, some

5 miles from Hawk's Xest Station, on the Chesapeake and Ohio. The
product of these works will be used at the new Victoria furnace of the

Iron and Steel Association of Virginia, of which one large stack is com-

pleted. The three next largest works are the Low Moor, 122 oveus 5 the

Sewell, 120 ovens; and the Quinnimont, 100 ovens; of which the Low
Moor and the Quinnimont supply the furnaces whose names they bear,

and the Sewell supplies the furnaces of the Longdale Iron Company.
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The gas coal produced on tbe line of the Chesapeake and Ohio rail-

way is being used at many of the largest cities in the Union for making
illuminating gas. TheWashington and the Philadelphia, the Manhattan
and the Metropolitan of New York, the People's of Brooklyn, the New
Haven, the Newjiort, the iProvidence; the Boston, the South Boston,

the Charlestown, the Dorchester and Chelsea in Boston; the Newton
and the Watertown, the Lynn, the Salem, the'Waltham, the Haverhill,

the Lowell, and the Lawrence, in Massachusetts, and the Portland,

Maine, besides those of many other cities and towns, are making use of

Kanawha gas coal.

Some recent analyses have been made of the Kanawha coals, and the

following are appended. The coals were from the vicinity of Cabin

creek, Kanawha county, 15 miles from the Kanawha river

:

Analyses of Kanawha coals, West Virginia.

Moisture
Volatile matter
Pixed carbon
Ash

Coke, percent
Ash in coke
Sulphur (mainly in pyrites)
Specitic gravity

No. 1.

1.34
38.09
56.42
4.15

100. 00

60.57
6.85
1.68
1. 2669

No. 2.

.93
38.92
57.17
2.98

No. 3.

2.28
37.65
58.19
1.88

No. 4.

1.87
36.58
55.65
5.90

No. 5. No. 6.

1.44
32.73
59.96
5.87

3.25
35.97
57.31
3.47

100. 00 100. 00 100. 00 100. CO 100. 00

60. JO
4.98
.80

1. 2219

60.07
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In recapitulatiDg the coal output of the State, one must include the

coal shipped by the Kanawha river; that by the Chesapeake and Ohio

railway ; the gas coal on the line of Baltimore and Ohio railroad, and the

bituminous coal sent out from the Elk Garden basin. The statistics are

as follows

:

Production of coal in West Virginia since 1873.

Gross tons.

1873 600,000

1874 1,000,000

1875 1,000,000

1876 800,000

1877 1,000,000

1878 1,000,000

1879 1,250,000

1880 1,400,000

1881 1,500,000

1882 2,000.000

WYOMING.

The coal fields of Wyoming are of great extent and value. They have

been known since 1850, but remained undeveloped until the completion

of the Union Pacific railroad to Carbon, 100 miles west of Laramie, in

18GS. The Coal Measures are estimated to cover at least 20,000 square

miles of the surface of Wyoming, and mines are found for nearly 350

miles along the lineof the Union Pacific, in every case, where developed,

cropping boldly on the surface. In quality the coal is a lignite of supe-

rior grade, and suitable for all heating and domestic purposes, but non-

coking and useless for gas making.

The vein which is worked at Carbon is 9 feet in width, the coal be-

ing the best quality of Tertiary brown coal ; compact, pure, and com-

l^aratively free from moisture. It is used almost entirely as fuel on the

Union Pacific railroad, the supply of coal for domestic purposes com-

ing chiefly from the mines at Eock Spring. The following analyses

were made of specimens taken from two veins in Carbon

:

Water
Volatile matter
Fixed carbon..
Ash ,

No. 1.
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Product of the Carhon viines, Wyoming.

Net tons.

1868 6,560

1869 30,482

1870 54,915

1871 31,748

1872 59,237

1873 .'. 61,164

1874 55,880

1875 61,750

1876 69,060

1877 74,343

1878 62,418

1879 75,424

1880 100,433

1881 156.820

1882 200.123

1,100,357

On the line of the Union Pacific railroad, from Bitter Creek to Eock
Spring, coal mines are opened for almost the entire distance. In some
cases work has been discontinued, but the output is included in the gen-

ei*al summary. The coal at Eock Spring is generally conceded to be one

of the best bituminous lignites found in the Far West. Its remarkably

low percentage of ash, and freedom from water and sulphur, make it a

favorite coal wherever it can be obtained. It is in general use throughout

the towns in Wyoming, and large quantities of it are burned in Denver,

Salt Lake City, and Ogden. It is a jet-black, semi-bituminous coal, pro-

ducing no clinkers, and leaving but a small bulk of ash of a reddish

color. Its composition and value are shown by the foliowiug analysis

:

Water : 7.00

Volatile matter 36.81

Fixed carbon 54.46

Ash 1.73

100. 00

It is a clean-breaking coal, which does not slack upon exposure to the

influence of the atmosphere. The mine was opened in 1868 by Mr.

Thomas Wardell, who was in the employ of the Union Pacific Eailroad

Company, the present owners of the mines. The product of the district

to January 1, 1883, has been

:

Product of the Poek Spring mines, Wyoming.
Net tons.

1868 365

1869 16,933

1870 20,945

1871 '. 40,566

1872 34,677

1873 44,700

1874 53,476

1875 104,664
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Net tons.

1876 134,952

1877 146,494

1878 154,282

1879 193,252

1880 244,460

1881 •- 270,425

1882 287,510

1, 752, 701

The mines at Almy, on the line of the Union Pacific, are owned by
the Union and Central Pacific railway companies. The coal is much
inferior to that found at Eock Spring, but is used in large quantities by
the railways for their locomotives. The composition of the coal is shown
by the following analysis :

Water 15.575

Volatile matter 33.905

Fixed carbon 44.785

Ash 5.928

100. 193

The mines were opened in 1869, and have produced large quantities

of coal. In 1872 the Eocky Mountain Coal Company at Almy pro-

duced 105,060 tons of coal, and during the same year the Union Pacific

mines produced 22,713 net tons. Since 1875 the Eocky Mountain Coal

Company lias come, by lease and purchase, into the possession of the

Central Pacific Eailroad Company, which now operates it. The product

of the Union Pacific mines was as follows :

Product of the Union Pacific mines at Almy, Wyoming.

Net tons.

1869 1,967

1870 12,454

1871 21,171

1872 22,713

1873 22,847

1874 23,006

1875 41,805

1876 60,756

1877 54,643

1878 59,096

1879 71,576

1880 100,234

1881 110,157

1882 117,211

719, 636

At Almy the mines owned by the Central Pacific Eailroad from 1870

to 1883, inclusive, produced the following amounts : ,
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Product of the Central Pacific mines at Almy, Wyoming.

Net tonn.

1870 10,981

1871 53,843

1872 105,118

1873 130,989

1874 81,699

1875 92,589

1876 69,782

1877 67,373

1878 57,404

1879 60,739

1880 82,684

1881 • 90,779

1882 94,065

1, 004, 045

The only other district in which coal mining is actively pursued is at

Twin creek. The coal here is an excellent, soft, non-slacking coal,

suitable for many uses. Near the Twin Creek mine a cropping of coal

shows 29 beds, which vary in width from 1^ to 48 feet. The mine was
opened in 1875 by the Wyoming Coal and Coke Company, but little

was done in the way of systematic development and a regular produc-

tion until its sale to the Union Pacific Eailroad Company in 1881. The
composition of the coal is shown by the following analysis

:

Water 8.58

Volatile matter 35.22

Fixed carbon 49.90

Ash 6.30

100. 00

The product of the mines here in 1882 was 8,855 tons.

Coal has been mined with varying success at many other points along

the line of the Union Pacific, and by independent comi^anies, but these

companies have in every case finally been absorbed or crowded out by
the Union Pacific Eailroad Company, and work upon the mines stopped

until increasing demand, or the exhaustion of some of the beds at

present worked necessitated the development of new fields. The entire

coal fields of Wyoming are practically owned by the Union Pacific

Railroad. The capacity of these beds is indefinite. They would be able

to supply at any time the whole demand of the Far West with a uni-

formly good coal. Coal has been mined in former years at Separation,

Point of Rocks, Black Buttes, Old Rock Spring, Bear river, and other

points, but present production is limited to the localities described. Prior

to 1871, at Separation, Point of Rocks, Black Buttes, Old Rock Spring,

and Bear river, it is estimated that over 100,000 tons of coal were pro-

duced, but the annual product is not obtainable. The product of the

Territory for the years from 18G8 to 1883 has been as follows

:
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BecapitulaUon of the coal production of Wyoming since 1868.
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meet the demand for fuel. Within the past few years, however, the coal

supply has increased greatly, new mines being opened, old ones more
fully developed, and facilities of transportation improved. Yet the

mines on American 'soil which yield the coal are very few in number,

considering the area of the region under consideration. On this subject

Mr. W. A. Goodyear, an engineer who has paid great attention to this

branch of mining, says

:

"The coal fields of the western coast of iSTorth America are limited in

extent, and of comparatively recent geological origin. They are none

of them of the Carboniferous age, and, indeed, so far as yet known, none

of them date back of the Cretaceous period. They mostly furnish a non-

caking bituminous coal, which belongs to the class of lignites or brown

coals. Vancouver's Island, however, i)roduces caking coal ; and some
caking coal of good quality has also been found in Washington Terri-

tory. Small quantities of anthracite have been found on Queen Char-

lotte's Island, and probably also in Washington Territory. But no

workable mine of anthracite has ever been discovered on the coast, and
the little that has been found has always proved, on investigation, to

have been the result of local and special metamorphism.

CALIFORNIA.

" Of the two States and one Territory which border the Pacific Ocean
between Mexico and British Columbia, Washington Territory is by far

the most liberally supplied with coal. Oregon comes next, and Califor-

nia last. In fact, California is decidedly unfortunate in the extent and
character of her coal fields. For, although it is easy to find coal at many
localities in the Coast range from one end of the State to the other, as

well as at certain points in the western foothills of the Sierra Xevada,

yet it generally happens either that its quality is poor, or its quantity

is small, or else that it is situated in the heart of the mountains so far

from market that the cost of transportation alone would far exceed the

value of the coal.

" The extent of the Mount Diablo coal field may be stated in broad

terms to be some ten or twelve miles along the line of outcrop of the

beds running through the northern part of township 1 north, range 1

east, and the northwestern and central portions of township 1 north,

range 2 east. Mount Diablo meridian.

" The details of the line of outcrop are in many places very irregular,

and especially so in the western i)ortion of the field, where the hills are

high, and the canons are deep and steep. But its general course may
be described as follows: It is curvilinear and convex towards the north.

Beginning in the northeast quarter of section 7, township 1 north, range

1 east, it runs at first northeasterly, but curves rapidly to the east till

it reaches a point in the northwestern quarter of section 8, from whence
it follows for almost three miles nearly true east across the northern

portions of sections 8, 9, and 10, and close ^o the northern edges of these
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sections. But in going easterly across section 11, it bends to tlie south,

and crossing the south half of section 12, enters the southwest quarter

of section 7, in the adjoining township. From thence it follows an
irregular southeasterly course through the northwestern and central

portions of the township as far as the Brentwood mines, upon the

Eancho de Los Meganos, and near the line between sections 22 and 27

of township 1 north, range 2 east. Beyond this locality to the south-

east the beds have not been traced with any certainty. The dip through-

out is in a northerly direction ; but it varies in amount at different local-

ities from 12° or 15° up to 32° or 33°, being generally highest in the

western portion of the field.

. "A range of high hills, whose culminating points on sections 8 and 9

reach altitudes of 1,500 to 1,700 feet above the sea, runs in a general

east and west direction across the northern half of townshijj 1 north,

range 1 east, and is separated by a narrow valley on the south from the

still higher mountainous region which culminates in the double summit
of Mount Diablo itself, 3,856 feet in height.

" In going east, however, from section 9 the hills diminish in height,

and following the lines of the coal beds southeasterly across the next

township they gradually fall lower and lower, till we reach the level of

the valley at the Brentwood mines, which are situated on the edge of

the San Joaquin plains, at an altitude of only between 100 and 200 feet

above tidewater. In its higher portions this range of hills is deeply

scored by canons.

" The strata have been considerably disturbed at numerous localities

by faults of greater or less magnitude, and the coal beds themselves are

subject, within short distances, to so great variations in thickness and

quality of coal, as well as in the character of the rocks which inclose

them, that it is not possible with present knowledge to certainly recog-

nize any single bed in the eastern portion of the field as being the same

with any of those which have been so extensively worked in the western

portion.

"By the phrase 'Mount Diablo coal field,' as here used, must be under-

stood not merely the actually productive region, but the whole extent

of the belt through which there has been found some definite evidences

of probability that the beds were once continuous, or nearly so, and

"within which sufficient discoveries haye been made to lead to the exi^en-

diture of any considerable sums of money in explorations and attempts

to develop new mines. The area within which .the mines have hitherto

been profitably worked, however, is far more limited in extent. It lies

among the higher hills in the western portion of the belt above described,

and includes a distance of only about two miles and a half along the

strike of the beds, from the west limits of the Black Diamond Com-
pany's workings in the northeast quarter of section 7, where the beds

either split up, or run out, or become too much crushed and broken to

pay for working, to the most eastern limits of the Pittsburgh Company's
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workings in the southwest quarter of section 3 and the northwest quarter

of section 10, where they are stopped by the wall of a great fault which

intervenes between them and Stewart's mine on the east.

"The Central {i. e., Stewart's) mine is not here included within the

profitably productive limits, for the simple reason that while it has

produced considerable coal, its shipments having been sometimes as

high as a thousand tons per month, it is more than probable that its

production has been at a loss instead of a profit to its owners. Within

the productive limits above indicated, the chief openings of the mines,

as well as the dwellings of the miners and other buildings, are, owing

to the topography of the country, concentrated at two considerable

villages, about a mile apart. The first of these villages, known as Xor- •

tonville, is located on the southeast quarter of section 5.

"The second one, known as Somersville, is chiefly on the southeast

quarter of section 4, township 1 north, range 1 east. Each village is at

the bottom of a sort of amphitheater among the hills, and at the head

of a deej) caSon, which runs northerly some 3 miles to the edge of the

San Joaquin plain, from which point the distance north across the plain

to the riv^er is also in each case about 3 miles. Down each of these

canons there runs a railroad of the ordinary gauge (4 feet 8.J inches)

to points of shipment on the San Joaquin river, just above its junction

with the Sacramento. Each railroad is therefore about 6 miles in

length, the Black Diamond railroad running to the Black Diamond
Landing (otherwise known as New York Landing), and the railroad

from Somersville (called the Pittsburgh railroad) running to Pittsburgh

Landing, some 2 or 3 miles further up the river. The height of the

villages themselves above tidewater ranges from 700 to 850 feet.

"In the northwest corner of the southeast quarter of section 5 a

round-topped hill rises to a height of 1,348 feet above low water, and

near the middle of the line between the northwest and southwest quar-

ters of section 4 a similar hill rises to a height of about 1,500 feet. Each
of these two hills (between which runs the caiion of the Black Diamond
railroad) is connected with the hills to the south, in which lie the mines,

by a saddle some 300 or 400 feet lower than its own summit—the saddle

between Nortonville and Somersville being some 300 or 400 feet higher

than the village of IS'ortonville itself. There are few points in the hills

containing the mines which rise to a greater height than the higher of

the two hills just described. At ISortonville, as well as at Somersville,

the canon, at the head of which stands the village, forks into numerous
branches which spread upwards in all directions to the south, south-

east, and southwest among the hills, thus cutting up the surface of

the mining ground by rough and precipitous gulches, often 200 to 300

feet in depth, so that the line of outcrop of the beds, as alreadj' stated,

is at this locality very irregular in detail and deeply indented by the

gulches. The rocks which inclose the mines consist of unaltered, gray-

ish and reddish siliceous sandstone, generally not very hard, alternating
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with occasional strata of rather soft clay-rock, the whole belonging to

the latest formations of the Cretaceous period.

"The coal beds which have been profitably worked to a greater or

less extent are three in number, and are known, respectively, as the

'Clark vein,' the ' Little vein,' and the 'Black Diamond vein.' Of these

the Clark vein is the highest in stratigraphical position; next in order

below it comes the Little vein ; while the Black Diamond vein is the

lowest, and underlies both the others. The beds lie nearly parallel with

each other, all dipping to the north, and at the immediate localities of

the villages, both of Kortonville and Somersville, the amount of dip is

from 30° to 32°.

"In the Clayton tunnel, at Kortonville, as the level distance from the

floor of the Clark vein south to the roof of the Black Diamond vein is

696 feet, and the dip here being about 31°, it follows that the total

thickness of the strata, including the Little vein, between the Clark

and Black Diamond veins, is at this locality about 359 feet. At cer-

tain points the level distance between the beds is somewhat less tban

it is here, while in other places it is considerably greater. This is due

mainly to changes in the degree of dip of the beds, though it is more
than probable that the actual thickness of the strata between them also

varies somewhat at different localities.

"Outside of the Mount Diablo coal fields, there are numerous locali-

ties besides Corral Hollow, scattered throughout the Coast range of

mountains from San Diego to Crescent City, and a number of localities

also in the western foothills of the Sierra Ifevada, in California, where

more or less coal has been found. None of these localities have yet

proved themselves to be of any financial value here, and the great

majority of them would be utterly worthless in any country."

The following rates are paid by the Mount Diablo mining companies

to the miners : On the Clark vein, 75 cents a yard, the vein varying in

width from 2 feet 6 inches to 2 feet 10 inches. On the Black Diamond
vein in the same mine, $1 per yard is paid. At the Pittsburgh mine
(same region), $1 per yard is paid on a coal vein 2^ to 4 feet thick.

The men board themselves and furnish their own powder, oils, etc., the

companies furnishing the tools.

The Empire Coal Company, Mount Diablo, took out in 1882, 36,000

tons of coal, and the estimated product for the first six months of 1883

is 19,000 tons. Between 50 and 60 men are eriiployed, all of whom are

whites. Average wages are $2.75 per day, the men boarding them-

selves. Foremen are paid $3.50 per day.

The Mount Diablo coal, which is mainly used for steam coal in San
Francisco and on the steamers of the bay, is of poor quality, and, owing

to its sulphur, is disliked for domestic i)urposes.

Mr. Goodyear estimates that the total cost of production at the Mount
Diablo mines has varied at times since 1866 froin a minimum of about

$5, or possibly less, to a maximum of between $ 6.50 and $7 per ton.

\ /
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But, for a general estimate of the total average cost of all Mount Diablo

coal wliicli lias ever been sent to market, $5.75 may be taken as n fair

approximation.

The monthly receipts of coal at San Francisco from Mount Diablo

mines during recent years were as follows

:

Receipts of Mount Diablo coal at San Francisco.

Months.

Januarj-
February ..

March -

April
May
June
July ,

August
September .

October
November .

.

December...

Totals

1878.
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The following analyses of Oregon coals have been published

95
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when fully explored will probably be found to be as great as that of the

soniid itself, reaching from Carbonado northward to and beyond the

British Columbia line, a distance of over 100 miles. Mining operations

in this field are facilitated by railroad transportation to tidewater.

The Carbon Hill coal mine is about 3 miles from Wilkinson and 32i

miles northeast from Tacoma, near the line of the Northern Pacific rail-

road. The mine is the largest on the coast, and belongs to the man-

agers of the Central Pacific Eailroad Company (Pacific Improvement
Company), who have a line of steam colliers carrying the coal to San
Francisco bay, for the use of steamers and locomotives of the Central

Pacific and Southern Pacific railroads. It is stated that the mine can

produce 20,000 tons a month; though the yield for 1882 was but 64,745

tons. The facilities for mining and transportation have been greatly

increased, and the product for the first six months of 1883 is estimated

at C3,380 tons. At the mine 234 men are emi)loyed, of whom 45 are

Chinese. The Chinese are paid $1.25 per day, and white men from

$2.75 to $3 per day, all boarding themselves. Some work by the piece

and earn from $2 to $3 per cubic yard broken out. These average 82.75

per day. Extensive wharves and bunkers have been built, and the mine

has been opened up on a large scale. The coal from this region is a true

bituminous coal, hard, solid, black, and clean, not equal in heat-produc-

ing caiiacity to the best Pittsburgh coal, but a good fuel for railroad

and steamship purposes.

Back of Seattle, and reached by a narrow-gauge railroad, lies the

Newcastle lignite field. The coal is of o younger formation than that

of the Carbonado district. It comes out in fine, clean, solid blocks,

does not slack easily, like the brown coal of Dakota, and has about two-

thirds the heat-producing quality of bituminous coal. The Newcastle

]nine, which shipped about 150,000 tons last year, will increase the ship-

ments to 200,000 tons for 1883. This mine is 20 miles from the sea.

The Eenton mine is 13 miles east of Seattle, and is producing regu-

larly. Its coal is sent to the seaboard by the Columbia and Puget

Sound railroad.

The Bellingham Bay mine, the oldest source of supply on the Ameri-

can side of Puget sound, was first worked upwards of twenty years

ago. Its production reached the highest point in 18G9, when it sent

upwards of 20,000 tons to San Francisco. The shipments to that point

in 1871, 1873, and 1876 were also about 20,000 tons. A few years ago

the mine caught fire, and though the fire was subdued, it has been

worked with little activity since, the shipments to San Francisco having

ceased in 1878. The following is an analysis of Bellingham Bay coal:

Water 8.39

Volatile matter o3. 26

Fixed carbon 45.69

Ash 12.66

100. 00
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Further iiualyses of Pacific coast coals may be foiiud in the State

Geological Survey Keport (Geology of California, Vol. I, p. 30), and in

a table by Mr. Archibald li. Marvine in the annual report for 1873 of

the United States Geological Survey of the Territories, by F. V. Hay-
den, pp. 113, 111.

The officers of the leading coal companies in San Francisco furnish

the following figures of the output in 1882 of the mines named

:

Prodtwt of various Pacific Coast mines in 1882.

Mine.
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Continued.

The foreigQ coal is mainly from British Columbia, Great Britain, and
Australia, the receipts from the two last-named countries depending on

the demand for grain raised in California, coal being brought at low

rates of freight by grain-carrying vessels on the return voyage.

MIStELLANEOlIS STATISTICS.

THE COEE INDVtiTltY.

Mr. rl. 1). Weeks, of Pittsburgh, special agent of the United States

Census to collect the figures relating to this trade, has made a report

of which the following is a synopsis. The figures are for the census

year ending May 31, 1880, and as a matter of course they are below

what would be tlie case if a census were taken at the present time.

Census statiHlicH of colrfor the year ending May 31, 1880.

Stales.

Al:il)ain!i

.

Colorado,
(loorgia ..

Illinois ...

IniHnDa ..

4

1

1

4
2

Ohio ' IS
Poiinsylvaiiia.

$135,500
].=^0,000

80, 000
205, 000
m, 000

144, 012

Toniiossoo ' 4
Virjjinia 1 2
West Vir^jinia 12

104 4,202,525
200, 021

30, 000
330, 000

Total 149 5,545,058

G4
75
107
18
4

l.'-.2

, t44

114

Ct>al used.

$38,
13,

13,

9.

51,

983,

38,

163 48, 942

1, 142 1, 198, 054

^

67, 376
29, 500
117,000
15, 000
1,500

103, 848
608, 095
179, 311

148, 480

4, 360, 110

$75,

29,

120.

15,
o

228^

.031,

124,

(a

135,

314
500
000
000
025
432
305
137

)

944

Coko produci'd.

2, 701, C57

3, 020

233, 784

42, 035
18,000
7(1, 000

7, COO

1,000
109, 296

2, 317, 149
91,675

95, 720

2, 752, 475

$148, 026
90, 000

140, 000
24, 700
3,000

334, 546
4, 196, 136

212, 493

216. 588

5, 365, 480

a NoMu oporAtion ifl 18g0,
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The j)rice of ConnelLsville coke has fallen off since the begiuuiug

of 1882. This is due partly to the increased number of ovens, but

mainly to the competition between large i^roducers for the leadershii)

in the trade. The unsettled condition of the iron trade may tomi)0-

rarily have had something to do with the demand for coke from time to

time ; but, as there is a constantly increasing sale, it does not materially

affect the i)rice. Operators and dealers working for increased trade

force prices down. In January, 1882, ijrices ranged from $1.70 to $1.75

at the ovens. In June the rate was $1.40 to $1.50; in September, $1.15

to $1.25. Eallyiug a little after this date, there were sales at $1.30 to

$1.35. At the opening of the year 1883 sales were recorded at $1.20 to

$1.25. In February, sales were made at $1.15, and even $1 per ton is

said to have been the rate paid by close buyers. During March and

Aijril, sales were made at $1 to $1.10. During May, 85 to 90 cents per

ton at the ovens was the rate. In June, rates kept at about 90 cents

per ton for blast-furnace coke, and $1.10 for foundry coke at the ovens.

A restriction of the output was accomplished in the latter i)art of June,

and at one time 2,400 ovens were idle in order to keep the price from

still further declining.

By the returns for 1882—and there has been no reduction in wages

this year—the cost of producing a ton of coke was something over $1.10

per ton for wages alone. As an example :

Days -workecl 303

Persons employed 391

Paid iu wages $209,482 81

Coal produced, net tons 277, 890

Coke oveus 500

Coke produced, net tons 100, 482

Every operator in coal which has coking qualities endeavors to show
by analysis that it equals Connellsville coal from Fayette county. It is

not so long ago that the business of coking coal began, and yet to-day

land within the charmed circles of ovens is valued at from $750 to

$3,000 per acre. At one cent per bushel royalty it is worth the larger

sum. In a few years at the present rate of production—three million

tons of coke, or nearly five millions of coal—there maybe even greater

revenue realized from this land. The Connellsville district is situated

in the southwestern part of the State, lying mainly in the couuties of

Westmoreland and Fayette, and distant some 50 to GO miles from Pitts-

burgh. The coal basin is 50 miles in length, hy about 3 miles in width

;

and the coal seam is from 8 to 9i feet in thickness. From this little

strip of territory is drawn the solid carbon which feeds blast and smelt-

ing furnaces from Lake Champlain on the east to Omaha and Salt Lake
on the Avest, and from Canada to Texas.

The coal is bituminous, with generally a dull resinous luster, alter-

nating with seams of bright, shining, crystalline coal, coated with a

yellowish silt. It contains numerous particles of slate, and some crys-
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tals of pyrites. It is compact, with a tendency to break into cubes.

Olio of the latest analyses of this coal showed: fixed carbon, 04.12; vol-

atile matter, 28.50 ; ash, 0.12 ; sulphur, 0.0; moisture, 1.20. It yields

a coke which is nearly 00 per cent, fixed carbon, and less than one-

half of one per cent, sulphur.

The coke from this region is of silvery luster, cellular, Avith a metallic

ring, tenacious, comparatively free from imparities, and cai)able of

l)earing a heavy burden in the furnace. Its porosity and ability to

"stand up" in the furnace are what have given it such a reputation for

a blast furnace fuel, and created such a demand for it for mixing with

anthracite ami bituminous coal in the l^ast and West, especially where

an open iron, such as is used in the Bessemer i)rocess, is needed.

In 1870 there were perhaps 3,200 ovens in various stages of comple-

tion in the district. At present there are about 8,000 in use, and there

are '3,000 more under construction by the various corporations. In the

event of all being at work, there would then be a daily yield of 15,000

tons. There are some difficulties in the way of accomplishing this total,

and the greatest obstacle is the lack of transportation facilities.

In coking the coal, the beehive oven is in universal use in the Con-

nellsville region. These ovens vary at the different works from 11 to

12 feet in diameter, and from 5 to feet in height. The working is very

simple. The coal is dumped through an opening in the crown of the

furnace, and si)read evenly on the floor, to the average depth of 2 feet

for 48-hour coke, and 2^ feet for 72-hour. The front openiug through

wliich the coke is discharged is at first nearly closed with brick, luted

with loam. The heat of the oven from the previous coking fires the

charge, and as the coking progresses the air is more and more shut off

by luting the openings, and finally closing the roof openings. The
average cliarge is 100 Imshels of coal at 7() pounds, and the yield in

coke, 120 bushels at 40 i)ounds, making the percentage yield 03, or l.G

tons of coal to 1 ton of coke. The average time of coking is 48 hours,

with 72 hours for that burned over Sunday ; 24-hour coke is sometimes

made; 72-hour coke is firmer coke than either of the others, but it is

(luestional)le whether it is a better furnace coke. "When the coke is

thoroughly burned the door is removed, and the coke is cooled bj" water

thrown in from a hose and tluMi drawn.

AVithin the past year what is called crushed coke has been made. In

order to adapt it for general use withoutrendering it necessary to change

stoves, grates, or furn;ices, the I'rick Coke Compiiny conceived the idea

of crushing into sizes to corresi)ond with the sizes of anthracite coal,

viz., egg, stove, small stove, and nut, so that persons ordering would

have no difficulty in knowing just Avhat size they required. It is used

domestically for cooking in l>ase burning stoves, furnaces, and in open

grates. Large quantities ari^ used at hotels for broiling jmrj^oses, it

making a very clear and hot tire. IManufacturers of safes, chains, axles,

shovels, files, bolts, agricu.Uural iuix)leuieuts, brass founders, maltsters,
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blacksmitlia, etc., use the sinall stove or nut si^es. Steel manufacturers,

as a rule, prefer the stove si^e for their crucible furuaceSi

IMPORTS AND EXPORTS OF COAti.

I^he tariff from 1824 to 1843 was 6 cents per bushel, or ll.GS per ton;

from 1843 to 1840, $1.75 per ton; 1846, 30 per cent* ad valorem; 1847

to 18G1, 24 per cent, ad valorem; 1862-'63-'G4, $1 per ton; 1805, $1.10;

18GG to 1872, $1.25 per ton; since August, 1872, 75 cents per ton.

During the period from June, 1854, to March, 1800, the reciprocity treaty

was in force, and coal from the British j)Ossession8 in North America

was admitted into the United States duty free. The imports are from

Australia and Britisli Columbia to San Francisco ; from Great Britain

to the Atlantic and Pacific coasts ; from I^ova Scotia to Atlantic coast

ports. Exports are mainly from the lake and Atlantic shipping ports

to the Canadian provinces and to the West Indies.

The imports and exports for the calendar years named have been as

follows (gross tons of 2,240 pounds):

Imports and eoqwrts of coal.

Imports

:

Bituminous
Exports

:

Anthracite

.

Bituminous.

1870.

488, 132

362, 044
253, 387

1877.

498, 275

377, 979
324, 829

566, 938

312, 273
345, 347

449, 167

421, 992

221, 371

577, 458

411, 700
198, 413

1881.

834, 875

538, 090
232, 073

1882.

774, 425

.531, 836
413, 171

The following details of the importations and the exports for the

fiscal year ending June 30, 1882, are of interest:

Details of importations in 1882.

Imports

:

Tons.

From Great Britain 390, 8G3

From Cauadian provinces ^ 117, 831

From British Columbia 172, 025

From Australia -.. 166, 425

All other ports (mainly ship stores, sold here) 3, 950

Received at

—

San Diego and San Francisco » GCO, 13G

Other Pacific coast ports 17, 480

Boston, Massachusetts 40, 058

Portland, Maine 40,667

All other New England ports 32, 147

New York 37,776

All other ports on the Atlantic 23, 074

Of the coal imported north and east of New York on the Athmtic

seaboard 00,709 tons was culm.



102 MINERAL KESOURCES.

Details of exports in 1882.

Bitnminoas. Anthracite.

Exports

:

To Quebec, Ontario, etc
To Cuba
To Mexico
Other ports and places (41 in number)

Sliippeil from

—

I'altiniore, Marylnnd
Chainiilain, Jsew York
("Icvehiiitl. Ohio
Detroit, Michigan
( ! ciicsce, Nt'w York
Mew York (iufludes Perth Ainboy, etc.).

(J.mvcfjo, Xew York
Philadelphia, Peniisylv.inia
Other port.s aud jdaccs (20 in number)

Tons.
199,671

,

75,385
7,028

!

32,236

314, 320

45, 430

87, 525
53, 015

226
3,481

61, 885
62, 758

314, 320

Tons.
501,497
24, 934
9, 545

17, 766

553, 742

95, 783
31
94

50. 755
73, 554

294, C75
21,515
11,335

553, 742

LOSS ENTAILED BT STRIKES.

Ill regard to the loss caused by strikes, tlie loiij? strike in 1882 of

the miners at the railroad jiits along the Panhandle road leading into

Pittsburgh is a noteworthy example.

Work ceased in the Panhandle pits March 31, when the operators

notified themen that it was impossible to pay 4 cents and compete success-

fully in western and northwestern markets with coal from other local-

ities mined at much lower rates. The protracted struggle was a severe

loss to both operators and miners. In wages the latter lost in four and
a lialf months $250,000; the operators lost all their summer contracts,

and the railroads lost in freights at least $200,000. The money loss to

a given coal mining locality is not always the most disastrous, for trade

is taken by otlier districts, and once having been diverted it frequently

does not return when the strike is adjusted ; thus Pittsburgh coal,

which formerly supplied western and central iSTew York, the Canadas,
etc., no longer goes to these markets, which now draw their supply

from lieynoldsville and the Low-Grade division of the Allegheny Val-

ley railroad, where digging is and has been cheaper. This change has

been made in the face of the acknowledged superiority' of the Pitts-

burgh fuel.

COAL TRADE OF PRINCIPAL CITIES.

The coal business done at some of the most important cities in the

Union in the year 1882 is given below:

Gross tons of 2,240 pouiuls :

Buffalo, New York :{. OlU, 791

8au Francisco, California 882, 89(J

Providence, Rhode Island 8-21, 837

Boston, Massachusetts 2, lOH, 870

New York City 0, 000, OOO

Brooklyn, New York 1, 000, 000

Jersey City, New Jersey 500, 000
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Net tons of 2,000 pounds :

New Orleans, Louisiana. ^..^w.-i. 300, 000

Baltimore, Maryland 2,200,000

Erie, Pennsylvania 700,000

Toledo, Ohio., 1,782,810

Cincinnati, Ohio 2,197,407

Saint Lonia, Missouri.. ....... 1,910,015

Louisville, Kentucky 750,000

Mobile, Alabama 25,000

Richmond, Virginia 215, 903

Chicago, Illinois 3,852,070

Milwaukee, Wisconsin 400, 000

Duluth, Minnesota 264,688

Cleveland, Ohio 1,922,595

Kansas City, Missouri 420, 731

It is not to be supposed that the coal noted above was in every case

used or consumed in the several cities, for many of them are distribut-

ing centers. It is safe to say that the average consumption of coal for

domestic uses in the large cities of the Union is two tons per capita per

annum. This average, of course, does not hold for the country at large.

WAOES PAID FOR DIGGING COAL.

The following is a statement of the rates paid in various districts for

mining coal in March, 1883, from the best sources obtainable:

Miners^ wages, per measure, at different points,

Alabama, 55 to 60 cents per ton.

Along the Monongahela, 3| to 4 cents i^er bushel.

Angus, Iowa, $1,121 per ton.

Anthracite regions, 85 cents per 2-ton car.

Belleville district, Illinois, 1^ cents per bushel.

Brazil, Indiana, 4 cents per bushel.

Bridgeport, Ohio, 75 cents per ton.

Boulder, Colorado, 90 cents per ton.

Clearfield region, Pennsylvania, 50 cents per ton.

Connellsville coke region, 1 cent per bushel.

Coalton, Kentucky, 70 cents per ton, screened coal.

Coal creek, Indiana, 90 cents per ton.

Elk Garden, West Virginia, 50 cents per ton.

Glen Mary, Tennessee, 4^ cents per bushel.

George's creek, Maryland, 50 cents per ton.

Hocking valley, Ohio, 60 cents per ton.

Kanawha river. West Virginia, 3 cents per bushel,

Myersdale, Pennsylvania, 40 cents per ton.

Missouri (Ray county), 6 to 7 cents jier bushel.

Mahoning valley, Ohio, 65 to 75 cents per ton.

Murphysborough, Illinois, 75 cents to l|l per ton.

Nova Scotia mines, 34 cents per ton.

Reynoldsville, Pennsylvania,, .50 cents per ton for run-of-mine coal.

THE PROPERTIES OF GAS GOAL.

The most important requisites of gas coal are, first, that it contain a
large amount of volatile combustible matter, or gas; second, that the
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Tolatile matter be of a good illuiiiiiiating power ; third, tliat the coal be

as free as possible from sulphur ; and fourth, that thecokefurnished from

the carbonization of the coal be bulky, and at the same time firm, that is,

not inclined to be granular.

1. The precentage of the volatile matter in the coals usufilly employed

in gas-making is from 25 to 40, and in cannel coal it rises to CO or 70

per cent., a portion being nitrogen and oxygen. A ton of coal should

produce from 8,000 to 0,000 feet of carbureted hydrogen or illuminat-

ing gas, or from 4 to 4 A feet per i)ound, the latter, as is well known,

being the product of fair average sam])les of Yougiiioglieny coal. Gas
works practically obtain more gas per pound than the chejnists in ana-

lyzing the coal, doubtless through th(^ redistillation of llie tarry matter

and its conversion into permanent gas. liesides this, at gasworks, the

measurement is taken at a high temperature, a difference of 5° changing

the volume of gas about 1 per cent. By using the steam-jet exhaust

(a recent improvement), an increased quality of gas is obtained, which

would otherwise pass off in little bubbles in tlic tar.

2. That the gas produced from the coal be of good illuminating jsower

is also very important. The standard of gas in our large cities ranges

from 14 to 10 candle power. The standard (handle in testing gas is of

spermaceti, burning at the rate of ]20 grains per hour, compared with

a standard gas-burner consuming 5 cubic feet jkt hour. When it is sup-

posed to give fifteen times the amount of light furnished by such staiul-

ard candle, the gas is said to have 15-candle jiower, or be 15-candle gas.

r>ut the standard of illuminating power can easily be raised by the ad-

dition of a few per cent, of some rich cannel or oil shale, or some sub-

stance of 'the character of albertite or grahamitej for exam])le, for a

coal that produces by itself 15-candle gas, by the addition of 10 ])er

cent, of cannel the gas was raised to the standard of 18 candles. i\lany

e.oals which i)roduce gas of a low illuminating standard, but in large

(juantities, and which coke well, are used as gas coals.

3. It is important that the coal should contain but a small proportion

of sulphur compounds, as it is then easily puriHed, requiring less linu',

])roducing a better quality of gas, and the coal nuiy be safely stored

without danger from spontaneous coml)ustion. Good gas coal should

not recpiire more than one bushel of lime to jMirify 5,000 or 0,000 feet of

gas. The sulphur in coal is sometimes in combination with iron; in

other cases it i)asses off in a volatile state, leaving but little in the

coke. For gas-making, this latter is a disadvantage, as the less sul-

phur entering the gases the better, since it must be removed by jmri-

fication. For the blast furnace, on the contrary, the lesssulphur remain-

ing in the coke the better, since it is the stdphur in the coke which is

injurious, and not that in the hydrocarbons, which pass off at the to]) of

the furnace stack. In some cases, however, when the gas carries with

it most of the sulphur, the gas may be sosuperiorin illuminating j)Ower

as to warrant its use, notwillistanding its increased cost of jtui ideation.
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4. A ton of good coal, used in the manufacture of gas, should produce

35 to 40 bushels of coke, weighing 35 pounds to the bushel. The coke

is used for heating the retorts, and should buru up clean, with but little

clinker. There should be a surplus of coke when a large amount of gas

is manufactured, besides that used in the gas-house, and this is valuable

to the gas manufacturer as a merchantable product, especially in locali-

ties where coal of a good quality for domestic and other purposes is

expensive.

miCES OF COAL.

It is extremely difficult to give a tabular statement of the price of

coal that will be understood by the general reader; there are so many
collateral circumstances which need explanation to those not in trade.

It has been the endeavor in the following tables to quote only such

figures as will be clear. New York being the ijrincipal market, the

fluctuations in the price of anthracite by the cargo at that point will be

of interest. Prices usually open low in the spring and rise gradually

until December, and remain at the closing rate until the following

spring.

Fluctuations in anthracite at New York.

Tears.
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Prices at Pittsburgh.

Pittsburgh coal, pftr ton of 2,000 pounds:
pjice.

Wholesale, on boariT - $1 BC

Retail, delivered 2 64

Prices at Cincinnati.

Pittsburgh coal, per ton of 2,000 pounds:

Wholesale, on board $2 38

Retail, delivered ^ 'U

Prices at Loftisville.

Pittsburgh coal, per ton of 2,000 pounds

:

Wholesale, on board $2 38

Retail, delivered > 3 31

Pi-ices at Saint Latiis.

Per ton of 2,000 pounds:

Illinois coal at wholesale $2 2.')

Illinois Bessemer at -nholesale 2 75

Indiana block at wholesale 3 37

Prices at Xew Orleans.

Per ton of 2,000 jiounds :

Pittsburgh coal, at wholesale $3 15

Alabama coal, at wholesale 2 65

Anthracit.e, at wholesale 7 50

Prices at Toledo, Ohio.

Per ton of 2,000 pounds

:

Ohio coal, at wholesale, lump $3 40

Pennsylvania coal (Blossburg) 4 40

Maryland coal (Cumberland) 4 35

Per ton of 2,240 pounds :

Anthracite C 50

Prices at Buffalo, Xew York.

Per ton of 2,000 pounds

:

Pennsylvania run of mines coal, at wholesale $2 90

Ohio coal, run of mines, at wholesale 3 40

Anthracite coal, at wlndesale 5 50

Prices at Chicago, Illinois.

Per ton of 2,000 pounds :

Hocking Valley, at wholesale $4 00

Minonk, &c. , Illinois, at wholesale 3 00

Blossburg, Pennsylvania, at wholesale 4 40

Cumberland, Maryland, at wholesale 4 40

Indiana block coal, at wholesale 3 40

Pittsburgh steani coal, at wholesale 4 25

Pct ton of 2,240 pounds :

Anthracite, average of size, at wholesale 7 50

I'riccs at San Francisco, California.

Per ton of 2,240 pounds :

Australian, at wholesale §G 75

Liverpool coal, at wholesale 6 00

Welsh coal, at wholesale 6 25

Coos Bay, Oregon, at wholesale 7 00

Lehigh luni]) from Atlantic ))orts 18 00

Cumberbmd, from Maryland, at wholesale 13 00
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ACCIDENTS JiV COAL MINING.

The opinion appears to be general that miners, especially those em-

ployed in the extraction of coal, are engaged in the most unhealthful of

employments, and that their death rate is particularly higli as com-

pared with other workers. But this is a fallacy easily discovered when
put to the test of actual fact. So far, indeed, from this being the case,

the miners as a body are as long-lived as the men engaged in most occu-

pations above ground, and live considerably longer than those employed
in many surface pursuits. The working places of American coal mines
are usually far more healthy than many workshops and factories, for

the temperature in the former is moderate and very uniform ; and of

late years one great evil, that of inhaling the line particles of coal dust,

has been greatly diminished and can be still more so without much
trouble or expense.

The following statistics relative to the death rate in anthracite coal

mines of Pennsylvania, gathered from the official reports for 1882, are

of value

:

Accidents in the anthradie mines of Pennsylvania in 1882.



IRON.
IRON ORE AND ITS PRODUCTS.

By Jamks M. Swank.

The world's production of iron and steel.—The remarkable industrial

activity of the present age is most striking!}' exemplified in the progress

that has been made in the world's production and consumption of iron

and steel. This progress has, again, been most marked in very recent

years. The world's production of pig iron in 187C was about 14,000,000

tons, but in 1882 it was over 20,000,000 tons, an increase of 43 per cent,

in six years. The world's production of steel in 1877 was about 2,400,000

tons, but in 1882 it was over 6,000,000 tons, an increase of 150 per cent,

in five years. As most of the iron and steel that is now produced is

made with coal which is dug out of the earth, instead of the cliarcoal

which the forests produce, the production of this mineral jiroduct in late

years has also very greatly increased. In 187G the world's production

of coal was about 280,000,000 tons, but in 1882 it was about 375,000,000

tons, an increase of 34 per cent, in six years. The figures above given

for 187G and 1877 were published in my annual reports for those years,

accompanied by sufficient details to establish their claim to general

acceptance. The figures given for 1882 have been obtained by an exami-

nation of all the iron and steel and coal statistics that are accessible for

that year or for the next most recent year. Such remarkable j^rogress

as is here shown has never before been equaled or apiiroximated in any

Rl>here of industrial activity. Rapid as has been the extension of the

American railroad system, about which all the world wonders, the iron

and steel industries of both Europe and America have made even more
rapid strides. What a vast amount of human energy, undreamed of

when men who are not yet middle-aged were schoolboys, is represented

in the production in one year of 374,800,501 tons of coal, 40,777,299 tons

of iron ore, 20,050,184 tons of pig iron, and 0,307,756 tons of steel! The
countries which have contributed to this marvelous development, and

the lu'oportion which each has contributed, are given in the following

table, English tons of 2,240 pounds being used for Great Britain, the

United States, aiul "other countries," and metric tons of 2,204 pounds
being used for all the continental countries of Europe.

(108)
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The worM8 production of iron ore, pig iron, steel, and coal.

Conntry.

Iron ore.

Tear. Tons.

Pig iron. Steel.

Year. Tons. Year. Tons.

Coal, (a)

Year. Tons.

Great Britain
United States
Germany
France .'

Belgium
Austria and Hungary.
Russia
Sweden
Spain
Italy
Other coun tries

1882
1882
1882
1882
1882
1881
1880
1881
1882
1882
1882

16, 627, 000
9,000,000
8, 150, 102

3, 500, 000
250, 000

1,050,000
1, 023, 883

826, 254

5, 000, 000
350, 000

1, 000, 000

Total

.

Percentage of total produc-
tion contributed by the
United States

46, 777, 209

1882
1882
1882
1882
1882
1881
1880
1881
1880
1882
1882

8, 493, 287
4, 623, 323
3, 170, 957

2, 033, 104
717, 000
523, 571

448, 514

435, 489
85, 939
25, 000

100, 000

1882
1882
1882
1882
1882
1882
1880
1881
1873
1876
1882

2, 259, 649
1, 736, 692

1, 050, 000
453, 783
200, 000
225, 000
307, 382
52, 234

216
2,800

20, 000

1882
1882
1882
1882
1882
1881
1880
1882
1880
1874
1882

156, 499, 977
86, 802, 614

65, 332, 025
20, 803, 332
17, 485, 000
15, 304, 813
3, 292, 212

250, 000
847, 128
182, 500

8, 000, 000

20, 656, 184 6, 307, 756 374, 860, 501

19 28 23

a Some slight discrepancies between Mr. Swank's coal statistics and those given in the foregoing

discussion will bo noticed. Mr. Swank's figures, however, command attention, and their presentation

in this connection is in every way desirable.—A. W., jr.

Relative increase in Great Britain and in the United States.—The rela-

tive as well as the absolute prominence of Great Britain and the United

States as producers of the finished and raw materials mentioned in the

table will be observed at a glance, but the relative growth of the two
countries in the production of these materials, except iron ore, is also

worthy of notice. Great Britain doubled its production of x)ig iron in

the twenty years from 1863 to 1§82 ; the United States doubled its pro-

duction in the five years from 1878 to 1882. Great Britain doubled its

production of steel in the five years from 1878 to 1882, and so also did

the United States. Great Britain added only 50 per cent, to its pro-

duction of coal in the sixteen years from 18C7 to 1882, but the United

States more than doubled its production of coal in the ten years

from 1870 to 1880, and since 1880 has added 25 j)er cent, to the pro-

duction of that year, increasing its production in the two subsequent

years at least 20,000,000 tons, while Great Britain increased its produc-

tion in these two years only about 10,000,000 tons. These comparative

facts are given simx^ly to show that the rate of progress in the manu-
facture of pig iron and in the production of coal has recently been much
greater in the United States than in Great Britain, and that the rate of

progress in the production of steel by both countries has been the same

in late years. Iron ore has recently been so largely imported by Great

Britain that the statistics of its production by that country cannot fairh^

be used for comparison.

The progress of tico decades.—The rapid progress of the United States

in the production of the raw and finished materials under consideration is

more fully shown by a comijarison of the census statistics of I860 with
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the census statistics of 1880. These statistics are as follows, in census

tons of 2j000 pounds

:

Materials.
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tries" named ia the table, Chiua, Xew South Wales, Nova Scotia, India,

Japan, Vancouver's Island, and Asia Minor are in the order named the

principal producers of coal ; Algeria is the principal producer of iron

ore, nearly all of which is exported ; Nova Scotia andTurkey-iu-Europe

are the principal producers of i)ig iron, and Chint\, is the principal pro-

ducer of steel.

Domestic sources.—We now come to consider the details of the pro-

duction of iron and steel in the United States in 1882, beginning with

the production of iron ore. The statistics of the production of iron ore

in the United States are not collected annually, owing to the difficulties

which would surround the undertaking. The mines are not in one

locality, nor are the miners always large comj)auies—conditions which,

if they existed, would restrict the work of collecting statistics within

reasonable dimensions.

Iron ore is now mined in twenty-five States and two Territories, as

follows : Maine, Vermont, Massachusetts, Connecticut, New York, New
Jersey, Pennsylvania, Delaware, Maryland, Virginia, North Carolina,

Georgia, Alabama, West Virginia, Kentucky, Tennessee, Ohio, Michigan,

Wisconsin, Minnesota, Missouri, Texas, Colorado, California, Oregon,

Utah Territory, and Washington Territory. Very large deposits are

found near Lake Superior, in Michigan and Wisconsin; near Lake
Champlain, in New York ; in southeastern Missouri 5 in northern New
Jersey ; and at Cornwall, in Lebanon county, Pennsylvania. These

are the principal sources of the iron-ore supply of the United States.

Smaller deposits are innumerable, and are usually in the hands of indi-

viduals, who often lease them to furnace owners for a royalty of from

25 to 50 cents on every ton of iron ore mined. It is a work of extraor-

dinary difficulty to reach every miner of iron ore in the country under

such conditions, in order to ascertain the quantity mined in any year,

and, therefore, this work is only done by the United States Govern-

ment, and only once in every ten years.

In the absence of direct reports from all the iron-ore mines of the

country, it is necessary to carefully estimate from ascertained figures of

iron and steel production in 1882 the quantity of iron ore consumed in

that year. The elaborate census figures for 1880, which I had thehonor

to compile, furnish the data from which to ascertain the proportions of

raw material used in the finished product, and the figures contained

in my annual report for 1882 furnish the requisite iron and steel statis-

tics for the basis of calculation.

Census statistics of iron ore.—The only authoritative information con-

cerning all the iron ore mined in the United States in any recent year

is contained in Prof. Raphael Pumpelly's special report for the census of

1880. He states that in the census year, which began June 1, 1879, and

closed May 31, 1880, the total quantity of iron ore mined was 7,974,706

tons of 2,000 pounds, or 7,120,273 tons of 2,210 pounds. The value per
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net toil is stated at $2.90, which is equal to $3.25 per gross ton. This

is, it is prosmncd, the vahie at the mine.

Professor Pimipelly reports that iron ore was mined in twenty-three

States iu 1880. Among these was Indiana, which, we believe, mined

no ore in 1882, as a charcoal blast furnace in that State which used

some native ore in 18S0 was idle in 1882. No Territory appears in

the list for 1880, whereas in 1882 both Utah and Washington mined

some iron ore. Minnesota, Colorado, and California did not mine ore

iu 1880, but did in 1882.

Two States which made pig iron in 1882 did not procure within their

(iwii borders any of the iron ore they used. These were Illinois and

Indiana. The iron ore used in the blast furnaces of these Sttites was

taken from Michigan and IMissouii. On the other hand, one State,

Delaware, nnned iron ore in that year, but made no pig iron, having

no blast furnaces ; the iron ore mined was taken to Maryland to be

smelted.

In the fiscal year ending June 30, 1880, which ended only a month

later than the census year, the importation of iron ore was 425,012 gross

tons. The total supply for the census year 1880 was therefore about as

follows

:

Stqyphj of iron ore in the eenstts year.
Gross tons.

Productiou 7,120,273

Importation -l'^''. 01-

Total 7,545,283

The collection of iron and steel statistics for the census of 1880 was

placed in my hands, and it was ascertained that the (piantity of iron

ore actually used in the manufacture of iron and steel in the United

States iu the census year 1880 was as follows

:

Consumption of iron ore in the census year.
Xet tons.

Blast furnaces 7,25(i,H84

Iron rolling mills 303, 951)

Steel works 9.455

Forges and bloomaries 79, 010

Total 7,709,708

This total is equivalent to C,883,()r)8 gross tons. It would therefore

seem that in the month of June, 1880, the iron and steel works of the

United States were carrying a large stock of iron ore, as will appear

from the following table.

Surplus slock of iron ore in the census year.
Gross tons.

Total snpply 7,545,285

Actual consumption (i, 8^3, (UW

Remainder 001.017

At the rate of consumption of iron ore in the United States in the

year referred to this remainder was e(pii\alent to 35 days' supply. As
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1880 was a year of brisk deniaud and good prices for manufactured pro-

ducts, it is natural to supjioso that every iron-ore consumer would be

provided with abundant supplies of raw material, liecently, however,

prices have fallen in consequence of the diminished demand, and the

stock of iron ore carried by manufacturers has not been so large.' lu

some cases, notably among' the Lake Superior iron-ore producers, the

ore mining companies have recently been accumulating large stocks.

Census statistics of iron and steel.—The production of iron and steel in

the census year 1880 was as follows:
Net tons.

Pig iron 3,781,021

KoUed iron 2, 353, 248

Rolled Bessemer steel . .

.

Rolled open-hearth steel

Finished crucible steel ..

Blister and other steel .

.

Iron blooms

889, 89G

93, 143

70,319

4,956

72, 557

The pig iron above referred to was divided as follows, according to

the fuel used in its manufacture:

Kind of fuel. Net tons.

Bituminous coal and coke 1,515, 107

Anthracite 1,112,735

Mixed anthracite and coke 713, 932

Charcoal 435,018

Furnace castings 4, 229

Total 3,781,021

The steel above referred to was nearly all manufactured from ingots,

classed as follows:

Ingots. Net tons.

Bessemer , 985,208

Open-hearth 84,302

Crucible 76, 20

1

Total 1,145,711

Consumption of ore, fuel, and flux.—The following table shows the

jjuantities of iron ore, fuel, and flux used by the iron and steel works

of the country in 1880:

Works.
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bloouiaries used the Ibllowiug materials iu additiou to what are given

above

:

Works.
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Of the pig' iron clasBified under the head of bituminous coal and coke,

also of that under the head of anthracite, a considerable quantity was.

made with mixed anthracite and coke, namely, 282,705 net tons of the

former and 1,022,574 tons of the latter, or a total of 1,305,279 tons.

The division of pig iron strictly according to the fuel used will be as

follows

:

Kind of fuel. Not tons.

Bituiuinons coal and coke 2, 155, 373

Mixed anthracite and coke 1, 305, 279

Anthracite 1,019,564

Charcoal 697,900

Total 5.178,122

Raw materials and product in 1882 and first six months of 1883.—With
the foregoing data it is possible to ascertain very closely the quantity

of raw materials which were consumed in 1882, and which are incor-

porated in the table hereto api^ended. The value of the pig iron is

averaged from trustworthy prices current. The value of the iron ore

and limestone is averaged from special reports received from miners

and consumers of iron ore and limestone in almost every section of the

country. The *' spot value of all iron and steel in the first stage of

manufacture " covers all the pig iron ])roduced, that jtart of the rolled

iron which it is estimated is produced from old or scrap iron, and that

part of the iron blooms which it is estimated is i^roduced from old or

scrap iron and iron ore, and excludes that part of the rolled iron and

iron blooms which it is estimated is made from pig iron, and also ex-

cludes all steel, so as to avoid any duj)lication of values.

Summary ofprincipal ataiisties of ironproduction in 1882 avd in the first six months of 1883.

Details.
Calendar year

1882.

First six
montlis 1883.

Pig iron made, tons of 2,240 pounds
Average spot value per ton at furnace
Total spot value p^ iron at furnace
Irou ore mined in iJnited States, tons of 2,240 pounds
Iron ore (American) consumed, tons of 2,240 pounds
Average spot value ])er ton at mine
Total spot value American ore mined, at mine
Total spot value American ore consumed, at mine
Imported iron ore consumed, tons of 2,240 pounds
Total iron ore consumed, tons of 2,240 pounds
Limestone consumed as flux, tons of 2,240 pounds
Average spot value limestone per ton at quarry
Total spot value limetstone at quarry
Anthracite consumed in iron smelting, tons of 2,240 pounds
Anthracite consumed in all iron and steel works, including furnaces,
tons of 2,240 pounds.

Bituminous coal consumed in iron smelting, tons of 2,240 pounds
Bituminous coal consumed in all iron and steel works, including fur-

naces, tons of 2,240 pounds.
Coke consumed in irou smelting, tons of 2,240 pounds
Coke consumed in all iron and steel works, including furnaces, tons
of 2,240 pounds.

Charcoal consumed in iron smelting, bushels of 20 j)0unds
Charcoal consumed in all iron and steel works, including furnaces,
hushels of 20 pounds.

Total s]iot .value of all iron and steel in lirst stage of manufacture,
excluding all duplications.

4, 623, 323
$23. 00

$106, 336, 429
9, 000, 000

8, 700, 000
$3. 60

$32, 400, 000

$31, 320, 000
589, 655

9, 289, 605
3, 850, 000

$0.60
$2, 310, 000
3, 000, 000
3, 800, 000

1, 500, 000

6, 600, 000

3,100,000
3, 350, 000

86, 500, 000

107, 000, 000

$171,336,429

2, 352, 019
$20. 00

$47, 040, 380
4, 500, 000

4, 500, 000
$2. 75

$12, 375, 000

$12, 375, 000
185, 000

4, 68,5, 000
1, 050, 000

$0. 55
$1, 072, 500
1,450,000
1, 810, 000

840, 000

3, 140, 000

1, 680, 000
1, 780, 000

29, 250, 000
38, 750, 000

$71,000,000
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AS'ome details of the prodMetion of iron ore in the United titatcs in 1882.

—

From A. P. Swineford, esq., the editor of tbe IMaiquette Mininij Journal^

we loarii that the i)roductioii of iron ore by the Lake Superior mines in

188L* was L',948,307 gross tons, or a little more than double the produc-

tion of 1871), and more than 600,000 tons larger than the production of

1881. The production of the last six years has been as follows

:

Gross tona.

1877 1,025,129

1878 1,125,09:^

1879 1,414,182

1880 1,987,598

1881 2,321,315

1882 2,948,307

The aggregate production of all the Lake Superior iron ore mines since

the commencement of their development is 20,590,750 tons, more than

the half of which is credited to the six years above mentioned.

Of the product of 1882 the Marquette range contributed 1,812,289

gross tons, and the Menominee range 1,130,018 tons. Of this latter

amount 270,017 tons came from the two mines in Florence county, Wis-

consin, and 97,500 tons from mines located in Marquette county. Ap-

l)ortioning the product among the several counties, ]\Iarquette county

is credited with a product of 1,885,830 tons ; Menominee county with

762,441 tons ; Florence, Wisconsin county, with 276,017 tons, and Bar-

aga, Michigan county, with 24,019 tons.

The total production of iron ore in tbe Lake Superior district since the

beginning of its development is given by Mr. Swineford in the following

table

:

Production of iron ore in the Lake Siq)erior dialrict.

Gross tons.

185() aud previous 86, 319

1857 25,646

1858 22,876

1859 ,. 68,832

1860 114,401

1861 114,258

1862 124,169

1863 203,055

1864 247,059

1865 193,758

1866 296,713

1867 465,504

1868 - 510,522

1869 ...-. 639,097

1870 859,507

1871 ...... f^i:?/jH4

• 1872 948,553

1873 1,195,234

1874 !>. 935,488

1875 910,840

1876 i. 993,311

1877 ----.---- .1., 025, 1^9
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Gross tons.

1873 1,1-^5,U9:?

1879 1,414,182

18S0 1,987,598

1881 2,321,315

1882 2,948,307

Total 20,590,750

Professor George H. Cook, State geologist of New Jersey, in his an-

nual report for 1882, places the production of iron ore in that State in

the year mentioned at 900,000 gross tons. The i^roduction of 1880 was
737,052 tons. Professor Cook lias compiled the following table, giving

the statistics of the production of iron ore in New Jersey during the

past decade, and the estimated production at various intervals in pre-

ceding years

:

Production of iron ore in Neiv Jersey. *

Gross tons.

1790 10,000

1830 20,000

1855 *. 100,000

1860 104,900

1864 226,000

1867 275,067

1870 362,636

1871 450,000

1872 600,000

1873 665,000

1874 525,000

1875 390,000

1878 409,674

1879 : 488,028

1880 745,000

1881 737,052

1882 900,000

The production in 1882 of the Lake Champlain district of New York
is estimated by a very well informed correspondent at 075,000 gross

tons, against 637,000 tons in 1881. Included in this district are the Cha-

teaugay mines, from which 224,158 tons were shii)ped in 1882, according

to information received from Mr. A. L. Inman, general manager of the

Cbateaugay Ore and Iron Company.
Mr. J. Taylor Boyd, general superintendent of the mines of tbe Corn-

wall Ore Bank Company, in Lebanon county, Pennsylvania, v/rites that

the shipments of iron ore from these mines in 1882 amounted to 309,080

gross tons, against 249,050 tons in 1881.

Imports of iron ore in tJie last four years.—The following statement

shows the quantities and values of iron ore imported into the United

States during the calendar years 1879, 1880, 1881, and 1882, by customs

districts

:
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Imports of iron ore.
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of vessels will also be constructed. The development of this important

enterprise has already been actively commenced, but shipments of ore

will probably not take place during the present year. The company
will invest abont a million dollars.

Details of the 'production of iron and steel in 1883.—In the following

table are presented, in tons of 2,000 pounds, the statistics of the pro-

duction of pig- iron, rolled iron, iron rails, steel rails, steel, and blooms,

in the United States in 1882. These statistics are given by States, so

that the reader will see at a glance which sections of the country are

most interested in the production of the articles mentioned. Pennsyl-

vania leads all the States in the production of all forms of iron and

steel, except blooms, as it has done for a hundred years, but Ohio, New
York, and Illinois are also large j)roducers of pig iron; Massachusetts,

New York, and Ohio are large producers of rolled iron ; and Illinois is

a large producer of steel. The remarkable fact is, however, established

by this table that our iron and steel industries are not confined to any

I)articnlar section of the country, but are well distributed. It is true

that Pennsylvania has most extensively of all the States develojied its

resources for the manufacture of iron and steel, but in recent years

other States that had previously developed no iron or steel industry

worthy of notice, if any at all, have suddenly become prominent as

rivals of Pennsylvania. This is true especially of Illinois, which in

1870 was excelled by fourteen States in the production of iron and steel,

but in 1880 was excelled by only three. It is especially true of some of

our Southern States, which are awakening to a knowledge of their great

resources for the production of these articles. Virginia, Tennessee, and

Alabama now i^roduce very encouraging aggregates of both pig iron

and rolled iron, while Tennessee has also commenced the manufacture

of steel. Even in the shadows of the Eocky mountains and on the

Pacific coast iron and steel are now made, and there is every indication

that their production will be largely increased in this part of our coun-

try in the near future. We have not mentioned such old rivals of Penn-

sylvania as Massachusetts, New York, New Jersey, Ohio, West Vir-

ginia, Michigan, Wisconsin, and Missouri, but it is a significant fact

that in none of these States is the iron industry declining, while in some

of them it is growing rapidly, as well as the manufacture of steel. Other

States not above mentioned, such as Kentucky and Georgia, possess all

the resources necessary to enable them to increase their production of

iron and to add to it the manufacture of steel, and with the improved

railroad facilities whicli they are now securing, and the new industrial

spirit which they are now manifesting, the hope may confidently be

indulged that they will accomplish both of these results.
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Prodticiion of iron and steel in the United States in 1882, hy States and Territories.

States and Territories.
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iron, are produced chiefly in the Champlain district of New York, and

blooms made from pig and scrap iron in bloomaries, according to tlie old

Walloon method, are made chiefly in Pennsylvania. Down to 1855

charcoal was the principal fuel used in the production of pig iron in

this country, but in that year we made more pig iron with anthracite

coal than with charcoal. Anthracite remained the leading fuel for use

in blast furnaces down to 1875, in which year bituminous coal and coke

became the principal fuel for this purpose, and this position they have

since maintained. Bessemer-steel rails were first manufactured in this

country as a commercial product in 1807, but ten years elapsed before

their jn^oduction equaled that of iron rails. This occurred in 1877. In

1882 the production of steel rails was more than six times as large as

that of iron rails.

Statistics of blast furnaces in 1882.—The following table gives the

number of completed blast furnaces in the United States at the close

of each of the eleven years from 1872 to 1882, allowance being made in

each year for furnaces abandoned or torn down to make room for more

modern structures:

Blast furnadks in ilie United States.

1872 612

187:? 657

1874 693

1875 713

1876 712

1877 ..., 716

1878 692

1879 697

1880 701

1881 716

1882 687

At the close of 1882 there were 27 furnaces in course of erection in

the United States, as follows : Pennsylvania, 4 anthracite and 3 bitu-

minous; Virginia, 5 bituminous; Alabama, 4 bituminous and 2 char-

coal; Ohio, 3 bituminous; West Virginia, 1 bituminous ; Texas, 1 char-

coal; Colorado, 1 bituminous; Utah, 1 chaTcoal; Oregon, 1 charcoal;

Washington, 1 charcoal.

The number of furnaces in blast at the close of 1882 was 417, and the

number out of blast was 270. Those out of blast were, as a rule, the

smallest and least advantageously located ; others were undergoing re-

pairs or were idle from various local causes ; but there were also among
the idle furnaces many which could have been operated with i^rofit if

there had been a demand for their product. The importation of

004,078 net tons of pig iron in 1882 seriously interfered with this de-

mand. Tlie capacity of all the furnaces in the country is fully one-third

more than the product of 1882.

The following table shows the number of furnaces in the United
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States in and out of blast at tbe close of 1882, as compared with the

close of 1881, separated according to tbe fuel used

:

Condition of blast furnaces at the close of 1881 and 1882, respectively.
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Production of pig iron since 1854.—The following table gives the pro-

duction of anthracite, charcoal, and bituminous pig iron in the United
States from 1854 to 1883, inclusive:

Production of pig iron »ince 1854.

[Net tons of 2,000 pounds.]

Years.
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ited, the Brier Hill Iron and Ck)al Company, and the Leliigli Zinc and
Iron Coni])any.

Stoclcs.—The following table shows the quantity of each kind of pig

iron held in stock by the furnace-owners or their agents at the close of

the last three years

:

Stocks ofpig iron at the furnaces.

Kin.l of fnel.
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Production of rollal iron in 1682.

States.

Maine
Now Hampshire
Massachusetts
Ehodo Island
Connecticut
Now York
New Jersey
Pennsylvania
Delaware
Maryland
District of Colunihia
Virginia
Alabama
AVest Virginia
Kentucky
Tennessee
Indiana
Illinois

Ohio
Missouri
Michigan
Wisconsin
Kansas
Nebraska
(yolorado
Wyoming Territory
California

Total

Total.

2, 49D, 831

Tlw production of steel in 1882 in detail—Bessemer steel.—The produc-

tion of Bessemer steel ingots in the United States in 1882 was 1,090,450

net tons, or 1,514,087 gross tons, an increase over 1881 of 157,293 net

tons, or 140,440 gross tons. The increased production in 1881 over

1880 was 335,984 net tons, or 299,985 gross tons. A decided check to

the progress of this great branch of our steel industry is discoverable

in the figures of 1882. The production of Bessemer steel ingots in this

country in the eleven years from 1872 to 1882 has been as follows, in

net tons

:

Production of Bessemer steel since 1872.

1872

1873

1874

1875

1876

1877

1878

1879

1880

1881,

1882.

Net tons.

120, 108

170, 052

191, 933

375, 517

525, 996

560, 587

732, 226

928, 972

203, 173

539, 157

696, 450
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Six States are enj^aftcd in the manufacture of Bessenrrer «teel. A
coiiipreliciisivc exhibit of the fifteen Besfsemer tsteel works of the coun-

try which were completed on tlie 1st of April, 1883, is as follows

:

Number of liessemer converters completed, April 1, 1883.

INamos of companies.

All)auy ;iinl Ki-iiBHi'limr Iron and Steel Company, Troy, New York.
Bctlilclicni Iron Company, Betlilchem, Pennsylvania

I'ennsylvania Steel Company, Stoclton, Pennnylvania 5

Lacliawanna Iron and Coal Conoi)any, Seranton, Pennsylvania
Sera II ton Steel (,'oii)iiiiiiy, Sciaiiton, Pen ns \ Ivan ia

Caiiihria Iron ('oni]>:mv, Joliiiisto\Mi, l'eims\ Ivania
Canwiiie r.roH. iJc Co. Limited, P.eH.seiiHT, Pennsylvania
I'ittslnuuli PjcKSemer Steel Company Limited, Homestead, Pennsylvania
Pittslnii'i;li Steel Casting Comjiany, Pittslmr>xli, Pennsylvania
Cleveland Jtollin;,' Mill Company, ( leveland, Oliio

North Chicago Rolling Mill Comjtany, Chicago, Illinois (two plants)
j

Union iT-on and Steel Company, Chicago, Illinois

Joliet Steel Company, Joliet, Illinois

Saint Lonis t;)re and Steel Com]iany, Saint Louis, Missouri
Colorado Coal and Iron Company, South Pueblo, Colorado

Total number of converters

Converters.

two 7-ton
four 7-ton
two 7-ton

three 8-ton
two 5-ton
two 4ton
two 6^ ton

three 10-ton
two 4-ton
one 5-ton
two lO-ton

two (i-ton

throe 10-ton
two 6-ton
two 5-tou
two 7-ton
two 5-ton

38

Crucible steel.—The production of crucible steel ingots in the United

States in 1882 was 85,089 net tons, a decrease of 4,G73 tons upon the

l)roduction of 80,7G2 tons in 1881. Here, again, we discover a check in

1882 to the progress of our steel industry. Seven States made crucible

steel in 1882, namelj^, Massachusetts, Connecticut, New York, New Jer-

sey, Pennsylvania, Ohio, and Illinois.

The following table gives the production of crucible steel ingots in

various sections of the country from 1874 to 1882, in net tons

:

Production of crucible steel since 1874.

States. 1874. 1875.

New Kngland 1,509
Now York I 2, C96
New Jersey 8, 164
Pennsylvania 23,289
AVostern States i 570
Southern States

,
100

1,620
2, 300
7,098

2(), 015
1,500
268

1876.

1,098
2, 300
(!, 806

28, 217
700
261

1877.

1,974
2, 032
0,749

27, 983
1,400

292

Total 36,328 39,401

1878.

1,602
2,800
7,377

30, 585
480
02

1879. 1880.

1,608
2,300
8, 651

43, 614
605

2

39, 382
I

40, 430 ! 42, 906 56,780

660
3, 500

10, 387
57, 077

800

72, 424

1881.

2,780
4,901
14,500
66, 290
1,231

1882.

1,000
4,693
12,400
05, 139
1,857

89,762 85,089

Open-hearth steel.—The production of open-hearth steel ingots in the

United States in 1882 was 100,542 net tons, an increase of 13,590 tons

upon the production of 140,940 tons in 1881. This was a much smaller

l)roportionate increase than had taken place in any year since we first

began to make open-hearth steel. The product of 1882 was made in

eight States, namely, New Hampshire, Vermont, Massachusetts, New
Jersey, Pennsylvania, Ohio, Tennessee, and Illinois.

The following table gives the production of open-hearth steel ingots

in the United States by districts from 1874 to 1882, in net tons

:
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Production of o})en-hearth steel since 1874.
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states.
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It may ))e objected to the li^'iires of ap])roxi!n;ite (joiisuinption for 1882

that they are lower than .siniihir figures ior 1881, jilthonj'h the mileage

of new railroad constructed in 1882 was lary:er tlian in J881, and that,

consequently, they cannot be correct. The apparent discrei)ancy nuiy

be accounted for l)y reliectin*;' that so urgent in 1881 were the wants of

owners of established roads and the projectors of new roads that they

bought many tons of rails which were not laid until 1882. In the latter

l)art of 1882 a similar urgency did not exist. Our figures of approxi-

mate consumption do not necessarily imply that all the rails made at

home or imported from year to year are actually laid down as promptly

as they are ju-ovided, but they mean simply that the rails in the table

have been manufactured and sold in the years speciticd, and hence have

gone into consumi)tiou.
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The production of iron and steel in the United States for a long series of

years.—The followiug table lias been compiled from the statistics of the

American Irou and Steel Association, and is the most comi)rehensive

contribution to the statistical literature of our iron and steel industries

that has ever been published. The figures have been carefully verified

and may be confidently accepted as absolutely correct. It may be re-

marked in explanation of the variations in the time at which the statis-

tics of the difierent branches of these industries begin, that the Associa-

tion was unable for some years after its organization in 1855 to procure

complete statistics of all the branches, owing to the extent of the country,

the isolated situation of many establishments, and a lack of interest in

statistical inquiries. These difficulties were all happily surmounted

many years ago. They did not, however, apply to the collection of the

statistics of steel-rail i)roduction, which have easily been obtained since

steel rails were first made in this country. This table most forcibly and

eloquently tells the story of the marvelous growth of our iron and steel

industries in the life-time of the present generation.

Pi-oduction of iron and steel since 1849.

Years.
9 =*

•S-S a

^ 00

u

5»

TS a
« 2

ft 3

Ss

1849
1830
leol
1852
1853
1854
1855
1856
1857
1858
1859......

18G0
1861
1862
1863
1864
1865
1866
1867
1868
1809
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882

Net tons.

736, 218
784, 178

883, 137
798,157
705, 094
840, 627
919, 770
731, 544
787, 662
947, 604

1, 135, 996
931,582

1, 350, 343
1,461,626
1, 603, ( 00
1,916,641
1, 865, 000
1,911,608
2, 851, 558
2, 868, 278
2,689,413
2, 266, 581

2, 003, 236
2,314,585
2, 577, 361

3, 070, 875

4, 295, 414
4,641,564
5, 178, 122

Net tons.

872, 327
856, 340

1, 026, 089
1, 039, 396
1, 097, 775
1, 226, 356
1, 291, 000
1, 447, 483
1, 847, 922
1, 837, 430
1,694,616
1, 599, 516
1,509,269
1, 476, 759
1, 555, 576
2, 047, 484
2, 332, 008
2, 643, 927
2, 493, 831

Net tons.

24, 318
44, 083
50, 603
62, 478
87, 864

108,016
138, 674
180, 018
161,918
163, 712
195, 454
205, 038
189, 818
213, 912
275, 768
335, 369
356, 292
430, 778
459, 558
499, 489
583, 936
586, 000
737, 483
905, 930
761,062
584, 469
501,649
467, 168

332, 540
322, 890
420, 160
493, 702
488, 581
227, 874

Net tons. Net tons. Net tons.

2,550
7 225
9! 650

34, 000
38, 250
94, 070
129,015
144, 944
290, 803
412, 401
432, 169
559, 795
693,113
968, 075

1, 355, 519
1, 460, 920

9,044
10,369
15, 262
18, 973
22, 000
30, 000

35, 000
75, 000
82, 000

160, 108
222. 652
241,614
436, 575
597, 174
637, 972
819, 814

1, 047, 506
1,397,015
1, 778, 912

1, 945, 095

63, 977
73, 555
73, 073
75, 200
69, 500
62, 259
63,000
58, 000
62,564
61, 670
49, 243
44. 628
47, 300
50, 045
62. 353
74, 589
84, 606
91, 293
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Pig-iron statistics by periods of years.—The following table shows the

growth of the pig-iron industry of the United States from 1810, in gross

tons. The figures for the early x)eriods have been carefully compiled

from authentic sources of information.

Production ofpig iron, hy periods of years.
Gross tons.

1810 54,000

1820 20,000

1830 165,000

1840 315,000

1850 564,755

1860 821,223

1870 1,665,179

1880 3,835,191

1882 4,623,323

Desirable as it might be to supplement this table of pig-iron produc-

tion, and the large table above given, with the statistics of production

of rolled iron, steel, and blooms for earlier years than have been noted,

it is impossible to do so, except in the most fragmentary and imperfect

manner. The early census reports are imperfect, and, besides, give

values mainly and not quantities—strangely preserving that which has no

historical value and rejecting that which would have had great value.

Imports of iron and steel from 187 L to 1882.—The foreign value of the

imports into the United States from all countries of iron and steel and

manufactures thereof, including tin j)lates, has been as follows in the

twelve calendar years from 1871 to 1882. An increase in 1882 over 1881

will be noted in contrast with the marked decline in 1881 over 1880. A
considerable decrease in the imports for the present year is, however,

clearly foreshadowed, owing mainly to the decline in the prices of do-

mestic iron and steel products consequent upon a decreased demand
and the unfavorable influence of the tariff agitation of the past year.

Value of imports of iron and steel since 1871.

Values.

1871 $57,866,299

1872 75,617,677

1873 60,005,538

1874 37,652,192

1875 27,363,101

1876 20,016,603

1877 19,874,399

1878 18,013,010

1879 33,331,569

1880 80,443,362

1881 61,555,077

1882 67,075,125

It is not possible to give the quantities of all the iron and steel pro-

ducts imported from other countries in the twelve years above noted,

but in the following table we give the quantities of all the products
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whose statistics are obtainable, the Treasury statisticians not being

able in all cases to secure returns of tonnage, although they do of

values.

Partial table of quantities of iron and steel imports since 1871.

[Net tons.]

Commodities imported.
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Prices of iron and steel in the United States during tJie last ninety

years.—The foregoing statistics of production and of imi^orts and ex-

ports only tell the story of the growth of our iron and steel industries

and of our consumption of iron and steel 5 the thoughtful reader will

look for them to be accompanied by a record of the prices paid for

leading products. This record is here presented. It goes back to the

closing years of the last century, and comes down to the month of

May in the present year. It is as complete as it has been possible to

make it, and no i^ains have been spared to make it accurate.

The first table contains the average prices of charcoal pig iron at

Philadelphia from 1799 to 1849, when anthracite pig iron became the

standard of comparison. Until 1827 the pi ices are for best pig iron
5

from 1827 to 1833 they are for an average of all grades ; from 1833 to

1840 they are for gray iron ; and from 1840 to the close of the table

they are for ISTo. 1 foundry. In the second table the average i^rices of

No. 1 anthracite foundry pig iron at Philadelphia are given from 1842,

in which year quotations first appear, to 1883. The first table also em-

braces tlie average prices of hammered bar iron at Philadelphia from

1793 to 1844, although its manufacture and sale, which had been declin-

ing prior to 1844, continued for several years afterwards. In the second

table the average prices of best refined rolled bar iron at Philadelpbia

are given from 1844 to 1883.

In the second table the average prices of iron rails are given at

Philadelphia from 1847 to 1883. In the last four months of 1882 no
sales of iron rails were made at Philadelphia, and the price we give for

that year is consequently an average for the first eight months only.

In 1883 the manufacture of iron rails of standard sections at the mills

near Philadelphia may be said to bave come to an end, although the

manufacture of light iron rails continues. A few standard iron rails,

as well as light rails, are still made in other sections of the country,

the former at about the prices we give for steel rails in 1883. The
column in the second table devoted to steel rails gives the average

prices at Philadelphia from 1867, when they were first made in commer-
cial quantities, to 1883. The same table also gives the average prices

at which anthracite coal has been sold by the cargo at Philadelphia

from 1834 to 1883. The quotations are for hard white-ash lump coal.

The tons used in the tables are tons of 2,240 pounds.
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Prices of charcoal pig iron and hammered lar iron from 1793 to 1849, 2>er gross ton.

TearB.

1703.
1794.
1795.
1796.
1797.
1798.
1799.
18JO.
1801.
1802.

1803.
1804.
1805.
1806.
1807.
1808.
1809.
1810.
1811.
1812.
1813.
1814
1815.
1816.
1817.
1818.
1819.
1820.
1821.
1822.
1823.
1824.
1825.
1826.
1827.
1828.
1829.
1830.
1831.
1832-
1833.
1834.
1835.
1836.
1837.
1838.
1839.
1840.
1841.
1842.
1843.
1844.
1845.
1846.
1847.
1848.
1849.

Charcoal
pig iron.

$36
35
32
30
29
29
30
35
38
40
40
38
44
47
47
46
53
50
47
42
36
35
35
35
35
40
46
46
39
35
35
35
35
35
38
30
30
41
41
32
30
32
28
28
26
28
32
31
31
28
24

Hammered
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Prices of No. 1 anthracite foundry ^^W iron, iron and steel rails, har iron, and SchnijlJciU

anthracite coal, from 1834 to 1883, per gross ton.

Years.

1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853.
1854
1855
1856
1857
1858.
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879.
1880
1881
1882
1883 (May)

.

$25 62

25 75
29 25
27 87
30 25
26 50
22 75
20 87
21 37
22 62
36 12
36 87
27 75
27 12
26 37
22 25
23 37
22 75
20 25
23 87
35 25
59 25
46 12
46 87
44 12
39 25
40 62
33 25
35 12
48 87
42 75
30 25
25 50
22 25
18 87
17 62
21 50
28 50
25 12
25 75
22 00

$69 00
62 25
53 87
47 87
45 62
48 37
77 25
80 12
62 87
64 37
64 25
50 00
49 37
48 00
42 37
41 75
76 87
126 00
98 62
86 75
83 12
78 87
77 25
72 25
70 37
85 12
76 66
58 75
47 75
41 25
35 25
33 75
41 25
49 25
47 12
46 37

$170 00
158 50
132 25
106 75
102 50
112 00
120 50
94 25
68 75
59 25
45 50
42 25
48 25
67 50
61 32
48 50
38 50

$85 62
93 75
91 66
86 04
79 33
67 50
59 54
54 66
58 79
83 50
91 33
74 58
73 75
71 04
62 29
60 00
58 75
60 83
70 42
91 04
146 46
106 38
98 13
87 08
85 63
81 66
78 96
78 54
97 63
86 43
67 95
60 85
52 08
45 55
44 24
51 85
60 38
58 05
61 41
51 52

$4 84
4 84
6 64
6 72
5 27
5 00
4 91
5 79
4 18
3 27
3 20
3 46
3 90
3 80
3 50
3 62
3 64
3 34
3 46
3 70
5 19
4 49
4 11
3 87
3 43
3 25
3 40
3 39
4 14
6 06
8 39
7 86
5 80
4 37
3 86
5 31
4 39
4 46
3 74
4 27
4 55
4 39
3 87
2 59
3 22
2 70
4 53
4 53
4 61
4 20

Fluctuations in prices.—A study of tlie foregoing tables reveals many
and wide fluctuations in prices. The greatest uniformity will be found

during tbe charcoal era, ending about 1842, allowance being made for

the disturbing influence of the second war with Great Britain. The
greatest fluctuations will be found since the close of that era, not count-

ing the great enhancement in values during the civil war. In other

words, before we began to produce iron largely, and especially while

we held to the old ways of manufacturing it, the market for its sale was
least excited and least depressed. The new methods reduced prices to

lower figures than they had ever touched during the charcoal era, and
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tlie rebound Las frequently been proportionately greater than at any
time during that era. Until we began to manufacture pig iron with

anthracite coal its yearly price after 1799 never fell below $29 per ton,

but in 1878 the average price for the year of No. 1 anthracite foundry

pig iron was $17.G2. Until we began to roll the most of our bar iron

instead of hammer it, its yearly price after 1793 did not fall below 877.50

per ton, but in 1878 the average price for the year was $44.24, or a little

less than two cents per pound. The greatest fall in i^rices has been in

steel rails, which are now sold at less than one-fourth the price charged

for them when we began their manufacture in 1867.

When anthracite coal first became a marketable commodity in large

quantities, the price of the quality quoted in the table was much higher

than was afterwards obtained for it. In 1826 it sold at from $7 to $7.80

per ton; in 1827, at $7; in 1829, at from $7.25 to $7.50; in 1830, at

from $5.75 to $7.25; in 1833, at.from $4.87^ to $6. These prices do not

appear in the table. The lowest yearly price at which anthracite coal

has been sold in this country was in 1877, when it cost only $2.59 per

ton by the cargo. (a)

IRON IN THE ROCKY MOUNTAIN^ DITISIOX.

Colorado.—The following account of the iron interest in Colorado is

taken from the State geologist's report for 1882:

"Accompanying and contiguous to the coal mines, as well as inde-

pendently at many other points, both in the mountains, parks, and on

the plains, in nearly every section of the State vast deposits of iron ore

of good qualitj^ have been discovered, comprising nearly all the known
varieties. But until the past two years very little attention has been

given to this branch of indastr5\ As an indication of what has been

accomplished in this short period, I cannot do better than to insert the

statement of the operations of the Colorado Coal and Iron Company,
which was organized January 23, 1880.

"This corporation owns and controls the following properties: 99,376

acres of selected lands along the line of the Denver and Eio Grande

railway. Of these 13,971 acres are coal lands ; 83,788 acres are in town

sites, colony and agricultural subdivisions, including South Pueblo, the

site of the steel works, part of Canon City, and the town sites of El

Moro, Cucharas, and Labran; 1,057 acres are iron ore lauds, embracing

what is known as Iron mountain, a large deposit of magnetic iron ore

lying between Canon City and Silver Cliff; also the Calumet & Hecla

and Smithville iron mines, near Salida, including about 300 acres of fine

magnetic ore; also, at Hot Springs, over 100 acres containing large de-

posits of superior hematite. They have, in addition, a lease of the

Placer iron mines, near Placer station, with a lease to work other mines

a Mr. Swauk's contribution ends here.
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in the. Triucliera estate. Of coal lauds, the company own 8,121 acres

at El Moro ; 2,390 acres on the Cueharas; iu the Cauoii fields 3,300 acres,

and controlling- by lease IGO acres more. At Crested Butte they own 160

acres, and lease 1,120 adjoining. At Irwin tliey hold by lease 240 acres.

On the San Carlos, seven miles from their works, they own extensive

lime quarries and beds of clay.

VuJne of products in 1883.

[December estimated.]

Coal $2,000,000

Coke 500, 000

Steel, iron, and nails 2,400,000

Iron ore 250,000

Total 5,150,000

Production in 18S2.

[Fourfli week of December estimated.]

Tons.

Coal Creek mines 91, 072

Oak Creek No. 1 5,455

Oak Creek No. 2 44,977

Walseiiburg mines 95,377

El Moro mines 235,449

Crested Butte mines 38, 909

Total 511,239

IROX ORE.

South Arkansas mine 14, 202

Hot Springs mine 29, 190

Placer mine 8, 378

Silver Cliif mine 854

Grape Creek mine 801

El Moro
Crested Butte

Tone.

83, 642

9, 128

Total 53,425

Total 92,770

IROX AND STEEL.

Merchant bar, mine rail, etc 3, 883

Pig iron 24, 303

Castings 2, 752

Muck bar (four months only) ..

.

1,253

Nails (four months only) 807

Spikes (six months only) 251

Steel ingots (eight months only)

.

20, 919

Steel blooms (eight months only) 18, 068

Eails (eight months only) 16, 139

Total 88,375

" The first rail was rolled by this company on April 12, 1882, and the

nail mill was started September 15 following. It is confidently ex-

pected that their operations will be at least doubled within the next

year. The following table shows the comparative productions of 1881

and 1882

:

Coal

:

Tons.

1881 350,944

1882 511,239

Increase 160, 295

10 M R
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Coke: Tons.

1881 47-,670

1882 92, 770

Increase 45, 100

" Besides the mines owned and controlled by this conii)any, many
might be mentioned as of special importance, but I shall only name a

few. One on the Cebolla creek, a short distance above its junction with

the Powder Horn, where there is an immense and apparently inexhaus-

tible body of valuable magnetic ore. The following analysis of a sam
pie of this ore by Mr. Otto Wuth, an able analytical chemist of Pitts-

burgh, Pennsylvania, tells its own story:

Water .94

Silicic acid 1. 87

Alumina .48

Magnetic oxide of iron 5G. 63

Peroxide of iron 38. 66

'Lime L 02

Magnesia .37

Pbosplioric acid 018

Su Ipburic acid 012

100. 00

Metallic iron 68.06

Phospliorns . 0084
''

Large deposits of iron ore exist also at Morrison, Langford, Como,

and other ])arts of the State. The first iron smelting effected in Colorado

was done by Mr. \V. S. Marshall, owner of the Marshall coal mine in

Boulder county. Before 1873 he erected a small furnace at Langford and

produced in a run of two months 250 tons of pig iron. It was found that

it required 5,000 pounds of ore to make one ton of iron. The ore used

was mined in the immediate neighborhood of the coal bank, but after a

fair trial the supply of ore proved insufficient and the furnace wa«

abandoned.

The ores from Cebolla creek, Gunnison county, have recentlj'^ attracted

much attention, and a strong company of experienced iron men are now
putting up works for the treatment of this oi-e, and for the manufacture

of rails, nails, etc., at Gunnison City.

The red hematite ore tvt Morrison is now manufactured into paint,

which is used in Denver.

From January 1, 1883, to June 30, 1883, the Colorado mines named

produced the following amounts of iron ore:

Net tons.

South ArkansaH 9,587^388

Hot Springs 14,987J3f;i;

Placer 1,512^^98

No ore was produced by the Grape Creek and Silver Cliff mines.
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The Colorado Coal and Iron Company, at South Pueblo, made during

the same period

:

Net tons.

Merchant bar, mine i-ail, etc l,959|8-§rt

Pig iron l2,656W(yi

Castings 88H^
M n ck bar 1 , 930^£-5^

Nails (:?U,800 1cegs) l,540-#o^''o

Spikes (:5, 905 kegs) 386^,1^

Steel rails 9, IOO/qSo^

Wyoming.—In Wyoming large beds of iron ore of excellent quality

exist in the Seminole mountains, in Carbon county. Large quantities of

this ore have been shipped to smelting works at Salt Lake City and other

Western points, but no record of the output is obtainable. The red

color of the oxide here renders it suitable for paint, and considerable

quantities are used for that purjjose.

In Laramie county, about 25 miles northeast of Laramie City, occurs

i'.ii enormous mass of ore, which is called the Iron mountain. This lo-

cality is capable of furnishing indefinite quantities of iron ore. The
following is an analysis of the mineral:

Sesquioxide of iron 45. 03

Protoxide of iron 17,96

Silica 0. 76

Titanic acid 23. 49

Aluuiina 3. 98

Sesquioxide of cliromiuni 2. 45

Seaqnioxide of manganese 1. 53

Lime 1.11

Oxide of zinc 0. 47

Magnesia 1. 56

Sulphur 1.44

Phosphorus trace.

99.78

Metallic iron 45.49

Montana and Dakota.—In Montana iron in some form occurs in almost

every county, but as yet none has been manufactured. Some very fine

beds exist in the Yellowstone valley. Iron is also found in Dakota, but

not in sufficient quantity or purity to render its extraction profitable.

Netc Mexico.—In Kew Mexico the deposits of iron ore are numerous,

extending from the Raton mountains to the Placer and Sandia mount-

ains, overlooking the Rio Grande. It is found of excellent quality near

Las Vegas; while south of Santa Fe, in the Placer mountains, there are

thre<^ veins (from 3 to 8 feet in width) of good ore.

At the Hanover copper mine there is an apparently inexhaustible

supply of iron ore, partly magnetic, partly a red hematite, forming a
continuous ridge some miles in length. On the Rio Puerco, associated

with the coal, occur frequent bands of iron ore of similar quality to that
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rained formerly at Marshall's mine in Colorado, and in far greater

quantity. East of the Gallinas range and about 30 miles west of So-

corro, in Socorro county, there is a large tract of land covered with

nodules of iron ore varying from 100 to 500 pounds in weight, the ore

being unusually pure and good. It has been shipped in large quanti-

ties to the Cerillos smelter, the La Joya smelter at Socorro, and the

Magdalena smelter at South Camp, in the Magdalena mountains. Good

iron ore occurs also in the Santa Rita, Burro, and other ranges in the

southern section of the Territory.

IRON ON THE PACIFIC COAST.

Very little iron mining is done on the west coast of the United States

;

in fact at present there are only three or four mines working. This is

owing rather to the absence of suitable fuel in proximity to the ore than

to any lack of ore, as that has been found at a number of localities where

it is not utilized, although of good quality.

The only iron mine being worked in California is at Hotaling, near

Clipper Gap, Placer county. In 1881 this mine produced 4,500 tons of

first-class iron, which sold in San Francisco at the best prices. In 1882

990 tons had been made, when a disastrous fire destroyed the works and

stopped progress. The works were rebuilt and operations resumed in

1883, and up to July 750 tons were made. The production will be

largely increased, however, arrangements having been made to that

end. All the iron from this mine is consumed in San Francisco and

Oakland, California.

The Puget Sound mine in Washington Territory has one furnace.

Very little work was done in 1882. The furnace was blown in in March,

1883, and during the first six months of this year the production was

about 3,000 tons. The force employed in the mine and at the furnace,

and as wood-choppers, etc., is 225 men. The average wages are $2

per day and found.

The Oswego Iron Company employs 400 men, and will soon increase

the force to 700 men. This company is controlled by the Korthern

Pacific llailroad Company. Its works shipped to San Francisco in 1882

about 3,200 tons of iron, which sold at an average of $31 per ton. In

the future it is expected that all the iron produced by the comi)auy

will be held for the requirements of the railroad.

Iron is brought to San Francisco from England in returning grain

vessels at comparatively low rates of freight, considering the distance
;

and while the consumption is very heavy, the prices paid for the crude

metal are by no means exorbitant.

Iron ore is used as a flux in some of the silver-lead smelting districts-

of this recfion.
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THE IRON ORES OF ALABAMA, IN THEIR GEO-
LOGICAL RELATIONS.

By EugexVe a. Smith.

METAMORPHIC OEES.

The question of the geological age of the raetamorphic rocks of Ala-

bama is still an open one, but since these rocks are sufficiently distinct

in their ])hysical characters from other noncrystalline rocks, the ores of

the metamorphic region may very conveniently be considered sepa-

rately.

The iron ores of this region are magnetite, titaniferous magnetite,

hematite, menaccanite, limonite, and pyrite.

Magnetite.—In Coosa county and elsewhere, magnetite occurs in limited

quantity in masses showing crystalline faces of considerable size. Frag-

ments of large size, of granular texture, have been found in Clay

county, but the vein itself has not yet been discovered. An analysis of

this ore shows comparatively little phosphorus. In Eandolph, Cleburne,

and other counties, a magnetite of slatj' texture is not uncommon.

Titaniferous magnetite.—Ores of this kind have been found at a good

many localities in Chambers county. One specimen from near Oak
Bowery was analyzed by Dr. Mallet. Near Fredonia, very fine speci-

mens of this ore have been lately brought to notice, but I am unable to

say whether the quantity is large.

Reviatite disseminated in scales in rocks has been found in Coosa,

Clay, Tallapoosa, and other counties.

Menaccanite., or titanic iron, like the hematite, is known only as an

accessory ingredient of some of the rocks of this region. In Coosa and

Clay counties it is seen in flattened scales in a laminated sandstone or

arenaceous schist, and in Coosa county it has been found in rounded,

apparently water-worn, fragments of considerable size. None of the

ores above mentioned have yet been found in quantity, but there seems

to be good reason for thinking that the magnetite of Clay county and

the titaniferous magnetite of Chambers county come from beds of con-

siderable size.

The limonites, which are much more abundant than any of the ores

above mentioned, appear in most cases to be " gossans," *. e., the result

of decomposition of beds of pyrites. Such is the case in Coosa, Clay,

Tallapoosa, Eandolph, and Cleburne counties, where beds of this char-

acter, of great superficial extent but of unknown depth, have been ex-

amined. Some of these ores appear to be mixtures of turgite and

limonite, as may be seen from the analyses. In the red clayey loams

derived from the disintegration of hornblendic rocks, compact concre-

tionary masses of limonite are of very common occurrence, but not often

in quantity sufficient to form an ore bank. In one locality in Clay county

ore of this,character was largely used some time ago In a Catalan forge.
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Pyrite, though hardly to be classed with the ores from which iron is

produced, deserves notice here because of its occurrence in large quan-

tities in Claj', Coosa, and other counties of this region. Some of the

pyrite is nearly pure, some cupriferous, containing 10 to 12 per cent, of

copper. If more accessible, these pyritous deposits might be valuable

as material for the manufacture of sulphuric acid.

Analyses of Alabama vietamorphic ores.

Specific gravity

Combined water
Siliceous matter
Ferrous oxide
Ferric oxide
Alumina
(Jxide of manganese
Lime
Mague.sia
I'bosphonis , .

.

Sulphur
Titanium dioxide

Metallic iron.

A.—Magnetites.
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the Potsdam sandstone of New York, and the Chilhowee sandstone of

Tennessee, are associated siliceous and argillaceous shales of consider-

able thickness.

Between this sandstone and the base of a limestone formation which

. has been pretty well identified as the equivalent of the Chazy limestone

of New York and the Maclurea limestone of Tennessee (so called from

its characteristic fossil), intervene the formations which constitute the

Knox group of Professor Safford of Tennessee. The subdivisions of

this group in Alabama are entirely analogous to those of Tennessee,

being a calcareous sandstone, followed above by a mass of calcareous

shales or shaly limestones traversed by seams of calcite, and this in

turn overlain by a great thickness of dolomites or magnesian limestones,

the upper strata of which are filled with concretionary masses of fllint

or chert. From the character of the prevailing rock. Professor Safford

has named these divisions the Knox sandstone, the Knox shale, and the

Knox dolomite, and he considers the first equivalent to the Calciferous

of the New York series, and the two last the equivalents of the Quebec

group, as defined by Professor Dana.

At Cedar Bluff, on the Coosa river, 1 collected some trilobites from

the argillaceous shaly limestones of the middle division above given,

and submitted them to Professor E. P. Whitfield for examination and
determination. They were mostly new sijecies of Crepicephalus, but

were referred by Professor "Whitfield to the horizon of the Potsdam of

New York, and not to that of the Quebec. Other trilobites collected at

Helena, from shales of this formation, were referred by Prof. James
Hall likewise to the Potsdam horizon. The dolomite is almost devoid

of fossils in Alabama as well as in Tennessee, but the upper cherty por-

tion of this group at Pratt's Ferry, in Bibb county, Alabama, has yielded

a few recognizable forms which were referred by Professor Whitfield to

the horizon of the Calciferous.

It will thus be evident that the exact equivalents of the beds inter-

vening between the sandstone containing ScoUthus linearis and the base

of the Chazy limestone are as yet undetermined. It will be sufficient

for our present purposes to speak of them as the sandstone, the shale, and
the dolomite, with the understanding that they are, both lithologically

and in topographical character, identical with the corresponding divis-

ions of the Knox group of Tennessee.

From the Chazy limestone to the top of the Silurian series, the geo-

logical position of the Alabama strata can, in most if not all cases, be

readily made out upon the evidence of their fossil contents.

The iron ores which occur in the Silurian formation are essentially of

two varieties, viz., the brown hematites and the fossiliferous or lenticu-

lar red hematite. The other varieties are confined to the Potsdam or

Scolithus sandstone, and are either specular iron or magnetite. Both
these ores occur disseminated through slaty sandstones of this horizon

in localities where the sandstone has been partially metamorphosed, as
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in the southeastern part of Talladega county. Some of the slaty sand-

stones are improfjnated with magnetite to such an extent as to exhibit

very strong magnetic polarity. Hopes liave been entertained of discov-

ering ore in these localities in sufficient quantities to be of commercial

value, but thus far without realization.

In other localities where the Potsdam sandstone has not been altered,

the iron ore is usually limonite, which appears as a superficial coating

on the exposed surfaces, or as small deposits filling the spaces between

detached fragments of the sandstone. Occasionally the limonite is found,

as in good specimens, with botryoidal surfaces and radiately fibrous teK-

ture, but not, so far as yet known, in large quantity.

Limonite occurs also sparingly associated with the two next overlying

divisions, viz., the sandstone and the shale, but the dolomite must be

considered as the great limonite-bearing formation of Alabama, as it is

of Tennessee. All the limonites at present mined in Alabama to sup-

ply furnaces come from this formation.

The ore is of concretionary nature, and geodes are often found lined

inside with mammillary and botryoidal surfaces, with velvety goethite,

etc. The solid masses are sometimes compact, breaking with more or

less conchoidal fracture, of liver brown color; sometimes fibrous, some-

times made up of cylindrical columns of radiating fibers, the outer sur-

faces often coated with a dark or nearly black glaze. The ore has evi-

dently been derived from the disintegration of the calcareous rocks of

this formation, and it is usually imbedded in red colored clayey loams,

mingled with fragments of chert and other d(5bris of these rocks. In

some places the clay has been partially removed by denudation, and the

limonite is seen in hillocks of considerable size and nearly destitute of

soil. In the vicinity of large accumulations of the ore, the deep red-

colored soil is often partially covered with rounded fragments of limonite

resembling pebbles ; and these limonite pebbles, where exposures are

made by gullies, are seen embedded in the red clay to some depth, as

wash ore.

In the ore deposits of this formation in Alabama, it is difficult, if not

impossible, to discover anything like stratification in the masses of ore,

and it is almost equally difficult to trace any connection between the

distribution of the ore banks and the various strata of the formation

with which they are associated, beyond the fact that they follow, in

general, the outcrop of the dolomite, sometimes over one series of beds

in this formation and sometimes over another.

In the Coosa valley some of the most important ore beds are worked
upon the slopes and along the bases of the mountains of Potsdam sand-

stone, though the association of cherty fragments and other debris

points to the connection of the ore with the dolomite.

The ores in the eastern part of the Coosa valley are least favorably

situated with reference to the coal supply, and most of the furnaces use

charcoal furnished by the long-leaf pine forests of this valley. In the
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narrow anticlinal valleys to the northwest of. the Coosa valley the ore

is always within live or six miles of productive Coal Measures, with no

serious topographical obstruction intervening. To this circumstance

are, in great measure, due the exceptional advantages of this region, of

which Birmingham is the center, in the iH'oduction of iron.

The next horizon at which we find iron ore is at the summit of the

dolomite, or at the base of the Chazy limestone. The ore is a lenticular,

red hematite, scarcely distinguishable from a similar ore occurring in

the Clinton formation above. This occurrence of oijlitic ore was first

observed in the vicinity of Pratt's Ferry, in Bibb county, where a bed
of it about 4^ feet in thickness lies conformably beneath the Chazy
limestone with its characteristic fossils. The ore itself contains traces

of fossils, but none were well enough preserved for indentification.

This bed was subsequently traced by its outcrops along the anticlinal

valley (Roup's and Jones's) nearly to Birmingham, and it occurs on

both sides of the valley.
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In the Clinton group of the Niagara formation the fossiliferous,

oolitic, or lenticular red hematite, dye-stone ore, lies interstratified with

sandstones which form very conspicuous ridges on each side of the

anticlinal yalleys above spoken of. These are known as Ked Mountain
ridges in Alabama, and as Dye-stone ridges in Tennessee. In Roup's and
Jones's valley, the ridge on the western side of the valley is duidicated,

and both ridges hold good ore. The ore is most extensively mined in the

ridge along the eastern side of the valley, at several points southwest

of Birmingham. In one mine the ore bed is 12 to 13 feet in thickness,

and at some distance below the outcrop it becomes calcareous, as usual.

'

In Wills's valley at Atalla, and in the Coosa valley, at Gadsden,

Eound mountain, and Gaylesville, this ore is also mined. The character

of the red ore is about the same as in Tennessee and other States, and
the distribution of the red ore ridges in Alabama is shown on the map
accompanying the report of progress of the State Geological Survey for

the years 1881-'82. The thickness of the ore beds and the quality of

the ore vary from place to place in the ore ridges.
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CARBONIFEROUS ORES.

Sub-Carhoniferotts.—The lower or siliceous division of this formation

in Alabama has many points of resemblance to the dolomite above

mentioned. Both formations are widely distributed; chorty limestones

prevail in both, and both are iron-bearinj^'. The chert of tlie sub Car-

boniferous is bedded, while that of the dolomite is concretionary. The
ore of the sub-Carboniferous is limonite, and closely resembles that of

tlie dolomite in its mode of occurrence and in the general appearance

of the ore masses, which exhibit here all the varieties already si)oken

of under the dolomite. In both cases the ore has evidently been de-

rived from cherty argillaceous limestones, and the ore masses are here,

as in the dolomite, embedded in red sajidy clays, and associated with

fragments of the broken-down chert beds of the formation. The quality

of the ore is also essentially the same as that of the dolomite, though in

some localities rather more siliceous.

Bistribution.—The valley of the Tennessee, in north Alabama, is in

great measure based upon the siliceous limestones of this formation, and

there are several valuable and extensive ore banks, especially in the

western part of the valley in Fi-anklin county. In several localities these

ore banks furnished the material to Catalan forges before the war. At
present there are no furnaces using this ore.

In the anticlinal valleys above mentioned the red ore ridges are made
up of the rocks of three formations, viz. : the Clinton, the black shale

(which represents in Alabama the entire Devonian), and the lower or

cherty division of the sub-Carboniferous. The angular cherty fragments

and other debris of the last-named formation usually cover that side of

red ore ridges which is farthest from the center of the valley. Among
these remnants of the siliceous limestones, limonite usually holds a

prominent place, but it is seldom of sufficient purity or in large enough

quantity to be of value. There is no place in these anti(;linals where

the sub-Carboniferous ore is or has been used for supplying furnaces,

for it is usually too siliceous, and often contains a high percentage of

phosphorus.

In north Alabama and in Tennessee, where these sub-Carboniferous

limestones are much less siliceous as a rule, the associated ores are of

better quality, and have been extensively used.

Coal Measures.—The two ores found in this formation are clay iron-

stone, and black band. Clay ironstone has been found in many locali-

ties in Jefferson, Walker, and Fayette counties, but it has not yet been

used, although the quality is good enough. As the Alabama coal fields

become better known and more extensively worked, these ores will

doubtless be of commercial importance. At New Castle and Warrior

Stations, on the South and Korth Alabama railroad, seauis of black

band occur, but they have not been used except experimentally and on

a very small scale.
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ORES OF LATER FORMATIOXS.

None of the formations later than the Carboniferous are ore-bearing

except, perhaps, the stratified drift. The sands and loams of this for-

mation are, as a rule, more or less colored by iron, and in some locali-

ties this material is accumulated to the extent almost of forming ore-

banks. Generally, however, the iron is disseminated as coloring mat-

ter, or as a cement binding together the grains of sand or pebbles, in

the ferruginous sandstones and conglomerates whfch characterize the

drift in the Southern States. ^STear the borders of the Paleozoic forma-

tions the drift is often highly ferruginous, and in places the iron forms

ore banks. In Lamar county, near Vernon, ore of this kind has been

used in a furnace. The source of this ore seems evidently to be the

sub-Carboniferous limestones, which do not, however, come to the sur-

face very near to the locality mentioned. In this ore bank specimens

occur showing twigs and small pieces of wood, converted into limonite,

thus giving evidence of the mode of formation of the ore. In the

southern parts of the State the drift contains, so far as yet known, no

large accumulations of ore, though isolated specimens of very good

limonite are not at all rare, and the strata are in many places of deep

red color from disseminated iron.

RELATIVE IMPORTANCE OF THE ORES OF THE DIFFERENT FORMATIONS IN
ALABAMA.

The old Catalan forges in Alabama were set up where good water

power and easily reducible ore were to be found in close proximity. We
find them, therefore, in north Alabama along the foot of the escarpment

of Coal Measures, using the rich limonites of the sub-Carboniferous for-

mation of Kussell's valley; and in middle Alabama, amongst the moun-

tains of the eastern part of the Coosa valley, using mostly the limon-

ites of the lower Silurian dolomite, but in one instance at least limon-

ites from the metamorphic region adjacent ; and in the defiles along

the borders of the anticlinal valleys, where the lower Silurian limonites

likewise served as ores. The blast furnaces, on account of their greater

production, were located with more regard to the means of transporta-

tion. The earliest blast furnaces were upon the line of the Selma,

Kome, and Dalton railroad, the first road traversing the iron-ore region

of the Coosa valley, and upon the Coosa river, at Round mountain

and Cornwall, where the red ores of the ridges at the foot of Lookout

mountain were used. Along the railroad the ores used were the limon-

ites of the dolomite. With the building of the Alabama Great South-

ern railroad, which follows the anticlinal valleys from near Tuscaloosa

to Chattanooga, and the South and jN^orth Alabama railroad, which

crosses the preceding at Birmingham, the limonites of these narrow

anticlinal valleys, as well as the red fossiliferous ores of the red ridges

on each side of the same, came into use, and charcoal was very soon

replaced by coke as fuel. The close proximity of the iron ores of these
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anticlinals to the Coal Measures on each side cannot fail to influence

the location of the coke furnaces yet to be built, and while some of the

charcoal furnaces of the Coosa \'alley have more than doubled their

capacity within the past few years, the position of the iron-producing

center of the State will naturally be determined by that of the furnaces

using coke. The red and brown ores of the Silurian formation are there-

fore likely for many years to come to supply the material for the greater

proportion, if not all, of the iron produced in Alabama.

In the order of their relative importance in the production of iron,

the Alabama ores stand as follows

:

1st. The liraonites of the dolomite and the fossiliferous red ores of the

Clinton group of the Silurian formation.

2d. The limonites of the sub-Carboniferous, metamorphic, and drift

formations. (The only occurrence of drift ore which has been worked
might i)robably be classed as sub-Carboniferous).

3d. The magnetites of the metamorphic region, and the carbonates of

the Coal Measures.

Whether the ores of the third-named class will ever be of commercial

value remains yet to be shown. The ores enumerated under the second

head, though not now worked, have in the past been used in furnaces

and forges, and may yet again be mined. At the present time the Si-

lurian formation yields all the iron ore mined in Alabama. («)

UTILIZATION OF BLAST-FURNACE SLAG.

Mineral wool.—"Mineral wool," sometimes known as "silicate cotton,'^

is the slag of blast furnaces converted into a fibrous state. The process
consists in subjecting a small stream of the molten slag to the impelling
force of a jet of steam or compressed air, which divides it into innumera-
ble small shot or spherules, forming a spray of spark-like objects. The-'

threads are spun out immediately upon the detachment of the slag par-
ticles from the main body of the stream, their length and fineness being
dependent upon the fluidity and composition of the material under treat-

ment. When the slag is of the proper consistency the spherules are
small at the outset, and are to some extent absorbed into the fiber, but
in no case will they entirely disappear; so that a great portion of the
wool contains them, and is only separated from them by riddling. That
portion of the mineral wool which is carried away from the shot by air

currents is very light (14 pounds per cubic foot), and forms the ''^ extra"
grade, while the balance has a working weight of 24 pounds per cubic
foot, and is called "ordinary." A cubic foot of slag weighs 192 pounds.
By preference, slags of slightly acidic composition are used, though it is

said that any scoriaceous substances can be utiHzed. When gathered
up, the fragments appear to lie in all possible directions with relation to

aProfessor Smith's contribution ends here.

11 M R
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each other, iii cousequeuce of which there is no parallelism or common
direction to the threads, so tliat the air .si)aces are angular in shape and

microscopic in size. The wool is collected in a large chamber, where it

settles in a bulky state, having a fleecy appearance. About 80 per cent,

of the product has to be riddled, forming the ordinary grade, while the

balance is separated by currents of air, and forms the extra grade.

An article in the Microscopical Journal, of London, contains the fol-

lowing description of the appearance of the wool under the microscope:

"The sudden and violent explosive action by which the fibers and bulbs

are formed would lead us to expect little regularity in their markings;

but a considerable number exhibit a ver^' beautiful and symmetrical

ornamentation. The fibers vary in thickness from tbat of common spun

glass to an extreme tenuity represented by fractious of a thousandth

of an inch." The bulbs may be generally described as solid bodies con-

taining more or less numerous vesicles or hollows. The more solid ones

are transparent, or show iridescence. Many of the fibers are split,

and occasionally several of them will be attached to the same bulb.

When the fibers are crowded together they will form interstices ot an-

gular shape, so that free motion of the incased air is impossible ; in con-

sequence of which the material makes a poor conductor of heat. By
calculation it is found that ordinary and extra mineral wool contain 88

:and 93 per cent, of their volumes of air, respectively. This air circulates

with such difficulty that the passage of heat is retarded, while the trans-

mission of sound is prevented by its inelasticity or want of solidity.

Another advantage claimed by the manufacturers is the irritation which

the glass fibers cause both to insects and vermin. There is nothing in

its composition which can help to breed or harbor insects, and no animal

life will remain in it.

The manufacture of this substance was begun on a small scale in 1875

at the Clove furnace, at Greenwood, Orange county, Xew York, by Mr.

E. D. A. Parrott. It is now made by an incorporated company, which

has one factory in operation, making 70,000 pounds i)er month.

Another factory is being constructed. In 1882 the product was 1,085

net tons of the ordinary grade, worth $27,125, and 92 net tons of

extra, worth $5,520; total, 1,177 tons, worth 832,045. Up to the close

of 1882 somewhat over 2,000 tons Avere in use. During the first six

months of 1883 the product was 055 net tons of the ordinary grade,

worth $13,100, and 47 net tons of extra, worth $2,820; total, 702 tons,

worth $15,920. Xo regular exports have been made, though small

trial lots have been sent to Eughnul, Italy, and Australia. Its main

interest lies in the fact that its manufacture is a successful utilization

of a waste product.

Mineral wool is used for insulating heated surfaces, for protec-

tion against cold, deadening sound, fire-i)roofing, vermin-proofing,

and for cleansing galvanized wire, etc. It is api)lied loose, and is not

oftered as a substitute for asbestus. But, althouah one of the most
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valuable uou-conducting substances, mineral wool requires to be used

with precaution against the absorption of moisture, in which case it is

liable to decompose, the sulphur originally contained in the slag oxid-

izing to sulphuric acid, and forming soluble sulphates, which attack the

metallic surfaces on which mineral wool is used as a covering. Slag is

an imperfect glass, varying greatly in composition, and always contain-

ing more or less excess of some of its components. It has been found

that not only the mineral acids, but also organic acids, are capable of

readily decomposing it in presence of moisture and heat, and the fine

fibrous condition of the mineral wool renders it still more subject to

decomposition than solid slag. As the non-conducting property of

mineral wool depends upon its interstitial air space, it is also essential

that it should not become i^acked.

Other utilizations.— \^ery many attempts, some ingenious and some
unpractical, have been made to utilize blast-furnace slag, both in Europe

and in this country, but especially in the former, where not only are close

economy and the saving of waste i)roducts more carefully studied, but

where also the slag is more of an incumbrance to iron-masters. It is

stated that the accumulation of iron slag in Great Britain is progressing

at the rate of nearly 8,000,000 tons annually. In all localities the ques-

tion of disposing of the slag of iron works is analogous to the removal

of tailings from amalgamation works. Slag, therefore, is often not

merely a valueless product, but actually a heavy incumbrance ; so that

its value can only be expressed in figures preceded by the negative sign,

owners of works being willing to pay for getting rid of it. In view of

its being a serious drawback, and, on the other hand, of its many api)ar-

ently useful characteristics, it seems strange that slag has not been

utilized to a greater extent in some of the methods which have been

proposed.

One of the simplest and most obvious ways of disposing of it is to

use it for filling in lands, or, as in the north of England, extending land

into the sea. Slag, broken by hand, or by rock breakers, is said to be a

fair material for road-making, and it has been utilized to a small extent

in this way in various i^arts of the world, more particularly on the con-

tinent of Europe, in places where stone suitable for the puri30se is

scarce. Slag has also been used to supplant stone for builders' work,

as it can be readily molded into any required plain or ornamental shape.

This mode of utilizing it has attracted the attention of many experi-

menters. The artificial stone thus made in Pennsylvania has, however,

had an extremely limited application. It is stated that ground slag

can be used as an ingredient in cement, mortar, and concrete. A large

number .of patents are based on variously compounded substances of

this kind. Slag, being itself an impure glass, can be made to take

the place of ordinary glass manufactures of the lowest grade, and it

has even been made into bottles.

Attempts to recover the iron from ordinary slag have resulted in dis-
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appointment, the metal produced being inferior in quality, owing to the

increased proportion of injurious elements which the slag contains as

compared with the tenor of the original ore from which it is made; and
it is extremely doubtful, as a matter of economy, whether this retreat-

ment can be commercially successful on a large scale.

In short, notwithstanding the close and continued attention which
has been devoted to the subject, and the immense numbers of sugges-

tions and patented processes which have been put forth, it cannot be
said that any very great progress has yet been made in this direction.

There are, however, encouraging possibilities.

THE BOWER-BARFF PROCESS. (a)

By a. S. Bower.

Any process which has for its object the preservation of iron and
steel from rust, and which will make these metals more applicable than

they now are to the requirements of mankind, will be sure to meet with

attention from all those who are either engaged in the extraction of the

ore, its reduction to metal, or the subsequent application of the metal

itself.

It is, perhaps, not too much to say that with iron and steel rendered

secure against corrosion and decay they will be used to an indefinitely

greater extent than they now are. The whole realm of science has^

therefore, been explored in the attempt to discover some method by
which the former article may be preserved, leaving its strength undi-

minished by the destructive action of rust.- Paints, oils, varnishes^

glazes, enamels, galvanizing, electro-depositing, and what is called

•• iuoxidizing" are among the many systems now in vogue to effect the

preservation of iron and steel from the corrosive action of air and water.

The object of this paper is to show what may be done in i)rotecting iron

and steel from rust by forming upon their surface a film of magnetic

oxide by an inexpensive process. It is no new thing to be told that

magnetic oxide of iron is unaffected by exposure to the atmosphere or

to salt water for any length of time. The black sand of Taranaka, in

Xew Zealand, is a sufficiently good exampleof this. Dr. Percy has pointed

out that the reason why Russia sheet iron is less affected by exposure

than ordinary sheet iron is because of a coating of magnetic oxide; but

this was not known until Dr. Percy discovered it. That such a coating

is produced is quite certain, but it is only an accident of manufacture.

To Professor Barff' is due the credit of being the first to deliberately

undertake to coat iron and steel with magnetic oxide, produced design-

edly for the purpose of protecting their surfaces from rust. Some six-

teen or seventeen years ago my father was making a series of experi-

aRead at the Boston meeting of the American Institute of Mining Engineers, Feb-
ruary, I8?3.
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ments iu the productiou of beating gases, one set of them being tlio

decomposition of water by passing superlieated steam tbrongh masses

of red hot iron. He noticed that the iron became less and less active,

until it ceased to decompose at all, wlien, on examining it, he saw that it

was coated with a kind of enamel. It at once occurred to him, on seeing

this, that the process in question might be used to obtain such a coating,

but he found, after a few days' exposure of the iron to the atmosphere,

that the coating shelled off, and he pursued the matter no farther. The

iron employed in this case was rusty, but if it had been new my father

would in all human probability have been the accidental author of the

process which Professor Barff discovered ten years afterward. I only

mention this to show how advisable it is to investigate the cau^s of

unexpected effects. Professor Barff''s process consists in subjecting

iron or steel articles to the action of superheated steam, and when they

are at a temperature sufficiently high, three equivalents of iron com-

bine with four of oxygen, forming one equivalent of magnetic oxide, and

setting eight of hydrogen free, or, symbolically:

(1) Pe3 + 4(HoO)= Fe3 04+8H.

Upon reading a description of the Barff' process in the Loudon
TimeSj it occurred to my father that what Professor Barff could effect

with steam he might also effect with air, and several experiments were

made to this end, which, however, were very varied iu' character, as

also were they in the results obtained. The first was made with cast

iron by placing the articles to be treated in a cast-iron retort, heated

externally, and then passing superheated air over them, and it was suc-

cessful, while nearly all others afterwards were quite the reverse, as

sesquioxide was copiously produced as well as the magnetic. Another

experiment was made by placing a bar of polished cast iron in the main
duct of superheated air to a blast furnace, and this, though covered

with a red sesquioxide powder, easily brushed off, had a thin, but

very firm and tenacious coating of magnetic oxide in contact with the

iron. This bar has been exposed to the weather ever since, or over four

years, without the slightest appearance of rust. Ultimately, when
thinking over the fact that air is oxygen and nitrogen in mechanical

combination only, I came to the conclusion that, to form the lower or

magnetic oxide, the quantity of free oxygen, and so of the air em-

ployed, must bear some proportion to the surface of the articles ex-

posed to its action, more especially when a comparatively low heat is

employed. This is so, and it has been proved that the quantity of air

passed through the retort during most of the unsuccessful experiments

was 300 or 400 times more than was actually necessary. The reasons

also why the first experiment was successful were that a great number
of articles were in the muffle, that a very high heat was employed, and
that the retort had been previously used for coal-gas making, and had
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a deposit of carbon in it, which to a great extent neutralized the effect

of the large excess of air.

All the unsuccessfully treated articles were red with sesquioxide out-

side; but there was, nevertheless, a coating of magnetic oxide in close

proximity with the iron, due to the reducing influence of the metal in

contact with the sesquioxide at an elevated temperature. The general

appearance, however, of iron so treated was disagreeable, to say the

least of it. The mode of action I then adopted was to admit a few

cubic feet of air into the retort at the commencement of every half-

hour, and then to leave the iron and air to their own devices, the retort,

of course, being tightly closed. During each half-hour a coating of

magnetic oxide was formed, and the operation was repeated as often as

was considered necessary. Effective as this was for cast iron, the cost

of producing the coating was as great as by the Barff process, for both

of them required that the chamber should be heated externally, and

this, with large furnaces, is very expensive. Another plan that I

adopted was to first find out approximately the extent of the surface of

the goods to be treated, by first dipping them all into a tank of water

of known area, lifting them out, and noticing the amount of water

taken out of the tank by the wetted surface, and regulating accord-

ingly a slow, continuous air supply by meter, of course keei)ing the

temperature of the muffle as nearly constant as possible. This, too,

was successful 5 but the same objections applied to that mode of pro-

cedure as to the other.

There was commenced a series of experiments with carbonic acid

chemically produced bj' the decomposition of chalk, the idea being that

three equivalents of iron would unite with four of carbonic acid, forming

one equivalent of magnetic oxide and four of carbonic oxide, if the heat

were sufficiently high. This reaction is expressed symbolically thus:

(2) 3Fe+4 (C02)=re30^-f 4 (CO).

This is the simplest action that could take place, but it was evident

from the results that something quite different was obtained, inasmuch

as the coating was very light in color, pleasing to the eye, but easily

removed, and in that sense entirely differing from the articles since

made. This coating, from effects exactly similar and designedly pro-

duced by a studied manipulation in the furnaces in successful opera-

tion in England, France, and here, proves pretty conclusively that car-

bonic acid, practically pure, produces upon iron, at an elevated tem-

perature, a film which is, in composition, a mixture of FeO and FcaO^,

or, at all events, it is nearer the metallic state than is magnetic oxide.

But even supposing that the results obtained by the carbonic acid had
been successful as then carried out, the objections referred to concern-

ing the air process would still exist, as external heat and a closed iron

muffle would always be necessary. I therefore proposed to use a fuel-

gas producer, similar in principle to the Siemens generator, but altered
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practically to suit other requirements, to burn the combustible gases

thus produced with a slight excess of air over and above that actually

required for perfect combustion, and to heat and oxidize the iron arti-

cles, placed in a suitable brick chamber, by these products of combus-
tion. I also arranged a continuous regenerator of fire-clay tubes under-

neath the furnace, so that the products of combustion leaving the oxi-

dizing chamber passed outside the tubes, imi^arting a portion of the

waste heat to them, which was taken up by the ingoing cold air pass-

ing through their interior on its way to the combustion chamber. I

had hoped in this way to be able to so regulate the excess of air over

that required for complete combustion as to be able to produce mag-
netic oxide directly, instead of the lower and useless oxide or com-
bination of oxides produced by carbonic acid alone. I obtained some
beautiful results, and some again were unaccountably' bad, and I soon

found that it was as difficult to regulate the precise amount of oxi-

dation as it first was in the Bessemer process, and I was fortunate

enough to hit upon an almost parallel remedy—that is to say, I in-

creased the quantity of free oxygen mixed with the products of com-
bustion, and oxidized the iron articles to excess during a fixed period

of generally forty minutes, when magnetic oxide was formed close to

the iron and sesquioxide over all. Then for twenty minutes I closed

the air inlet entirely, leaving the gas-valve open, and so reduced the

outside coating of sesquioxide to magnetic oxide by the reducing action

of the combustible gases alone.

The excess of oxygen in the first instance produces Fe203, or sesqui-

oxide of iron, and the under surface of this, being in contact with

metallic iron, undergoes reduction to magnetic oxide in the following

manner: Four equivalents of sesquioxide unite with one of metallic

iron, forming three equivalents of magnetic oxide, or, symbolically

:

.(3) 4(Fe203)+re = 3(Fe304).

When deoxidizing bj' combustible gases, consisting mainly of car-

bonic oxide, three equivalents of sesquioxide unite with one of carbonic

oxide and form two equivalents of magnetic oxide and one of carbonic

acid, and, symbolically

:

(4) 3(Fe203) + CO*=2(Fe304) + OO2.

Another method of reduction is by carbon itself, when the formula

stands thus:

(5) ..... . 3 (Fe^Og) -f = 2 (Fe304) + CO.

Formula (4) is also the reaction when rusty iron is reduced by pro-

ducer gases, and which consist largely of carbonic oxide, and by the

specimens exhibited it will be seen that articles completely pitted with

rust may have their surfaces rendered rustless. In this case the periods

of oxidizing and deoxidizing are reversed—that is to say, the latter

occupies forty and the former twenty minutes. Xo oxidizing is theo-
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retically necessary, but practically a certain amount is requisite to keep

up the beat in the chamber, which, of course, could not be done unless

combustion took place some time or other. I only mention the reduc-

tion by carbon as exemplified by formula No. 5 because, while experi-

menting with a furnace, I was asked by the proprietors of a valuable

red-oxide deposit, which was found in so finely divided a state as to be

capable of being- used at once as a paint, whether I could reduce it to a

magnetic oxide. I tried to do so by carbonic oxide, but J found that

only the surface of it was affected, and that even this, when taken out

of the furnace, speedily returned to its original red color by the com-

bined actions of the hot unconverted material underneath and the air

above. It will be found from formula (5) that 2^ pounds of carbon are

required to reduce 100 pounds of red oxide. This I mixed intimately, in

the shape of powder, with the red oxide, brought the mixture to a red

heat, and the result was black magnetic oxide. Xot only this, but by

adding more carbon I could make the color lighter and lighter, until it

was almost identical with the coating produced in my previous experi-

ments with carbonic acid; and by reducing the quantity of carbon be-

low 2^ per cent, various shades of purple were obtained, the red appear-

ing more and more prominent as the quantity of carbon was diminished.

It will be as well, before I make any comi^arison between Professor

Barffs process and those patented by my father and myself, to state

that the whole of Professor Barff 's patents, wherever existing, have been

purchased by my father, so that in this case at least I hope it will not be

said that "comparisons are odious." Professor Barff 's process is better

than ours for wrought iron, and perhaps for polished work of all kinds,

as iron commences to decompose steam at a very low temperature, in

fact much below visible redness. Only the other day, at the annual

meeting of the Association of American Stove Manufacturers, held in

New York, I was asked whether stove patterns might not be made of cast

iron, polished, and then oxidized ? Here is one among many instances

where the steam process is almost invaluable. For ordinary cast iron,

and especially that quality which contains much carbon, the Barff pro-

cess is much too slow in its action, and some specimens that I have

treated in England have taken as much as thirty-six hours to coat effect-

ually, which could readily have been finished off in five hours by the

Bower process.

The main distinction between the two is that the Bower is much more

energetic in its action than the Barff' process. The carbon in cast iron

impedes oxidation, and so, while cast is far more readily treated in the

Bower furnace, wrought iron is apt to scale unless it is rusted before-

hand. The rust then eats into the metallic surface, under the influence

of heat, and forms a tenacious combination with it. The objection to

the use of a closed muffle externally heated in the Barff process has

been almost entirely overcome by simi)Iy putting %viought iron into a

Bower furnace, previously well heated, tlieu shutting off both the gas



IRON. 1G9

aud air supplies, and admitting steam into the regenerator tubes. The
steam thus passes through the red-hot tubes, then through the combi-

nation chamber and its contingent passages, already highly heated, over

the articles in the oxidizing chamber, heating and oxidizing them, aud
thence over the outside of the regenerator tubes, depositing a great

portion of its heat there before passing to the chimney, and which is

again picked up hy the ingoing fresh, cool steam. In this way the heat

in the chamber is highest shortly after the commencement of the opera-

tiou, aud gets gradually lower during the time of exi)osure, which varies,

according to the class of goods, from five to ten hours. At the close of

the operation, just before the articles are taken out, everything is mod-
erately cool, aud this for steam is the perfection of action, as stated by
Professor Barfif himself. Steel, I consider, can be equally well treated

by both processes, and, indeed, it is natural to exjiect this, steel being,

so far as the quantity' of carbon it contains is concerned, between cast and
wrought iron. Polished steel, however, is better treated in a low-tem-

perature Barlf furnace.

With regard to the quality of fuel burned in the gas-producers, a

uon-coking gas coal is the best, and Virginia splint has suited very

well in this country ; and of this about 1 ton every three days is required

for a furnace with an oxidizing chamber 13 feet long, 4 feet 3 inches

wide, and 4 feet 3 inches high. When a gas coal is employed it should

be fed through the charging hoppers just before each deoxidizing opera-

tion, when a smoky flame is of great advantage. I have, however, dis.

covered that anthracite can be used as well as a gas coal, by simply

allowing petroleum to drop at the rate of 1 gallon per hour upon the

red-hot surface of the coal in one of the gas-producers. This method
has been exclusively used in the coating of the articles treated at the

works of Messrs. Poulson & Eger, architectural engineers, at North
Eleventh and Third streets, Brooklyn, E. D., Xew York, to whom I

am much indebted, not onlj' for these beautiful castings, but for the

constant courtesy and energy thej' have always exhibited during the

erection of their furnaces. At present thej' have two erected, one a

Bower furnace of the size before mentioned, and the other a small Barff

furnace for the treatment of very delicate or polished articles. These
magnetic-oxide processes not only protect from rust, but the coating is

of such a beautiful color as to render articles ready for the market as

soon as they are out of the furnace and cooled. One remarkable feature

of them is that there is no more cost (except in the labor of handling

them) in treating 2,240 articles, each weighing a pound, thau there is in

coating a cube of metal weighing a ton, and so penetrating is the pro-

cess that, no matter how intricate the pattern may be, every crevice

—

which it would be almost imj)ossible to get at with a paint brush—is as

effectively coated as the plainest surfaces. For art purposes the French
gray color, with shades approaching to black, might not always be suit-

able
; but if it should be necessary to use paint on the iron so coated, there
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is the absolute certainty that it will remain on in the same way as it does

on wood or stone, and thus iron may be used for constructive work in a

thousand directions in which it has not up to the present time been pos-

sible, on account of its liability to rust, no matter what the coating used

to protect it has been.

I can give an instructive instance of this. A company in Paris had

expended a very large sum over Dode's inoxidizing process, which pro-

cess consists in the depositing of a layer of borate of lead on iron or

steel, and then gilding, platinizing, or bronzing them, and certainly the

articles so treated were exceedingl}' beautiful to look at ; but the iron ulti-

mately rebelled and threw off the coating, so that the shareholders were

in a fair way of losing all their capital, when it was suggested to the

directors that if their compositions could be deposited direct upon mag-

netic oxide they would conquer the difficulty. They then applied to my
father for specimens of coated iron to experiment upon, and they were

so satisfied with the result that the company purchased all our European

patents except for England, and are carrying on the combined processes

on a large scale. They have, besides their furnaces for the Dode process

four large Bower ones, two being 36 feet long by about 6 feet 6 inches

wide and 6 feet high, and a Bower-Barff furnace, also of large size.

Others, however, are in course of erection.

Engineers and manufacturers appear far more ready to apply the

processes here and on the continent of Europe than up to the present time

they have been in England ; but perhaps the reason has been that so

far as Professor Barff's process is concerned it has onlj' just been shown

how large masses can be dealt with—-namely, by the use of the Bower
furnace—and I can show that for the treatment of underground pipes,

wrought-iron sleepers, roofing, and the like, the process can be readily

applied, and at a cost much less than that of galvanizing, and it will at

the same time be infinitely more durable ; while for ornamental cast and

wrought iron it is scarcely possible to imagine anything more artistic

in color than some of the articles after they have been treated. For

ordinary hollow-w are for kitchen use, whether of cast or wrought iron,

this process is admirably adapted, and though I have been told that

the gray or black color will probably be objectionable, yet I imagine if

it can be shown, as we can do, that the magnetic oxide is more durable,

more easily cleaned, and much cheaper than even the common tinted

article, a market will soon be created. Anyhow the new combined pro-

cesses are so far developed, and they have been so thoroughly examined

by scientific and practical men both here and in Europe (whose testi-

mony to the value and eflflcacy of them is voluminous), that they have

passed from the region of theoretical investigation into that of practical

application, and means have been taken for establishing works in dif-

ferent centers in Europe, as will also be done here, for the purpose of

coating iron and steel as a trade operation. One firm alone in Scotland,

Messrs. Walter Macfarlane & Co., have adopted the process, their out-

put of ornamental castings per day exceeding 100 tons. It is intended
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to apply tjie process to cast-iron gas and water pipes, and, as the for-

mer have comparatively no i^ressnre to bear, they may be made much
lighter than they now are, if rendered incorrodible ; while for water it

will be a great advantage to have both the main and service pipes ren-

dered safe from rust, which not oniy discolors the water, but forms the

nucleus of very troublesome deposits. There is no reason now why
wronght-iron or mild- steel pipes should not be used for the same pur-

poses, especially for the interior towns of distant countries, where the

first cost of the pipes is but small as compared with the cost of carriage.

My father has himself used gas and water pipes where the cost on

arrival at their destination has been five times greater than their first

cost in England. If, then, light wrought-iron or steel pipes could be

used, not weighing one-third of those made of cast iron, and rendered

practically indestructible, an enormous saving will be effected. Again,,

in the case of railway sleepers in iron and steel, which are now almost

wholly used in Germany, the process is likely to prove of much advan-

tage, so at least I am told by engineers both in Belgium and in Ger-

many ; and if there why not here ? For fountains, railings, and all

architectural work the process is invaluable, and iron may now be used

in many instances instead of bronze. It will naturally be asked, what
is the cost of the process ? I cannot do better than answer the question

by quoting from the report of Professor Flamache, the engineer-in-chief

of the State railways in Belgium, who was sent over specially to Eng-

land to report on the process by the public works department of that

country. His estimate of cost, after a very careful examination and

testing of the process, was 7^ francs per 1,000 kilograms, or nearly $2 per

ton, at, of course, the Belgian rate of expenses. He also gives the cost

of coating a certain extent of surface, but this I consider to be com-

pletely valueless, as, for example, I have had a furnace full of 56-pound

weights, and another time I have had it full of gas-governor tops, the

surface in the latter case being i^erhaiis one hundred times more in

extent than in the former, while the actual cost of oxidizing would be

the same in both cases. He also says that this cost may be reduced, as

instead of one workman attending to one furnace, he can attend to three

or four ; also by a better system of taking the articles out than existed

in the experimental furnace that he saw. Sir Joseph Whitworth, feel-

ing much interest in Professor Barff's process, sent to him some steel

to be oxidized, so that he might ascertain whether it did or did not lose

in strength by the operation, and the result of Sir Joseph's testing was

that there had been no alteration whatever. Theoretically, one would

rather exj)ect that iron and steel would be somewhat toughened, as the

tendency of the process is to anneal, and would, no doubt, if continued

long enough, render some classes of cast iron malleable. A very thin

article, if excessively coated, might probably be weakene d, due to the

fact that the coat of magnetic oxide would form an appreciable per-

centage of the bulk of the article ; but this, of course, is a very extreme

case, and one which is not likely ever to occur in practice.
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Limited scope of the discussion.—Tlie act of Congress providing for

the collection and publication of mineral statistics under the auspices

of the United States Geological Survey restricted the field to mineral

products other than gold and silver. Xo attempt, therefore, has been

made in the way of original investigation of this very important branch

of the mining industry. In order, however, to present as complete a

'

view of the total mineral output as possible, the best available

figures of the production of the precious metals are here presented in

a concise form.

Production in 1881 and 1882.—The following table shows the yield of

gold and silver in the United States during the calendar years 1881 and
1882, as estimated by Hon. Horatio C. Burchard, Director of the Mint

;

and these results are accepted authoritatively in further cora])utations

in this report. The figures for 1882 have been kindly furnished in ad-

vance of their publication by Mr. Burchard. The amounts are stated

at the coining value, the actual market price of the silver being con-

siderably lower than the figure given, while in the case of gold the

actual net receipts by the miners are also slightly under the nominal

value, owing to the large amounts of i)lacer gold which are sold by
them at a small discount.

Production of gold and silver in the United States during the calendar years 1861 and 1882.

states and Territories.

1881.

Gold. Silver. TotaL

1882.

Gold. Silver.

Ala.ska $15, 000
Arizona 1,060,000
California

;

18,200.000
Colorado 3,300,000
Dakota 4, 000, 000
Georgia 125, 000
Idaho 1,700,000
Maine
Montana 2,330,000
Nevada 2,250,000
Kew Mexico ! 185,000
Kortli Carolina 115,000
Oregon I 1,100,000
South Carolina ' 35,000
Tenues.see 5, 000
Utah 145,000
Virginia 10, 000
Washington 120, 000
Wyoming 5,000

Total 34,700,000

I $15,000
$7,300,000 ; 8,3CO,000

750,000
,

18,950,000
17, 160, 000

i

20, 400, 000
70,000 I 4,070,000

125,000
1,300,000 ' 3,000,000

5,000 ; 5,000
2, 630, 000 4, 960, 000

7, 060, 000 9, 310, 000
275,000 400,000

115,000
50, 000 1, 150, 000

3.5.000

5,000
6,400,000 6,545,000

10,000
120,000

5.000

43, 000, 000 77, 700, 000

$150, 000
1, 065, 000

16, 800. 000
3, 360, 000
3, 300, 000

250, 000

1, 500, 000

$7, 500, 000
645, 000

16, 500, 000
175, 000

"i' 666,'666'

Total.

$150, 000

8, 565. 000

17, e4.'>, 000

19, 800, OOO

3, 475, 000
250, 000

3, 500, 'WO

2, 550, 000
2, 000, 000

150, 000
190, 000
830, 000
25,000

4, 370, 000

6, 750, 000

1, 800, 000
25, 000
35, 000

6, 020, 000
8, 750, 000

1, 950. 000
21.^000
865, 000
26, 000

190,000 1

15. 000
!

120, 000
5,000
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Ra7i1c of the States and Territories in 1882.—The relative production

of gold and silver, and of both metals combined, in the several States

and Territories is perhaps more clearly shown in the following state-

ment, in which the order of the States and Territories according to their

respective outputs is based on the figures given by Mr. Burchard for

1882

:

Bank of the States and Territories in the production of gold and silver in 1882.

Gold.
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3lr. Valentine'H statistics for 1882.—Mr. J. J. Valentine, vice-president

and general superintendent of Wells, Fargo & Co., a corporation wbicli

handles the greater part of the bullion product of the Far West, presents

the following estimates of the production in 1882. It is hardly neces-

sary to allude to the superior sources of information i)ossessed by Mr.

Valentine, nor to the painstaking care and public spirit with which he

has conducted this investigation during a long series of years. The

most serious discrej^ancies between Mr. Valentine's results and those

reached by the Director of the Mint are in the relative quantities of gold

and silver ; which may be accounted for in the main by the fact that a

large part of the dore bullion, containing a considerable proportion of

gold, is registered as "silver bullion." There is also some iudefiniteness

regarding the precise amount of the i)recious metals which reach the

markets through other channels than those of the express companies;

and the frequent reshipments of bullion from central distributing points

give rise to similar uncertainties and sometimes to possible duplications.

The table contains Mr. Valentine's estimates, by States and Territories,

for the country lying west of the Missouri river, and also including the

partial i)roducts of British Columbia, and of the west coast of Mexico.

In this exhibit the value of the lead and copper is not segregated from

that of the precious metals ; the figures for which, according to Mr.

Valentine, are $30,193,355 gold, $50,155,288 silver,and $80,348,643 total;

together with copper $4,055,037, and lead $8,008,155.

Bullion product of the States and Territories west of the Missouri river in 1882, including

value of base bullion (lead avd copjycr), and also including the partial products of British

Columbia and the west coast of Alexico.

lEstimated by Mr. J. J. Valentine.]

state or Territory.

^ R

r3 O o

O

.5 5

u9.S
o

Total.

California
Xevada
Oregon
Washington
Alaska
Idaho
Montana
irtah
Colorado
!New Mexico
Texas
Arizona
Dakota
Mexico (west coast).

$14, 733, 643
752, 506
431,024
93, 892

1,091,208
2, 150, 000

76,954
2, 536, 500

43, 728

$736, 682

"215,5121.
46,946 .

240,000 .

191, 568
,

215, 000
6,201

"'21,' 864'

$509, 342
6, 588, 023

$352, 831
3, 022, 847

386, 517

2, 595, 570
510, 192

100, 000
259, 557

882, 890
4, 065, 000
3, 139, 020

4, 803, 925
919, 047
257, 597

5, 631, 083

1, 160, 072

1, 574, 000
4,921,000

18, 592, 840
2, 682, 493

"3,180,667

1,71«,249 312, 000

$16, 332. 498
10,363,376

646,536
140. 838
240, 000

3, 325, 738
8, 004, 000
8, 143, 175

25, 933, 265
3, 667, 132

257. .597

9, 298, 267
2, 855. 127
2, 532, 441

British Colun
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The gross yield for 1882 shown above, segregated, is approximately

as follows

:

Gold, 32.67 per ceut $30,193,355

Silver, 54.27 per cent 50, 155, 288

Copper, 4.39 per cent - 4,055,037

Lead, 8.67 per cent 8,008,155

92,411,635

Alluding to these figures, Mr. Valentine says : " California shows a

decrease in gold of $1,696,351. Nevada shows a total falling off of

$1,484,188; the yield from the Comstock being $1,333,018 as against

$1,726,162 in 1881, a decrease of $393,144. The product of the Eureka

district is $3,176,656 as against $4,127,265 in 1881, a decrease of $953,609.

Utah, Colorado, Kew Mexico, and Arizona each show a notable increase

on the products of last year. The increase of transportation facilities

for carrying bullion, pig metal, ores, etc., has increased the difficulty

of verifying the reports of products from several important localities,

and the general tendency is to exaggeration when the actual values are

not obtainable from authentic sources, but the aggregate result as shown

we think may be relied on with reasonable confidence."

Mr. Valentine's statisticsfor thirteen years.—^The value of the gold and

silver production of the States and Territories west of the Missouri

river during the past thirteen years, as estimated by Mr. Valentine, is

shown in the following table, from which the production of British

Columbia and the west coast of Mexico, and the values of the lead and

copper, have been excluded

:

Mr. VaJentine^a estimates of the production of gold and silver in the States and Territories

ivest of the Missouri river from 1870 to 1882, inclusive.

Tears. Gold. Silver.

1870
1
33,750,000

1871
i

34,398,000
1872 1 38,177,395
1873 39,206,558
1874 38,460,488
1875 39,968,194
1876

,

42,886,935
1877 1 44, 880,223
1878 ' 37,570,030
1879

1

31,420,262
1880 ' 32, .^.W, 067
1881 30,653,P59
1882

1

29,011,318

17, 320, 000
19, 286, 000
19, 924, 429
27, 483, 302
29, 699, 122
31, 635, 239
39, 292, 924
45, 846, 109

37, 248, 137

37, 032, 857

38, 033, 055
42, 987, 613
48, 133, 039

Total.

51, 070, 000
53, 684, 000

58, 101, 824

66, 689, 860
68, 165, 610
71,603,433
82,179,859
90, 726, 332

74, 824, 167
68, 453, 119
70, 592, 122
73, 641, 572

77, 144, 357

TJie census ataiistics.—The results of the census investigation for

the year ending May 31, 1880, as compiled by the writer under the di-

rection of the Hon. Clarence King, Special Agent of the Census, are

shown in the following tables

:
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Production of gold and silver in the United States during the census year ending May 31, 1880,
segregated according to hroad geographical divisions.

PACIFIC DIVISION.

States iind Territories.

Alasta ,

Arizona
Caililornia ..

Idaho
Nevada
Oregon
Utah
"Washington

Total.

Product.

Gold.

$5, 951
211, 965

17, i50, 941
1, 479, C53

4, 888, 242
1, 097, 701

291, 587
135, 800

25, 261, 840

Silver. Total

$51
2, 325, 825
1, 150, 887

464, 550
12, 430, 667

27, 793
4, 743, 087

1,019

21, 143, 879

$6, 002
2, 537, 790

18, 301, 828
1, 944, 203

17, 318, 909
1, 125, 494
5, 034. 674

136, 819

46, 405, 719

DIVISION OP THE KOCKT MOUNTAINS.

Colorado
Dakota
Montana—
New Mexico
"Wyoming . .

.

Total

.

52, 699, 898
3, 305, 843

1, 805, 767
49, 354
17, 321

7, 878, 183

$16, 549, 274
70,813

2, 905, 068
392, 337

19, 917, 492

$19, 249, 172
3, 370, 656
4, 710. 835

441, 691
17, 321

27, 795, 675

EASTERN DIVISION.

Alabama
Georgia
Maine
Michigan
New Hampshire
North Carolina. ..

South Carolina.

.

Tennessee
Virginia

Total.

$1, 301
81, 029
2,999

10, 999
118,953
13, 040
1,996
9,321

239, 640

$332
7,200

25, 858
16, 000

140
56

49, 586

$1, 301
81,361
10, 199

25, 858
26, 999
119,093
13, 096
1,998
9, 321

289, 226

SUMMARY.

Pacific division ,

Division of the Rocky mountains
Eaatem division

Total

$25, 261, 840

7, 878, 183
239, 640

33, 379, 663

$21, 143, 879

19, 917, 492
49, 586

41, 110, 957

$46, 405, 719
27, 795, 675

289, 226

74, 490, 620

Additional production, not accounted for in the two preceding tables.
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Average product of gold and silver in the census year, per square mile and pet : j.

States and Territories.

Alabama -

Alaska
Arizona
California
Colorado
Dakota
Georgia
Idaho
Maine
Michigan
Montana
Nevada
Kew Hampshire
New Mexico
North Carolina
Oregon
South Carolina
Tennessee
Utah
Virginia
Washington -

Wyoming
TJnited States (including Alaska)
United States (not including Alaska).

.

tFnited States (iucluding only the States
and Territories producing gold and
silver, with Alaska)

United States (including only the States
and Territories producing gold and
silver, and not including Alaska)—

Average for Colorado, California, Ne-
vada, Utah, Montana, Dakota, Ariz-
ona, and Idaho

Per square mile.

Gold.

$0.02
0.01
1.87

108. 30
25.98
22.17
1.36

17.45
0.09

12.36
44.16
1.18
0.40
2.28

11.43
0.43
0.05
3.43
0.22
1.96
0.18
9.31

11.03

14.68

19.44

33.47

Silver.

$20. 58
7.27

159. 24
0.48
0.01
5.48
0.22
0.44
19.89

112.29
1.72
3.20
0.003
0.29

55.82

11.44
13.59

18.02

23.94

42.74

Total,

$0.02
0.01

22.45
115.57
1S5. 22
22.05
1.37

22.93
0.31
0.44

32. 25
156. 45
2.90
3.00
2.28
11.72
0.43
0.05
59.25
0.22
1.98
0.18
20.75
24.62

32.70

43.38

76.21

Per capita.

Gold.

$0. 001
0.20
5.24

19.83
13.89
24.46
0.05

45.37
0.005

46.11
78.51
0.03
0.41
0.08
6.28
0.01
0.001
2.03
0.006
1.81
0.83
0.66
0.66

2.60

2.81

21.04

Silver. TotaL

$57.51
1.33

85.16
0.52
0. 0002

14.25
0.011
0.02

74.19
199. 63

0.05
3.28
0. 0001
0.16

32.94

0.82
0.82

3.20

3.21

26.87

$0. 001
0.20
62.75
21.16
99. 05
24.98
0.05

59. 62
0.016
0.02

120. 30
278. 14

0.08
3.69
0.08
6.44
0.01
0.001

34.97
0.006
1.81
0.83
1.48
1.48

5.80

5.82

47.91
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Bank of the States and Territories in the production of gold and silver in the census year.

Gold.
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Total output to dale.—It may seem strange to say tliat one of the most
perplexing- statistical questions is to state the total gold and silver i)ro-

duction of the United States from the beginning of mining operations

to the present. The difficulty lies not so much in the dearth of material

as in the embarrassing abundance of statistics, actual and estimated,

made by different persons at different times; covering overlapping peri-

ods and occasionally showing gaps; including and omitting the i)ro-

duct of the Southern States ; sometimes including the partial output

of the west coast of North America beyond the limits of the United
States ; estimated ou the basis of the calendar year or of the fiscal year;

revised, changed, and corrected, until the whole subject seems lost in

confusion. And yet there is sufficient reliable evidence upon which to

reconstruct an estimate believed to have a probable error not exceed-

ing 5 per cent.

First, we have Prof. J. D. Whitney's study of the gold output of the

Southern States from 1804 to 1850, inclusive, showing the following

results

:

Professor Whitneijs estimate of the gold production of the Southern Statesfrom 1804 to 1850,

inclusive, by periods of calendar years.

l804-'23 $47,000

1824-'30
. 715, 000

1831-'40 6,695,000

1841-'50 7,715,300

Total 15,172,300

Professor Whitney's estimate of the production, hy States, during the same time.

Georgia S6, 048, 900

North Carolina 6,842,900

South Carolina 818, 100

Tennessee and Alabama 263, 800

Virginia 1,198,600

Total 15,172,300

This carries the histor3' of production up to, and two and a half years

later than, the discovery of gold in California. In the subsequent sum-

mary a deduction has been made from Professor TVhitnej''s total, in

order to adjust these statistics to that most important date. From the

$7,715,300 estimated for the decade 1841 to 1850 one-quarter has been

subtracted; thus reducing the estimate for the total production of the

Southern States up to the turning jioint in the output of the United

States to $13,243,475. After the jear 1850 the small production from

this region has been usually disregarded altogether, until quite recently,

when it again ai)i)ears as an item in mining statistics. It is hiijhly

l)robab]e that during this intermediate period the total i)roduction of

the country has been overestimated to an extent at least equal to the

amount produced in the South; and, indeed, where the estimates for

California during the time of its greatest output vary as much as
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$5,000,000 or even $10,000,000 for a single given year, it would be a

useless over-refinement to attempt now to correct the accepted figures

by adding the insignificant amounts produced at that time in the South-

ern States.

Pjof. W. P. Blake has carried the figures through the second natural

time division (that is, the period during which California and Oregon
may be considered to have been practically the sole producers) and up
to the close of 18G3, or somewhat bej'oud the proi)er limits of this epoch.

The Comstock lode was discovered in 1859, began production in 1860,

and by 1863 had made its influence largelj' felt. In 1803, prospectors

were scouring IKevada, Idaho, and Washington Territory ; and a con-

siderable i^roduction began to come from other sources than California,

Oregon, and the Comstock lode. Profesi;pr Blake's estimate of the

actual gold exports from San Francisco, which has formed the basis for

the figures now accepted, is as follows

:

Declared exports of gold from San Francisco from 1848 to 1663, inclusive, ivith estimates of
the actual movement, by Prof. TV. P. Blake.

Tear.

1849
1850
1851 up to May 1
1851
1852
1853
1854
1855
18oG
1857
1858
1859
1860
18G1
1862
1863

Total

Declared gold
export.

$66, 000, 000

11,497,000
34, 960, 895
45, 779, 000
54, 965, 000
52, 045, 633
45,161,731
50, 697, 434
48, 976, 692
47, 548, 026
47, 640, 462
42, 325, 916
40, 676, 758
42, 561, 701
46,073,920

676, 908, 228

Estimated ac-
tual gold ex-
port.

$10,

40,

50,

000, 000
000, 000
000, 000

55, 000, 000

000, 000
000, 000

000, 000
000, 000
OUO, 000

000, 000

000, coo

000, 000
325, 916
176, 758
061, 761
071, 920

755, 636, 355

These figures do not show any silver production ; in fact, silver min-

ing in the United States may be said to have only begun in 1860. The

value of the silver contents of the gold, however, has been added in

the comj)ilations which are now generally accepted ; and though the

computation has been made in a very rough way, the value of the silver

was so small as compared with that of the gold that a revision seems

hardly necessary.

Various authorities have been quoted for the period up to the time

when a United States mining commissioner was appointed, and when
Mr. Valentine began the publication of his estimates based upon the

express returns. Mr. J. Boss Browne, in his reports as commissioner

(1860 and 1867), gave the then accepted figures, which, however, were

undoubtedly overestimated, and they have since been materially re-

duced. Dr. E. W. Eaymond, mining commissioner from 1868 to 1^75
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inclusive, made a very careful study of the subject, and his results, as

published in his series of admirable reports, are generally accepted,

though in a few cases overestimates, which there was no means of

checking, could not be eliminated. The following table gives Dr. Eay-

mond's estimates

:

Dr. B. W. Bayinond^a estimate of the gold and silver product from 1868 to 1875 iiiclusire

(^calendar years).

states and Territories.

California
Nevada
Montana
Idaho
Oregon and Washington

.

Arizona
Now Mexico
Colorado and Wyoming..
Utah
From other parts

Total

1868. 1869. 1870.

$22, 000, 000

14, 000, OCO
\f), 000, 000
7, 000, 000
4, 000, 000

500, 000
250, 000

3, 250, eoo

$22,

14,

9,

7,

3,

1,

500,000
000,000

'

000,000
I

000,000
000,000
000, 000
500,000

I

000,000 ;

1, 000, 000 500, 000

^25, 000,

10, 000,

9,100,

6, 000,

3, 000,

800,

500,

3, 775,

1, 300,

525,

1871.

$20,

22,

8,

5,

2,

000, 000
500, 000
050, 000
000, 000
500, 000
800, 000
500, 000
763, 000
300, 000
250, 000

67, 000, 000 61, 500, 000 66, 000, 000 66, 663, 000

States and Territories.

California
Nevada
Montana
Idaho
Oregon and Washington
Arizona
New Mexico
Colorado and Wyoming.
Utah
From other parts

Total

1872.

$19, 049, 098
25, 548, 801

6, 008, 339
2, 695, 870

2, 000, 000
625, 000
500, 000

4,761,465
2, 445, 284

250, 000

63, 943, 857

1873. 1874. 1875.

$18,

35,

5,

025, 722
254, 507
187,047
500, 000
.)85, 784
500, 000
500, 000
070, 263
778, 200
250, 000

i $20,

i 35,

1 3,

1,

300, 531

452,233
844, 7-22

880. 004
703, 605
487, 000
500, 000
188, 510
911,601
100, 000

$17.

40,

3,

1,

1,

7.53, 151
478, 369
573, 600
7.50, 000
240, 978
750, 000
325. COO
302, 810
137, 688
500, 000

71,651,523
I

72,428,206 74, 817, 596

Dr. Adolf Soetbeer (in Petermann's Mittheihingen, Ergiinzungsheft

No. 57) published conclusions reached by him as to the bullion product

of the United States up to the close of 1875, based upon a study and

comparison of the literature of the subject. In the following table Dr.

Soetbeer's results are shown, kilograms being converted, into troy

ounces and German marks into United States money. The production

is given by periods of years.

Br. Soetieefa estimate of the production of the 2vecious metals in the United Slates to the

close of lb75.
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The figures which, partly by repeated official publication, are now
most generally credited are shown in the following table, which includes

the estimates for the fiscal years from 1848 to 1880 inclusive. This table

is made the basis of the second and most important item in the recapit-

ulation, with the exception of the year 1880, for which the census fig-

ures are substituted.

Estimate of the production of gold and silver from 1848 to 1880 inclusive, iy fiscal years, a,s

generally accepted in official reports.

Tears.
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Production of gold and silver in the United States to June 30, 1883.

Periods. Gold. Silver. Total.

Ontpnt of the Southern States up to the discovery of gold
in California in 1848 (based on estimates of Pror J.
D.Whitne.N)

Product from 1848 to 1879 inclusive, by fiscal years (as
published by the Directors of the Mint) .'

Fiscal year ending June 30, 1880 (census figures, covering
a pei'iod one month earlier, assumed)

July 1, If'HO, to December 31, 1880 (estimated on the basis
of half the product of the fiscal year 1881, an reported
by Hon. Horatio C. Burchard, Director of the Mint)

Calendar years 1881 and 1882 (as reported by Hon. Horatio
C. Burchard, Director of the Mint)

Total product of the United Slates to close of 1882.

.

Estimated product in first six months of 1883

113, 243, 475

1,484,041,532

, 379, 60333,;

230, 000

200, 000

5422, 722, 260

41, 110, 957

21, 050, 000

80, 800, 000

$13, 243, 475

1, 906, 763, 792

74, 490, 620

39, 300, OOO

157, 000, 000

Total product of the United States to June 30, 1883

1,010,

10,

114,070
250, OCO

574,083,217
i
2,190,797,887

23, 400, 000 '

. 39, 650, 000

1, 632, 304, 670 598, 083, 217
[
2, 230, 447, 887

Up to June 30, 1883, the aggregate production of gold in the United
States may be stated at $1,632,304,670, and of silver $598,083,217, mak-
ing a grand total of $2,230,447,887. Eeduced to the equivalent weights,

the total gold output has been 78,905,572 troy ounces, or 2,707.4 avoir-

dupois net tons. The total for silver represents 402,590,469 troy ounces,

or 15,800 tons. It will perhaps convey little meaning to say that the

grand total is in excess of the national debt; but a better conception

of the vastness of the amount may be had by considering that all the

gold produced in the country to the present time, if brought together,

would suffice to load 271 ordinary freight cars ; the silver, supposed in

the same way to be collected together as fine bullion, would require

1,586 cars for its transj)ortation. The gold would tax the carrying^

capacity of a large ocean steamshij) ; while the silver would suffice to

form cargoes for a small fleet.

Present status of the industry.—From the foregoing figures the general

deduction may be drawn that the annual precious-metal output of the

United States during recent years maybe stated at between $70,000,000

and $80,000,000, coining value, and that the fluctuations in the propor-

tional amounts of gold and silver are greater than those of the total prod-

uct. It is also safe to assume that this rate of i)roduction will be main-

tained for some time to come, and that the probability of a slight increase

is greater than that of a decline. Experience has shown that as old dis-

tricts become exhausted, or fall off" in their rate of production, new locali-

ties are developed which fully take their place, and that the general result

is therefore nearly uniform as compared year by year. By the time the

country has been thoroughly explored for gold and silver dejiosits, a

time which may be considered as indefinitely remote, the facilities for

mining and working the ores will undoubtedly be such as to enable

systematic and permanent development to be maintained in places and
with ores which at present could not be i)rofitable. The ju-oduction of

the precious metals appears to be the sole industry which is at all inde-

pendent of changes in the relation between supply and demand, unices,
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indeed, the influence exerted by fluctuations in the market value of silver

may be held to afiect the production of that metal. With all other natural

products the amount produced is necessarily limited by the amount
consumed, whether in this or in foreign countries; notable examples of

which effect may be seen in the case of quicksilver, which, at a certain

demand and consequent market value, may be mined profitablj^, while if

the price declines only a few cents per pound a number of mines are at

once thrown out of operation, and the production falls off until an equi-

librium is reached at which resumption of work is profitable. In the

case of the great iron industry, in which, as is so often seen, overpro-

duction brings its own remedy, and as is found to be true in other al-

most innumerable instances which might be cited, it would require very

violent changes in the purchasing power of the precious metals to

materially affect the rate of their production. It might even be said

that the latter is apt to increase in cumulative ratio, for unusual suc-

cess in any locality at once attracts attention and stimulates prospect-

ing for new deposits and their exploitation, the ultimate result being

a sympathetic increase throughout the mining region. But while

natural causes are thus seen to influence the rate of production only

slightly, artificial restraints, such as the crusade against hydraulic min-

ing in California or the adoption of unwise laws, certainly make their

influence felt, though for the country at large the effect is relatively

small. In like manner the reaction from undue speculation has a slight

depressing result, which shows itself in apparently returning cycles.

Sudden changes in the normal supply of either of the precious metals

bring about from time to time corresponding changes in the coinage

laws of nations; the reflex action upon production, however, is hardly

more than perceptible.

The production of gold and silver, like that of other commodities, is

of course not one of clear profit. Indeed, a saying that it costs one

dollar in coin to produce one dollar in bullion has gained more or less

credit; and though this opinion has been abundantly shown to be

unfounded, and while also any attempt to estimate the profit gained to

the country by the mining of the precious metals is mere guesswork, it

is still quite probable that $500,000,000 of the gross total has been net

profit.

One third of all the gold and one-half of all the silver annually pro-

duced in the world are supplied by the mines of the United States.



PETROLEUM.
By S. H. Stowell.

Definition ofijetroleum.—Petroleum is an inflaramable, oily liquid, of

a bituminous character, which exudes from the earth in certain parts of

the world. Its varieties, of which there are many, form a series of hy-

drocarbons, begiuning with asphaltum and ending with naphtha, the

variety chiefly referred to in this article being of a dark greenish-brown

€olor and of a somewhat offensive odor.

History of 'petroleum.—Petroleum has been known and used in Europe

and Asia for centuries, being chiefly obtained from the surface of the

water in springs and also from pits dug to collect it. The Chinese are

also reported as having for hundreds of years drilled deep wells in

search of it. It did not attract much attention, however, and its use

was not extensive.

Its existence in America.—There is reason to believe that the prehis-

toric inhabitants of America were aware of the presence of petroleum in

this country, and also followed the plan of digging pits to collect it,

many of which, lined with roughly hewn wood, are yet to be found in

the Pennsylvania oil regions. The many oil springs in western Penn-

sylvania and New York were also no doubt known to them, as were they

to the Indians, who made use of the oil for various purposes. Tbe French

commander of Fort Duquesne, writing in 1750, regarding an expedition

north of that i)ost, speaks of the setting on fire of the oil on the surface

of a small creek by the Indians as a iiart of a religious ceremony. At
a considerably later period than this, the country becoming more settled,

petroleum was collected from the surface of Oil creek, the Allegheny

river, and other streams, and was sold somewhat extensively through

the country under the name of " Seneca oil," and used for medicinal pur-

poses. The oil thus became very well known, and in 1833 Prof. B. Silli-

man, sr., was led to make an investigation of a large oil spring in

Allegany county, New York, a report of which was published at the

time. In this he discusses the distribution, character, and probable

origin of petroleum, in regard to the latter point advancing the theory

that there was a connection between the petroleum and the bituminous

Coal Measures of Pennsylvania. About the same time attention was

attracted to the discovery of petroleum in the Muskingum and Kanawha
valleys by parties sinking wells to obtain brine for making salt. Dr. S.

P. Ilildreth, of Marietta, Ohio, writing in 1833, describes several of these

wells and the manner and character of their i)roduction very minutely,

18G
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from which description it appears that the wells were bored to about

the customary depth of oil wells at present, and produced oil in much
the same manner. Further, the oil was conceded to be valuable and
what was obtained was utilized

;
yet no effort was made to bore wells

especially to obtain oil, nor was any endeavor made to increase the pro-

duction. The oil seems to have been viewed chiefly as an unfortunate

accident which spoiled good salt wells. Shortly previous to this a flow-

ing well was struck in Kentucky, but the oil was suffered to run to

waste.

However, the introduction of oil made from coal and shale paved the

way to a recognition of the great value of the petroleum deposits. For
many years experiments in making coal and shale oil had been tried,

and about 1840 considerable quantities were made in France; but the

manufacture did not take rank as an industry until 1850. In this year

oil was largely made in Glasgow, Scotland, from coal, and the industry

extended rapidly in Scotland and also on the continent. Attention

was attracted to the process in the United States; our Coal Measures

and oil-bearing shales were found to offer great facilities for the manu-
facture of oil, and the industry soon spread throughout this country,

the factories in 1859 numbering some fifty or sixt3\

In 1853 a large firm, engaged in the lumber business on Oil creek,

Pennsylvania, took some steps to utilize the oil from an oil spring on

their property near Titusville. Some of the oil collected was sent East,

and the attention of a number of parties being attracted to its similarity

to coal oil, the result was the formation, in New Haven. Connecticut, of

the Pennsylvania Eock Oil Company, to which company Prof. B. Silli-

man, jr., made his famous report on petroleum. The first intention of

this company was to collect oil from the springs on their property, but

through a fortunate accident the idea of drilling an artesian well for oil

occurred to one of the company, and after many delays was put into

effect. Col. E. L. Drake was sent out to Titusville as superintendent of

the company's operations, and about the middle of August, 1859, the

drill was started. The drillers averaged about 3 feet a day, making
slight indications all the way down. On Saturday, August 28, at the

depth of 69^ feet, work was stopped for the week and the tools were
withdrawn. The next day, Sunday, the well was discovered to be full

of i)etroleum. The pump was adjusted on Monday, and the well com-

menced producing at the rate of 25 barrels per day.

Great excitement ensued. Farms were bought or leased on all sides,

and preparations were made for drilling wells in many places, though
but little was accomplished until 1860. In 1861 the first flowing well was
struck—the '' Fountain" well—which produced 300 barrels per day.

This upset all calculations
;

people were willing to believe anything

regarding the industry, and great numbers rushed to the oil regions.

Other tiowing wells were struck, and prices fell to 20 cents a barrel,

then to 15, and then to 10. One great difficulty was the scarcity of bar-
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rels ; much oil went to waste, and in many cases small producers were

forced to cease operations.

During the years 1860 and 1861 several hundred wells were drilled

along Oil creek, from its mouth to Titusville. Probably not over one-half

of these were producers, and but a small proportion were flowing wells,

the remainder being small pumpers. However, during the latter part

of 1861 and in 1862 the number of flowing wells was greatly increased,

and the daily yield rose in the fall of the latter year to 13,000 barrels,

and the total production for the year amounted to a little over 3,000,000

barrels. In 1803 the operations were greatly increased in number, and

wells were drilling all along the Allegheny river for 80 miles on either

aide of the mouth of Oil creek, and also along the latter stream and its

tributaries. During 1864 operations were still further extended, and

wells were drilling and rigs building in nearly every locality in which

oil is now produced. The price of oil rose throughout the year, the

average rate per barrel being $9.87, and enormous sums of money were

invested in oil property. During the year no very imi)ortant develop-

ments were made, but the total production amounted to 22,000,000 bar-

rels, with the price in January-, 1865, at §11. In 1865 the famous United

States well was struck on Pithole creek, and was soon followed bj' the

Grant well, the two producing 2,500 barrels per day. A rush to the

vicinity immediately began. Land was sold at fabulous prices, wells

were begun in every direction, and Pithole City sprang up. In May,

1865, there were two houses on the ground. In August a city with a

population of 14,000 was in existence. The excitement was at its height

in this month, and the daily yield of the section was over 5,000 barrels.

With the giving out of the United States well in i^ovember, however,

the decline commenced; the population of the city rapidly decreased;

buildings were deserted ; and in 1866 what was left of it was swept away

by an oil fire. No further important developments were made for some

years. In 1869, the Oil creek field having been pretty well drilled over,

the attention of some capitalists was attracted to the indications of oil

near Parker's Lauding, 80 miles down the Allegheny from Oil City.

Wells had been drilled there before without great success, but in the year

named promising developments were made, and the "lower oil field"

came prominently into view. From Parker City operations extended

to Saint Petersburg and Edenburg on the north and Petrolia and Mil-

lerstown on the south, and the limits of the field were i)retty well de-

fined.

From 1869 until 1875 there were no important developments in the

oil trade. In the latter year wells were drilled in McKean county,

Pennsylvania, and a production of 150 barrels per day was attained by

the close of the year. This district continued to enlarge its output

gradually, but with no very sudden advances, and in time took its

position at the head of the producing regions, having, on December 31,

1872, a daily production of 34,000 barrels. In 1876 producing began in
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Warren county, and in 1877 150,000 barrels were produced, the yield,

however, immediately falling off and not again attaining such propor-

tions until 1881. In 1877 the Beaver county field became worthj- of

consideration as an oil-producing region, and has been steadily ri.'iing

in importance ever since. The next development was the Allegany

county, New York, field, which commenced producing in 1880, and

gradually increased its oucput, until in June, 1882, its dady production

was 22,000 barrels. It has fallen oft" greatly since that time. In April,

1882, the famous "646" well was struck in Cherry Grove township,

Warren county. This was the oj)eniug of the great Cherry Grove pool

of flowing Avells. In July seven wells were producing 4,350 barrels per

day, and by the close of August the daily production had jumped to

almost ten times that amount. Prices dropped from $1 to about 50

cents per barrel, and the excitement was great. The production of the

district, however, fell off about as rapidly as it had risen, and in De-

cember but 2,200 barrels were being produced, with j)rices once more at

about $1.

Producing localities.—The localities in the United States producing

petroleum are in the States of Pennsylvania, New York, California,

West Virginia, Ohio, and Kentucky, though the production of the last

four States is very small in comparison with that of the first two. In

West Virginia but little is doing. The wells which are producing are

small and the production is chiefly heavy oil, fit only for lubricating.

In Ohio the operations are also of comparatively minor importance, the

oil here also being heavy oil. The total jiroduction of these two States

during the census year which ended May 31, 1880, was reported to be

224,312 barrels, of which 219,253 barrels were produced in West Vir-

ginia and in the Washington county district in southeastern Ohio, the

remainder being produced at Grafton and at Mecca, in eastern Ohio.

In Kentucky, within the past few years, operations have been renewed,

but not to any great extent, the production of oil in the census year

having been but a little over 5,000 barrels. The third State on the list,

California, is attaining some importance as a petroleum producer. The

oil district extends over two counties, and is estimated as producing

about 500 barrels daily on December 31, 1882, the estimate being pos-

sibly rather high. As nearly as can be ascertained, the production for

the last five years has been as follows

:

Production of petroleum in California.

Barrels.

1878 15,227

1879 19,858

1880 42,399

1881 50,000

1882 70,000

The barrel is uniformly 42 gallons. The figures for 1881 and 1882 are

estimated from returns made for six months of each year. The demands
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of the western coast at present are sufficient to consume all the oil pro-

duced, and in addition about 100,000 barrels of oil from the East.

The Pennsylvania oil region.—The chief producing localities in the

United States, then, are found in the States of Pennsylvania and New
York. Throughout a broad elliptical belt of country, extending from a

point on the western boundary of Penn.sylvania across that State in a

northeasterly direction, and some distance across the southern boundary

of New York, indications of oil are found. This belt is perhaps IGO

miles long and 40 miles broad at the center, and comi)rises all localities

where there are surface indica.tions of oil. The oil-producing localities

occupy but a limited position on this belt. In Beaver county, at the

extreme southwestern end, are two small pools at which oil is produced.

In Butler county, next in order, the small held at Baldridge comes first,

then comes the large lower oil field, part in Butler and part in Clarion

county. The counties then following in order are Venango, containing

the large field first developed; Forest, the most recent and least de-

veloped field; Warren, containing the Tidioute, Clarendon, Sheffield,

and Cherry Grove pools; McKean, the great producer; and Allegany

county, New York. The following table shows the relative number of

wells and productiveness of the several districts on December 31, 1882:

Condition of the petroleum districts of Pennsylvania and New YorJc, December 31, 1882,

Dietrict.
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been abandoned, and many districts may be said to be comparatively
deserted and their production fallen off, but no district where oil has
been produced in any quantity has yet been abandoned. It is possible

that the wells in some districts may so completely give out that the
whole district may be abandoned, and, indeed, such an event is not im-

possible with the whole region ; but such is the character of the industry

that it is not possible to determine in any way the probability of an
occurrence of this nature.

Future prod'Oaing localities.—The same truth holds good with regard
to endeavors to ascertain localities which may be productive in the
future. As has been seep was the case with the recent Cherry Grove
development, it is probable that at any time the existence of such a
deposit may be discovered anywhere within the lines of the oil belt,

even where its existence is least suspected. Of course it is safe to say
that as thedemand for petroleum increases and the present production

declines other localities that now afford indications of oil will be devel-

oped, and Kentucky, Tennessee, Ohio, Colorado, and Nebraska may
become productive in the future ; but it is not possible to make any
statement of a positive character regarding such future production.

Foreign oilfields.—A brief notice of foreign oil fields is not inappro-

priate at this juncture. On this continent, outside of the United States,

oil is found in Nova Scotia and Canada, in various places in South Amer-
ica, and in many of the West India islands. In Canada oil has been
produced since 1857, and the industry has assumed proportions of con-

siderable importance. In South America oil exists in Peru, Ecuador,
Bolivia, and Chili, but only in the first-named country is it produced and
used for commercial purposes to any extent.

In Europe the most remarkable deposits of petroleum are those of the

Caucasus, there being in the vicinity of Baku, on the Caspian, large

numbers of wells. The product is quite important in a commercial way.

Petroleum is also found in Germany and Italy. In Asia there are large

oil fields in China, Japan, India, and Burmah, in all of which countries

the petroleum is collected and utilized to a greater or less extent. The
petroleum deposits of New Zealand are also of considerable importance.

Origin ofpetroleum.—It would not be advisable to enter into an ex-

tended discussion, in this paper, of the probable origin of petroleum.

Many conflicting theories, with more or less arguments in favor of each,

have been advanced ; but so little is known definitely on the subject that

it is conceded to be a doubtful question. The theory most commonly
accepted is that of decomposition of carbonaceous material. The evo-

lution of gases from decaying vegetable matter is familiar to all, and
liquid hydrocarbons have also been observed as resulting from* such

decomposition j and the theory is plausible that the same changes in

vegetable matter which bring about the formation of coal also have

petroleum as a resultant. The theory is further supported by the facts
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that oil of an essentially similar character to petroleum is distilled from

bituminous coal, and tbat in general x^Ptroleum is found in oealitiesl

where bituminous coal or shales are known to exist; and at all events

the theory of carbonaceous decomposition may be considered as agree-

ing more closely than any other to all known circumstances in connec-

tion with the existence and production of petroleum.

Geology of petroleum.—The geological formation in which petroleum

is found may be spoken of with considerable definiteness. The oil is

usually found in beds of porous sandstone and conglomerate, satu-

rating the rock and filling the fissures in it, which are generally exten-

sive. Deposits of petroleum occur in rocks of the Lower Silurian series

and upwards. In Canada and Kentucky the Utica shale of the upper

part of the Lower Silurian rocks is highly bituminous, and the petro-

leum found in these districts evidently proceeds from this formation.

By far the most productive oil horizon, however, is found in the Upper
Devonian rocks, and these are the strata from which the Pennsylvania

and New York oil wells draw their supplies. Through the oil regions

of the States named the hills and higher ground are formed of Carbon-

iferous rocks and patches of Coal Measures, underlaid by conglomerate

and a few hundred feet of Lower Carboniferous shales. Under this,

and generally exposed in the valleys, come the Chemung and Upper
Portage formations, composed of alternations of clay shale with the

bands of sandstone and conglomerate in which the oil exists. Of course

it is not probable that the oil derives its existence from any changes in

this clay shale ; but the formations named are in their turn underlaid

by very thick and black bituminous shales of the Marcellus and Gen-

esee series, in which it is eminently possible that the supposed changes

may have taken place, the oil then finding its way to the more open or

porous rocks above.

Prospecting or locating oil property,—The circumstances which have

governed oil operators in locating oil i^roperty have been many and

various. Early in the history of the trade, oil on the surface meant oil

underneath. A location where oil was found on the surface of springs

or streams, or oozing through the ground, was accepted as a favorable

situation for drilling oil wells. The unreliability of such indications,

however, seems to be quite certain. Wells have been drilled in the

vicinity of, and in fact on the bottom of. the ancient pits on Oil creek,

already mentioned, without success. Wells have also been drilled in

the immediate vicinity of oil springs, and have found no oil in any

abundance. This would seem to i)rove that oil on or near the surface

of the earth has but little immediate connection with the large deposits

of petroleum from which the wells of the present draw their supplies.

In the early years of the oil trade, in selecting a site for an oil well, a

ravine or hollow was generally considered to offer advantages, ])Ossibly

from some mistaken impression that the presence of the irregular and
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cavernous rock formation in which the oil is found was indicated by the

irregularity of the surface. Of course there may be in some cases a

connection between the two, but as such ravines more frequently owe
their origin to the eroding action of water, a well so located would
not necessarily be over the oil-producing rock. The same reason may
be urged against the idea that locations along the river and creek bot-

toms were the most favorable to be found. It has even been asserted

that the fissures in the rock, hundreds of feet below the surface, fol-

lowed very closely the course of the streams on the surface ; but this

is manifestly improbable. An erroneous impression also prevailed that

locations in ravines or on the river-bottoms were good because the

stratum of earth was thin and the rock could be reached with less diffi-

culty. This is of course absurd, as rock is more frequently in close

proximity to the surface of hills than it is to the surface of valleys or

ravines. However, facts are against all these theories, were there no

other argument to be urged against them, and they have been proved

erroneous by experience, the location of a well with regard to surface

configuration ha\'ing been found to have but little to do with its pro-

ductiveness.

The chief guide that for years has been and is now relied upon in

locating oil property is the success or failure of former operations iu

the locality under consideration. It having been once decided that the

reservoir of oil is beneath one well, it is reasonable to conclude that

another well, drilled in close proximity, stands a fair chance of tapping

the same reservoir. Of course to this rule must be attributed, more
than to any other, the development and increase of our oil fields. From
the first, men were attracted to the business by the knowledge that others

had succeeded, and drilled their wells accordingly ; but this was with

reference to locating an oil district and not the position of an individual

well ; and iu discussing the subject reference was had to the latter.

The rule has held good in a large number of cases. Still there are many
instances where a well sunk in very close proximity to a producing well

has failed of success. In one instance a well which was quite dry at

first became a producer upon having the diameter of its bore increased

about an inch, proving that even so slight a distance from the oil vein

will be fatal to the productiveness of the well.

Drilling tools.—The site of the well having been selected, a derrick is

built. This is a tall, pyramidal structure of framework, and is built

immediately over the point selected for the well. Excavation of the

earth is then begun, as, of course, drilling cannot commence until the

solid rock is reached. Where the rock is only a short distance below

the surface, a hole is dug down to it and a narrow box of planks is in-

serted. Drilling is then commenced on the rock. Where, however, the

rock is some distance down, recourse must be had to a somewhat differ-

ent method of operating. A pit is dug under the derrick for some dis-

13 M R
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tance down, usually until the process is interrupted by the influx of

water; a conductor or pipe of some kind is then driven into the earth

at the bottom of the pit, and forced through to the rock by means of an

instrument resembling a pile-driver. The pipe may be of -wood or iron;

generally an iron pipe is used, called a driving-pipe. It is prepared in

joints of a certain length, and the joints are connected as the pipe is

driven into the ground. Generally this operation is a success, but fre-

quently the pipe runs upon a large stone or a thin stratum of rock, and

in some cases is bent or deflected from a vertical course ; and such a

deviation is fatal to the well, as it must be perfectly straight and vertical,

and it is generally useless to attempt to remedy the difficulty. The

pipe, however, having been successfully put down to the solid rock, the

earth is removed from its interior and the operation of drilling com-

mences. The chief tools, properly so called, used in the process are

four—the center-bit, the auger-stem, the jars, and the sinker-bar. In

a drilling well, these tools hang in the order named, the center bit being

lowest. This is a bar of iron a few feet long, with a sharp steel cutting

edge on the lower end. To this is attached the auger-stem—simply a

round bar of iron, from 28 to 40 feet in length, of 4-inch iron. Then

come the jars, two peculiarly constructed pieces of metal, so formed

that, as indicated by their name, a sudden jar will be imparted to the

tools at every upward and downward motion, as the drilling progresses:

serving to loosen the bit if by chance it should become wedged in the

hard rock. The fourth piece, to which is attached a long cable reaching

up to the surface, is the sinker-bar, resembling the auger-stem, but only

from 14 to 16 feet long, and used simply to give additional weight to

the tools. The cable by which these tools are suspended in the well

passes up to the top of the derrick on the surface, over a pulley, and

down again to a large kind of drum at the foot of the derrick, called a
'^ bull-wheel," around which it is coiled. By applying power to this

wheel the tools may be drawn up from the well and suspended in the

derrick, as it is often necessary to do in order to get at the bit to sharpen

it. The tools are permitted to run back into the well by their own
weight, a brake on the "bull-wheel" controlling the motion. About
eight or ten feet above the mouth of the well, the cable is fastened to

one end of a large walking-beam, oscillating on a high post, called a

" Samson post," connection being made at the other end of the beam
with the engine. By this means a rising and falling motion is imparted

to the tools, the impact of the center bit on the rock drilling the hole.

Method ofdrilling.—With an outfit and tools of this character, then, the

work of drilling commences. The rate of progress varies of course with

the character of the rock, a hard rock requiring longer time to pierce it.

In early times, perhaps 10 feet a day was considered fair progress, but

at present, with tools weighing usually in the neighborhood of a ton,

and dropping a distance of about 2 feet with every vibration of the
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walking beam, a very Leavy blow is struck and rapid progress is made.

Wells are now drilled in fifteen, twenty, and thirty days, that ten or

fifteen years ago would" bave required from thirty days to six months
to complete. Much progress has also been made with regard to suc-

cess in drilling a well. i!^umberless difiiculties were formerly encoun-

tered in drilling every well ; tools were broken in the well or became fast

in the rock ', thick mud has flowed in and became " set " around the tools

;

and a large proportion of the w«ills commenced neverwere drilled through

to the oil rock. However, with the present imi)roved methods and ap-

pliances, such accidents are very infrequent, and very few wells are

commenced that are not carried through to the sand successfully.

In drilling, the tools are lowered a little with every stroke by means
of a " temper screw" attached to the cable in the derrick, and manipu-

lated by the driller. The debris resulting from the operation of the

center-bit is held in suspension at the bottom of the hole, water being

usually poured into the well for this purpose. When a considerable

quantity of broken rock has accumulated, the tools are withdrawn from

the well and an instrument called a sand-pump inserted, which removes

the liquid mud and sand from the welL The tools are then replaced

and a few feet more are drilled. Sometimes a tool called a reamer is

inserted in place of the center-bit, which reams out the hole and re-

moves any irregularities ; but with the improved bits now in use this

tool is but little used. In this manner the work of drilling goes on.

As the well increases in depth, small veins of oil are frequently crossed

and veins of gas are also encountered, in addition to the streams of salt

water. The drill first passes through a stratum of clay shale of varying

thickness. Then a stratum of sandstone, called the first sand is reached

;

then another stratum of shale, another of sand, called the second sand;

another of shale, and then the third sand. In some cases a fourth sand
has been found. This third sand is the chief oil-producing sand, the

wells producing oils from the first and second sands being compara-

tively few. The strata enumerated above are of varying thickness, and
it is difficult to give any statement that will be a fair average ; however,

it may be said that the third sand has been found in the Pennsylvania

oil-fields at a depth of from 400 to 2,000 feet, and that the majority of

the wells drilled have reached it between 1,300 and 1,700 feet below the

surface. This, of course, must be understood as being only an estimate.

Well records.—It is customary for operators, when drilling a well, to

keep a record of the several strata or kinds of rock drilled through, as

shown by the debris brought up by the sand-pump. Of course records

from different wells are never alike, but the following may be of service

as an illustration. It is the record of a successful well drilled in Alle-

gany county, New York, which, however, reached the third sand at a

somewhat less depth than the average

:



186 MINERAL RESOURCES.

Section irarersed btj an oil irell in Allegan;/ county, Xetp York.

106 feet of surface formation.

30 feet blue sliale.

40 feet white rock.

15 feet red rock.

5 feet chocolate shale.

16 feet red rock and sand.

4 feet chocolate shale sand.

8 feet " water" rock.

12 feet gray stone.

6 feet red rock.

30 feet slate rock.

14 feet gray stone,

3 feet white stone.

4 feet gray stone.

4 feet sandstone.

7 feet dark-gray stone.

30 feet slate.

20 feet light-gray stone.

21 feet slate and shells.

79 feet light colored slate.

4 feet shell and fossil remains.

31 feet slate, soft.

22 feet argillaceous sandstone

Sand.

-First

30 feet shale.

4 feet shell and fossil remains.

1 foot bright copper-colored shell.

52 feet slate.

4 feet shell and fossil.

21 feet slate.

1 foot shell and fossil.

21 feet slate.

1 foot shell and fossil.

47 feet shale, soft.

40 feet sandstone

—

Secoxd Sakd.

80 feet shell and slate.

61 feet slate, shell, and fossil.

9 feet shell and fossil.

119 feet shale.

20 feet excellent quality oil sand, salt

water.

104 feet shale.

17 feet sandstone

—

Third Sand—soft.

17 feet third sand, not so soft.

10 feet third sand, same as top,

24 feet pocket, in shell and slate.

1, 194 feet total depth.

Cost of drilling.—Of the two following estimates of the cost of drill-

ing an oil well, the first was made about 1865, and shows the cost of

drilling a 60()-foot well in Venango county at that time ; the second

shows the cost of drilling a well of av^age depth in McKean county at

the present

:

Cost of drilling, 1865.

Forty feet of metal pipe at §6 S240 00

One engine, 10-horse power 1, 600 00

Band wheel and belting 125 00

Drilling tools 325 00

Derrick, bull-wheel, walking-beam, and Samson post 100 00

Six hundred feet of cable and sand-pump rope 100 00

Drilling 600 feet at $2.50 a foot 1,500 00

600 bushels of coal at 50 cents 300 00

Tubing, 600 feet at 60 cents 360 00

Total 4,650 00

Cost of driUing, 18S3.

Carpenter rig with irons, all complete §400 00

Boiler and engine 775 00

Belting and connections 125 00

Casing, .5-inch, 500 feet, at 75 cents 375 00

Delivering same at well 20 00

Drilling, average depth 1,625 feet, at 60 cents 975 00

Tubing, 1,700 feet, at 22 cents 374 00

Delivering same at well 15 00

Packer 15 00

Tank and house to cover 160 00

Torpedo 200 00

Total 3,434 00
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It will be observed that there are several items in the latter estimate

which do not appear in the former, and one or two in the former not in

the latter. This is accounted for by the fact that one or two of the

items in the 1883 estimate each cover more than one of the items in the

1865 estimate, and that the operations in 1865 were quite simple when
compared with those of the present day. The two estimates represent

fairly the amount of money considered necessary to put down a well at

the two periods named. Of course the cost varies, as does the depth
of the well; in Allegany county, Kew York, for instance, where the

average depth is not much over 1,300 feet, the cost would be but $3,200

at present.

Manner of produQing.—The well having been completed to the first

sand or oil-bearing rock, if a good volume of oil is obtained the drill

may be stopped and pumping begun ; but if neither at the first nor second

sands is a good flow of oil obtained, the well is drilled through to the

third s?(.nd. The result will then be one of three things : the well will

be a dry hole, or it will be a small producer, requiring to be pumped, or

it will be a flowing well. In the first case the money invested is of

coiu^se a total loss, except so far as the tools and materials may be util-

ized in drilling other wells ; in the second case, an additional outlay

is required for sucker-rods and other pumping apparatus, and a con-

stant expense is incurred for fuel, except in cases where the gas from
the well itself may be utilized. In the third case, all that is necessary

is to attend to the oil ; the well will take care of itself.

Flowing wells.—In connection with the latter class of wells, some in-

teresting circumstances may be mentioned. The first flowing well was
struck in the Oil creek region, as a result of very deep drilling on the

part of the operator. At the depth of 500 feet a vein of oil was struck

which lifted the heavy tools clear out of the well, and poured forth with

amazing force, rising to a height of 60 feet above the surface of the

ground. Other wells were at once drilled deeper and many other
'• gushers " were struck, several of which produced from 1,000 to 3,000

barrels per day. The recent Cherry Grove developments produced a
number of ''gushers" of this character.

Period of productiveness.—The period of productiveness of an oil well

is very uncertain, and almost all that the owner can be positive of is

that the well is producing ; he cannot ascertain the probable duration

of its productiveness. As a general thing, a large flowing well is but

short lived, while a pumping well of moderate size is more likely to

have a long life. The character of other wells in the district and the

length of time they have been producing also furnish some assistance

in solving the problem ; but even with this help a definite solution is

impossible. Various causes, and many no doubt of which nothing is

known at present, conspire to check the production of oil wells, and the

well, whether flowing or pumping, may suddenly cease producing and
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110 reason be perceptible. lu the majority of cases, however, the wells

fall off gradually until they cease to produce.

Explosives used.—Frequently when a flowing well stops producing very

suddenly, the owners have recourse to a process called "torpedoing"

or "shooting" the well, which is often efficacious in restoring and some-

times increasing the production. The process is based on the supposi-

tion that the stoppage of production is caused by the orifices in the

rock which admit the oil to the well becoming clogged up with paraffins

or other obstructing matter. In the early days of the business, and up

to 1865, blasting powder was used for this purpose, but in the year

named nitro-glycerine torpedoes were introduced by the Roberts

brothers. These torpedoes were found to give much better service

than the old ones, as they were convenient in size and exploded very

suddenly. A 60-quart shot, while a somewhat large one to use on a

new well, is yet by no means an uncommon one, and the force of the

explosion would equal that obtained by exploding 2,G00 pounds of gun-

powder, an amount which could not be gotten into the deepest wells.

The Roberts brothers took out patents on their invention, which are

now owned by the Roberts Torjiedo Company, and regarding which

seemingly endless litigation has sprung up in consequence of alleged

infringements, the exact status of the matter being hard to define. The
patents will, however, expire very shortly.

Cost of producing.—In view of the facts recounted, and especially

those regarding the duration of productiveness, the uselessness of en-

deavoring to determine the average cost of i)roducing a barrel of oil

will be appreciated. This determination in the case of a single well

depends, among other things, on the depth to which the well is drilled,

and the difficulty attending the process ; upon the cost of pumping, if

not a flowing well 5 and upon the amount of oil produced. Accordingly,

it would be impossible to decide exactly the cost of a barrel of oil from

an individual well until it had ceased producing; while to ascertain the

average cost of production, with reference to all the wells, would be a

well-nigh impossible task. Of course rough estimates have been made,

but these have been generally in regard to pumping wells of small size,

and of only local value; and a statement covering all kinds of wells

and all the oil produced cannot be made.

Statistics of production.—The following tables give the statistics of

petroleum production in the Pennsylvania and New York oil field, for

the years 1871-1883, the figures for the latter year of course being only

up to date, June 30. The exact figures for former years are not ob-

tainable, various and different estimates existing, but so conflicting that

their value is impaired.
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Labor employed.—The labor employed in the oil regions is an extremely

variable element, the number of hands employed depending of course

on the number of wells producing and drilling,, and this latter number
being, as has been seen from the foregoing statistics, one which is con-

stantly changing. The census reports state that on Ma^' 31, 1880, there

were employed in all the regions of this country, except California,

11,477 men, these figures including all hands employed either in drilling

wells or in attending to those producing. It is probable that the total

number at present employed is not largely in excess of the number
employed then, if at all. Of course during the summer and fall of 1882,

at the time of the Cherry Grove excitement, when so many wells were

drilling in that localitj^, the number of men employed must have in-

creased somewhat ; but it must necessarily have decreased as rapidly

as it increased, and all that must now be added is the number of men
employed in the Allegany county, Xew York, field, discovered since the

census year; but as all districts of the Pennsylvania field have been

recently falling off steadily, and the number of men employed growing

somewhat less, a deduction must be made which will almost neutralize

the efiect of the addition, and, as stated, the present number em^Dloyed

will not be much changed from that employed during the census year.

The class of labor emjiloyed consists chiefly of common laborers, the

foremen and drillers being the only skilled labor. The wages paid

range from $2.50 to $4 per day for skilled labor, and from $1.50 to $2
for common labor. The total amount of wages paid during the census

year was $7,561,020.

Transportation.—The question of transportation is one which early

engaged the attention of the oil trade. At the outset the methods of

carrying the oil were very primitive. Imperfect barrels were hauled in

rough wagons from the wells to the streams, where they were loaded

sometimes on steamboats, but generally on rough flat boats or rafts, by
which means they were transported to other places on the river and re-

shipped by rail. In some cases a species of boat was used called a
" bulk-boat," into which the oil was run in bulk and transported to its

destination, there to be transferred to barrels or tanks. These methods
of transportation were much interfered with by the low water in the

rivers ; and frequently on smaller streams, and notably on Oil creek, a

"pond freshet" would be caused. A number of dams on the stream

named, belonging to abandoned sawmills, were utilized to hold back

and accumulate a large amount of water, which at length was suflered

to escape from all the dams at once, and thus an artificial rise in the

stream was caused. Soon railroads were built to the oil regions, and
tank cars were invented; and finally, in 1805, iron pipes began to be

laid to bring the oil from the wells. During the ten years following a

number of pipe-line companies were organized for running and storing

the crude liquid. Each company covered certain territory, and pro-

ducers availed themselves of the pipe-line facilities, each receiving a



PETROLEUM. 205

certificate or receipt for his oil, redeemable in oil at any time upon pay-

ment of storage charges. The certificates of each company, however,

were of course available only in the district in which it operated, and

could not be negotiated. In 1877 an ostensible consolidation of five of

these companies took place, the new corporation being called the

United Pipe Lines, with a capital of $3,000,000. This new consolida-

tion, however, was simply a purchase of the rights and property of the

companies by the Standard Oil Company, to which reference will be

made. During the year 1877 a number of other lines were purchased

by the United Pipe Lines, and the capital of the corporation was in-

creased to $5,000,000. Since that time the company have greatly

increased their resources, a statement published in 1878 showing that

they had in active operation nearly 2,000 miles of pipe, with all neces-

sary apparatus, pumps, etc., for operating the lines ; and at present their

pipeage capacity is no doubt very much greater, probably o\'er 5,000

miles. About 4,000 miles of this form a network all over the oil region,

connecting some 20,000 wells with the market; and the remainder is com-

posed of trunk lines of large 6-inch pipe, connecting the oil regions with

the cities of Cleveland, Pittsburgh, Buffalo, Kew York, Philadelphia,

and Baltimore. On December 31, 1882, a published statement showed

that their storage tanks, in which they store oil for the convenience of

customers, had a united capacity of nearly 37,000,000 barrels, and that

they had in stock, in these tanks, nearly 33,000,000 barrels of oil.

When an oil well is struck, the United Pipe Lines run a pipe to the

well free of charge and take the oil, dispensing with the necessity for

local storage. When oil is thus received into the lines of the company
the amount is ascertained and is placed to the credit of the well owner

on the books of the company, 3 per cent, being deducted to cover loss

in transportation. The oil is then held by the company subject to the

order of the owner, precisely like a deposit in bank, and it is transfer-

able from one account to another upon written order. Upon signature

by the owner of a proper order for the whole or any part of his credit

balance, regardless of the manner in which such balance is acquired,

the order is marked " accepted" by the company, and is then called a

certificate, and passes from hand to hand like a certified check. Nego-

tiations in these certificates, usually of the amount of 1,000 barrels, are

carried on extensively on the various oil exchanges. When an oil

owner desires to use his oil he has simi)ly to pay the charge for pipe-

age of 20 cents a barrel and provide receptacles for the oil, and it is

delivered to him out of the lines of the company. When any of the

oil in charge of the company is destroyed by fire or accident, an assess-

ment, known to the trade as " general average," is made on all oil in

the company's hands. The loss, then, while possibly heavy, is very

small on each oil owner, and the plan is generally accepted as a good

mode of insurance.

The Tidewater Pipe Company is not unworthy of mention in this
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connection. As the name indicates, the intention is to transport crude

petroleum to the seaboard, and the lines for this i>urpose are rapidly

approaching completion.

Appearance and gravity ofpetroleum.—The petroleum of Baku, Paissia,

IDroduced near the center of the oil region, is clear and light like naph-

tha and nearly as pure as if distilled, resembling in appearance Sau-

terne wine very closely. That obtained near the sides of the territory

ranges from a yellowish green to a reddish brown, and darker. Cali-

fornia petroleum is light green when first produced, but changes to

brown and black upon exposure to the atmosphere. Canadian petro-

leum is black, with an extremely offensive odor. The Italian petroleum

is of a reddish straw color. The oil of India resembles very much the

oil produced in the Pennsylvania oil field, both being of a dark green-

ish-brown color. The oil found at Mecca, Ohio, is yellow. The specific

gravity of the various oils of this country as determined by Baum^'s

hydrometer are as follows

:

o Baum6.

Allegany county, New York 38 to 41

McKean county, Pennsylvania 46

Warren county, Pennsylvania 43

Venango county, Pennsylvania 46

Clarion county, Pennsylvania 47

West Virginia 42 to 43

Ohio 25

Canada 42 to 43

Method of manufacture.—The process of manufacturing petroleum is

usually called refining, and is considered as eliminating from the oil all

the lighter and heavier oils, the solid matter, etc., leaving only the pure

oil fit for use in lamps. The process more properly might be termed

the separation of petroleum into its several comi^oueuts, all of the elim-

inated substances being utilized as well as the burning oil. The manu-

facture of petroleum involves three successive operations—fractional

distillation, agitation with sulphuric acid, and agitation with hydrate

of soda or ammonia. In the first process an iron still is used, con-

nected with a worm, which is usually cooled with water. The still is

filled with crude oil and heat is api)lied; the oil soon begins to boil,

the vapors are condensed in the worm, and the lighter oil begins to run

into the receiving tank. The first oils obtained have a gravity of

about 9.50 Baum(S; as the distillation proceeds the oils grow heavier, the

last passing over having a gravity of about 25°, there then remaining

in the still nothing but coke. The product of distillation is at first

usually divided into three parts, according to gravity, and is stored in

different tanks. The product ranging from 95° to 03° is run into one

tank, and is known as crude naphtha ; this is afterwards redistilled

and separated into three kinds of oil—gasoline, well known as an illumi-

nant, being the product coming over between 05° and 80°; na])htha,

that coming over between 80° and 05°; and benzine, used in the manu-

facture pf x>aints, varnishes, etc., that coming over between Go^ and
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60°. The second part of the original distillation consists of the oil

ranging in gravity from 60^ to 38°, and is the kerosene or burning fluid.

The third part consists of the remaining oils that pass over, and is sepa-

rated by redistillation into lubricating oil and paraffine.

This is a general description of the process, of which there are

numerous variations. By applying a greater degree of cold to the

condensing worm a lighter oil than gasolene is obtained. It is called

"rhigolene," and is used as an anaesthetic. By the use of a condensing

jHimp a still lighter liquid is obtained, which is called " cymogene," and
which has been used in ice machines. When very large stills are used,

of a capacity from 1,000 to 3,500 barrels, the distillation is not contin-

ued until coke is formed, but is interrupted when there remains in the

still a thick, tarry residuum, amounting to from 5 to 10 per cent, of the

original oil, which is sold to be distilled by other manufacturers into

lubricating oil and paraffine. This is the custom in the large refineries

of Cleveland and Pittsburgh, where a simpler method is also pursued

with respect to the lighter oils. In most of these refineries the crude

naphtha is sold without further distillation, the products obtained from

the crude petroleum then being but three—crude naphtha, burning oil,

and residuum, the second of which being the only product that is farther

manipulated at these refineries.

The burning oil having been thus obtained by distillation, it is sub-

mitted to the two remaining operations necessary to convert it to pure

burning fluid. As it stands after distillation, the offensive odor is still

present, and the fact that this odor still remained after distillation was
one that greatly puzzled the first experimenters in refining petroleum.

It, however, is now gotten rid of entirely by chemical means. About
2 per cent., by measure, of sulphuric acid is poured into the oil, and the

mixture is thoroughly agitated ; on standing, adark tarry sediment sepa-

rates, which is removed, and the oil is again agitated with water and then

with alkali, generally caustic soda or ammonia, to neutralize the acid.

After this alkali is removed by water the oil is found to be "sweet"

and pure. Some careful refiners submit it to another distillation to

expel any small proportion of lighter oil which it may contain, but this

is not common.
The methods of refining at different refineries vary greatly as to

details, and the yield of the several products from the crude is, of

course, different at each works. The following is given as a fair aver-

age for Pennsylvania oil of about 45° Baume

:

Gasolene IJ

Naplitha 10

Benzine 4

Burning oil 55

Lubricating oil 17^

Paraffine ...- 2

Loss,. gas and coke 10

100



208 MINERAL RESOURCES.

Since this estimate was made, however, the processes have somewhat

improved, so that a considerably larger percentage of burning oil is

obtained.

The safety of an oil for burning varies inversely as the proportion of

it that is light and is readily evolved in the form of inflammable vapor.

If this is large, the oil will explode very easily upon becoming heated; if

it is small, the oil will be diflficult to explode. The test of an oil's safety,

then, consists in determining this proportion, and is called the flashing

test in distinction from the " burning test," so called, which does not

demonstrate the proportion above referred to. The flashing test con-

sists in subjecting the oil to be tested to heat, and observing the temper-

ature of the oil by means of a thermometer at the time when sufficient

inflammable vapor is given oft" to cause a flash when a small flame is

passed across the surface of the oil. If the temperature becomes high

before the oil will flash, what inflammable vapor there is is evolved only

with considerable heat, and the oil is comparatively safe, while if it

flashes at a low temperature the oil is unsafe, from apparent reasons.

There has been some difference of opinion as to what flashing tempera-

ture should be selected as a standard of safety. From investigations

made of the temperature of oil in burning lamps it appears that the heat

often rises above 100° Fahrenheit, sometimes to 110°. Oil, then, which

would flash before reaching this temperature would be unsafe to burn in

a lamp, and the flashing point should be placed higher than 110^ ; 120'^,

from all the information accessible, would seem to be the proper point.

The Standard Oil Company.—ThQ business of oil refining, as carried on

in this country at present, is chiefly under the control of an organiza.

tion called the Standard Oil Company. There are numerous other refin-

eries of considerable importance, the census reports giving the number
of firms and corporations as 86; but very few of these are at all com-

parable in importance to the Standard organization. It was organized

at a time when speculation was at its height in the oil trade. Oil wells

were being drilled by the hundreds, and men were sinking fortunes in

the business. ISTothing was certain about it; the striking of a well was
uncertain ;

when the oil was reached it was uncertain how long it would

continue, and when it did continue it was uncertain whether it could be

disposed of at all. Refineries were being built with almost as preat rapid-

ity as wells were being drilled, and often by irresponsible persons, who
neither had the knowledge to refine oil nor the character necessary to

carry on an honest business; and producers frequently were compelled

to turn their oil over to these irresponsible parties, and often met wit'

losses in this manner. The whole business was in so unsettled a condition

that it was looked down upon by those engaged in other lines of trade,

and a man's connection with the oil business did not improve his credit.

Soon the refineries became very numerous, and the production of refined

oil rose to such proportions that it was far greater than the demand war
ranted, and the evils of overproduction were added to those already

\
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existing. In this state of affairs the Standard Oil Company -^vas organ

ized, and brought order out of confusion. The company has time

and again baffled investigation, and it is well-nigh impossible to ascer-

tain anything regarding its internal management with precision ; it is,

however, claimed by its supporters that its organization was simply a

uniting of forces of a number of the leading refining interests. After

its organization other refineries were acquired by purchase or absorp-

tion, many of the more poorly located or equipped were dismantled, and

by these means the Standard gradually came to its present position, and
has a virtual monopoly of the refining trade. The Standard Oil Com-
pany also obtained control of the transportation of oil by the means
referred to before under the subject of the United Pipe Lines, and
through the intimate relations existing between such transportation

and the various railroad companies.

This is one of the chief charges brought against the Standard Oil Com-
pany—manipulation of railroad freight rates and discrimination against

other would-be transporters ; and the bill seems to be a true one. In

view of the control over the stocks and the pipe-line transportation of oil,

it seems inevitable that the Standard should also meddle in prices to

some extent. Investigations without number have been made, and
enormous amounts of evidence are on record regarding the acts of the

company; and such is the diversity of this testimony that it is not prac-

ticable to state how true the assertions of its opposers may be. There

seems to be little doubt that the company has done a great work, and that

through its instrumentality oil refining has been reduced to a business,

and transjiortation has been greatly simplified ; but as to how much
evil has been mixed with this good, it is not practicable to make a defi-

nite statement.

Other refineries.—At the present day, however, the refining interests

outside of the Standard organization are assuming considerable impor-

tance. A number of these have been organized recently, and several

are now being operated or about to be run by outsiders, which have but
recently been managed by the Standard, which company has for some
reason not renewed its leases. Several of these refineries are doing a

good trade, and enjoy the confidence of the business public to as great

an extent as does the Standard. Of course, some of these may be at

any time merged in the latter company, as has often been the case

before ; but this is purely a matter of business policy.

Revieio of the first six months of 1883.—The six months of this year

closing with June 30 have witnessed no sudden or startling changes in

the oil situation. They have, however, been marked by two important

changes which have gradually taken place in the condition of the trade.

These are, first, a continuous increase of consumption and decrease of

production, until at present the accumulated stock is being drawn upon
to supply the demands of the trade; and, second, a gradual increase in

price, of course consequent upon the change in the relations of con-

14 m K
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sumption and production. During the past five years the stock of

petroleum in the pipe lines and in tanks has been steadily increasing,

the amount of oil produced by the wells being greater than the quantity

necessary to supi)ly the demand for consumption. The reports for April

of this year, however, showed for the first time since 1875 a decrease

of stock, the amount of decrease being nearly 100,000 barrels. This

indicates that the amount of oil run into the lines from the wells was
100,000 barrels less than was required by consumers.

This condition of affairs is one which has been long expected. The
trade was moving in such a direction the early part of last year, and

was not far from realizing its present condition; but with the rise of

the Cherry Grove field this condition was set far into the future. The
l)roductiou of that short-lived but prolific pool raised the stock of oil

much higher than it was before, and the daily yield was set far in advance

of consumption. When Cherry Grove began to fall ofl", the two con-

flicting elements in the trade, supply and demand, began to draw nearer,

and their progress has been steady until now they have changed posi-

tions.

Prices have also been moving steadily, in harmony with the other

elements of the trade. Their rise has been checked occasionally during

the past six months, but with the conditions existing in the trade it was

inevitable that the higher rates should rule, and the chief wonder was
that the conditions were not earlier appreciated by the trade and that

lirices were not advanced more rapidly.

With regard to the future it is difficult to s^^eak. In the case of some
of onr industries the course of future events may be spoken of with

considerable precision; but in the petroleum trade, where chance plays

so ])rominent a part, none may prophesy with exactness. But it is

possible, at the same time, to make certain provisional statements with

reference to the probable course which the oil trade will take. It seems

apparent that, while subject to fluctuations, the number of eftorts to

Increase the production of petroleum by drilling wells is on the decrease.

The number of the eflorts made that prove successful is also diminish-

ing. These facts would presume a steady decrease in production, if the

figures themselves did not show it. It is also evident that the consump-

tion of i)etroleum is increasing, the demand coming from all quarters of

the globe, and the home consumi)tion growing constantly. The produc-

tion of petroleum is nevertheless still so large, and will ren)ain so for a

long time, even at the present rate of decrease, that it must necessarily

form an article of commerce for many years. The chief result will be

manifest in the price, which must rise until the commodity will be util-

ized for only those i)urposes lor which it is most valuable.

This seems to be the tendency in the petroleum trade at i)resent.

There is one important possibility, however, that must be considered in

all cases, and that is, the discovery of some new and prolific field. It

is true, the oil-producing districts have been pretty well explored, and
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the i)rospects of discovering another Cherry Grove are small; but then

Cherry Grove itself was a most milooked-for development, and there

may at any time be another snch surjjrise brought to light as was found

in the woods of Warren county in 1882. But with this proviso, the

chances seem to be that the trade will take the direction above indicated.

Other contingencies may arise, but the one named is the only influence

which is at all feared by those desirous of better prides. («)

PETROLEUM IN THE ROCKY MOUNTAIN DIVISION.

Colorado, Wyoming, and New Mexico alike present abundant proofs

of the existence of petroleum in many places; but, although small quan-

tities have been obtained from oil and bitumen springs and through
boring, no steadily-producing well has yet been discovered. In Colo-

rado oil springs have been found near Morrison ; near Bitter Water fork,

on Grand river, below the old White Eiver agency ; on a tributary of

Bear river, in the Middle Park ; at Caiion City, and at several other

points. On Oil creek, six miles north of Caiion City, considerable oil

has. been obtained by skimming the surface of the brackish water of

the springs.

In the crude state the product is heavy and impure, containing only

about 50 per cent, of heavy oil. Some years ago a well was bored near

these springs to a depth of 85 feet, which produced a little oil. Another
well was sunk on the flat near Canon City to a depth of 1,200 feet,

which showed only indicatioi.s of oil. Nine miles south of this well a

third well has been put down about 1,500 feet, which is said to have
yielded small quantities of oil. An important strike has been made
April 25, 1883, in a well just east of Canon City, quite a quantity of oil

having been struck at a depth of about 1,300 feet. Active work will be

j)rosecuted upon it in the hope of further developments. This oil is

green in color, highly translucent, of good fluidity, and upon micros-

copical examination shows no grit. Its gravity, crude, filtered, and dis-

tilled, is as follows:
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dug to a depth of from 20 to 50 feet, and into them thepetrolenm oozes

and is then pumped out. It is a heavy crude oil, more suitable for

lubricating than illuminating purposes. Ko large reservoir of oil has

yet been discovered.

In New Mexico the existence of petroleum is known at a few points,

but the supply has not been investigated, and little is known of its

quantity orquality. In April the New Mexico Bitumen and Oil Company,

while prospecting within six miles of the eastern border of the Navajo

reservation, and in the extreme western portion of New Mexico, discov-

ered a flowing oil spring ; but the workmen were driven away by Nava-

joes before they could determine the quantity of oil obtainable. The

quality of the crude petroleum is excellent, and the value of the strike

will very shortly be fully investigated.



COPPER.
THE COPPER INDUSTRY OF THE UNITED STATES.

By C. Kirchhoff, jr.

At no period during the history of the copper trade in the United
States have the conditions affecting the production and the consump-
tion of that metal undergone such momentous changes as during the

past five years. The interests involved have been much more diversi-

fied; the}' enter as a factor of great importance into the prosperity of

^ridely-separated sections of the country, and have rendered a correct

appreciation of the bearing and scope of the different conditions at work
in shaping the course of the industry much more difficult. The great

Lake Superior works crushing enormous quantities of low-grade rock,

the rich oxidized ores of the southern tier of the Rocky Mountain Ter-

ritories, the argentiferous ores of the Butte district in Montana, and of

Utah, the pyrite deposits of the Appalachian range—all of these both

have circumstances in their favor and are laboring under drawbacks
whose ever-changing relations will demand the closest, untiring scrutiny

to permit of a clear insight into the status of the metal. The recent

growth of many of the producing sections has left some of the most
important points affecting their future undefined. In a number of in-

stances the ore deposits, their peculiarities and their continuity, are

insufficiently known. In other cases the methods of metallurgical

treatment are still a matter unsolved by tentative experimental work.

The development of another class of mineral deposits, capable of yield-

ing large quantities of metal in the aggregate, depends upon teaching

sulphuric acid manufacturers to dispense with brimstone and relax their

stringent specifications as to the quality of the crude mineral. The
future prosperity of the western mines, opened out by the rapid exten-

sion of our railroad system in the Hocky mountains, is influenced largely

by the cheapening of freights and the accessibility to supplies of suit-

able fuel. It hinges upon the efforts brought to bear upon cheaijening

the cost of production at a more rapid rate here than in rival countries

possessing great natural advantages, ample backing of capital, and large

experience.

The copper producers of the United States have during the past few

months ceased to work for the more restricted home trade. They have
entered the markets of the world, not as hitherto to place a surplus at

occasional intervals of dullness in business, but as regular contributors

213
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to its supplies. In thus stepping into tlie wider field they ^^•ill be in-

fluenced by every movement taking- place and will be forced to compete,

not alone with one another, but with the widely scattered copper-pro-

ducing countries of the world. They are hampered in some respects and

favored in others. High wages, costly fuel, and heavy transportation

charges ; comparatively little experience in the treatment of some

classes of ores, and a lack of capital and an unfavorable climate in many
instances, are against them. On the other hand, they may count as

advantages a laboring population possessing a comparatively high order

of intelligence and energy, and trained metallurgists and engineers

having a ready faculty of a^lapting. themselves to circumstances. The

new mines of the west are rich, have ores as yet very easily mined and

worked, and yield metal of great purity, comparatively speaking. The
producers of one section—Lake Superior—make a copper unrivaletl in

the world for its purity and its mechanical qualities. The United States

possesses a plant of copper and brass manufacturing machinery that has

not its equal, and through many years of experience the manufacturers

have learned to produce goods with a finish and an adaptability to their

uses which will be quickly appreciated as soon as circumstances permit

of their being brought into competition abroad. As yet, and possibly

for some time to come, we may be exporters chiefly of furnace products

and of raw and refined metal ; but the aim must be to place our contri-

butions to the world's copper supplies upon it in the form of finished

goods.

STATISTICS OF PRODUCTION.

The first mine worked in the United States appears to have been the

Simsbury, near Granby, Connecticut, a company having been formed in

1709. Ten years later the Schuyler mine, near Belleville, Xew Jersey,

was discovered, and with a number of others in the same section was

worked for a series of years. The first mine opened in Pennsylvania

was the Gap mine, in Lancaster county, in 1732. It does not appear,

however, that any work of moment was done until near the middle of

the present century. Prof. J. D. Whitney, in his work "The Metallic

Wealth of the United States," does not record any output of copper

previous to 1815, when he places the yield at 100 tons. In that year too

appears for the first time copper from Lake Superior, Michigan, which

was destined to rush into prominence so quickly and to carry the United

States into the ranks of the greatest copi)er i)roducers. Professor Whit-

ney gives the estimates of production during the period from 1845 to

1853, which we have placed in our table. From 1855 we have followed

Mr. Charles E. Wright, until recently Commissioner of Mineral Statistics

of Michigan, as to the output of that State, and have accepted esti-

mates put forward from year to year by gentlemen intimately connected

with the copper trade. We have no means now of verifying theirfigures,

as many of the producing mines outside of the Lake region have ceased
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to work, so that there is little chance of collecting stray data, and none
whatever of gathering complete returns.

Production of eoppei' in the United States from 18A5 to 1882, inclusive.

Tears.
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Pounds.

Phoenix 560,985

Hancock 540, 575

Huron 304,579

Ridge 102,936

Saint Clair... 87,120

Cliff 06,053

Wolverine 05, 457

Nonesuch 46, 454

IsleRoyale 29,730

Minong 21,380

National 17,500

Minnesota 10, 672

Belt mines 5,720

Shelden-Columbian 3, 300

Aztec 3,129

Adventure 429

Total -• 50,982,705

Considerable trouble was experienced iu eDdeavoringto overcome the

iudifference or reticence of producers iu other parts of the country,

and it is impossible to give anything beyond the general totals by States

and Territories for the Far West, while in the Eastern States the returns

have been meager, so that estimates had to take the place of summaries

of direct and detailed returns. For the other sections of the country

specific statements as to the product of individual mines cannot be

submitted. On the whole the replies to requests for statistics have

been numerous and accurate, though not as complete as desired. They

have been most unsatisfactory from the Southern States, and the figures

given are based principally upon the estimates of refiners to whom the

bulk of the product has been consigned.

Total copper production In the United States in 1882.

Pounds.

Lake Superior 50, 982, 705

Arizona 17,984,415

Montana 9,058,284

New Mexico 809, 498

C al ifoni ia 826 ,
695

Colorado 1,494,000

Utah 605, t^O

Wyoming 100,000

Nevada 350,000

Missouri 294, 695

Maine 290,000

Vermont 1,265,000

Southern States 400, 000

Imported pyrites 1,000,000

Dosilverizers, etc l-">. f^'^O

Total 91,646,232

The value of the product in 1882, 91,G46,232 pounds, at 17J cents per

pound, average New York price, was 810,038,091. It is impossible to
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compute the average or total spot value at the mines Trith any degree of

accuracy.

The product of Arizona includes the make of the Copper Queen, the

Longfellow, the Old Dominion, the Detroit, the Russell, Long Island,

Buffalo, Huachuca & Pima, Columbia, Neptune, and Santa Ca.tarina.

The Montana product embraces the make of the Montana Copper Com-

pany, the Parrott, Bell, and Boston & Montana smelters^ and the

Hecla. In New Mexico the principal producers were the Santa Eita,

Yal Yerde, and San Pedro; in California, the Spenceville mines, and in

in Utah the Crismon-Mammoth. From the returns of the Colorado smelt-

ing works is deducted the product of the Montana and Utah mines send-

ing mattes there. Saiute Genevieve furnished all of the Missouri prod-

uct, while the bulk of the Maine returns must be credited to the Doug-

lass and Rosier mines ; and of the Vermont returns, to the Ely mine.

Almost all of the imported pyrites came from Canada. Much of the

copper produced incidentally at the lead desilverizing works is worked

into bluestone, which cannot properly figure as an item in the ingot

product. Wherever it was known that it was so directed it has been

omitted.

Production in 1883.—A sufficiently long period has elapsed to enable

the statement to be made that the product of 1883 will be considerably

larger than that of the preceding year. It is now probable that the

Lake mines will show a slight increase. Arizona will not fall short of

19,000,000, and may possibly reach 22,000,000 pounds. Montana will show

a very heavy increase, and from present indications will probably double

its output, including the rich ores shipped abroad. H^ew Mexico is be-

coming a heavy producer, and Wyoming will occupy a higher rank, the

Wyoming Copper Company having made 021,479 pounds in the first six

months, while Dakota will for the first time appear in the list. A very

considerable increase is also expected from pyrites, domestic and im-

ported. The estimate that the production of copper in 1883 will be

greater than that of 1882 by at least 18,000,000 to 20,000,000 pounds is a

conservative one. On the other hand the export movement is assuming

very heavy proportions, and it is estimated that at least 30,000,000

pounds of copper will go abroad in the form of Lake and Arizona ingot

and Montana mattes and ores. There has been some temporary weak-

ness in the London market in consequence of the reports of heavy ship-

ments from this country, but the latest advices show that it has rallied,

the market being sustained by speculative buying.

For the first six months of 1883 the production of metallic copper is

estimated at 58,000,000 pounds, valued at $8,500,000, at the average

wholesale rates in I^ew York city.

Refineries.—The refining of western and eastern copper and mattes

has grown to be a great industry, in which the following works are

prominent: Messrs. Pope, Cole «& Co., of Baltimore, Marjiand ; the

Orford Sulphurand Copper Company, New York ; the New Jersey Extrac-
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tion Works, Elizabeth, New Jersey; therefiiiing works of the Ansoiiia

Brass and Copper Company, Ansonia, Connecticut ; the works atPhoe-

nixville, Pennsylvania, and the Chicago CopperCompany, Chicago, being

the most prominent. There has been some talk of establishing an ad-

ditional works in one of the large cities on tlie Atlantic coast, but the

movement has not as yet assumed a definite shape.

THE COPPER DISTRICTS OP THE UNITED STATES.

Lali€ Superior.—The history of copper mining on Lake Superior records

many disastrous failures and a few striking successes. Though the ex-

istence of copper was known to the Jesuits as early as the middle of

the seventeenth century, the mines of that section did not attract atten-

tion until after the publication of the results of explorations by Dr.

Douglass Houghton, the State Geologist, in 1841. Prospecting work

was actively under way in 1814, and the year 1845 witnessed the begin-

ning of a speculative excitement which reached its climax in 1846. The

history of the growth of coi)per mining on the Lake, the vicissitudes

of the many enterprises started, have been so fully developed by Messrs.

Charles E. Wright and C. D. Lawton in the reports of the Commissioner

of Mineral Statistics of Michigan for 1880 and 1881 that those interested

in more closely studying the subject must be referred to those docu-

ments. It is necessary, however, in order to afibrd the means of cor-

rectly appreciating the circumstances under which the different mines

of Lake Superior are working, to state that the native copper is found

in veins, in masses, or scattered more or less uniformly in small quan-

tities in two classes of rock. The ''mass" mines, in which the native

copper is found unequally distributed in bodies weighing from a few

pounds to hundreds of tons, were those which in early times established

the reputation of the district, the Cliff, Minnesota, and National being

the most prominent in their day. They have now ceased to be of much
importance, the i)rincipal ones of the group as producers at present

being the Central and the Phoenix, and even they depend largely upon

the crushing of lower grades of rock. The opening out of a vein of

foir-grade ore is nowadays of much greater importance to the copper

trtide than the discovery of a series of masses. The principal deposits

from which the bulk of the copper of the Lake is obtained are the so-

called "amygdaloid" and "conglomerate" beds, rocks in which the

copper is finely distributed in small grains. These are separated by

stamping and crushing, yielding a product called " mineral," or copper

mixed with a varying proportion of gangue, of iron, and of moisture,

yielding from 40 to 90 i)er cent, of ingot, a lower grade being recently

made. The treatment of the ore from these two classes of veins does

not differ in details ; but there is a wide variation in the cost of treat-

ment, due to the fact that the rock from the conglomerate veins is much
harder, so that it is profitable to work much poorer rock froni amygda-
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loid beds. Among the mines working conglomerate beds, the Calumet

& Hecla is most widely known as the greatest producer and by far the

most profitable undertaking. Working as it does a wide bed of excep-

tionally rich rock carrying from 4 to 5 per cent, of copper, it stands un-

rivaled. With a splendid plant, paid for out of current earnings, it is

in a position to produce copper and place it on the markets of the world

at a rate lower than any known mine. In the absence of detailed reports

from its management, it is impossible to state the figure at which the

Calumet & Hecla can lay down copper at the seaboard, but it is inferred

from the known cost of other mines that it is probably not above, if

not considerable below, 7 cents per pound. The brilliant results of this

mine have frequently led to erroneous conclusions as to the prosperity

of the other producers of the Lake. How exceptional this mine is as to

its capacity to turn out large quantities of copper at a low cost may be
gathered from the following statement of the cost of production, includ-

ing, smelting, marketing, and current improvements, in the other lead-

ing mines in the district. The following exhibit shows the average tenor

of the ore in ingot copper, and the total production in 1882 :

Cost ofproduction of Lake Superior copper, per pound.
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Per ton.

Dressiug $0 6&i
Steam engine, labor of stamps 76

Miscellaneous charges, carpenter, smith, etc 30

Total 4 42

The cost of mining at the present time of course varies within wide

limits, the Huctuations being due to the nature of the ground, and,

above all, to the outlay for prospecting and dead work, growing, as it

does, at a rapid rate when large blocks of nonproductive ground are trav-

ersed. The introduction of high explosives and power drilling machin-

ery has not alone cheapened the cost of dead work and ore extraction,

but has also rendered it possible to do more rapid work. Thus the

managers of the Atlantic estimate that with drills six men can stope 60

fathoms per month at a cost of $10, while with the same number of men
by hand work only 25 to 27 fathoms can be stoped, at a cost of $17.

At the Copper Falls the cost for drifting with power drills per foot

was $9.08 against $10.33 by hand; for sinking, $10.86 and $11.65,

respectively, and for stoping, per fathom, $13.99 and $14 respectively.

According to a statement made by officers of the Conglomerate Mining

Company, the total cost of drifting by hand is $11.43 per foot, while it

is $11.17 per foot by drills, drifts opened by the latter, however, being

carried along in larger dimensions, so that when passing through cop-

per bearing ground there is an additional advantage of $1.80 per foot,

not counting the fact that in power drilling the advance is more than

twice as fast as in hand drilling.

The cost of hoisting the rock, breaking, selecting, and carrying it to

the stamp mill has been decreased by the handling of large quantities,

and this has also contributed to reducing the cost of crushing and dress-

ing. The following figures of the cost of treatment of the rock (exclus-

ive of mining and surface expenses) in difterent mines at various periods

will aid in forming an estimate of the capacity of Lake Superior mines

to produce copper cheaply :

Cost of crushing and dressing Lake Superior copper ore, at various dates.
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The metallic copper produced by the mines, either in the form of

masses or small pieces called " barrel-work," or as " mineral," ranges

in purity from 40 to 96 per cent, of copper. The cost of transportation

to the smelting works, situated at Hancock and at Detroit, varies accord-

ing to the locality of the mine. The Lake freight to Detroit ranges

between $3.50 and $4 per ton. The refining process has been described

in detail by Prof. T. Egleston,of the Columbia School of Mines, in Volume
IX., i)ages 078 to 730, of the Transactions of the American Institute of

Mining Engineers. The charge for refining is approximately $11 per

ton. The bulk of the copper is shipped by water to Buffalo, and thence

by rail to the Eastern markets, at a cost of $6 to $8 per 2,000 pounds.

All-rail transportation is much more expensive, being approximately one

cent per pound. The result is that under ordinary circumstances the

supplies for the markets are shipped during the period when navigation

is open, a stock being thus accumulated during the fall to meet consump-

tion during the winter and early spring. It has repeatedly happened

during the history of the copper trade that an exceptional speculative

•or trade activity has made it profitable to incur the greater expense of

this overland transportation, in some instances checking an undue rise

in values.

For many years the history of the copper trade has practically been

a record of the movements of the consumers and producers of Lake cop-

per. The fact that, as the tables show, by fiir the greatest portion of

the product of the country has been drawn from that region has, until

a very recent period, given it the controlling influence in our markets.

The output of the other sections has, with few exceptions, been subject

to such variations, from marked prosperity to entire abandonment, that

it is a difficult matter, in the absence of full records, to trace the local

history of copper mining in the different States.

Arizona.—During the past few years public attention has been di-

rected with much interest to the development of the undoubtedly great

copper resources of this Territory, and enterprises of this character are

still regarded with much favor, although the markets for the metal have

an unfavorable turn. During the years 1866 to 1869 considerable work
was done at Williams's Fork, but the inaccessibility of the mines, Indian

troubles, and other causes, forced a suspension, and copper mining in

the Territory was at a standstill until 1873, when the Longfellow mines,

in the Clifton district, were located and production was begun in a small

way, gradually expanding in spite of adverse circumstances until the

remarkable success of the Copper Queen mine at Bisbee stimulated an

activity which still continues. The product of Arizona during the pe-

riod from 1874 to 1880 is not known. There are good reasons for believ-

ing that from about 800,000 i)ounds, in 1874, it gradually rose till it

reached 2,000,000 pounds in 1880, In September of that year the Cop-

per Queen Company started work, and the following year witnessed a

series of developments in the Globe district, at Pinal, and in other sec-
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tions of Arizo!ia. Many of these enterprises did not reach their full

development until late in 1882, while others after a brief period of activ-

ity in that year closed down temporarily or for good. Profitable as

copper mining on the whole has been in Arizona, it has in a number of

instances been disastrous. It has been a repetition of the exi)erience

in almost all the western jniuing districts. Inefficient management,

lack of metallurgical skill, undue haste in providing reduction works

before the mines were fully developed, and the absence of the necessary

working capital, have singly or combined led to failure. It is imi)ossible

to speak in general terms of the conditions affecting the copper mining

industry of Arizona ; they vary so much according to locality and they

are not concentrated in well-defined districts. Until now the Indian

troubles have repeatedly affected the working in some sections, while

in others the want of water has hampered operations. The principal

factor, outside of the quantity and quality of the ores and fluxes fur-

nished by the mines, has been the sui)ply of fuel. In close proximitj"

to lines of railroad, English coke, or coke from Trinidad, Colorado, can

be obtained at $20 to $30 per ton, while smelters at a distance from

them must pay $50 to $75 per ton for their fuel. As the quantities of

ore smelted per ton of coke vary from five to seven tons, according to the

quality of the coke and the character of the ore, mines whose fuel is

dear, and who, of course, must also pay high figures for freight on their

product, cannot afford to smelt anything but high-grade ores. This

again means an increased cost for mining and selecting the mineral, so

that the works at a distance from lines of transportation are dependent

upon the discovery of high-grade ores and are liable to more frequent

stoppages, not alone on that account, but also because they can be forced

to stop in consequence of any troubles along the long lines of travel

over which their supplies are brought. The Globe district, in which the

Old Dominion, Long Island, Takoma, Carrie, and other works are sit-

uated, furnishes ample proof of the potency of these influences. The
managers of Arizona copper enterprises fully feel the weight of these

facts, and those in the Clifton district have nearly completed a line con-

necting them with Lordsburg on the Southern Pacific. The Copper

Queen is fairly well located and has spent considerable sums for good

roads, while other mines (like the Peabody) are on the line of a railway

itself.

The ores of Arizona are almost exclusively carbonates and oxides,

not carrying enough silver to make its extraction profitable, though in

some of the lately explored portions of the Territory ores richer in

silver are reporred. As yet in most of the mines a suflicieut depth has

not been reached to develop notable quantities of sulphurets, and until

+hat i)oint is arrived at a notable falling off in the production need not

be looked for in the more favorably located mines. Some of the ores

are very easily smelted and furnish a copper of exceptional purity. It

should be noted, however, that, contrary to the oi)inion generally held,
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it is by no means an invariable rule that oxidized ores must produce a

pure metal. The general practice in Arizona is to smelt these ores in

cupola furnaces, with coke as a fuel wherever available. The ores are

usually basic in character and require siliceous fluxes. The tendency in

the smelting practice in Arizona appears to be in the direction of fast

driving by using high pressure of blast and chambers for gathering flue

dust, thus running up the capacity of the furnaces and diminishing gen-

eral expenses and labor account.

The three principal centers of the copper ])roduction in Arizona are

the Clifton district, in which the Arizona and the Detroit companies are

at work ; Bisbee, where the Copper Queen has been the only successful

enterprise, the I^eptune having collapsed ; and the Globe district, where

the Old Dominion is the leading producer.

The Cliftou mines are near the jS^ew Mexico line, in the southeastern

part of the Territory, the ores running in zones in beds of felsite in

enormous bodies. They are manganiferous and ferruginous carbonates

and oxides, running on an average, as mined, 15 per cent., and after

picking carrying as charged into the furnaces 20 to 30 per cent, of cop-

per. The leading interest in the district is held by the Arizona Copper

Company, controlled by Scotch capitalists, who have endeavored to

make extensive improvements. The caving in of one of the mines

furnishing basic ores has of late restricted operations and made the

work more expensive. The cost of production has not been made
public, but the low cost of fuel, the abundance and high grade of the

ores, and the large scale upon which operations are conducted justify

the belief that the district is capable of holding its own, if carefully

and prudently managed, even if prices should further decline materially.

There are other jiromising properties in the district and it is likely that

the present rate of output will rather be materially added to instead of

showing a decline, after the leading mine has been restored to its usual

productiveness.

The Copper Queen mine, the largest single producer in Arizona, is

as yet the only one that has done any work in the Warren district, in

which it is located, few of the many other claims in the district having

as yet proved the existence of any ore bodies of magnitude. The mine

has worked an exceptionally large body of carbonates and oxides, me-

tallic copper and glance making their appearance in the lower levels of

the mine. The ore is high in grade, very pure, and needs little flux to

carry it up to a black copper containing from 96J to 97 percent, of pure

metal. The company has thus far jiaid $975,000 in dividends, and the

cost of production is placed at 9 to 9.25 cents per pound. The mine is

said to have ample reserves of good ore.

The third district of promise is the Globe, which, while producing

largely, is hampered by its position at a distance from the railroad. As
yet no trustworthy account of the character of the de^josits has been

published, nor are figures accessible upon which to base any opinion as
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to the capacity of all of the mines to produce at low figures. Even

closely adjacent works exhibit the extremes of success and failure. A
number of smaller enterprises have not proved profitable, and are tem-

porarily abandoned.

Outside of the districts mentioned are a number of mines provided

with smelting works, among which the Peabody, now worked by the

Cochise Copper Company, formerly in the hands of the Russell Gold and

Silver Mining Company, deserves mention as a promising enterprise.

The Pima Copper Company has closed down, and the furnace has been

leased by other parties. In various sections of the Territory furnaces

are built and building. So far as known, and judging alone from the

progress made by the leading concerns, Arizona wiU'considerably in-

crease its output this year in spite of low prices.

Montana.—Though not equal to Arizona as a producer, Montana can

boast of the most important district in the country outside of Lake Su-

perior. With the exception of a small quantity of copper obtained in

smelting argentiferous lead ores, the whole output of Montana comes

from a small number of mines in the immediate vicinity of Butte City.

For years rich copper ores were shipped from Butte to Colorado and

the East, before the railroads reached it ; but it was not until better

transportation facilities had been afforded that the district began to

figure as a heavy producer of the metal. The completion of the Utah

and Northern railroad in 1880, by reducing the cost of fuel and the cost

of shipment of product, made the establishment of local smelting works

possible and stimulated the opening of the mines and the working of

the ores in a degree which has carried the district into the foremost

rank, which its peculiar advantages will enable it to maintain even

under present conditions. The copper producers will also during the

next few months enjoy the benefits of a competing road, the Northern

Pacific, which besides will afford them an outlet to the Atlantic cojist

direct, to Lake navigation via Dulutk, and in time to a number of points

on the Pacific coast.

The copper deposits of Butte are a series of wide veins carrying

argentiferous copper, sulphuret ores frequently high in grade so far as

the base metal is concerned, and sufficiently large amounts of silver to

bear the cost of separation and leave a profit. The mines yield notable

quantities of ores ranging from 30 to 50 per cent., in copper, which are

generally shipped abroad; one mine, the Anaconda, which has just

begun the work of extraction after a long period of thorough develop-

ment, having contracted for the sale of several thousand tons in Great

Britain. The bulk of the ore is however, of course, lower in grade, rang-

ing between 8 and 14 per cent. It is now quite generally concentrated,

though at quite a heavy loss, in order to get rid of a large excess of

silica, and is then chietiy smelted to matte in reverberatory furnaces,

cupola furnaces being used for certain classes of lump ores. The char-

acter of the ores variesiu the different mines. The ore from the Gagnon,
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from which the supplies of the smelter of the Boston & Montami Com-
pany are principally drawn, is high in silver, but also carries cousider-

able zinc and some arsenic. The product of the smelting works, n

matte running about 80 ounces of silver, goes for further treatment to

the works of the Boston & Colorado Smelting Company at Argo,

Colorado. The ore of the Colusa mine, worked by the Montana Copper
Company, is purer; but until recently, when mineral higher in silver

was struck in greater depth, contained less of the precious metal. The
matte produ(;ed, containing from 00 to 70 per cent, of copper and 50 to

00 ounces of silver, has been until this year sold to refiners on the

Atlantic seaboard. The bulk of it now goes to Swansea, where the

higher price for the silver more than compensates for the lower returns

on copper. The third large producer is the Parrott Company, working
similar ores, and the fourth, the latest addition to the list, the Bell

Company, both possessing mines and smelting works of their own. The
Bell Company works ores more suitable for blast-furnace smelting and
containing about one and one-half ounces of silver to the per cent, of

copper, against two ounces for the Gagnon ores. The question of carry-

ing up the silver contents in the furnace products made, is one of supreme
importance to the Butte smelters. When it falls below a certain limit,

35 ounces per ton of matte, it does not pay to extract it; and every im-

portant addition to the quantity it holds, above that limit, enables the

refiners to make better returns per ounce. For matte running from GO

to 70 per cent, of copper and from 50 to 80 ounces of silver, the silver

contents, making due allowance for loss, represents an addition to the

returns, per pound of copper, of from 3 to 4 cents. Even though Butte
copper ores do carry some arsenic, which need not be so much feared in

humid processes of extraction, the producers of the district have the

advantage over their competitors as soon as they can bring up their

grade of silver to the limits mentioned, of probably fully 3 cents per

pound. When it is considered that with their comparatively cheap fuel

and good railroad facilities, they could make copper at a jDrofit, even at

present prices, putting it down at the Atlantic seaboard at from 12 to

13 cents per pound exclusive of silver, it will be conceded that Montana
copper will hold its own in any emergencies likely to arise. The exist-

ing works are now turning out metal at a rate which, barring accidents,

promises to bring the make up to at least 20,000,000 pounds this year.

The works are skillfully ma>naged by metallurgists of experience and
controlled by men of capital, and it seems probable that before the year

has closed the work of erecting an additional large smelting plant will

be planned to treat the ores of the Anaconda mine.

JSfetv'Mexico.—The copper mines of I^Tew Mexico have been worked
for centuries by the Spaniards, and later in a desultory way by Ameri-

cans, Prof. J. S. Newberry, of the Columbia School of Mines, calling-

attention -to the deposits in the Nacimiento mountains as early as 1800.

The wealth in copper of the Territory is great, and a number of enter-

15 M R
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prises had fairly begun work during the latter part of the year 1882,

and others have since been started. The first company to begin work was
the Canon del Agua at San Pedro, but at the outset trouble was expe-

rienced in working the ores, which it is rei)orted is now overcome. The
Santa Kita Copper and Iron Company started towards the end of the

year, and the San Jose Smelting Company, adjacent to the Hanover
district, a few miles from Silver City, Mas nearly ready for work. In

the Sandia mountains east of Albuquerque Mr. C. L. Hubbs has mines

and a smelter, large deposits are being developed near Shakespeare,

and good prosi)ects are reported from the Gila valley near Clifton, across

the Arizona line. The Andreas mountains, which are also rich in cop-

per, have been little developed ; and the same may be said of the neigh-

borhood of Tulerosa in the White mountains, in the southern part of

the Territorj', and of the country about Animas, near Lake Valley. A
great deal of activity is being displayed in New Mexico which, from all

accounts, has certainly much favorable ground, and is destined to figure

more prominently in the returns during the present year.

California.—During the era of high prices and scarcity of labor in

the mines of the East, the work was begun on the Pacific coast and a

period of speculative excitement followed, which led to much misdi-

rected outlay of capital, so that after a few years of growing product-

iveness a combination of circumstances suddenly brought the industry

to an end. Without a local market and working mines containing very

large bodies of low-grade ores, but only limited quantities of shipping

ores, the limit of profitable exporting grade being 12 per cent., an in-

crease in the freight rates killed the shortlived industry of which Cop-

peropolis was the lirincipal seat. The following figures for the exports

during the years from 1862 to 18G7 show the magnitude of the business

and illustrate the tendency developed of transferring it to English

smelters

:

Exports of copper ores from California.

Tears.
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ment being produced wliicli contains about 84 to 86 per cent, of metal.

The Speuceville ore carries only a low percentage of copper on an av-

erage, and the yield of this and the Newton mines is placed at about

600 tons of cement. A considerable proportion of this is used in the

manufacture of bluestone, for which the silver mills of the Far West
offer a fair market. A small quantity is shipped to be refined.

As in the Kocky mountain States and Territories, copper mining is

attracting considerable attention now. Mr. 0. G. Yale, of San Fran-

cisco, furnishes the following data in regard to recent developments

:

" Smelting works of a capacity of 25 tons per day have been put up at

Campo Seco, Calaveras county, and it is expected that a considerable

amount of metal will be run out during the current year. Mr. H. D.

Eanlett has also arranged for putting up leaching works at the same
place for treating the ores of the old Lancha Plana mine, now called

the Satellite. From this mine 2,000 tons of ore were extracted last

summer, 500 tons of which were shipped to Baltimore, Maryland, the

balance being retained for treatment at the mine. This is one of the few

mines in California which have yielded native copper in considerable

quantity."

Whatever the developments of the future may bring—and there is no

doubt that there are numerous copper deposits along the foothills of the

Sierra Nevada—at present California plays an unimportant part. Some
of the i^yrites mines, though of great magnitude, cannot for some time

look to aid through the creation of a market for sulphuric acid, though

at Spenceville the utilization of the sulphurous acid obtained in roasting,

as well as the production of iron sponge from the residues after leach-

ing, has been considered.

In 1882 shipments of copper ore from San Francisco to England by
sea amounted to 864,700 pounds. During the same period the railroads

carried eastward the following amounts

:

Eastward shipments of copper from California hy rail in 1882.
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and to tbe smelters at Golden. Considerable quantities of copper ores

are sliii>ped from the San rluan mountains to the Pueblo Smelting and
llefininj;' Works at Pueblo, while a small proportion is treated at the

Crooke Mining and Smelting Company's works at Lake City.

Quite recently the deposits of copper ore north of Cafiou City have

received considerable attention, and the mines in that locality are now
n^gularly shipping oxidized copper ores to the Pueblo Smelting and
Mining Company at Pueblo. Nowhere in Colorado are copper ores

treated for their copper contents alone. The product of Colorado to

January 1, 1883, is as follows

:

Falu€ of the copper product of Colorado.

Previous to 1870 $40,000

1870 20,000

1871 30, 000

1872 45,000

187:5 65,000

1874 90,197

1875 90,000

1876 70,000

1877 -• 93,796

1878 89,000

1879 131, 000

1880 184,000

. 1881 161,000

1882. Boston and Colorado smelter $127, 000

Pueblo Sineltiug Company 63, 720

Miners' Smelting Works, Golden 45, 632

Moore Mining and Smelting Company, Golden 24, 210

Crooke Mining and Smelting Company, Lake City . . 8, 000

268, 562

The tonnage of copper bullion produced in 1882 was as follows

:

Copper production of Colorado in 1882.

Tons.

Boston and Colorado Smelting Company, Argo 354

Pueblo Smelting and Refining Company, Pueblo 177

Miners' Smelting Works, Golden 127

Moore Mining and Smelting Company, Golden 67

Crooke Mining and Smelting Company, Lake City 22

747

The copper produced from Colorado ores is more or less injured in

quality by small quantities of tellurium, arsenic, antimony, bismuth,

etc., which render it "red short," and materially reduce its value.

Utah.—During the past few years this Territory has also come for-

ward as a ])roducer of copper, the output in 1882, according to estimates '

by Messrs. Wells, Fargo & Co., having been 005,880 poun<ls, the bulk

shipped probably in the form of auriferous and argentiferous mattes to

the works of the Boston & Colorado Smelting Company at Argo, CoJ.-
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orado. The principal work done thus far is in the Tintic district, in the

Crismon-Mammoth property, where thirteen matting furnaces have beeu

put up to concentrate the ore into matte. The works are now idle. It

is proposed to separate the precious metals from the copper by the elec-

trolytic process, and the machinery for that purpose has been already

provided. But as little more than working tests have been made, ex-

cept in a few localities where the results of experience are strictly

guarded as a secret, competent metallurgists express doubts that suc-

cess will be reached without a protracted period of experimental work.

The process is by many regarded as the most promising means of solv-

ing the question of separating gold and silver from copper ores, and it

holds out the advantage of producing a pure copper from the impure

ores generally associated with the precious metals. It has been held

that the copper could be deposited in a form fit for immediate use in

the rolling-mill, but experience abroad has dispelled that idea, and cop-

per produced by electrolytic means is now often remelted.

Among the other districts which have attracted attention in Utah,

during the past few years, are the Ewing in northwestern Utah, and

the Beaver district. The rapid development of the railroads in the

Territory and the opening out of its coal mines will teud materially to

aid the copper industrj'.

Idaho.—As yet comparatively little attention has been paid to the

copper deposits of Idaho, though their existence on a promising scale

is well known in Ada, Alturas, Ouster, and Lemhi counties, and on the

divide between the Weiser and Salmon rivers. The mines in the Heath

district, Ada county, have been i)rospected slightly, but until now only

very small quantities of matte have been made iu smelting silver ores.

The completion of the Oregon Short Liue, which will reach the mining

districts, gives promise of leading to more extensive development.

Wyoming.—The latest Territory to assume a rank in the list of copper

producers has been Wyoming. The first discovery of copper ore, ac-

cording to an account by Mr. F. J. Stanton, kindly transmitted through

Mr. F. F. Chisholm, was made in March, 18*1, by Mr. H. T. Miller, one

and a half miles north of the Platte river, 90 miles north of Cheyenne

and 15 miles from Laramie, the ores being chiefly oxides and carbon-

ates. Small shipments of rich ores were made during that year and the

following year to the Miners' Smelting and Eeduction Works at Golden,

Colorado ; and to the Northwestern Reduction Works, now the Chicago

Copper Company. According to assays upon which the sales were made

the ore carries from one-third to one-half of an ounce of silver for each

per cent, of copper. During 1881 the copper contents of the ore ship-

ments were only 75,000 pounds; while in 1882 they were 107,000 pounds.

In addition to this the smelter started in the beginning of this year at

Fairbanks has turned out 330,000 pounds of bars, carrying the total

1 roduct to nearly 400,000 pounds. The refined Wyoming copper has
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now made its appearance upon the Eastern markets, and is reported to

be good metal.

Kevada.—Though copper deposits of magnitude are known to exist

in jSTevada, they hav^e as yet added only insignificant quantities of

metal to the output of the country. Small amounts of ore have been

extracted for the manufacture of bluestone, and from the Battle Moun-
tain district ore shipments to England have been made for a series of

years. The only smelting works are those of the Esmeralda Copper

Company at Soda Springs. The crude metal as offered in the niuVkets of

the Atlantic seaboard has, however, proved to be very arsenical, and it

will be necessary that some modifications be made in the metallurgical

treatment before favorable financial returns can be made. The ores

(oxides and carbonates) are reported to be high in grade, and the

character of the black copper received may be due only to local causes.

The Santa Fe and Soda Springs mining districts have good railroad

facilities, and are therefore in this respect exceptionally well placed.

Missouri.—Tbe copper mining industry of Missouri is one of recent

growth and is confined to the deposits in Sainte Genevieve county,

which according to Mr. Frank Nicholson occur in the second of the lower

limestone series of the Lower Silurian system, the copper occurring in

two nearly horizontal sheets. The Cornwall mines are the only ones in

which much work has been done and which possess smelting and refin-

ing works, the latter also occasionally doing work for outside ])artie8.

Prof. M. B. Potter, of Washington University, Saint Louis, Missouri,

estimates the cost of making copper at Sainte Genevieve, when pro-"

ducing 150 tons of dressed 20 per cent, ore per month, to be 8.56 cents

per i)ound of refined copper delivered at Saint Louis.

The Eastern States.—From Maine to Georgia there is hardly a State

which has not during the past twenty years at some time furnished

smaller or greater quantities of copper, but a permanent supply has come

only from a few points. The movement to replace brimstone by pyrites

in the manufacture of sulphuric acid has revived the interest in the

develo])ment of a number*of properties; and it is believed that some of

them will be found capable of meeting the stringent specifications of

buyers of pyrites and build up a business which, largely independent

of the copper trade as it is, will add to the output of that metal in

spite of low prices.

Maine.—The deposits of Maine attracted little attention until in 1879

and 1880 the general revival of interest in mining led to tlie investment

of (;a[)ital in Maine copper mines. On the whole the results attained

were disappointing ; and though a goodly share of the failures was due

to mismanagement, the resouices of the State in this respect, however

interesting they may be locally, do not a[)pear to be on a scale likely to

materially affect the general copper trade of the country.

JVe?r Hampshire.—In New Ilanii)shire the only dejiosit of magnitude

is the pyrites mine of Milan, which recently has been steadily worked.
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Vermont.—This State has been the steadiest copper producer in the

East, the Ely mine having, though x)oorly managed, for many years

contributed annually from one to two and a half millions of pounds of

copper from a low grade of pyrites. Recent efforts to introduce modern

methods of smelting and concentration have not as yet been carried to

a successful issue, chiefly because of dissensions among the parties

interested, and the mine is now idle. Smaller quantities of copper

have been produced at the Elizabeth mines. The Vermont copper has

always been refined at Ansouia, Connecticut, and going directly into

consumption there, the magnitude of the production has not been sus-

pected except by a few and has been generally underrated by statis-

ticians.

Massachusetts.—Massachusetts has from time to time furnished ores

in small quantity. IsTow an effort is being made, successfully, to intro-

duce the pyrites of the Davis mine near Charlemont, the ore being

burned at the rate of 1,000 tons per month.

Pennsylvania and New Jersey.—These States have repeatedly had
their copper excitements, but very little is being done at present. The
same is true of Maryland.

Virginia.—In Virginia cupriferous pyrites have been discovered and
opened out in a number of places, large bodies in some instances of very

good quality having been proved. With fair facilities for shii^ment to

tidewater, and as the basis of a great local manufacture of sulphuric

acid in connection with the making of phosphate fertilizers, they are

considered capable of important development. During the past month,

active work in the pyrites mines at Tolers\'ille shows that a good start

has at last been made.

Tennessee.—This State was at one time the seat of an imj)ortant cop-

per industry, with Ducktown as its center, producing for years upwards
of a million and a half pounds of copper. But for some time the mines

have been practically abandoned, and it is not likely that they will

assume a prominent position, notwithstanding the magnitude of the

deposits, until they have been made more accessible by railroad con-

nections.

North Carolina.—In North Carolina the principal i^roducing mines

are those of Ore Knob, which have, however, of late lost much of their

former importance.

Georgia.—In Georgia the Tallapoosa mines furnish cupriferous pyrites

to the acid works at Augusta.

Alabama.—At one time copper was produced at the Stone Hill mines.
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REVIEW OF THE COPPER .MARKET.

A brief resume of the leading features of the copper market in New
York from year to year since 1875 will best serve to show the causes

which have in the past afiected values, and will afford an opportunity

to gauge their strength as affecting the situation at the present time

and in the early future. It should be stated that, unlike the case of

other metals, which are now distributed from a number of seaboard and

interior markets, occasionally so iulluenced as to be almost independent

of one another, New York and Boston are still almost the only markets

of any consequence for copper. The principal consumers, the great

copper rolling and brass manufacturing interests, are still centered in

the East, and there has not as yet been the strong tendency to a shifting

of the center of manufacturing westward which has so strikingly de-

veloped in other industries.

1S75.—In 1875 the markets for copper were very quiet, the business of

the consumers being moderate, while the metal was strongly maintained

by producers, there being none of the speculative interest of the previous

year. The export sales of Lake aggregated 0,000,000 pounds, the rise

after the end of April being due to the supplying of consumers with

5,000,000 pounds of copper at 20 cents, followed in August by addi-

tional sales of 3,000,000 to 4,000,000 pounds. The foreign markets were

steadied by armament i)urchases. The figures given for Chili bars are

the quotations on the first of each month. It is impossible to attempt

to give with sufficient accuracy the average for each month, and though

the figures quoted do not reflect the movement of jnices in detail, they

give a fair estimate of their course in general.

Price of C02)per in 1875.
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Price of copper in 1876.
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February, 5,000,000 pounds, at 19 cents ; May, 3,500,000 pounds, at 19J
cents ; September, 3,000,000 pounds, at 17^ cents.

In addition to this, tbe sales for cartridges at private terms are sup-

posed to have footed up 2,000,000 pounds. Weakness on the part of

speculative holders contributed to demoralizing the market in February

and October, and this element remained inactive until November, when
a moderate lot was taken above the ruling market price. Manufacturers

contracted for 4,000,000 pounds in May at 19^ to 19^ cents, for 2,500,000

pounds in August at 18J cents, and for an additional 1,000,000 pounds

at 18 cents in September. The course of theLondon market was through-

out unfavorable, and under the circumstances operated steadily to pre'ss

our own.

1878.—The average of prices during the year was

:

Price of copper in 1878.

Months.
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The decline in October on both sides of the Atlantic was prinoipallj'-

due to the panic created in commercial circles in England by the col-

lapse of the City of Glasgow Bank, causing a feeling of great uneasiness

here.

1879.—The range of prices was as follows

:

Price of ccpper in 1879,

Months.
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even If they so desired. In November, manufacturers again came for-

ward to secure supplies for delivery during the first modths of 1880 at

22 ceuts. Abroad, the effect of the Chili-Peru war did not prove, as

was expected, a cause of scarcity, ample supplies coming forward from

other quarters.

1880.—As the following summary of the range in values for 1880 will

show, the lirst half of the year was characterized by a period of reaction,

after the culmination of the speculative movement:

Frice of copper in 1880.

Months.
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Price of copper i)i 1881.

Months.



238 MINERAL RESOURCES.

delivery to tlie manufacturers and the imncipal dealers, usually with

the understanding that first hands would not sui)i)ly the trade direct

during that period, except at a price which would allow the latter to

distribute the purchases made to fill the requirements of smaller buyers.

The result has been a period of dullness following a sale, until the pend-

ing end of deliveries on the contracts led to renewed negotiations, often

prolonged by either the firm attitude of i)roducers or of consumers.

The latter have repeatedly held off for a long time to depress values,

while the former, closely watching the foreign market and the home
trade in manufactures, have relieved themselves of an estimated surplus

by export sales. These have generally been possible by concessions

which made the returns lower than the prices which it was possible to

maintain here by such a course. The best markets for our Lake copper

have been England and France, though other countries have at times

taken large blocks for armament purposes. It will be noted that for

years a considerable i)roportion of the exports were made in the form

of cartridges, the Lake companies placing the manufacturers here in a

I)ositioii to undersell their foreign competitors. This, however, ceased

after foreign governments had purchased full complements of our car-

tridge-making machinery in this country, a course which, however,

made them dependent, at least for some years, upon our raw material,

as its use presupposes coi^per of the very highest mechanical properties.

The year 1881 witnessed the beginning of a heavy production in other

districts, but its influence, as already stated, was only temporary, and
was counterbalanced by an extraordinary demand for machinery brass

and similar alloys, and particularly for electric-lighting plant, thus

coming to the rescue of a market that threatened to sink under the

burden of a heavy overproduction.

1882.—These contending influences were at work during the year 1882

and kept the market fairly steady, as the following summary of the

fluctuations during that period will clearly show :

Price of copper in 1882.

Months.
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Manufacturers being well supplied and the demand for speculative

purposes very small, the price of Lake gradually receded under slight

offerings. It was evident that the supplies contracted for would amply
meet all the needs. Consumers were firm and only bought a little more
freely towards the close of February. Meanwhile the pressure of out-

side brands began to get heavy, and as the best of them were easily

obtainable for half a cent less than Lake, though equal to it for many
puri)oses, consumers found it possible to hold off. March passed aAvay

quietly, with these influences steadily shaping to lower figures until in

the middle of April the comj)auies came forward contracting for the sale

of 20,000,000 pounds at 18 cents, thus supplying all the principal con-

sumers for a number of months. This of course had the result of mak-

ing the market for Lake copper uninteresting for a long period, the only

transaction worthy of note being an export sale of about 3,000,000

pounds at 16 cents in the middle of May, which for a time caused a

flurry and a temporary upward turn of prices, notably of outside brandf«,

of which considerable quantities were simultaneously purchased by con-

sumers here, probably with the intention of guarding against any pos-

sible scarcity. June, July, and August were dull, business being re-

stricted to the marketing of outside brands at a pretty steady decline.

The table given above will serve to illustrate this movement. It is only

necessary to add that the figures represent the prices of the better

brands, less well-known grades of copper being generally placed at a

sacrifice. There are other circumstances which made it a difficult mat-

ter to follow closely the marketing of this copper. More than one-third

of the copper other than Lake is refined by one concern, which is at the

same time closely associated with a leading manufacturing company and

one of the greatest firms of dealers in the country. Very little of this

copper reaches the open market, being either used in manufacturing or

distributed to the smaU trade in minor quantities. In the beginning of

September the Lake companies again sold ten to twelve millions of

pounds of copper at a price reported to be 18 cents. The fact, however,

that the reports of the majority of the copper mines for the year indi-

cate a lower figure would warrant the inference that it was probably

less. This seems probable, because the export sales during the year

were comparatively unimportant, so that the average receipts per pound
could not have carried the figure down considerably. Eound lots of

other brands were sold simultaneously at prices a little more than half

a cent less, and the market again relapsed into inactivity. The small

quantities of Lake copper offered were disposed of at fair figures, and it

was only toward the close of theyear that the pressure to sell other brands,

causing a steady decline in their values, began to affect Lake copper.

That the heavy production of the year did not more promi^tly and more

seriously affect the values must be attributed to a number of causes.

The fact that its effect had been overrated a year before had led to more

conservative views, both on the part of consumers and producers, and
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the manner in wbicli much of the increase in Arizona and Montana cop-

per was marketed was such as to disguise its magnitude. The con-

sumption, too, was very heavy, except towards the end of the year,

when the tariff agitation began to press upon business.

1883.—The first six months of the year 1883, by removing all doubt

as to the magnitude of the supplies, brought about the decline for which

the way had been paved during the whole of the year 1882. The fall

was i>rocii)itated by the nnusual and prolonged dullness in business. In

detail the fluctuations in values were as follows :

Price of copper diiriiHj fhe first six vionih^ 0/1683.

ISIontlis.
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to force afew small holders to realize at low er figures. Since then Lake was
pretty firmly held at 15J cents, and has slightly recovered, the quanti-

ties offered being slight in Ai)ril and May. In June the Lake companies

again came forward, contracting for the delivery of 20,000,000 pounds to

/consumers at 15 cents. Meanwhile other brands dropped off, jiarticu-

larly those not having a recognized standing or marketed under special

circumstances. The quotations given above are for fair brands ; they

are higher, in some cases as much as one quarter to three-eighths of a

cent, than the figures wliicli have formed the basis of actual transactions.

They are lower, on the other hand, than the prices readily obtained for

certain special brands made of black copper produced from the i)ure

oxidized ores, notably of Arizona, and which range only one-half of acent

lower than Lake copper. It is striking that the differences should be

'so greatTBetngTnrsome cases as much as 1^ cents per pound. There

can be no doubt that, intriusicallyreoxJ^er refined carefully and having

no grave quantities of impurities is worth more than the difference in

quotations would indicate. Chili bars containing only 90 per cent, of

copper have been occasionally sold in this market during the past ten

years, and generally the difference was not more than 1^ cents per

l)0und.

As yet the low price of copper has not had the effect of stimulating

consumption, though it is likely that the use of the metal will be on

a more liberal scale in the future. The development of the many ap-

plications of electricity for lighting, and the transmission of speech and
of jjower, is going on at a rate wliich promises much for the copi^er in-

terests. The quantities absorbed for the construction and renewal of

machinery and railroad rolling stock are steadilj" on the increase, and
brass is rapidly gaining in favor as a material for decorative purposes.

Notwithstanding all these elements in its favor, there is little prospect

of a permanent rise in value in this country independent of a simulta-

neous upward movement abroad. The principal reason for this view

must be sought in the fact that we are now very heavy exporters of raw
material. The engagements thus far and the i^rospective further ship-

ments abroad, made reasonably certain by special circumstances, foot

up to at least 30,000,000 pounds of copper, diverted from our own mar-

kets. The Lake comi^anies have contracted for the shijjment of at least

7,000,000 pounds, and 3,000,000 pounds of Arizona black copper have
also been sold abroad. The greater part of the copper exported will,

however, be argentiferous ores and furnace material, principally mattes,

aside from the ingot copper and matte from treating i)yrites, re-exported

with a drawback. So long as the price of copper here is near the parity

of copper in London, argentiferous material will seek that market. Fa-

vored hy low prices of labor and fuel, and working with a modern pro-

cess, which, it is said, permits close work, the details of which are not

yet known, one firm of Swansea smelters can outbid our own refiners.

The lower price obtained for copper abroad is more than balanced by

16 M R
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the lower cost of working and the higher price i)aid for silver. In con-

sequence, the bulk of the matte produced by independent works in

Butte,Montana,goesto Swansea,the quantity being closeupon 18,000,000

pounds. In addition to this, the Anaconda, a thoroughly developed

Butte mine in the hands of very strong parties, has contracted for the

delivery of 0,000 tons of very high-grade ore, pending the building of

smelting works. This furnace material would promptly seek a market

in this country should any important rise take place here not coincid-

ing with a corresponding advance in England. It would not of course

at once check an upward movement, because it would take some time

before appearing on the market. It would, however, aid in carrying

values back to a figure more closely harmonizing with those ruling in

the markets of the world. It is, too, a factor which from all the indi-

cations of the present is destined to exert even a more powerful influ-

ence in the future. On the other hand, it must not be forgotten that in

all estimates of the production and the available supplies, for the pres-

ent at least, it relieves the market. How long American metallurgical

skill will allow this movement to continue remains to be seen.

EXPORTS.

The following tables show the exports of domestic copper in the form

of bars and ingots, of domestic production, and as copper ore. The

third table, giving the quantities of foreign ores and metal exported,

throws light upon a movement which, since the change in the law in

1869, which checked the growth of the smelting industry of the Atlantic

coast, has not had much significance.

Copper pigs, bars, sheets, and old copper of domeiitic production exported from the United

States diirinf) the fiscal years specified {mixed gold and cun-ency values).

Years. Quantity.

I

Pounds.
1872 267,868
1873 ' 38,958
1874 r)03,](iO

187r) 5,123,470
1876 ' 14,304,](;o

1877
i

13, 461. .153

1878 11,297,876
1879 17,200,739
1880 i 4,206,2.58

1881 1
4,865,407

1 882 3, 340, 531

Calendar year 1882. ... 2, 999, C71

Value.

844
423
457
536
395
213
455
153
242
860
295
449
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Copper ore of domeatic production exported frnm the United States during the fiscal years

specified (mixed gold and currency luilues).

Tears.
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Value.

1879 $79,900

1H80 126,213

1881 38,036

1882 93,646

Calendar year 1882 112,246

IMPORTS.

The imports of copper, of ores, and of manufactured goods have varied

widely daring the i)ast ten j^ears, as is proved by the following tables.

The figures for ingot copper, however, include reimports of domestic

copper, and a considerable quantity of the metal in the ores, notably

during the past few years, is re-exported under the drawback system.

Co2>per pigs, hars, ingots, old copper, and other unmanufactured copper imported into the

United States during the fiscal years specified {specie values).

[Dutiable.]

Tears.
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Value.

1876 |;243,962

1877 330,016

1878 322.418

1879 276,746

1880 409,803

1881 387,076

1882 315,475

Calendar year 18H2 299,874

OCR FOREIGN COMPETITORS.

At no time have the foreign markets had so great an influence upon

the prosperity and future development of the copper industry of the

United States as at the present, and it becomes the duty of all engaged in

it to watch closely the sources of foreign supplies to the markets of the

world. A review of the industry of the most prominent competitors

of the mines of this country has therefore attained a significance it

never possessed before.

Great Britain.—The production of the mines of Great Britain has

steadily declined under the pressure of heavy receipts of foreign ores,

furnace products, i)recipitates, and bars from foreign countries. Corn-

wall has always been the heaviest producer, its share being on an aver-

age more than one-half, while Devonshire is credited with about one-

fifth of the entire yield. Below is given the output in recent years

:

Production of copper in Great Britain.

Tears.
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tabic showing the movement since 18G0 will fully illustrate it and show
its growth :

British importu and exports of copper from 1860 to 1877, inclusive.

Tears.

Imports of—

Bars,
cukCH, and
ingots.

Copper in
ores and
furn ace
products.

Total
imports.

1860.
1805.
1870.
1871.
1872.
187U.
1874.
1875.
1870.
1877.

Gross tons. Gross tons. Gross tons. \ Gross tons

Exports.

142
137
724
228
000
840
900
931
145
743

13, 715
23, 922
27, 025
23, 071
21,702
20, 750
27, 894
29, 483
36, 191

53. 582

20, 857
47, 059
57, 749
50, 899
70, 702
02, 596
67, 800
71,414
75, 336
93, 325

26, 117
41,398
33, 006
50, 633
53, 195

55, 716
59, 742
51, 870
52,468
54,088

The following figures from the Board of Trade returns for the five

years since 1878 show in detail the form in which the copper is brought

into Clreat Jiritaiii and in what form it is exported:

Imports of copper into Great Britain from 1878 to 1882, inclusive.

Pure in pyrites
Pure in precipitate
Pnie in ore
Pure in regnlus . .

.

Bars, cakes, etc . .

.

Total

1878.
I

1879.

Gross
tons.

14,443
13, 173
1.5, 441
5, 155

39, 360

Oross
tons.

12, 040
18, 159

13, 173

7, 049
46, 670

87, 572 97, 091

1880.
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more profitable to re-export this copper niider the drawback clause.

The tarilit' as now in force specially provides for pyrites as follows :
" Sul-

l)hur ore, as pyrites, or sulphuret of iron in its natural state, containing

not more than three and one-half i)er centum of copper, seventy-live

cents per ton : Provided^ That ore containing more than two per centum

of copper shall pay, in addition thereto, two and one-half cents per pound

for the copper contained therein." Under these provisions the duty on

pyrites of different grades per pound of copi)er contained in them is as

follows:

For 2 iier cent, pyrites, 1^ cents duty per pound of copper.

For :} Iter cent, pyrites, Hf cents duty per pound of copper.

For 4 per cent, pyrites, 2^ cents duty per pound of copper.

Assuming that the reduction in cost of manufacturiug sulphuric acid

from pyrites instead of from brimstone would enable the chemical man-

ufacturers to pay the duty on low grade, two per cent, ore, the cinder

would contain copper enough to make the value of its copper contents

$.5.00, placing the price of the metal at 14 cents per pouml. Deducting

the cost of smelting into matte, $1.50 per ton, there would remain only

$4.10 to cover cost of shipment of matte to refining works and cost of

treatment, marketing, etc., the losses of metal being very small. It

will be seen that the margin on such low-grade ore is necessarily slight,

and that any copper made from it Avould have to be exported, either in

the form of matte or as refined copper, and the comparatively high duty

on the metal in pyrites higher in copper would be a strong inducement

to pursue the same policy.

The developments in the soda industry abroad during the past few

years foreshadow its course in this country, where circumstances have

led to its halting at a point long passed in Europe. The greater part

of the sulphuric acid made abroad is used for the manufacture of soda

by the Leblanc process, which has held undoubted sway until a few

years ago, when the Solvay ammonia process, in which the use of sul-

phuric acid is done away with, was introduced. The total quantity of

soda, equivalent to the pure carbonate, made in the world is a little

more than 700,000 tons, which would call for a consumption of pyrites

of about 425,000 tons. The retention of a market of such importance is

of course of vital interest to the Spanish and Portuguese mines, and they

have therefore decided to stem the tide by building Leblanc soda works

in France and in Belgium, and sulphuric acid works in this country,

where one of the principal outlets for the sale of the acid is to the petro-

leum refiners. It is likely, therefore, that they will seek relief for the

pressure from this quarter by increased exertions in the direction indi-

cated, and by a further development of the manufiicture of copper at

the mines.

This brings us to another point, which deserves particular attention

as afloctiug the copper supply of the world, and therefort; intiuenciug

our market correspondingly, it is the steady increase in the quantity
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of precipitate shipped from the same mines which produce the pyrites

in Spain and Portugal. At these mines, among which the Eio Tinto,

Tharsis, and San Domiugo are the most iiromiueDt, a small i)roportion

of high-grade ore is smelted into regnlus direct; the medium grade,

running about 3.5 to 4 per cent, of copper (wet assay) is shipijed as

such, while all the low grade is treated on the spot by roasting enor-

mous quantities in heaps, leaching, and i^recipitatiug the copper with

scrap iron. The resulting copper, called precipitate, is an impure metal

running from 50 to 70 per cent. Efforts have been made during the

past few years to replace this crude process, with its drawback of the

injurious effect of the sulphurous acid fumes upon vegetation, and
its enormous consumption of scrap iron, by another method—that of

Doetsch and Deby—which extracts the copper from the crude ore

direct. This promises to solve the question which threatens the life

of the pyrites mines, and to which allusion has already been made.
It dispQls the hopes entertained by some of the rivals of the Spanish
and Portuguese miners that by a gradual decline of their market with

sulphuric acid manufacturers they would be checked in their steady

advance as copper producers. We have no means of arriving at the

exact quantity of precipitate brought into the English markets, as the

Board of Trade returns do not separate this material from regulus, of

which a small quantity is also made in Spain and Portugal. It may,
however, for all practical purposes, be assumed that the figures in the

following table, in which the British imports are classified according to

their source, are for precipitate alone, so far as those two countries are

concerned

:

Imports ofprecipitate and regulus into Great Britain.

Countries.

Portugal
Spain
OhUi
Other countries

Total ....

Pure copper

1880.



250 MINERAL RESOURCES.

ing values in order to afford some iusight into the nature of the ores

which coiujiete in the markets of the world:

Imports of copper ores into Great Britain,

Conntries.
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The Australian copper is generally a high grade of refined, including

such brands as Wallaroo and Burra Burra, while the bulk of the Chili

product is bars averaging about 96 per cent. tine. We shall more par-

ticularly refer to both in speaking of the copper industry of the coun-

tries alluded to. England, of course, takes a considerable quantity of

the Lake copper shipped from this country, and this year will receive in

addition thereto notable quantities of Arizona black copper, 2,000 tons

having been already contracted for, with the possibility of further ship-

ments following.

Turning now to the exports of copper and its manufactures, it is of

interest to note, aside from the volume of this movement, its direction,

as revealing who the principal customers of Great Britain are

:

Exports of copper {ingot, iars, and slabs) from Great Britain.

To—

Germany
Holland
Belgium
France
British India .

.

Other countries

Total

1881.
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Britisli India is therefore the best purchaser of English copper and
its manufactures, while France takes the greatest quantity of crude

metal, closely followed by Germany. It should be noted in this connec-

tion that probably the bulk of the shipments from Great Britain to

Holland are in reality only goods in transit to Germany.

Chili.—For many decades the coi)per producers of this favored country

have practically ruled the markets of the world, for which they have

<;ontributed more metal annually than the whole of Eurojie, until the

last ten years, when the rapid increase of the producing power of the

Spanish peninsula, and of Germany in a less degree, began to cast it

in the shade. No statistics of the actual product of Chili have been

l)ublished, but as the local consumption is comparatively insignificant,

it will be safe to assume the total shipments from the coast to be equiva-

lent to the iiroduction. Speculation and variations in the freights cause

these figures to vary within a greater range than the actual production,

the price of exchange, too, having an important influence. The follow-

ing figures, giving the exports from Chili since 1855, will show the devel-

opment of the coijper industry in that country

:

Exports of copper from Chili.
Tons.

1855 2U,250

1856 21,938

1857 25,498

1858 30,470

1859 28,250

18G0 36,289

1861 38,371

1862 43,109

1863 32,540

1864 , 47,500

1865 48,327

1866 44,820

1867 44, 654

1868 43,669

1869 54,867

1870 49,130

1871 41,200

1872 46,337

1873 42,165

1874 43,240

1875 45,430

1876 50,740

1877 45, 400

1878 46, 770

1879 49,390

1880 42,990

1881 :5H,030

1882 42,960

These figures represent fine coi)i)er, and therefore include the metal

in ore and regulus. The following instructive table proves how the rela-
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tive proi)ortiou of the diflereut descriptions of copper produce exported

from Chili diiriug the last ten years has changed in favor of the native

industry

:

Jlelative quantities of copner, and copper contained in regulus and ore, as exported from
Chilifrom 1873 io 1882, incluhire.
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Exports ofprecipitate and pyritea from Spain.

Years.



COPPER. 255

industry of the colonies. A very disturbing element in the production

appears to be periods of drought.

Exports of copper and furnace products from the Australian colonies.

Years.
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in^ iigures of the imports and exports of copper and manufactures of

copper

:

Inqwrts of copper and copper manufactures into Germany.

1879. 1880. 1881.
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Production of the Hemixem works, Belgium.

Metric tons.

1873-1874 613

1874-1875 660

1875-1876 715

1876-1877 789

1877-1878 910

1878-1879 1,008

1879-1880 1,029

1880-1881 1,063

1881-1882 1,089

Russia.—The latest statistics available for the production of copper ia

Eussia are for the year 1879, the yield in that year having been 190,680

poods, or 3,122 metric tons, of copper, distributed as follows :

Poods.

Elizabethpolsk 47,035

Perm 39,112

Ufa 35,612

AkmoUinsk 31,000

Tomsk 28,690

Canada.—The most important mines of the colony are those of I^ew-

fouudland, among which the famous Tilt Cove and Betts Cove mines

take a leading position. The product is almost exclusively shipped to

England. The mines in the vicinity of Capelton, on the other hand,

send large quantities of low-grade pyrites to ISTew York to be used in

the manufacture of sulphuric acid. Until now they have been the maiiL

source of the pyrites imported.

THE METAIiLURGY OF COPPER.

By James Douglas, jr.

COPPER SMELTING AS PRACTICED IN THE UNITED SrATES..

Adaptation of method to class of ores.—Copper is found on this conti-

nent in the rocks of every geological age ; it has been worked in nearly
every State and Territory, and occurs in every variety of ore. In the
metallic state it is frequently met with as the result of the decomposition
of sulpburets; but as the only product of the mines it is found in but
two notable regions, both in this hemisphere, one the south and north
shores of Lake Superior, the other at Coro-Coro, in Bolivia. On Lake
Superior it is found in veins, as masses sometimes of great size, and
also disseminated in grains or large lumps and sheets in beds of so-

called amygdaloid trap and conglomerate. Although the ore from these
beds yields a very low average—as low in the case of the South Atlantic
mine as 0.72 per cent., or 14.4 pounds of copper to the ton—^yet, owing
to the cheapness with which it can be concentrated by mechanical means
to over 70 i)er cent., and the slight cost of refining the concentrates, a
profit can be made. But three-quarters of the world's supply is derived

17 M R
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from sulplmreted compounds of copper and iron, which form a series

of ores of definite composition. The three typical examples of the series

are:

Composition of sulplmreted copper ores.

Copper.

Per cant.

i
Copper pyrites (chalcopyritp), containins 34.6

j
Varifgated copperorc (boruite), coutainibg.. .

i 60. 8
Coijper glance (chalcocite), containing .1 77. 2

Iron.
; Sulphur.

Per cent. Per cent.

30.5 34.9
13.67 24.46
1.5 20.6 :

The ore of most frequent occurrence is copi^er i)yrites, which is, how-

ever, seldom unassociated with iron pyrites or with lower comj^ounds of

iron and copper. Bornite and a number of ores of variable composi-

tion—intermediate between chalcoi)yrite and chalcocite—are generally

products of decomposition of chalcopyrite, and seldom form the exclu-

8ive product of any mine. But besides the transformation of sulphurets

low in copper into others higher in copper under atmosplieric agency,

further transformation of the copjier constituents of the ore into a great

variety of oxidized compounds takes place—into blue and red oxides,

green and blue carbonates, silicates, and even into chlorine compounds.

Wherever the iron sulphuret is oxidized into hydrous and anhydrous

peroxide and magnetite, as might be expected, considering the agents

(air and moisture) which have effected the decomposition in these oxi-

dized ores, they occur from the surface to but a limited depth. In the

Southern States, where iron i)yrites constitutes the bulk of the vein

matter, it is common to find the following successive layers : First, a

so-called iron cap of red hematite, almost barren of coi)per or carrying

a few crystals of copper carbonate, rich enough in iron and i^oor enougli

in copper to be used as an iron ore ; then follows a layer of variable

thickness, either of what is called black oxide, but is in reality an

oxysulphuret, or of an ore with the api)earance of bornite; and beneath

this are reached the unaltered suli)hurets of iron and copper, always oi

lower grade than the overlying ore. In the Kocky mountains iron

pyrites is seldom the i)reponderating mineral, and therefore the surface

ores are usually in the Northwest, as in ^Montana, rich oxysulphurets,

merging in some mines into purple ore ; in the Southwest, as in Arizona

and New Mexico, carbonates and oxides, associated with more or less

oxide of iron and manganese.

These differences in the composition of ores necessarily involve a

difference in treatment. If we run down in a cupola furnace a sulphur-

ated ore of iron and copper, carrying more or less quartz, lime, and

earthy matter, there will result (1) a slag carrying all of the silica, lime,

alumina, and perhaps some of the iron of the sulphurets, and (l') a

matte carrying all or nearly all the sulphur, combined with the copper,

and most of the iron. The results will be little better than would have

been obtained by a careful concentration of the ore, which would have
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reuioved the light gangue from the heavy mineral. But if, before

smelting the ore, it be thoroughly roasted, there is eliminated (we will

suppose for argument's sake, perfectly) the sulphur as sulphurous acid

gas, and the iron and copper are converted into oxides. If now this

roasted ore be fed into a cupola furnace, the siliceous and calcareous

gangue is slagged off as before, and if enough silica be present all the

iron which existed in the pyrites will be similarly disposed of, while the

copper oxide will be reduced by the action of the carbon of the fuel, and

can be tapj)ed out as metal. As nature has in the prominent mines of

the Southwest oxidized the copper, and has done it in many cases most

perfectly, the treatment is there simplified to a single reducing fusion

in a cupola furnace, whereas the sulphureted ores of the Atlantic coast

and of Montana, and also those occurring in the Northwest, must be first

oxidized artificially.

Copper smelting in this country is therefore practised

—

I. On the concentrates from the native ores of Lake Superior, which

are subjected to a single fusion, whereby the copper is separated from

associated iron oxide and silica, x)rei)aratory to a refining operation in

the same furnace.

II. On the carbonate ores of the Southwest, which are worked excla-

«iively in cupola furnaces, and which yield to a single fusion a coarse

copper, which is shipped eastward for refining.

III. On sulphureted ores both at certain mines and at central estab-

lishments in the East. When the ores are basic the cupola furnace is

used ; when siliceous, the reverberatery. At some mines and at one of

the coast works both cupolas and reverberatories are used.

I.—THE SMELTING OF NATIVE ORES.

The product of the Lake Superior copper mines reaches the Lake
smelting works as

—

1. Masses attaining sometimes 10 tons in weight, extracted only from

the veins.

2. Barrel woric : The larger lumps from the copper-bearing beds, which

do not enter the stamp battery or collect in the mortar.

3. Concentrates : The coarser grade running over 90 per cent., the

slimes as low as 40 percent., the smelting average being between 70 and

75 per cent.

4. There has of late been made a still poorer concentrate of under 20

per cent., which is sold to the smelting works on the coast and is run

down with sulphureted ore and matte.

Grades 1, 2, and 3 are smelted at three works only, namely, those of

the Detroit & Lake Superior Smelting Comi)any at Hancock and

Detroit, Michigan, and the works of C. G. Hussey & Co., Pittsburgh.

As the mineral is free from sulphur, arsenic, and antimony, and is

mixed only with a small percentage of iron oxide derived from the ore,

of metallic iron from the crushing machinery, and a small percentage of
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siliceous gangue, it is only necessary to smelt it with from 6 to 8 per

cent, of limestone and 10 per cent, of rich refinery slag, skiiu ofi" the

slags, and refine the metal. These operations occnpy from twenty-

two to twenty-three hours

—

1. The charging of about 12 tons of mineral and fusion lasts about

twelve hours.

2. SMmming slags (the first of which, containing only from 3 to 5 per

cent, of copper, go to the cupola; the richer are returned to the next

charge in the refinery) lasts about five hours.

3. Refining lasts about tAvo hours.

4. Ladling lasts about three hours.

The mass copper furnaces are provided with a removable roof, which

is lifted by an overhead crane; the mass or masses are then lowered,

the furnace bed being suitably protected, and the roof is replaced. The
charges of barrel and stamj) work are thrown in with the necessary

fluxes through the side door. About 75 per cent, of the copper contents

of the charge is ladled out in ingots; about 25 per cent, passes into the

slags. The refinery slags, as stated, are at the Lake works returned to

the furnace with the next charge ; the poorer slags are run down in a

cupola.

The cupola charge consists of 20 tons of slags, containing about 4 per

cent, of copper, 8 to 9 tons of limestone, and G to 7 tons of anthracite coal.

The yield of the cupola is slags poor enough to be thrown away and cake

copper fit for refining. The cupola used is a modified McKenzie, with

an annular tuyere five-eighths of an inch wide encircling the furnace

below, and a slightly conical water-breast 22 inches high and 24 inches

above the hearth. Upon the water-breast rests the brick body of the

furnace, 5 feet 8 inches high to the charging door, elliptical in sbape,

being 7 feet 9 inches by 5 feet 8 inches. The brick lining immediately

above the bosh supplies the iron of the slag with silica, and is so rapidly

consumed that a ten to twelve hours' run is almost the limit of its life.

During these short campaigns 20 tons of slag are put through. Greatei

durability is rendered the less necessary inasmuch as the slags from the

mineral of each mine are kept apart and smelted separately, and the

cupola must therefore be frequently blown in and out. At the same
time it would seem that silica could be added in some more economical

sbape. At the Pittsburgh works, where coal is very cheap, the richer

slags are subjected to reverberatory treatment before being passed

with the poorer slags to the cupola.

The construction of the Lake Superior refineries, if we except the

movable roof of those adapted to the mass copi)cr, does not differ mate-

rially from that of the ordinary Swansea furnace ; but special valves

and deflecting plates are employed to throw the air through vents in the

bridge on to the charge ; the ash-pits arc provided with doors, and a

low pressure blast is used beneath the fire-bars, so as to control the

admission of air and the character of the atmosphere within the furnace.
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Every possible care is taken during the ladling to maintain the charge

at perfect pitch, as determined by mechanical tests made from time to

time ; and by carefully regulating the heat, both of the bath of metal

and of the water in the boshes, a beautiful surface color of the ingot is

invariably and uniformly obtained. As at the two works of the com-

pany about 25,000 tons are refined annually, of which the Hancock
works turn out about three-fourths, and as no other operation but

refining is practised, the whole attention of the superintending staff

is directed to but one object, and the corps of workmen attains the utmost

skill in the performance of its several duties. As a consequence, the

excellence of the manipulation, coupled with the absolute freedom of

the mineral from all injurious elements, has won for the Lake ingot a

world-wide reputation for purity and uniformity of quality, which enables

it to command in the markets of Europe a higher price than any brand

of copper manufactured there, [a)

II.—THE SMELTING OF CARBONATE ORES.

Copper, hardly if at all inferior to Lake, is made from some of the

carbonate ores of Arizona.

The Longfellow smelting works.—The first successful attempt to smelt

ores in Arizona within recent times was made at Clifcon by Messrs.

Lazinski. In 1873 they opened the Longfellow mine, whose ores con-

sisted of carbonates and oxides of copper, associated with peroxide of

iron and manganese. The first furnaces used were small Mexican adobe

cupolas, the capacity of which is little over one ton daily, the blast

being derived from large bellows worked by hand. Eeverberatory fur-

naces were next tried ; but the ores being basic, and firebrick worth a

dollar apiece—for the railway was then over 700 miles distant—the

cupola was again resorted to, but this time it was supplied with an iron

water-back and tuyeres. The water-back once burning out, an attempt

was made to cast one in copper as a substitute ; but the casting turned

out to be a mere plate with a hole in it. For lack of better, this was built

into the furnace, and was found to stand so well that the cupolas within

the area of fusion were constructed entirely of copper slabs, cooled at

first by a spray of water, afterwards by the air alone. Such copper-

plate furnaces lasted in good order for about sixty days, as long as char-

coal was used, but the intense heat produced by coke twisted the plates

out of shape so rapidly that they were replaced by coi)per water-jackets

—

clumsy deep copper troughs, open at the top, which were cast in close

moulds from the coarse alloy of copper and iron made by the furnace.

There have now been supi)lanted by the ordinary iron water-jacketed

furnace.

The old copper-plate furnaces were 37 inches by 35 inches at the tuy.

a For fuller details, see Professor Eglestou's paper on Copper Refining in the United

States; Transactions of tlie American Institute of Mining Engineers, August, 1880.
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eres, provided with three tuyeres in the back plate and supplied with blast

by a 4i Baker blower. The fire-door was 7 feet above the tuyeres. The

slagr-tap was 8 inches below the tuyeres. The cojiper-tap was IG inches

below the slag-tap. They smelted from 15 to 17 tons daily of selected

ore when running with charcoal, producing 7,500 pounds of cake copper

of about 00 per cent.

The later copj^er water-jacketed furnace was 50 inches by 35 inches

and had 4 tuyeres in the back, and smelted with coke as much as 50 tons

of ore daily. The blast was supplied by a 5} Baker blower.

The ore smelted was taken exclusively from the Longfellow mine,

and contained rather an excess of base oxides of iron and manganese.

It was found that when the charge contained an excess of manganese

over iron, the slag was thick and the copper separated imperfectly; but

the ferruginous slags usually made with about 50 per cent, of protoxide of

iron and 10 per cent, of manganese did not retain over 1 per cent, of

copper. The ores carrying on an average only about 14 per cent, silica

and the slags less than 30 per cent, silica, the resulting cake copper was

impure, nearly 10 per cent, of iron entering it.(fl)

At present, another smelting establishment on the San Francisco river,

five miles below Clifton, works ores from some adjoining mines owned

by the Detroit Copper Company. There the opposite error was for a

time committed of running with a far too acid charge, the resulting

slag from which has carried as high as 53 jier cent, of silica. As a

consequence, all the iron, manganese, and other valuable bases entered

the slags, leaving the copper cake almost absolutely pure ; but the

silica had in addition to draw upon the copper, of which 3 per cent,

and over entered the slags. When charcoal was used by the Long-

fellow smelters the consumption was 1 to 4^ of ore. With three-quar-

ters coke and one-quarter charcoa> the consumption of fuel dropped to

1 to 7. With coke the Detroit company is now smelting over of charge

with 1 of Welsh coke.

The old Longfellow furnaces were manipulated in an altogether novel

manner. The slag was tapped into a sand bed, and at intervals of three

hours the copper was tapped, like iron from a foundry cupola, into a

large ladle swung from a crane, and poured thence into heavj copper

molds holding from 150 pounds to 200 pounds of coarse copper.

At present the Arizona Copper Company (a Scotch organization),

which purchased the Longfellow and some other valuable mines in the

same vicinity, has erected two water-jacketed furnaces of the ordinary

type, and is running them as is done elsewhere.

Copper Queen smelting worls.—At the smelting establishment of the

Copper Queen mine, at Bisbee, Arizona, the production of a very pure

cake, and at the same time a tolerably clean slag, has been obtained by

a judicious furnace mixture. The furnace is supplied from a large body

a For analyses I am indebted to a report by Mr. A. "NV. Wendt.
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of oxidized ore in limestone. At the surface the ore consisted of remark-

ably beautiful c^ysta^ine masses of carbonate of copper and calcite, in

which concretions of copper carbonate, calcite, oxide of iron, and man-
ganese were imbedded. As depth has been obtained crystalline car-

bonates have ceased to be the principal product of the mine, but they
still occur in a soft, somewhat argillaceous ore carrying a high i)ercentage

of copper as carbonate and oxide. This constitutes the bulk of the

deposit, and carries nearly enough silica to satisfy the lime, iron, and
manganese of the ore itself, which is thus almost self-fluxing when mixed
in proper proportions.

Two furnaces are kept steadily in blast, aud smelt 50 tons each i3er day.

The furnaces are water-jackets, such as were designed originally by
the present superintendent, Mr. Lewis Williams, and are, with unes-

sential modifications, manufactured by the Pacific Iron Works, Pres-

cott, Scott & Co., of San Francisco ; by Fraser & Chalmers, of Chicago

;

and by other makers. They stand on four pillars, and are provided with

drop bottoms. They are round, and the space between the inner and
outer shells is 9 inches at bottom and 4^ inches at top. The dimensions

are as follows : Diameter at tuyeres, 36 inches ; diameter at feed-door,

54 inches ; distance from feed-door to tuyeres, 6 feet ; distance from

tuyeres to slag-tap at side of furnace, 7^ inches ; distance from slag-

tap to copper-tap on level of the hearth, 20 inches. The water-jackets

extend from 4^ inches below the tuyeres to the feed-door ; the iron shell

below the water-jackets being lined with firebrick and tamx)ed with

brasque. In some other furnaces the water-jackets extend down to the

hearth. The superstructure from the feed-door upward is of brick in

an iron shell, which enters a horizontal dust-flue 36 inches in diameter

and 96 feet long, i^rovided with hoppers in which the dust (about 5 per

cent, of the whole) collects. The dust is mixed with the more clayey

ore aud moulded into bricks, which are sun-dried and re-fed to the fur-

nace. The furnace is fed alternately with Trinidad coke and ore, the

coke being to the ore as 1 to 6. When Cardiff coke was used, its con-

sumption was only 1 to 7^ of ore. 'So matte is made, though the mine
has attained a depth of 250 feet vertical and 50 feet below the water-

level. Throughout the mine traces of sulphur exist, which enter the

cake, but no copper sulphide is found, nor is the lime a sulphate, as

might be expected were the ore derived from a sulphide oxidized in

place. The slag is tapped frequently into a long iron pot, through which

it flows into the ordinary slag buggy. In the long pot, whose contents

remain fluid for about two hours, a small amount of metallic copper

settles. The metallic copper is tapped from the front of the furnace

every half hour into pigs of from 250 to 300 pounds in weight. The
cake runs from 97.5 to 98 per cent.

The total production from 1882 to 1883 was 4,202 tons of cake copper,

equal to 4,052 tons of refined ingot. The furnace yield of the ore treated
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was 12.72 per cent., and the cost of refined copper sold in Kew York
was 9.75 cents per pound.

The operations at the Copper Queen have thus been dwelt on at length,

as they may be accepted as typical of the manner of smelting the car-

bonate ores of the Southwest.

In Globe there are three establishments, though the furnaces ofthe Old
Dominion are alone running. At the Peabody mine and the Omega,
copper cake and some matte are made, the latter unquestionably cleans-

ing the slag. In a number of other localities furnaces have been put

up, which run intermittently. The total production of copper from this

class of ores in Arizona was last year about 12,000 tons, and it may rise

daring the present year to from 15,000 to 20,000 tons.

Carbonate ores are, however, not confined to the Southern Territories.

For several years cake copper has been made from the ores of the Blue

Bell mine, near Elko, Nevada, and more or less smelting has been done

at other localities in the same State 5 but comparatively little copper,

obtained by a single fusion from oxidized ores, comes from elsewhere

than Arizona.

III.—TEE SMELTING OF SULPEURETED ORES.

This is carried on east of the Rocky mountains at five different works

on the Atlantic coast, all of which purchase ores and furnace products

for refining. They are owned by

—

1. The Baltimore Copper Company, Messrs. Pope, Cole & Co. Their

works are and always have been the most important on the coast. They
follow the Swansea ijractice in reverberatory furnaces for copper ores,

and treat their copper-silver materials with sulphuric acid. The works

cover five acres of ground, are situated on the harbor of Baltimore, and

included in 1881 three large refineries, about thirty reverberatories for

ore and matte smelting, and three cupolas for rehandling slags, besides

a bluestone department.

2. The Revere Copper Company, of Boston, conduct their operations

less actively than formerly, when they used cupolas of the German
type.

3. The Orford Copper and Sulphur Company, of Boston (works at

Bergenport, New Jersey), have introduced notable improvements in

cupola construction and methods. They use very large matting cupolas,

smaller black copper cupolas, and reverberatory, blister, and refining

furnaces.

4. The New Jersey Extraction Company, of Elizabethport, New
Jersey, is an English corporation, whose operations include the extrac-

tion of copper from pyrites residues, suiclting and refining ores and

matte by the Welch method, and the extraction of silver from argentif-

erous mattes prior to their conversion into copper.

5. Messrs. Crocker Bros., of Taunton, Massachusetts, use small

cupolas for concentrating to coarse copper.
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There are also cui^ola smeltiug works of large capacity connected

witli the Ely mine, Vermont, and the Ore Knob copper mine, a!Torth

Carolina. Small works in Portland and Boston havernn intermittently

on Maine ore ; and at Sainte Genevieve, Missouri, a small establishment

smelts sulphureted ores from mines in the neighborhood, and refines in

addition some Arizona cake.

The operations of the Boston & Colorado Smelting Company at Argo,

near Denver, and at the branch works in Butte, Montana, though

conducted on a very large scale, do not come within the scope of this

discussion, as the copper is used as a medium for recovering gold and

silver, and has not heretofore been generally converted into ingot cop-

per, but into bluestone.

In Butte, Montana, in addition to the furnaces making matte for the

Argo Works, are three smelting works in connection with the mines of

the Montana, the Parrott, and the Bell companies. The first named
smelts its siliceous ores in reverberatories and the basic ores in a cu-

pola. The Parrott Comi)any uses reverberatories only ; the Bell only

cupolas. The combined plants contain a concentrating capacity of

nearly 200 tons daily, three cupola furnaces, and 20 reverberatory, cal-

cining, and matting furnaces. The copper production, chiefly as 65 per

cent, matte, is equal to about 800 tons a month of metallic copper.

It will thus be perceived that both the Swansea method in oi:>en fur-

naces and the so-called German method in cupolas are practiced side

by side in this country, and a better opportunity is afforded of deciding

the vexed question of their relative advantages than often occurs. But

before stating the argument on both sides it will be well to briefly de-

scribe the main features of the two systems.

The former Sicansea metJiod of smelting in reverberatories

.

—As for-

merly practiced, the Swansea system was conducted entirely in rever-

beratory smelting furnaces. A mixture of sulphureted and naturally

or artificially oxidized ore, containing sulphur enough to concentrate

all the copper into a matte of 20 to 30 per cent., and sufficient silica to

combine with all the iron that did not enter the matte, and with all

other bases, so as to make a clean fusible slag, was run down in a rever-

beratory furnace. The resulting matte was recharged, roasted, and

smelted again at a low heat, whereby some of the suljjhur was oxidized

and passed off as sulphurous acid, and the oxidized iron combined with

the silica of the furnace lining, unless siliceous ore or slag was added.

This operation was repeated till all the iron was eliminated, and a pure

sulphide of copper, known as white metal, was obtained. These re-

peated roastings and fusions produced a good copper, but required an

inordinate quantity ©f fuel and labor. Mr. ifapier was mainly instru-

mental in introducing the modified Swansea method now employed, the

steps of which are as follows

:

1. The ores and slags from subsequent operations are mixed so as to

produce.a matte of 30 to 33 per cent.; this grade being preferred, be-
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cause if it be lovrer in copper an extra fusion would be required, if

higher the cost of subsequent operations would not be materially re.

duced, while the slags would be enriched by the higher tenor of the

shots of matte which are unavoidably drawn out of the furnace when

skimming. If the ore is fusible, four charges of 8,000 pounds each can

be smelted in a large furnace in 24 hours. When the fusion is complete

the slags are skimmed oft" and the matte, if sufiicient in quantity, is

tapped. But the English practice of limiting the tenor of the first matte

to 33 per cent, is not followed everywhere. In the Guayaquil smelting

works of Messrs. TJrmeneta & Errasuriz, Chili, one of the largest in the

world, the mixture is made up to 15 per cent, of copper, from sulphur-

eted and naturally oxidized ores, and a matte of 50 to 55 per cent, is

made at the first smelting. At the Butte works, Montana, also, where

a roasted concentrate of about 20 per cent, is matted in reverberatories^

the product runs from 60 to Qo per cent.

2. Napier recommended the 30 to 35 per cent, matte to be tapped

into water and thus granulated ; but most works crush it between rolls

previous to calcining it in some suitable furnace. At works in Eng-

land, where the law is stringent against polluting the atmosphere

with noxious gases, the most highly sulphureted ores and mattes are

calcined in furnaces which yield a gas of sufficient density for acid mak-

ing. Mr. Vivian (see his "Lecture on Copper Smelting," Scientific Pub-

lishing Company, Xew York) states that by the use of the Gerstenhofter

in his Hafod works he utilizes 47 per cent, of all the sulphur that

enters in any combination, and there makes from what was formerly a

nuisance 3,666 tons of oil of vitriol. The matte is roasted so as to leave

in the roast about 12 per cent, of the 23 per cent, of the sulphur which it

contained before roasting, but a still higher proportion of the iron is

oxidized.

3. When, therefore, this roasted matte is again fused, either with a

siliceous desulphureted ore or a siliceous slag, there is produced what

is technically known as white metal, containing 72 to 75 per cent, of

copper, about 20 to 18 per cent, of sulphur, and the balance iron.

4. The product of the last operation, if it be properly performed and

has yielded a regulus of over 70 per cent., is now reduced to the metallic

state in the blister furnace. It is melted down very slowly, so as to

oxidize as much as possible of the sulphur. The slag formed is skimmed

off and air is blown upon the melted mass, the result being the forma-

tion of oxide of copper and sulphurous acid—the oxide of copper, com-

ing as is supposed into contact with unreduced sulphide yields metallic

copper and sulphurous acid, which latter being evolved in the body of

the mass causes it to swell to much above its normal bulk

—

2CuO + CuS = 3Cu -f SO,;

CuO + SO2 = Cu 4- SO3.

From the extreme density of the fumes evolved they would seem to
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carry some sulphuric acid, which may be derived from the sulphurous

acid, when rising through the mass, reducing an equivalent of copper

to the metallic state. The chilled charge when again fused should be

ready to be tapped as blister of about 98 per cent, copper.

The cost of the preceding operations may be estimated, under the

conditions stated, as follows:

Ore to be treated, 48 tons of 10 per cent, matte, yielding 9,600 pounds of copper.

MATTING, OCCUPYING THKEE DAYS (SIS SHIFTS).

6 days' labor for smelter, at $2.25 $13 50

6 days' labor for helper, at §1.50 9 00

4 tons of coal per day=:12 tons, at $4 48 00

Production, say, 16 tons of 30 per cent, matte .TfiTO 50'

CRUSHING.

16 tons of matte, at 50 cents . . ; 8 00'

CALCINING, OCCUPY'ING TWO DAYS (FOUR SHIFTS}.

8 men, at $1.50 12 00

2 tons of coal, at $4 8 00

20 OO'

CONCENTRATION OF MATTE.

1| days, at same cost per sbift as for matting 35 25-

(This is not strictly correct, as less fuel is used per day in concentrating

than in matting.

)

MAKING BLISTER.

1 day, at the same cost per shift as for matting 23 50'

Total 157 25

The above estimate and that which will follow, under the head of

cupola smelting, allow nothing for superintendence, repairs, furnace

tools, and for the innumerable accidents which disturb all calculations,

but which certainly do not occur more frequently with the reverberatory

than with the cupola. They are also made under the most favorable

conditions of ore mixture. A very siliceous or aluminous ore would cost

twice as much as the above estimate allows for matting; but such ore

cannot usually be smelted at all in a cupola.

Cupola smelting of sulphureted ores.—Till recently the German cupola

practice was invariably followed. The German furnace consists of a brick

shaft 3 by 4 feet or 4 by 5 feet at the tuyeres, which are generally inserted

at the back. The crucible is either closed, as in crucible furnaces, or

is a sump or basin in which the matte collects. It extends in front be-

yond the shaft and is divided by a wall dipping below the surface of

the slag, as in the sump furnace, or the crucible is provided with two

tap-holes which discharge both metal and slag into basins outside the

furnace, in which the separation is effected.

The channel furnace with two eyes, a German brick furnace, smelts

about 10 tons daily, and the length of a campaign seldom exceeds a
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fortnight, when the shaft must be relined and the sump, or basin, re-

tamped witli brasqne. The following statement of furnace work at Ore

Knob, in 1876, ilkistrates the operations of the German furnaces used

there and in Vermont

:

MATTING IN CCPOLA.

30 pounds charcoal (2 bushels) . .

.

\

105 pouutls ore > 200 charges per day= 21,000 pounds per day.

3;j pounds flux J

Yielding matte 35 per cent.

CONCENTRATION IN SPECTACLE FURNACE.

2.") pounds charcoal. \

28 pounds slag >140 charges per day= 11,700 pounds matte and slag jier day.

56 pounds roasted.. )

Produce, two-thirds black copper ; one-third matte.

Slag retreated in ore and matte charges; matte reroasted three times and added

to matte charges.

Fourteen or fifteen years ago Piltz introduced much larger cui)olas,

with a circle of tuyeres ; and the Rachette furnace, an oblong furnace

with tuyeres on the opposite long sides, was applied to copper smelting.

The Piltz furnaces built at the Panulcillo mines, Chili, in 1871, smelted

as much as 60 tons of ore each, daily. But American metallurgists,

untrammeled by precedent, have certainly made great improvements in

cupola construction and i^ractice. Cupolas with circular tuyeres like

the Mackenzie used at the Lake works, or with six tuyeres surrounding

a high-jacketed furnace, or magnified Rachette furnaces, such as the

Orford Company have built at Bergenport and as those which have

supplanted the small German furnaces at Ely, are now the only forms

of furnace in general use iu this country. The sump of the old German

furnace has grown into a well, detached from the furnace, into which

the products of fusion flow continuously. Neither the water-jacket nor

the well can lay claim to be American inventions. Mr. John Williams,

since so well known in this country, built in 1852 near Drontheim, Nor-

way, sectional water-jacketed furnaces, consisting of a circle of long nar-

row water-backs, perforated by tuyere holes. In these furnaces he also

used the germ of the modern outer well, by flowing the entire charge

continuously from the furnace through an aperture two inches below the

tuyeres into an outer sump inclosed in iron plates, in which the separa-

tion of slag and matte took place. Water furnaces were long used at

the lead works of Pont-Gibaud, France, and were introduced thence by

Mr. Rickard into the Richmond (Company's works at Eureka, Nevada.

Smelting in water-jackets received a great impulse when, in 1873, Messrs.

Daggett, at the Winnamuck, and Williams, at the Flagstaff, on lead,

and at the Copperopolis mine, on copper carbonate, erected water-jackets

;

but the present familiar type of water-jacket was planned and first

erected at the Blue Bell mine by Mr. Lewis Williams. An outer well was,

I believe, used at Vivian's works before being employed on this side of
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the AtJantic. But to the Orford Company is due the credit of designing

and using most successfully a well with a partition extending from side

to side, and reaching from the top to some distance beneath the surface

of the slag. The slag is drawn off in a steady stream from the com-

I^artment nearest the furnace, and the matte from the compartment
beyond. As the company has built the furnace of a capacity of 100

tons per 12 hours, the flow of both matte and slag is so rapid as to

meet the difficulties which would otherwise beset such a mode of pro-

cedure. A notable advantage of the well is that it relieves the smelter

almost entirely of iron sows, the constant flow of material being unfavor-

able to their formation. Reduced iron sometimes settles in the well, but

the removal of the well and its replacement by another is a short oper-

ation and does not necessitate a blow-out.

The data are not yet available for determining the consumx)tion of

fuel in water-jackets and brick furnaces respectively—nor whether, for

instance, the heat absorbed by the water in the one class of furnace is

greateror less thantheloss by radiation from theother; but, on whichever

side the balance stands on that score, there can be no question that the

water-jacket reduces the cost of repairs most notably. The Copper

Queen furnaces have run for 1,520 days and produced 17,000,000 pounds

of copper; and yet less than 2,000 bricks have been used in repairs,

while the cost of repairs and renewal of the jackets averages $250 on

each furnace per annum. In matte-smelting the cost of replacement of

a chilled well is so trifling compared with that of tamping in the old-

fashioned sump as to eliminate that serious item of repairs from modern
cupola works.

The cost of making black copper in a cupola of average size, from

suitable ore under the same conditions of labor and fuel as regulated the

estimate for reverberatory smelting, would be about as follows

:

MATTING, 48 TONS, BEING ONE DAY'S RUN.

2 furnace men, at §2.25...: |4 50

4 feeders, at $1.50 6 00

4 slag-wheelers, at $1.50 6 00

7 tons of coke, at $5.50 '. 38 50

2engineer8, at $3 4 00

1 ton of coal for engine, at $4 4 00

$63 00

Producing, say, 16 tons of matte. [A much richer matte is,

however, made at some works, and that with great advan-

tage and economy.]

Breaking for stalls or heaps 16 tons, at 25 cents

Breaking or heap-roasting five times, 16 tons, at $1.50

Concentrating in black-copper furnace 13 tons of roast, at $1.50.

Roasting and concentrating 2 tons of white metal, at $3

Total

As against reverberatory treatment ,.

.

4 00
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If, instead of a 10 per cent, mixture, both furnaces ran on an inferioi

grade, the difference would be more marked in favor of the cupola.

Conclusions.—To sum up the comparisons

:

1. The cost of smelting a suitable ore in a cupola is less than in a

reverberatory, but the range of ore suitable for cupolas is less than

for reverberatories, and therefore at general works, such as those of

Baltimore, the reverberatory is more applicable than the cupola, more

especially now when so little ore and so much furnace produce is com-

ing to the Atlantic coast.

2. If the ore is arsenical, the elimination of the arsenic and certain

other impurities is better effected in the reverberatory than in the

cupola.

3. In certain localities where wood and coal are cheap and charcoal

inferior, or coke dear, reverberatory smelting is the more economical.

For instance, in Butte, Montana, wood can be had for $5 a cord, and

Wyoming coal at $8 j^er ton, while Pennsylvania coke costs $30. Un-
der these circumstances, even with dear labor, the cupola has little or

no advantage over the reverberatory. At the Montana Company's works,

where the reverberatory is used on the siliceous ores and the cupola on

the more basic, the comparison is rather in favor of the reverberatory

under the above exceptional circumstances.

4. Where refractory building material is scarce, but the ore is suita-

ble, water available, and other conditions favorable, there should be no
hesitation in adopting the water-jacketed cupola.

5. If a sulphureted ore is brought to the metallic state in a black-

copper cupola, the product of 90 to 95 per cent, is below that of

the blister furnace. The cost of refining is thereby increased, the yield

of the refinery diminished, and in some cases an inferior copper i^ro-

duced. However, in some works cupolas are used for matting and re-

verberatories for subsequent concentration.

6. The slag will under equal conditions be invariably cleaner in cupola

than in reverberatory smelting—a point admitted by the most strenuous

supporters of the Swansea method.

7. The repair account under the old cupola system was much hea%ier

than it is with reverberatories ; but as cupola smelting is now conducted

the balance is probably on the other side. Moreover, the serious ex-

pense and delay occasioned by iron sows in the old cupola furnace

liave almost disai)peared.

8. For the production of cake copper from carbonate ores, which de-

pends entirely on a reducing action, the cupola is in every way prefer-

able to the reverberatory.

9. A reverberatory-furnace bottom soaks in a large amount of copper,

which lies there as dead capital, a loss not incurred in cupola smelting

to the same extent.

10. It is evident that no arbitrary rule can be laid down. Local as

well ais general considerations must in each case regulate the decision.
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It is unnecessary to describe in detail the final refining operations,

which are seldom performed at the mines (the Ore Knob and Sainte Gene-

vieve mines alone refining their own copper), and which are essentially

the same Avhether applied to the product of the cupola or of the rever-

beratory, provided the grade of the cake be sufficiently high. Some
Arizona cake has been so low as to require preliminary concentration

in a blister furnace, and some brands contain impurities which impair

their value. Certain brands, on the other hand, have been found to

l)ossess exceptional excellence for special purposes, and therefore com-

mand a better price than ordinary grades. It is a mistake to suppose

that all carbonate ores yield a copper of equal quality.

In addition to the general smelting works enumerated above, and all

of which of course refine, the Ansonia Brass and Copper Company, the

JSTew Haven Copper Company, and other rolling-mills, which refine their

own scrap, are purchasers of so-called copper bullion.

THE HUMID METALLURGY OF COPPER.

ApplicaMliti/ of the tvet methods.—Humid methods are adopted for ex-

tracting copper from its ores

—

I. When the quantity of copper present is too small to admit of the

application of a furnace method. The reagents consumed in dissolving

•copper from its associated minerals are generally in proportion to the

absolute quantity of copper present ; and, consequently, when the cop-

j)er contents are low, the quantity and cost of the necessary solvents are

proiiortionally reduced, in case the non-cupriferous ingredients are inert

and unacted on : whereas the fuel, which is the principal reagent in all

smelting methods, has to dispose of and alter the constituents of not

only the copper but likewise the gangue.

II. When the ore contains injurious elements which cannot be elim-

inated in the smelting furnace, as, for instance, arsenic and antimony.

III. When the co])per is associated with other metals, economically

valuable, which, if all were smelted together, would pass into valueless

combinations. For instance, the pyritous ores of Spain, after their

sulphur has been roasted off, might be smelted, but by so doing the

silver would enter the copper and be lost, and the iron would enter the

slag and become valueless.

Local conditions at any given locality, such as the value of fuel, which

is always sparingly consumed in humid methods, compared with the

value of the dissolving or ijrecipitating reagents, which in some places

are very cheap and in others unobtainable at economical figures, as well

as the character of the ore' and its contents, must determine whether a

<lry or a wet method shall be selected, and if the latter, which one of the

many proposed shall be chosen.

Among the deterring conditions in any case is the presence of a con-
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sideiable quantity of lime, magnesia, or other constituent in the ore,

which by consuming the solvent occasions its waste.

Every wet method consists of two principal operations: (1) The sep-

aration of the copper by solution from the other ingredients of the ore

or mixture
; (2) the separation of the copper in the solution from any

other substance held in solution, by precipitating it as metal, as oxide,

or otherwise.

All wet methods may be grouped into two principal classes

:

I. Those in which the fresh solvent has to be used for the extraction

of the copper from each successive charge.

II. Those in which the solvent is renewed or regenerated in one of

the later stages of the operation.

I.—NONREQEKERATIXG METHODS.

Natural cementation.—Heavily sulphureted ores of iron and copper

readily undergo decomposition, the sulphur being oxidized into sul-

phuric acid, which attacks the simultaneously oxidized iron and copper,

forming soluble sulphates of these two metals. Under the combined
action of heat and moisture the sulphatization takes place actively in

certain mines, the water flowing from which carries a notable amount
of copper. To save this it is conveyed through tanks filled with iron,

whereby the copper is recovered as metallic precipitate (cement copper).

When the Tennessee mines were actively worked, a great deal of copper

was saved in this way that would otherwise have run to waste. In

Europe many hundreds of tons of copper are precipitated annually from

the water flowing from the Spanish mines, the Mona mine, Anglesea,

and others. The Salienthal mine waters yield 0.264 pound of iron and
0.032 pound of copper per cubic foot, or 0.5 per cent, of copper. As
there is always a large amount of free sulphuric acid in these waters,

the consumption of iron is largely in excess of what is required to merely

precipitate the copper. From a neutral solution 87 parts of iron will

precipitate 100 j)arts of coi)per, but from the acid liquors of Salienthal it

required, in 1859, 5,598 cwts. of iron to precipitate 2,153 cwts. of copper,

or 260 parts of iron to 100 parts of copper.

This same reaction, by which the sulphurets in mines are being de-

prived of their copper, is taken advantage of to extract the copper from

iron pyrites low in copper. For instance, at the Barry & Mason mines

and elsewhere in Spain and Portugal large heaps of fine ore accumulate,

carrying about two per cent, of copper. These are simply wetted, pref-

erably by water thrown with violence from a hose, which carries me-

chanically some air into the heaps. As a result in that warm climate,

disintegration and decomposition i^roceed so rapidly that the copper is

virtually leached out from the heaps in about two years and recovered

by precipitation on iron. In this country a very old industry has been

the manufacture of copperas from the crude pyritous ores of the Cop-
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peras Hill miue, Vermont, wliicli are decomposed slowly even iu that

cold climate by atmosplieric ageucj*.

Heap andfurnace roasting to sulphatize copper.—The sulphatization of

the cojjper may, however, be accelerated by roasting the ore slowly.

When roasting mixed snlphurets of iron and copper, sulphate of iron is

produced at a low heat. This at a somewhat higher heat is decom-

posed, and the liberated sulphuric acid attacks the copper. If the

temperature favorable to this reaction could be maintained, all the cop-

per would be converted into and remain as sulphate. But the operation

is too delicate to be perfect! j^ and invariably effected, and therefore, al-

though this direct sulphatization has been the aim of a great deal of

patient and intelligent study and experiment, no furnace in which or

method by which to effect it economically and thoroughly has been

devised.

Away back in the sixteenth century, Joachim Gans, according to

Vivian, proposed to wash out the sulphate from roasted ore. Bankart^

working in the same direction in this century, gave an imj)etus to hy-

drometallurgy by roasting ground sulphureted ore in a reverberatory

furnace, leaching out the sulphates, and reroasting the leached ore with

some raw snlphurets till the oxide which escaped sulphatization was
finally rendered soluble. He thus effected a very thorough extraction

of the copper, but the handling and rehandling of the ore so frequently

counterbalanced the advantage, and the method fell into disuse. But
the essential features of this method are practiced at Agordo, Italj' ; in

Spain, elsewhere in Europe, and at Spenceville, California. At all these

mines sulphurets of iron carrying a low percentage of copi)er are built

into piles of 250 or 300 tons upon a foundation of wood. Lumps of

about two inches cube form the core of the piles, being built around a
perforated chimney. The fine ore is spread over the surface. The ra-

pidity of combustion is regulated by the admission of air into chan-

nels built into the base, and by varying the thickness of the covering.

A well-constructed pile will burn for nine months. The lumps after

roasting contain a rich kernel of sulj)hide of copper and iron inclosed

in a friable shell of oxide of iron, in which the copper exists almost

"wholly as sulphate.

At Agordo, in Italy, these kernels are separated and smelted, while

the shell is leached for the extraction of the copi)er. At Spenceville,

in California, where alone in this country this method is practiced, the

roasted ore—without the rejection of the kernels, which are there (owing

to haste in roasting) but imperfectly formed—is passed directly to the

leach tanks, where it is twice drenched with water, and a solution of 7°

Baume obtained. The leached stuff, still carrying nearly one-half of

its copper as sulphide and oxide, is thrown into large piles, where oxid-

ation continues to go on, and whence the copper is slowly extracted by
water made to percolate through the mass. At Si^enceville the richer

copper liquors are freed of their copper in large rotating barrels charged

18 M R
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with iron scrap. The exclusion of air reduces the formation of basic

salts of iron, and thus enables a cement of exceptional purity, ruuniug

over ^0 per cent., to be produced. The record of work at Speuceville

last year shows 492 tons of 84 per cent, cement copper recovered from

13,715 tons of ore.

At Agordo, where the leach liquors are run from the vats directly

into open precipitating vats, the consumption of iron was 3.27 to 1 of

copper, and the cement contained so much basic sulphate as to be unfit

for refining. To prevent this, Zoppi, in 1S7G, treated his leach liquors

with sulphurous acid in a suitable tower before precipitating the copper,

and as a result reduced the consumption of iron to 2.55 parts to 1 of

copper, and obtained a cement fit for the refining furnace.

To effect a more i)erfect sulphatization, sulphate of iron has been

mixed with the ore to be roasted, but ]Monnier at several works in this

country employed a better reagent in sulphate of soda; inasmuch as

sulphate of iron gives off its acid at very Ioav red lieat, whereas sul-

phate of soda in contact with roasting ore absorbs an additional equiv-

alent of acid, stores it up as bisulphate, and only relinquishes it to

sulphatizc the oxide of copper when the heat is highest near the tire-

place of the muffle. By evaporating down the liquors after precipita-

tion of the copper, the sulphate of iron or of iron and soda can be

recovered, and the two last methods then become regenerative.

Solution by means of sulphuric acid.—In several European works the

sulphurous acid froui roasting pyrites and blende is introduced with

steam beneath the false bottoms ofthe leach -tanks, and is allowed to per-

meate the moistened mass of oxidized ore. These conditions are very

favorable to the production of sulphuric acid, which attacks the copper

oxide. Dilute sulphuric acid is also in many places in Europe used as a

solvent ofoxide ofcopper from ores. The bluestone ofcommerce is made
by attacking pure copper oxide with sulphuric acid, the sulphate formed

in roasting ore or matte seldom being free enough from iron oxide to

yield pure crystals. Formerly old sheet-copper was the source of most

of the blue vitriol; but of late, both in Europe and in this country, sil-

ver-bearing copper matte, concentrated until almost all the iron has

been eliminated, and then roasted at a temperature which renders in-

soluble what iron remains, and treated with sulphuric acid, has supplied

more than the demand. The copper oxide made at Hill's works, Argo,

Colorado, enters the market in this form; the Baltimore Copper Works
treat their silver-bearing ores and mattes in this manner; and several

of the lead-smelting works which produce copper swell the production

of bluestone. The supply in Europe is so far in excess of the demand
that the sulphate of copper in some works is heated in close vessels,

the acid distilled off and collected for use again, and the resulting pure

oxide of copper smelted. In Nevada an impure bluestone is made from

a carbonate ore of copper and from copper cement, for use in the

silver mills. Though in some European works sulphuric acid, alone or
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iu couiiec-tion with other reagents, is used as a solvent of copper, to be

afterward precipitated, iu this countiy it is too costly to be so emi^loyed

unless it be made in the metallurgical operation itself. It is, if anything,

a more active solvent than dilute hydrochloric acid at the same tempera-

ture, but if suboxide of copper be present iu the roast it breaks it up

into protoxide yielding sulphate and metallic copper, which at a low
temperature it does not attack, and which therefore escapes solution.

Solution of copper as chloride.—Hj'drochloric acid being a waste prod-

uct at the chemical manufacturing centers of Europe, is there largely

used as a solveut of copper oxide, and to assist in the decomposition of

sulphurets; but far more copper is rendered soluble by the action of

salt on sulphureted ore in the roasting furnace than by the direct ac-

tion of the acid. Lougmaid, in 1844, patented a method for extracting

copper in this way, but it was not carried out on a large scale till the

})ro(luction of cupriferous residues from Spanish i^yrites, after their de-

suli)hatization at the acid works, called for a method by which the cop-

per could be saved economically, without sacrificing the associated iron

and silver. Henderson, whose name has been given to the process, re-

patented the essential points of Longmaid's method, adding, however,

to the roasting furnace a Gossage tower, in which to condense the gases

evolved in the calciner, and thus acidulate the leach liquors. As prac-

ticed at present in England, where about 20,000 tons of metallic copper

are made annually by it, the following are the steps of the process:

The pyrites cinder, as it comes from the acid works, contains on an

average

:

Per cent.

Copper as sulphide 1. 65

Copper as snlphate and oxide 2. 10

Iron as sulphide '?. 64

Iron as peroxide 77.40

Silver 0.0037

Small quantities of z]'.\v. lead. ]i;;;c. ar.'si'uic, etc.

There must at least be as much suljihur present as there is copper.

The cinder is ground and sized through screens with eight holes to the

linear inch, 8 to 17 per cent, of salt being added, according to the fur-

nace used. Gibbs claims that his mechanical furnace chloridizes with

8 per cent.; whereas the Widnes gas-furnaces are said to require the

addition of 17 per cent. The quantity which can be chloridized per day
also varies with the furnace used, but the rate of calcination may be set

down at 9 to 10 tons per day per furnace, fed usually in three charges.

The heat is never raised above a dull red, the limit within which the

copper is most effectually chloridized without being volatilized. Where
gas-furnaces are used, as at Widnes, extraneous heat is ai^plied for

about three hours. By that time the reaction between the sulphur and
salt is proceeding vigorously, and the gas is turned almost off; for the

heat evolved in the roasting mass, which is rei)eatedly rabbled, main-
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tains a sufficieut temperature. The chloridation is completed in six

and one-half hours, when the charge should contain:

71 per cent, of the copper as chloride.

4 per cent, (or not over) of the copper as subchlorule.

20 per cent, of the copper as oxide.

5 per cent, (or not over) of the copper as sulphide.

Muffles, or combined muffles and reverberatories, as well as mechanical

furnaces, are used ; but in all cases the gases, consisting of hydrochlo-

ric, chloric, sulphurous, and sul[)huric acids, are carried from the furnace

through Gossage towers, where an acid leach-liquor is obtained. But

generally the acid thus condensed is insufficient to dissolve the oxide of

copper in the roast, and free hydrochloric acid has to be used as a final

bath.

The chloridized ore is thrown hot upon the false bottoms of large

wooden leach-tanks holding 10 tons, and is washed first with weak

liquors from a previous operation, then with water, and finally with the

tower, and if necessary additional acid liquors. The filling, leaching,

and emptying occupy 48 hours. The liquors passed to the j^recipitating

vats contain from 5 to 6 per cent, of copper. The residues generally

contain

:

Copper 0.15 per cent.

Iron as peroxide 90. CI jjer cent. =63.42 per cent, of metallic iron.

The precipitation is always effected by iron, and the chlorides of iron

and sodium and sulphate of soda in the resulting liquors are run to

waste. The consumption of iron is from 100 to 120 parts to 100 parts of

copper.

No other humid method is carried on anywhere so extensively and

successfully as is this by tlie twenty- five pyrites companies of Great

Britain, as well as by works in Belgium and Germany. Recently it has

been put into operation in this country by the New Jersey Extraction

Company on the Spanish ores of the liio Tinto Company. Boasted cu-

priferous pyrites is undoubtedly the ore best suited for it, for the perox-

ide of iron, as shown by Macfarlane, plays an important part in bring-

ing about such exact results. When the method was ai)i)lied to very

siliceous ores, as at the Bruce mines in Canada, the extraction was

not as perfect. An ore of much above 4 per cent, cannot be ad-

vantageously treated, the chloridation being imperfect and a larger

amount of subchloride of copper being Ibrmed than there is alkaline chlo-

ride in the liquor to dissolve. The large consumption of salt precludes

the use of the method where that reagent is expensive. Hence various

plans have been proposed, and to a certain extent adopted, to use the

waste liquors or their saline contents as solvents, in what are known as

—

II.—REGENERATIVE METHODS.

The various plans.—In 18G2 Gossage obtained letters patent for apian

to economize the waste Henderson liquors by evaporating them to dry-
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ness, by which an insohible peroxide of irou aud soluble perchloride

are obtained—a most powerful solveut of not only copper oxides but

copper sulphides. The waste by formation of basic persalts and the

cost of evaporation forbade the general adoption of the method. Were
the waste liquors evaporated to dryness in a reducing atmosphere, and
the protosalts of iron, as well as the chloride and sulphate of sodium,

recovered for mixture with fresh ore in the furnace, the result would

be more economical, but neither method is applicable where the cost of

concentration exceeds the value of the product. Chloride of iron in solu-

tion sprinkled over roasted pyrites, even crude, becomes perchloridized

in the air and in time converts the insoluble copper into soluble chloride.

The result is hastened by the addition of salt and free hydrochloric or

sulphuric acid, as proposed by Kipp. Instead of obtaining a persalt of

iron by evaporation to dryness in an oxidizing atmosphere, Henderson

and others have proposed to obtain perchlorldes and persulphates by
forcing air through the solution of protosalts ; but all these plans are

open to the objection that a large proportion of the solveut is thereby

lost and must be replaced.

The protochloride itself is a good, though not as jiowerful or as rapid,

a reagent as the persalt of iron . Its action on oxide of copper was pointed
out by H. ]Meyer in 1802 as i)roducing a mixture of perchloride and sub-

chloride of copper.

The conversion of two-thirds of the copper into insoluble .subchloride

(t FeCl-}-3Cn202=2Cu2Cl-f2 CuCl+2 Fe^Oa) necessitated the addi-

tion to the chloride of iron of a solvent of the subchloride of copper,

such as common salt. Used thus in conjunction, a bath of chloride of

iron and chloride of sodium, as in the Hunt & Douglas method, has given

good results when applied to naturally or to suitably oxidized ores. In

carrying it out in practice it is found necessary to grind the ore to

greater fineness than for a chloridizing roast, and that the addition of

a small percentage of salt' in the roasting furnace accelerates the oxi-

dization. The roasting, as in the Henderson process, should be con-

ducted at a very low heat and with abundant access of air ; a high heat

and deficiency of oxygen converting the copper into insoluble compounds

and the iron into magnetic oxide, the production of which in any roast

is an unfavorable indication. The leaching is effected in the usual way.

The solution of the copper is generally somewhat slower than in the

Henderson i^rocess, and the extraction of the copper is not quite as per-

fect ; but much less salt and iron are consumed, the saving in the latter

reagents being due to the presence of so much subchloride. If the

ore contains arsenic, in the presence of tbe neutral salt of iron none

enters the solution. The resulting precipitate is therefore free from

any deleterious contamination and can be smelted and refined into good

copper at one operation. The regeneration of the chloride of iron is

not complete, owing to the formation of basic oxichloride in the leach-

ing and -precipitating vats ; but, if a sulphureted ore is under treat-
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ment, enough sulphates can be formed in the roast to replace the loss

of iron, and the addition of salt to replace the chlorine—if due care be

taken to work with closed vats—need not exceed 25 j)er cent, of the

weight of copper produced. ,

At Oker, in the Ilartz mountains, a combination of different methods

is resorted to in the treatment of copper mattes. The ground matte is

salt-roasted, but owing to its richness the chloridation is, of necessity,

imperfect. The oxides formed are, however, extracted :

1st. With the protochloride of iron liquor from a previous operation •,

2d. With dilute tower acid;

3d. With dilute sulphuric acid, 2i cwt. of chamber acid diluted to 12°

Baum6 and heated to boiling, being left for two days on a 5-ton tank

charge of partially exhausted ore. The precipitate resulting from the first

leach liquors is j^ure ; that from the second and third unfit for the direct

production of ingot.

At Alderley Edge, England, an ore occurring in a bed of sandstone

carrying a small percentage of copijer as oxide and carbonate, mixed

with phosphate and arseniate of copper, has long been treated with

dilute hydrochloric acid. The copper solutions, being arsenical, are

purified by the addition of protochloride of iron, which is said to juecip-

itate the arsenic as an arseniate of iron, with the production of some free

hydrochloric acid. After precipitation of the copper the solution,

containing chloride with some perchloride of iron, is concentrated to a

specific gravity of 1.4 per cent., and sprinkled over a reverberatory

furnace-sole covered with red-hot sand, whereby free hydrochloric acid

is generated, to be condensed in a tower and used for leach liquors.

The action of sulphurous acid as a solvent, when oxidized into sul-

phuric acid, has already been referred to. Its indirect action as a

reducing and acidulating agent has also been noted when describing

Zopi)i's treatment of the Agordo solutions. This reaction has been

taken advantage of by other copper workers and is made the basis of

several regenerative methods. McTear proposes to pass the Henderson

solutions before precipitation through a stream of sulphurous acid gas,

with a view to reducing the perchloride of iron i^resent and liberating

free acid ; as expressed by the equation

FczCIa + S02 + HO = FezCla + HCl + SO3.

Acidulated liquor would then enter the precipitating vats, but by
watching the progress of the precipitation and drawing off the solution

before it is quite effected iron would not be wasted and the free acid

would be available as a solvent.

Ddby has more recently i)atented a method in which he claims that

the protosulphate of iron after the precipitation of copper suli)hnte

is oxidized into persulphate in its passage through a tower where it

meets an ascending current of sulphurous acid gas. Were the sulphur-

ous acid unmixed with air the result would be the reverse ; but in prac-
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tice the acid is no doubt diluted with excess of air, the oxygen of which

l)ersulphatizes the solution, while the sulphurous acid simultaneously

tends to reduce the persalt, and in doing so generates free sulphuric

acid. The resulting liquor is a powerful solvent, carrying free sulphuric

acid and persulphate of iron. This solution (as does sulphuric acid

alone) separates sulphide of copper from sulphide of iron, dissolving the

copper slowly and obviating the necessity of a preliminary roasting.

Deby is applying this method very successfully to the waste py-

rites of the Rio Tinto mines, Spain, and has obtained a patent in this

country.

An ingenious method was patented in 1866 by Messrs. Whelpley and
Storer, in which also sulphurous acid is the efficient agent. It was
never successfully carried out on a manufacturing scale, though the

reaction, if effected by the aid of simi)ler api)aratus than the inventors

recommended, might be made use of. They employed a bath of chloride

of calcium and sodium, and into it threw oxidized copper ore and sul-

phurous acid from a shaft furnace—the result being the production of

sulphate of lime and subchloride of copper, which, when precipi-

tated as suboxide by milk of lime restored to ,the bath its chloride of

calcium

:

2 CuO + Ca CI -f S02 = CU2CI + CaO SO3

;

CU2CI -f CaO = CU2O + CaCl.

Another method of applying sulphurous acid was patented by Hunt
& Douglas in 1880. They add to a solution of sulphate of copper,

obtained from ore or matte by the acid generated in the second stage of

the process, enough chlorine as chloride of sodium, iron, or calcium, to

jield subchloride of coiDper under the action of concentrated sulphurous

acid gas. The acid is drawn from a brimstone burner, or a pyrites

kiln, or a cylinder furnace, and is injected into tbe solution. It must

be concentrated ; for if diluted with much air a simultaneous oxid-

izing and reducing action goes on which results merelj' in the pro-

duction of acid, no copper being separated ; but if the acid be suffi-

ciently strong and there be no great excess of chlorine present to hold

the subchloride in solution, this salt separates as a heavy white crystal-

line powder, uncontaminated by any impurity which the solution may
contain ; and an equivalent of free acid is generated for every equiva-

lent of copper reduced. In practice the separation of the copper in this

insoluble form is rapid and perfect, and a large excess of free acid is

produced, through the oxidation of sulphurous acid by air which is

unavoidably injected with it. Theoretically about 1 i^art of sulphur

should suffice to separate as subchloride 4 parts of copi^er 5 in practice

the consumption is nearly 1 : 2—owing partly to the cause above stated

and partly to the escape from the reducing vat of unconsumed gas,

especially towards the close of the operation,when the solution of copper

has become weak. The subchloride, if precipitated by iron as metal,
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jieUlvS cliloride of iron sufficient to cliloridizc another charge of copper

sulphate; if by milk of lime as suboxide, the resulting chloride of cal-

cium serves the same i)urpose. The reactions may be thus expressed:

2CuOSo3+ reCl+ SO2 -Cu2Cl + reOS03+2JS03;
CU2CI -f Fe =2Cu + FeCl.

In addition to iron and lime as prccipitants, sulphureted hydrogen

has been emj)loyed. Sinding made it cheaply by passing carbureted

liydrogen through heated pyrites. In throwing down copperas sulphide,

free sulphuric acid is generated for subsequent use. But a great objec-

tion to the method is the intractable character of the precipitate.

Ammonia, hyposulphite of soda, acetic acid (free and in combination),

and other reagents, have been tried as solvents, but with inditferent

success.

Ilie choice of method.—The foregoing enumeration and brief descrip-

tion confirm the accuracy of the prox)Osition laid down in the introduc-

tion, that no humid method is of universal application, but that the char-

acter of the ore to be treated, as well as local considerations, must deter-

mine, first, the cardinal point whether a wet or a furnace method shall

be chosen; and then, if a wet, which can be most economically carried

out considering the cost of labor, fuel, and the necessary reagents at the

given locality. If the ore is arsenical or antimonial, preference will rest

with those methods wiiich separate the copper from these detrimental

elements ; if the ore carry silver, its economical recovery must influence

the decision.

THE ROASTII^G OF COPPER ORE S AND FURNACE
PRODUCTS.

By Edward D. Peters, jr.

The term ''roasting" in this paper will be applied to that metallur-

gical process by which ores containing compounds of sulphur, arsenic,

and antimony, and in either a coarse or pulverized condition, are ex-

posed at a moderate temperature, seldom exceeding a bright red heat,

to the action of a current of air, and as a preliminary to subsequent

treatment for the extraction of their copper contents either by fusion

or in the wet way. The term "calcination" is sometimes employed to

express this same process, the word "roasting" being reserved to de-

scribe the gradual melting down of co])per matte in a reverberatory

furnace and at a higher temperature, in a current of air, as is the practice

in converting white metal or regule into blister copper; but this is a

term confined to the English smelters or to those who follow their prac-

tice, and writing as an American, I prefer to use the word "roasting"

in the manner already explained.

There are various methods of roasting according to the object in

view; but these are easily designated l)y a simple prefix, such as chlo-
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ridizing- roasting, redaciug-roasting, keruel-roastiug, etc. In this paper,

the simple oxidiziug-roastiug will bo the one chiefly referred to, and
that it is well worth careful cousideration will become obvious when we
reflect that it is usually the first and most important step in the metal-

lurgical treatment of that class of ores from which the greater part of

the world's copper is produced. In the United States, it is true, the

sulphureted ores form a less important group than in most other

countries, owiug to the wonderful productiveness of the Lake Superior

region, where the copper occurs entirely in a metallic state, and where
the interest of the ore treatment is confined almost exclusively to that

branch of metallurgy known as mechanical concentration, the subse-

quent processes being merely a simple fusion followed by refining in the

same furnace. As two-thirds of our copper comes from this source,

and, roughly speaking, one-half of the remaining thirty million pounds
comes from the carbonate and oxide ores of Arizona, New Mexico, and
California, it might seem as if there were a very small remnant left to

warrant the discussion of a process emi)loyed solely in its production;

but in this case the metallurgical importance of the three varieties of

copper ores referred to stands very nearly in inverse j)roportion to the

quantity produced, and more science, skill, and care must be employed
in handling the petty fifteen million pounds of copper, which represent

the yield of our sulphureted ores, than in the simple melting and re-

fining, which is all that nature demands in the i)rodnction of the copper

from its metallic or oxidized condition.

The ordinary American practice in the treatment of the carbonate

and oxide ores just referred to has been almost entirely built up
within the past ten years, and owing largely to the perfection of the

water-jacket cupola furnace, and the introduction of simple and inex-

pensive fan-blowers, is quite economical and satisfactory. It is pretty

much identical throughout the Far West, and may be dismissed in a few

words, as foreign to the purpose of this paper. The ore is so sorted

at the mine as to yield at least ten per cent, copper, and after having

been broken to egg size by a jaw-crusher, is fused in a cupola furnace

with coke as a fuel, and with the addition of the necessary fluxes

—

limestone, iron ore, or quartz. The fact that most of the deposits occur

in a limestone country, and already contain a considerable proportion

of oxide of iron, renders their reduction peculiarly simple and inexi^en-

sive. Many of the deposits, however, which at the surface carried

their entire copper contents in an oxidized condition, are now beginning

to show a considerable proportion of copper glance and other sulphur

compounds; and the unwelcome sight of an increasing quantity of

matte is commencing to complicate the hitherto almost unparalleled

simplicity of the process. At some works it has been the habit to re-

charge this into the furnace ; a highly unscientific and expensive prac-

tice, as it merely adds to the amount of fuel used, and in no wise in-

creases the metallic copper production, except in so far as it may be-
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come slightl}^ oxidized, and a small j)art of its sulphur volatilized in its

passage through the furnace. At other works, the more sensible method

of sacking and shipping it East is in vogue, but this is in most cases an

unnecessary expense, and a perusal of the following pages will indicate

the proper treatment to those furnace managers who have no experi-

ence in the handling of sulphide ores.

The metallic product of these furnaces is shipped East to the refining

works, in the shape of black copper assaying usually from 94 to 98 per

cent., and the competition for this class of material, and the favorable

freight rates on pig copper as compared with ingot, leave little induce-

ment for the establishment of refining works in the neighborhood of the

mines.

Having disposed of the metallic and oxidized ores of copper in these

few words, I now take up the proper subject of my iiaper in the shape

of the small class still left, and which, in the United States, produces

about fifteen million pounds of copper annually.

To the experienced metallurgist it is unnecessary to insist on the im-

mense importance of a thorough roasting of his ore as a preliminary

operation, and as a key to its successful and economical treatment dur-

ing all the subsequent processes. But as this paper is more particu-

larly intended for those who are not professional metallurgists, but yet

are called upon to direct important smelting operations, it may be worth

while to point out more carefully the far-reaching influence of this stepj

so often neglected and intrusted to incompetent hands. The ditticulties

in smelting ijoorly roasted ore are innumerable. The silica of the gangue
rock, not finding sufficient oxide of iron to satisfy it, forms a tough, in-

fusible slag, while the undecomposed sulphide of iron simply melts into

a matte, forming a low-grade product, which requires an extension of

the subsequent processes with corresponding costs. The difference in

the cost of producing ingot copper from the same grade of sulphide ore,

in the one case well roasted, in the other poorly roasted, may easily

make the difference between profit and loss.

The following figures, taken as accurately as possible from results of

work done uiuler my own supervision, will illustrate this point clearly.

They show the cost of putting 9 tons of 8 per cent, ore into ingot copper,

in one case the original ore being thoroughly, in the other badly, roasted

:

Comparative results in poor or careful roasting.

WeU
roasted.

Badly
roasted.

Heap-roasting 9 tons ore, at 50 cents $4 50 $4 50
Smelting the siinio 22 50 31 50
Koasting 2 tons of 30 per cent, uiatte from Nvell-roasted ore, tbree roasts, at 50 :

cents per ton 3 00 !

Roasting 3 tons of 24 per cent, matte from badly-roasted ore, five roasts, at 50
|

cents per ton '. 7 50
Smelting 2 tons roasted matte, at $2.50 5 00

|

Smelting 3 tons roasted matte, at .$2.50 '
I 7 50

Producing ingot fioni last matte 14 00
|

14 00

Total 49 00 ! 65 00



COPPER. 283

This shows a cost of $5.44 per ton for the well-roasted, and of $7.22

per ton for the badly-roasted ore; thus showing the total cost of treat-

ment to be increased nearly one-third through carelessness in the first

operation. In reality, this estimate falls far below the real cost, as I

have not taken into consideration the serious expenses that are likely

to occur from sticking-up and burning out the furnace, the formation of

an increased amount of foul slag that must be resmelted, and many other

annojing circumstances, all arising from the siliceous character of the

slag, which, in its turn, has occurred from the imperfect roasting of the

ore.

For convenience of description, I shall divide all sulphide ores and
mattes, according to their mechanical condition, into two classes—coarse

and fine. This division is not so unscientific as may at first appear, for

the treatment pursued in roasting this material depends principally upon
whether it is in lump form or in the shape of fine powder. In the former

case, owing to the interstices which are left when the ore is piled in

thick layers, and which permit a draught of air throughout the whole

mass, we take advantage of the suljjhur contents to dispense with fuel,

the sulphur, by its oxidation, generating plenty of heat to thoroughly

burn itself, as well as to change the various sulphides present into sul-

phates and oxides. With fine ores, on the other hand, we have to gen-

erate heat in a separate grate or fireplace, and expose the ore either

directly to the flame, or indirectly through a layer of heated firebrick

or tile.

BOASTING OP SULPHIDE ORES OB MATTES IN LUMP FORM.

Without noticing the innumerable plans that have been suggested,

but never carried out in practice, and passing over curious modifications

that may be pursued at isolated works under peculiar circumstances, I

shall confine myself solely to those well-known and approved methods
that seem best suited to American conditions. These may be reduced

to three in number:
I. Eoasting in piles ; suited to either ore or matte.

II. Eoasting in stalls ; suited to either ore or matte.

III. Eoasting in kilns ; suited only to ore.

Boasting in piles.—Heap-roasting has been profoundly discussed and
described by both Plattner and Kerl, who have left little to add from a

theoretical point of view. It is unquestionably the cheapest method of

desulphurizing pyritous ores ; and the results of the roasting, when prop-

erly executed and if the cover of the pile is well stripped oif to the point

where the cooling influence of the external air has interfered with the

process of oxidation, are very satisfactory. It can be employed for ores

carrying as low as 15 per cent, sulphur, providing a generous bed of

wood has been i^laced under the pile ; and ores containing even as low

as 8 per cent, can be successfully roasted by mixing a little coke fines,

bark, of refuse wood with the ore. The principal drawback to heap-
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roasting; is the slowness of the process where the value of the copper

must be tied up for from oue to three montJis, and the fact that, owing

to the great size of the heaps, it must be carried on out of doors, whereby

nnu^h copper is lost by leaching, by blowing away in fine dust, and tramp-

ling under foot while loading and uidoading, A still niore serious objec-

tion in agricultural districts is the escape of the sulphurous fumes into

the atmosphere at so low an elevation and in such a concentrated form

that before they can become so dilated with the surrounding air as to

be rendered innocuous, they may do immense damage to vegetation,

their intluciice frequently extending for several miles in the direction of

the i)revailing winds, and being peculiarly fatal to young, growing crops.

In calcining toleralfly pyritous ores, containing, say, Go per cent, iron

pyrites, a convenient size for the heaps is 20 by 50 feet, and 3 to 5 feet

in height. A pile of this size, containing perhaps 250 tons, lighted on

the leeward side, well covered with fines, and carefully watched, will

burn about weeks and will furnish a product containing from to 10 per

cent, sulphur. Some weeks before the burning is completed in the very

heart of the i)ilo, it can be opened at the ends and two-thirds of its con-

tents removed without seriously interfering with the process. As the

whole advantage of heap-roasting lies in its extreme cheapness, every

])recaution should be taken to save expense in the handling of the ore.

It is an excellent arrangement if the ore-car from the mine or dressing-

house can be brought on a trestle over a long line of roast heaps, while

the track which leads to the furnaces runs parallel to these and on a

still lower level. By this arrangement the expenses of roasting can bo

reduced to a minimum, as the cars from the mine can be dumped di-

rectly upon the heaps, requiring only a little si)reading into shajje, and

when the ore is to be carried to the furnaces it can be shoveled or

wheeled from the heaps directly into the car, the top of which should

be on a level with the ground on which the ])iles are built.

The shaping and firing of the pile should always be conducted by ex-

perienced workmen, as the result of the loasting is largely dependent

on the carrying out of a multitude of slight details, which, taken singly,

might seem to have little importance, but collectively exert a powerful

influence on the quality of the product. The ore should be broken to

that size which local experience has shown to be most advantageous.

Hand labor, when not exceeding 50 cents ])er ton (2,000 ])ounds), is

preferable to a jaw-crusher, owing to the smaller ])roi)()rtion of fines i)ro-

duced ; in the former case on ordinarily liard ore, about 12 ])er cent., in

the latter, nearer 20. It is highly advantageous to pass the broken ore

over two riddles, thus making three sizes. The largest size, constituting

l)erhai)s 70 per cent, of the whole, should be dumped directly upon the

wood, and will form the main body of the heap, which should be rec-

tangular in form, with straight edges and neat, square-cut corners. The
next size, frequently called " ragging,'' will constitute about 20 per cent,

of the ore, and is that portion which has been separated from the larger
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size by passing tlirough a riddle with three-quarter inch spaces. This

should be built up ou the outside of the heap with great care, forming

a layer some 8 inches thick at the bottom, and tapering up to about 2

inches at the top. The remaining 10 per cent, of the ore consists of

fines which have been separated from the ragging by means of a six-

mesh screen, and which should be transported to the heap and ar-

ranged in piles at a convenient shoveling distance, none being placed

upon the heap until the wood has been kindled, and the strong fumeis

of suli)hurous acid show that the ore is thoroughly ignited. Then the

lower portion of the pile is rapidly and evenly covered with the fines,

leaving the top still exposed until the heat becomes so great as to warn
the attendant that the central portion of the ore is' in danger of melting.

The top is then covered thinly, and for the first few days careful watch-

ing is required to keep the combustion regular and gradually increase

the protecting layer of fines. By the end of the fourth day the pile

should be burning slowly and evenly, smoking slightly from its entire

surface, and no hotter in one part than another. From this time until

the process is complete, only careful watching is required, and a few
shovels of fines scattered in one place or another, as the draught may
indicate, comprises all the labor necessary for the roasting of two or

three hundred tons of ore. About one-thirtieth of a cord of wood
and one-fourth of a day's labor j^er ton of ore will build and burn the

heap and load the roasted ore into cars ready for the smelter.

The brief directions just given aj)ply to cupriferoiTs pyrites, but we
are frequently called upon to roast copper matte in heajis, which calls

for some slight modifications in its treatment. Owing to the extreme

fusibility of this material, and the large amount of copper which would

be tied up if we should build heaps of the same size as for ore, it is the

practice to burn matte in heaps containing only from 30 to 40 tons. As
the matte contains much less sulphur than the ore, it is necessary to use

a thicker bed of wood, and after the first burning, which should be com-

pleted in five days, the pile should be turned ou to a new layer of wood,

breaking all the clinkers to egg size again, and piling the outside of the

heap, which will be found but slightly affected by the first burning,

directly upon the new bed of wood. We cannot avoid the formation of

extensive clinkers in burning matte, and I never consider the first burn-

ing satisfactory unless at least the central third of the pile has been

fused into a solid mass. The second burning lasts about five days, and

a third is usually completed in four. Matte containing 30 per cent,

copper, after three thorough burnings, should yield white metal (70 per

cent.) when smelted rapidly through a cupola furnace, and this white

metal broken to proper size and subjected to two more fires, will yield

most of its copper in a metallic state.

Heap-roasting is little suited to matte, and should only be practiced

when necessity comiiels its adoption. The great value of the material

causes a correspondingly heavy loss, both mechanically as well as by
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solution in water if the weather be unfavorable. The matte stalls, to bo

dosoribed in another section, are admirably adapted to this class of

matorial, and will soon save their original cost in preventing waste, as

well as in the increased thoroughness of the roasting that can he attained

by their use.

As the object of heap-roasting is to remove the sulphur contents of

the ore, it will l)e interesting to note how far that result is accomplished

under ordinary circumstances. Analyses of heap-roasted ore sire not

plentiful, and I have made no exhaustive ones, but I have frequently

determined the sulphur contents of the ore both before and after roast-

ing, as well as the amount and condition of the copper contained, aTnl

the result of a few of these investigations may be instructive.

Xo. 1. A heavy pyritous ore from the Ely mine, Vermont, containing

principally magnetic pyrites and chalcopyrite. It was burnt in a pile

of about 300 tons for 11 weeks. The poorly burnt surface of the heap

was strip])ed off, and the analysis given refers to the regular furnace

sample, taken from the remainder of the heap.

The raw ore contained :

Per cent.

Sulpliur 32.fi

Copper 8.

2

Insoluble residue ~~.

The same ore after roasting contained

:

Por cent

Sulphur 7. 4

Copper '-^I

lusoluble residue •'1.1

The condition of the copper in the roasted sample was as follows:

Per ccwi.

Sulphate of copper 1 . ;>

Oxide of copper 2.

1

Sulphide of copper ;">. 7

Total ;'. I

No. 2. A heavy ])yritous ore composed principally of common yellow

iron pyrites, carrying a little copper, silver, and gold
;
from the Phillips

mine, Buckskin, Colorado.

The raw ore contained:

Per cent.

Sulphur 40. r,

Copper 0. 7

After six weeks' burning in heaps of about CO tons, the well-roa«ted

portion, which constituted 90 per cent, of the whole pile, and was used

as a tlux for siliceous silver-lead ores, contained

:

Sulphur 11 percent.

These examples are suCBcient to show what satisfactory results arc

obtained by a very crude and inexpensive process, and what a large

proportion of the sulphur may be disposed of in one operation.
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Tlie chemical reactions that take place during the roasting of a pyrit.

ous ore containing copper are extremely intricate as well as interesting;

and as it is essential to have some idea of the principles of roasting be-

fore Av<' can carry out the process with confidence nnder differing con-

ditions, I will take this opportunity to briefly indicate the most important

chemical changes that are brought about by heat and air, and which

remain the same whether the roasting of the ore is accomplished in

heaps in the open air, or in close furnaces, and whether it is in egg-

sized lumps or in fine dust. Before beginning this description, however,

I will mention that at some mines advantage has been taken of the

peculiar behavior of pyritiferous copper ores when exposed to heap-

roasting, to build up a most ingenious method for the treatment of cer-

tain low-grade ores, and, that although only adapted to districts where
manual labor can be obtained at the very lowest prices, it is well worthy

of notice, as aside from the advantages which may be derived from its

employment, its description will lead us to a minute study of the chemi-

cal and physical changes which occur in heap-roasting.

Kernel-roasting.—The process referred to is called kernel-roasting,

and has been carried out for many years at some of the lesser Norwegian

mines, and on a still larger scale at Agordo in Italy, in which i^laces the

l^eculiar conditions occur that aloue render it practicable. It depends

upon the fact that when x>yritous ores, rich in iron and poor in copper,

are broken to the proper size, and roasted very slowly in large heaps

and at the proper temperature, eacli lump will be found to be changed

more or less comjiletely into a mass of oxide of iron which, when broken

across, shows near the center a kernel of rich sulphide of copper, re-

sembling a high-grade copper matte, and which can be separated with

a few blows of the hammer from its surrounding envelope. In Agordo
this is done by women and children; the crusts are leached to obtain

the slight amount of copper they may still contain, and the rich kernels

are smelted in a blast furnace, yielding at once a very high-grade prod-

uct. In order to show the wonderful perfection of the concentration,

I will mention that the raw ore at Agordo contains but IJto 2 per cent,

of copijer by chemical assay ; the crusts vary from four-tenths to seven-

tenths of one per cent. ; while the kernels, which of course form but a

very minute proportion of the roasted ore, average 33 per cent. All de-

scriptions hitherto given, so far as I am aware, refer to a mixture of

chalcopyrite with the ordinary iron pyrites, or bisulphide of iron, but

investigations which I undertook some two years since were made upon

an ore containing about 1^ per cent, copper, and consisting of massive

pyrrhotite, or monosulphide of iron with threads and specks of chalco-

pyrite. This material has been treated at Strafford, Vermont, for nearly

a century, for the manufacture of copperas (sulphate of iron), and as the

lirst step in the production of this chemical consists inroasting the pyrites

slowly in immense piles, all the conditions are favorable for the con-

centration of the copper as a kernel in the center of each lump. The
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result of tliese iuvestigations, which were made with cousiderable care,

corresponds very closely with the description of the kernel-roasting of

ordinary pyrites, as given by Plattner in his Roestprozesse, p. 187, but

I shall quote principally from my own note book, merely supplying the

few gaps that occur in my own uotes from the pages of the celebrated

German metallurgist.

As the appearance of any individual lump of pyrites difl'ers very

greatly at different stages of the roasting, it seems at first hopeless to

explain the numberless variations in appearance which were noticed on

breaking these lumps at various stages of advancement. But after

making sections of some scores of specimeus from various portions of

the heap, and at all stages of the process, it was sufticiently easy to

recognize a constant and regular series of changes, which were invaria-

ble, unless disturbed by portions of gangue rock in the lump, or by

either a lack, or an excess, of heat. I have divided the process into

four stages (each of which would admit of numberless subdivisions and

graduations), and shall endeavor to describe the appearance of a lump

of ore at each of these main stages.

Ko. 1, taken from the interior of the pile ten days after firing. The

outside of the lumi) is changed into an oxide of iron, part being the

sesquioxide, and another portion being slightly' magnetic and much
darker in color. This layer of oxide, which is i)erfectly regular, and

follows every inequality of the lump, is slightly more developed below

than above, averaging three-sixteenths of an inch in thickness, an(7

gradually merging into a harder, bluish layer, about one thirty-second

of an inch in thickness, which separates it from the main body of the

specimen. The latter is apparently unchanged except in color, having

lost the brownish hue of pyrrhotite, and taken on the appearance of

peacock ore, showing on a fresh fracture shades of yellow, blue, and

purple. The sharp division between the dull brown pyrrhotite and tlie

specks of bright yellow chalcopyrite which originally existed in the

piece has entirely disappeared, and the whole mass has become homo-

geneous in both texture and color.

The opening made into the heap to obtain this specimen was carefully

closed, and in 20 days from the firing of the pile ISTo. 2 was taken from

near the same spot. The surface layer of oxide of iron had become

much more developed, and was beginning on the very outside to assume

an earthy character. This became firmer and darker toward the in-

terior, and at the depth of three-eighths of an inch gave way to a yel-

lowish layer, one-eighth of an inch in thickness, and closely resembling

massive chalcopyrite ; the interior of the piece still preserved the ap-

pearance of peacock ore. An assay of the outside crust yielded 0.12

per cent, copper ; the central body of the piece contained 2.1 per cent.,

and the thin yellow layer separating these two portions, and which 1

could not obtain in absolute purity, assayed 17.7 per cent.

Xo. 3 was taken in 45 days from the firing of the heap. The oxido
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crust now constituted about 60 per cent, of the entire lump, and had
become very earthy and friable. In the place of the single yellow layer,

rich in copper, appeared a succession of concentric rings, in color rang-

ing from steel gray to a bluish purple, and inclosing a central nodule of

the same unchanged peacock ore as mentioned in No. 2. The earthy

crust of this specimen showed merely a trace of copper ; the purplish,

concentric layers, constituting about 10 per cent, of the piece by weight,

contained 12 per cent, copper ; while a single very thin layer, nearest

the central nodule, assayed 31.4 per cent. The unchanged center con-

tained 2.4 per cent.

No. 4 was taken from the center at the completion of the burning,

which had occupied 75 days, the still hot pile having been quenched
with water. The specimen presented a cracked and fissured appear-

ance, and the outside three-fourths was completely changed into an
earthy oxide of iron. Inside of this envelope appeared the same pur-

plish, concentric layers as in No. 3, but much less developed, and lack-

ing the metallic luster. The earthy portion scaled oif from these with-

out difficulty, but it required considerable hammering to detach them
from the central kernel, which was about the size of a common white

bean, and on fracture presented the well-known appearance of white

metal-—subsulphide of copper, as produced in smelting. The assays^

of this piece are highly satisfactory and interesting:

Tho earthy envelope contained traces of copper.

The concentric layers contained. 1.2percent. copper.

The kernel contained 69.6 percent. copper.

Having described the appearances presented in the four stages intO'

which I have divided this process, it is not diflacalt, with the aid of

Plattner's researches, and the well-known changes that occur in roast-

ing, to follow the chemical and physical reactions whereby the copper

is concentrated so perfectly as a sulphide in the middle of each lump.

In the first place, in a compound consisting of sulphides of iron and

copper, and especially when the iron sulphide is present in an over-

whelming proportion, the copper is completely j)rotected from oxidation'

at any ordinary roasting temperature, so long as any considerable amount
of sulphide of iron remains undecomposed. As the sulphur is gradually

sublimed and oxidized, the sulphide of copper becomes converted intO'

a subsulphide, which, being exceedingly fusible, melts gradually at the

high temperature engendered by the oxidation of the iron and suli^hur,

and eventually becomes concentrated, the whole process continuing

gradually from the surface to the center, into a kernel in the middle of

the lump. As the oxidation progresses, the sulphide of iron near the

surface becomes oxidized to the highest possible point, and this pro-

gressing gradually toward the interior, the whole mass becomes finally

an earthy mass of iron oxide, with the exception of the last remnant

of the sulphur, which, being retained powerfully by its affinity for copper,

remains-combined with this metal in the center of the lump, and in de-

19 M E
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fault of any extraneous lieat—there being nothing more to oxidize, and

thus produce heat in a himp itself—remains unaltered. An extension

of the process may result, as is frequently the case, in the decomposition

of this last molecule of cupric sulphide, and the formation of a central

kernel of metallic copper.

"With the view of determining what would be the result of such a

roasting on a working scale, I broke up about 20 pounds of well-roasted

lumps, and sorted the fragments, as is done at Agordo, into three

classes.

1. The outside envelope of oxide of iron, which crumbled under the

fingers and was detached with the greatest ease, forming about 80 per

cent, by weight of the whole. It assayed only a trace in copper.

2. The submetallic, concentric layers, which separated the outside

crust from the central kernel, and adhered to the latter with much per-

tinacity. These constituted 1C.6 per cent, of the whole, and assayed 1.1

per cent, in coi^per.

3. The pure kernels, almost entirely freed from any foreign matter,

and exhibiting a massive, homogeneous appearance. They formed only

3.4 per cent, of the whole, and assayed 55.7 per cent, of copper.

There only remains to state the result of these experiments from a

commercial standpoint, which can be done in a very few words. While

nothing could be more satisfactory than the completeness of the con-

centration in those pieces of ore which were absolutely free from gangue

rock, and which had been exposed to exactly the proper degree of heat,

and while the outer crust of oxide of iron could be separated from them

by a single blow with a light hammer, still such a large proportion of

the pile was not properly roasted, and the separation of the rich central

kernel from its surrounding concentric layers, already described, was

so difficult and imperfect that I was reluctantly compelled to give up

any idea of carrying out the process on a large scale. The employment

of a rock breaker, with jaws set pretty wide apart, would greatly lessen

the expense, but would yield but a i^oor product, and the unfortunate

circumstance that pieces of ore once slightly burned without a good re-

sult cannot be retreated with any hoite of concentrating their copper

contents in a kernel, would seem to involve the waste of so large a pro-

portion of the material as to remove any chance of profit. Still the

question is by no means definitely settled, and it is yet possible that care,

experience, and appropriate machinery may yet raise kernel roasting to

the dignity of an established and successful process.

Stall-roasting.—This practice, though applicable to both ores and

mattes, is usually reserved for the latter, as ores, being of compara-

tively small value, and containing a much greater proportion of fuel in

the shape of sulj^hur, can better be exposed to wind and weather.

Out of a dozen various forms of stalls, I select for description one

which I consider peculiarly suited to cheap and thorough matte burning,

and admirablyadapted to Western isircumstances in those districts where,
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although the principal productof the furuace is black copper, there isstill

mil out an appreciable quantity of rich matte, the subsequent treatment

of which has often proved embarrassing to unskilled managers. It is

always best to build stalls, of whatever variety, in blocks or rows of

from four to a dozen or more, as a large saving in both brick and iron-

work is thereby eftected, and the heat retained in so large a mass of

masonry, and communicated to contiguous stalls, is also highly advan-

tageous to the roasting process. It is a great mistake to build stalls

without a brick arch over them, as the arch assists both in retaining

the heat as well as in forcing the smoke to ascend to the flue rather

than to pour out of the front into the shed, greatly to the annoyance of

the workmen. The point of greatest importance in construction, how-

ever, is to secure a proper foundation for the brickwork, and to tie the

furnaces with strong buckstaves and f-inch iron rods, although when
the arches are built as semicircles, which is usually the case, there is no

lateral thrust. Still the expansion from heat would soon destroy the

brickwork if it were not properly tied, and any undue saving in this

direction is always mistaken economy.

The ordinary dimensions of the stalls in use at some of the largest

copper works in the Eastern States are as follows:

Ft. in.

Width 5

Depth 6

Depth of ashpit 1 6

Height from grate to spriug of arch 4 8

Thickness of main walls 1 6

Thickness of division walls 1

A stall of the size described will hold 5 tons of white metal, and I

can see no objection to increasing its dimensions so that it can ac-

comodate double that amount. In fact, I am quite sure that an increase

within reasonable limits would lead to a decided saving both in fuel

and labor, and be in no wise detrimental to the process.

After thoroughly clearing the grate bars from any fused matte from

the previous burning, and j^lastering the walls carefully wherever they

show signs of wear, with a thick mortar of burned and raw clay in

equal parts, about 10 cubic feet of hard wood, in ordinary 4-foot lengths,

is arranged upon the grate bars as evenly as possible, and all spaces

between the sticks chinked with small stufl" and split logs. Hard wood
is much preferable to soft, and, from my own experience, I should rate

it at about double the value of the latter. Its true worth may not at

first be seen, but when the roasting is completed it is not difficult to dis-

tinguish a kiln of matte burned with hard wood, by the greater thorough-

ness of the roast, and consequently its smaller percentage of sulphur,

which, as we have already seen, has a powerful influence in subsequent

operations. A thicker layer of wood should be placed at the front and

sides than in the middle, and as the stall is gradually filled, it is well

to fill in with chips and brush (or small coal), both on the front and sides,



292 MINERAL RESOURCES.

nearly to tlie top of tlic heap. The front is built up loosely with fire-"

brick placed on edge, and kept from being pressed out, either by brac-

ing it with a couple of cross irons or by giving the whole loose front wall

a slightly arched shape, with its convex side, of course, toward the in-

terior of the stall. The matte should be broken to the size of the fist

or smaller, and to facilitate this operation the furnace from which

it is produced should be tapped on to thick iron plates in such a man-

ner that the matte forms a layer not more than two inches thick, wliich

will be as brittle as glass, and can be spalled by boys at an expense

not exceeding 25 cents i)er ton (New York prices).

Where the matte is only produced in insignificant quantities in com-

parison to the black copper, and is obtained in the form of a thin layer

on the top of each copjjer bar, it is also in excellent condition for break-

ing. Under ordinary circumstances it will not be found necessary to

screen the matte before filling the stall at the first burning, but care

shouUl be taken to avoid mixing the fine stuff with the mass of the metal,

and towards the last it is better to separate the coarse pieces from what

remains on the floor with an iron rake, and eventually cover the surface

of the pile with the fines that are left. The kiln is best fired when the

men quit work at night, by pouring a ladlefull of hot slag on a heap

of kindling wood, which should be pretty well distributed under the

grate, and under ordinary circumstances there will be no more attention

required until four days are completed ; at the end of which time, if the

kiln has ceased smoking, the front wall may be pulled down and cleared

away, and the contents of the stall removed with pick and hoe. The

matte will be found loose and little burned at the front and sides, but

in the center, if the result is satisfactory, will be found a massive clinker,

and surrounding this on all sides a greater or less amount of porous

and well burned material. Hammer and gad must be called into requi-

sition- to break up and remove the clinker, and a long chisel pointed

steel bar will be found of the greatest utility. Meanwhile, the nearest

empty stall has been provided with a tresh layer of wood, and the once-

roasted matte, as it is removed, is re-spallcd with a hammer, so far as

necessary, and again piled upon the wood, taking care to place that

portion that has escaped burning nearest the fuel. The proportion of fines

will be found' greatly increased, and must again be spread on top, and

sometimes at the third burning the quantity will be so great that it will

become necessary to screen out some of the finest dust for treatment in

a calcining furnace. As already intimated, a third burning is abso-

lutely necessary if it is desired to obtain a large proportion of the

copper contents in a metallic state on smelting. I am now referring to

the roasting of white metal. A thirty per cent, matte will require four

burnings to give a product fit for black copper smelting, though on the

third burning a i)ortion of well roasted matte can be set aside for the

smelting furnace, and the contents of two kilns thus depleted, and, at

the same stage of advancement, be united for the fourth burning.
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This completes all that is necessary to enable any one to obtain fair

results in stall roasting, though like every other process, first attempts

are often unsatisfactory, and three burnings by a careful and experi-

enced man are better than four by a beginner. It is highly advanta-

geous to provide haLging doors of sheet iron, which, by means of a

simple rope, pulley, and counterweight, can be let down in front of the

stalls, and thus lessen the annoyance of the smoke, which is sometimes

unendurable without this provision, owing to the poor draught, which

is a matter of necessity where there is so little heat developed, and there

are so many openings for the admission of cold air. If the matte or ore

contaius a large proportion of arsenic, the front curtain must be sealed

closely with clay, and the arsenical fumes conducted through long, sub-

terranean flues connected with a tall chimney. The arsenious acid will

be found deposited on the floor of the flue in the shape of a white,

crystalline powder, which in some cases is already pure enough for com-

mercial purposes.

The capacity of a stall depends, of course, on the character of the ma-

terial and the number of burnings required. Assuming that we are

treating white metal, and that it is to receive three burnings, we should

estimate as follows : First burning, four days ; second burning, three

days ; third burning, two days ; filling, and turning twice, three days

;

total, twelve days. And assuming that we save out a small amount of

sufficiently roasted stuff on the second burning, enabling us occasionally

to unite the contents of two stalls on the third burning, we can call the

total product 6 tons, thus fixing the capacity of each stall at one-half

ton daily, which is not far from the truth as determined by actual work.

The amount of wood required will be about one-half a cord for the G

tons, or one-twelfth cord i)er ton of matte for the three burnings. Any
estimates of cost of construction would seem superfluous on such simple

straightforward brickwork, which any one can calculate, to correspond

with local prices. The most serious expense is the cast-iron gratebars,

which are necessarily numerous and heavy.

Boasting in Mlns.—Since the introduction of iron pyrites as a substi-

tute for brimstone in the manufacture of sulphuric acid, the roasting of

sulphureted ores in kilns has attained the degree of perfection that its

importance warrants, and a thorough description of the great variety of

kilns now in use for this purpose would lead us too far from our sub'

ject.

In the large copper works of both England and Germany the possi-

bility of the continuous roasting of matte in kilns has also been demon-

strated, but this is done rather to prevent the destructive influence of

suli)liurous acid on the surrounding vegetation than with any view of

economical roasting, as it is only by the exercise of the very greatest

care and skill that it is possible to keep up a sufficiently lively state of

combustion to generate sulphurous acid in large quantities without

fusing the whole contents of the kiln into one solid clinker. I shall
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therefore treat of kilns merely aa an apparatus for the desnlphurization

of orefi, and, as every manager of copper or acid works is constantly

receiving inquiries and specimens of ore from nearly every State in the

Union, regarding its fitness for sul])huric acid manufacture, and as the

greater part of such inquiries evince a complete ignorance of the quality

of pyrites that is required by the acid makers, a few words of explana-

tion in this connection will not be amiss.

Quautity is the first desideratum. Unless a deposit is of immense
size and very accessible to means of transportation (rail or water) it has

not the least chance of competing with the cheap and good Canadian

pyrites, which now nearly controls the Eastern market. Even the

Spanish pyrites can be laid down on the Atlantic coast at a price which

would astonish the uninitiated, owing to the cheapness of westwaj^d-

bound ocean freights.

A high percentage of sulphur is of course requisite. Forty per cent,

may perhaps be put as the minimum, and an ore carrying 45 per cent,

would possess nearly double its value. To contain such an amount of

sulphur, it must be almost free from gangue rock.

Purity must also be considered. Any appreciable amount of arsenic

would condemn a pyrites for the manufacture of sulphuric acid, and an

admixture of sulphides of lead and zinc, besides lowering the percent-

age of sulphur, and producing irregularities in the burners, would also

have a more or less deleterious efl'ect on the quality of the acid.

Tlie percentage of copper contained in the pyrites is also a very im-

portant matter. While it is commercially advantageous to have as high

a percentage of copper as possible, yet in practice anything over 5 per

cent, would probably condemn an ore for the manufacture of acid. It

is not alone that the substitution of copper pyrites for iron lowers the

sulphur contents of the ore (the latter mineral containing nearly 20 per

cent, more sulphur than the former), but it also affects the mechanical

working of the burners, and owing to its fusibility greatly increases the

difficulty of working. This is a point particularly worthy of note, as I

frequently receive samples of pyrites containing 10 per cent, and up-

wards of copper, for which their owner is seeking a market amongst the

acid makers. Five per cent, of copper may be looked upon as the ex-

treme limit, and 3 or 4 per cent would make it a better ore for burning.

But of all the errors that are made by people inexperienced in metal-

lurgical matters, I know of none more frequent or that has been attended

by more disastrous results than the attempt to use the mineral known
as pyrrhotite or magnetic pyrites in place of the ordinary pyrite or com-

mon iron pyrites. The importance of the subject warrants a few words

of explanation, which, if they had been uttered in time, might have

averted the ruin of the noted New England Chemical Company, as I

believe the corporation was called, though long since defunct, and j)ossi-

bly its name may have been assumed by some later and more fortunate

corporation.
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The difference of behavior of these two minerals in the burners is not

alone due to the smaller j)ercentage of sulphur contained in the pyr-

rhotite (36 as against 53), but also from the fact that the pyrite yields

up what sulphur it contains with great ease, even if it is so impure as

to carry less sulphur than the pyrrhotite, and burns freely in the kilns

without either going out or melting. The other mineral, on the con-

trary, either scorches on the surfiice, and then goes out entirely, or

escapes control entirely, and melts into a solid mass. It is quite within

the range of possibilities that these difficulties may be conquered, and
that in time the immense beds of magnetic pyrites in Vermont, Tennes-

see, and elsewhere may be utilized, but let no inexperienced person

attempt this undertaking.

From the foregoing statements it will be seen that the roasting of

pyritous ores in kilns belongs properly to the subject of sulphuric acid

manufacture, and 1 will refer any i)ersons who may desire to study this

process to Lunge's magnificent work on the manufacture of sulphuric

acid, where the most accurate plans and directions, both for building

and working every variety of burner, may be found at length. I will

merely add that the capacity of a single burner is very small, rarely

reaching half a ton in twenty-four hours. Their management requires

l^eculiar skill and experience, and their construction is expensive. On
the other hand, they work with much less mechanical loss than is ex-

perienced in heaj) roasting, and there is no tying up of capital in a two

or three months' supply of ore.

THE BOASTIXG OF PULTERIZEU MATERIAL, BOTH ORES AND MATTES.

This subject has been so extensively discussed in the metallurgical

works of all modern languages, that I allude to it more for the sake of

completeness than with the idea of offering any suggestions to be fol-

lowed, except in a very general way.

The furnaces and apparatus for the chloridizing roasting of silver

ores, as a preliminary to amalgamation or leaching, have received an

unusual share of attention, and have arrived at a remarkable stage of

perfection, particularly the Stetefeldt furnace, which on suitable ores

liermits of a continuous process, and has an enormous capacity with a

very slight consumption of fuel and labor. Briickner's revolving cylin-

der, and a host of imitations, also answer admirably for the chloridiza-

tion of silver ores, but neither of these furnaces is at all suited to the

oxidizing roasting of copper ores, and the only apparatus at all adapted

to this process is Gerstenhofer's furuiice, in which the pulverized ore, fed

into the top by means of rollers, is interrupted in its descent through

a vertical shaft, by means of an extensive series of fire-clay shelves

which retard its passage long enough to give time for a jjartial oxida-

tion. This furnace, which in Europe is used for the calcination of both

ores and mattes, has not proved a success in this country, and under
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the most favorable conditions is expensive in constrnotion, demands
constant and radical repairs, and has a very limited capacity. Various

other forms of shelf furnaces are in use at sulphuric acid works for the

roasting of fines, but none of them offer any inducement to the copper

smelter, whose only aim is to remove the sulphur from his ore or matte

at the lowest cost, without caring what becomes of it.

We are therefore reduced to reverberator^^ furnaces for the prepara-

tory calcination of ores and mattes in a pulverized condition, and so far

as my own experience extends, the furnace that is to supersede the

present large calciners is yet to be invented. When the sulphurous

acid is to be conducted to lead chambers the muffle form of reverbera-

tory is employed, where the gas from the ore is kept entirely separate

from the products of combustion. Otherwise, the ordinary open hearth

reverberatory is more economical as regards both construction and the

consumption of fuel. These furnaces are too well known to require

any further description from my pen, but I will add one or two general

observations which may be of use in determining the size and shape of

furnace to employ under any given conditions.

The saving of fuel is the principal object to strive for, next to a good
roast; and this can be attained in treating highly pyritous ores by
greatly lengthening the hearth of the furnace, and depending upon the

oxidation of the sulphur as a source of heat. Sixty feet is none too

long for an ore or matte containing 25 per cent, sulphur, and by intro-

ducing the green ore in charges of, say 1,000 pounds, at the flue end of

the furnace, and gradually working it forward to the withdrawing door,

nearest the fireplace, an excellent roast, large output, and uniform heat

can be attained with a minimum of fuel. For less sulphurous ores 30

to 40 feet is about the proj)er length. Under any circumstances where

a large production is required, the hearth should be at least 12 feet

broad, with an arch rising -^ inch to the foot. Too much attention can-

not be paid to properly supporting the skewback, both with stout hori-

zontal bars or plates of iron, as well as these, in their turn, with strong

buckstaveSj tied with J-inch iron. The tie rods should end in loops

rather than in nuts, as the thread is frequently stripped by a strain that

is less than half of the tensile strength of the rod.

A good draught is of the utmost importance, and this should be so

regulated by dampers and by firing, that the flame rolls along the arch

in reddish, curly waves, traveling at the rate of three feet a second,

and never touching the ore, as otherwise a reducing action is liable to

occur.

Until these conditions are fulfilled, no superintendent should be sat-

isfied with the behavior of his furnace.

It is a most economical jilan to do away with the huge ashpit at the

rear of the furnace, as is tlie custom in England, where fuel is both

plenty and good, and instead of firing on a clinker grate, as nearly all

Swansea furnacemen will insist on doing unless positively prohibited.
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to keep a tbin, even layer of soft coal on tlie grate bars, and have the

ashpit open at each side of the furnace, directly under the fire-doors.

The ashpit should be provided with close fitting iron doors, which should

be ordinarily only a crack open, and if this seems to cause a lack of air

in the furnace, a series of holes should be opened in the crown, just

even with the front line of the tire-bridge.

Various other methods of treating pulverized material for the removal

of its sulphur contents could be "mentioned, such as the kneading into

bricks, with the addition of a small percentage of lime or clay, and a

subsequent roaming in heaps or stalls, but these methods are only car-

ried out under peculiar conditions, and my intention has been rather

to indicate the general features of the more common and useful ])toc-

esses, than to compile a text book of rare or curious inventions, (a)

BIjUESTONE.

The estimated amount of bluestone (sulphate of copper) manufactured

in the country during the year 1882 was between 9,000 and 10,000 bar-

rels, of an average weight of 350 pounds. The spot value has been

about 5^- cents per pound, making the total value of the product between

$180,000 and $200,000. The principal centers of manufacture arc

Omaha, Nebraska ; Cleveland, Ohio; Philadelphia, Pennsylvania ; Sa-

lem and Boston, Massachusetts ; New York City, New York ; Newark,
New Jersey; Providence, Khode Island; Baltimore, Maryland; Sau
Francisco, California, and Dayton, Nevada. About 15 per cent, of the

total product is estimated to have been made from foreign ores and
matte.

The leading utilizations of bluestone are in pan amalgamation, th«

manufacture of Paris green and dyes, and in telegraphy.

THE KAXUFACTUBE OF BLUESTONE AT THE LYON MILL, DAITON, NEVADA.

By J. E. GiGxoux.

The origin of the bluestone industr3" at Dayton, Nevada, which sub-

sequently attained such magnitude, was due to the endeavors of certain

mill owners, who found it necessary to refine, in order to profitably dis-

pose of the bullion which they obtained in working Comstock tailings.

By the base process, as the one in vogue was termed, it was found ad-

visable to employ large quantities of copper suli)hate in amalgamating,

and even as much as 20 pounds to a ton of tailings were used. In con-

sequence the bullion produced contained from 80 to 90 per cent, of base

metal, principally copper. Besides the loss in copper the mill owner

was obliged to bear a heavy discount on his produce.

The first crude attempts at refining were made by the Lyon Mill and

Mining Company, and were in imitation of the sulphuric-acid process

a Dr. Peters's contribution ends here.
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practiced at the miuts. The bullion prored to be too base for its suc-

cess, owiug to the great length of time required to dissolve in acid, and

it is also stated that a significant mechanical loss of the precious metals

was found to be unavoidable.

Subsequently the bullion was subjected to a sulphurizing process,

which consisted in placing in iron kettles charges of about 400 pounds

of metal with 20 percent, of sul[)hur. Layers were made by placing

barrel staves alternately with the charge. The kettles were provided

with cast iron covers having flanges corresponding with similar flanges

and bolt holes on the kettles. When charged, the cover was luted and

tightly bolted to the kettle, when a gentle heat was applied for about

nine hours. On becoming cool that portion of the metal converted into

sulphide was removed, the remainder received new sulphur, and the

process was continued until all the metal was converted, for which

about 40 per cent, of the original weight in sulphur was found neces-

sary. The sulphurized material was next crushed in a Chili mill, passed

through a Xo. 10 sieve, and sent to the furnace house, where it under-

went a desulphurizing roasting. This was performed in a small rever-

beratory furnace, which was charged with 400 pounds of the granula-

tions. A complete desulphurization was effected in about 10 hours, or

until the whole was thoroughly heated to a bright red by a very grad-

ually increasing fire. The charge when drawn was again crushed and

passed through a No. 20 sieve, when it was again roasted in the same

furnace, and converted into an oxide. Wood, as free from jiitch as pos-

sible, was used, and air was admitted through the bridge wall. This

roasting occupied about 12 hours, and required constant stirring. Leach-

ing was then resorted to, and carried out in almost the identical man-

ner to be subsequently described.

The method in use at the present time is based upon the partial sep-

aration which takes place in the retorts when great precaution is used

tcf avoid melting or overheating the amalgam, and the bullion obtained

is in such a, i)orous condition as to allow of its being " brittleized," pul-

verized, and roasted. Two classes, designated as white and base metiil,

were obtained. The white metal, as its name implies, is of white appear-

ance, and is formed next to the iron of the retort, and is of much denser

structure than the base, acting as a coating or shell around the latter.

It consists of about 80 per cent, of silver, 15 i)er cent, of copper, and the

remaining 5 per cent, of iron, lead, antimony, with a little gold. The

base metal is reddish brown in color and spongelike in appearance,

forms in the center of the retort, and consists of about 90 per cent, of

copper and iron, and 10 per cent, of silver, gold, and the otlier metals,

nearly all the gold contained in the amalgam going with the base. In

quantity the base metal greatly exceeds the white. Formerly these

products were treated separately in refining, although the process was

identical except as to the quantity used in the charges. The white metal

being less bulky, and having less copper to be oxidized, was treated iu
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larger quantities. In roasting, 400 pounds of base and 500 pounds of

white metal were usual charges, and in the dissolving tubs 1,000 pounds
composed a charge for base, and 1,200 to 1,500 pounds for white metal.

The retorting is carried on for twelve hours. During the first four a

low temi^erature is maintained, but is gradually increased until the quick-

silver begins to distil, when the heat is increased until the operation is

terminated. Occasionally a small loss of quicksilver is experienced on
account of imperfect retorting. This item is, however, insignificant

when compared with the saving made by this manner of retorting when
the expense of the sulphurizing process is considered. The retorts used

are cylindrical, and bold 1,700 pounds of strained amalgam when a little

more than half filled.

At the Dayton works the sulpliuric acid parting process was intro-

duced, and thereafter no distinction, as previously, between white and
base metals was made. All the bullion as it comes from the retorts is

broken with a sledge hammer into pieces about the size of an egg, and
thrown into the roasting furnace after the roasting charge has been

withdrawn, and remains over night on the still heated hearth, no more
fuel being necessary. From 2,000 to 3,000 pounds are charged in this

manner. In the morning it is drawn, when it presents a dark gray to

black color, and has become quite brittle. It is then crushed in a Chili

mill, and is sifted by hand through a No. 20 sieve. One Chinaman does

the work. The power for the mill is supplied by the main shaft of the

pan mill, and is inconsiderable.

The pulverized metal is then returned to the roasting furnace, when
it is weighed, and an increase in weight of about one-tenth of one per

cent, is usually found, due to the wearing of the wheel and pan of the

Chili mill.

The roasting furnace is a small reverberatory, the hearth of which is

6 by 10 feet, with the corners filled, giving an oval shape. The arch is

low. There are two working doors, one front and one back, situated

about the middle of the furnace. The hearth is laid with Scotch fire-

biick set on end. A charge of 500 pounds of the metal is placed in the

center of the furnace and spread out until about 3 inches deep. It is

kept constantly stirred with an iron paddle of ^-inch iron, 5 by 12 inches,

attached to a handle of wrought-iron pipe 12 feet long, and terminating

iu a ring. When the charge has attained a dull red heat the workman
throws over that portion furthest from the fire to bring it next to the

bridge wall, and then moves all the charge back by slicing it with his

paddle, and exposing a new surface to the heat. If the entire charge

has become a bright red, care being taken to avoid a greater heat, it is

kept in that condition for one hour before drawing. It is then sjiread

out in an iron box 3 by 6 feet and allowed to cool. When cold it is car-

ried to the bluestone works in charges of 1,000 pounds, first being sifted,

and any lumps that have formed being crushed. A gain in oxygen

amounting in weight to about 5 j)er cent, of the original charge occurs
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(luriii;:^ roasting. It takes about ten hours to complete the operation,

one man doing" the work, and requiring about a quarter of a cord of

wood.

Circular tubs, 7 feet in diameter and 4 feet deep, are used for leach-

ing or dissolving the copper. They are made with staves cut from 3

by 4-inch joist, and bound together with two iron hoops 3 inches wide

made of ^-inch iron. The sides are vertical and the bottoms are let into

the sides. The lining is of G-pound lead, except at the bottoms, and a

strip one foot wide on the sides next to the bottoms, which consists of

14 pound lead. They are likewise provided with heavy false bottoms.

Steam is admitted through an AA lead pipe, the lower end of which is

closed, but has four holes bored in it about one inch from the end. Were
the steam allowed to pass directly down through the pipe it would
soften and wear holes through the lead bottoms. The upper ends of

the pipes are soldered on the iron steam-pipes, which are i)rovided with

valves for the convenience of the operator. The pipe system is sus-

pended from the roof of the operating room. Each tub is likewise pro-

vided with a cold-water i)ipe.

A bath consisting of 2^ pounds of 45° Baum6 sulphuric acid for each

pound of copper contained in the charge is prepared by reducing the

strength with water to 20° Baum6, and is steamed until brought to

boiling. The charge is then fed with a small scoop, and scattered over

the surface of the bath, continual stirring being kept up with wooden
paddles 9 feet long and having blades 4 inches wide. The strength of

the solution is kept as near 40° Baum6 as practicable by occasionally

weakening it. Usually it takes two hours to feed the charge, but stir-

ring and boiling are continued for four hours. At the end of that time

the bullion should present a white or light gray appearance, which is

dependent upon the success of the previous roasting, and it should be

.900 fine or over. The dissolving tubs are covered with boards and sack-

ing, the steam is turned off, and the charge allowed to settle for four

hours.

At times a small quantity of silver is dissolved, and in order to save

it the solution is drawn into precipitating vats in which copper slabs

have been laid, and the silver is thrown down as fine metal. The vats
»

are circular, 10 feet in diameter, and provided with steam-pipes, the same
style as those used for the dissolving tubs. They are lined with 6-pound

lead on the sides, and 10-pound lead on the bottom, no false bottoms

being necessary. The floor upon which they rest is lower than the floor

of the dissolving tubs, so as to admit of the liquor being drawn over

with a si])hon. After the solution has remained in contact with the

coi)per slabs for several hours, tests are made with a salt solution to

determine the presence of silver, and when no further chloride precipi-

tate is visible the charge is boiled for an hour, and is then allowed to

settle for two or three hours before being drawn into the crystallizers.

The bullion remaining in the dissolving tubs is leached several times,
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first with acid, and then with water, being stirred and boiled each time.

The first leachings go with the charge in the precipitating vats, the sub-

sequent ones to the weak-liquor tanks for concentration. The metal is

placed in the filters, which are lead-lined barrels, provided with perfo-

rated wooden false bottoms covered with muslin, and with discharge-

pipes let in below the false bottoms. Clean hot water is run over the

metal until no more acid reaction is detected with litmus paper at the
outlet pipe. All the water from the filters is collected in a tank, as a
small quantity of silver is sometimes carried through. Drying the metal
in iron pans heated to redness is next resorted to. The silver is then
weighed and charged in the parting kettles, the mint process being
adopted, excepting that the gold is not again treated with acid, but is

melted when about .700 fine. There being so little of the latter, it was
found more economical to pay refining charges. Having the metal in

a granulated state very much facilitates the dissolving in strong acid.

A charge of 3,000 ounces is dissolved in five hours' time with an armful
of wood. The silver usually runs from .997 to .999 fine after melting.

What is termed the bluestone cellar at Dayton contains 40 crystal-

lizers, arranged 20 on a side, with draining tables built along the center

of the room. ' In the floor, about the middle of the cellar, a large tank
is sunk in which is collected the liquor drawn .from the crystallizers,

after crystallization, and which is called the pump tank. A leaden
trough runs along under the draining tables, and is connected with this

tank, into which the crystallizers are first drained with a short rubber
hose. The crystallizers are 7 feet long and 3J feet wide on the top, and
7 feet long and 3 feet wide on the bottom. The bottoms and ends are

lined with 8-pound lead, the sides with 6-pound. Altogether 473^
pounds of lead are required for each tank. The woodwork is constructed

of 2-inch planks, the ends projecting so as to receive ^-inch round iron

bolts, two on each end, to hold the sides together. No lead strips are

used, it having been found more advantageous to allow the crystals of

bluestone to form on the bottoms and sides of the crystallizers, from
which they can readily be removed in large cakes requiring to be simply

loosened with a bar-chisel. Boards and sacking are used to cover the

cr5\stallizers when the liquor is first introduced, and remain on for three

of the five days allowed for the crystals to form. Keeping the liquor

warm facilitates the crystallization. At the end of the fifth day the

strength of the liquor is found to be reduced to 28° or 30° Baum^.
The bottoms are first loosened and taken out, then the sides, the blue-

stone laid on the draining-tables and broken up with a wooden mallet.

After remaining 24 to 48 hours on the tables it is packed in barrels and
stored.

Bluestone made in the above manner is of the best quality and com-

pares favorably with eastern and imported. It usually commands one-

half cent a pound higher price than that which is manufactured from

copper ^re. Each crystallizer yields from 700 to 800 pounds of good
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crystals, and about 100 pounds of broken and fine material taken out

as slusli, which is placed on separate tables arranged with a draining-

tank, and when dry is set aside to be redissolved as refuse. About 3,500

liounds make a refuse charge, and with the water necessary fills two

crystallizers, and makes first grade bluestone.

The actual cost of producing bluestone from bullion is difficult to

arrive at, owing to the cop])er having no definite value, and having

already served a purpose in the amalgamation. Six cents a pound was
paid for the copper contained in base bullion produced by other mills,

and no charges for refining were made when under .600 fine in silver.

This was found i)rofitable when bluestone could be disposed of at 8

cents a pound. The cost of refining is about 2^ cents a pound for blue-

stone produced.

All the tailings mills in the vicinity copied at least portions of the

process in use at the Lyon mill. At the Atlanta mill pains are taken

to closely separate the base from the white metal when it comes from the

retorts, the former only being refined, the latter melted and sold as .800

fine bullion. Besides the refining charges, they sustain a loss of 20 per

cent, of copper, less the actual cost of refining themselves. This loss

is in some measure unavoidable at small mills, as they cannot afford to

allow their bullion to accumulate to such quantities as would insure

economical refining.

At the Omega mill there is a large refinery for treating all the base

bullion produced at the mills controlled by the Pacific Milling Com])any.

Each mill is provided with a Wiegand digester, which is an ingenious

adaption to this purpose of an old German method of separating lead

from silver amalgam. The late 3Ir. C. Wiegand succeeded in parting

the silver from the copper and gold by leaching the raw amalgam with

heated quicksilver. While the silver is carried out of the digester the

base amalgam remains. Amalgam treated by his method, after strain-

ing, retorting, and melting, gives bullion .900 fine in silver. The ditii-

culty experienced in heating the quicksilver, the loss through imperfect

pipe-joints, that is sustained in handling such large quantities, also the

cost of manipulation, all tend to make the process expensive; besides

which the copper still contained in the bullion, amounting to 10 per

cent., is lost to the mills. The base bullion is refined in the manner
described, and the bluestone made returned to the mills.

The facilities of the Dayton works for refining bullion and manufact-

uring bluestone were greatly augmented by the erection of sulphuric

acid chambers. The acid is made from sulphur mined in Humboldt
county, Nevada, and is produced at an expense of about $20 a ton.

The chambers have a capacity of about 2^ tons a day of 45° Baume.
Concentrators are employed for producing 02° Baum6 acid for trans-

portation and supplying the Carson mint.

The demand for bluestone being much in excess of what could be

made from the refining of base bullion, large quantities of it were man-
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ufactured from copper ore and cement copper. The prices at wliicli the

ore was purchased ranged from $2.25 a unit for 20 per cent., to $3.25

for 40 per cent., increasing 25 cents a unit for every 5 per cent, increase

in assay for the copper ore delivered at Dayton. A charge of $10 a

ton is made for ores which require roasting.

The Walker Eiver mines in Esmeralda county, Nevada, furnished

most of the ore, which consisted principally of chrysocolla, azurite,

malachite, cuprite, chalcocite, chalcojiyrite, tetrahedrite, and chalcan-

thite in considerable quantities from the Bluestone mine. The cement

copper came from Wheatland in California. The advantages which

the miners derived from shipping rich ores which did not require to be

roasted, led them into the habit of assorting very closely, and reserving

sulphuret and low-grade material for reduction at some future period,

when the facilities for transportation shall have increased. In conse-

quence, high grades of carbonates and silicates formed the bulk of the

ore received at Dayton.

The copper roasting furnace in use is a one-floor reverberatory 30

feet long and 10 feet wide, with three working hearths and six doors,

three of which are on a side. The fire room is 17 inches. A low arch

and perforated bridge wall, the apertures communicating with the air,

are used. The chimney employed for a direct draught is 30 feet high,

but when the ore dryer is in use the smoke is made to traverse a dis-

tance of 90 feet under drying plates, and is then led ofl" through a higher

stack. Ore is fed through a hopper, and is discharged into small iron

cars. One man working on a pass of eight hours performs the labor,

fuel and ore being brought to him. A charge usually consists of 800

pounds, which is shifted every four hours. It is allowed to remain in the

furnace 12 hours, thus making the capacity 4,800 pounds a day. A lit-

tle over three-quarters of a cord of wood is consumed in twenty-four

hours. Enough sulphur is present in the ore to ignite and burn on the

first hearth, the charge requiring occasional stirring. On the second

hearth it is heated dull red all through, and does not need much stirring

unless a disposition to cake is manifested. When the ore reaches the

third hearth, the one nearest the fire-bridge, it requires more stirring

and frequent removing back from the fire, as the heat is sufficient to

melt the charge. A steady bright red heat is maintained during the

four hours it remains there. About twenty minutes' time is consumed

in discharging, shifting the two other charges, and again charging the

furnace. The cost of roasting is estimated at $7.50 a ton.

Ores which do not require roasting, and also those which have been

so treated, are carried to the bluestone works, or to the mill-solution

tank, where they are used in making bluestone solution, which serves

as an economical substitute for dry bluestone.

At the mill tower acid is used for the bath, and many residues from

the bluestone which do not contain much copper are also utilized. The

solution is run into the amalgamating pans from tanks where it has
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been reduced in strength to 20^ Baum^. The estimated cost of thi^

solution is equivalent to 4 cents a pound for bluestone crystals, makiud
an important saving where such large quantities of low-grade tailiugsl

are worked.

The ore at the bluestone works is treated in dissolving tubs similar tol

those used in refining bullion ; acid being added in the bath in excess

of 2J pounds to the pound of copper contained, according to the nature

of the ore. The absence or presence of lime or iron is taken into con-

sideration. Sulphate of iron and gypsum, when these substances are

present, crystallize with the sulphate of copper, deteriorating the qual-

ity of the bluestone, which is then of the second grade. As this grade is

sold at lower prices than the first grade, and also because of a prejudice

existing among some mill men that better results in silver are obtained

from the use of impure bluestone for pan-amalgamation, a more ready

sale exists for it than for the purer article. Owing to the impurities

mentioned a much larger product is obtained than could theoretically

be made from the copper contained in the ore.

The charges vary from 1,300 to 1,800 pounds, and the solution is

made from 37° to 40° Baum6 strong. Eight hours is the time usually

occupied to make and settle a charge. It is drawn directly into the

crystallizing tanks in the cellar by means of a four-ply rubber hose,

which is attached to a float in the tub to prevent disturbing the sedi-

ment at the bottom. A glass tube is inserted in the solution from time

to time, and by closing the end before withdrawing it the quantity of

clear liquor above the sediment is observed. The utmost precaution is

necessary to prevent drawing the sediment into the crystallizers.

About the same time is allowed for crystallization of ore solution as for

bullion. A better grade of bluestone is generally produced by drawing

off the solution sooner, as the sulphates of iron and lime form crystals

on the top of those of sulphate of copper.

All the liquor from the crystallizing tanks is drawn into the pump-
tank, from whence it is pumped by means of a steam injector, made of

lead, into high tanks on the upper floor, and from them fed into the

condensing pans. These consist of two leaden pans, one of which is

set 8 inches higher than the other. The larger pan rests partly on iron

plates, which are so arranged as to protect the lead from too great a

heat. They are made of IG pound lead, 6 feet wide ; one 10 feet, the other

8 feet long. The sides are 12 inches high and are surrounded by mason-

work. The flues are built i)arallel with the greatest dimension of the

pans, and the heat is made to traverse their entire length three times

before escaping into a chimney 40 feet high. The fire-room is 20 inches.

At the commencement of the concentrating operation both pans are

filled from the high tanks, and a continuous stream, equivalent to the

loss by evaporation, is run into the higher i)an and siphoned from it

into the lower pan. It is kept at a quiet boiling temperature until the

strength of the charge in the larger pan has been raised to 41° Baum6;
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that from the smaller pan decreasing the strength to 39° Baum6 as it

is drawn into the crystallizers in the cellar. A long four-j)ly rubber

hose is used for the purpose. Two crystallizers hold the condensed
charge and yield from 400 to GOO pounds of inferior blucstone, accord-

ing to the quality of the solution used. Clear liquor from the settling

tanks, into which the residues from the dissolving tubs have been

washed, is likewise pumped into the high tanks and concentrated. Two
charges can be coudensed in the pans during twenty-four hours, with

the consumption of one cord of wood. The boiler-man also attends to

this fire. About one cent a pound for the bluestone produced was esti-

mated as the cost of concentrating.

All washings containing coj^per in solution the strength of which is

below 15° Baume are weakened to 5°, and are then run into the iron tanks,

in which the copper is thrown down. Old crystallizing tanks are used
for the purpose. They are so arranged that the overflow from one
passes into another, until the liquor is free from copper. A false

bottom is made in them of wooden paddles which are worn too short

for farther use in the dissolving tubs, and about 300 i^ounds of scrap

wrought iron is laid upon it. When the precipitated copper covers the

iron it is washed down into the bottom of the tank and then allowed to

accumulate. When removed it is spread upon a wooden platform and
sun-dried. It is then screened, and that portion which does not pass

through a 20-mesh sieve is melted into bars and used in the refinery for

throwing down silver. The finer portion goes to the roasting furnace,

to be subjected to an oxidizing roasting and used again in the manu-
facture of bluestone.

Not an unimportant factor in the product of the Dayton works is the

copper obtained from the United States mint at Carson. This institu-

tion purchases the acid used in the refinery and partly pays for it with

copper solution. As the mint solution carries a great excess of acid, it

has to be used in conjunction with cement copper, or rich ore, and is

substituted for new acid in the dissolving-tub baths.

The cost of manufacturing bluestone from ore at the Dayton works

was estimated at 6 cents a pound when 20 per cent, ore could be pur-

chased at 12.25. The average cost of labor was $3 a day, chamber acid

costing $20 a ton, and wood $6 a cord. The wear of the sheet lead,

which, with freight added, cost about 11 cents a pound, and a lead-

burner's wages at $4.50 a day, he having to be employed continuously,

also formed an important item in the estimate.

During the years 1879, 1880, 1881, the output averaged about 320

tons a year. Several years previous a much greater quantity was made
and sold, taxing the capacity of the works. Since 1881 there has been

a perceptible falling off in the demand, owing to a decrease in the tail-

ings-milling industry. Shipj)ing to a foreign market is out of the ques-

tion, on account of the cost of transportation, which likewise serves to

keep foreign manufactured bluestone from coming into competition

with that made in !Nevada.

20 ME



LEAD.
THE LEAD INDUSTRY OF THE UNITED STATES.

By C. Kirchhoff, jr.

Lead mining in the United States is an industry of considerable age.

At times during the first half of the present century work was conducted

in different localities in the Eastern and Southern States, without, how-

ever, ever affording the basis of a steady and sustained occupation. For

a long period the output of the mines of Missouri and of the upper Mis-

sissippi region constituted the bulk of the make of our country, and
during the period between 1840 and 1848 it became so heavy that con-

siderable quantities of the metal were exported, the maximum being

reached in 1844, when 8,2i;3 tons went abroad. In 1850 the tide set in

in the other direction, nearly 10,000 tons being imported ; and this move-

ment continued for many years, until a growing home production, made
possible by the connection of the mining regions of the Eocky moun-

tains by railroad with the Atlantic and Pacific coasts, crowded out the

foreign lead.

On the whole, as a glance at the following table of the production of

lead for a long series of years will prove, there has been a steady in-

crease, especially during the past decade, in spite of some sharp fluctu-

ations in values. The figures from 1825 to 1853 are those published by

Whitney; those for the later years have been collected by Mr. Edward
A. Caswell, of New York Ci^', who has personall}-^ undertaken the task

of gathering annually the statistics of production since 1873 with a

sagacity and painstaking care which has caused them to be accepted

as authoritative by the trade.

Production of lead in the United States.
Net tons.

1825 1,500

1830 ^',000

1831 7,500

1832 10,000

1833--... 11,000

1834.---' 12,000

1835 13,000

1836 15,000

1837 13,500

1838 15,000

1839 17,500

1840 17,000

1811 20,500

1842 24,000

306
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1843

1844

1845

1846

1847

1848

1849,

1850

1851.

1852

1853.

1854

1855.

1856.

1857.

1858.

1859.

1860.

1861.

1862.

1863.

1864.

1865.

1866.

1867.

18G8.

1869.

1870.

1871.

1872.

1873.

1874.

1875.

1876.

1877.

1878.

1879.

1880.

1881 .

1882.

Net tons.
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Net tons.

1868 2G,000

1869 39,324

1870

1871

1872

1873 24,768

1874 20,160

1875 8,182

1«76 5,247

1877 6,971

1878 319

1879 2,461

1880

1881 3,935

1882 , 3,538

With the exception of the year 1880, the bulk of the pig lead im-

ported during recent years has been re-exported under the operation of

the drawback clause, being chieiiy used in the manufacture of solder

for tin cans for exporting petroleum and canned fruits and vegetables.

lEAD-PRODCCING REGIONS OP THE UNITED STATES.

Utah.—During the years 1871 to 1874 considerable quantities of Utah
ores were shipped for treatment, the local smelting industry meanwhile
developing very rapidly. In 1870 local desilverizing and refining works
(those of the Germania Company) were started, but they suspended
that part of their operations in 1875, to resume again in 1878. Making
allowance for the lead in the ore shii)ments of the earlier days, the pro-

duction of Utah was roughly as follows

:

Production of lead in Utah.

Net tons.

1871 5,000

1872 8,000

1873 15,000

1874 20,000

1875 19,000

1876 25,000

1877 27,000

1878 21,000

1879 : 14,000

1880 15,000

1881 21,000

1882 30,000

The most prominent mine to-day is the Horn Silver, which in 1881

made 8,171 tons of base bullion, increased in 1882 to 1G,002 tons. The
study of the reports of this mine is one of particular interest, because

it reveals the different items of cost entering into the production of lead,

when working on a very large scale. The cost of mining of course fluc-

tuates within wide limits, according to the character of the deposit and
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many local conditions. The Horn Silver produced 47,232 tons of ore, at

a cost of $4:.44 per ton ; the smelting- at Francklyn costing $14.73, and
the refining at Chicago $9.05. The ore carried on an average 37.8 per

cent, of lead and 34.2 ounces of silver, the loss in smelting being 9.71

per cent, of the lead and 2.10 per cent, of the silver. The average of the

grade of the base bullion produced in Utah was 93 ounces per ton, or,

deducting allowance for silver to desilverizing works (5 ounces), 88

ounces per ton, having a value of $95 per ton at New York, with silver

at $1.08 per ounce. Even if the average cost of mining, smelting, and
desilverizing be very much higher in the average of Utah mines, the sil-

ver alone yields enough to pay a very heavy tribute to the railroads for

freight, thus leaving a large percentage of the amounts realized for the

lead as a profit. In the case of the Horn Silver Company the dividends

during 1882 amounted to $1,200,000, while the net receipts from the sale

of lead were 81,320,064.23, thus indicating that the silver paid for nearly

the entire cost of extraction, treatment, administration, and marketing.

This does not of course apply to all the Utah mines, but it furnishes a

striking illustration of the advantages which the presence of silver in

their ores gives to the producers of the Eocky Mountain States and
Territories over the miners of non-argentiferous lead ores.

Kevada.—The climax in the production in Nevada was reached in

1878, as will be noted from the following table, giving the yield during

the past six years :

Production of lead in Nevada since 1877.
Net tona.

1877 19,724

1878 31,063

1879 22,805

1880 16,659

1881 12,826

1882 8,590

Almost the entire product has come from the Eureka district, in which

the two principal mines are the Richmond, worked by an English cor-

poration, and the Eureka, owned by a San Francisco company. The

ore occurs in large chambers, and the mines have therefore periods of

great prosperity, alternating with others when extensive development

and prospecting work must be carried on. Recently the Richmond has

drawn heavily upon its reserves without opening out new ore bodies.

The company, has however, carried heavy stocks of metal, which have

been placed on the market gradually. It has followed the policy of sell-

ing its lead in large blocks, and has therefore during the past few years

exercised an influence upon our markets out of i)roportion to its product

as compared with that of the whole country. The Richmond lead, being

refined at Eureka, has usually been placed in the East, while the base

bullion turned out by the Eureka Company goes to San Francisco for

desilverizing and refining, the greater part of it therefore finding a

market on the Pacific coast.
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Colorado.—The latest important addition to the ranks of tlie lead-pro-

ducing localities of the country, and now by far the heaviest contribu-

tor to the lead supplies, is Colorado. Previous to 1878 Colorado pos-

sessed only a few isolated smelting plants, yielding oidy insignificant

quantities of lead, until the development of the carbonate deposits of

Leadville and tributary camps carried it to the front in a few years.

Mr. F. F. Chisolm, of Denver, has collected the following statistics:

Produciiov of lead in Colorado.
1 Xet tons.

1873 56

1874 312

1875 818

1876 667

1877 897

1878 6,369

1879 23, 674

1880 35,674

1881 40,547

1882 58,642

The returns of one works are believed by good authorities to be ex-

cessive, and 55,000 tons is assumed as the most probable actual total.

The enormous increase during the past four years is exclusively due to

Leadville, which, according to local statistics, has the following record:

Tears.
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been developed to a high degree of perfection, and with a fair fuel (El

Moro or Crested Butte, Colorado, coke), which costs, delivered at Lead-

ville, about $13 per ton, the expense of smelting has been brought down
to a low figure. The sharp conipi'tition between the smelters in Lead-

ville, in Pueblo, and in Denver keeps prices for ores high. These cir-

cumstances all contribute to a heavy production. They have done mnch
to build up mining in Eed Cliff and other camps tributary to Leadville,

and with the enormous developments of the mines of that section, and
an activity stimulated by the wonderful success of some mining vent-

ures, it is likely that for some years to come the present rate of output

will be maintained.

Considerable quantities of galena are produced by the mines of

Oeorgetown, in Clear Creek county, and by the San Juan district, which

includes the counties of Hinsdale, Ouray, San Miguel, La Plata, San
Juan, and Dolores. The ores of this district are generally more refrac-

tory, though richer in silver. There are a number of local smelters, but

the extension of the railway system throughout the State seems to

favor the centralization of the smelting business. A very encouraging

feature also is the attention given to the mechanical concentration of

low-grade ores, an element tending to steady the supply and thus

cheapen the cost of i^reduction.

Montana.—During the past few years Montana has produced increas-

ing quantities of lead. In different sections of the Territory large bodies

of low-grade ores are known to exist, and very elaborate though

misdirected efforts have been made in one or two instances to work
them. In other cases careful management has been rewarded with

ample success—the Hecla Company, of Glendale, which produced 2,600

tons of lead in 1882, yielding a good profit to its owners. A number of

deposits are known to exist in different parts of Montana, and many of

them have been worked at different times with more or less success.

It is probable that the advent of the Kortberu Pacific railroad will do

much to stimulate this industry and place Montana in a position to con-

tribute more largely to the supply of the country. The production in

1882 is estimated at 4,100 net tons.

Idaho.—The greatest share of interest during the past few years has

been absorbed by the promise of important developments in the Wood
Itiver country and adjacent regions. Numerous and large deposits of

ore high in lead and in silver have been opened, and a number of smelt-

ers have been built; but until the spring of 1883 the lack of proper

shipping facilities has held the disfrict back. Since it has been tapped

by a branch railroad, production will probably be considerably stimu-

lated. The ores, being largely galena, carry heavy amounts of lead, and

a comparatively small number of smelting plants will be able to turn

out large quantities of metal. It is estimated that in 1882 the product

of Idaho was 5,000 tons of lead, of which the bulk, however, was shipped

as ore to Utah and elsewhere, appearing in the product of the localities
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to which it was shipped. Competent authorities look forward to a notable

increase in the lead output of Idaho in 1883.

Missouri, Kansas, Illinois, and Wisconsin.—Southwestern Missouri

and southeastern Kansas have become the seat of a very important lead

mining and smelting industry, closely identified with the zinc mining.

The Joplin district, which was opened out in 18^1, and the younger produc-

ing sections in Kansas, support a number of large smelting works. Mr.

Caswell has gathered the following statistics for the outi)ut of Missouri

and Kansas, covering the period from 1873

:

Gross tons.

1873 13,433

1875 17,053

1876 17, 1G5

1877 22,084

1878 19,891

1879 22,625

During the same period the output of the Galena district, embracing

the production of Illinois and Wisconsin was as follows

:

GroBB tons.

1873 6,550

1875 5,0U0

1876 6,425

1877 5,730

1878 4,011

1879 2,500

Since then the returns have been made in the aggregate for both the

Missouri and niinois and contiguous districts. In net tons the estimates

by Mr. Caswell are as follows

:

Net tons.

1877 31,152

1878 26,770

1879 28,130

1880 27,690

1881 30,770

1882 29,015

A considerable portion of the lead production is made by a few large

smelting companies, among which the Desloge, Saint Joe, Mine la

Motte, and Lone Elm are the principal ones. There are besides a large

number of small producers, their scattered yield being heavy in the ag-

gregate. The mines of Missouri, in spite of frequent predictions that

they would be crowded out by the competition of the silver-lead mines

of the Eocky mountains, have held their own remarkably well. It is

believed that the majority of the larger producers are capable of laying

down their lead at Saint Louis at a cost varying between 3 and 3.50

cents per pound.

Other sources.—Lead has been produced in minor quantities in almost

all of the other States and Territories of the Far West, though never in



LEAD. 313

quantity to appear as a factor in the markets of the country. In ISTew

Mexico and Arizona a number of deposits of lead ores have been opened.

They are rich in lead, though generally poor in silver, but stejjs are

being taken in different places to smelt these ores, using the lead as a

carrier for silver. The smelters buy high-grade refractory silver ores

and smelt them together with their poor lead ores, a rich base bullion

being produced in fair quantity in some instances. Argentiferous lead

ores are found in many portions of California, especially in Mono, Inyo,

and neighboring counties, but the State can hardly yet be numbered

among the regular producers.

LEAD METALLVRGICAL WORKS.

The lead refining and desilverizing business has developed into mag-
nificent proportions. The only two mining companies which do their

own refining are the Eichmond, having works at Eureka, Nevada, and

the Horn Silver, which has a plant at Chicago. In addition to these

there are the Selby works at San Francisco ; the Germania works at

Salt Lake City, Utah; the Pueblo works at Pueblo, Colorado; the Omaha^
Kansas City, Aurora (Illinois), the Saint Louis, Chicago, and Pittsburgh

works; the works of Balbach & Sons, at Newark, New Jersey; the

Delaware Lead Works at Philadelphia; the Manhattan and the Crooke

works at New York. In addition to these fifteen establishments a new
plant is building at Nathrop, Chaffee county, Colorado, by the Nathrop

Eefining Company. All but the Eichmond Company use the Parkes

desilverizing process, or slight modifications of it. The tendency during

the past few years has been to lessen the supiDlies of bullion to Eastern

refiners ; two of them are idle, while the others run only at a fraction of

iir capacity.

REVIEW OF THE LEAD MARKET.

The history of the markets of lead has been influenced during the

past decade chiefly by the rapid and steady increase in the production,

notably in those sections where lead is a carrier for the precious metals.

The increase in the facilities for the transportation of fuel and supplies

and the shipment of the product from the Eocky Mountain States and
Territories; the improvements introduced in smelting and refining; the

skill with \7hich these metallurgical operations are carried out, all these

circumstances have combined to cheapen the cost of reduction, or, what
amounts to the same thing, to enable lower grades of ores to be treated

with a profit.. This is an important fact, the significance of which will

be readily understood by all who have had experience in mining. It

emancipates the industry from many of the vicissitudes incident to the

working of all ore deposits. It gives to districts where large areas of

ore-bearing grounds are worked a steadiness in the production, where
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formerly there were violent fluctuations between intense activity and

total idleness. The growth of the railway system in the Rocky mount-

ains has had the further effect of concentrating smelting operations, at

the same time opening a market for ores for purposes of mixture, which

could not be treated alone. It is to be expected that in the future, as

in the past, new districts will rapidly assume a commanding position

as competitors, and others which have for many years played a leading

part will sink into insignificance ; still, these fluctuations in the sup-

ply will not have so telling an effect because it is not so dependent upon

high grades. There is much new territory known to be promising to

open out, and therefore absolutely no prospect of a serious or sustained

falling off" in tlie production. On the contrary, there are evidences that

the very heavy output of the present time will be eclipsed in the near

future ; and the belief is frequently expressed that overproduction at

an early day will force us once more to become ex])orters of lead.

These views are based upon an exaggerated opinion as to the output

and a misapprehension of the business in the country, growing out of

recent changes. In the past the bulk of the lead made in the West and

in the Rocky mountains came to the Atlantic coast to be. desilverized,

refined, and manufactured into pipe, shot, or sheet lead, or corroded.

Much of this manufactured lead was shipped back westward until re-

fineries, mills, and corroding plants began to spring into existence

along the lines of travel in the West, tapping the stream of crude and

refined lead for local consumption. Thus the western trade was gradu-

ally but steadily wrenched out of the hands of the eastern manufact-

urers, in spite of their magnificently ai)])ointed plants and large capi-

tal, and of late they have been attacked in their own home markets.

The consequence has been a striking falling off in the business, or an

absence of any increase in proportion to the general expansion of con-

sumption throughout the country. The result has been that the east-

ern trade and those connected with it have generally taken too gloomy

a view of the future, and the heavy amounts of lead absorbed by the

West, in spite of the dull business iu the East, have repeatedly been a

subject of suri)rise. To the lead ijroducing and consuming interest iu

general, these changes can only be welcome. Ultimately they tend to

stimulate consumi)tion. The movement, it api)ears, has been encour-

aged by western railroad comjianies, which naturally prefer to buihl up

a local industry with all the advantages in fixing population and stimu-

lating local traffic, this being more remunerative than a share only in

low through rates to eastern cities. Tliis has been most significantly

shown in the gradual transfer of the lead desilverizing industry from

<?astern to western points. It is charged that the railroads discriminate

against eastern refiners ; and while this charge has never been proved,

the diversion of business and the evident advantages it possesses makes

it probable that the bulk of the lead desilverizing business has been
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permanently removed westward. With this shifting of the center of

the lead trade, Saint Louis and Chicago hav^e gained much as leading

markets and j)oiuts of distribution. An important point to be consid-

ered in connection with the American lead trade, as contrasted with

that of Europe, is that here the metal is almost exclusively consumed
in the form of manufactures and white lead, while abroad important

quantities are always required for armament purposes. On the other

hand, town and village water service is by far more general in this

country than elsewhere, while white lead is used in enormous quantities.

The great bulk of the lead produced in this country is disposed of in

the open market, though a different policy is pursued by different pro-

ducers. There has always been a speculative element in the trade, and
as a very large share of the product goes into the hands of a compar-

atively limited number of manufacturers, the contending iutiuences in

the market are generally strong.

The course of the market from 1875 to 1883 has been as follows:

1875.—The fluctuations during the year were:

Price of lead in 1875.

[ Cents per pound.]

Months.

January .

.

February

.

March . ...

April
May
June
July
August - -

.

September
October .

.

November
December

Highest.
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Price of had in 1876.

[ Coiits per pound.]

Months.

January (a)

February
March
April
May
June
July
Au{;u8t
September
October
Koveniber ,

December

hest.
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within their power to struggle against the maiutenauce of artificial fig-

ures, ami the pressure of lead shipped from San Francisco led to a

break in May, which was the beginning of a decline hastened by the

selling out of their holdings by the speculative element. In September

the export point had nearly been reached in San Francisco, but it was

not until October that the large consumers, tempted by low offerings,

and somewhat frightened by the signs of heavy speculative purchases,

took hold at 4.25 and 4.30. The concentration of the stock forced small

buyers to pay more during the balance of the year, the market being

very quiet,

1878.—The year 1878 was remarkable for the low prices reached.

Price of lead in 1878.

I
Cents per pound.]

Months.

January .

.

Febinary

.

March
April
May
June
July
August ...

September
October...
!November
December

Highest.
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Price of lead in 1879.

[Cents per pound.]

Mouths.

January .

.

February .

March
April
May
June
July
Augiust ...

September
October ...

November
December.

Highest.
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The rise begun in the fall of 1879 continued during the first months

of 1880, bnt its limit was set by the fact that foreign lead began to ap-

pear freely upon our market, and a steady decline of quotations there, to-

gether with a rapid receding of the speculative excitement here, leading

to the sale of lots held by speculators, forced prices down gradually,

nntil in August the market was cleared and heavy sales were made at

advancing figures. In October a large block of Eichmond lead was,

taken, but the winter demand i)roving a disappointment, quotations

slowly fell oif towards the close of the year.

1881.—Prices fluctuated within the extremes in the following table:

Price of lead in 1881.

[Cents per pound.]

Months.

January .

.

Febrnary

.

March
April
May
June
July
August .

.

Septemher
October...
Ifovember
December

Highest.
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During the ye;ir a good demand, with the aid of strong parties, sus-

tained the metal fairly, in spite of a very heavy production. In January
the market opened with signs of growing weakness, the pressure com-

ing chiefly from the West, and being aided by the fact that a large block

of Richmond lead was to be placed on the market. In February 2,000

tons of the Richmond lead was sold at 5 cents, and a better feeling pre-

vailed for a time. But the urgency of representatives of foreign lead

in endeavoring to gain a foothold caused a weakening, which changed
to a temi)orary standstill when it became known that the Richmond
Company had succeeded in making arrangements to sliip a portion of

its heavy stock at Eureka via Kew Orleans. In April that company
again placed 3,000 tons at 4.85 ; but after a temporary spurt the market
again fell off until it reached 4.55 in the beginning of June. It rallied

during tbe month, and in July the Richmond Company succeeded in

marketing an additional lot of 5,000 tons at 4.92^, the bulk of it being

taken on speculative account. Simultaneously the large consumers
took a large quantity in the aggregate, and small buyers were forced to

cover their requirements of jobbing lots at higher figures. In October

and ]SJ"ovember, however, the market again weakened, until some round
sales cleared away the surplus and warranted better figures.

1883.—During the first six months of the present year quotations have
moved within the following monthly range

:

Price of lead in ilie first six months of 1883.

[Cents per poimd.]

Months.

January .

.

February
March
April
May
June

Highest. Lowest.

4.70
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LEAD IN FOREIGN COUNTRIES.

The practical cessation of iaiports of lead from foreigu countries ren-

ders the development of the mining industry abroad comparatively

unimportant to home i^roducers, at least at the present time, though

past experience has taught that in times of excessive production here

we must bo prepared to compete at least in the markets of the East,

while in periods of extraordinary advances in values here a check is

put upon the rise by free offeriugs of foreign lead. This part of the

subject will be passed over lightly.

Great Britain.—The statistics of the lead trade of Great Britain are

of particular interest, because they show the growing weakness of the

English producers, who are struggling with difficulty against foreign

competitors, and the A^ariations in the imports and exx)orts. Formerly
English desilverizing works handled the bulk of the argentiferous lead

produced in Spain, but the fostering of local desilverizing works has

diverted a large share of that business, and it seems only a question of

time when London will cease to be the principal market for the lead

produced in Spain, as efforts are being made to reach consumers direct.

Lead statistics of Gi-eat Britain.

Tears.

1872.
1873.
1874.
1875.
1876.
1877.
1878.
1879.
1880.
1881.

J882.

Produc-
tion.

Gro.fs tons.

60, 455
54, 235
58, 754
57, 453
58, 667
61, 403
58, 020
51, 635
56, 949
48, 587

Imports.

Gross tons.

69, 841
62, 563
61, 987
79, 825
80, 649
94,486

100, 141
102, 089
95, 049
93, 400

Exports.

Gross tons.

44, 330
32, 010
36, 353
35, 398
35, 921
42, 467
34, 385
36, 770
33, 551
43, 109

Home con-
sumption.

Gr ess tons.

85, 966
84, 788
84, 388

101,880
103, 395
113,422
123, 776
116, 948
118, 447
98, 878

The principal customers of Great Britain are as follows

:

Exports ofpig, sheet, and pipe from Great Britain.

1

To— 1879. 1889.
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Sjmin.—Tlie great rival of the Ucited States as a lead producer is

Spaiu, the priucipal seat of tbe miuiug industry being the province of

Murcia, on the southeastern coast. Very few data are available on
which to base an estimate of the capacity of the Spanish mines to fur-

nish lead cheaply, but the fact that production has steadily increased

during the past few years, in spite of an almost uninterrupted fall in

jjrices, proves that the establishment of better railway communication

and the encouragement offered by the Government have carried the

limit of profitable working downward. It has been repeatedly asserted

of late that production in Spain would be seriously checked when cer-

tain minimum i^rices were reached, £13 in London being named last

year. The prophets seem to have made their predictions without tak-

ing into account the compensating circumstances named. The exx)orts

from Spain during the past few years have been as follows :

Exports of had from Sjmui.
Tons.

1878 'JO, 842

1879 100, 336

1880 92,400

1881 105,809

1882 116,132

1883 (Januarj^, February, and March) 29, 534

Germany.—Germany has a very ancient lead industry, the principal

districts, in the order of their imi^ortance, being the Ehenish provinces,

Silesia, the Hartz mountains, Nassau, and Freiberg, Saxony. The latest

figures available are those compiled by Herr Landsberg, giving the i)ro-

duction of the various districts and works for the years 1881 and 1882.

The production of silver from the same works is added. It has an im-

portant bearing on the question of the capacity of the works to resist

foreign comiDCtition or meet the markets of the world.

Production of lead and silver in Germany.

Lead. Silver.

1881. 1882. 1881. 1882.

\Metric tons. Metrictons. IKUograms. iKilogramt.
Prussia :

I i ! I

Stolberg Compauy 13, 996
lihcuisb-Nassau Company t 7,200
jrechciuicli Company

;
22,409

Conniiein Coiiipaiiv
I 2,362

A. Pofusfrou &. Soils
'

3, 189
Kntlicnbiicli Works 55
WaltlHTCi.iiick Works 5, 189
Friedriclis '\\'oik3 8, 450

Hanover

:

,

Upper Ilartz I 9,428 ......
Lower Uartz 424 579

j

Ems ' 5,772
Braubach 2, 721

Saxouy

:

Freiberg 1, 494 5, oi:4

Total
! 85,889 I 91,090 125,771 | 151,474

14,919
6,239

25, 055
2,727
3,100

40
5, 858
8,683

10, 447
579

5,803
.^, 176

20, 227
6,212
4,4S8
1,181
1,3^2

969
4,056
5,532

26, 385
3,854

6,887
.5, 515

39, 133

26, 130

7,608
5,108

988
1,175

901
3,679
5,245

32,592
3,575

7,403
6.085

.-0, 985
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The works of the Hartz and of Freiberg are Government property

;

and even if in the course of events they should not prove able to com-

pete, it is likely that they would be subsidized, to maintain a large res-

ident population almost entirely dependent upon the working of the

mines.

The Stolberg- Company are also manufacturers of spelter, and it is

impossible from the reports submitted to arrive at a definite conclusion

as to their possibility to meet much lower prices. The Mechernich, the

largest works in the country, are fully able 4o cope with foreign com-

petitors. During the year 1882 this company, the greatest single lead

producer in the world, paid dividends amounting to 17 per cent, on the

capital stock, besides providing amply ;for depreciation of plant and a

reserve.

IS'early one-half of the production of lead in Germany must seek for-

eign markets, as the following statistics of exports and imports, which
the German legation at Washington has kindly furnished, show

:

Imjjorts of lead and manufactures of lead into Germany.
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THE 83IEIiTING OF ARGENTIFEROUS LEAD 115

THE FAR WEST.
By O. H. Hahx.

Early attempts.—Twenty years ago the smelting of argentiferous lead

ores was an unknown thing in the Far West, under which collective

name the States and Territories west of the Mississippi river are gen-

erally known; and although there were persons to be found in the min-

ing districts who were familiar with the methods of smelting current in

European countries, the lirst attempts in this branch of the metallur-

gical industry were failures, because the appliances used and the grade

of the ores to be treated were not adapted to the requirements of the

localities of that vast yet sparsely settled stretch of country, then

entirely devoid of cheap transportation facilities. Who would ever

think nowadays of building a Flintshire or a Carinthian furnace, or a

Scotch hearth, or a Mexican " chacuaco " in the wilds of ]S^evada or in

the Eocky mountains to smelt lead ores'? Yet such was the apparatus

first resorted to in the beginning of our smelting industry, evidences

of which may still be found in the ruins of Galena (Washoe county)

and Washington districts, Nevada; in the Patagonia mountains of Ari-

zona ; in Little Cottonwood and Eush valley, Utah ; Cerro Gordo,

California; and other localities. It seems that the early smelters did

not calculate the cost of their product, or imagined that they were

operating on the sea-coast, where fuel, labor, and everything else is

cheapest.

The first smelting works with an appearance of success sprang up near

Helena, Montana, and at Oreana, Nevada, a station on the line of the

Central Pacific railroad, in 1860 or 1867. In both places the ore treated

had a sufi&cieutly high silver tenor to leave a margin over and above

the cost of working it and the expense of transportation of the silver,

which is no small matter if we consider that not only had the ores to

be smelted, but the resulting bullion had to be calcined and cupelled

on the spot to obtain the silver in salable shape. For the lead, or lith-

arge rather, there was no market in those days, all wants being supplied

more cheaply by the Missouri and European producers. The year 1869,

when the two great Pacific railroads were united to form an uninter-

rui)ted line of communication between San Francisco and New York,

the great commercial centers of the East and West, gave the signal for

the beginning of smelting operations on a more extensive scale than

heretofore, and for the gradual expulsion of foreign lead from our

markets. Till then mines producing " cooking ores," as lead ores were

scornfully termed at that time, did not find ready purchasers, especially

as those ores generally occurred in limestone formations, which were

then considered as very unreliable ore i)roducers. But the success of

the firm of Buel «& Bateman, who had bonded the mines now known
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under the name of the Enreka Consolidated, and who turned a perfect

stream of rich bullion from two small furnaces on to Balbach's refinery

at Newark, New Jersey, wrought a sudden change. Lead mines, good,

bad, or indifferent—but "true fissure veins" they must of necessity be

—

were at a premium, and smelting works sprang up like wild-fire every-

where. The nucleus of excitement, however, centered about Salt Lake
City, whose -neighboring mountains were known, from the explorations

of the Mormons and the soldiers of General Conner, to teem with lead

ores. The comparative poverty of the ores in silver, their siliceous

and frequently refractory character, the close competition in their pur-

chase, the bad quality of the fuel and furnace lining, and a good many
other things, sharpened the intelligence of the Salt Lake valley smelt-

ers, more so than that of others ; and it is to them that we owe the

introduction of improvements which led to a more economic handling

of the ores. Iron ore and limestone were here used intelligently as

fluxing material for the first time; Connellsville coke superseded, at

least partially, the miserable charcoal which was made from the light

woods of Utah; water-jackets replaced the outwalls as well as the

costly firebrick lining of the furnaces; dust chambers were erected to

save the escaping finest particles of ore ; and a number of very com-

plete sampling works were erected, which opened a liberal market to the

miner and afforded the smelter an opportunity to select for purchase

such ores as suited his wants. It is true, Eureka, Nevada, has been,

so to speak, the cradle of the art of smelting in the West ; to Arents we
owe the introduction of the siphon tap, the construction of the first

large and successful furnaces, and the reintroduction of the boshes in

lead furnaces, but beyond these Eureka does not offer any innova-

tions in the smelting process itself. The same routine is observed there

as of old. The principal reasons for this conservatism are, first, the

docile character of the predominant ore (of Ruby Hill), which requires

little or no flux to give economically satisfactory results ; and, secondly,

the fact that mines and smelters of the leading companies are managed
by the same person, generally a miner or a business man who is reluc-

tant on general principles to adopt improvements of a scientific nature.

Recent progress.—In localities where mines and reduction works are

not united under one head, and where, oh thecontrary, the miner sells

his product to the smelter who pays him the most money, there is no

room for nursing prejudices. Business, art, and science have to go

peaceably together ; and it is owing to the cooperation of these three

factors that we are progressing day by day in the search for the most

profitable methods in the art of smelting.

Silica percentage of slags.—It is taught in the mining schools that in

smelting lead ores the object is to make a singulo-silicate slag, or one

between this and a bisilicate, of the earthy matter in the ore, which

best enables us to effect its separation from the metallic matter ; it is

also- taught that simple singulo-silicates are not as easily fusible as
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coTiipounds of two or more singnlosilicates ; for instance, a compound of

tbe singnio silicate of ferrous oxide with that of calcic oxide. It was
further known in practice for a long time that if in fluxing an ore the

proportion of lime to oxide of iron is kept as one part of the former to

two parts of the latter a good slag would be the result; that is, one

which will form with the least amount of fuel, keep the furnace open,

and be free from lead and silver. But, with all this knowledge, more
bad slags than good ones were made, till several thinkers were led to

the right track by giving their attention to crystallized slags, which

presumably are real chemical compounds and therefore have a constant

composition, while amorphous slags might be considered as mere mix-

tures of different silicates or solutions of one silicsite in another. It

was observed that some crystallized slags behaved better than others

in the furnace. If such a slag, then, could be made at will, a great

problem was solved ; any kind of ore could be smelted without the

least trouble by giving it the lacking constituents in the same ratio as

they are found in the analyzed slag. This necessitates, of course, an

accurate knowledge of the slag-constituting ingredients of ore, fluxes,

and ash of the fuel, which can only be arrived at by chemical analysis

and an accurate weighing of all the material into the furnace. Taking

all these precautions, a slag of the same crystallization as the typical

one will almost invariably result, other things being equal. I say " al-

most invariably," because oxide of zinc seems to prevent crystallization;

at least such was my experience in Colorado. The slag-forming mat-

ter of an ore which has to be most frequently dealt with in lead smelt-

ing consists of the following substances:

1. Silica.

2. Alumina.

3. The oxides of iron and manganese.
4". Lime and magnesia.

Baryta and strontia are of rarer occurrence, and the oxides of the

alkaline metals exist only in such subordinate quantities that they may
be neglected.

All the above-named substances are hardly ever found present in the

same gangue, and much less arranged in such a proportion as to yield

at once a suitable slag in smelting. By supplying the ore with the de-

ficient ingredients we flux it and form a " smelting mixture." Accord-

ing to the amount of combined silica present in a slag we distinguish

three degrees of acidity :

1. Subsilicates, in which the oxygen of the bases is to the oxygen of

the acid as 2 :
1

—

4 IiO+Si02=R4Si06; or R203+Si02=R2Si05.

2. Singulo-silicates, in which the oxygen of the bases is to the oxygen

of the acid as 1 : 1

—

2 RO-fSi02=E2Si04; or2R203+3Si02=R4Si30i2.



LEAD. 327

3. Bisilicates, in which the oxygen of the bases is to the oxygen of

the acid as 1 : 2

—

EO+Si02=RSi03; or R203+3Si02=E2Si309.

Suhsilicate slags.—The subsilicates are not made at present, at least

not intentionally, on account of their evil behavior ; but they are men-
tioned because they may be used as a flux on account of their caj)abil-

ity to saturate themselves with silica. The subsilicates of alumina and
those of the oxides of the alkaline earth metals are infusible ; but the

subsilicate of iron is very easily fusible, and at a lower temperature than
singulo- silicates. It has a high specific gravity, runs very thin, solidi-

fies very rapidly, and has a bluish metallic luster and flue-grained text-

ure. It forms accretions in the furnace hearth, causes the furnace to

blaze, and entangles metallic particles. It also has a highly corrosive

action on the masonry of the furnace.

BisiUcate slags.-—Bisilicates are not made in this country, to my knowl-

edge, except unintentionally, as there are no furnaces of sufiicient height

to make them without evil results. Those highly siliciferous slags which
Mr. A. F. Schneider describes in Vol. XXXIY., page 283, of the Engi-

neering and Mining Journal are still singulo-silicates, because the com-

bined oxygen of all their bases is to that of the silicic acid as 1 : 1. Bisili-

cates have a glassy flow and generally a black color, and do not often

crystallize, as we glean from the latest metallurgical publication (Ball-

ing's Compendium der Metallurgischen Chemie). It appears from analy-

ses quoted in metallurgical books that they always carry considerable

oxide of lead, which is probably due to their faulty composition.

The most interesting slag to the lead smelter is the singulo-silicate.

A typical one of the form 6 FeO, 3 8102+4 CaO, 2 SiOj, in which
the percentage proportion of oxide of calcium is to protoxide of iron as

1 : 2, has been long known, and has nevertheless not been often made,
if we may Judge by the analyses published in metallurgical papers, until

Mr. A. Filers, and probably a few other metallurgists, recognized its

great virtues. This is a most magnificent slag ; its physical appearance

in the slag pot is so marked that one who has 6nce seen will never for-

get it. If the proper amount of fuel has been given to the charge it

will contain neither lead nor silver ; and it is my opinion that if it ever

is metalliferous it is through small globules of matte dissolved in it,

which have not been separated on account of lack of heat in the fur-

nace. Running on such a slag a furnace can never get out of order

except through gross carelessness. It is, however, the duty of the met-

allurgist to correct the slag if it shows imperfections ; for instance, if

it shows an excess of iron, a lack of silica, etc. An addition or a reduc-

tion of a few pounds of one flux or the other will show itself in the

appearance of the new slag as soon as it gets down to the hearth. This

explains why in throwing the charge into the furnace by volume, and
not by weight—the old " shovel system"—a typical slag (that is, one ol
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a fixed composition) cannot be obtained. Each pot of slag running out

of the furnace will differ from the ])receding one, and if the furnace

becomes deranged it may be impossible to perceive what caused the

trouble. On breakiug a cake or cone of slag as it comes out of the pot,

after cooling, it will show cavities filled with large crystals. Unfortu-

nately they are never entirely developed, so that one can be able to

determine to which crystallographic system they belong.

Varions slag components.—Eleretofore we have assumed that a slag is

only composed of silica, iron, and lime. An ore or a flux may, how-

ever, contain notable quantities of other substances which would play

an important part in the formation of a slag, such as manganese, mag-

nesia, etc. Experience has shown that manganese acts analogously to

its related metal, iron ; magnesia, baryta, and strontia to lime. In the

case of alumina we have to make the slag more acid by an amount of

silica corresponding to the alumina, according to the formula of a sin-

gulo-silicate, viz., 2 AI2O3. 3 Si02 ; otherwise we shoiild obtain too basic

a slag. It is obvious that a slag of the above composition, needing so

much lime, would make the treatment of- some kinds of ore, such as

carry much ferruginous or mangauous matter, very expensive, inasmuch

as it reduces the percentage of ore in the smelting charge very consid-

erably. This point occupied the attention of Mr. Eilers while treating

the ferruginous ores of the Flagstaff mine in Utah ; and after much labor

and many sleepless nights he succeeded in making a slag which \'erj'

nearly corresponds to the formula

6 FeO, 3 Si02+2 CaO, SiOz,

and in which the proportion of calcic oxide is to ferrous oxide as 1 : 4.

The physical appearance of this slag is still more striking than that of

the first one; it is simply beautiful, and it crystallizes also, but in a

different system. It has a black color, frequently with a rusty brown
film, and a fibrous texture. It fills all the requirements of a good slag,

metallurgically as well as commercially, but it is not quite as free from

lead oxide and silver as the former. It keeps the furnace open (that is,

free from hearth accretions), and is especially adapted for smelting ores

containing a large percentage of zinc, this greatest enemy of the lead

smelter. Oxide of zinc makes a slag difficult to fuse, and silicate of

zinc is infusible; but both dissolve readily in an excess of the slag just

described, while the more calcic slag becomes much less fluid. In other

words, ferrous oxide increases the liquidity of zinciferous matter, while

lime decreases it.

If the proportion of ferrous oxide is raised beyond the limits just

given, but at the same time the degree of acidity corresponding to a

siugulo-silicate is juaintained, the remarkable fact is observed that the

slag becomes rich in lead oxide. In consequence of this, its physical

appearance changes entirely. It shows a bluish hue and waxy luster in

itis fracture, runs like stearine, and forms hard accretions in the furnace
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hearth. This slag- was formerly made at some works in Leadville, at

which the necessity of using- lime in their smelting mixtures was decried,

and thus a great waste in lead and silver resulted.

The lack of iron in the Utah ores, and the great cost of iron flux as

compared with limestone, induced prominent Utah smelters to search

for a type of slag in which the proportion between lime and protoxide

of iron is greater than 1 of the former to 2 of the latter, and they seem

to have succeeded very well. I have seen a sample from the Horn

Silvei* works which had a color like stove polish, a greasy luster, and

well-formed crystals in its cavities. Schneider gives its percentage

composit ion as follows

:

SiOo 35

FeO 25

CaO ---- 26

AtsOs 10

Not determined 4

100

This would correspond to the formula

6 FeO, 3 SiO^ + 8 CaO, 4 SiOi + 2 AI2O3, 3 SiOj.

As will be observed, there is a large amount of alumina in this slag;

and it might, therefore, be questioned whether such a slag could be

made if alumina were lacking.

Estimation of slags.—In the early stage of smelting at Leadville great

difficulties were encountered at most of the works in making a good

slag, and the "muscular" method had to be frequently resorted to in

freeing the furnaces from sows. This evil was in great part due to dis-

regarding the alumina contained in the ore; and also to the manganese,

which was not regularly determined on account of the tedious methods

then in use. The result of this oversight was a very basic slag, which

would naturally close up the furnaces. Mr. T. Macfarlane, in a, paper

read before the American Institute of Mining Engineers, suggested

that by determining the specific gravity of a slag a clue might be ob-

tained for improving it if not correct. Ifthe specific gravity were higher

than that of the typical slag, this would prove an excess of the bases

of the heavy metals in the faulty one. But whether it required an

addition of silica, or of lime, or of both, the determination of the specific

gravity could not tell us. In the case of a slag which is far out of the

way, correct chemical analysis alone, however tardy it may be, can

give us information. Since the introduction of more rapid volumetric

methods for the determination of manganese (for example, Guyard's),

and the estimation of the alumina in slag computations, all troubles of

this nature have ceased.

A fact to which Dr. lies, of the Grant Smelting Works, now at Den-

ver, first called attention, and which it appears might be turned to ac-

count in correcting a slag, is the behavior of its powder under the
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magnet. Some slags are liighly magnetic, wliile others are not. Would
this not indicate that magnetic oxide is dissolved iu the slag, which

has escaped reduction to ferrous oxide, and thus causes a waste of

precious flux ?

JEliminatio7i of sulphur, arsenic, nnfimony, etc.—The subject of slags

has been dwelt upon at some length, because the metallurgical success

of smelting depends in a great measure upon their composition, and it

may be said altogether in the case of cernssite ores. But as »soon as

sulphur, arsenic, antimony, and other electronegative elements enter

into the composition of an ore, this alters the case; we have to eliminate

them in some other manner before we can extract the pure lead without

difficulty. There are two ways of doing this

—

1. By precipitation by means of metallic inm.

2. B.V^ roasting the ore.

Precipitation by iron.—The iron-precipitation process is only applica-

ble to galena Ores and lead ores contaminated with small quantities of

the sulphides, arsenides, and antimonides of other metals, to which

should be added all sulphates, arseniates, and antimoniates, as they are

reduced in the furnace to sulphides, arsenides, etc.

This process is based upon the fact that iron has a greater affinity

for the electronegative elements than lead and silver. If, therefore,

iron is brought in contact with molten sulphide of lead or silver it will,

as soon as it has acquired the proper temperature, combine with the

sulphur, while lead and silver are set free as reguline metals. The

affinity of silver to sulphur is, however, stronger than that of lead,

which is the reason why some sulphide of silver is undecomposed, re-

maining with the sulphide of iron.

The compound of iron and sulphur is metallurgically called a matte,

while that of iron and arsenic or antimony is termed speiss. The latter

has a higher specific gravity than the former, which is the reason why
if both are produced during a smelting operation the matte floats on

top of the speiss. The mattes retain more silver than the speissea,

while with gold the case is exactly the reverse. Lead enters the speiss

only in the metallic state in the form of shots, while in matte it will be

present as sulphide. Copper enters into either as sulphide and arsenide

respectively, as it has a strong affinity for both sulphur and arsenic.

The iron may be present in a matte either as diferrons sulphide (FcsS)

or as ferrous sulphide (FeS), but never as ferric disulphide (FeS2),

because the latter on being exposed to a strong heat is decomposed

into magnetic sulphide and free sulphur. The former does not fuse

well; it is mushy and liable to chill in the furnace, thus forming an

accretion. It is therefore well to aim at making ferrous sulphide (FeS)

in computing a charge. If copper be present in a lead ore it will go

into the matte as cui)rous sulphide (CU2S). On the strong affinity of

copiJer for sulphur is based its separation from lead. Iron and other
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heavy metals combine with arsenic iu a great many proportions, accord-

ing to the statements of metallurgical authors, who speak of

E2AS, R3AS, E4AS, EjAs, EnAs.

Yet experience has taught the practical smelter that only crystalline

speissesof a bloomy texture, similar to that of spiegeleisen, fromEsAs
towards E°As, will work well in the blast furnace. Speisses from

E4AS on towards E2AS run very thick, if at all, and form hard accre-

tions (speiss sows) in the furnace. They are fine-grained and always

contain entangled metallic lead. An addition of metallic iron will

therefore improve the liquidity of a speiss. How far we can go in aug-

menting the proportion of iron to arsenic I am unable to state from my
own exi)erience5 yet it may be surmised that an excess of iron in a

speiss may be just as injurious to the operation of a furnace as an excess

of arsenic.

Purely antimonial speisses have never come under my observation,

so I cannot say anything about them.

Form in ichicJi iron is used.—As it is not easy to obtain metallic iron

in every locality, and as it is generally not in a proper shape for being

weighed out and mixed accurately with ore and fluxes, it is preferable

to supply the iron as a desulphurizer in its nascent state, in which it can

be obtained by using a properly constructed furnace and making a slag

of sufficient acidity, at the same time adding so much ferruginous mat-

ter to the smelting mixture as will correspond to the amount of metallic

iron required for the saturation of sulphur, arsenic, etc. Furnaces with

straight walls from top to bottom are poor reducers, while those pro-

vided with boshes operate very well indeed. Basic slags are not good

reducers either, because they form at a temperature at which iron is

not reduced ; they will therefore merely mechanically dissolve the mag-

netic oxide which forms out of the additional ferruginous matter in the

upper part of the furnace.

From the preceding remarks it may be inferred that this process is

not a perfect one, because it gives rise to the formation of intermediate

or by-products which contain gold, silver, and lead. If thrown away,

these metals will be lost entirely. If we wish to extract them, addi-

tional processes will have to be resorted to, and then the question

arises. Will it pay? It is therefore advisable to subject only such ores

to the iron-precipitation process as contain a minimum of sulphur,.etc.

What the maximum should be can be determined by the local price of

the iron flux compared with the cost of roasting.

The roasting -process.—By roasting an ore we wish to expel its sulphur,

arsenic, or antimony, and convert the metals in it into oxides, in which

form they are best adapted either to be carried into the slag or into the

metallic state during the subsequent smelting. The roasting is carried

out by exposing the ore to the action of heat and air, in consequence of

which sulphur, arsenic, and antimony are volatilized as sulphurous,
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arsenious, and antimonioua anhydrides, respectively, while the metals

remain in the oxidized state. According to the apparatus in which the

operation is performed the result will be more or less complete. The

roastinj? of arsenical and antimonial ores is rendered more difficult by

the simultaneous formation of arsenic and antimonic acid, which com-

bine with the metals to form arseniates and antimoniates. These com-

pounds can only be decomposed by rei)eated additions of carbon and

access of air, whereby the arsenic and antimonic acid are reduced to

their arsenious and antimonious anhydrides and thus gradually vola-

tilized.

Ores containing sulphide of zinc (ziucblende, sphalerite) are also

difficult to desulphurize by roasting, inasmuch as zincic sulphate is

always forming, which is only completely decomposed in a white heat.

Mr. Stetefeldt found that sulphate of zinc is the most constant compound

in the fire next to sulphate of manganese. While during the first two

hours of roasting nearly all the sulphate of iron had been decomposed,

there was still a large percentage of zincic sulphate undecomposed at

the ninth hour. This behavior of zinc makes zinciferous ores difficult

to work. In the blast furnace any sulphate of zinc remaining undecom-

posed after roasting will be reduced again to sulphide. This substance

goes partially into the matte, if any is forming, partially into the slag,

which it makes thick and stifi'; it also carries silver along, and thus

gives rise to losses above and beyond those inherent to all metallurgicaJ

processes.

Roasting furnaces.—With regard to the apparatus used for roasting,

preference is given in this country to reverberatories, ranging from 30

to 40 feet in length and from 10 to 12 feet span, divided into four or five

hearths. This arrangement admits of keeping four or five charges in the

furnace, in as many different stages of treatment. As soon as one charge

is drawn, each preceding one is moved forward one by one, and a fresh

charge is put in. The time of roasting varies with the amount of sul-

phur in the ore, the bulk of the charge, the quality of the fuel, and also

with the altitude of the locality above the sea-level. The size of the ore

has a great influence upon the completeness of the desulphurization, and

the more zincblende there is in it the finer it should be. At Kobinson,

Colorado, for instance, the ores could not be crushed finer than walnut

size, and although a charge of 1,300 pounds remained in the furnace for

thirty-six hours, there was still from 7 to 8 per cent, of sulphur left in

the ore. The ore being highly zinciferous (21 x^er cent. ZnS), the slag

resulting from smelting contained considerable silyer. From Przibram,

Bohemia, it is reported that blende ores have been roasted down to 1

per cent, sulphur.

If copper is present in an ore there should be sufiicient sulphur left

in the charge to get rid of it as matte ; otherwise it will deteriorate the

quality of the lead or be lost in the slag. Galena ores almost free from
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other sulphides roast better in a short furnace than in a long one, espe-

cially if the fuel does not yield a long flame.

For subsequent smelting it is more convenient to have the ore in lump
shape than in powder. Wlierever, therefore, it is practicable, as in th'e

case of ores with a large percentage of lead, to slag the ore, in other

words to convert it into silicates, it should be done. This slag should

be drawn and after cooling broken up into lumps of suitable size. As
zinciferous and ferruginous ores cannot be slagged very easily, it will

be suflicieut to sinter or "agglomerate" them.
^ Wood is used as fuel in places where its abundance makes it cheaper

than stone coal, and it is i)referable when it is of a resinous character.

Mineral coal* is, however, preferable to oak, mahogany, mesquite, or the

lighter woods.

Matte roasting.—In the foregoing outline it has been observed that

whenever there is any sulphur in a smelting mixture it has to be satu-

rated with the necessary quantity of iron to form a matte of tlie right

composition. To extract the lead and silver which these mattes retain,

it is necessary to roast or calcine, and afterwards flux and smelt them
exactly in the same manner as an ore. If they are so poor in lead that

there is danger of its being kept entangled in the slag and thus lost, it

is advisable to add plumbiferous ores or products in sufficient quantity

to efi'ect a complete separation of lead and slag in the furnace. A charge

containing 10 per cent, of lead will be safe to answer this purpose, yet

it is possible to obtain the same result with as little as 6 jier cent. The
question now arises, Will it pay to roast matte in a reverberatory, as

it costs something to reduce it to powder besides the roasting itself?

If the matte is ricb in silver, it does; if not, then it requires close figur-

ing of all expenses. I liave known localities where poor matte was
roasted in heaps. The only preparations it needed were coarse crush

ing, a bedding of wood to pile it on, and setting it on fire. The crush-

ing is easy enough after it has been exposed for a while to atmospheric

influences, which cause it to crumble. But the calcination is extremely

tedious, as it will burn for a month or more, and then the whole pile

will have to be turned over to assort the well-calcined stuft* from the

half-calcined and crude matte, from which a new pile or heap has to be

formed. These manipulations have to be repeated till no more crude

matte is left, and it will take months before that result is achieved.

However well this matte may be roasted in heaps it will always contain

from 7 to 8 per cent, of sulphur, which in the following smelting opera-

tion will cause another matte to be formed. It appears to me that this

mode of roasting is not worthy of imitation in a progressive couutry

where time is an object, and I find that most smelters take the same

view. They are simply laying aside the poor mattes for a time when
these may be reduced more cheaply and quickly than at present.

Attempts to roast ore in this manner have been frequently made, but

just as often discarded as tedious and imperfect. An ore which does
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not bear the expenses of roasting in a reverberatory furnace should be
left alone. '

During the past year experiments have been made at the Germania
works, near Salt Lake City, to calcine mattes in an Unterharz kiln,

but with what result I am not informed.

Betreatment of speiss.—The question of reworking speisses for the sil-

ver and gold they contain has been left in abeyance as yet, although it is

known that those produced in Eureka, Nevada, in the early stages of

that camp ran as high as $70 per ton in gold and silver. The speisses

of Utah contain comparatively little silver and gold, but considerable

cobalt and some nickel, also varying quantities of copper and lead. It

is, however, more than doubtful whether it would be profitable to extract

any of these metals. Speiss is, at all events, more ditiicult of treatment

than matte. It requires grinding and bolting to separate metallic par-

ticles, and roasting at a very low temperature to prevent fusion. The
process is, besides, very dangerous to the workman, as the dust produces

painful sores wherever it settles on the skin.

Smelting furnaces.—The object of the smelting process, uow^ to be

described briefly, is to reduce the lead and silver contained in an ore to

the metallic state, while the other metals remain in part combined with

sulphur, arsenic, etc., and the remaining constituents of the ore unite

with the earthy matter, forming slag. The smelting operation is per-

formed entirely in blast furnaces of different patterns and sizes, which

should be adapted to the supply and grade of ore, character of fuel, cost

of labor, and other local requirements. The cross-section of the shaft

furnaces of this country has varied from polygonal to circular and from

square to rectangular, while the height has remained almost the same

for the treatment of easily reducible as for hards melting ores, viz., 12

to 14 feet above the level of the hearth plates. Experience has proved

that smelting in furnaces of small area can only pay in special cases,

where, for instance, small supplies of rich ores, or refinery drosses, etc.,

are to be treated. For this reason furnaces built on the Piltz principle

of circular section are losing ground every day, while those of increas-

ing rectangular section, like Eachette's, are rapidly replacing them.

The diameter of a circular furnace cannot be increased beyond 4 feet

without evil consequences when working under blast of the customary

pressure of half a pound per square inch. Blast of a higher i>ressure

would require a corresponding increase in the height of the furnace;

otherwise the furnace would become unduly hot at the throat and cause

great losses by volatilization. The capacity of rectangular furnaces,

however, can be largely increased without raising the ])ressure of the

blast by leaving the width stationary and merely increasing the length

of the hearth area. There are furnaces running now successfully which ',

have a section of 3 feet by 7 feet 10 inches, while the success of 54 inch

"cupolas" is still to be announced. The smeltiug capacity of furnaces^ <

is, however, greatly modified by other conditions, viz.:
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1. The nature of the fuel used, whether charcoal or coke.

2. The volume aud pressure of the blast.

3. The size of the material to be smelted.

4. The fusibility of the smeltiug mixture—to which may be added
the temperature of the water, if water jackets are used.

Charcoal of good quality will smelt more charges in the same time

aud under the same circumstances than coke, but coke will make cleaner

slags and less flue dust than charcoal. A mixture of charcoal and coke

will be more advantageous economically in many localities than either

;ilone. The size of the blower and the quantity of air it supplies should

be adequate to the size of the furnace, else it cannot reach its highest

efl'ect. In using blast of a low pressure less material will pass through

the furnace than with one of higher pressure ; but it is advisable to

work with a moderate blast, so as to allow the smelting mixture sufiQ-

cient time for complete reduction. Hard ores require a blast of higher

I)ressure than easily fusible ones. The formation of flue dust can also

be regulated by the pressure of the blast, aside from the fuel.

The best size of material for smelting is that of a goose egg ; iron and
limestone flux, however, may reach the size of a man's fist, while quartz

should be broken much smaller. Such material smelts very. rapidly.

Pulverulent ores give much trouble by sifting through the fuel and
arriving before the tuyeres in a raw state, where they will cake together

aud form a sow, or enter the slag and cause a loss of metal. Very fine

ores, such as slimes from concentrating works, especiallj" if they are rich

in silver, should be agglutinated with milk of lime previous to putting

them into the furnace ; otherwise a large proportion will be blown out

of the furnace as flue dust. If roasting precedes smeltiug it may be
found judicious to bind the roasted ore also with lime. If the slag

should show undue quantities of precious metals this would indicate the

necessity' of such a method.

The fusibility of an ore is greatly enhanced if it contains much lead

and little silica, alumina, and above all no zinc compounds. A large

percentage of oxide or silicate of zinc in an ore, even if properly fluxed,

is liable to reduce the smeltiug capacity of a furnace to one-half of what
it would be if running on more favorable ores. This I have found to

be a stern fact in my own experience.

These remarks will prove that, in the first place, a lead blast furnace

has no fixed smelting capacity in tons of material; and, secondly, if we
do rate its capacity we should express it in tons of smelting mixture

or charge, and not of ore.

The modern type of furnace.—All smelling furnaces are at present built

with much more care, though probably at greater first cost, than the

works of fourteen years ago, and with a view of saving every particle

of metal that will leave a profit.

The hearth or crucible of the furnace is so strongly incased in cast-

iron lilates, and secured underneath by a bottom-plate, that the lead
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has very little chance to escape in that part. The interior is lined with

firebrick all around ; the bottom is made of firebrick also, in the shape

ofau inverted arcb, so that any lead which might creep through the joints

cannot raise it up ; and no tamping, to the composition of which old

smelters paid so much attention, is used. The depth of the hearth is

arbitrary within certain limits, say 22 and 30 inches. In one side of the

hearth, close to the bottom, a channel 4 inches square (or round, if pre-

ferred), running up toward the top of the hearth plates, is started for

an automatic outflow of the lead. This may widen into a bowl at the

top to admit the introduction of ladles for dipping the metal, but not

necessarily', as in many works the lead is tapped through an orifice a

few inches below the upper edge of the hearth plate into a cooling

kettle, so as to admit the skimming of the dross or impurities which

may be suspended in the lead previous to its being cast into molds.

The water-jackets are placed on top of the hearth lining in such a man-

ner that their interior lower edges are flush with the walls of the hearth.

These jackets may be made of cast iron, wrought iron, or any other

suitable metal, and may be set perpendicularly or inclined, or they may
be provided with boshes of difi'ereut angle (usually 65° or lO'^) to suit

the fancy of the smelter, and they may reach to the charge floor or

may be only a few feet high. I prefer the jackets of Mr. Eilers's con-

struction. They are 3 feet 6 inches high, and have a bosh commencing

10 inches above the center of the tuyere openings, which are cast into

the jackets. They are also i)rovided with a large, x)rojecting lip, rising

4 inches above the top of the otherwise closed jacket. This lip is open,

and mainly serves for the purj)Ose of keeping the jacket filled with

water; but it also prevents the formation of steam, allows the intro-

duction of tools to remove scale, and receives the feed water. It is also

provided with an outlet for the hot water. The cold water, on account

of its greater density, sinks gradually to the bottom, while the heated

water rises and flows into a waste-trough. This jacket, and in fact the

whole furnace, has been adopted by many smelters with slight changes,

but these changes are only of degree and not of kind. The tuyeres are

10 inches from the bottom of the jacket, and distributed symmetrically

about the interior of the furnace, except in front—where they have been

found inconvenient and even unnecessary—in the i>ropnrtion of one

tuyere of 3-inch opening for about every 2 square feet of hearth area.

So a furnace of 3 feet by 6 feet 6 inches area would receive nine tuyere-

openings; one of 3 feet by 5 feet, seven, and so on. The object of the

boshes is to enlarge the horizontal section of the upper part of the fur-

nace, with a view to diminish the velocity of the escaping furnace gases,

and thus cool them. The front jacket—or jackets if made in sections

—

is shorter than the others, and reposes on 10 inches of brickwork, in

the midst of which the slag-hole is located. This is done in order to

facilitate the cleaning or ''barring out" of the furnace by mechanical

means, should it ever become necessary. Where the charge is of such
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a uatiire that the resultiDg slag will soften the brick front too much, a

Luerman cinder-block can be inserted to advantage. The upper part of

the furnace, iucludiug the chimnej^, rests on cast-ii'on i^lates supported

by wroaght-iron girders or rails, which are bolted at their ends to the

top plates of four cast-iron posts. The space intervening between the

tops of the water-jackets and these cast-iron plates, which may vary

from one foot to two feet, and is left to facilitate the extraction of leaking

jackets, is tilled in with courses of firebrick. The charge doors are on

the long sides of the furnace, not directly opposite each other, but each

near diagonally opposite corners, in order to compel the feeders to spread

their charges uniformly. The doors are high enough to allow a man to

stand erect in them in case wall accretions have to be cut out; they aie

usually closed to within 2 feet from the bottom of the frame.

At a convenient height above the charge floor a tube or flue, 4 feet

in diameter, made of stout sheet iron, is inserted into one of the walls

of the chimney—which one, local circumstances will dictate—at an angle

of not less than 45°, terminating in a dust chamber or a system of dust

chambers, which are again connected by a flue of sufiicient size with a

tall stack. The top of the chimney is provided with a door or damper
which can be opened or closed instantly by means of a chain reaching

through the roof close to the feeder's grasp. In the flue connecting the

furnace with the dust chambers, frecxuently called the " downcast,"

there is also a damper, i^laced in such a manner that the feeder can at

once open or shut off communication with the chambers. This arrange-

ment is necessary to prevent explosions in the chambers through the

sudden blazing up of the furnace, and to i^rotect the workmen from the

noxious fumes while the dust chambers are being cleaned out.

At the new Grant Smelting Works near Denver the gases and fumes

are drawn oft" below the level of the charge door by a i)lan similar to the

arrangement at Freiberg. For a full description of those works and
drawings accompanj'ing it the reader is referred to the files of the Ungi-

neering and Mining Journal^ Vol. XXV., Xo. 12.

Water-jackets.—Water-jackets have been adopted in everyplace where
there is a sufiiciency of water. But wherever the supply of water is

scanty and unreliable, I should not advise their use, even if the material

for lining the interior of the furnaces is not of unexceptionable quality.

On this ground, I believe, the Eureka Consolidated Comj^any have
retained their ponderous stone furnaces, for the relining must be cer-

tainly expensive, if we consider that the sandstone has to be hauled a

distance of 35 miles, and that mechanics there receive very high wages.

It is true, I saw several years ago a furnace in operation there which
had been in continuous blast for more than a year, according to the

statements of the foreman, but such campaigns are excei)tional and are

sometimes made for effect
;
probably it might have been wiser and better

for the fuinace if it had been blown out sooner.

Air-jo,cJcvts.—In May, 1878, the Eureka Consolidated Company had an

22 M K
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experimental furnace erected by Mr. Gerrish, in wliicli air jackets were

to take the place of water-jackets. These jackets consisted externally

of sheet iron, to which were bolted by means of flanges copper plates

IJ inches thick, forming the interior of the furnace. Tliere were eight

tuyere openings Avith 4-inch mouths in the jackets, and one foot above

the hearth. Eight inches above these there was another row of openings

of the same diameter, but only in the outer shell, which were connected

with the former by closely littiug pipes. The object of these connections

was to allow the hot air from tlie jackets to pass directly into the fur-

nace. Each sectional jacket had of course a connection with the blast-

main. The furnace was elliptic in shape and its hearth-area corre-

sponded nearly with that of the other furnaces, and was 3 by G feet.

The blast was supplied by a No. 5 Baker blower making 104 revolutions

per minute. Unfortunately the experimenter did not provide his fur-

nace with a forehearth, as is customary in Eureka; and, as he did not

or could not flux the ore at all, he did not get the slag to run. A speiss

sow frustrated the completion of his experiments. The impracticability

of air-jackets was, however, proved to the satisfaction of the comi)any

and that of the numerous pilgrims who flocked to Eureka from White

Pine, by the appearance of the copper plates, which were perforated

like colanders by the action of the speiss.

Except at Eureka and a few other localities, all furnaces are now

provided with closed breasts, and the slag is run out intermittently

instead of continuously. The slag-pots are so constructed that they

hold about 300 pounds, which corresponds to a charge of about 400

pounds.

Blowers.—The blowers mostly in use are the various sizes of the

Baker patent, which have driven out of the field nearly all the Stiirte-

A'ant fans and a good many Eoot's blowers. They give universal satisfac-

tion and do not require so much attention as the others. The blast is

measured either by mercury or by water gauges which are attached to

the blast-supply pipe of each furnace. A column of 2 inches of mer-

cury or of 28 inches of water is equal to the joressure of one pound to

the square inch.

Fuel.—The fuel is either charcoal or coke, or both mixed. Too much
stress cannot be laid on the soundness of the wood from which charcoal

is made. In southern Arizona, and perhaps also in other regions, all

attempts at smelting with eharcoal alone have failed, and I found that

all the oak timber, which was the most abundant for making charcoal,

was rotten in the core. Hard charcoal from mahogany, cedar, etc., is

also to be rejected for use in a blast furnace, because it ilecrepitates

into small particles, which have the same etiect as coal slacli or waste

in chilling the slag through reduction of the temperature. Nut pine

(I)inon) makes the best charcoal, and this was iormerly the princi-

})al fuel at Eureka. Charcoal from lighter woods, such as yellow and

white pine, (juaking aspen, etc., cannot be used alone without reducing

the temjjerature in a furnace. Every smelter who has practiced in

Leadville will agree with me on that point.
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The best coke I have used is an English patent coke which is shipped

extensively from Cardiff, Wales, to San Francisco, where it costs

$14.50 per ton. It is x^orous and light, and leaves a very small percent-

age of ash. The Connellsville coke is the next best; it is very dense

and heavy, and yields about 5 per cent, ash; but it has been driven

almost entirely out of the market in the West by the English and Col-

orado coke, on account of the freight charges, which swell its price to

a high figure compared with the others. There are two kinds of Colo-

rado coke in the market, the El Moro and the Crested Butte. I prefer

the latter, others prefer the former; yet the difference is but trilling.

Owing to the different fusibility of different ores the percentage

amount of fuel must be referred to tons of charge in comparing the con-

sumption in various localities. This brings out the remarkable fact

that smelting at a high altitude requires more fuel than at a lower one.

In Leadville, for instance, the consumption of mixed fuel amounts to

from 22 to 24 per cent, of the v/eight of the smelting mixture, while in

Salt Lake valley it amounts to from 14 to 17 per cent., the lower figure

corresponding to the summer and the higher to the winter season, when

the ores absorb more moisture than in summer.

Where charcoal alone is used the percentage of fuel is somewhat

higher, probably between 26 and 28 per cent. Correct data are lacking

because this kind of fuel is usually thrown into the furnace by bulk,

and the weight is only approximated. How little reliability can be

placed on such approximations I had occasion to experience in a remote

mining district, where more fuel was used than the f)roprietor of the

works had j)urchased (inclusive of waste). This is, of course, an absur-

dity. It is therefore advisable in the interest of regularity of the fur-

nace operations to weigh not only ore and flux, but also the fuel, as ac-

curately as possible.

Fluxes.—The fluxes most frequently used are

:

1. Quartz, sandstone, clay slate, or other highly siliceous rocks, to

supply any deficiency of silica which might be required to saturate the

basic gangue in an ore.

2. Hematite, magnetite, iimonite, and specular iron ore, and the va-

rious manganese ores, if iron is lacking in an ore.

3. Limestone, dolomite, and calcareous shale, if calcic oxide is not in

suificient quantity in an ore to form a slag of the type desired ; to which

may be added slag and metallic iron if we follow Webster's definition of

flux as " any substance or mixture used to promote the fusion of met-

als or minerals."

The action of slag, is however, more of a mechanical than of a chemi-

cal nature, unless it should have the characteristics already pointed out

in the discussion of slags. If a coarse-sized smelting mixture is to be

worked, an addition of slag to promote its fusion is entirely superfluous

and would only increase the cost of smelting ; but, if the charge is

very fin& or if much zinc is present in it, slag will very materially pro-
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mote its fusibility. I have found the correctness of this statement to

be confirmed while at Kobinson, Colorado.

It is a matter of the greatest moment that fluxes should be as free as

possible from impurities to insure success in smelting. So, a bitumin-

ous or a siliceous limestone would not be exactly the correct flux to se-

lect if we wanted lime for ore. As carbonic acid does not take any part

in the composition of a slag, burnt lime would theoretically be the best

;

but, as it rapidly attracts carbonic acid and water, thereby reducing its

money value, and as it presents mechanical difficulties in the furnace,

its application Las never become general. It was at one time extensively

used at the American Smelting Works in Lea«^.ville.

An iron ore containing 22 per cent, of silica and 68i per cent, of ferric

oxide would be indeed a very bad flux, since the 22 per cent, of silica re-

quires a certain amount of ferrous oxide and also a certain amount of

calcic oxide to form a slag of the same composition as is desired. The

ferrous oxide required by the silica of the flux has then to be deducted

from the ferrous oxide xiorresponding toG8^ per cent, ferric oxide. The

remainder will be the real available ferrous oxide (or " excess of iron " as

it is termed in Leadville) which will probably not amount to one-half of

the original G8i per cent. An admixture of iron pyrites in an iron ore

would reduce its value in a similar manner, as so much metallic iron

would have to be deducted from the total iron contents as is necessary

to convert FeS2 into FeS.

It does not require much reflection to perceive from the foregoing that

the presence of extraneous minerals in quantity increases the bulk of

the fluxes at an alarming rate, while the ore may become the smallest

part of the smelting mixture. In this case the percentage of lead in

the charge will arrive at a point where smelting is no more profitable.

Such cases have occurred in southern Arizona, where bad fuel and poor

fluxes have ruined the lead smelter.

Conditions for economical icorMng.—It is obvious that smelting can

be conducted most cheaply at a point where ores of a different charac

ter find a joint market, and where at the same time, railroad facilities

enable the smelter to procure his fuel, flux, and other necessary mate-

rials, and ship his product at low rates of freight. Such a i^lace is

Leadville. There we have siliceous, ferruginous, and calcareous ores,

which can be combined with each other in such a manner that the least

possible quantity of flux is required to smelt them properly ;
there we

have cheap fuel also. But competition has assumed such proportions

at Leadville that it requires no small amount of commercial skill to pur-

chase ores in suitable pro])ortions to flux each other, and large smelt-

ing capacity to make the business profitable. The advent of the rail-

roads has been of immense benefit to the camp, and the increase of

capacity has reduced the cost of labor almost by one-half, as a compari-

son of the following figures will show :

The average price of fuel in 1879, wh(*n the terminus of the railroad
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was 35 miles off, was for charcoal, 14 cents per bushel of 14 pounds

;

coke, $3G.70 per ton of 2,000 pounds. In 1882, charcoal, lOJ cents

per bushel ; coke, $15 per ton.

The average cost of fuel per one ton of ore was : In 1879, $8.92 ; in

1882, $5.66.

In 1879 we had, however, much more favorable ores to smelt, which

accounts for the difference not being larger in proi)ortion. The cost

of labor when we had to worry along with two 42-inch circular furnaces

in 1879 was 85.20 per ton of ore; and in 1882, when we ran five large

furnaces, $2.79 per ton.

Tendency to increase of capacity.—This will at once show that large

capacity will materially decrease the cost of labor. There is a growing

tendency now to establish smelting works in even more central points,

where competing railroads intersect each other, and where the items

of fuel and labor are open to still farther reduction—like Denver, Pueblo,

and other places. In Denver is the extensive Grant Smelting Works,

which for convenience of construction, effective work, cleanliness, and
architectural beauty yet seeks its rival; in Pueblo is the largest and
most complete establishment in the United States, that of the Paeblo

Smelting- and Eefining Company, with its multitude of roasting fur-

naces and blast furnaces, its sampling machinery, and its refining plant;

and there is still another plant in the course of construction in the

same town, that of the Colorado Smelting Company. In regard to indi-

vidual capacity of furnaces the Richmond Comj^any of Eureka is ahead

of all others, if we may accept the statements of the Eureka Sentinel^

which in its issue of August 29, 1879, gives the following items about a

new furnace then building there

;

Ft. In.

Length inside jackets , 10 8

Width inside jackets i... 8 4

Height ofjackets 2 6

Height of fnrnace from bottom of crucible to feed floor 16

Number of tiiyeres 17

Smelting capacity, 100 tons.

Considerable stress is laid on the number of bars which this furnace

will produce per shift. I should not like to run a furnace of such

dimensions ; not that 1 care for the inside length of the jackets, but the

width is monstrous, and must require a blast of 5 pounds to the square

inch to penetrate the charge. I hope for the intelligence of the con-

structor that the Sentinel is in error.

Furnace reactions.—The reactions taking place in the blast furnace

have been so often described that it is superfluous to go over the same
ground again.

Operating lead furnaces.—In regard to furnace manipulations only a

few remarks need be made. In blowing in a furnace it is advisable

after the hearth has been heated up sufficiently to charge it with alter-

nate layers of fuel and bullion, and afterwards with light charges of
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smelting mixture and slag, to the top, before turning on a weak blast.

The hearth should contain so much bullion that the latter -will rise to

the top of the hearth in the channel forming the automatic tap. A
hearth of 3 by feet G inches by 30 inches deep requires nearly 11 tons

of bullion to fill it up. I have had occasion, however, several times to

blow in furnaces in new districts where no bullion could be had to start

with. In this case the automatic tap was closed at its lowest interior

opening with a clay plug, wliich was removed after the lead showed

itself at the slag-spout. This is not a very agreeable operation, inas-

much as the formation of a bottom crust is unavoidable, and this can

only be perforated, but not removed by skill or by force, while the

furnace is in operation. As long as the communication between the

furnace and the channel can be kept open by driving holes through the

crust, smelting may proceed; but as soon as this method fails, it is

best to blow out the furnace at once. If the furnace is in good working

order, when it is open^ the lead in the tap-channel or well must be of a

bright red color; frequently it emits arsenical fumes, in which case it

should be covered with lime or ashes, which may be removed before

dipping or tapping. The well should also work with the blast, that is,

the lead should go down in the channel when the blast is' shut off and

rise again as soon as the blast is turned on. This is well known by the

furnace-men, who begin testing their well as soon as the lead com-

mences to assume a dark color and a sow makes itself felt in the fur-

nace. Usually there is a tuyere above or near the lead-well. By taking

off the cap of the tuyere-pipe and replacing it the same object is reached

as by taking off the whole blast and turning it on again. The presence

of a sow makes itself also known at the top, as it commences to blaze

up now and then, and as the charges refuse to descend. A change in

the composition of the charge is needed, or a water-jacket which may
be leaking into the furnace requires to be taken out. The cause is

easily discovered and remedied by the metallurgist, yet it takes time to

improve a furnace by changing the charge. In a charcoal furnace a

new slag will show itself after the lapse of two or three hours ; while

in a mixed-fuel furnace it will take six or seven hours. To enable the

furnace-man to dip the lead in proportion to its percentage in the

charge, he should be informed how much of a bar or how many bars are

contained in a charge. He will then know whether he should keep his

lead high or low in the hearth. If there is little lead in a charge, say

seven or eight per cent., great care must be taken to prevent the lead

in the hearth from being lowered so much that a crust would be formed

by the chilling of matte or si)eiss when they get too far below the tuy-

eres. Below the tuyeres the separation of the molten masses accord-

ing to their specific gravity takes place in the following order: lead,

which is of course alloyed with the bulk of the gold and silver contained

in the ore, at the bottom; speiss floating on the top of the lead
;
matte

floating on the top of the speiss, and lastly slag. In most places slag,
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Hidtte, and speiss are nm out together into a slag-pot, which is allow.ed

to cool and is then emptied of its contents. The three products are

separated in three distinct horizontal layers. The matte from zincifer-

ous ores makes an exception ; having a lighter specific gravity, ap-

proaching that of the slag, it does not separate in a horizontal layer,

but is scattered through the slag as a scummy mass. An addition of

copper i)yrites establishes a perfect separation in such a case. If me-

tallic zinc forms during a smelting operation the blast will blow a por-

tion of it out through the slag-hole, whence it will appear in its oxidized

state as a yellow powder, which on cooling turns white.. Another por-

tion of the zinc is volatilized in the shaft of the furnace, and will appear

as a white powder in the flue-dust,

Variations in practice.—The manner in which smelting mixtures are

made is not the same in all works, nor is the system of feeding or charg-

ing the furnaces the same. In some smelting works the weight of the

fuel is stationary, that of the charge or quantity of smelting-mixture

corresponding to the fuel variable ; in others the fuel is variable and

the charge stationary ; in still others the weights of both are variable.

The later x^lan is an irrational one. I prefer the one where the charge

is stationary and the fuel variable, because the furnace is less sensitive

to a large quantity of fuel taken off than to changes of charge.

The weights of both fuel and ore charges should be adapted to the

area of the furnace at the throat, covering it in thin layers. For a fur-

nace which has an area of 4 feet 8 inches by 8 feet 2 inches at the throat,

a good proportion is from 192 to 216 pounds of fuel (half charcoal, half

coke) and from 800 to 900 ijounds of charge, which is fed into the fur-

nace in half charges through two doors and spread uniformly over the

fuel. The furnace is kept filled up to the bottom of the charge-doors.

The feeding is done by hand, by means of shovels; but it seems that

experiments with automatic feeding apparatus ought to be renewed, as

they have not had a fair trial.

The best plan for making a smelting-mixture or charge, as it is also

called, is of course to mix a large number of tons of ore with iron ore

and limestone, or whatever the flux may be, and then weigh out the

charges to the feeder. But wherever there is a variety of ores of dif-

ferent character which may vary in moisture, size, and other conditions,

an immediate mixture with the fluxes will hardly give a homogeneous
material which will make itself felt in the slag. In this case it is better

to weigh each component part of a charge or a half charge separately

into a wheelbarrow or car and dump it at or into the furnace. A fur-

nace of the above dimensions will take seventy charges per twelve

hours, and will require eight men to serve it.

Furnace products.—The products of smelting may be

—

1. Silver-lead, argentiferous lead, also and preferably called "base
bullion" in this country, in distinction from gold and silver bullion.

This is -a marketable product and is sold to the highest bidder. There
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aio a iminber (ten or clevon) of refineries in tlie country which make it

their oT)ject to separate the silver, lead, and £?old, and to utilize the by-

products gained in the refinin.i;' process.

li. >ipeiss.—This is not utilized anywhere in the United States.

3. il/fff/e.— Is either roasted and smelted again or thrown over the

dum]).

4. Slafj.—Is only partially re-used.

/). Fiirnaceaccretions.—There are two kinds: wall-accretions and

hearth-incrustations or sows. The former consists of sulphide of iron

in (iombination with sulphide of zinc and sulphide of lead, and they con-

tain a small amount of silver. They should be roasted before resmelt-

ing; but as most smeltine; works have lu) facilities for <loing- this, they

are usually thrown on a charge. The hearth-incrustations do not con-

tain enough silver and lead to make it worth while to have them broken

u]) and lesmelted. They are thrown over the dumj).

0. C Ieaningn, furnace-refuse.—These are fragments of bricks with me-

tallic lead adherent; they are roughly assorted and the waste thrown

away.

7. Flue-dust.—This is the most important product aside from the lead.

As it contains the finest, and in some cases the richest, particles of the ore

in admixture with the dust of coal and coke, it is, of course, worth while

to save and rework it. Where nuich tine ore is smelted, as was the case

in Eureka during* several seasons, the formation of fiue-dust amounts

sometimes to 15 per cent, of the weight of the ore. In the face of this

it is to be wondered at that so many hundred, nay even thousand, tons

of flue dust were blown to the winds before provision was made for sav-

ing it. The Eichmond Company, at Eureka, were the first to go to work
in earnest by building spacious flues for catching the dust escaping

from the furnaces ; the previous attempt at the Euby Consolidated works

having been a failure.

The great question heretofore has been to get the flue dust in such a
form that it will stay in the furnace ami not be blown out again.

Sim])ly wetting it is not of much use and is even injurious to the fur-

nace, as it will form wall accretions which grow thicker and thicker very

rapidly. Mixing it with slaked lime has also its diawbacks, as it con-

tains coal dust, which has a tendency to counteract the agglutiuating

power of the lime; therefore from eight to ten per cent, of lime is at

least necessary to make a mortar whi<!h will harden. I have found that

sulphate of iron, the copperas of commerce, is the best agglutinator,

but it could only be used where it is cheap. Thoroughly incor])orated

with a solution of copperas and made into bricks, which are dried in

the sun, the flue-dust becomes as hard as rock and is in the best shape
for smelting. I once suggested, in 1S7S, the use of a brick-machine to

make the iluedust into adobes (with lime, of course) but the season

was too far advanced, the bricks froze aud on thawing burst, and the

experiment was given up. At the (iermania works, the flue dust was
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sintered in a roasting furnace, which is the best but not the cheapest
way. The most common plan now is to work it up with lime and use it

along with the ore as fast as it is made.
Losses.—In roasting, as well as in smelting, there are certain losses

which cannot be avoided entirely, but which may be reduced to a mini-

mum. In roasting an ore it first experiences a loss in weight owing to

the chemical reactions taking place; it loses water and carbonic acidj

sulphides of metals are converted into oxides, and thereby decrease in

weight. If the roasted ore will then show more silver by assay than
the crude ore this would prove that no loss of silver had taken place.

If roasting is carefuUj^ conducted the loss of silver by volatilization

should not be over three per cent. ; but antimony, arsenic, and zinc

cause a much higher loss by carrj'^ing off silver along with them to an
extent which, if the temperature has been too high, may approach 20

per cent. I am not in possession of correct data from works where
roasting is carried on, as in Montana and northern Arizona. The cost

of roasting at Robinson, Colorado, was nearly $6 per ton.

The losses in smelting are caused by the formation of speiss, matte,

and other by-products which are thrown away. Slag also will cause a
slight loss in metals, even if of normal composition. Zincblende will

increase the loss in the slag considerably. The loss by volatilization is

very slight so far as the silver is concerned, and may be entirely avoided

by having enough lead in the charge to "cover" the silver. It is, how-
ever, not known what exact minimal quantity of lead is required to

cover a certain quantity of silver and prevent loss. Smelting in Lead-

ville has proved the fallacy of Kerl's statement that 300 times the

amount of lead is required to cover one unit of silver. The volatiliza-

tion of lead is very large where charges low in lead are smelted ; as in

Leadville, where frequently charges containing only 7 per cent, lead are

treated. The loss of silver at Leadville is between 3 and 4 per cent.,

while the loss of lead from all sources amounts to from 13 to 15 per

cent. At the Horn Silver works the loss of lead is stated at 8.71 per

cent., but there they treat charges richer in lead.
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THE ZINC INDUSTRT OF THE UNITED STATES.

By C. Kikchhoff, ju.

The development and the present position of spelter statistically and
commercially are, more than that of any other metal, enveloped in a

mystery which the reticence of many of the leading producers has cre-

ated. As the industry possesses no literature, and no well-organized

effort has ever been made to present the conditions under which it

labors in different sections of the country, the first attempts in that

direction are met by an indifference which must be pleaded as the cause

of the incompleteness of the present review. Though cordial support

by some of the gentlemen identified with the industry is acknowledged,

even bare figures of production have been withheld by others, so that

estimates, indirectly obtained, had to be substituted for official figures

in some cases.

PRODUCTION.

The records of the production of spelter and zinc in the United

States are very incomplete. The following figures are the only ones

worthy of some consideration which are available :

Production of spelter in the United States.
'Set tons.

1873
'.

7,343

1875 15, 833

1880 (census) 23,239

1882 : - 33,765

First six months of 1883, estimated 18, 000

The zinc statistics are sometimes stated in pounds. For 18S2 the

corresponding figures would be 67,530,000 pounds; and for the first

half of 1883, 30,000,000 pounds.

The capacity of the Western worJcs.—During the past year the capacity

of the works of the West has grown very rapidly, both by the building

of new plants and by the enlargement and alteration of old establish-

ments. The following table gives an approximate estimate :

Annual capacity of the Western cine works.

ILLIXOIS.
Tons of zinc
per nnnum.

Excelsior Concentrating and Smelt mjj; Works, Collinsville (3

Belgian furnaces) 800

Illinois Zinc Company, Peru (3 gas, 10 Belgian furnaces) 7, 200

Mathiessen & Hegeler Zinc Company, La Salle (4 double gas

furnaces) 12, 500
20, 500

346
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Missouni.
Tons of zinc
per annum.

tMissouri Zinc Company, Carondelet (14 Belgian furnaces) 4, 000

Glendale Zinc Company, Carondelet (8 Belgian furnaces) 3,000

tCarondelet Zinc Company, Carondelet (4 Belgian furnaces).. 1, 000

*Soutliwestern Lead and Zinc Company, Rich Hill (1 Belgian

furnace, 1 Siemens furnace) 2, 250

"West Joplin Lead and Zinc Company, Joplin (6 Belgian fur-

naces) 2,250
12,500

KANSAS.

J. H. C. Gross, Weir City (8 Belgian furnaces) 3, 500

R. Lanyon & Co., Plttsburgli (8 Belgian furnaces) 3, 500

S. H. Lanyon & Bro., Pittsburgh (4 Belgian furnaces) 1, 500

*M. & J. Lanyon, Pittsburgh (2 Belgian furnaces) ... c 750

*Granby Manufacturing and Smelting Company, Pittsburgh

(1 Siemens furnace) 1,2.50

10,500

AKKAJSrSAS.

tAmerican Zinc Company, White River (4 Belgian furnaces) 1, 000

Total capacity 44, 500

This represents the capacity of all the works built. Some of them,

those marked with a f, have not been running for some time ; others

are and have been running- only at one-half or three-quarter capacity

at times, and those to which an asterisk is affixed have either been only

recently completed or are still in course of construction. The works
capable of working under fairly favorable conditions of trade have a

capacity of fully 40,00.0 tons and can therefore meet the demand.
According to an estimate made by good authority the product in

1881 of the Western works then running was about 24,000 tons, dis-

tributed as follows

:

Outptit of the Western sine worlcs in 1881.

Ket tons.

Illinois 16,250

Kansas 5, 000

Missouri 2, 750

Total 24,000

For the year ending August 31, 1882, a committee of producers esti

mated the output at 26,425 tons.

Direct returns and estimates place the make of 1882 as follows:

Production of zinc in the United States in 1882, by States.

Net tons.

Illinois 18,201

Kansas 7, 366

Missouri 2, 500

Eastern States 5, 698

Total .33,765
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A considera.ble proportion of this metal is sold as sheet zinc, the quan-

tity having largely increased in 1882. One works, that of the Mineral

Point Zinc Company, Wisconsin, makes only oxide.

A question which is seriously threatening the prosperity of the West-

ern makers of spelter and makes it nearly impossible for all of them

to work to full capacity, is the inadequacy of the supply of ore. South,

western Missouri and southeastern Kansas, the principal source, are

capable of furnishing approximately 00,000 tons jier annum. It is

estimated that the requirements of tl\e furnaces, if running fairly up to

capacity, are about 100,000 tons annually. The result is a sharp compe-

tition for ores, which forces the less favorably located works into idle-

ness, and runs the cost of production to figures making imports possible.

During the past year a subsidiary industry, that of manufacturing

sulpliuric acid from the sulphurous acid generated in roasting blende,

has been started by one large producer. As yet this branch is in its

infancy and does not seem capable for the present of a very great ex-

pansion or a general introduction in view of the limited local market

for the acid. There is reason to believe, however, that in time it may
afford an important relief in reducing the cost of manufacture. For

the present it has the advantage of reducing the nuisance of noxious

fumes, against which in time public opinion might declare itself.

In addition to the supply from domestic sources, varying quantities

of metal and of manufactures have been imported, chiefly from Germany
and Belgium. During the period from 1873 to 1880, when the home in-

dustry trebled its output, this movement lost much of its force; while,

on the other hand, since 1877 considerable quantities of high-grade

spelter were exported. This continued until a heavy demand, outstrip-

ping home consumption, again brought our ma-rkets into a position

favorable for imports. Meanwhile home manufacturers had begun also

to make sheet zinc on a more extended scale, and liad succeeded in

crowding back foreign comi)etitors. The speculative excitement of the

"boom" period again opened the gates, and this country was made the

outlet for a heavy quantity of metal. A temporary reaction stopped

the influx, but in 1882 the imports assumed dimensions not reached for

more than a decade, and led to an overstocking of the market which

weighed heavily upon it, carrying prices lower than those of lead, an

unprecedented position for spelter. The great expansion of the demand,

which made so sudden an increase in the suj)ply possible without caus-

ing more disastrous consequences than it in reality led to, must be chiefly

attributed to the great increase in the amounts called for by galvaiiizers.

The expansion of the wire industry, notably the barb-wire for fencing

purposes, created a demand which our works could not meet so sud-

denly. As illustrating the quantity of metal used for protecting barb

wire alone, it may be mentioned that one manufactory alone consumes

upward of 3,000 tons of spelter per annum for that purpose. The fact

that some of the heaviest iron manufacturers using spelter for galvan-
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izing are near the seaboard, thus handicapping Western producers to

the extent of the freight, did much toward making the invasion of for-

eign spelter more easily possible. During the calendar year 1882, 12,-

82Gnettons of spelter wereimported; but, since, the movement has nearly

ceased, and home producers again have full control of the market. It

is alleged, though there are no facts to prove the statement, that in

times of depression abroad foreign makers continue to divert a surplus

to other markets, this country being among the favorites. It is cer-

tainly strange that -^Ahen continental producers form '' syndicates" to

uphold prices they do not order any restriction to put the market in a

position, so far as the supply is concerned, to enforce their higher de-

mands. Experience in this country has amply proved that without

such a restriction combinations among j)roducers are doomed to be fail-

ures.

IMPORTS AND EXPORTS.

The following tables show fully the imports and exports of spelter,

sheet zinc, ores, and oxide. The small quantity of ore shipped abroad

comes exclusively from the Kew Jersey mines, being used at a Belgian

works to manufacture zinc white by the Wetherill process.

Zinc, spelter, or tutetiegue, imported into the United States during the fiscal years spedfied

{specie values).

[Dutiable.]

Years.

1872
1873
1874
1875
1S76
1877
1878 -

1879
1880
1881
1882
Calendaryear1882

Blocks
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Zinc ore, oxide, plates, sheets, pins, or bars exportedfrom the United States during the fiscal

years sjiecified {mixed gold and currency values).

Tears.

Of foreign production.

1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
Calendar year 1882-

Blocks or pigs.

Quantity. Value.

Pounds.

1, 100 $75

2, 753 195

Sheets.

Quantity. Value

Pounds.
20, 514

201, 012
58, 815
31, 879
31, 018
12, 477

$1, 068
14, 834
4,098
2,326
1,958
849

7,038
48, 350
58, 955
18, 829
11, 335

416
2,566
3,287

876
583

Of domestic production.

Ore or oside.

Quantity. Value.

Gwts.
3,686

234
2, 550
3,083

10, 178
6,428

10, 050
10, 660
13, 024
11, 390
10, 904
3,817

$20, 880
2,304

20, 037
20, 659
66, 259
34,468
83, 831
40, 399
42, 036
16, 405
13, 736
14, 477

Plates, sheets, pigs,
or bars.

Quantity. Value.

Pounds.
62, 019
73, 953
43, 566
38, 090

134, .542

1, 419, 922
2, .545; 320
2, 132, 949
1, 368, 302
1,491,786
1, 489, 552
1. 159, 949

$5, 726
4,656
3,612
4,245

11, 651
115, 122
216, 580
170, 654
119, 264
132, 805
124, 638
98, 008

BETIEW OF THE SPELTER MABKET.

There are inherent in the nature of the industry in this country many
reasons which make a systematic and general review a task of much
difliculty. The conditions affecting one zinc-producing section differ so

widely from those of another that they appear almost as independent of

one another as though different metals were the^product. In the East

the splendid deposits of New Jersey, Pennsylvania, and Virginia furnish

an abundance of ore yielding a metal of exceptional purity, lindiug a

market readily. In the West, in Illinois, Missouri, Kansas, and Wis-

consin, there is a constant struggle between the mine owners and the

smelters, and the competition for the raw material frequently carries

prices for it to a point where profits are impossible. The markets for

the lower grades of metal there made are subject to fluctuations, to

sudden expansion and contraction, and are constantly threatened by

foreign competitors.

The Southern States possess very important deposits of zinc ores, but

until now the production of the metal there has been limited, though

considerable quantities of ore have been shipped to the North, notably

to the Mercer Zinc Company, at Trenton, New Jersey, where it is used

for the manufacture of oxide. There are now under construction two

zinc works near Knoxville, Tennessee, the East Tennessee Valley Zinc

Company, and the Edes, Mixter & Herald Zinc Company. There is a

movement on foot also to build another works in Virginia.

With improved railroad facilities for the carriage of ore and refrac-

tory material, with cheaper coal and very largo supplies of ore at some

points, there is a good prospect for a rapidly growing industry, espe-

cially as the quality of the spelter made is very high.



ZINC. 351

The bulk of the spelter made in the Eastern States finds its market
directlj^ through the dealings of the producers with the consumers, who
are willing for their special purposes to pay a very much higher price

for the pure metal. We shall therefore in the following brief summary
refer almost exclusively to the fluctuations in the demand for the ordi-

nary western domestic spelter and its chief competitor, the Silesian and
Belgian spelter, which has at times sold in large quantities and almost

always places a limit to a rise in values beyond a given point. A con-

siderable quantity of these grades does not reach the open market, so

that the records of current transactions are often meager.

1875.—Higher prices in Europe allowed home producers to carry the

market to a better figure, though the general apathy in business and the

feeling among consumers that prices were unduly high, made the mar-

ket exceedingly quiet during the year. In the spring an association

was formed aoiong [iroducers with a view to maintaining and controlling

values. This association of Western makers began by fixing the price

at 7 cents, and raised it in May to 7^ cents currency; but finding the

metal moving oft' sluggishly, went down to 7.15 cents in June, returning,

however, to 7.35 cents in July. It became apparent that some producers

could not resist the temptation to force sales by concessions, and the

combination rate was reduced to 7^ cents in August. Even then there

seemed to be little diificulty in getting supplies at lower figures. Still

the price of 7J cents was reaffirmed in spite of the sluggishness of the

market, and for IsTovember was raised even to 7.40 cents. All efforts to

keep " outside lots " from drifting into the market proved ineffective, and
values continued unsettled till the close of the year. The ".combina-

tion" rates are in parentheses.

Price of spelter in 1875.

Months.

January ..

February

.

March
April
May
June
July
August . .

.

September
October. .

.

November
December

Highest. I Lowest.

Ots. per lb.

6.75
6.67
6.50

(7. 00)

(7. 25)

(7. 25)

(7. 35)

(7.25)

(7. 25)

(7.40)

(7.40)

(7. 40)

Cts. per lb.

6.37
6.25
6.20
6.50
7.15
7.15
7.25
7.10
7.10
7.15
7.15
7.15

1876.—The year opened with a firmer market, and the association suc-

ceeded by forcing up the nominal rate successively to 7.60 and 7.75

cents in carrying the market higher, underselling going on steadily.

In March, consumers in anticipation of a further advance bought more
freely, but no steps in that direction were taken until the beginning of

Axjril, when 8 cents was announced as the official price. Meanwhile
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stock was accumulating at the seaboard, aud considerable eagerness

being displayed by second hands to realize, made the breach between

the nominal aud actual prices greater aud greater. The "combination"

gradually went to pieces. In June its announcements had lost all prac-

tical interest, and with this artificial support withdrawn from it the

metal gradually sank during the rest of the year by its own weight,

the production being heavily in excess of the requirements.

During the year the transactions were based upon the following quo-

tations :

Price of spelter in 1876.

Months. Highest. Lowest.

January .

.

"February

.

March
April
May
June
July
August . .

.

September
October . .

.

November
December.

Cts.per lb.

(7. 60)

(7. 75)

(7. 75)

(8. 00)

(8. GO)

(8. 00)
7.25
7.25
7.12
6.75
6.62
6.50

Cts. per U).

7.4U
7.50
7.62
7.60
7.75
7.25
7.12
7.00
6.80
6.62
6.37
6.37

1877.—Continued dullness and a partial decline in prices led to a cur-

tailment of the production, and in February to the first export sale of*

200 tonp of high-grade spelter at S'^ cents currency. Consumers, how-

ever, maintained an unshaken attitude of reserve, unafiected by specu-

lative attempts to rally the market, which drooped steadil}', being only

temporarily relieved. The foreign metal was entirely forced out of the

market in spite of the fact that values abroad were low.

During the year values moved within the following monthly range:

Frice of spelter in IS? 7.

Months. Highest.

Cts. per lb.

January 6. 50

February
'

6.62

March .'. '•

6. 50

AprU 6.37

May
I

6.25

June ' C.12

July 5. 87

Aujcust 5. 90

September
'

5.87

October , 5. 90

November .5. 87
December 5. 75

Lowest.

Cts. per lb.

6.25
6.50
6.37
0.25
6.00
5.87
5.62
5.80
5.75
5.70
5.62
5.50

1878.

—

A heavy production and a light demand, together with low

offerings of foreign metal, pressed upon the market, and a convention of

producers at Saint Louis, held in March, was unable to apply any remedy

for existing evils. Towards the middle of the year there was a better
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feeling, due princiiDally to an upward movement abroad ; but towards

the end of the year continued dullness carried the price down to a very

low point, heavy exports of high-grade metal being meantime mad©
to Europe.

The range of prices of spelter was as follows during the year:

Price of spelter in 1878.

Months.

January .

.

February .

March . . .

.

April
May
June
July
August...
September
October...
November
December.

Highest.

Cts per lb.

5.75
5.62
5. G2
5.25
.5.00

4.62
4.75
4.87
4.87
4.62
4.75
4.37

Lowest.

Cts. per lb.

5.50
5.25
5.25
5.00
4.62
4.25
4.50
4.50
4.75
4.50
4.50
4.25

1879.—As in all other branches of the metal trade, the year 1879

opened with a very discouraging outlook in spelter. Prices continued

to droop in spite of an efibrt made early in February to revive the old

association of producers. The same evils which wrecked the earlier

attempt were at once manifested, and the metal was soon allowed to

drift its own way uutrammeled, until in July a better feeling began to

develop. In August a decided upward tendency carried up the mar-

ket here and in Europe, where an agreement was arranged among the

Belgian and the Rhenish and other German producers. In Se})tem-

ber and the succeeding months spelter was caught by the speculative

tide which bore up all metals so very rapidly, and values were quickly

advanced to figures which again rendered imports possible. The closing

months of the year were exciting in all branches of the iron, steel,

and other metal trades, and lifted spelter out of the mire into which it

was sinking.

The price of spelter varied monthly as follows:

Price of spelter in 1879.

Months. Highest.

January ..

February .

March
April
May
.Tune
July
August ...

September
October...
November
December.

Cts. per lb.

4.50
4.62
4.62
4.75
4.50
4.37
4.75
5.62
C. 00
6.37
6.25
6.25

Lowest.

23 M E

cts. per lb.

4.25
4.40
4.37
4.25
4.25
4.12
4.37
4.89
5.62
6.00
5.87
6.00
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18S0.—The market temporarily recovered from the slight reaction of

the first weeks of the year and held its own well for months, until an

increasing' pressure of foreign metal caused prices to weaken in May
and June, and for the balance of the year there were alternating peri-

ods of dullness and slight reactions, the net result being a further

decline.

Values moved within the following range

:

Price of spelter in 1880.

Months.

January . -

February .

March
April
May
June
July
August ...

September
October...
Noveml)er
December.

Highest.
I

Lowest.

Cts. per lb.
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Europeau. The beavj' offerings of Silesian and Belgian spelters, mauy
of the brands being unknown in our markets and of inferior grades,

made concessions necessary, especially as the majority of consumers

were well supplied. The market was dull, therefore, during February

and March and showed a weakening tendency. In March there were

repeatedly cases of heavy cutting, iind towards the beginning of April

western domestic metal, which had until then been entirely absorbed by
the local trade, began to appear in the eastern markets. Simultaneously

came the news of the forming of a "syndicate" among European pro-

ducers, which had the effect of making consumers here cautious. In

May and June, under large sales of Silesian spelter at lower figures and
very heavy offerings of foreign metal, the market began to decline.

Stocks of foreign spelter were known to be very heavy, while on the

other hand the demand on the part of galvanizers was dropping offl

The market in July was heavy and dull, and the pressure to sell led to

a demoralized condition of affairs, the struggle o£ western makers to

regain a foothold complicating matters. Still the demand continued

good, and low prices induced consumers to make heavy contracts in

August. This struggle dragged along in September and l!fovember,

buyers beginning to be frightened and holding off" persistently. It was
not until December, however, that the domestic metal had succeeded in

crowding back foreign spelter, values having meanwhile fallen very

considerably. During the closing months of the year the output in the

West had grown materially by the completion of a number of new
works.

Values fluctuated within the following range during the year :

Price of speliei- in 1882.

Months.

.Jamiojy . ..

I'ebmary .

.

March.
April
May
June
Jnly
Ausiust
September.
October -

November

.

December..

Highest.
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Quotations were as follows

:

Price of spelter in the firni six months of 1883.

Months.

January.
February
March
April
May
June

Highest.
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the cost ot production in four Silesian works in 1880, which well illus-

trates how great in proportion to the other expenditures is the cost of

the ore. It may be stated that the selling i^rice has since declined to

about 300 marks at Breslan.

Cost of producing spelter in the Silesian ivorks.
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Great Britain.—Tbougli the quantity of spelter produced in Kii;^land

has hirgely increased, that country has become more and more dependent

ui)on producers in other countries for its supplies of crude and manu-

factured zinc, as the following tables show :

*

Production of zinc in Great Britain.

Gross tons.

1860 4,;{n7

1870 3,9:Mi

1875 6,713

1881 14,947

Imports of zinc into Great Britain.

Tears.

1860
1865
1870
1875
1876
1877
1878
1879
1880
1881

Crude zinc.
Zinc maun-
fafturt'S.

Tnnt. Tons.
24,416
32,191

I

31,103
37,870 I

29,466 14,719
35,094 16,102
32,750 16.207
34,180 I

l.''.,474

33,409 ; 16,648
46,198 19,302

Other foreign countries.—The exports of calamine from Greece, accord-

ing to the latest statistics, were 40,278 tons in 1881, of which 28,045 net

tons went to Belgium.

Spain has of late years become a producer of spelter, having made
4,221 tons in 1880, and 7.032 tons in 1881. The bulk of its shipment*

is, however, ore, the exports having been 36,115 tons in 1880, .'>(),(>04

tons in 1881, and 25,832 tons in 1882.

For the period of 1875 to 1879 the production and exports of zinc orea

from Italy were 65,000 tons.

The quantities supplied to English, German, Belgian, and French

consumers from outside sources are then approximately 130,000 tons.

THE 3I1XING AND M E T AT^I^ TJRG Y OF ZINC IN
THE UNITED STATES.

By F. L. Clerc.

The present statun of zinc niimiKjand metatlnrf/y.—Even the most .super-

ficial inquiry into the condition of the zinc industries of the United

States cannot fail to expose the barrenness of the literature ])ertaining

to the subject and the entire absence of reliab e statistics by which any

comparison may be made with the state of these industries in ntlier

countries. A compilation of nominal market quotations shows little

more than sudden fluctuations in the price of the various zinc luoiliictvS,

which neitiier tlie custom lioase rcturus nor the ruling price of foreign
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products will satisfactorily explain. A more careful examination into

the methods of manufacture at the different works, and inquiry- into the

general results obtained, are apt to leave the impression that the Avhole

subject is enveloped in mysterj', belonging more properly to a secret art

in the Middle Ages than to a growing industry of the present century.

Every year or two some Euroi)ean expert makes a rapid lour through

the country, and announces that our ores are "equal to the best in

Europe, but that our methods of mining and preparing them are ex-

tremely wasteful, and our methods of smelting are crude and extrava-

gant, and fully a generation behind European practice in technical value

and economy." It cannot be denied that there is much justice in these

criticisms; nor is a comparison any mo^e favorable to this country, if we
regard only the magnitude of our output or the cheapness of our

products.

This inferiority cannot be excused on the ground that the art of min-

ing or that of zinc smelting are still in their infancy in this country, but it

can be explained in part, first, by certain general limitations to improve-

ment imposed by the nature of the operations necessarily involved in the

smelting of zinc, and second, by the peculiar condition of our ore supjdy.

In its essential features the metallurgy of zinc is the s&me all over the

world. The metal must be distilled in fire-clay vessels, in the presence

of carbon, and condensed out of the reach of oxidizing agents. The
dimensions of the distilling vessels are restricted within very narrow
limits, by the nature of refractory materials and the thickness of the

charge through which the necessary heat to effect reduction can be

economically' transmitted, and but little improvement is to be hoped for

by a change in these dimensions. The oj)erations to which the ore and
products must be submitted are numerous, and the repeated handling

of them cannot be avoided. The recent improvements in European
practice have not been the results of changes in the form of the furnaces,

or in the methods of treating the ore, but have resulted from careful

economies in the use of labor, fuel, and ore, and have only kept pace

with the concentration of mining and smelting industries into the hands
of strong companies, and are in general such as can only be introduced

by companies with abundant capital, and where oi)erations of a certain

magnitude are carried on. Moreover, the policy of these companies has

been, b}' regulating the output of the mines and the disposition of the

metal, to give a steadiness to the value of both the metal and the ores,

which has rendered comparatively safe such investments of capital as

would otherwise have been precarious.

Such a condition of affairs can only be gradually brought about in

this country, owing largely to the circumstances under which existing

works were established, and to the peculiarities of the ore supply. The
conditions under which smelting is carried on at the ditfereut works in

this country are so various that only a general descrix^tion of them is

practicable; and the question of ore supi^ly is so important that it merits.
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more tliau a passing notice. The greater part of the ore used in this

country is obtained as a more or less valuable by-product in the mining

of lead ore ; and its selling price is not controlled, either by the value

of the metal it contains, or by the cost of its discovery and mining.

Hence its value is subject to sudden changes, and the investment of

capital in zinc mining is rendered more or less unsafe. This fact has

exerted a controlling influence on the methods of mining and selling

the ore, on the districts most extensively worked, on the location of the

principal smelting works, and on their policy towards the ore producers,

and its effects will i)robably long continue to be felt on the zinc indus-

tries of the country. Its full importance may perhaps be obscured by

the fact that lead and zinc ores are almost universally found associated

together ; but where the selling i^rice of both ores is controlled by the

value of the metal they contain, each bears its projier proportion of the

cost of mining, and neither unduly depreciates the value of the other.

The inland location of existing mines and works in this country, as

compared with the mines and works of Europe, makes them more de-

pendent on railroad transportation and less easily adaptable to changes

in the mining and smelting centers. The metallurgy of lead is so sim-

ple that when rich deposits of lead and zinc ore are discovered the

lead ores arc quickly made available by furnaces erected to treat them,

and are mined extensively; while large amounts of zinc ore are often

neglected or thrown aside as worthless. The metallurgy of zinc is so

complicated and expensive that it is slow to adapt itself to new locali-

ties, and the works within reach of the new ore fields have a practical

monopoly of these markets.

Sources of supply.—The present sources of ore supply may be grouped

under three divisions : the Eastern, including i^ew Jersey, Pennsylvania,

and Virginia; the Middle, including Wisconsin, Illinois, and Tennessee;

and the Western, including Missouri and Kansas. These divisions cor-

respond very nearly with distinct types of furnaces and different sys-

tems of mining ; and may conveniently be treated of separately.

EASTERN DIVISION.

New Jersey.—In the Eastern division, the most notable deposit of zinc

ore is in Sussex county, Xew Jersey, where, near the town of Franklin,

there is found an absolutely unique deposit of the three rare minerals

zincite (red oxide of zinc), willemite (anhydrous silicate of zinc), and
franklinite, forming a rock-like mass not unlike in appearance an
eruption of granite, in which the franklinite represents the quartz,

the willemite the feldspar, and the zincite the mica. This mass fills the

space between limestone walls, ami is crossed by numerous "trap"
dikes, ranging from a fraction of an inch in thickness up to 20 feet ; and
is interspersed with occasional bunches of calcite, fowlerite, and other

crystalline minerals. The principal mine is on Mine hill. The ore is

I
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reached by a tuDuel about 75 feet below the outcrop, and has a width of

from 40 to 50 feet. It appears to be a chimuey-like dei)08it, of the form
so common in magnetite mines ; no limit to it hasyet been found in depth
or in horizontal extension. This deposit, which has been the subject of

numerous long and expensive litigatious, is now controlled and worked
by the Xew Jersey Zinc and Iron Company, with a capital of $3,000,000,

which in 1880 consolidated rival claims. The ore is easily mined and
requires little selection. The cost of mining and putting it on cars

should not exceed the cost of quarrying an equal amount of limestone.

An average sample would contain about 36 ijer cent, oxide of zinc,

22 per cent, metallic iron, and 11 i)er cent, metallic manganese. Owing
to its low percentage of zinc and high percentage of iron and mauga-
nese, this ore is unsuitable for the manufacture of spelter. The mechan-
ical separation of the zinc ores has been found impracticable on account

of the intimate chemical and mechanical mixture of the different ingre-

dients. The ore is, however, particularly^ adapted for the manufixcture

of oxide of zinc, or "zinc white," for which purpose it is exclusively

used. The works of this company are at Xewark, New Jersey, at which
point they have excellent facilities for obtaining a cheap supply of i^ea

and slack anthracite coal, and direct communication with the mine by
canal and railroad.

A smaller vein on Mine hill, called the "front vein," has been proved
for several hundred yards ; it varies from 8 to 20 feet in width, and is

occasionally pinched out by the wall rocks ; it carries a less proportion

of zincite and a greater proportion of calcite than the large vein, but
its ores are of a similar character. Part of this vein is owned by the

above-named company, and part is at present furnishing ore to the

Lehigh Zinc Works, at Bethlehem, Pennsylvania.

Similar veins are found at Sterling Hill, about 2^ miles distant, and
have been worked to a depth of about 200 feet by the New Jersey Zinc

Company, now incorporated with theNew Jersey Zinc and Iron Company,
and by the Passaic Zinc Company. On the property of the latter com-

pany they are accompanied by irregular beds of beautifully crystallized

calamine, from which, as it is almost entirely free from lead, a high grade

of spelter is made at the works of the company at Jersey City. Mining
at this point has been almost entirely suspended during the last few

years, as the Passaic Company has had a contract for ore from the large

vein on Mine hill.

The shipments of zinc ore from this county for the year 1882 are re-

ported by the State geologist to have been 40,138 tons ; and the total

output up to the present time can safely be stated at upwards of 250,000

gross tons.

Pennsylvania.—The zinc deposits in the Saucon valley, Lehigh county,

Pennsylvania, which were once extensively worked, now produce but

little ore. Their history, however, has a special interest from their con-

nection with the introduction of spelter-making into this country, and
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from the fact that tbey belong to a class of deposits wliicL seems to

warrant a belief in tbeir continuance to a considerable depth, and be-

cause they are a good illustration of the general efiect of the character-

istic feature of the ore market, above referred to. Three princii)al

deposits have been discovered, known respectively as the Ueberoth,

Ilartman, and Saucou mines; they occur in magnesian limestone of the

Lower Silurian formation, and have many points in common, while they

also present some striking differences. They were all at one time owned
or controlled by the Lehigh Zinc Company, whose works were at Beth-

lehem, four miles distant. The Ueberoth mine, which is, so far as de

velopments have shown, the largest, was worked continuously from 1853

up to the fall of 1876. It was for many years the main dependence of

these works, and produced in the neighborhood of 300,000 tons of ore.

The strata of limestone are here very much disturbed aud tilted up

almost to the vertical, apparently by the obtrusion of the syenite ridge

of the neighboring South mountain. The ore came close to the surface,

and a very rich pocket was found in the clay above and around limestone

bowlders, which is estimated to have produced 100,000 tons of ore.

When tbis body of ore was exhausted, the ore was followed down in

crevices between the bowlders. These crevices lie in planes parallel to

the bedding of the limestone, or in planes perpendicular to it, and i)re-

serve great regularity in tbeir position, and a parallel course for several

hundred yards in a northeast and southwest direction ; they are nearly

vertical, aud at the depth of 225 feet, to which the mine was worked,

showed no signs of closing up. The ores at first were exclusively cala-

mine and smitbsonite, but at greater depth blende made its appearance,

coating the walls of the crevices, and in some cases penetrating into

them several feet; in ^ther cases segregated as rich seams, which nearly

filled the ci-oss openings. At first it was confined to the northeastern

end of the mine, but at the lowest depth reached it could be traced al-

most continuously to the extreme southwestern end. The dip of the ore

body appeared to be regular, and to the southwest. Six of these parallel

crevices were worked, and about as many crossings; and where thov

intersected rich bunches of ore were found, some of which were as much
as 60 feet across and 20 feet thick. All the indications seemed to point

with increasing certainty to the existence of ar backbone or underlying

deposit of blende, out of the reach of the action of meteoric waters,

from the continuation of which the oxidized ores have been derived.

Timbering the mine was always a serious difficulty, but the greatest

obstacle to be overcome was the water. Even at a depth of 40 feet the

flow was already very strong; at the depth of 150 feet it was found

necessary to put in what was then the largest immping engine in the

world. This engine, which is a single cylinder, double acting, condens-

ing, walking beam engine, with a i)air of llywhei'ls. has a 110 inch cylin-

der and a 1()foot stroke, and is calculated to work four ."Ui-inch i)lnngcr

pumps and four 30inch lilt i)uiiips, with 10-foot stroke, and to take
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water from a depth of 300 feet. At the time it was stopped it was riiu-

uing- from six to seven strokes a minute, and was worliing three pairs

of 30-inch pumps and one pair of 22-inch pumps, and was easily hand-

ling- all the water that came to them. The pump shaft and foundation

for the engine were no less remarkable in their way. The latter was
built up from the solid rock, 60 feet below the surface of the ground, of

hewn blocks of Potsdam sandstone j the former, which measured 30 feet

by 20 feet in the clear, was started on a small crevice, and timbered with

12-inch square yellow pine sticks, and divided into three compart-

ments, and further strengthened by two opeii brattices of the same
heavy timber. When the pitch of the vein carried it out of the shaft

the rest of the depth was sunk through solid rock.

The Hartman mine, distant about half a mile, was worked at first

exclusively for calamine. Its exploitation gradually exposed a central

"horse" of blende, which the method of mining adopted made it neces-

sary to leave for the support of the timbers which carried the roof.

The increasing importance of this blende at the lowest level worked,

150 feet, caused a change to be made in the methods of mining. The
mine was operated for a year after the large engine was stopped, and

the last work that was done was the putting in of a slope to develop

this deposit of blende. The water in the Hartman was always less

strong, the pitch of the crevices less steep, and the surrounding rock

less disturbed than in the Ueberoth mine 5 the strike of the crevices was

more to the west, and the blende came nearer to the surface.

The Saucon mine, however, affords the simplest and best illustration

of this form of deposit. It is distant about a quarter of a mile, and was
originally leased by the Passaic Zinc Company, by whom it was sublet

to the Lehigh Zinc Company on high royalties. When the rich deposit

of calamine first discovered was apparently exhausted, this sublease

was surrendered by the latter company, and in 1875 the original lease

passed to the Bergen Point Zinc Company, by whom the mine has been

worked ever since. A face of blende was uncovered at the western ex-

tremity of the open pit, and the ore followed under a heavy cap of lime-

stone for a distance of 250 feet up to the property of the Lehigh Zinc

Company on the west. On this property it was reached at a depth of 110

feet, under 100 feet of solid limestone, and was followed 150 feet farther

on the course of its strike. On both properties it was followed to a

depth of nearly 200 feet. In the fall of 1879 all the property of the

Lehigh Zinc Company i)assed into the hands of its bondholders under

foreclosure of its mortgages, and in the spring of 1880 all the mining

property was sold to the proprietors of the Bergen Point Zinc Works.

The workings of these two mines, taken together, show a remarkable

regularity of width, pitch, and course, and the deposit is clearly shown

to be a large chimney or chute of ore of irregular cross-section, which,

however, preserves a lenticular shape, the longer axis of which is about

60 feet, and pitches to the south at an angle of about 30°; the trans-
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verse axis measures about 30 feet. The axis of the ore body dips to the

wcst-soutliwest with a slope of about one foot in four. The weathered

outcroi) has evidently given rise to the pit of oxidized ores and to cer-

tain irregular detached deposits which lie in the same course several

hundred yards beyond it.

Here, tiien, are three similar deposits of zinc ore, with their nearly

parallel chimneys of blende and their corresponding beds of calamine,

which have evidently been brought up from below, bj' solution in ther-

mal springs, through crevices formed in the limestone by the gradual

upheaval of the neighboring South mountain, and have undergone sub-

sequent alteration from the action of meteoric waters. Nearest the

mountain, where the strata are most tilted and the ground most dis-

turbed, the water is strongest and the largest deposit of calamine is

found. In the Hartman mine the strata are more nearly flat, the blende

is sooner met with, and the water is much less strong; and in the Saucou

mine the blende is met with at the edge of the pit, and oidy moderate

sized i)umps are required in working it at a depth of 200 feet. That

the water in these mines comes from the same surface springs which

su))]>ly the Saucou creek is evident from the fact that, when the big-

mine was abandoned, this creek shrank at once to a small fraction of its

former volume, and only gradually recovered it as the mine filled up.

Very careful surveys of the bed of this stream failed to discover any

point at which it showed any diminution of its volume or seemed to

sink into the ground. It is therefore very improbable that the water,

having once come to the surface, found its way back into the mine. It

was probably tapped in underground courses connected with the springs

which give rise to the creek. This is the more probable, as the mine

which has the most water is on the highest ground and is farthest from

the creek, and the mine having the least water is nearest the creek. It

is therefore reasonable to suppose that nearly the maximum quantity of

water likelj' to be encountered was already handled, and that if a solid

body of underlying blende were developed it could be profitably worked

with the machinery already in place. The Saucou mine is still the main

dependence of the Bergen Point Zinc Works, but its continued working

must be attended with increasing cost and uncertain risks.

The ores of this region are remarkably free from lead, arsem'c, and

antimony, and it is this circumstance that gives them their i)rinci])al

value and interest, and has been the basis of the very high reputation

of the metal and oxide obtained from them. Only the richest of the

ores are in the i)resent state of the ore market available as spelter ores,

but even the leanest of the oxidized ores produce a very tine (piality of

oxide. The blende is very peculiar. It is massive and rarely shows

even traces of crystallization; when pure it has a bluish slate color, has

a very characteristic conchoidal fracture, is translucent on thin edges,

and gives a clear ring when struck. As generally sent to the works, it

resembles broken limestone; is somewhat mixed with iron pyrites, and
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assays from 35 to 40 per cent, of zinc. It is not easy to concentrate,

both on account of its non- crystalline structure and of the pyrite it con-

tains.

The causes which led to the extinction of the Lehigh Zinc Company and
the abandonment of the two first-named mines were briefly tBese : the im-

possibility of competing successfully in the oxide market with the owners
of the big mine in Sussex county, Kew Jersey, after the expiration of

the patents covering the oxide process left them free to take the trade,

or in the sheet zinc and metal market with the western smelters using

cheaper and richer ores, at a time when a general depression of all man-
ufacturing enterprises made it unusually burdensome to carry the heavy
bonded indebtedness incurred during a period of high prices and general

inflation in acquiring mines and putting up machinery to work them.

Under more favorable circumstances it is probable that these mines
could have been profitably worked for years to come; for although the

pumping expenses were heavy, they were not excessive, considered as

a royalty on the ore, and these charges iDer ton would diminish in pro-

portion to the amount of ore mined, Now, however, it will probably be
left for another generation to discover what value they still have.

Other deposits of zinc ore have been discovered in the same Silurian

formation in Pennsylvania, Maryland, and Virginia, which have been
worked from time to time, but haveproducedvery inconsiderable amounts
of ore. Small oxide works were built at an early day near Birmingham,
Blair county, audatLandis Station, in Lancaster county, Pennsylvania,

*but they were soon abandoned. At the latter point shallow beds of

rich carbonate of zinc were first discovered, but were worked out. About
1876, expensive concentrating works and two blocks of spelter furnaces

were put up to treat the grains and kernels of crystallized blende scat-

tered through the underlying limestone, before sufficient exploration

was made to warrant such an outlay of money ; they have for years

been lying idle.

Virginia.—In Wythe county, along New Eiver valley, zinc ore is scat-

tered over the surface of the ground, and in connection with lead ores

several thousand tons have been mined and sold to various eastern

smelters to be made into oxide. One deposit is at present worked by
the Bertha Zinc Company, which has erected concentrating works and
furnaces at Martin's Station, and finds a market for the limited amount
of spelter which it produces, at prices above the market for western

spelter because of its freedom from lead.

MIDDLE DISTRICT.

Illinois and Wisconsin.—With the establishment of zinc works at La
Salle, Illinois, began a revolution in the zinc trade, and eastern smelters

were soon to be restricted to the limited market for special brands of

spelter. The lead regions arouud Galena, Dubuque, and Mineral Point
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had loug been known and extensively workec], and large quantities of

zinc ore had been discovered in prospecting ; thousands of tons had

been mined and stowed away in abandoned drifts, or hoisted to the sur-

face and thrown on to tbe duni[)s, or scattered around the wash places

as worthless "jack"; for years ore was to be had for very little more

than the cost of loading and hauling it to the smelters, and in these

years were laid the foundations and established the business of those

companies which dominate, if they .do not control, the zinc industries

of the United States. Gradually, as the ore already mined became ex-

hausted and other companies, attracted by the large profits there seemed

to )>e in the business of smelting, were induced to embark in it, and as

the richest deposits of lead ore were worked out and the lower price of

thjit metal caused a falling off in lead mining, zinc ore rose in price and

began to be mined for its own sake, and the condition of affairs now
<?xisting was brought about. Southern Wisconsin and the Galena dis-

trict are still important zinc-producing centers, but far larger amounts

of ore are now drawn from the still richer lead regions farther west.

The best authorities estimate the total output of the lead region of Wis-

consin prior to 1876 at 115,000 gross tons, the largest amount shipped in

any one year being 10,621 tons in 1872. The output in 1880 is estimated

to have been about 15,000 tons. lu com])aring these figures with the

output of eastern mines it should be borne in mind that they represent

a considerably larger amount of metal than their amounts would indi-

cate, as only the richer ores are sent to the smelting works, and the

poorer are scattered around the mines. With a few exceptions (as in

the case of the Illinois Zinc Company, which bought out and consoli-

dated the different interests in an important mine in the Galena district

and by systematic working and better equipment has made it an im-

portant feeder to the works), all the mining is done by snuill companies,

mostly unchartered associations of persons living in the immediate

neighborhood. The royalties i)aid to the land owner vary from one-

tenth to one-quarter of the ore raised. Some storekeeper, farmer, or

local capitalist furnishes the small amount of money needed for tools;

and the men who work in the ground in winter usually engage in farm

work during the summer. The ore is generally raised to the surlace by a

windlass, and cleaned by hand with a "pickawee" hammer, or crushed

with a "bucking iron" on a flat stone, or by an itinerant horse-i>ower

crusher, and is concentrated by sluicing and hand-jigging, and is then

exi)osed for sale. The smelting companies which draw their ore supply

from this district have their resident or traveling agents who examine

the ore as it is raised, and either contract' for the output of the "dig-

gings," or buy the ore in the ricks. ]\Iost of the miners are poor and

unable to work their diggings to good advantage, or to hold their ore

long after it is cleaned. The output from any given locality is small,

but the aggregate is very considerable. The ore raised in this region

varies greatly in quality. What has been said above refers particularly
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to the shallower deposits, or the old abandoned lead workings where

.water is not troublesome. There are shallow deposits of " drj* bone"

(carbonate of ziuc) which are extensively worked in this waj', some por-

tions of which are very rich ; but these rich layers have ordinarily a

thickness of only a few inches. Above and below them are heavier

layers largely contaminated with limestone, too lean to be sold as spel-

ter ores, which cannot be concentrated. The mining for the rich ores

alone is seldom very ])rof3table, and large amounts of the lean ores are

still scattered through the mines above and below ground. If a reas-

onable market could be found for this, many mines could be worked
which are now abandoned. In 1S79-'S0 three or four thousand tons

were shipped by the Lehigh Zinc Company to Bethlehem and made into

oxide. When proper care was laken to keep out any material that

would discolor the oxide, a very fair quality of i^aint was made, and a

yield of 30 to 33 per cent, was obtained. Within the year oxide works

have been erected at Mineral Point to run on this material.

This district, which is called the Upper Mississippi lead region, has

been known to contain lead since the beginning of this century, and

lead mining has been extensively carried on for upwards of fifty jeais,

and has in some cases proved very profitable. The lead occurs in the

Trenton and Galena limestones of the Lower Silurian formation, which

l)reserve their horizontal position. It is found in vertical and horizontal

crevices, of which in Wisconsin alone more than 2,232 have been sur-

veyed by Mr. James Wilson, jr.; of these 1,325 were east and west, and
-1S2 north and south, the balance being irregular in strike. These crev-

ices are associated under more than forty different grouj)s, and most of

them contain some zinc ore. The east and west openings are found to be

most productive, and the lowest contain the greatest j^roportion of

blende. Where the blende is associated with galena it is capable of

being brought up to a high percentage at the mines, but where the two
ores are intimately mixed and free from gangue, they are generally

bought by the smelters as mined, and separated in the dressing works
at the furnace. There is also a silicate of zinc, much mixed with galena,

which is treated at the mines to a rough calcination with wood in piles,

after which it is crushed and the galena is washed out. Anything like

an accurate description of this region is out of the question. Diggings
are opened, change owners, are shut down, cave in, are reopened, and
abandoned ; little record of the yield of particular ground is kept. The
skilled miners who work here are of a roving disposition ; each one who
wanders away carries his secrets with him ; all over the country may be

seen abandoned workings of which no one kno"W8 anything beyond vague
report.

Tennessee.—In Tennessee, near Kuoxville and elsewhere, deposits

of ziuc ore have for many years been intermittently worked, and con-

siderable amounts of ore have been calcined and shipped to eastern

smelters-(and it is now proposed to build works nearer the mines); but
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they may be passed over, for the reason that they have had very little

effect ou the metal output of the country, and for the same reason the

more important dejjosits along the line of the Saint Louis and Iron i^Ioun-

tain railroad, which for many years were the principal source of supply

of the Carondelet smelters, will only be alluded to.

WESTERN DIVISION.

The lead and zinc region of southwest Missouri.—The lead and zinc re-

gion of southwest Missouri is known to embrace the greater portion of

Greene, Dade, Lawrence, Jasper, Xewton, and McDonald counties, and

to it adjoins the mineral region of the eastern part of Cherokee county,

Kansas. Throughout the whole of this region both lead and zinc have

been found; but the most productive district, and the only one at i)res-

ent worked, is confined to the northern half of Xewton county, tbe

southern half of Jasper county, and the eastern end of Cherokee county,

Kansas, and to the area drained by the three streams, Center creek,

Turkey creek, and Shoal creek, which flow west and north and empty

into Spring river within six miles of each other. In this region the

towns of Grauby, on the south, and Joplin, on the north, are the centers

of the principal mining activity. A very careful and intelligent ac-

count of this region, so far as it had then been developed, is to be found

in the report of Dr. Adolf Schmidt and Mr. Alexander Leonhard,

published in the Geological Report of the State of Missouri for the year

1873-'74:, to which the reader is referred. Work on the survey was in-

terrupted in 1876, and has not since been resumed, for which reason few

reliable statistics have since been published. The importance of this

region as a source of zinc ore dates from the year 1871. In this year

the first regular shipments of ore were made from Granby to the zinc

furnaces at Carondelet. The discoveries of rich deposits of lead ore at

Joplin in the same year, and their wonderfully rapid development, had

also an immediate effect on the prosperity of this region. Here, as in

Wisconsin, the discovery of zinc ore is proportional to the activity in

prospecting for lead ore. The i)roduction of zinc ore for the year 1874 is

given as 19,000 tons, and the present output is variously estimaftd at

from 1,000 to 1,500 tons a week. There is no doubt that the latter fig-

ure is often reached, and could be maintained from i)resent develop-

ments, except when mining is extensively interrupted either by wet

weather or excessively low prices for lead or zinc ore ; or that more

than two-thirds of the spelter made in this country comes from ore

mined in this region. The ore is found in tlie sub-Carboniferous forma-

tion, and there is an evident connection between the known dei>osits of

ore and the present system of surface drainage. Dr. Schmidt observed,

as a remarkable fact, that the largest deposits do not lie along the prin-

cipal streams, but at the heads of the smaller tributaries. The deposits

of Webb City, Carterville, Empire, Galena, Sherwood, Belleville, and
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Blende, discovered since his examination, and now the principal sources

of zinc ore, fall nnder the same rule. These throw new light upon the

character of the mineral formations, and seem to warrant increased

confidence in their extent and depth. The most important zinc mines

of this region are those at Carterville and Webb City, which are really

parts of the same deposit. They produce more than half of the zinc

ore raised, and are worked principally for zinc ore.

As these deposits are very regular in their formation, and in a meas-

ure rule the ore market, and as the method of mining them is essen-

tially the same as prevails throughout their entire district, a general de-

scription of them and the method of mining them will here be given.

These mines lie in the open prairie, which was once cultivated in farms,

about five miles northeast of Joplin, near the head of a small branch
of Center creek. They were discovered about the year 1877. Here, at

a depth of from 40 to 100 feet, and often under a cap of limestone and
flint 60 feet in thickness, has been found an immense deposit of zinc-

blende, which has been worked continuously for over half a mile. The
deposit is in the form of a bed of flint, traversed in various directions

by solid bars of barren flint, but in general resembling a breccia of

sharp, angular pieces of flint, closely cemented by crystallized blende,

with occasional masses of bright, crystallized galena. With the ex-

ception of these bars aud occasional pillars to support the roof, the

whole body is blasted out. Draining is difficult, and rock drifts are

sometimes necessary to unwater the ore. Dr. Schmidt considers a

secondarily deposited quartzite to be the cementing material between
the chert and the zincblende in the very similar deposits found at

Oronogo; but this is certainly not the case in the best mines at Webb
City nor at Sherwood, and zinc buyers soon learn to detect the diifer-

ence. Where the cementing material is pure blende, the blende breaks

freely from the chert, and can be almost entirely cleaned by crushing

and jigging; where the cementing material is quartzite, or black sand,

as the miners call it, crushing is difficult, and a satisfactory separation

is impossible. The mines spread over about a section of land, 640

acres. Their weekly output is about 700 tons. The method of working

them is as follows : When a good prospect is discovered in new ground
the land around it is leased from the original owners on royalties ranging

from 10 to 25 per cent, by a number of individuals, who organize vari-

ous mining, or as they would more properly be called, land companies.

These companies have the land divided up into lots 200 feet square, and
a plat of it made ; select certain lots for themselves, and throw the

others open to miners. They usually start a shaft on one of their own
lots, and put in a pump. If the indications continue good, many of the

lots, particularly those near the pump shaft, are quickly taken up by
parties of miners, who sink shafts ux)on them, timber the ground, put

up hoisting contrivances, furnish all supplies, and bear all expenses.

When ore is struck it is drifted on and followed in all directions up
24 M R
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to the boundaries of the lot in question. The ore is raised to the sur-

face and crushed and washed by the miners, and is sold to one of tbe

zinc or mineral buyers. It is weifjbed over the company's scales, and

I)aid for to the company, which deducts a royalty of 25 per cent, on zinc-

blende and 50 per cent, on "mineral" (galena); and if it has pumps
running, a pump rent of $1 a ton on zinc ore and $2 on 1,000 i>ounds of

galena; and pays over the balance to the miners. The royalties, of

course, vary with circumstances, but the above are general. The holders

of lots hire other labor to do the mining, at from $1 to $1.50 a day.

and usually put up crushing and washing machinery on their lots.

Very often the same parties control two or three adjoining lots or frac-

tions of lots, and sometimes neighbors go into partnership. Most com-

panies do not allow ores to be taken from the lots on which they are

mined until they have been cleaned and ha\e paid royalty. The
machinery is usually of the simplest description—a farm or small sta-

tionary engine, covered by a shed of rough boards, a small-sized Blake's

breaker, set over a pair of rolls, and a horse whim or a whip. The jigs

are ordinary hand jigs, with an overhead breakstaff, working a sieve 2

by 3J feet up and down in a box of water. The jigging is usually done

by contract, and is paid for by the ton of cleaned ore. It is common to

see from 10 to 20 of these jigs grouped together under a shed of poles,

covered with branches of trees or rough boanls. The ore as crushed

yields from 10 to 50 per cent, of cleaned ore, and the No. 1 grade assays

about 60 to 62 per cent, of metallic zinc. The tailings must in most

cases be piled up on the lot from which they have come ; they are drawn

up into a mound with two-horse scrai)ers or belt elevators, and it is not

an unusual sight to see jigs and crushing machinery perched on top of

these mounds 15 or 20 feet above the surface level, the shafts being

timbered up to a corresponding height. Several land companies have

put in fairly effective pumping machinery. Plunger pumps working in

pairs, with wooden walking beams or bob cranks, and driven by gear-

ing and a crank shaft, are the most common ; but direct-acting steam

pumps, like the Worthington or Blake, have been largely introduced of

late, notwithstanding the disadvantages they labor under from the

gritty water of the mines. From a distance these mines, with their

swarms of busy men and heaps of tailings piled around the shafts,

remind one strongly of gigantic ant-hills, and present a sight not soon

to be forgotten. No one can fail to be struck with the glaring defects

of such a method of mining, the absence of system, the useless dupli-

cation of machinery, the chea]) yet expensive expedients, and the crowd-

ing together of conflicting operations. Below ground the effects are if

possible w^orse. Each lot is affected bj' the policy of its neighbors;

pillars are left only where they are thought to be absolutely necessary;

each miner tries to get as much as possible out of his own lot, is only

interested in it as long as he expects to work it, and is not disi)Osed to

improve the value of adjoining lots by unwatering them or proving their
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ore. The roof and pillars are badly trimmed, and in many cases dan-

gerous, fatal accidents being distressiugly common. The ofiBcers of the

land companies are generall^'^ individually interested in one or more
lots, and all sorts of questions are continually arising from the conflict-

ing interests of the company and the miners.

Looked at altogether, as the main dependence of the zinc industries

of this country, such a condition of affairs is far from satisfactory, and
yet it is not easy to suggest a practicable remedy. If a single company
with sufficient capital could control all the lots and work them in con-

nection with each other, the output could be largely increased, the cost

of mining and dressing the ore greatly reduced, and the value of the
mines kept up for a longer period, and the ore could be sold to better

advantage than can be hoped for under the existing method. But this

is seldom possible after the present system is once in operation; too

many individuals have acquired rights in the mines, which they value

at what they hope to get out of them. Nor is the present arrangement
without obvious advantages in a new country, and it is seriously ques-

tioned whether any other could be as eifective or as economical. When
mineral is once discovered, it requires but little capital to open mines,

and consequently the individual risks are small. The miners, working
on their own account, with hopes of large ultimate gains, have every

inducement to work hard and cheaply, and to follow every clew that

may lead to the discovery of ore. There is a large body of keen, hard-

working prospectors, who during the season wander from place to place,

live in wagons, under tents, or in the open air, and carefully observe

and tollow every real or supposed indication of ore. How else, it may
be asked, could prospecting be so well or so cheaply done? And there

is a class of enterprising, skillful, well-to-do miners, naturally associ-

ated as partner s, who have made one or more good strikes, and are always

ready to take hold of any new venture that promises well, either in

working a lot or in forming a laud company to open new mines. Where
else could be found capitalists so willing to risk their money in a specu-

lative venture ? Men of this sort are always ready and able to work
themselves, or to direct the work above or below ground. How else

could be obtained as willing and as watchful superintendents, foremen,

and clerks? New towns are started every year, and the mining dis-

trict is rapidly extending. No uniform development seems to lead to

this extension ; chance and the policy of the land owners appear to be

the only determining causes.

The towns of Galena and Empire, on Short creek, in Kansas, were

brought into sudden prominence in 1878 and restored the waning for-

tunes of the Joi)lin region by the exertions of two land companies,

which, on the strength of two or three rich but undeveloped prospects,

laid out two rival towns, and sold town lots without reserving mineral

rights; and by extensive advertising throughout Missouri and neighbor-

ing States created an excitement which had a purely speculative basis,
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but led to the collection of a large number of miners and a considerable

aggregate of money. Fortunately the results very nearly justified their

most sanguine representations. The land companies then withdrew all

of their remaining lots from the market, and the success of the mines

was secured. They are now the principal mines for lead ore in the re-

gion, and their output of zinc is increasing.

For the discovery and working of shallow deposits the present system

seems the best that can be devised, but it is clearly not adapted to

solve the problems of discovering deeper deposits or working them to

advantage. No system can be defended which involves extravagant

expense in mining and preparing the ore for market, forces the sale of

it without regard to its value, and renders worthless large bodies of ore

that might be profitably worked by a better system ; and no basis for a

great industry, like the zinc industry, which makes it depend on a hun-

dred chances independent of the price of metal, the cost of smelting, or

the known deposits of ore, can be considered very safe to build upon.

The caving in of a single mine, the breaking down of a pump, less

activity in lead mining, or the scattering of the miners to richer camps

may cause a falling ofi' in the output of ore from which it would be verj*

difficult to recover. That mining has on the whole been very profitable

in this region is established from the fact that the country around has

steadily and rapidly increased in wealth and population. Within the

last few years three railroads, the Saint Louis and San Francisco, the

Missouri Pacific, and the Kansas City, Fort Scott, and Gulf, have built

branches through the ore fields to each of the three towns, Joplin, Webb
City, and Galena. Joplin, with its good streets, gas and water works,

machine shops and foundries, flour and woolen mills, lead and zinc

furnaces, street cars, and extensive jobbing and retail houses, has been

built almost entirely from the profits of mining.

Granby, 20 miles southeast of Joplin, presents a striking contrast.

It, is dependent on a single railroad, which owns much of the jnining

land; and the land is all leased or owned by the Granby Mining and

Smelting Company. Lead ore has been extensively mined since 1856,

and during the war the mines were worked for both armies. The zinc ore

obtained is mainly calamine, but blende is also found. The mines are

in general shallow, and less troubled with water, and the ores usually

require less mechanical dressing than at other points in the lead region.

The company receives from the men all of the lead and zinc ore, deducts

the royalties paid to the railroad and its own royalties, and pays the

miner on a sliding scale, based on the price of the metallic lead and the

selling price of zinc ore, for the reason that it smelts the lead ore, and

at present sells the zinc ore.

This mining point is noteworthy, as it is the only one producing large

amounts of calamine. The calamine is naturally rich, not much con-

taminated with other materials, and occurs with the lead ore in shallow

horizontal openings. It was first utilized in 1871, prior to which time
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large amounts of it had been discovered and left in the ground or

thrown aside. Since that time it has been extensively mined, and has

added greatly to the prosperity of the mines. Calamine is by nature

less rich than blende in the proportion of 53 to 67 per cent. ; it is also

much more difficult to clean when mixed with rock, on account of its

lower specific gravity ; but in proportion to the metal it contains it is

more valuable than blende because it can be smelted more cheaply and
the metal more perfectly extracted from it, and when mixed with blende

in the furnace charge it makes it possible to get more metal out of the

blende. It is also valuable on account of the superior softness and
toughness of the metal obtained from it; but it will not bear transpor-

tation to a distance as well as blende, on account of its lower percent-

age of metal. This ore has been at times the principal supply of the

Carondelet zinc works; large amounts of it have been shipped to La
Salle and Peru, and in 1874 4,000 tons were shipped to Bethlehem,

Pennsylvania, which yielded a little over 32 per cent, of metal on the

weight of the raw ore. It is less favored by the zinc works in the

neighborhood, because the freight upon it is heavier than the freight

on ore from other points, and because furnaces working it cannot turn

out as many pounds of metal a day as when working on blende, and
the outi)ut of the works is reduced.

EASTERN ZINC WORKS.

Spelterfurnaces.—The reduction works at Newark, Jersey City, Bergen

Point, and Bethlehem employ the same general type of furnace, adaj)ted

to the use of anthracite coal. They all manufacture oxide of zinc as

well as sjjelter. ISTone of them can produce metal as cheaply as any of

the western works, but they all produce a brand of metal very free from

lead, which commands a continued sale. The furnace used diifers from

the ordinary Belgian furnace chiefly in the substitution of a shallow

ashpit 16 to 18 inches deep, with luted ash-doors, into which a blast of

air is admitted under the tire, in place of the high underground ashpits

and tunnels of the latter. The grate is composed of flat perforated bars

of cast iron, i)laced close together, so as to permit the use of pea coal.

The method of cleaning the fire is as follows : At the back end of the

grate, and on a level with it, there is a flat ledge of firebrick ; the live

coals from the top of the fire are pushed back on to this ledge, the cin-

ders are barred up from the grate and scraped out at the fire-door; the

fire is then drawn forward and spread over the cleaned bars, fresh coal

is thrown in, and the blast is admitted, and in a very short time the fur-

nace is brought to the required heat. By means of the blast and chim-

ney dampers the fire is easily controlled, and the heat is regulated to suit

the requirements of the different operations of smelting. Furnaces of

fifty-six retorts are in general use. Nothing seems to be gained by any
considerable increase in the number. If the furnace is charged twice in
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twenty-four hours, which is the usual i)ractice, this is about as many as

can be attended to properly by three men—one charger and one long

shift and one short shift man ; for if the operation of cleaning and charg-

ing is prolonged, the time left for reduction becomes too short to prop-

erly exhaust the charge. If the furnace is enlarged so as to employ two

more men, the work of firing becomes excessive if there is only one fire-

place; if there is a fireplace at each end, a cross wall between them

adds little to the cost of construction, but it greatly strengthens the

block and facilitates repairs ; but at the same time it divides the block

into four furnaces. Anthracite coal, with a blast, gives a good tlame

and sufficient heat in all i)arts of the furnace. It is customary to pro-

tect the lower retorts from the radiated heat of the fire by a row of thick

tubes, called cannons, about the same size as the retorts, but open at both

ends. Where the furnace is charged only once in twenty-four hours

much time is lost, during which part of the furnace is not working ; and

the lower retorts are too long exposed to a strong heat under circum-

stances which make it very destructive to them. It may also be con-

sidered as i)roved that any considerable departure from the long estab-

lished dimensions of the retorts—6J to 7 inches internal diameter—is a

mistake where the furnace is (;harged twice in twenty-four hours and

the ore is sufficiently valuable to make close working desirable. It is

worthy of note that the workmen everywhere desire larger retorts and

twenty-four-hour charges, for the simple reason that their active work-

ing hours are reduced at the same time that the amount of metal on

which they are paid j)remium is increased.

Oxidefurnaces.—The oxide furnaces in use are also of the same gen-

eral type. Each furnace has a rectangular horizontal cross-section,

about 3| feet wide by 6 feet deep, and is covered by a full center arch

;

8 or 10 inches below the spring line of the arch is the grate, which

is formed of flat cast-iron bars, G feet long, G inches broad, and an

inch thick, perforated by tapering holes, 1 inch diameter below an(>

one-quarter inch diameter at the top, set as closely together as the

strength and stiffness of the iron will permit; these bars lie close to-

gether and rest on three or four bearers set crosswise into the side walls

of the furnace. Below the grate is an ashpit 18 to 20 inches deep,

closed in front by iron doors. The opening into the furnace is under

an arch in the front wall; this doorway is sometimes closed by iron

doors, but the simplest and best method of closing it is with a bank of

moistened ashes piled up against it; for this purpose a shelf about 20

inches broad i)rojects in front of the furnace on a level with the grate

bars. The front opening is usually' a semicircular arch the full width of

the furnace. Tiie ashpit is connected with an air flue coming from cen-

trifugal fans, and i)rovided witli a damper, by which the blast is regu-

lated. There is an opening in the arch of the furnace for the escape of

the zinc oxide and other products of combustion; this opening either

leads directly into the iron or brick flue running to the cooling appa-
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ratus, or iuto a short flue, from which the gases may be turned either

into the oxide flue or into an open chimney, according to which of tlie

two systems of working is adopted. It is customary to place two such

furnaces end to end, and work them from opposite sides ; and the end

wall between them is sometimes omitted, a single opening through the

arch answering for both furnaces. A row of such pairs of furnaces side

by side is built, and the same air and oxide flue answers for the row.

The method of working the furnaces is as follows: One man attends

to four or six adjoining furnaces and charges them alternately, one

every hour. When opposite furnaces open into each other, these two

furnaces are charged at the same time. When the time comes for clean-

ing out a furnace, the draft is shut off, the pile of ashes is removed from

the front of the furnace and thrown to one side, to be used again. What
is left in the furnace from the preceding charge is in the form of a more

or less solid clinker, covering the whole surface of the grate ; this is

loosened and broken up with suitable bars, and is drawn out in front of

the furnace. The bed coal is thrown in on the cleaned grate and spread

evenly in a layer of about an inch deep, the front opening is partly closed

with a loose piece of sheet iron, and.a little air is admitted through the

ashpit; the cinders and ashes of the preceding charge are thrown out

of the way of the workman, and by the time this is done the bed coal

has been sufiQciently ignited from the heat retained in the sides and

arch of the furnace to receive the charge. This consists of a mixture of

crushed ore, with about balf its weight of anthracite coal, as finely

crushed as can be used without falling through the grate. The charge

is spread over the fire and leveled carefully; the front of the furnace

is closed with its bank of ashes, and more blast is let on. A charge

remains in the furnace from four to six hours, according to the practice

at different works. When the ore used is calamine, smithsonite, or

frankUnite, it is charged raw; when it is blende, it must be very care-

fully roasted beforehand. When franklinite is used, the hard clinkers

remaining in the furnace are reserved for the manufacture of spiegel-

eisen, and are called the "residuum." The fine residues of the charge

are mixed in with the succeeding charge; by this means the fire is kept

open for a longer time for the penetration of the blast, and a thick crust

of residuum is obtained, more suitable for treatment in a blast furnace.

The ashes are removed from below the grate only once in 24 hours, and
the charge is in all cases slightly moistened before being thrown into

the furnace. As the charges are made alternately every hour, the heat

in the conduits and all parts of the apparatus is kept very uniform, and
sufficient to instantly burn any particles of coal drawn over with the

gases, and no trouble is experienced from their effect on the oxide.

The XJractice of some works in only turning the gases into the oxide flue

when the zinc flame makes its appearance, seems an unnecessary pre-

caution. • An excess of air is always admitted, so that it is probably the

active agent in oxidizing the zinc, and very little carbonic oxide would
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be found in the bag-room. It is very important that the men should

watch the working of the furnace carefully, and by regulating the ad-

mission of the air, and by closing all blowholes with a rake, should

force the air to pass through the charge as uniformly as possible.

The apparatus for cooling the gases and oxide varies considerably in

different works, but consists essentially in some combination of brick

or iron flues, with towers or ascending pipes, with or without sheets or

jets of water and steam chambers. Beyond it are exhaust fans, to draw

the gases carrying the oxide from the furnace and send them through

settling chambers to the bag-rooms. The gases, now cooled and carry-

ing only light flakes of merchantable oxide, are distributed through the

bag-rooms by iron branch pipes, along the tops or the bottoms of which

are set rows of nipples close together, to which are attached cotton

bags. These bags are often 40 or 50 feet long, and hang down from

the branch i)ipes or are suspended vertically above them from the roof.

Two hundred square feet ofbag surface to one square foot of grate surface

is a proportion found to work very well in practice. The bags are about

two feet in diameter, and when suspended from the branch pipes the

lower ends need not be closed if they are long enough to be given a half

twist and rest on the floor, or on a slightly raised bench under them. An
ingenious variation of this arrangement may be seen in the works of the

Lone Elm Company, at Joplin, Missouri, for the collection of the white

fumes from the lead slag eyes. There the lower ends of the bags are

tied to nipples in the top of closed bins, into which the collected fume

may be directly shaken, and from which it may be packed, when the

lower ends of the bags are closed by a sliding gate. The bags thus

form the only outlet from the furnaces. The cooled gases pass freely

through the meshes of the cotton, and the finest flakes of oxide are

arrested on the inside. These must be shaken down from time to

time to keej) the meshes open and to collect the oxide in the bottom

of the bags. When the oxide, after collection, is kiln-dried to drive

off 1 or 2 per cent, of moisture absorbed from the furnace gases, and

bolted to remove cotton fibers and occasional specks of iron-rust and

lumps of hardened oxide detached from the pipes, its quality is cer-

tainly improved, and it will keep better without caking ; but this is not

always considered necessary. As collected, the oxide is too light and

feathery to be directly packed, and must be comjiressed by suitable

machinery.

This oxide process is not new, and is generally well known, but it is

probably the only valuable contribution America has made to the met-

allurgy of zinc. Its operations, though very simple, are not without

their difficulties. Very slight and often not very obvious causes sud-

denly affect the color or body of the oxide; different ores require

different treatment, and the heat conditions and amount of air admit-

ted at different points of the apparatus seem to have almost as decided

an effect on the quality of the oxide as has the character of the ore
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treated ; all of the volatile constituents of the ore will be found in the

oxide. Besides containing traces of sulphur, arsenic, antimony, and

cadmium, commercial oxide frequently contains minute but weighable

amounts of lead, iron, manganese, lime, magnesia, and ash, which often

do not seriously affect its color. If the color is good, a small per-

centage of lead is supposed to add to the body of an oxide. There is

good reason to infer that the unnatural color imparted to an oxide by
these elements depends much less on the actual amount of them which

it contains than upon the nature of the compounds into which they

enter, some of these compounds being white, others possessing more or

less coloring properties. Conditions of volatilization, oxidation, and

condensation, therefore, strongly determine -flhe color of the resulting

oxide. Color being a purely physical property, it is also probable that,

apart from the effect of extraneous coloring substances, the color of

an oxide depends also on its physical texture, and sometimes results

solely from physical causes. There must be a certain proportion be-

tween the volume of gas, the amount of oxide carried by, and the

dimensions of the flues. Apparatus that will work very well with

certain ores, or with a certain number of feet of grate surface, will not

give equally good results with richer or poorer ores, or with more or

less grate surface. In working some ores it is necessary to run as hot

as is consistent with safety to the different portions of the apparatus

;

with others the best results are obtained by running cold. It is well

to start with sufficient cross-section of flues, and with a reserve of

power in blast and exhaust fans, and with large cooling and settling-

chambers, and numerous doors for cleaning them and admitting air.

Water in the ashpits is in some cases found to be very useful in pro-

tecting the grate bars and equalizing the temperature. Considerable

control can always be had over the heat by varying the weight either

of coal or ore in the charge ; both must also be regulated to suit the time

the charge is to remain in the furnace. Lime or limestone is often added

to the charge, and acts sometimes chemically in liberating the zinc from

its combination with silica; at other times it is added to stiffen the

charge and prevent it from running through or stopping up the grate

bars.

In the works at Jersey City, Newark, and Bethlehem franklinite is

now exclusively used for the manufacture of oxide, and the residuums

are treated for the extraction of the iron and manganese in small cupola

furnaces, about 20 feet high above the tuyeres and 6 feet wide above the

boshes. l!fearly all of the iron is obtained, but little more than half of

the manganese. The operation is beset with many difiiculties. The

3 or 4 per cent, of zinc oxide left in the residuum is very troublesome,

and has heretofore prevented the use of large furnaces. The pipes for

collecting the fumes from the tunnel-head require cleaning two or three

times a week, and during the cleaning the furnace cools down and man-

ganese goes into the slag ; the spiegeleisen drops suddenly from as high
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as 22 per cent, often below 10 per cent, of manganese, and eigbt or ten

hours are required to bring the furnace back again to its proper working

condition. If the manganese could be. got into the pig to the same

extent as the iron is utilized, a ferro-manganese of 33 per cent, could

be obtained.

The fumes collected from the Spiegel furnaces and the impure oxide

obtained from the flues and sweepings of the oxide works are usually

made into metal in the ordinary spelter furnaces, but the latter is some-

times converted into good oxide by reburning.

CENTRAL ZINC WORKS.

Worls in Illinois.—Of the works at La Salle and Peru, Illinois, only

a general description can be given. They produce at i^reseut consider-

ably more than half the metal made in this country. The works at La
Salle were started about the year 1860; they belong to the ]\Iathiessen

& Hegeler Zinc Company, and have a capacity of from 28 to 30 tons of

metal a day. The most striking feature about these works is the pat-

ented furnace employed. This furnace is in the neighborhood of 100

feet long and contains about 800 retorts, of the same general size and

shape as in the old Belgian furnace, and set into the furnaces in the

same general way, but only five rows high. The furnace is tired by gas

produced by a blast in a producer outside of the furnace. The producer

is set close to one end of the furnace, but on a lower level ; is of square

cross-section, and has an airtight iron ashpit raised from the ground,

into which air is forced by a large iron fan. The front of the ashpit is

closed by planed iron doors, which are raised by counteri)oises when
the fires are cleaned and held closely in place by suitable clauii)S when
the air is admitted. The producer is covered by iron doors, which open

halfway across the top when the producer is being charged. The coal

is mined under the works, and dumped directly into the producer from

the mine cars. The gases are led hot into the end of the furnace, and are

gradually burned as suflicient air is admitted. The air for combustion

is brought from the opposite end of the furnace, through a flue running

over the center of the furnace arch ; from this flue lateral branches are

taken ofl', at right angles, to both fronts of the furnace, and carried down
to the floor level at such intervals as to admit four retorts in a horizontal

row between successive air-flues. All these flues are external to the

furnace, and the air is admitted into the combustion chamber through

perforated fire-clay tubes, corresponding in size, position, and arrange-

ment with the charged retorts. Dampers to regulate the supply of air

are introduced at intervals in the flues; when once adjusted they do not

require to be often changed. Contrary to what miglit be exjiected, the

heat is tolerably uniform throughout the length of the furnace, but

slightly less at the end remote from the producer, where the charge is

modified to suit these conditions. The first furnace built was provided
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with stoves to heat the air by burning the gases escaping from the fur-

nace. These stoves are a combination of iron and fire-clay pipes,

through which the air passes, while the gases burn on the outside, and
are about as large as are required for a 50-ton iron blast furnace. Later
furnaces have not these stoves, but room is left for them in the furnace

buildings. It would seem, thereJore, that there is still a question as to

their economy. Probably the same may be said of the whole furnace.

Except for the use of suspended retorts, several rows high, and some
peculiarities in the producer, there is little essential difference between
this furnace and the step-grate furnaces with blast, employed in Silesia.

It certainly has many of the advantages due to the use of gas-firing, and
special advantages due to mechanical devices for working it ; but, on the

other hand, without the effective heating of the blast and the utilization of

the escaping heat of the furnace it cannot be considered an altogether

successful contrivance, and the construction involves i)oints which seem
to render maintenance and repairs very expensive. Among the inven-

tions to facilitate working may be mentioned: cars for cleaning and
charging the retorts, cars with swinging ladles for drawing the metal,

derrick-cars for taking out and replacing the retorts, all provided with

suitable screens for protecting the workmen from the heat, and all mov-

ing on a track laid close to the furnace. Also two-story bins for the

charge, to follow close behind the charging-car; a car carrying molds

for casting the metal, and trays for the collection of the blue powder.

Of the roasting kilns there are many varieties. In most of them the

ore gradually falls from the top of the kiln upon a succession of inclined

shelves, meeting the hot air or furnace gas passing up through the kiln.

The latest mechanical kiln has more points of novelty, and some good
features. It is worked in connection with sulphuric acid chambers.

This kiln is something like 75 feet long, and has five or six flat hearths,

one above the other, with lateral cast-iron doors, not ordinarily used,

and working doors at the ends. The ore is charged on the several

hearths at one end of the furnace, and is carried to the opposite end by
mechanical means. The handle of a rake is rapidly i^rojected through

one of the hearths and out of the working door at the opposite end of

the furnace, where the head of the rake is quickly attached to it; the

rake is then drawn back through the furnace by the reversal of the

same machinery which projected the handle. When it reaches the dis-

charging end the rake-head is detached, and is received on a car with

decks corresponding to the hearths of the furnace, and carried back to

the far end by the car moving around the furnace. There are as many
bandies and rake heads as there are hearths. The sliding doors are

raised and lowered so as to admit as little false air into the kiln as pos-

sible. The form and dimensions of the rake teeth determine the amount
of ore discharged by each draw through the furnace. The whole opera-

tion is quickly performed, and the doors are open only a few seconds at

a time. - Two sets of sulphuric acid chambers, each of a capacity of
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about 240,000 cubic feet, with all modern improvements, have recently-

been added to the works.

In the largo rolling-mill of the company there are six pairs of rolls
j

and the same desire is shown here as elsewhere to supplement manual

labor by machinery. With rapidly moving rolls, and three 8-hour

shifts a day, the output is pushed to the utmost. The capacity of the

mill is over 100,000 pounds of sheets in twenty-four hours. To keep

these works running steadily, the company, which mines no ore, is

obliged to always carry a large stock on hand, which often must repre-

sent several hundred thousand dollars of capital. The system of sam-

pling and mixing the ore is good, as is also the preparation of the retort

mixture of clay. The retorts are shaped by machinery, the clay being

forced by a propeller-like screw through a die-plate and around a man-

drel ; a man below receives it in an adjustable mold, into which he allows

it to be forced with all the pressure it will bear without bending; when

it reaches the bottom he stops the machinery, cuts ofi" the retort, aud

turns it over to another man, who stamps in the bottom and smooths

up the retort. This process is said to give as good retorts as can be

made by hand; but certainly not so good as those made in Belgium by

hydraulic pressure in molds. The condensers are stami)ed out by a drop

l^lunger of the required internal shape. Besides four large furnaces,

this company has a number of common Belgian furnaces, which have,

however, been altered from direct firing to gas-firing, by building a semi-

detached fireplace against one side. In other respects also crude and

obsolete constructions may be found working side by side with the latest

perfected inventions; and it can scarcely be doubted that the prepon-

derating influence of these works on the zinc industries of this country

is due less to their economy in working, or the excellence of any of their

furnaces, than to the peculiar advantages they have enjoyed in the past

in the matter of cheap ores, their abuudaut capital made in the busi-

ness, their extensive knowledge of the metal trade, and the monopoly

they enjoyed for many years of the sheet-zinc market, during which

time the price of sheets ruled about two cents a pound higher than the

price of metal.

The Illinois Zinc Company, whose works are at Peru, across the river

from La Salle, have the next largest works in the country, with a capac-

ity of from 18 to 20 tons of metal a day. There are three gas furnaces

in use, in addition to eight ordinary furnaces. The gas furnaces were

built under license from the owners of Siemens's patents in this country,

and present several marked improvements over the earlier designs of

Dr. Siemens of several years ago. The bottom of the furnace chamber

is a solid floor of brick, and the air and gas ports are raised above it,

and come through the back wall of the furnace under the lower row of

retorts. Another improvement is the placing of an auxiliary gas box

with a simple two-way flap valve over the ordinary reversing butterfly

valves, by means of which either set of regenerative chambers may be
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rnu oil gas or air. By an occasional reversal deposits of soot in the gas

chambers may be bnrned out, and to some extent dei)Osits of oxide may
be removed; but as the only escape for the zinc when it gets from there-

torts into the combustion chamber is through the regenerators and valves

into the chimney, the principal effect on the oxide must be to drive it from

one place to another in the furnace. It is said, however, that with the

recent improvements the trouble from oxide is not serious, and that the

furnace never has to be shut down on purpose to clean the regenerators,

and will run two years without needing repairs. The furnace is about

60 feet long, and contains about 144 retorts on a side, three rows high,

48 retorts in a row. The four regenerators extend the whole length of

the furnace, are about 28 inches wide, and contain about 30,000 bricks.

In these works the furnace is charged only once in twenty-four hours,

and the retorts in the bottom row are considerably the largest, and have
an elliptical shape. The charge is 17,000 pounds of calcined ore for an
ore yielding 8,000 pounds.

The gas producers are of the ordinary type, and the management of

the valves is the same as with any Siemens furnace. A rolling mill

with three sets of rolls, driven by a large engine with great reserve of

power, has been started within a year. The rolls, housings, and gen-

eral equipment of the mill are of first-rate design and construction.

For many reasons a separate engine for " breaking down " the ingots

would seem to be preferable.

WorJcs near Saint Louis.—There is another group of zinc works in the

neighborhood of Saint Louis, using Illinois coal, and drawing their

supply of ore from the southeastern and southwestern lead regions of

IMissouri. Of these works only two, the one at Collinsville, Illinois, and
the Glendale Works at Carondelet, have run at all steadily for the past

year or two. The Missouri Zinc Works and the Carondelet Zinc Works
have stood idle for some time. Of these four works collectively, it may
be said that they have passed through many vicissitudes ; they have
been repeatedly started up under differentmanagements, and have always

been among the first in the country to shut down when ores are high or

metal low. There is nothing noteworthy in their general construction*

Until quite recently theyhave been dependent upon a single road for their

ore supplies, and the works on the Missouri side of the river have had to

pay extravagant prices for fuel. Whether these two causes alone, or

joined with the lack of sufficient capital, are enough to account for their

irregular record, and to offset their natural advantages of location, it

might be a matter of some difficulty to determine. Large retorts, large

furnaces (for direct firing), and 24-hour charges, seem to have been the

prevailing practice. It may be mentioned, for the benefit of any one
thinking of repeating the experiment, that there are two nearly new
blocks of two furnaces, each furnace containing 198 retorts, nine retorts

high, with 22 retorts in a row, to be seen at the works of the Missouri

Zinc Company.
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WESTERN ZINC WORKS.

On the bituminous coal belt extending from Indian Territory through

eastern Kansas into northern Missouri and Iowa, and on lines of rail-

road penetrating into tlie lead region of southwest Missouri, is located

another group of works. The oldest of these is at Wier City, Chero-

kee county, Kansas, about 25 miles from Joidin on a branch of the

Kansas City, Fort Scott, and Gulf railroad. The first furnaces were built

in 1873, before railroad communication was established. Ore and coal

were then exceedingly cheap, but the former had to be hauled from 25

to 35 miles in wagons, and came mainly from Jasper and Dade counties.

The works were built on a stripped coal bank, in the open prairie, and
four miles from any town. Skilled labor was hard to get and high-

priced, and the class of men first employed was very turbulent and un-

satisfactory. The works have undergone many changes, and it is only

recently, under the present management, that they have assumed im-

portance as producers. Ten miles from here, on the same coal field, at

a point which has since become the town of Pittsburgh, li. & S. H. Lan-

yon started two furnaces in 1878 ; the number of furnaces has since been

increased to eight, each furnace containing 98 retorts. In 188() the

partnershii3 was dissolved, and Mr. S. H. Lanyon began the erection of

new works alongside of the old one ; he has now four furnaces similar

to the foregoing. In 1882 W. & J. Lanyon put up two similar fur-

naces in the same immediate neighborhood, which are now running.

The Granby Mining and Smelting Company in the same year began
the erection of works, using the Siemens gas-firing furnace, at this

l)lace, and are now engaged in smelting. The town of Pittsburgh

is 28 miles from Joplin, and on branches of both the Saint Louis aiul

San Francisco and the Kansas City, Fort Scott, and Gulf railroads;

it has now a population of about 3,000, and is the principal coal shi))-

jung station on the former railroad. The West Joplin Lead and Zinc

Company has, within a year, built zinc works at Joplin, which are now
running with a capacity of six furnaces containing 644 retorts. Within
the same period the Southwestern Lead and Zmc Company have erected

at Eich Hill, Bates county, Missouri, on the same coal belt, about 80

miles from Joplin, with which it has connection by two railroads, a

Siemens gas furnace containing 288 retorts, which has been running

some six months, and have just completed a block of direct-firing fur-

naces.

Economic conditions of zinc metallurgy.—This unusual activity in fur-

nace building is likely to produce considerable uncertaintj' in the zinc

market for sometime to come. All of these works possess advantages

of cheap coal (about 50 cents a ton for slack and $1 to $1.50 a ton for

the run of the mine) and low freights on ore, $1 to $1.50 a ton accord-

ing to the shipping point; living is cheap for their men, and the conn-

try around them is rapidly filling up with no^> comers; foundries, boiler
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aud mncliine sliops at Joplin, Eicli Hill, and Fort Scott supply cast-

iugs at from 3 to 3J cents a pound and machine work at reasonable

rates ; labor is abundant aud wages moderate. There is little to be
noted in the form of the direct-firing furnaces in use in this district. In

the Lauyon furnaces the four lower rows of retorts are charged twice in

24 hours ; the retorts of the upper rows, wliich are charged with blue

powder, are both longer and wider than the lower ones; the back wall

of the furnace being made thinner at the top than at the bottom, to ad-

mit of this arrangement, which commends itself to reason, as the blue

powder is easier to reduce than ore and the charge is longer in the fur-

nace. The furnaces are built with the ashpits above the ground and on a

level with the rest of the works ; a sloping bank of earth or cinder leads

up to the furnace floor. The buildings are all of the simplest and light-

est construction possible, scarcely more than sheds, and are huddled

together, with little regard to their mutual relations. In such works,

at present, it seems that metal can be made as cheaply as in any works

in the country. Their first cost is very inconsiderable; the flat ledges

of Coal Measure sandstone in the neighborhood furnish cheap and
serviceable material for building foundations and ashpits; the peculiar

mining systems of the district make small or second-hand engines^

boilers, and crushing machinery comparatively inexpensive
; cheap fuel

renders economy in this direction unimportant; and cheap living causes

ordinary yard labor to be easily obtainable at wages as low as prevail

anywhere in the country. When the potteries are in operation, all

refuse refractory material can be cheaply worked up into some sort of

building material. The furnace walls are laid with the ordinary clay

underlying the coal. The coke for the charge is jigged out of the cin-

ders froto the ashpits. The general mildness of the winters enables

most of the work to be done in the open air. The potteries are heated

by stoves, or by fires built in worn-out boilers. If the buildings do not

blow up or burn down, as occasionally happens, the interest on capital

is very insignificant. The works are usually owned by partners who
do the work of salaried employes, buying the ore and selling the prod-

uct, superintending the smelting operations, and occasionally taking a
hand as mechanics, who consider as a profit what would only be the

interest on their money and their wages at some other occupation. The
furnaces, roughly constructed of inferior material, will not long sustain

the heat required to exhaust the zinc from the cinder, and it is the

accepted opinion that there is no economy in "butchering" the fur-

nace for the sake of a small additional i3ercentage of metal; it is pre-

ferred to increase the production of the furnace and reduce the smelting

expenses of labor and fuel by increasing the charge of ore—in other

words, to butcher the ore and save the furnace. Analyses of ores and
cinders are entirely neglected.

But the most secure advantage these works have over those at a dis-

tance comes directly from the manner of buying the ore. It has been
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seen that ores are not sold on tlieir contents of metal, and that the

miners are absolutely ignorant of their value; ores differing 5 or G per

cent, are often held at the same price. A personal knowledge of the

ores of particular diggings, and their behavior and yield in the furnace,

often enables these smelters, by a slight advance in price, to pick up
desirable lots of ore and at the same time raise the price of all the ore

held in the neighborhood. The smelters at a distance, buying in very

much larger quantities, through agents who are ignorant of other

branches of the business, are placed at an evident disadvantage. This

system of personal supervision of all branches of the business by the

owners of works is clearly applicable only to very small works ; while

labor-saving machinery and facilities for handling the ore can only at-

tain the maximum economy when large amounts of material are to be

handled—consequently when the works are large, and the machinery

is constantly kept employed. On the other hand, under these favor-

able circumstances, in every prosperous owner of a mining lot and in

every enterprising furnace brigadier is to be seen the possible proprie-

tor of a new smelting works. It is from lack of sufficient capital

and knowledge of the commercial part of the business to market their

product advantageously that the weakness of such companies mainly

arises. The accumulation of a few months' metal is sufficient to tie up
all their capital and exhaust their available credit. Sales are made
through commission men, with orders to sell the metal for what it will

bring. Large consumers, knowing the condition of affairs, are careful

to get the lowest bids before making purchases. Large metal houses,

who might otherwise dispose of the whole product, are not disposed to

have much to do with it; for no price above actual cost price is safe to

buy the metal at in order to sell it again. Occasional good sales, or

cheap lots of ore, give uncertain profits ; and a slight rise in the price

of metal is sufficient to "fire in" new furnaces. Under such circum-

stances no real advances in the metallurgy of zinc are to be expected.

Two companies controlling large bodies of mineral land—the South-

western Lead and Zinc Company and the Granby Mining and Smelting

Company—have been driven to undertake the smelting, in part, at least,

of their own ores, in the hope of obtaining a certain sale for their

ore product, which will enable them to pursue some definite policy in

the management of their mines. The undertaking is not without its

difficulties in the present state of the zinc industries. The strength of

their position lies in their ability to supply their works with ore, with-

out the risk of carrying a large stock on hand, and at the same time to

<levelop their mines and increase the amount of their royalties and
their profits from lead smelting.

Comparative merits offurnaces.—The advantages of a gas over a direct-

firing furnace are briefly these :

1. A saving in fuel, which is plainly proportional to the extent to

which the heating power of the gases escaping from the furnace is
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utilized. For heating the air or gaseous fuel nothing is likely to super-

sede the Siemens regenerators.

2. A saving in wages, due to the simplification of the work and the

less amount of labor required. The furnace can be built larger, without

being above Ihe reach of a man on the floor; and a man on a table ex-

posed to the full heat of the furnace, with a man on the floor to wait on

him, is no longer required. One set of men can fire for several furnaces

at the same time.

3. A saving of metal and retorts ; for the control of the heat is so

perfect that the temperature of the furnace can be kept at the point

needed to fully reduce the charge without running the risk of burning

out the furnace or cutting down the retorts. But the full importance

of such advantages, like the economy of building well and putting in

the best devised labor-saving machinery, will only be realized when the

cost of smelting at the diflerent works affects their j)rofits more directly

than do their facilities for getting cheap ore and disposing their products

to advantage.

General conclusions.—From the foregoing rapid survey of an extensive

field these conclusions may safely be drawn

:

1. That we are rapidly exhausting the richest portions of our known
ore deposits.

2. That our methods of mining are reacting unfavorably on our fur-

nace practice.

3. That the future of our zinc industries is uncertain and beset with

many dangers.

When it is borne in mind that our production of spelter is less than

one-seventh that of Europe, while the average yield of the ores we treat

is nearly twice as great as the average yield of the whole of Europe and
nearly three times as great as that of the ore treated in Silesia, whose
metal rules the price of spelter in the world's market, it will be evident

that many changes must take place before it can be said that we are

making the most of our opportunities. It is not within the scope of this

article to discuss the policy of the smelters towards the ore producers

or towards each other, or the uses to which zinc is put, which deter-

mine the amount consumed or the price that can be paid for it ; but it

may be noted that, from the rapid extension of the use of galvanized

iron and of telephone and telegraph lines and other applications of elec-

tricity, the market for zinc is rajjidly extending, and that, except for

purposes of roofing (which are almost unknown in this country, but ab-

sorb the bulk of the sheet zinc rolled in Europe, where the zinc comes

into competition with tinned iron), there are few uses for zinc in which

the consumption would be materially lessened by a considerable increase

in its price; and that from the difficulties to be overcome in mining and
smelting it seems probable that, relatively to other metals, zinc is at

present undervalued. It is not to be desired that any smelting com-

pany, so long as it can buy ores profitably, should engage in mining, or

25 M R
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should pay any more tlian it is obliged to for ore, or buy any quality of

ore but what it finds most profitable. Nor is it to be expected tliat any

mining company should change from a system which it finds suffi-

ciently profitable, or employ its capital in any way but the one which

yields the greatest profit. But it is very desirable that Some record

should be kept of present mining operations, and such knowledge gained

of the mineral regions as will justify the employment of greater capital

and render possible the introduction of better methods of mining and

utilizing the ore. The geological survey's of Wisconsin and Missouri

have done good work, but the fields covered by them are very exten-

sive, and much more yet remains to be done. The huckstering of the

ore and the metal, however profitable it maybe to the persons engaged

in it, is unfavorable to the mines and to the development of manufactur-

ing industries. The fluctuations in price attendant on it are alike in-

jurious to the producer and the consumer—more so, in fact, than

would be a low price to the producer and a high one to the consumer

The remedy can only come gradually and with time.

!



QUICKSILVER.
Occurrence.—California has the only important quicksilver mines in

the United States, or in fact on the American continent. With the ex-

ception of 50 flasks, made in Oregon in 1882, the total product of the

country for that year came from the California mines named in the table

of i^roduction.

Quicksilver is not found in quantity iu the Eocky Mountain region,

nor, indeed, in any of the country lying east of the Sierra. Trifling

amounts of native quicksilver, the result of decomposition of colorado-

ite and other telluride ores, occur at the surface iu quite a number of

mines in Boulder county, Colorado. Quicksilver is also said to have

been found in small amounts in San Juan county, iu the same State,

and in Eio Grande county, New Mexico, near Taos mountain pass; but

these reports have not been confirmed by good authority. Selenide of

mercury (tieraannite) occurs iu Utah iu limited amount, but has not

been utilized. A deposit of cinnabar is now in process of formation at

Steamboat Springs, Washoe county, Kevada ; but its interest is rather

geological than economic. Frequently red ochrous ores of iron are mis-

taken for cinnabar by prospectors and miners, and this may possibly

explain many of the reported but unverified discoveries. Float cinna-

bar is sometimes found, like stream tin, without the original source of

the ore in place being discovered.

Although very much has been written and published in a desultory

manner on quicksilver no standard work has yet appeared, and infor-

mation is only to be found scattered iu technical papers and iu various

works on metallurgy. The investigation of the quicksilver deposits now

being pursued by Mr. G. F. Becker, of the United States Geological Sur-

vey, is therefore regarded with much interest, as his report will embrace

a full discussion of this important but hitherto rather neglected subject.

There are very many small claims in California, ^thich, during the

period of high prices for quicksilver, were actively worked, and which

in the aggregate furnished a considerable output; but when prices

ranged downward work in these small mines became unprofitable and

was gradually discontinued ; in fact, the production of the larger mines

is more or less restricted by the state of the market, and were the de-

mand greater a larger yield could be forced. At present the mines

which are working are doing so on a small margin, and a variation of

a few cents per jjound in the price of quicksilver at once stimulates or

restricts production. In the existing state of things the profits of the

industry are very small, and not such as are likely to encourage pros-

387-
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pecting for new deposits or further extensive development of the active

mines. Thus the hiws of demand and supi>ly have phiced the mining

of quicksilver in a state of equilibrium, from which no sudden change

may be looked for.

Cinnabar (red sulphide of mercury) is the chief ore mined, and is prac-

tically the only source. Native quicksilver is often found, but on the

whole in trifling quantity, while metacinnabarite (black sulphide of

mercury) occurs in a few mines.

Production.—The following statistics are furnished by Mr. J. B. Jlau-

dol, manager of the famous Kew Almaden mine, who has made a careful

and continuous study of the subject for a long series of years. The
American flasks are invariably of 76J pounds avoirdupois each.
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Product of the quicksilver mines of California in the first six months of 1883.

Mines.
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Exports.—The followiDg table shows the exports from San Francisco,

both by sea and by rail, from the beginning of mining operations in

1850 to the close of 1882

:

Exports of quicksilver from San Francisco hy sea and rail.
Flasks.

1850 6,467

1851 10,791

1852 21,458

1853 18,800

1854 20,963

1855 27,165

1850 23,740

1857 27,262

1858 24,412

1859 3,399

1860 9,488

1861 35,995

1862 23,747

18G3 26,014

1864 36,927

1865 '. 42,469

1866 30,287

1807 28,853

1868 44,506

1869 24,415

1870 14,240

1871 16,339

1872 16,780

1873 11,164

1874 11,750

1875 37,829

1876 49,046

1877 52,695

1878 41,877

1879 62,845

1880 46,294

1881 45,799

1882 ^ 40,417

Total 934,233

The following table gives the details of the exports by sea from San

Francisco in 1882

:

Flasks.

To China 19,451

Mexico 9,742

Japan 620

Australia 1, 690

New Zealand 105

South America 1,986

Central America 55

New York 1,100

Various places ^ 22

Total 34,771
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The total exports of quicksilver during recent years from all ports in

the United States, as reported by the Bureau of Statistics, have been

as follows

:

Quicksilver of domestic production exported from the United States during the fiscal years

specified (mixed gold and currency values).

Tears.
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The world's production of quicksilver from 1850 to the close of 1882.

Production iu California for 33 years 1, 310, 678 flasks, each of 76.50 pounds av'd.

Production in Spain for 33 years 998, 638 flasks, each of 76.07 pounds av'd.

Production inAustria for 33 years 261,834 flasks, each of 76.07 pounds av'd.

Total 2,-571,150

Estimated present yearly production of Italy and other countries 2, 000 flasks.

Price of quicksilver.—Iu this country, quicksilver is almost invariably

quoted at so much per pound ; iu London, the leading foreign market,

quotations are by flasks. The accompanyiug table shows the remark-

able fluctuations which have taken place in the value of quicksilver

during the past thirty three years :

Highest and lowest prices of quicksilver during the past thirty-three years.

Tears.
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Recent prices of quicksilver at San Francisco,

Months.

1882.

July
Ant;ust
September.
October
November

.

December .

1883.

January ..

February

.

March
April

Highest.
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The New Almaden mine is well equipped with pumping and hoisting

machinery, designed for sinking to a depth of 2,000 feet from the sur-

face. The Guadalupe and Eedington mines have good machinery, but

will require more power for deeper working. IsTo pumping is yet re-

quired at the Napa Consolidated mine, but powerful machinery will be

needed both for pumping and for hoisting if the mine is to be developed

at greater depth. The New Almaden mine is the most extensive, and
is worked through four shafts, of which the deepest is now 1,400 feet.

There are about 33 miles of shafts, tunnels, drifts, and winzes in this

mine. The other mines are worked through single shafts, that at the

Guadalupe being about 800 feet in depth, and the remaining mines are

opened by shallow shafts, and also by adits.

Method of mining.—In the main, quicksilver mining resembles gold and
silver mining. The mode of stoping is generally overhand, but is varied

by local circumstances. The common method is as follows : The vein

having been exposed by drifting along the hanging wall by two levels

about 100 feet vertically apart, a winze is sunk between these levels,

partly for the purpose of prospecting the veins, a.nd partly for affording

ventilation during the subsequent stoping. The work of extraction then

begins on the lower level, and the ore is taken out on that level from

the hanging wall towards the foot wall, so far as its value is sufficient to

warrant the cost of extraction and reduction. When so much of the

ore has been taken out as can be conveniently mined from the level,

stulls are put in. These consist of 14 by 14 inch timbers placed par-

allel to each other along the drift, and perpendicular to the dip of the

vein, serving the double purpose of sustaining the hanging wall and
supporting the platform from which the stoping is continued upwards.

The stopes are worked outwards in all directions to the limits of the ore

body, and stulls are put in wherever the requirements of the ground

make them necessary. The ore as it is mined is thrown down through

cribbed chutes of round timber to the level, and is then taken by hand-

cars to the shaft and hoisted.

Furnaces.—For roasting coarse ores {granza), ijieces from three to ten

inches in diameter, shaft furnaces are used; and these are either con-

tinuous or intermittent in their operation, the majority being of the

former type. The fine ores {tierras), from fine sand to three inches in

size, were formerly made into adobes or sun-dried bricks, and were then

roasted in intermittent furnaces. This mode of working has been sui:)er-

seded by the continuous shelf furnace of Messrs. Hiitnerand Scott, j)at-

ented October 31, 1876, with improvements patented by Mr. J. B. Kandol

and Mr. H. J. Hlitner, November 30, 1 880. The capacity of these tierras

furnaces ranges from 10 to 35 tons. They are in successful operation at

New Almaden, the Sulphur Bank, and at the Napa Consolidated mine.

The shaft furnaces for coarse ores at New Almaden, as well as all other

known types of quicksilver furnaces, are described and illustrated in

the testimony filed in the patent case of E. J. Knox et al. versiis The
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Quicksilver Mining Company, in tbc circuit court of the United States,

California.

The fuel used in the furnaces is wood, coal, charcoal, and petroleum,

in the order named. Petroleum is used only at Guadalupe, where its

adoi)tion is said to have been successful. The cost of roasting ore aver-

ages $1 per ton for fuel and labor; and the cost of roasting per flask of

quicksilver produced depends of course ujion the richness or leanness

of the ores treated.

Mining men do not look for imjjortaut imjirovemeuts in the quicksil-

ver furnaces; but there is a large field open for perfecting the condens-

ers.

The following list comprises the more important furnaces working in

June, 1883:

Principal quicksilver furnaces in California (June, 1883).

Name of works.

•
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are occupied as wood -choppers, teamsters, etc., working on contract.

The leading nationalities of the miners and. furnace-men may be stated,

in the following order: Mexicans, Cornishmen, Swedes, and. Chinese,,

with comjiaratively few Americans. The Mexican miners, as in so many
other instances, have developed a special fitness for this class of work,

and their intelligence in finding ore amounts almost to an instinct. For
the regular underground, work of a mine, such as drilling, blasting, tim-

bering, etc., the Cornishmen and Americans probably take the lead.

Miners at day work are paid from $2 to $3 per shift of ten hours, and
on contract work earn from $2.50 to $3 per shift of eight hours. The
wages of furnace-men are $2 to $2.50 for shifts of ten and twelve hours.

The New Idria mine gives employment to 120 men. Here the wages of

white miners average $2.25 ])ev day, the men boarding themselves.

Blacksmiths and other mechanics and overseers are paid $4 jier day.

The Great Eastern mine employs 35 men, of whom about one-half are

white and one-half Chinese. At this mine white miners are paid $2.50

per day, boarding themselves ; and the Chinese $1.25. The Napa Con-

solidated employs from 60 to 70 men, at about the same wages. At the

Snlphur Bank there are 90 men, of whom one-half are Chinese. Wages
at this mine are the same as at the Great Eastern ; and in all the mines
above named mechanics and foremen are paid from $3.50 to $4 per day.

The Great Western mine emi^loys 25 men. White miners are paid $1.25

per day and board ; Mexicans $2.50 and $3 per day and board. At New
Almaden, where a force of 500 men is employed, the average daily wages
are $2.50,

An estimate has recently been made from the working results of dif-

ferent mines, showing that for every flask of quicksilver produced nine

days' actual labor (calculated as if done by one man) is required. This,

at the low average of $2 per day, would make the amount paid for labor

$18 (and probably upwards) for every flask manufactured, or between

23 and 24 cents per pound ; which, at the present prices of quicksilver,

does not allow a large margin for profit after accounting for the other

expenses, such as supplies, fuel, powder, flasks, steel, transportation, etc.

Flaslcs.—The flasks in which quicksilver is marketed and conveyed to

the gold and silver reduction works, etc, are made of wrought iron, and
are sent to California from Pennsylvania. The average weight is 13

pounds. New flasks cost $1.15 each, and second-hand ones from 80 to

90 cents. They are quite uniform in dimensions, shape, and appear-

ance, and no patented forms have come into use. In the regular type

the flask is cylindrical, with a small conical top, and the extreme length

inside is 11 J inches. The mouth is 1 inch, tapering to § inch at the

neck. At the sides the inside length is 11^ inches, and the inside diam-

eter is 4f inches at the bottom, 4| inches at the middle, and 4| inches at

the top. The flasks are ^ inch thick at the top, | inch at the bottom, and
-^ inch at the sides of the shell. For convenience in handling in trans-
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portation by stages and wagons, the flasks are sometimes inclosed in

leather Jackets provided with handles.

Yerrmlion.—Vermilion is an artificial sulphide ©f mercury. It is

made on a large scale in the neighborhood of Xew York City, and deal-

ers agree very closely in estimating the total quantity of vermilion

made in the United States in 1882 at 700,000 pounds. The price at the

close of 1882 was 45 cents per pound. The duty on quicksilver will

have a tendency to advance the i)rice of the domestic vermilion, which

now sells at about 25 per cent, below the imported article. The for-

eign sources of supply from which vermilion comes to the United States

are England, which furnishes the larger part; China, which, though

manufacturing vermilion on an immense scale, does not send much to

the United States; and Austria, from which comparatively small quan-

tities are received. American vermilion is now said to be fully equal

in every respect to the foreign, but it is often sold as '' English " ver-

milion, as dealers claim, not to deceive as to its being made here, but

as a distinctive name and brand for vermilion made by a certain proc-

ess. Sometimes " Chinese" vermilion is made in this country. The

quicksilver used by the manufacturers of vermdion is both from Cali-

fornia and is imported, and sometimes reimported California quicksil-

ver returns to this country after having made nearly the circuit of the

world from San Francisco, via China, London, and thence to Xew York.

No difference in the quality of quicksilver is perceptible, and the ver-

milion makers use either the domestic or the foreign indifferently. The

proportion of pure vermilion is to that of the quicksilver from which it

is made in the ratio of 112 pounds of the former to 100 pounds of the

latter. The firms engaged in the manufacture of vermilion arc : C. T.

Raynolds & Co. ; D. F. Tiemann & Co.; Sondheim, Alsberg & Co., and

A. B. Ansbacher & Co., all of New York city.



NICKEL.
By W. p. Blake.

THE ORES OF NICKEL.

Nickel, next to iron, is one of the most universally disseminated metals.

It is found not only in all the metalliferous regions of the known world,

but also in the meteoric masses which fall to the earth's surface from

the regions of space. Tissandier found it in the meteoric dust falling

through the atmosphere, collected on a large porcelain surface, (a) and its

presence in the sun is revealed to us by the spectroscope. It thus

enters into the composition of other worlds than ours, and j)robably

pervades the solar system. But notwithstanding this universal distri-

butiou, and the apparent abundance of this element, it is only a few

years since the metal \vas first separated from its impurities in com-

mercial quantities and utilized in its pure state without alloy or con-

tamination by sulphur, arsenic, or other elements with which it is uni-

versally combined in its natural state. It has never been found in a

fine metallic condition.

Geographical distribution.—The geographical distribution of the ores

of nickel in the United States is more general than is commonly sup-

posed. They occur in moderate quantity, in close association with

chrome ores, in the serpentine rocks from Canada to Maryland, and
equally so with the chrome ores of the Pacific coast, notably in Oregon.

Dr. T. Sterry Hunt long ago pointed out the general diffusion of nickel

throughout the magnesian rocks of the Quebec group.(6) He directed

attention to the fact that both chromium and nickel are almost always

present in the serpentine rocks of the Green Mountain series in the

same geological horizon as the serpentines of Canada and of ISTorway.

He says, also, that the serpentines of Cornwall, the Vosges, Mount Eosa,

and of many other regions agree in containing chromium and nickel, and

these elements are also found in the Urschiefer, or primitive schists of

Norway. Nickel is seldom or never absent from the serpentines, steat-

ites, diallages, and actinolites of the Quebec group, (c) and is found also

in the associated dolomites in traces and in very small quantities in

the magnesites of Sutton and at Bolton, and in the Laurentian gneiss on

the Assumption river.

The element is also found to be closely associated with iron terres-

oComptesEendus, 83, 1876, 75.

i»See Chemical and Geological Essays, p. 31; also, Reports of the Geological Survey

of Canada.

^Geological Survey of Canada, j)p. 506, .507.
'
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tially as well as in meteorites. Leaving out of view tlie great masses

of metallic iron of Greenland (of which the Ovifat mass containing

nickel is a familiar example, and the meteoric origin of which is still in

doubt), we find that a nickeliferous limonite occurs in Lincoln county,

North Carolina, and that similar ore is found in Michigan, from which

a superior nickeliferous iron has been made. The spathic iron ore of

Antwerp, New York, also contains nickel in the form of millerite, and no

doubt many other examples might be found of the close terrestial

association of nickel and iron.

The ancient rocks of Michigan and the Lake Superior region are also

found to contain many deposits of nickel, and several localities have

been noted and partially explored, but none have yet been worked with

commercial success.

Further evidence of the general difiusion of nickel, and of its abun-

dance in the Lake Superior region, is found in the results of analyses of

the refined copper of Lake Superior. Egleston has shown that it exists

in the copper in small quantities (a)

In Xew Mexico there are localities which it is said will furnish con-

siderable quantities of 8 per cent, ore, and important localities are

known to exist in Oregon, California, and in Nevada.

The most abundant ore of nickel is in the form of a mixture with

pyrrhotite or magnetic iron pyrites, which is found more abundantly in

the older crystalline rocks than in those of later formation. This fonn

of nickel ore occurs in Canada, Vermont, Connecticut, in the highlands

of the Hudson in New Jersey, and in Pennsylvania. It is abundant in

Connecticut at Torrington and Litchfield, and in Pennsylvania at Lan-

caster Gap. These ores however seldom average over 2 yer cent, of

nickel as mined. Other nickel minerals of a higher percentage, but

occurring in much smaller quantities, are found associated or occurring

separately ; as for example niecolite, containing about 44 i)er cent, of

nickel and 56 per cent, of arsenic, at Chatham, Connecticut, together

with breithauptite (nickel 31.43, antimony 68.57) and chatharaite, con-

taining nickel 9 to 10 yer cent., with arsenic, sulphur, and iron. At
Finksburg, Carroll county, Maryland, the species siegenite (cobalt

pyrites) occurs with chalcopyrite, and it is cited as occurring also at

Mine la Motte, Missouri. This species, which contaii^s 29 to 30 per cent,

of nickel, is found near Siegen, in Prussia, and in Sweden.

The presence of nickel in the serpentine rocks of Pennsylvania asso-

ciated with chrome ores is well known by the beautiful green crusts on

the massive chromite quarried at Wood's pit for the manufacture of

bichromate of potash at Baltimore. These green crusts, known as

" emerald nickel," consist chiefly of hydrous nickel carbonate, and are

derived by infiltration from small granular nodules of nickel sulphide

disseminated in the midst of a massive "violet talc" (kamraererite)

a Transactions American Institute of Mining Eupineors, Vol. IX., p. 728.
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accompaDying the chromite. Similar coatings of emerald nickel occur

upon the chrome ores of southern Oregon and probably have a similar

origin. This ore of nickel, though rich in the metal and very desirable,

is not abundant enough to work, and has not been utilized except for

cabinet specimens.

The most available ore of nickel and the only one worked up to this

date in the United States is the sulphide, occurriug in connection with

magnetic pyrites. Although the amount of nickel rarely exceeds 3 per

cent., the quantity of ore is so large and available and the sulphide ore

is so readily smelted or enriched in nickel by roasting and matting that it

is the most economical ore to treat for nickel. Until the discovery oflarge

deposits of nickel silicate ore in New Caledonia, the sulphureted ore

was the chief source of nickel in Europe and America, and it still con-

tinues to be worked. This is an ore which occurs at many places along

the lines of the older or Archaean rocks, being found with the beds of

pyrrhotite from Canada southward. The principal localities are, how-

ever, in Connecticut and Pennsylvania. These, and some other localities,

will now be briefly noticed.

PRINCIPAL LOCALITIES OF NICKEL ORE IN AMERICA.

Chatham^ Connecticut.—The locality at Chatham, Connecticut, about

six miles from Middletown, yields both nickel and cobalt in combination

with arsenic and sulphur. The ore occurs in mica slate. It is not now
worked, but it was one of the first places explored for metals in 'New

England. As early as the year 1661 the inhabitants of Middletown

made a grant to " our much-honored governor, Mr. John Winthrop, for

the discovery of mines and minerals and for the setting up of such works

as shall be useful for the improvement of them." It is probable that the

governor hoped to find silver, being misled by the white, shining ore.

Neither nickel nor cobalt had then been discovered. About one hun-

dred years later, in 1762, Dr. John Sebastian Stephanney, a German,

reopened the old works, and in 1770 associated John Knool and Gominus

Eskelens with him, and worked the mine for cobalt. In 1781, January

1, President Stiles of Tale College wrote in his diary that Mr. Eskelens

had visited him " full of his cobalt mine and China voyage. He some

years ago bought the Governor's Eing, as it is called, or a mountain in

the northwest corner of East Haddam, comprehending about 800 acres,

or about a square mile area. Here he finds plenty of cobalt, which he

manufactures into smalt, with which is made the beautiful blue of china-

ware." Some twenty tons of cobalt ore appear to have been shipped

to China from this locality. Nothing more appears to have been done

for thirty years. In 1818 Mr. Seth Hunt, of New Hampshire, worked

the mine for three years, and expended about $20,000. The ore was

taken to Glastenbury and stamped by hand. He obtained, as he sup-

posed, about 1,000 pounds of cobalt and shipped it to England, where

26 M R
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it was found to be nickel, containing only a low percentage of cobalt.

The difficulty in separating the nickel from the cobalt caused him to

abandon the property. The mine was again reopened by Professor

Charles U. Shepard in 1844, but with no greater success.

In 1853 an attempt was made to work the mine on a larger scale than

before, and a company known as the "Chatham Cobalt Mining Com-

pany " was organized for the purpose. The assays made at the time

upon the dressed ores show that they contained about 18 per cent, of

nickel and cobalt, in nearly equal quantity, or 9 per cent, of each. The

firm of William Coffin & Co., then operating in nickel at Camden, near

Philadelphia, offered to take all the ore that could be produced, up to

200 tons annually, of that grade, and pay $200 per ton (of 2,240 pounds)

for it on the wharf at Philadelphia. Cobalt at that time was worth 14

shillings sterling per pound, and nickel $1.70 per pound. According to

a report by Mr. Simonin it appears that the average metallic contents

of the ore as mined, before dressing, was 2.2 per cent. The property

was examined and reported upon in 1855 by Prof Jas. C, Booth, of the

United States Mint, who found that the ore crushed and washed in a

Bradford's ore separator yielded a product averaging about 20 per cent,

of the oxides of nickel and cobalt in nearly equal parts. This company

made a good display of the ores and products at the International Ex-

hibition, New York, 1853. The second annual report of the company, by

Dr. Francfort, the manager, though very complete as regards the amount

of machinery and facilities for working brought together during the

eighteen months after the organization, is silent as regards the produc-

tion, which it may be assumed was comparatively insignificant. The

enterprise was soon after abandoned. It is believed that a small quantity'

of nickel from this source reached the Mint.

Otlicr localities in Connecticut.—There are small quantities of nickel

at other places in the ancient schists of Connecticut. The principal

localities, however, are at Torrington, where nickel ore was once mined

on a considerable scale, most of it being sent to England, but the under-

taking was an unprofitable one, and was not long continued. The

Litchfield nickel mine is about 10 miles further south, and yielded ores

similar to those obtained at Lancaster Gap, in Pennsylvania. Neither

of these localities have been worked for many years. The mines are

full of water, and an old furnace formerly used for smelting the ore is

in ruins.

Orford, Quebec.—The sulphuret of nickel (millerite) is found in the

township of Orford, Province of Quebec, Canada, and has been described

by Professor Hunt,(a) and later by Mr. W. E. C. Eustis, of Boston. (&) It

is disseminated through a mixture of green chrome garnet with calcspar

and through the adjacent rock. The ore is very lean ; 508 pounds run

through the small blast furnace at the Massachusetts Institute of Tech-

a Geology of Cauada, 1863, p. 738.

ftTransactiona Araericau Institute of Miniug Engineers. Vol. VI., p. -200.
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Dology gave 8 pounds of matte, or alloy, containing 71.84 jier cent, iron

and 22.70 per cent, of nickel.

Thunder hay.—Mr. W. M. Courtis has directed attention to a nickel

ore containing 4.50 per cent, of the metal, with some cobalt, from Silver

Harbor, on the west side of Thunder bay, on the north shore of Lake
Superior, and at other places inland.(rt) The ore of Thunder bay is nic-

colite associated with native silver, and occurs in a vein traversing Hu-
ronian talcose slates. Another locality on Heron bay affords an ore con-

taining silver and gold and 9 or 10 per cent, of cobalt and nickel.

WaUace mine.—Nickel ore occurs also on the north shore of Lake
Huron, in Canada West, at the Wallace mine. Sir William Logan, the
director of the geological survey of Canada in 1863, describes this ore

as a fine steel-gray mixture, whose analysis, after deducting earthy
matters derived from the gangue, gave, in 100 parts : Iron, 41.79 ,• nickel,

13.93; arsenic, 6.02; sulphur, 38.16; copper, 0.10. Another sample
specimen gave 8.26 per cent, of nickel. The nickel contains about three
parts in a thousand of cobalt. This Wallace mine was originally opened
and worked as a copper mine in the years 1848 and 1849. About three

casks of nickel ore were taken out and shipped to a gentleman in New
York, who had it smelted and a part of the product worked up into

dish-covers, and sold the remainder for making nickel silver.(i) The ore

occurs in quartzose and chloritic schists. A specimen analyzed by
Messrs. Partz and Buck yielded 6.30 per cent, of nickel. A company
was formed to work this property, but it did not succeed.

Mine la Motte, Missouri.—In Missouri the ancient Mine la Motte has
furnished considerable ore, from which nickel is obtained in the form
of matte, which is generally exported. Some of the earlier supplies of

nickel at the Mint for the small nickel bronze coins were obtained from
this source.

California.—Mckel ore occurs associated with chromite in Kern
county, in this State, but this locality has hitherto furnished only sam-
ples.

Oregon.—A new deposit of nickel ore has recently been brought to

notice, and is extremely interesting, inasmuch as the ore closely resem-

bles the ores from New Caledonia. It is essentially a hydrated silicate

of nickel oxide and contains from 20 to 30 per cent, of nickel oxide (in

selected samples) and an average, perhaps, of 10 per cent., though the

locality has not yet been suflSciently worked to determine satisfactorily

what the ore will average in large quantities. The locality is in south-

ern Oregon, in Douglas county, at Piney mountain, about 8 miles from
Cauonville. It was discovered in 1881. It is described as correspond-

ing exactly in its association and mode of occurrence with the descrif)-

tion given by Professor Liverridge of the New Caledonia ores. These
are found in serpentine with chromite and steatite. In Oregon the ore

a Transactions American Institute of Mining Engineers, Vol. I., pp. 482 and 484.

b Vide report by Messrs. Partz and Buck, 1864.
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is found in l)uncbes and pocket-liko accumulations in serpentine with

chromite. Analyses have been made by Dr. Hood, who gives his results

iu comparison with the New Caledonia nickel ores as follows:

Analyses of Oregon nickel ores, compared with those of New Caledonia.



NICKEL. 405

one which has exerted an important influence on the development of

the metallurgy of nickel in the United States is that of Lancaster Gap, in

Lancaster county, Pennsylvania. Mr. Joseph Wharton, of Philadelphia,

leased the mine January 1, 1863, and finally purchased it May C, 18G7.

He is now the only producer of metallic nickel in the United States.

The ore of Lancaster Gap is the nickeliferous pyrrhotite, containing

in bulk from 1.50 to 2 per cent, of nickel. It is enriched at the mine

by smelting into a matte containing 10 per cent, or more of the metal,

and in this condition the nickel is taken to Camden, New Jersey, oppo-

site Philadelphia, for extraction. There is associated with the ijyrrho-

tite the mineral species millerite, in crusts and layers formed of a close

aggregation of the slender crystals which give a velvet-like surface to

the crusts when formed in cavities. Specimens several inches broad
are frequently found, and from one-eighth to one-quarter of an inch in

thickness.

Nickel ore from tliis mine was treated as early as 1850, though the

mine had been previously worked for copper. Works for the extraction

of nickel from the Lancaster and other ores were first stiirted in Phila-

delphia, and in 1853 Messrs. F. M. Buck, E. W.Cof&n, and others erected

nickel works at Camden, supplying them with ore from the Gap mine.

These were the same persons who proposed to work the Chatham ores.

Mr. Wharton leased the Camden works May 13, 1863, and purchased
them January 19, 1869. They were then greatly enlarged and extended.

A large portion of the metal produced at these works by Mr. Wharton
has been used at the United States Mint for the subsidiary small coins,

and a considerable amount has been exported. Since the development
of nickeling by galvanism a large part of the product has been put

into the form of nickel salts and anodes.

FOREIGN LOCALITIES.

Sweden.—Nickeliferous magnetic pyrites is found abundantly in

Sweden, but in general is too poor in the metal to pay for working.

The principal works for the extraction of nickel are at Klefra, in

Jonkoping (Smdland), and of Sagmyra, in Dalecarlie. The product is

an alloy of nickel and copper. The product in 1876 amounted to 790

quintals of nickel speiss, 1,035 quintals of concentrated matte, and 220

quintals of nickel of high grade, (a)

There is also an establishment for the manufacture of cobalt—the

Gladhammars Grufre-Aktiebolag (the Gladhammar Mining Company).
The mines yielding cobalt ore containing nickel are near the city of

Vesterrik, and have been worked since the commencement of the six-

teenth century for iron and copper, but since the beginning of the pres-

ent century for the cobalt. The richest ores, containing 10 per cent, and
over of cobalt, are exported, while the lower grades have recently been

a Sidenbladli, Expos6 Statistique, p. 324.
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treated by smelting for enricLmeut. The production of rich ore in 187G

amounted to 287 tons, exported cliiefly to England, and 1,042 tons of

poor ore.

In 1878 this company employed 16 workmen ; wages from 2 francs 10

centimes to 2 francs 80 centimes per day. They are lodged gratuitously

in houses constructed by the company. The taxes for the year amounted

to 100 francs (about $30).

Saxony.—The clay slate and mica schist district near Schneeberg

contains over 150 lodes, yielding nickel, cobalt, bismuth, and arsenic

within a zone six miles in length and about two miles in width. The
mines and works date from 1642, and employed in 1873 1,200 miners and

smelters.(a)

New Caledonia.—A very important discovery of high-grade ores of

nickel was made shortly before the International Exhibition in 1876, in

the French penal colony of Noumea. This ore, as found near to the sea

coast, is chiefly silicate of the oxide of nickel, free from arsenic, cobalt,

or other injurious elements. It is easily worked by the wet or dry

methods, and is known as noumeaite or garnierite.(&) The percentage of

nickel is variable. Analyses have already been given (page 404).

According to Messrs. Christofle and Bouilhet (c) the ores from New
Caledonia as they reached Europe in 1876, contained on an average 18

per cent, of protoxide of nickel, and had the following average composi-

tion :

Water 22

Silica. 38

Peroxide of iron « 07

Protoxide of nickel 18

Magnesia 15

100

The same authorities gave at the same time an analysis of the metallic

nickel obtained from these ores by the wet method and fusion :

Nickel 97, 75

Silicium .54

Carbon 1. 25

Manganese 86

9S). 90

The New Caledonia mines are owned chiefly by a French comi)aiiy,

p.nd are worked at a small cost, in part by convict labor. Being near

the coast, the ores can be conveniently shipped and cheaply transported

to any part of the world. It is fair to assume, however, that like most

a Report on the Metallurgicial Exhibits at the Vienna Exhibition, by Messrs, Maw
and Dredge.

6 The mineral garuierite Ycas discovered by Gamier in 1865, and noticed in 1867,

(Bull. Soc, G. H., XXIV., p. 448), and was described by Professor Liversidge in July,

1874, (Jour. Chem. Soc, II,, xii,, 613), whose analysis showed the presence of about 24

per cent, of nickel oxide.

c Comptes Rendus, 83, 1876, p. 29.
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oxidized ores, they are most abundant at and for a short distance below

the surface ; and that during the first few years of woriiing the mineral

will probably be yielded more rapidly and cheaply than it can be ob-

tained afterwards.

The influence of the ores from New Caledonia is already felt in the

nickel markets, not alone in cheapening the production of nickel and

nickel salts and alloys, but also in the improvement of the quality of the

alloys of nickel, making them more ductile, tractable, and in every way
superior to the alloys made from impure nickel. The use of these clean

ores dates from about 1876. The ores were shown in great abundance
at the International Exhibition at Paris in 1878, together with many
examples of the greatly improved alloys derived from them. The com-

position varied greatly, ranging from a few per cent, of nickel to over 2X)

per cent. There was for a time an oversupply, shiploads arriving at the

French and British ports faster than required. The ore was already

largely used at Christofle's new establishment. He early perceived the

great advantages which this new docile ore from the French penal col-

ony offered. He enlarged his works and in reality erected new works

on a grand scale at St. Denis, near Paris, and generously invited the

members of the international jury to inspect them. This establishment

then had a capacity of production of 400 kilograms of nickel daily, say

240,000 pounds annually, but were producing onlyhalf of that quantity.

Both the wet and dry methods are employed. The richest selected and
washed ore is melted direct with carbonate of soda in crucibles, giv-

ing metallic nickel, which is granulated in water. The wet process

consists in digesting the ore with acids, precipitating the iron first and
then the nickel as oxide, which is washed, dried, reduced to sponge, and
finally fused with copper to make copper bronze for use in making Ger-

man silver. This firm had in 1878 a large stock of Kew Caledonia ore

stored away, about 2,000 tons of 10 per cent, ore, valued at 500,000

francs.

Spain.—An ore resembling that from I^ew Caledonia is reported by
M. Meissonnier to exist in the province of Malaga, Spain. It is said to

carry 8.96 per cent, of nickel and no cobalt. (a) It is referred to the spe-

cies pimelite.

Ifcw South Wales.—Nickel ores do not appear to be abundant in New
South Wales. Professor Liversidge reports(6) a massive variety of cop-

per-nickel of a copper-red color partly incrusted with pale green nickel

hydrate, from near Bathurst. Some has also been found on the Peel

river.

PRODUCTION AJfD VALUE.

Price.—The price of metallic nickel in the market has been subject to

considerable fluctuations, depending upon the variable demand and sup-

a Comptes Rendus, 83, 1876, p. 229.

6 Minerals of New South Wales, p. 57.
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ply. Tlie metal is to be viewed as a new material, a new gift to the

industrial arts, with an unknown number of applications before it. The
discovery of the cheap and effective methods of depositing nickel from

solution by electricitj' at once created a new outlet for a large quantity

annually—a quantity which like the silver used in electro-plating is for-

ever lost to the arts, not being (;apable of being economically regaiued,

as is usually the case with alloys and objects made of solid metals. The
demands for coinage also have not only been large, but have been sud-

den and transient, and have been the chief disturbers of the average

market price of the metal. The production of nickel has always been

comparatively limited, inasmuch as the consumi)tion has been uncertain

and not firmly established by a long-continued use of the metal in the

arts.

Although the localities are numerous and wude-spread, the ores are

not very rich and abundant ; and it appears certain that the production

of this metal will always require tedious and expensive processes, such

as to make the item of labor an important one in the costs of produc-

tion. This will always give the metal a high value as compared with

iron or copi^er, and makes it on this account, as on others, well adaptetl

to use as money, it being so largely a representative of labor performed.

According to Wharton,(a) the extremes in the i)rice of nickel in Eng-

land since the metal attained commercial importance up to about the

year 1877 were from 4s. to 16s. per pound—say $1 to $4 per jwund

—

the former rarely touched and the latter but once for a short time in

1873. In the year 1801 nickel was quoted at from $1.15 to $1.20 per

pound. In 18G4 it was quoted at 8s. in England and in 18 >7 in France

at 1,500 to 1,700 francs per 100 kilograms, or 1^ to 8^ francs per pound.

The present price in England, in 1883, is quoted in a memorial to Con-

gress at the equivalent of 70 cents per pound.

Mr. J. M. Merrick, in his excellent article upon nickel in Johnston's

Cyclopedia, gives a tabular statement showing the range of price of

nickel per pound in large lots for a series of years from 1870 to 1870, as

follows

:

Price of nickel from 1870 to 1876.

Price per pound (^old).

1870 81 25

1871 1 50

1872 2 25

1873 3 25

1874 2 80

1875 3 00

The following figures give, in continuation of the preceding, the aver-

age market price of nickel in the United States from 1875 to January

1, 1883, a period of seven years

:

a Sources and Prices of Nickel, p. 29.
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Price of nickel from 1876 to 1883.

Tears.
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Annualproduction of nickel in the United Status since 1876 (pure grain nickel).

Pounds.

1876 201,367

1877 188,211

1878 150,890

lb79 145,120

1880 233,893

1881 205,668

1882—uickel 277,034

GO per cent, alloy, nickel therein 4, 582

Total for seven years 1, 466 765

The cousumption of nickel in this country for the first six months of

1883 is hard to fix with accuracy, but it may be estimated at not less

than 150,000 pounds.

Production in Europe.—The annual production of nickel in Europe in

1873 was estimated by Messrs. Maw and Dredge, the reporters on the

metallurgical exhibits at the Vienna Exhibition, to be but about 500,000

pounds, and in America 200,000 pounds. The greatest i^roducers of

nickel in Germany at that tim e were the Saxon Cobalt Company of

Oberschlema and Pfannenstiel, near Schneeberg in the Saxon Erzge-

birge, which turned out over 10,000 pounds of pure metal.

The production of nickel ores and speiss in the principal countries at

the time of the International Exhibition in Paris, 1867, was, as nearly as

could be ascertained from the official reports, as follows :(«)

Tons.

England (ores) 1,745

Austria (ores) 600

Prussia (ores) 220

Nassau (speiss) 52

Saxony (speiss) 15

Italy (speiss) • 7

United States (ores) 2,350

Sweden and Norway (speiss) 150

The total annual product of metallic nickel in all countries was esti-

mated in 1877 to be about 1,200,000 pounds, or 550,000 kilos. Mr. Whar-

ton's establishment at Camden then supplied about 200,000 pounds, or

one-sixth of the entire product.

1MP0RT1TI0.N8 OF XICKEL.

The importations of nickel have varied greatly from year to year for

the past five years, as shown by the annexed table. The steady in-

crease in the amount of nickel oxide and alloy of nickel with copper

from 8,518 pounds in the year 1878 to 177,822 pounds in 1882 is notice-

able, and is due to the fact that a large part of the nickel imported is

now entered as " alloy," while containing as high as 95 per cent, of

a Rapports du Jury International, M4taux divers. By M. E. Petitgand, t. V., p. 671.
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nickel and only 5 per cent, of copper, being nearly as pure as the nickel

of commerce made a few years ago before the discovery of the Noiimeau

ores. A compound of 50 parts of nickel aud 50 x)arts of copper was then

commercially known as nickel alloy. At present nickel is made, or can

be made, commercially pure, carrying only 1 or 2 per cent., or even less,

of impurity.

Nickel, tiicJcel alloy, etc. {including loth entries for immediate consumption and iviihdrawals

from ivarekoitse for consumiytion), imported into the United States during the fiscal years

8pecified.{a)

Tears.
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manufactories of the Naugatuck valley, Connecticut, for the supply of

the manufacturers of spoons, forks, plated ware, and other articles.

The consumption of nickel for electro-nickeling is very large. It has

been estimated in connection with the litigation of patentees for pro-

ceases of depositing nickel from its solutions that in 1882 as much as

1,000,000 gallons of solution were in use, distributed amongst thousands

of nickel-platers. One company, the United Nickel Company, admitted

that the royalties received under its patent amounted to not^ less than

$175,000 per annum.

A great demand for nickel arises from its use for small or subsidiary

coins. It forms white, clean alloys, well adapted to the purpose, and

nickel coins have to a great extent replaced the old-fashioned cumbrous

copper coins.

Niclcel coinage.—Tentative efibrts to produce satisfactory alloys and

to arouse the attention of the public to the adaptation of nickel for coins

were made by Dr. Feuchtwanger, in New York, in the year 1837, and

he actually issued many small one-cent and three cent pieces made of a

nickel alloy, the exact composition of which he was careful not to state,

but called it " Feuchtwanger's composition." Switzerland commenced

using nickel-alloy coins in 1850 ; the United States in 1857, though

sample coins, one-cent pieces, had been made by Prof. James C. Booth

at Philadelphia in 1853, the various experimental alloys made by him

containiug from 5 parts of nickel and 95 of copper to as high as 30 of

nickel and 70 of copper. In 1856 Professor Booth recommended to the

Government the adoption of the nickel cent, and in 1857 it was regularly

issued from the Mint. The alloy adopted by the law consisted of 12

parts of nickel and 88 parts of copper. In 1860. Belgium adopted an

alloy of the same proportions for small coins. In 1863 the issue of

three-cent nickel commenced from the United States Mint, and in tbe

following year the five-cent coin appeared. Belgium, the German Em-
pire, and other countries have issued nickel-alloy coins in large quanti-

ties.

The following table shows the denomination, composition, weight,

and size of the coins of nickel alloj" issued bj- the United States :

Composition, weic/ht, and size of United States nickel coins.

Denomination.
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at Philadelphia. The table shows also the annual consumption of pure

nickel in forming the alloy, amounting in the aggregate to 8,687,550.89

troy ounces. The consumption for the year 1882 was 344,553.71 ounces.

Niclcel coinage of the United States.

Calendar



414 MINERAL RESOURCES.

rives at tbe couclusion that the quantity of small or subsidiary coins

needed in dilierent countries will be found to vary between 25 cents and

50 cents per capita of population. He makes also an estimate of the

profit to the peojde of the introduction of such coins. Assuming that

all the token coins of 5 cents, 3 or 2 cents, and 1 cent are of the stand-

ard alloy, one-quarter nickel and three-quarters copper, and that the

weights are about 1 gramme for each 1 cent (making, however, the

1-cent coin weigh one and a half grammes, as one gramme is too small

a coin), for each million of population the quantity of coins needed

of all denominations from 5 cents to 1 cent would be about as follows

:

Mr. Wharton's estimate of the vickel required for subsidiary coinage.

Denomination of coins.
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used at the Mint has been from the refinery of Mr. Joseph Wharton, at

Camden.
The Mexican Government has recently ordered a larjj^e supply of

nickel coins, to the aggregate value of $4,000,000, and these coins are

being manufactured under contract by a firm in New York and in Mexico.

The nickel is said to be supi^lied from England by the successors of Sir

Josiah Maron, and to be made from New Caledonia ore.

METALIERGT OF NICKEL.

The recognition of nickel as an element dates no further back than
the year 1751, when the Swedish mineralogist so far separated it from
its combinations as to ascertain some of its properties and justify him
in describing it as an element. It had before that time been found as a
troublesome residue, but was supposed to be a mixture of cobalt

and copper with arsenic. According to Bergman, Hierne was the first

to. write of " kupfer-nickel," in a work upon minerals published in

Sweden, in the year 1694. It was not only obscure, but was troublesome

and thought to be destructive of copper.

Being generally in close association with cobalt, this troublesome
substance was left as a residue or by-product when cobalt ores were
treated to obtain the oxide of cobalt for staining glass or producing a
blue color on porcelain. The nickel was found concentrated in the
cobalt speiss left in the pots when smalt was manufactured. This speiss

contained other metals, such as copper and iron, besides sulphur and
arsenic. The nickel was not therefore in a pure state, and for a long
time its valuable properties were unknown, although the impure alloy

was largely utilized to make the alloy commonly known as " German sil-

ver," '^argent de Berlin," maillecliort," or '' nickel-silver." The impure
nickel, or nickel-bronze, thus carried with it into the nickel-silver all

its noxious associates, and the quality of the product was impaired, being
often hard, brittle, and intractable. Even 1 per cent, or less of arsenic

was suflicient to greatly modify the physical properties of the nickel or

the alloys made from it. It was difficult to free the nickel from such
small quantities of impurity. It resulted that nickel was for a long
series of years unknown, commercially, in a state of purity.

The scientific chemists, however, succeeded in preparing small samples
of the metal sufficient to experiment with and to determine its true

physical properties. The results were at first somewhat contradictory,

as we should expect from our present knowledge of the sensitiveness of

the metal to minute quantities of either carbon or hydrogen in combina-
tion, very much as iron is affected and its properties modified by mere
traces of some of the elements. For example, Eichter found that nickel

oxide, strongly ignited in an earthen crucible with carbon, gave the
metal in a perfectly malleable, ductile condition. When so prepared it

could be hammered cold or hot into plates yoo of an inch in thickness,
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and could be drawn into wire ^ of an inch in diameter. The mallea-

bility of the nickel was found to be impaired by carbon or mangaiiese.

Another experimenter, Tupputi, found that nickel reduced in the pres-

ence of carbon, in a covered charcoal crucible, and under glass, formed

more or less nickel-graphite, absorbed a portion of carbon, and became

less ductile than zinc. The metal so produced was brittle when cold,

and was as fusible as cast iron, while the metal obtained by llichter was

difficult of fusion. He also noted that nickel could be welded, but

Toustefound that it welded imperfectly.(a) Devillerecoguized theuseful

physical properties of both cobalt and nickel, such as malleability, duc-

tility, and great tenacity. He showed that these metals could be worked

at a forge with the same facility as iron ; that they were susceptible of

being employed in the same manner, and that they were less oxidable.

These facts are important to any review of the progress of the metal-

lurgy of nickel, particularly as it will i^resently be shown that the metal

in a state of purity was first commercially wrought into useful objects

in the United States.

The influence of nickel in its alloy with iron has been brought into

special notice by reason of the mingling of these two metals in various

proportions in meteorites. The occurrence together of iron ore and

ni(;kel terrestrially has already been noticed. At the Kew York Exhi-

bition in 1853 the nickeliferous ores and iron, in addition to those from

North Carolina, were from Marquette, Michigan, and were exhibited by

Mr. Philip Thurber, of Detroit. The percentage of nickel was small,

but it is stated that the forging iron made from this ore by the Catalan

forge process had some remarkable properties; it contained nickel, but

the percentage is not stated. It had a silvery white appearance and

received and retained a high polish.(Z;) It has been noted by Faraday

that iron alloyed with 3 per cent, of nickel has similar properties. This

subject has been to a certain extent investigated by M. Boussingault,

whose results did not fully sustain those of Faraday. He found that

steel with from 5 to 10 or 15 per cei^t. of nickel added would in some
cases rust as freely under water as steel without nickel. He also

noted that some meteorites rust much more rapidly than others. Nickel

does not in all cases prevent rusting. A notable exception was found

with the alloy of G3 parts of steel with 37 of nickel corresponding to the

composition of the supposed meteoric mass of Santa Catarina in Brazil,

which resists oxidation in a remarkable degree.

The relations of nickel to carbon have been studied experimentally

by the same authority. It appears that nickel does not readily absorb

carbon and acquire steel-like properties. But the extreme toughness of

most meteoric iron is well known. This fact, and the excellence of the

iron made from the nickeliferous limonite of Michigan, are very sug-

gestive and important to the producers and consumers of forging irons.

aVide Giiielius's Chemistry, V., 301.

& Progress of Science and Mechanism.

J
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Another example of association of nickel ore and iron ore is found at

Antwerp, New York, and tbelist of examples of such association could,

no doubt, be greatly extended.

An interesting- contribution to the chemistry of nickel has been made
by Margaret 9. Cheney and Ellen Swallow Richards, of the Massachu-

setts Institute of Technology, (a) who describe a new and ready method

for the estimation of nickel in pyrrhotites and mattes. In the course of

a systematic series of tests it was found that phosphate of nickel is

completely soluble, while phosphate of iron is almost insoluble, in acetic

acid in the presence of an excess of phosphate of soda. The process for

the separation of the metals in analysis is based on this fact.

Messrs. Eustis and Howe, of Boston, have published a method of

separating nickel and other metals by suspending iron bars in nickel-

bearing slag.{t) The nickel is described as rapidly accumulating on the

iron and finally running down and trickling from the ends of the bars.

Gamier, of Paris, points out the fact that pure nickel has great

capacity for the absorption of oxygen. The pure metal, fused with

access of air and poured, absorbs enough oxygen to make it brittle. If

fused in a reducing atmosphere it is malleable, bat the same metal car-

ried to a red heat with access of air can be pulverized under the ham-

mer. This can be corrected by the addition of metallic manganese, but

as the corrective effects of this disappear with repeated fusions, M.

Garnier prefers to use phosphorus, and finds that an addition of 3 thou-

sandths leaves the nickel soft and very malleable. His method of

introducing the phosphorus is to first make an alloy of nickel containing

about 6 per cent, of phosphorus. This is then added in the i)roper x)ro-

portions.(c)

The refining of nickel and cobalt was commenced in the United States,

at Philadelphia, as early as the year 1846 by Prof. James C. Booth, of

Philadelphia. Ores from the Lancaster Gap mine, and some from other

sources,were worked there by Professor Booth and his associates. Later,

as already mentioned, Mr. Joseph Wharton purchased the works and

established the nickel industry at Camden, where it has since been car-

ried forward, using chiefly the sulphureted ore of Lancaster Gap, pre-

viously described. This ore, which contains from 1 J to 2 per cent, of

nickel, is enriched at the mine by a preliminary smelting into a matte

containing 10 per cent, or more of the metal. For a long time the ordi-

narynickel of commerce was produced and was used chiefly at the United

States Mint for the subsidiary small coins. Mr. Wharton, not being con-

tent with the production of impure nickel, early commenced experi-

menting to determine whether nickel could not be produced in a pure

and malleable condition, susceptible of being worked in nearly the same

manner as iron, and of being applied in the manufacture of various ob-

a American Journal of Science, XIV., September, 1877.

h Transactions of the American Institute of Milling Engiaeers, Februa ry, 1838,

cComptes Rendus, 91, 1881, p. 331,

27 MK
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jects requiring strengtli of material and a substance that cannot be easily

oxidized. One of his earliest experiments was to take the somewhat

spongy mass got by reduction of the oxide of nickel, and, after heating

it to full redness, to work it under a steam-hammer into a bar.

In 1873, Mr. Wharton sent to the Vienna Exhibition a sample of

nickel in the form of axles and axle bearings, and at the Exhibition in

Philadelphia, in 1876, he exhibited a remarkable series of objects made
of wrought nicl-el, such as bars, rods, a cube, a horseshoe magnet and

magnetic needles of forged nickel. These did not excite the interest to

which they were entitled as a remarkable advance in the working of

this little-known metal. Tlie exhibit did not cause much comment, and
it was not specially described or reported upon, except by the judges

who reported the exhibit to the Commission as worthy of an award in

the following terms: " A fine collection of nickel ores from Lancaster

county, Pennsylvania, with nickel matte, metallic nickel in grains and

cubes, and manufactured nickel, both cast and wrought ; nickel magnets

and magnetic needles, cast cobalt, electro-plating with nickel andcobalt,

and salts and oxides of both these metals ; the whole showing a remark-

able degree of progress in their metallurgical treatment."(a)

Some of the same objects formed of wrought nickel were sent over to

Paris two years later, and were exhibited in the American section in

1878. There, as in Philadelphia, they did not at first excite any surprise,

or receive any special attention. Very few persons realized what the

objects really w^ere, and that they were very different from alloys of nickel.

In fact, very few chemists had ever seen nichel. Pure nickel was a rarity,

a curiosity, just as samples of indium or thallium are to-day. It was

not strange, therefore, that the expert chemists and metallurgists of

Europe on the international jury showed some incredulity and surprise

when whole ingots and forged bars of metal and numerous finished

articles of pure wrought nickel, without alloy, were offered for their in-

spection. These articles, not differing greatly in their appearance from

the higher grades of nickel alloys, or from electro-nickeled objects, were

at first i)assed by without comment. No previous exhibition had been

so rich in exhibits of the use of nickel and in the products from them.

The influx of the pure carbonated and oxidized ores from ISTew Caledonia

had greatly stimulated the nickel industry in Europe, and had imi)roved

the quality of the alloys of nickel. iTew companies had been formed

to manufacture nickel-silver and to produce nickel from these superior

ores, at a lower cost than had before been possible. Christofle, of Paris,

had just erected extensive works at St. Denis, and had made a most

brilliant display of his products in one of the main avenues of the Ex-

position. The Vivians, of Swansea, and other exhibitors had large cases

filled with beautiful objects of hollow and solid ware made of nickel-

silver. Amid these variousexhibits of striking tours deforce^ the modest

little show-case from the United States with examples of manufactures

ttBeportfj and Awnnls, Group 1, 640, p. 470,
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of pure wrought nickel, uot alloy, could liardly be expected to excite

attention and win the golden award, whichwas most cheerfully accorded

as soon as the fact was demonstrated by analysis that the objects were

really of the pure metal. Some of the objects shown at that exhibition

have retained their brilliant polish and luster unimpaired to this time,

without being rubbed or cleaned. These notable advances in the me-

tallurgy of nickel, made with the lean and sulphureted ores of Lan-

caster Gap, prepared the way for greater advances.

Dr. Fleitmaun, of Iserlohn, Westphalia, Prussia, who was for a time

engaged at the works in Camden, has improved and cheapened the oper-

ation of refining nickel and toughening it, and has reduced the liability

to the presence of blow-holes in castings by adding to the molten cluirge,

in the pot, when ready to pour, a very small quantity of magnesium.
This is immediately decomposed, magnesia is formed, and graphite is

separated. It would seem that the magnesium decomposes the occluded

carbonic oxide, or reduces it to a minimum. The magnesium must be
added with great care, and in small portions, as it unites explosively

with the charge. It is stirred in. About one ounce of magnesium is

sufficient for 60 r)Ounds of nickel. Three-quarters of an ounce to 54
pounds of metal has been used with success by Mr. Wharton. The
nickel from the ore at Lancaster Gap seems not to require as much as

the foreign metal. It is to be noted that complete malleability of nickel

was obtained at Wharton's works in Camden, before Fleitmann's inven-

tion or process, but this last is more rapid and better than the old method.
Nickel so treated with magnesium has been rolled into sheets as thin as

paper. The metal becomes remarkably tough and malleable, and may
be rolled into sheets and drawn into wire. Cast plates can be success-

fully rolled. The«ast plates, such as are made for anodes, after reheat-

ing, are rolled down to the desired thickness. It is found that it is a
great improvement to the nickel anode plates to roll them down. They
dissolve with greater uniformity in the bath, and do not crumble away
in the wasteful and annoying manner of cast anodes.

Expensive works for rolling nickel have been recently erected at

Camden, containing among other machinery two trains of 40-inch rolls

18 inches in diameter, with annealing ovens and their adjuncts, and a
90-horse-power engine. At present this mill as well as the works for

producing the metal, and the mine, also, are shut down, and have been
since January 1, 1883. The largest sheet yet rolled at Camden M^as 72

inches long and 24 inches wide, of pure nickel.

Dr. Fleitmann has also succeeded in welding sheet nickel upon iron

and upon steel plates, so as to coat them equally on each face with a
layer of nickel. The quantity preferred by weight is ^ iron and -^
nickel, one-tenth of nickel being placed on each surface. To secure
union, the iron or steel must be perfectly flat and clean. A pile is made
with outer facings of sheet iron to protect the nickel from scaling.

When the whole is heated to the proper degree, it is passed through
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the rolls. The two metals become so firmly united that tliey may after-

wards be rolled dowji two or three together, or sei)arately, to the thin-

ness desired. At the recent meeting of the Institute of Mining En-

gineers at Boston a full series of examples of forging and rolling nickel

was shown. Samples of rolled metal were exhibited cut from sheets

made at the Camden works. These consisted of one sample No. 20

gauge, 10 per cent, nickel ; one sample Xo. 22 gauge, 10 per cent, nickel;

one sample showing edge of sheet. These were all examples of nickel

upon iron. There was also shown a thin sheet of pure nickel annealed.

The physical properties of the two metals, iron and nickel, are so

nearly the same that they work well together, and they adhere tena-

ciously. The nickel surface cannot be removed or regained in the scrap

and waste except by dissolving out the iron core by dilute sulphuric

acid. In the earlier experiments the ingots or cast plates were beaten

under the hammer ; this produced a great deal of scale and waste, as

with iron, but this is now avoided, partly by the device of a thin cov-

ering of sheet iron, which is afterwards dissolved off'. Br. Fleitmaun

claims to have produced steel wire similar!}' coated, and proposes to

make nickeled boiler plates.

The applications in the arts of such nickeled iron sheets will readily

suggest themselves. Up to this time the most direct uses seem to be in

making hollow ware, particularly culinary vessels. The manufacture of

such ware has already begun at Schwerte by Dr. Fleitmann, and a great

variety of vessels, such as saucepans and kettles, have been turned out,

some of them of pure sheet nickel. They are all very beautiful in ap-

pearance, resembling highly-finished platinum vessels more than ordi-

nary ware. When planished and buffed off", the surface becomes like a

mirror and will answer the purpose of one. The vessels already sent

to this country as samples are made of nickeled iron, and show the

facility with which the compound sheet metal may be stamped, spun

up, and polished. This ware is far superior to tinned iron or tinned

copper for cooking in. Experiments have shown that it is not poison-

ous. The nickel is not onl}^ less liable to corrosion, but is harder, will

last longer, and cannot be melted off by overheating. The ware is

lighter and stronger than tin or copper ware ; is susceptible of a high

l)olish, and is not easily tarnished. It is well adapted to the mimiifact-

nre of dishes, salvers, and covers for the table. The coating of nickel

applied by welding is stronger and tougher than that deposited by elec-

trolysis, and appears to be less liable to scale off'. The electrically

deposited metal is in some cases very brittle, and no doubt contains

sufficient hydrogen to essentially modify the physical characters of the

coating.

This new application of nickel constitutes practically a new industry

of great importance. It increases the consumption of nickel and will

stimulate its production, and by giving a steady demOiUd \yiU uq doubt
lead to a more uniform and constant supply.



COBALT.
By F. W. Taylor.

Ocairrefices.—Cobalt in tlie Uuited States is found associated with thei

ores of nickel, sometimes with those of copper. At Silver Islet the

mineral macfarlanite, found with the silver ores, yields a small percent-

age of cobalt. In Missouri, at Mine la Motte and at the Saint Joe lead

mines, nickel and cobalt-bearing minerals are found associated with the

galena, the nickel in the form of millerite, with a smaU amount of

cobalt, and the cobalt as siegenite, in brilliant octahedral crystals. At
the Gap mine in Lancaster county, Pennsylvania, cobalt is found

replacing part of the iron in the pyrrhotite ; the percentage is exceed-

ingly small, and the ore could not be worked for cobalt alone. Smaltite

occurs in Gunnison county, Colorado, at the mines of the Sterling Min-

ing Company, an analysis by Dr. M. W. lies showing 11.59 per cent, of

cobalt. Some of the copper ores of western Nevada are also reported

to contain cobalt; and it is found in traces in many of the iron ores of

Pennsylvania and Virginia. The sjDeiss formed in smelting certain Utah

lead ores also contains appreciable quantities of cobalt. Other occur-

rences of cobalt minerals are cited in the preceding paper on nickel, by

Prof. W. P. Blake.

Ko American ore is worked for cobalt alone, the small amount pro-

duced being obtained as a by-product in the reduction of the nickel ores

of the Gap mine. These ores are smelted to a matte at the mine, which

is further treated at the Camden Nickel Works, and the small amount

of cobalt obtained is worked up into oxide. At Mine la Motte the

cobalt is obtained in a matte produced in smelting the lead ores, the

matte being shii^ped to England and Germany for reduction.

Domestic manufactures.—The production of cobalt oxide in the United

States is very limited, and, so far as can be learned, no other prepara-

tion of the metal is produced. Until recently, all that was used was

imported, and now the oxide is only produced incidentally in the reduc-

tion of the nickel ores of the Gaj) mine in Pennsylvania.

Small amounts of the carbonate, chloride, and nitrate are produced

in this country by chemical manufacturers, the crude material, in the

form of oxide, being obtained from abroad. The principal cobalt prep-

arations imported are the oxide, smalt, and zaffre. The last is gener-

ally an impure oxide, i3roduced by simply roasting the ore. Smalt is

the ground product of a fusion of the oxide (or of zaftre) with quartz

sand and i)otash.

421
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Imports.—It is difficult to get at the exact amount of cobalt prepara-

tions imported, as in many cases the weights of packages are not given.

The following table gives the number of packages and some of the

weights of packages entered at the port of New York in the years 1881

and 1882, and up to May 9, 1883, as published by the Oil, Paint, and

Drug Reporter, of New York city:

Reported impori8 of cohalt and cobalt preparations at Netv York.
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as to grade or class in the reports mentioned. Chemically pure metallic

cobalt is quoted in New York at $14 per pound retail. The probabili-

ties are that only a small percentage of the amount given was pure

metal, and no figures can be had as to its value.

Production in 1882.—The home production of cobalt oxide, as already

stated, is very limited, the production of the Camden works for the

year 1882 amounting to 11,653 pounds, valued at a little less than $3

per pound wholesale. Tbe production of the Saint Joe mines has not

been ascertained. The value of the nickel and cobalt in the matte

from Mine la Motte for the year 1882 was $12,500, but the proportion

of cobalt to nickel is not stated.

Utilizatioji.—The uses of cobalt and its compounds are limited. In the

metallic form cobalt is used chiefly for experimental purposes. Experi-

ments have been made In England on the substitution of cobalt for

nickel in electro-plating, and, it is said, with some success. The demand

for the oxide, smalt, and zafi're comes from the glass manufacturers and

potters, the oxide and smalt being largely used in the manufacture of

blue glass, and more extensively by potters to correct the yellow tint

of the ware, as well as in the production of blue ware and in ornamen-

tation. Smalt was formerly used in the manufacture of paper to neu-

tralize the yellow tint, and in blue ruling, but its extreme hardness

proved a serious drawback to its use for that purpose.



MANGANESE.
By David T. Day.

Sources.—Maug^anese is found in deposits of various oxides extend-

ing through the Atlantic States from Maryland to Georgia. The mines

furnishing the most valuable ores at present are located in the "Etowah
region" in Bartow county, Georgia. From 500 to 1,000 tons are here

mined annually, and while this is less than is produced in Virginia the

higher percentage of manganese in the Georgia ore makes it a more

important feature of the total sui)ply. The deposits in Virginia rank

next in importance. The mines are numerous and furnish a total of

from 2,000 to 3,000 tons. One mine alone in Augusta county yields

1,500 tons annually. These two sources are the only ones which enter

into the manganese industry to any extent. The information concern-

ing them was furnished by Mr.C L. Oudesluys. There are large deposits

of ore at Warminster, on the estate of Mr. Philip Cabell, in Nelson

county ; and also in Rockingham and Campbell counties. Near Harper's

Ferry, in Jefferson county. West Virginia, there is a mine which was

formerly worked, and ore is again met with in the northwestern part of

this State. There are deposits in North Carolina, but of such hard

quality that it is not profitable to work them. Greenville, South Caro-

lina, has furnished a small quantity to the trade; but the quality, like

that of the Virginia ore, is too poor to render it of much value. The

same is true of more extensive deposits in Tennessee, where, in spite

of a few exceptionally rich veins, the ore falls below the average.

The ores of manganese have been observed at many different places on

the Pacific coast, the heaviest deposits yet discovered, or at least opened

up, being on Red Rock, a small island in the Bay of San Francisco, 10

miles north of the city. Information regarding this occurrence is fur-

nished by Mr. C. G. Yale. This island contains 27 acres, and rises to a

height of 250 feet above the water. The ore, which is of the gray

variety (pyrolusite), occurs in large masses, distributed through a black,

flinty gangue, a heavy belt of which extends for seven or eight hundred

feet across the ishmd. The exploratory work here consists of a tunnel,

which intersects the ore channel at the depth of 200 feet, and several

drifts run and pits sunk on it higher up. This work was done in 1866,

at which time over 200 tons of ore carrying 70 ])er cent, binoxide were

extracted and sent to New York with a view to testing its commercial

value. As this lot sold for less than freight and commissions, the work

of ore-extraction was discontinued and has not since been resumed.

The cost of taking out the ore and delivering it in San Francisco

amounted at that time to $10 per ton. As this is twice as mucli as the
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same service would now cost, and there is likely to grow up some de-

mand for manganese for local uses, there is a probability of this mine

again being worked at an early day.

Many other occurrences of pyrolusite, said to be in workable quanti-

ties, are reported but not utilized, in the Far West. In the Mammoth
district, Nye county, Nevada, occurs a large deposit of the tungstate of

manganese.

Character of the ores.—The three prominent ores of manganese are

:

1, black oxide, or pyrolusite (MnO^); 2, braunite, or brown oxide of

manganese (Mn203) ; 3, manganiferous iron ore. It is very rarelj^, if

ever, the case that the ore is found in a state of purity apj)roaching the

composition of a definite mineral. It is usually a mixture of black and
brown oxides of manganese and ferrous and ferric oxides of iron, in

varying proportions, and the commercial name given is intended to

designate the predominating feature of the ore. If, as is sometimes the

case with Georgia ore, the amount of manganese reaches the neighbor-

hood of 80 per cent., and the substance shows some crystalline form and
is soft, it is called by the proper mineralogical name, " pyrolusite." But
ordinary ore containing less than 75 per cent, of Mn02is called "black

oxide" of manganese. If, however, the amount of manganese dioxide

runs as low as 20 to 30 per cent., and oxide of iron becomes the domi-

nant ore, it is called " manganiferous iron ore." Black oxide is the only

manganese ore mined in this country, and if the manganese dioxide in

it falls much below 60 per cent, it is not worth bringing to the market.

It may be said that the Virginia ore usual!}' contains about CO per cent.,

while Georgia ore runs irom 60 to 70 per cent. The manganiferous iron

ore found in the United States usually contains phosphorus, sometimes

to the extent of one to two per cent. Even five one-l^undredths of one
per cent, of phosphorus renders steel " cold short" (that is, brittle when
cold), and this more than counterbalances the beneficial effect of adding

manganese in the manner stated later in this notice. A few other sub-

stances are always present in the ores, as is shown by the following

table of analyses of samples from the places named

:

Analyses of Mack oxide of manganese.
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the mines is from $11 to $20 per long- ton, according to the percentage

of manganese. The cost of mining is from $5 to $10 per ton.

Utilization.—The chief use of manganese ores is as a ready and easily

available source of oxygen. For this reason the dioxide is the only val-

uable constituent, because it can be made to give up its oxygen by sev-

eral means. Advantage is taken of this oxidizing power of the dioxide

in the preparation of chlorine and bromine. It is extremely difficult to

separate these elements from other elements with which they are ordi-

narily in combination. It is a simple matter, however, to obtain hydro-

chloric acid, and when manganese dioxide is added to this, its oxygen

unites with the hydrogen, forming water, and leaves part of the chlorine

free. As it is very difficult to transport chlorine in its ordinary gaseous

state, it is passed over slaked lime, and thus made into "bleaching

powder," which is a mixture of chloride and hypochlorite of calcium.

Bromine is nnide by a similar process, but as it is a liquid it is not

necessary to convert it into a substance analogous to bleaching powder.

These processes, which consume probably three-quarters of the man-

ganese mined in this country, are carried on at several places near

Pomeroy, on the Ohio river, and at a few other points in the United

States. When manganese ore richer than 70 per cent, is obtained, it is

usually found profitable to send it to England for the manufacture of

bleaching powder, and a small proportion of the yearly supply is thus

annually exported. This is the only case of the exportation of man-

ganese. Manganese ore is also used as an oxidizing agent in boiling

linseed oil and varnish. When linseed oil is boiled with powdered

manganese dioxide, the oil takes up a certain amount of oxygen and be-

comes thick, drying rapidly. It is doubtful whether the manganese

dioxide does more in this case than to expose a greater surface of the

oil to the oxidizing effect of the air, for the mineral does not appear to

lose its efficiency after continued use. Manganese dioxide is also used

in the preparation of oxygen, but onlj' when mixed with chlorate of

potassium ; because manganese dioxide requires a very high temperature

when heated alone before it will give up its oxygen. When heated with

potassium chlorate the latter yields its oxygen at a comparatively low

temperature, the dioxide serving only to distribute the heat through

the mass.

So far as can be ascertained, these are the only uses for which the

native ores of the United States are at present available. There are

two or three uses into which the manganese itself enters; but, for these,

foreign ores are used altogether. Considerable quantities of manganif-

erous iron ore are imported, i)rincipally from Carthagena, Spain. The

ore is brought as ballast in sailing vessels and steamers coming to

American ports in search of cargoes. Probably the largest amount

comes to Baltimore, but some is also received in Philadelphia and New
York. The following table gives the importations ofmanganiforous iron

^ore received in Baltimore during 1882. The percentage of manganese

is also stated

:
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Imports of manganiferous iron ore at the port of Baltimore, 1882.
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CHROMIUlVf.
By David T. Day,

Sources.—Uutil the past few years the source of all the chromium

produced in this country was the chrome iron ore found quite abund-

antly in the Green Spring valley, in Maryland. The important mines

of this region are at Bare HiUs, Soldiers' Delight, and Owing's Mills,

in Baltimore county. Cecil and Harford counties have also furnished

chrome iron ore, principally in the small crystalline form called sand

ore. Lump ore is also obtained. The mines at Owing's mills alone

have yielded in all probably 5,000 tons. But this entire source has

been practically abandoned, not from exhaustion of the mines, but

because richer ore can be obtained from regions to be mentioned. As
the cost of grinding and decomposing the ore is the same for rich and

for poor grades, the rich ores are naturally preferred. Moreover, the

higher the percentage of chromium in the ore the easier is it« decom-

position and the less is the waste involved. An objectionable feature

of the sand ore is that it contains silica in considerable quantity, and

this forms silicate of potassium with the potash used, thus causing loss

of alkali.

Quite recently a new deposit of chrome ore has been discovered in

Jackson county, Xorth Carolina. It promises to be of better quality

than any other in the Eastern States.

Russia and Turkey have also supplied ore to the American market,

and continue to do so in small amounts. But practically all the chrome

ore used in this country at present comes from California, particularly

from the neighborhood of San Luis Obispo.

The following information regarding the occurrence and mining of

chromic iron ore in California is furnished by Mr. C. G. Yale: ''This is a

plentiful ore in many parts of the State. The only deposits from which

much ore has as yet been extracted are located in San Luis Obis])o, Napa,

Sonoma, Del Norte, and Placer counties. From some of these counties

the shipments were several years ago considerable. Latterly, however,

the business proving unprofitable, has dwindled to small proportions.

The chromic iron found in this State is of good quality, carrying from

40 to CO per cent, of the oxide, and commanding full prices in Balti-

more, where the most of it was sent, some having been sent also to

England. The mines near San Luis Obispo, five miles from the town,

on the line of the San Luis Obispo and Santa IVLiria railroad, are the

most i)rominent. Some throe years since, chrome iron was found about

seven miles east of Iowa Hill, Placer county. Tlie ore, which of good
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quality, is foimd iu irregular masses, discouiiected aud imbedded in the

country rock, and varying iu weight from a few pounds to several hun-

dred tons. Since this discovery, the mining and shipping of chrome
ore from Placer county is becomiilg an important industry. Shipments
are made from Auburn regularly, the ore coming from points on the

Forest Hill and Georgetown divides ; a great deal also is being shipped
from Colfax, being brought over from what is known as Brimstone
plains, a few miles above Iowa Hill. Smiley Bros, are the principal

shippers from the latter point. Chrome deposits not yet opened are

known to exist in other places in the county."

Character of ores.—The character of chrome ore is practically the

same whatever the source, although it varies iu the amount of chromium
oxide contained, between 40 and 50 per cent. Its comi^osition may be
expressed by the formula Cr203FeO; but part of the chromium may be
replaced by iron, or the iron may be partly replaced by magnesium.
Aluminum is also sometimes present, and silica often accompanies the

sand ore as an impurity.

Amount mined.—About 2,500 net tons were obtained from California

during 1882. The price paid in Baltimore is $40 per ton, with slight

variations according to percentage of chromium oxide.

Utilization.—All the chrome iron ore used in the United States at

present is made into potassium bichromate by Messrs. Jesse Tyson &
Sons, Baltimore, with the exception of a very small quantity of sand

ore which is used in making chrome steel at the Brooklyn Chrome Steel

Works. The amount so used does not exceed 1 per cent, of the chrome
ore mined. Bichromate of j)otassium is, then, the one salt of chromium
from which all the others are obtained. The wholesale price of bichro-

mate in 1882 was 15^ cents per pound. By far the greatest proportion

of this salt is used in calico printing ; the bichromate being dissolved

in water and then deposited on the cloth in the desired color by suit-

able reagents. It is also made into the pigments chrome yellow and
chrome green. A small quantity is used in electric batteries. Besides

the bichromate made in Baltimore about 35 per cent, of the whole
amount used is imported from Scotland, under a duty of 3i cents per

pound. In 1882 the amountimported was 1,972,221 pounds. Formerly

American chrome ore was exported to England, but latterly the English

supply has come from Russia.

No chrome ore in any quantity has thus far been worked up outside

of Baltimore; but about two years ago Messrs. Harrison Bros., of Phil-

adelphia, established a branch of their color works, called the Kalion

Works, where they have undertaken the decomposition of chrome ore,

and it is bielieved they are still continuing the work.

Baltimore has for a long time enjoyed a monopoly in the manufacture
of bichromate, not, however, without many efforts on the i)art of manu-
facturers in other cities to obtain a footing iu the trade. In the past

eleven years uo less than fifteen, attempts have been made to establish
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works for decomposing chrome ore in other cities, particularly' in Phil-

adelphia, Xcw York, and Boston. (a) Not only thousands, but tens and

even hundreds of thousands of dollars have been thrown away in these

attempts to accomplish what is put down in the textbooks as a compar-

atively simple <)i)eration. Factories have been built, and arrangements

made for grinding and decomposing the ore, but in very few cases has

the experiment lasted long enough to result in the production of a single

pound of bichromate. It is an extremely diflBcult matter to carry on this

manufacture so well as to i)roduce bichromate at 15i cents per pound.

But by long experience and methods of decomposition known only to

themselves, Messrs. Tyson & Sons have been able to maintain a suc-

cessful business and to compete with the two other manufactories in

Scotland and France.

a There lias been some talk of establishing works for the manufacture of bichromate

in California; but, as has been pointed out by Mr. H. G. Hanks, the State mineral-

ogist, the necessity of importing potash would be a most serious obstacle to commer-

cial success, while the substitution of other alkalies (such as soda or lime) is not con-

sidered practicable.—A. W., jr.



TUNGSTEN.
By David T. Day.

Sources.—Tbo element tungsten has the general characteristics of a

metal, but it is also capable of acting as a non-metallic element and can

form an acid—tungstic acid. It is in tliis role that it is always found

in nature, as the tungstic acid salt of iron, manganese, calcium, or lead.

These tungstates are rare. The most abundant is wolfram, a mixture of

tuugstates of iron and manganese in varying proportions. The tung-

state of iron may replace the manganese almost entirely, when the min-

eral receives the name ferberite; or the manganese may replace all the

iron, giving the mineral hiibnerite. Besides these, scheelite, the tung-

state of calcium; scheelitine, tungstate of lead; and wolfram ocher, the

anhydrous acid itself, are found in small quantities. Wolfram is found

in the United States at Charles Lake's mine, Munroe, Connecticut; at

Trumbull, in the same State ; and at Blue Hill bay, Maine, on Camdage
iarm. Although the deposits are never very extensive, an attempt has

been made to work the mines ih these localities, but the ore has not

proved rich enough, and at present no wolfram is mined in the United

States. Wolfram also occurs at the Flowe mine, in Mecklenburg
county, North Carolina ; in Missouri near Mine la Motte, in Saint Fran-

cis county, near the Saint Francis river; and in the Mammoth mining

district, Nevada.

Value.—Wolfram usually contains from 35 to 55 per cent, tungstic

acid, and is worth about 10 cents per pound, or $80 to $100 per ton, in

Germany. It is subject to an import duty of 20 per cent, ad valorem.

The price has been rising slowly during the past year or two, not how-
ever from any marked increase in the demand. . Metallic tungsten is

worth 60 to 80 cents per pound in Liverpool.

Utilization.—Tungsten holds a peculiarly uncertain position from an
industrial standpoint. It has been recommended foruse in many widely

(liflerent industries ; but thus far it has not gained extensive applica-

tion, principally for two reasons: it has proved either too exi^ensive or

it has failed to yield the advantages claimed for it in particular cases.

Under the former may be mentioned the projected scheme of saturating

inllammable fabrics with a solution of tungstate of soda to render them
l)roof against fire; but experiments have usually drifted off to alum or

some other cheap substance. Tungstate of soda is one of the many
substances proposed for the prevention of boiler incrustations. Soluble

tungstates are used to a limited extent in calico printing. By far the

most important application of tungsten that has ever been proposed is

in the manufacture of steel for certain special purposes. An extended
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treatise on this subject will be found in the work by J. S. Jean8,(«) of

wliicli t\ui followiii<^ is a suniiuarj'.

Ifi was shown by the Due de Luyiios, in 1844, that a feature in the so-

called damask steel was that it contained tungsten. Later, in 1860, F.

A. Bernoulli made a series of experiments at the Royal Iron Foundry,

in Berlin, on the allojs of iron and tungsteu, which led him to the fol-

lowing conclusions: 1. By mixing tungstic oxide with turnings of gray

cast iron and fusing them, the tungsten is reduced to the metallic state

and cast steel is formed. 2. The carbon of the cast iron, and particu-

larly that portion which is mechanically mixed with the iron, is con-

sumed in reducing the oxide of tungsten, and metallic tungsten appears

partly to take the place of the carbon in the steel.

There has been much dispute as to the real advantage of this replace,

ment of carbon by tungsten. Mayer of Loeben, Styria, is assigned the

credit of having first applied tungsten to the manufacture of steel on

the large scale, and owing to the success which he attained tungsten

steel has been declared to be of the highest quality in respect to fineness

of grain, uniformity of structure, hardness, toughness, strength, and

durability ; but numerous adverse opinions have followed the experi-

ments of others. Tungsten, like carbon, appears to diminish the ductil-

ity of iron ; though by melting tungsten and iron it is possible to obtain

steel much harder than with carbon aloue, without the danger of incur-

ing at the same time an excessive fragility when cold or difficulties of

working while hot.

For uses which require an especial degree of hardness, a steel rich in

tungsten, called -'special" steel, is frequently employed. Thus a fine

Sheffield steel for lathe tools contained, according to an analysis made
in the laboratory of the Stockholm School of Mines, 9.3 per cent, of tung-

sten, 0.7 per cent, silicon, and only O.G per cent, carbon. This steel,

which is used without being tempered for turning cylinders of cast iron,

is of sufficient hardness to scratch glass and yet is not fragile, for great

difficulty is experienced in breaking a ^-inch bar.

The hardness communicated to iron by tungsten is not increased by
tempering. Steel rich in tungsten cannot be hardened without break-

ing. It can only be worked cold by grinding, on account of its excessive

hardness; by working hot with caution the desired form may be given

to it, but steel rich in tungsten must be managed with great care to

prevent its cracking, and it must be treated several times in succession

before the desired form is attained. After the form is obtained by ham-
mering hot, the steel should be hammered with quick light blows nearly

cold before it is allowed to cool gradually.

In order to produce tungsten steel it is necessary in the first place to

rid the wolfram of the impurities which it contains. According to Jacob
it must in the first place be roasted, then treated by diluted acid, and
finally washed with water; in this manner the sulphur and arsenic are

a"Stoel, its Hiatory, Manufacture, and Uses," London, l^SO.
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eliminated. After being dried the residuum is raised to a stroug heat in

crucibles lined with dami) charcoal, the tungstic acid is reduced to the

metallic state, and a compound is formed containing iron and manga-
nese. The product thus obtained is of a dark color and great density.

From 5 to 25 per cent, is added to the steel, according to the proportion

of tungsten desired.

To produce Bessemer steel containing tungsten Le Guen adds to the

molten metal, when the operation is finished, some pig containing tung-

sten, also in the liquid state. This pig is prepared from a mixture of

90 per cent, wolfram and 10 per cent, of lime with tar. According to

Le Guen, the tungsten increases the hardness of the metal, and up to a

certain point its tenacity also. If, on the other hand, the proportion of

tungsten becomes rather high, the strength diminishes.

Mushet has obtained a patent for producing tungsten steel by mixing
finely pulverized wolfram with an equal weight of melted pitch, after

which the mixture is run out on a dry stone slab, and is added in

certain proportions to crucible steel. Mushet's " special" steel made in

this way is remarkable for its hardness and strength. This class of steel

is manufactured in Germany at the works of Wund & Co., at Buckaw,

near Magdeburg, in Prussia; and in Hanover at Uslar on Soiling.

The magnets used at Siemens' telegraphic works in Berlin are also said

to be made at Moabit of this steel. Its qualities are very different from

those of ordinary steel, as although when annealed it is so hard as to

resist the best files, it becomes soft when chilled, and presents an

exterior full of cracks, for which reasons it must not be hardened. At
a red heat it is malleable and is easily worked, but all tools made of it

must be brought into shape by the hammer at once, and finished if

necessary under the grindstone, as the file will not touch it afterwards.

Tools of tungsten steel in use for planing and other machines at the

Engine Works of Knoevenagel, in Hanover, are reported to stand

longer than those made of the best Sheffield cast steel.

A species of steel invented by H. A. Levallois, of Paris, has beeu

patented in England. This is said to be an alloy containing tungsten

and nickel in various proportions, and it is claimed to be less liable to

oxidize or rust than ordinary steel.

C. W. L. Bierman, of Hanover, manufactures alloys of cast iron and

steel containing from 20 to 50 per cent, of tungsten, and from H to 6

per cent, of manganese, in ingots, which are sold for mixing with (and

so introducing any desired percentage of tungsten into) iron or steel.

Experiments with tungsten steel have been made at Park's works,

and at several establishments in Pittsburgh, but as yet it has not

assumed industrial proportions in the United States. It does not seem
probable that it will become a rival of chrome steel.

28 M R



TIN.

Occurrence.—Stream or wood tin (cassiteritc) is known to occur in

very many scattered localities tbroughout the United States where areas

of granitic and gneissoid rocks are exposed. Staniiite (tin pyrites) has

not been found in any quantity, though occasionally reported. In

southern California a large number (said to be upwards of 500) of tin

claims have been located in the Temescal range, San Bernardino county,

a few of which have been irregularly worked, one mine only, the Cajaica,

having been developed to any extent. An analysis of the Temescal ore,

made by Dr. F. A. Genth, gave the following results :

Silicic acid 9.82

Tungstic acid 22

Oxide of tiu 76.15

Oxide of copper ". 27

Oxides of iron and manganese, lime and alumina 13. 54

100. 00

Litigation has interfered with the workingof someof the more prom-

ising Temescal mines, and thus far the results have been disapiiointing.

In January, a strike of tin ore, said to be rich, was reported as having

been made a few miles from San Diego, California, and during the win-

ter tin ore is said to have been discovered near Fort McKavett, Texas.

A number of localities have been reported in Dakota, and in Montana and
Idaho, among the placer mines. In the latter Territory stream tin has

been found in the bed of the Jordan river, Owyhee county. Frequent

reports have been circulated of the discovery of tin ore in the mountains

of Colorado, and especially in the San Juan range, but analysis of the

specimens shows the absence of any tin. Tin ore also occurs near Ban-

gor, in Maine, and in other portions of the State. Possibly in about

half the States and Territories of the Union tin ore in small quantities

has been discovered, but these occurrences are usually only of minera-

logical interest.

The Broad Arrow mines.—The most important occurrence of tin in

the United States recently noted is that at the Broad Arrow mines, two

miles from Ashland, Clay county, Alabama. Mr. G. W. Gesner, the

owner, reports that these mines consist of four open quarries in the

hillside, 35, 40, 45, and 55 feet in depth. The ore occurs both in lodes

and as stream tiu. The country rock is micaceous and talcose schist,

434



TIN. 435

The ore itself is disseminated in gneiss, which forms seams from ten to

twenty feet thick in the country rock, and having a northeast and soutli-

west strike. A horizontal section given by Mr. Gesner from west to

east across the strike of the seam is as follows

:

Granite, highly feldspathic.

Tin-bearing gneiss.

Micaceous and talcose schists.

Tin-bearing gneiss.

Country rock, containing molybdenite.

Tin-bearing gneiss.

Country rock.

Tin-bearing gneiss.

Country rock.

Tin-bearing gneiss.

Country rock.

Main vein of gneiss containing the largest tin contents and best ore.

Massive white quartz with limonite, etc.

The section shows in a space of 800 feet six parallel, nearly vertical,

belts of stanniferous gneiss. The tin-stuff ranges from«a trace up to 2

per cent., averaging 1^ per cent. ; and is said to be readily concentrated.

Certain massive ores in pebble-like pieces have been found on and in

the richest gneiss. They have rather more than one-half the specific

gravity of Durango tinstone ; and yield an alloy of tin and iron very

readily in the test crucible. This alloy is easily fused, and is said to

reach 45 per cent, of the contents of the ore and to resemble the gen-

eral character of the impure pigs from tin ores charged with iron. The
ore is rei^orted to exist in very considerable quantity, and to be free

from all traces of arsenic and sulphur. It worked very kindly in the

assay and test furnace. Cassiterite is also found in the stream which

crosses the lodes, but associated with titanic and iron compounds,

which render its reduction troublesome.

No hoisting or j)umpiug machinery is at present required. Eeduction

works have been erected near the quarries, the distance from the latter

to the works being onlj" from 100 to 400 feet. They consist of one light

40-stamp mill ; one 5-stamp mill for crushing slags ; one rock-breaker

;

one 15-horse power engine, one table, two jigs, four schlich vats, four

settlers, and one tin blast furnace of the Altenberg pattern. The pres-

ent plan was designed to produce from gneiss ore of 1 J per cent, tin

oxide some 500 pounds of crude pig tin per day. The ore is so easily

handled that the cost of stamping is light. The concentrated ore is to

be smelted in lots of 1,000 pounds.

Eegular work began at the Broad Arrow mines March 1, 1883. The
reduction works were built during the winter and spring, and were first

tried March 20. The force employed has averaged four men at the

quarries and seven at the works. It cannot be said that the results
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obtained up to July 1 were commercially successful. Mr. Gesuer at-

tributes this to two leading causes, one of which is the difficulty of

sortin;!'' from so large a formation ores rich enough to rei)ay working

;

and the other is the frequent appearance of titanium in the tin oxide,

seriously interfering with reduction. It is expected that when the em-

jdoy^s become more familiar with the appearance of the ores and are

able to make a proper selection, and when the concentrating apparatus

is i)erfected, operations will proceed more successfully. In the mean
time the works have been utilized in milling the low-grade gold ores

from the quartz reef next to the tin-bearing gneiss.

No metallic tin was reported to this office as having been produced in

the United States in 1882. It seems probable that when some of the

known localities shall have acquired proper transportation facilities,

and when j^rospecting for tin is regularly prosecuted, tin mining in this

country may reach a stage of considerable importance. At i)resent

comparatively few persons are acquainted with the appearance of native

tinstone; and its occurrence lias doubtless often been overlooked by
prospectors in search for gold and silver ores.

Foreign sourcm.—Our importations of tin in its various forms come
chiefly by way of England. The bulk of the product of the world is

from the Straits, a large quantity of excellent tin being jiroduced in the

islands ofBauca and Billiton ; Australia, Tasmania, and Cornwall. Boli-

via also furnishes a small supply. Immense deposits of tin ore are said

to exist in the states of Durango and Chihuahua, Mexico, which have

been worked only on an insignificant scale heretofore ; but these in the

near future are expected to yield largely.

The total output of the world during recent years has been reported

as follows

:

Gross tons.

1878 35,597

1879 37,539

1880 30,294

1881 :W,123

Duty on tin.—The new tariff fixes the duty on " iron or steel sheets,

or jdates, or taggers iron, coated with tin or lead, or with a mixture of

which these metals is [sic] a component part, by the dipping or any other

process, and commercially known as tin plates, terne plates, and tag-

gers tin," at 1 cent per pound. Tin ore, bars, blocks, or pigs, and grain

or granulated tin are on the free list. Manufactures, articles, or wares

not specially enumerated or provided for, composed wholly or in part of

tin, are subject to a duty of 45 per centum ad valorem.

Imports and exports.—The following tables show the foreign commerce
of the United States in tin during recent years

:
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Tin in bars, Mocks, and pigs imported into the United States during tlie fiscal years specified

{specie values).

Years.



ANTIMONY.
The ore of this metal occurs abundantly in California and Xevada, as

well as in other parts of the Pacific division. The lieaviest deposits so

far as known exist at the Bonshay & Temple mine, in San Emidio
canon, Kern county, California, and at a point twelve miles south of

Battle Mountain, a station on the Central Pacific railroad in Humboldt
county, Nevada. At the latter place the ore occurs in two parallel

veins, about 100 feet apart and cropping out strongly for the distance

of a mile or more. These veins are nearly vertical and stand between
regular, well-defined walls. From one of them, which carries a stratum

two feet thick of solid sulphuret of antimony (stibnite), several hundred

tons of ore have been extracted. Some of this was reduced in the

small works put up at Battle Mountain Station, and some lots were
shipped to San Francisco and New York, but the bulk of it was left on

the dump at the mine. An analysis of an average sample of this ore,

rough dressed, gave the following result:

Moisture 2. 82

AliTmina 1 . 58

Silica 12.02 '

Antimony 62.28

Bismuth 6. 63

Sulphur 19.31

Oxygen (cal(uhit<<l) 4.06

99. 30

While this ore carries from throe to fifteen ounces of silver per ton, it

is entirely free from lead and copper, a feature that greatly facilitates

its reduction to a regulus by the most inexpensive and simple process.

Some of the metal disposed of in the New York market is said to have

given entire satisfaction, though not quite free from sulphur. Mining
the ore at this point costs $2 per ton; freight to San Francisco, $10 per

ton ; hauling to the railroad $4 per ton ; to England, via Cape Horn,

't 15 per ton; value of ore in England, $50 to 800 per ton; regulus, 12

cents per pound. After being worked in a small way for several years

commencing in 1871, operations were suspended at this mine, nor has

much been done there since, the bulk of the ore being of too low grade to

warrant further attempts at handling it.

The lode San Emidio is represented to be nuich larger than at the

Battle Mountain mine, being from 30 to 40 feet thick and containing

immense quantities of ore, some of it very rich, the mass of it, however,

of rather low grade. A good deal of money was expended there in
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187G in the erection of a furnace, building roads and making other im-

provements; but the enteriH'ise having failed to jn-ove remunerative,

work was soon after susj)ended and has so remained since. The prin-

cipal obstacle in the way of success here was the cost of transporting

supplies to and the ore and metal from the mine, which is situated high

up in the mountains and a long way from the railroad. A similar

enterprise attended with not unlike results was inaugurated about the

same time at the Stayton mines in San Benito county, California. Two
furnaces were put up here and other improvements made at consider-

able cost, but the undertaking, though well managed, had to be given

up after a few years' trial, the cost of production and transportation to

available markets being too great to leave any margin for profits. And
yet the ore of this locality would in most countries be considered high

grade, having averaged about 40 per cent, metallic antimony.

Under the impression that they would be able to obtain an adequate

supply of antimonial ores cheaply, Messrs. Starr & Mathison, of San
Francisco, erected in that city several years since works for the reduc-

tion of this class of ores. Although these works were of limited capac-

ity and the metal i)roduced was equal to the best imported, the pro-

prietors after struggling along for a few years were obliged to close the

works, having been uuable to get enough ore of suitable grade to keep

them running. As they had to market the product of their works in

InTcw York, they were unable to smelt ore carrying less than 55 or (50

per cent, metal. The consumption of antimony on the Pacific coast is

inconsiderable, amounting perhaps to not more than 25 or 30 tons per

year; not much is used except in the manufacture of type, britannia

ware, and babbitt metal.

The shipments of antimony ore from San Francisco to England
amounted in 1882 to $5,850. The Southern Pacific railroad carried east

during the same period, 60,130 pouuds of metallic antimony, shipped

from San Francisco and Oakland.

Antimony occurs as a sulphide, and probably in other forms, associ-

ated with silver, lead, copper, etc., in many veins and deposits of ores

of the latter metals throughout the Eocky Mountain region, but as yet

has not been found in sufficient quantity to become commercially valu-

able. In the Wood Eiver county, Idaho, it occurs in association with

the argentiferous lead ores, as is very generally the case in the silver-

lead districts of the Far West. The distance from reduction works and
the high cost of transportation will prevent the successful working of

any bat the richest and most accessible deposits.



BISMUTH.
Bismuth ores occur in inaiiy of the States and Territories of the Far

West. One deposit of some importance is reported from Utah. Car-

bonate of bismuth has been found near Phoenix, Arizona. The usual

ore is the sulphide. This ore is found in small quantities as a sulphide

in a large proportion of the refractory ores of the Rocky mountains, and

in considerable quantities in certain veins in Boulder and La Plata

counties, Colorado. The Bismuth Queen lode, about five miles north

of Golden, Colorado, shows a vein of bismuth ore varying from 2 to 8

inches in width, in which the metal occurs in the forms of bismutite

and bismuthinite, carrying in some cases 80 per cent, metal. Small

quantities have been smelted for experimental purposes, with highly

satisfactory results. Tetradymite (telluride of bismuth) has recently

been identified in Arizona.

The production of metallic bismuth in the United States has thus far

been of no importance. The ores, which in small quantities at least are

widely distributed in this country, give promise that in the future the

production of bismuth may become a regular industry. The metallurg-

ical processes for the extraction of the metal from its various ores are

quite simple.
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ARSENIC.
Arsenic is widely disseminated throughout the ores of the Rocky

mountains, occurring principally in combination with iron forming the

mineral mispickel. In Gunnison county, Colorado, it occurs in combi-

nation with cobalt and iron, probably as the mineral lollingite. On the

Pacific coast the mispickel is frequently auriferous, and is treated by the

chlorinatiou and leaching process for the extraction of its gold contents.

Mispickel is also found, in more or less quantity, in almost every por-

tion of the United States 5 and is often mistaken by farmers for silver

ore.

Large quantities of arsenic pass off in the fumes from roasting and
smelting furnaces and are lost, no attempt being made to save the vola-

tile elements in the ores. Arsenious acid occurs quite frequently in

fragile white crystals in the dust chambers of smelters, forming beauti-

ful specimens for cabinets.
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PLATINUM.
American occurrences.—Platiimiii, citlior comparatively pure, but more

commonly alloyed to a considerable extent with iridium, osmium, or

other metals of the same group, is found in small quantities in many
of the gold placer regions of the Far West and Pacific coast, notably

in California; and also occurs associated with placer gold in Virginia,

Korth (^arolina, Georgia, and other Southern States. A nugget of

platinum found near riattsburgh, New York, weighing 104.4 grains, is

described in the American Journal of Science, III., xxi., p. 123, 1881.

Platinum usually appears in the form of small rounded and flattened

grains. The occurrence of platiiuim in the United States thus far has

been a matter of scientific interest rather than of any economic impor-

tance. Small quantities have from time to time been saved from the

sluices of hydraulic mines, but were merely kept as a matter of curiosity.

In 1877, 1878, and 1879, an irregular search was made for it in view of

the then existing and prospective demand for the metal for incandescent

electric lighting, and samples were obtained from many points, but

many of the localities reported in the Southern States, as well as else-

where, failed to afford specimens when specifically tested. No platinum

in place, that is as ore in a lode, has as yet been discovered ; its occur-

rence being confined, as above stated, to the placer deposits. A vein of

platinum is reported to have been recently discovered near Hailej', in

the Wood River country, Idaho, and small shipments ofthe ore have been

made to the smelting works at Omaha. Although this find is called a

vein, in the absence of definite particulars it is reasonable to assume

that the metal is found in the usual form of stream platinum.

It is quite probable that in the future the production of platinum in

the United States may become a regular industry; though from the indi-

cations which have been observed it does not appear likely that it will

ever reach any very considerable importance. The quantity of Ameri-

can platinum marketed in 1882 was about 200 troy ounces. There are

no regular quotations for the domestic metal. One manufacturer re-

I)orts that the crude, unrefined American platinum which he has han-

dled ran as low as .520 in fineness, as against .850 for the average crude

Russian.

The method of mining is analogous to that of placer gold, with the

exception that the apparatus for saving platinum depends upon gravity

alone, and not upon gravity and amalgamation. The plant required for

manufacturing platinum is simple and inexpensive, and the art has been

fieveloped to a high extent in this country. The best crucibles, etc.,

are made by hammering plate of the greatest possible density into
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shape. It is said that the cheaper spinning process which is sometimes

employed has the effect of opening the texture of the metal and render-

ing utensils so made short-lived and unsatisfactory.

Imports.—The supplies of platinum consumed in' the United States

are derived from the Ural mines, where it is found in placers. The
Eussian platinum, however, mostly comes through French, English, and

German laboratories, where the native grains are worked into merchant-

able metal. During the fiscal year ending June 30, 1882, unmanufact-

ured platinum (wire or rod and sheet or plate) to the value of $304,290,

and manufactured platinum (consisting of three or four large stills for

rectification of sulphuric acid) worth $32,360 were imported, and during

the same period manufactured platinum articles (consisting mainly of

used-up stills sent to Europe for repair, or of scrap-metal) were exported

to the value of $19,244. Very little native Eussian grain platinum is

imported. The price of Eussian unmanufactured platinum in ^ew York
at the close of 1882 was $6 per troy ounce. The terms " manufactured"

and "unmanufactured" are used in accordance with an old ruling of the

Treasury Department drawing the line between dutiable and free en-

tries. "Vases, retorts, and other apparatus, vessels, and parts thereof,

for chemical uses," are now on the free list.



IRIDIUM.
By F. W. Clarke.

The cliief source of iridium is the mineral iridosmine, wliicb occurs

in very hard, shining, metallic grains in many i^lacer deposits, asso-

ciated with gold. The ore consists mainly of the rare metals iridium

and osmium, together with smaller quantities of rhodium and ruthenium.

Platinum and palladium also are sometimes present. The chief com-

mercial sources of iridosmine are in the Ural mountains; but it occurs

also in Brazil, and a considerable amount is brought from California

and Oregon. Being as heavy as gold, it accumulates with the latter

in the placer washings, and is easily recovered and saved. The harder

grains are used in tipping gold pens, and the other portions are con-

verted into iridium oxide. The' latter substance serves for a perma-

nent black pigment in decorating fine porcelain.

When iridosmine, which is practically infusible, is heated to white-

ness in contact with phosphorus, fusion takes place. The fused i)ro-

duct, heated with lime, loses phosphorus, and a subphosphide of iridium

is left. At the same time osmium is eliminated by volatilization as

oxide. This so-called fused iridium is now manufactured under Hol-

land's patent by the American Iridium Company, of Cincinnati. It is

steel-white in color, harder than steel or even agate, is practically in-

fusible in any furnace, is insoluble in the strongest acids, and incapable

of rusting. These properties are likely to create a demand for iridium,

which is now being introduced into commerce for a variety of purposes.

It is not only used for gold pens and for the points of stylographs,

but also for the knife edges of fine balances, for the tips of rubber-

turning tools, for wire draw-plates, etc. Recently Prof. W. L. Dudley,

of Cincinnati, has succeeded in electrox^lating with iridium, and has

obtained excellent results.

To a considerable extent iridium is alloyed with the platinum used

for chemical purposes, inasmuch as it gives the latter metal increased

rigidity and hardness. The standard meters of the Interuational Com-

mission on Weights and Measures consist of ninetj' parts of i^latinum

to ten of iridium.

Crude iridosmine is now worth from $2 to $5 per troy ounce, accord-

ing to purity. "Fused iridium" sells at about $10, pure iridium (re-

fined only abroad) at about $20.
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ALUMINUM.
By R. L. Packakd.

Soon after Deville succeeded, more than twenty-five years ago, in ob-

tainingaluminum on the large scale from its chloride by the use of sodium,

on the principle introduced by Wohler, various methods were suggested

for obtaining the metal by substituting other reducing agents for sodium,

and by means of electrolysis. These attempts were scattered through

the years 1856, 1857, and 1858. Since then, excepting an occasional

effort in the direction of electroplating, the industry, if it may be called

so, has remained substantially as Deville's experiments left it. The
other processes have not been practically successful, and the inherent

cost of the sodium method appears to have been a serious obstacle to

the use of aluminum in the arts.

Some revival of interest in the production of this metal has recently

arisen in England, where it is stated a process has been invented by
which aluminum can be produced so cheaply as to make practicable its

speedy application to the purposes for which its properties peculiarly

adapt it. The descriptions of this process, unfortunately, as given in

the journals, do not warrant such an inference. According to these

accounts, it consists in obtaining alumina from alum or bauxite, then

converting the alumina into aluminum chloride, and finally reducing

the metal by sodium. The steps of the process, if the description given

in the papers is correct, are substantially identical with those described

by Deville in his book, " De 1'Aluminium," Paris, 1858, and the expen-

sive sodium is the reducing agent.

The retail price of aluminum is reported at $1.25 per troy ounce.

The quantity of the metal sold in this country in 1882 was inconsider-

able. Its use is confined to the manufacture of light weights, parts of

mathematical instruments, and similar articles.
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MOLYBDENUM.
Molybdenum as the mineral molybdenite (sulphide) oceurs crystalized

in veins about 4 miles north of Pitkin and near Eock creek, Gunnison
county, Colorado. The quantity is probably sufficient to render these

veins valuable in the future. As molybdate of lead it is said to occur in

Leadville in small quantity, and to be very abundant in Utah. Molyb-

denite occurs at Blue Hill bay, Maine; and at Westmoreland, JJew

Hampshire. Many other localities have been reported. Salts of mo-

lybdenum are used to a certain extent in chemical operations, but the

supply is quite limited.
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TELLURIUM.
Though not very abundant, tellurium can hardly be called a rare

metal in the United States. It has been found at several localities in

California and reported elsewhere on the Pacific coast. The principal

occurrences of tellurium in this region, so far as discovery has gone,

are at the Melones mine on Carson Hill, in Calaveras county, and at

the Eawhide and Golden Eule mines, in Tuolumne county, California,

where it is found in combination with gold, silver, sulphur, etc., many
large and exceedingly rich samples of the telluride of gold having beeu

taken out of these mines. Tellurium has also been found under like

conditions iu Utah, but the extent and value of the deposits there re-

main undetermined.

Tellurium ores are of frequent occurrence in Boulder county, Colo-

rado, where they form the characteristic ores of the district, and, in

smaller quantities at Bonanza, Saguache county; the Hotchkiss mine,

Hinsdale county ; in La Plata county, and also at two different points

in Montana, where the species is nagyagite. The tellurium of the

Rocky Mountain region occurs combined with gold, silver, lead, and
possibly mercury, forming the minerals petzite, with a composition of

tellurium 32.G8, gold 25.00, and silver 41.86 ; sylvanite, with a compo-

sition of tellurium 55.8, gold 28.5, silver 15.7; hessite, containing tellu-

rium 37.2, silver 62.8; nagyagite, containing tellurium 32.2, sulphur 3.0,

lead 5-4.0, gold 9.0 ; altaite, tellurium 38.3, lead 61.7, containing both

silver and gold ; calaverite, tellurium 55.89, gold 40.70, silver 3.52; and
probably as coloradoite, a telluride of mercury. Tellurium also occurs

native in fine crystals in the telluride mines of Boulder county, Colo-

rado. The most frequently occurring of the tellurium minerals are pet-

zite and sylvanite, of which large quantities are shipped to the Boston

and Colorado smelter at Denver.

A telluride of bismuth occurs in Fluvanna county, Virginia.

Tellurium is not extracted from its ores in any portion of the United

States in quantity, and has no value either as the metal or in the vari-

ous compounds beyond its gold or silver contents, except as a curiosity.

The metal can readily be obtained in small quantities, and possesses a

specific gravity of from 2 to 2.5, and a hardness of from 6.1 to 6.3. Its

color is tin-white.
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URANIUM.
Urauium in the form of the mineral pitchblende (uraninite or gum-

mite) occurs in Jefferson and Gilpin counties, Colorado. In Jefferson

county thin seams of it have been found, but the mineral is in too small

quantity to be economically valuable. In sinking the shaft on the Wood
lode at Central City, Colorado, in 1872, a lenticular mass of pitchblende

was cut through and quite a large quantity of it was thrown away be-

fore its character and value were known. Afterward the remainder,

amounting in all to three tons, was extracted under lease by Bichard

Pearse, esq., of the Boston and Colorado smelter, and was sold in En-

gland at an average price of $1.50 per x^ound. The mineral was quite

pure, and averaged 70 per cent, of the proto-sesquioxide of uranium.

Uranium is used in considerable quantities in chemical operations and
in porcelain painting, affording a yellow or black color, according to

the process of baking. The principal supply is obtained from the

mines at Joachimstal, Bohemia, and is quite limited.
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VANADIUM.
Vanadium, in combination with lead, forming the minerals decheuite

and descloizite, occurs sparingly in the Evening Star and some other

mines in Leadville, Colorado, and in orange-red crystals in the ores

from the Merritt mine, in the Socorro mountains, 4 miles west of So-

corro, New Mexico. These minerals are not utilized, though vanadic

salts are extremely valuable, and are used principally as a mordant in

the manufacture of the finest silks.
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STRUCTURAL MATERIALS.
BUiiiDiNG sto:n^e.

Census statistics.—The division of the Tenth Census charged with the

collection of statistics of building stone obtained returns from 2,525

quarries in the United States, having an invested capital of $25,414,497,

and i)roducing during the year ending May 31, 1880, 115,380,133 cubic

feet of stone, valued at 818,305,055. In value of total product, the

leading States rank as follows: Ohio, Pennsylvania, Vermont, IMassa-

chusetts, Illinois, New York, Maine, and Connecticut; each of these

States producing upwards of $1,000,000 worth of stone. Vermont, Illi-

nois, Ohio, Iowa, Indiana, Xew York, and Missouri, in the order named,

l)roduce the most marble and limestone ; Ohio, New York, Connecticut,

and Pennsylvania, the greater i)art of the sandstone ; Massachusetts

and Maine quarry the most granite and other siliceous crystalline rocks

;

while Pennsylvania leads in product of slate. Following is an abstract

from the census returns

:

General afatemeni of the operations of the building-stone quarries in the United States in the

census year 1880.

Totals by kinds of rock.

Marble
and lime-
stone, (a)

Number of quarries
Capital invested i?10,

Product in census year—cubic feet • 6.5,

Value of product in census year $6,

Xuniber of quarryiu^r macbiuea
Number of hoistins machines
Number of dressing machines
Value of explosives
Greatest number of laborers employed
Males above 16 j'ears of age
Number of hor.ses
Number of mules
Number of oxen
Number of wagons
Number of vessels
Numbi-rof cars
Nuuiber of locomotives

616
.565, 497
5J», 965
856,681

190
709
499

$61,408
15, C46
1.5, 363

4, 439
586
163

1, .571

111
368

2

1 Crystalline
Sandstone.

I
siliceous
rocks.

502

$6, 229, 600
24, 776. 930

$4, 780, 391
40

634
95

$27, 571
9,567
9, 428
2,091

140
277

1,023
73

313

S5, 291.250
2li, 506, 508

$5, 188, 998
64

763
322

$70, 397
11,477
11,340
1,258

105
G52
981
81

144
1

Slate.

94
$3, 328, 1.50

4, 572, 670
$1,529,985

45
184
392

$32, 799
3,033
2,814

271
20
4

110

Totals for
the United

States.

1,525
$2.5,414,487
115,380,133
$18, 356, 055

339
2,290
1.308

$192, 175
39,723
38,945
8.059

851
1,096
3,685

265
651

5

a With " Marble and luuestoue" is included one quarry of serpentine rocks.
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statistics of the htiilding-stone quarries of the United States in the census j/car 18H0, by kinds

of rocks and by States and Territories.

States aud Territories

.

MARBLE AND LIMESTONE, (a)

Illinois
Indiana
Iowa
Kansas
Kentucky
Maryland
Miissiichusetts
Michigan
Minnesota
Missouri
Nebraska
New York
Ohio
Peni sylvania
Tennessee
Vermont
Virginia
Wisconsin

Total

SANUSTOXE.

Colorado
Connecticut
Dakota
Illinois
Indiana
Iowa
Kansas
Massachusetts
Michigan
Minnesota
Missouri
New Jersey
New York
Ohio
Pennsylvania
Washington
West Virginia
Wisconsin

Total

CKYBTALLIXE BILICEOUS ROCKS.

I

California
I Coloi'ado

i Connecticut
1 Delaware
Georgia
Maine
Maryland
Massachusetts. .

.

Minnesota
Missouri
New Hampshire .

j

New .lersey
' New York
: Pennsylvania.. .

.

j
Rhode Island

1 Vermont
1 Virginia
Washington

.3 S

1=^

38
65

128
17
19
3

4
4

33
27
1

55
119
24
13
18

Capital in-

vested.

$2, 101, 200
539, 660
55-.', 775
59, 700
U i, 250
142, 435
2(-4, 500
01,050

1.59, 575
242, 350

5,000
508, 620
872, 102
592, ICO
131,700

3, 886, 000
35, 000

248, 420

3

6
1

5
5

3
2

15
5
5

5
20

181
126
95
1

10
14

10, 565, 497

2,000
1, 167, 500

3,500
18,800
73, 9(10

4, 000
14, 000
95, 800
13, 6:o

113,600
51,200

210, 100
510, 775

3, 294, 700
560, 825

],5u0
55, 350
38, 400

6, 229, 600

100, 000
11,500

563, 060
4,800

60, 000
1, 625, 500

106, 000
1,217,150

n,0.o0
35, 000

128, 800
10, .500

10, 000
243. 500
476, 000
50, 140

631, 250
1,000

Product in
census year.

Cubic feet.

13,01.3,139

8, 102, 115

10, 772, 283
1, 340, 346
1, 724, 675

70, 617
99, 425
97, 800

2, 816, 298
4,419,300

330, 000
2, 836, 025

11,098, .583

3, 339, 722
792,621

1, 192, 100
20, 000

3, 458, 916

65, 523, 965

Value of
product in
census year.

108,750
988, 200
38, 400

308, 060
311,712
157, 500
66, 000

729, 980
550, 260
32 1, 000
194.000

2, 384, 791

2, 980, 353
8, 574, 726
6, 229, no

14, 000
294, 700
522, 388

24, 776, 930

413,000
554, 040

2, 5."9, 200
45, 900

278, 960

2, 203, 670
1, 182, 500
4,623,125

28,815
86, 300

1, 920, 340
820, 000
42, 400

3, 028. 222
1, 3.52, 900

187, 140
1,181,5.56

18, 500

$1, 320, 742
593, 375
666, 554
131, 570
92,216
65, 929

230, 495
26, 085

201,593
421, 211
15, 000

431,4;;9

669, 723
240, 934
192,695

1, 340, 050
27, 750

189, 320

6, 856, 681

9,000
680, 200
12,000
21,830
40, 400
4,200

11,000
144, 294
53, 080
41, 150
81.960

400, 420
724, 556

1,871,924
627, 943
2,000
16,689
37, 745

4, 780, 391

172,4.50

41,400
407. 225
12, 600
64, 480

1, 175, 286
224, 000

1, 329, 315
13, 075

110,000
303, 066
99, 000
10, 000

211,454
623, 000
59. 675

331, 928
1,044

Total

.

5,291,250 I 20,506,568 5, lb8, 99S

a With "Marble and limestone " is included one quarry of serpentine rocks.
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Value of marble and stone and manufactures of marble and stone imiioried into the United

States during thefiscal years specified {specie values).

Value.

1872 ill, 041, 053

1873 1,099,280

1874 1,240,692

1875 1,335,695

1876 1,216,796

1877 865,133

1878 746,956

1879 639,283

1880 •- 888,874

1881 927,752

1882 930,071

Calendar year 1882 1 , 048, 661

Marble and stone of domestic production exported from the United States during the fiscal

years specified {mixed gold and currency values).

Years.

1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
Calendar year 1882.

.

Rough-
value.

$156, 976
90, 735

126, 669
125, 968
95, 480

131,716
142, 661
143, 457
199, 051

220, 362
180, 774
184, 365

Manufact-
ured

—

value.

$165, 311
189, 795
168, 977
254, 356
236, 255
917, 937
597, 356
430, 848
453, 912
409, 433
433, 6.56

472, 420

Marble and stone, and manufactures of marble and stone, of foreign production, exported

from tlie United States during tlw fiscal years specified.
Value.

1872 $1,929

1873 4,571

1874 1,928

1875 3,428

1876 13,371

1877 8,475

1878 3,448

1879 - 6,364

1880 6,816

1881 709

1882 4,848

Calendar year 1882 4,269

RUILDL\G STONE IN THE ROCKT MOUNTAIN DIVISION, (a)

Building stones of almost every description are found abundantly and

of the greatest value throughout the Eocky mountains, running through

all the varieties of granites, sandstones, marbles, and volcanic rocks.

a The forthcoming census report on the quarrying industry will contain a detailed

account of the building stones of tlie Eastern States.
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In Montana and Wyoming but little has been quarried, but tlie Colorado

quarries have been opened to a considerable extent, and thousands of

tons have been used in the construction of i)ublio and private buildings.

Of the quarries of Jefferson county, C(>lorado, Capt. Edw. L. Ber-

thoud, of Golden, says: "The 'Hogback,' an inclined, wedge-shaped out-

lier of the Ilocky mountains, which is continuous from the Spanish

peaks into Wyoming Territory, and composed of cretaceous and Jura

Trias formations, is an inexhaustible source of tine building stone, with

two separate parts formed wholly of limestone. From this natural

quarry an infinite variety of color, hardness, and quality is obtainable.

We have from it, first, gypsum, white, or banded, or clouded; second,

dark red sandstone ; third, superb salmon-colored sandstone, a specialty

of the famed Morrison quarries; fourth, yellow sandstone, hard and

fine ; fifth, white and cream-colored, easy to manufacture, either by cut-

ting, sawing, or polishing—hardening by exposure; sixth, green ajid

brown sandstones, soft when quarried, easily worked and polished, but

hardening when thoroughly dried and exposed ; none of these several

qualities split on exposure to frost ; seventh, red-banded ( alcareous

sandstone, of red, yellow, and white alternate bands, very ornamental

for polished work, such as table tops, mantel-pieces, etc. Westward
from the Hogback a vast variety of granites, mica slates, mica schists,

hornblende rock, felspathic rock, syenite, and porphyry abound every-

where, and have been largely used for foundations, bridge structures,

etc. Some of the granite dikes will aftbrd red crystalline rock, which is

susceptible of a high polish and would be fine material for ornamental

work. Graphic granite occurs near Bergen's ranch and in Clear Creek

caiion ; it is of light straw or cream color and takes a fine, durable

polish."

One quarry at Morrison produces a superb red freestone which has

been used in the following buildings in Denver: the Union Depot,

Tabor Opera House, First National Bank, Colorado ^National Bank,

Daniels & Fisher's block, and in many others. The quarries at Mor-

rison also produce green, brown, and white freestone; and dark gray,

light gray, brown, red, pink, and greenish granites of excellent quality.

The marbles of Colorado are of several varieties and of excellent

quality. A beautiful variety of breccia occurs in Boulder county, white

marble in Chaffee county, apple-green and clouded marbles in Park

county, and various kinds at the head of Rock creek, Gunnison county.

A favorite building stone, used to a large extent in Denver, is the

fine pink lava from Castle Kock, Douglas county, and large quantities

of this stone are shipped annually over the Denver and Rio Grande

railroad.

Excellent marbles are found in Montana, but scarcely any is quarried.

New Mexico also contains some fine building stones, but none are util-

ized to auy extent.
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BUILDING STONE ON THE PACIFIC COAST.

Stone suitable for building and similar uses is abundant in all the
Pacific States and Territories. Besides mountains of granite and im-
mense beds of sandstone, tbere occurs in many parts of the country a
species of steatite well adapted for building purposes, being light, fire-

proof, very durable, and easily quarried and dressed. Much use is

made of this stone in the localities in which it abounds, more especially
in sections of the distant interior where lumber is scarce, i^either stone
nor brick is much employed for building in these Western regions, lum-
ber being almost everywhere cheap, and climate and convenience favor-
ing its extensive use. Even in the larger cities more than three-fourths

of the structures of every kind consist of wood ; many of them, how-
ever, have brick or stone foundations.

Oranite.—Large quantities of granite are used in San Francisco, and
some of the other large towns, for curbing the sidewalks and street-

crossings. This stone is extensively quarried at Folsom and Natoma,
in Placer county, California, and at Eocklin and Penryu, situated on
the Central Pacific railroad, 22 and 28 miles, respectively, from the city

of Sacramento. The granite at these places is of excellent quality, that
obtained at Eocklin and Penryn being considered especially good. As
the deposits here are very extensive and the rock splits evenly, it is

possible to break out blocks of large dimensions, some more than 100
feet long, 50 wide, and 10 thick having been quarried out and after-

wards broken up into smaller pieces.

The Penryn granite works are some 28 miles east from Sacramento,
on the line of the Central Pacific railroad. The first of the several

quarries from which the stone is procured was opened in 1864 by the

present owner, Mr. G. Griflith, whose establishment is the most com-
plete on the coast. His quarries cover some 680 acres at Penryn and
Eocklin, the latter point being six or eight miles distant from the former

in a due westerly direction. The cutting and polishing works, located

near Penryn, and the principal quarries, are extensive. They consist of

various buildings and sheds, filled with machinery employed in cutting

and polishing the granite. Here 200 men find constant employment, and
the force is frequently much greater. The chief superiority and pre-

dominating excellence of Penryn granite consist in the fact that it does

not change color by exposure, and that it contains no iron. These ad-

vantages give to the Penryn granite a superiority when used for monu-
ments, tombstones, or when placed in any position where it will be
expo»ed to the elements. The i^redominatiug shades of Penryn granite

are blue, gray, and black, the last named very much resembling the

celebrated black granite found in Egypt, and exceedingly beautiful

when highly polished.

Granite quarries are worked at a great many other places in Califor-

nia and elsewhere on the coast.
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Marble.—Carbonate of lime in nearly all its forms is abundant on the

Pacific coast and in the adjacent Territories, especiaVy as limestone.

Marbles in great quantity and in every variety are found in California,

tbe following localities being noted for their fine beds :

Near the town of Columbia, Tuolumne county, where the deposit is

of great thickness, masses weighing as much as 000 tons have been

blasted out, and single blocks weighing ].S,000 pounds have been quar-

ried and dressed. For sawing the stone into slabs and other required

forms a water-power mill of large cai)acity has been put up at the

quarry, from which a good deal of marble has since been taken out and

sold, the most of it having been used for building purposes in San Fran-

cisco. In color this marble is much diversified, some i)ortions being an

unclouded white, while others are tinted with blue or gray, or a blend-

ing of hues of many kinds. It is all fine-grained and extremely hard.

Four miles from the town of Suisun, Solano county, where the stone in

its rough state has exactly the appearance of rosin, it occurs in heavy

beds, blocks measuring 800 or 900 cubic feet having been broken out

here. A great deal of marble has been taken from this quarry, the

unique tints of the material and its fine grain recommending it for

many ornamental uses.

On the McCloud river, near Copper City, Shasta county, a pure white

marble is found, fit for all kinds of delicate Work, even for statuary.

Being in a remote and si)arsely settled region, not much has been done

with tills bed, though it is said to be very extensive.

At Indian Diggings, El Dorado county ; above Downieville, in Sierra

county ; at Susanville, in Lassen county ; and in Placer couuty near the

line of the Central Pacific railroad, occur heavy beds of marble of almost

every color and degree of fineness, though none of them have been ex-

tensively worked. The deposit at Indian Diggings, opened in 1857, the

first ever worked in the State, is of the clouded variety, and has been

much employed for monuments and like i)urposes. In this bed, which is

over 100 feet thick, there occurs a grotto nearly 700 feet long and from

20 to 80 feet high.

AVhile there has always been a great demand for marble in California,

only the more common kinds obtained from the quarries opened in the

State have been largely used, the finer varieties having been imported,

mostly from Italy. INIuch of the stone in California is of excellent

quality, being a pure white or beautiiuUy variegated, and susceptible

of the highest i>olish. It is prol)ab]e that none equal to the Carrar.i

has yet been met with in the State, but from the quality of some already

found near the surface it is thougiit that marble (Mpuil to the beat for-

eign will be obtained when the dei)0sits come to be worked to greater

depths. In addition to the kinds already mentioned, there are hand-

some specimens of the Cipolin, white with shadings and streaks of green,

and the Portcm or Cenocse yellow; also, what is termed Ruin marble, a
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yellowish stone with broken brownish lines resembling the ruins of forti-

fications, castles, and other artificial structures.

What has tended to prevent a larger use of the domestic product has
been the cost of transportation, which from almost any of the quarries

to San Francisco has been greater than from Italy to that i)oint.

Through the construction of railroads into the interior the transporta-

tion of marble is likely to soon be so cheapened that the principal sup-

ply will thereafter be obtained from home sources.

It does not appear that much, if any, marble has as yet been found in

the State of Nevada, nor is this stone so abundant in any other part of
the Pacific coast as in California. Enough of the carbonate of lime

occurs everywhere, however, in other forms, to make all the lime re-

quired for local purposes, Oregon alone forming an exception.

Sandstone.—A handsome fine-grained sandstone of a greenish-gray

color is quarried on Angel island in the bay of San Francisco. A brown
sandstone, obtained near Haywood's, Alameda county, California, is

much used in the cemeteries as bases for monuments, for constructing

vaults, etc. A bed of sandstone of a pinkish color, streaked with wavy
lines of brown and purple, occurs near the Merced river, in Mariposa
county, which, being very beautiful and durable, would be likely to come
into large use were the locality more accessible.

Slate.—While slate is very common stone on the Pacific coast, the

fissile variety suitable for roofing has been found only in a few locali-

ties; one of these being near Copperopolis, Calaveras county, California,

where a stone of a very good quality is found in abundance. A bed of

similar slate was opened over 20 years ago in Amador count}', California,

and worked for a short time, when the enterprise was abandoned, there

being little demand for it when gotten out, asphaltum, tin, and shingles

continuing as before to be preferred for roofing j^urj^oses.

" Trachyte.''''—In various parts of the western mining region an igneous

rock, generally known as "trachyte," is found. It is usually of a pink-

ish-gray color, and aifords convenient and most desirable stone for

building imrposes, being soft when first taken from the quarry, but

gradually indurating on exposure to the atmosphere. This hardening

property, however, is sometimes claimed on slight grounds. The stone

is durable and resists a high degree of heat.

BRICK, TII;E, ETC.

These come rather under the head of manufactures than mineral in-

dustries; for the value of the raw material is very small compared with

the labor and supplies expended in making from them marketable com-

modities. The making of common brick, firebrick, pressed brick, tile,

drain pipe, etc., employs a force of nearly 70,000 persons; and the value

of the product is now in the neighborhood of $34,000,000 per annum.
In total product Pennsylvania takes the lead with nearly' $5,000,000;

followed by New York with $4,000,000; Ohio, $3,500,000; Illinois,
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$3,000,000; Indiana, $2,000,000; and New Jersey, Missouri, and Mas-

saclitisetts, each of which produces between $1,000,000 and $2,000,000

worth of tliese products. New York leads in production of common
brick; Pennsylvania in firebrick and pressed brick; Indiana in tile;

and Ohio in drain pipe. The following table is an abstract from the

returns of the tenth census:

Ojuratioiis of the hrick and file establishmcvls of Ihe United Stut'n during the census year

Number of establishments '>, G31

Ciipital invested $27, 673, 61G

Labor

:

Average number of hands employed 66, 355

Males above 16 years 59, 032

Females above 15 years 268

Children and youths 7,055

Total amount paid in wages in census year 813, 443, 532

Materials

:

Wood, cords 1,157,522

Value of all other materials $5, 750, 303

Tot al value of all materials $9, 774, 834

Products:

Common brick "3, 822, 362, 000

Firebrick 163, 184, 000

Pressed brick 210, &15, 000

Value of tile 82,944,239

Value of drain pipe 81. 765, 428

Value of all other products §729, 926

Total value of all products $32,833,587

LIME.

Domestic production.—Lime for mortar and other building purposes is

burnt to a greater or less extent in every State in the Union. It is dif-

ficult, or almost impossible, to obtain accurate statistics of production,

inasmuch as the manufacture is in a great number of small hands, and
only a small proportion of the product passes through the main chan-

nels of transportation. The i>roduction is estimated to be between

30,000.000 and 32,000,000 barrels, of 200. pounds each, worth Go to 75

cents per barrel, spot value. This gives a total valuation to the pro-

duction of $21,700,000—assuming the means of the above figures. The
lime product presupposes the quarrying of about 0,000,000 tons of lime-

stone. Of this total product of lime it is estimate<l by several authori-

ties that 1,500,000 barrels come from Iloekland, Maine, and from 800,000

to 1,000,000 barrels from New York State.

Imports and exports.—The imports of lime for the fiscal year 1882

amounted only to $30,840. The exports of lime for the calendar year

1882 are groui)ed with those of cement, both amounting to 70,439 barrels,

valued at $105,000. The following tables show the exports during

recent years. The new tariff rate on lime is 10 per cent, ad valorem.
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Lime and cement of domestic production exported from, the United States during the fiscal

years specified (jiiixed gold and currency rahus).

Tears.

1872
1873
1874
1875
187fi

1877
1878
1879
1880
1881
1882
Calendar year 1882

Quantity.
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cement, mostof wbicli is imported, comparatively little being made here,

is an artificial cement. Besides this, whi(;h forms by far the greater

part of the importations, we import lloman (a natural cement), Keeue's,

Lafarge, selenitic, lime of Teil, and other varieties.

Production in 1882.—The total cement product of the country in 1882

is estimated by the best authorities at from 3,000,000 to 3,500,000 barrels.

Probably the mean of these (or 3,250,000 barrels) is very near the true

production. Of this, 85,000 barrels, of 400 pounds each, is estimated to

be the production of artificial, or Portland cement. The average value

of this is about $2.25 per barrel, at the works. A barrel of natural

cement weighs 300 pounds and has an average value at the works of

$1.10. Estimated on this basis, the total value of the cement i)roduc-

tion for the year 1882 was $3,072,750.

Manufacturing centers.—The principal centers of production of Ameri-

can cement are:

First. Ulster county, Xew York, at Kosendale and in the valley of

Kondout creek, where the material for this cement is found in abundance.

From the name of the principal producing center of this district, the

name Kosendale is given to all natural cement i)roduced in this neigh-

borhood, as well as to all that made from materials obtained here,

although prei)ared for use at other points, as Troy, Brooklyn, and Cohoes.

The rock used for this purpose is the lowest stratum of the Lower Hel-

derberg group, and the topmost member of the Niagara grouj). The

X)roduction of Ulster county is estimated to be between 1,500,000 and

1,000,000 barrels, while that of all New York State is placed at about

2,000,000 barrels of 300 pounds each, the spot value of which is about

$1.10 per barrel. The following are analyses of two of the Kosendale

cements, which although consisting essentially of the silicates of lime,

magnesia, and alumina, differ materially in their relative i)roportions :

Analyses of Eosendale cements.



STRUCTURAL MATERIALS. 461

Besides the natural (Rosendale) cements manufactured in this local-

ity, a small amount of Portland cement is made here.

The second cement-producing locality, in point of importance, is in

Kentucky and Indiana, in the neighborhood of the falls of the Ohio.

The product is known as Louisville cement, from the principal center of

its production. This is also a natural cement.

Both natural and artificial cements are manufactured to a consider-

able extent at Allentown, Pennsylvania. Cement is also reported as

being manufactured at the following points in the eastern States, in

greater or less quantity: Akron and Buffalo, New York; Sandusky,

Ohio; Utica, Illinois ; Kensington, Connecticut; Cumberland and Round
Top, Maryland; Shepherdstown, West Virginia; James River, Vir-

ginia; Rockland, Maine; in western Pennsylvania, and at South Bend,

Indiana, where small amounts of Portland cement are produced.

Imports.—Our main supply of Portland and other artificial cements

is imported from abroad. There are many varieties of imported Port-

land differing among themselves in the proportions of their constituents,

and in their characteristics of tenacity, strength, and hydraulic quali-

ties. Generallj' speaking, imported Portland cement is manufactured

from 60 per cent, of chalk, 30 per cent, of alumina free of organic mat-

ter, and 10 per cent, of silica. Until within a few years all our supply

of Portland cement came from England. Recently, however, German
importations have assumed great importance, and bid fair to hold a

large proportion of the market in the near future. This material is

also imported in considerable quantity from Sweden and other Scandi-

navian countries, and from France. The following is, in brief, a history

of the importation from different countries : From 1871 to 1S7G, prac-

tically all importations were from England. From 1876 to 1880, the

importations were largely from England, with a gradual encroachment

from Germany; while in 1882 the importations from England formed

one-half the total amount brought to this country. Three-fourths of

the other half were from Germany, while the remaining one-eighth

came from Sweden, France, and the Netherlands.

The following table gives the total importations during the fiscal

years named

:

Imports of cement.

Years. Qnantifies. Valnes.
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new tariff rate on building cements of all kinds is 20 per centum ad

valorem.

Eoman cement bas been imported almost entirely fiom Glasgow and

London. Of late years the importation of this cement has largely

decreased. Linie of Teil is imi)orted mainly from France. The im-

portation of this, Keene's, and other cements is comi)aratively trilling.

Special qucdities.—Portland, Rosendale, and Louisville cements are

used primarily for work under water and in all cases where great

strength and tenacity are required, as in the foundations of heav}' build-

ings, sea-walls, light- houses, bridges, sewers, etc. Porthmd is used very

extensively, also, for cellar floors, sidewalks, and the manufacture of

artificial stone. In general, it may safely be said that imported I'ort-

land possesses a higher degree of tenacity and greater resistance to

crushing than other cements, although there may be some American

Portland which equals it in these qualities. The great difference in

price between the imported and the American Portland on the one hand

and the natural American cements on the other illustrates this differ-

ence in quality. Roman cement is characterized by setting much more

quickly than Portland or American cements, and is hence used for such

purposes as repairing leaks and such minor uses. Keene's is used for

the manufacture of imitation marbles, ceilings, cornices, etc. Lime of

Teil seems to be of very limited application, and is used mainly in

admixture with Portland cements.

While the amount of the importations is increasing with great rapid-

ity, the amount of cement of domestic manufacture is increasing doubt-

less in an equal ratio. This increased demand, which is largely in ex-

cess of the increase in building, is explained by manufacturers and

importers as being due to the fact that cement is rai)id]y re])lacing lime

mortar for ordinary uses of building, especially in large and expensive

structures.

CEMENT IN THE ROCKY MUHNTAIN DIVISION.

In 1881 it was accidentally discovered that the lime burned from one

of the limestone beds near Canon City, Colorado, possessed hydraulic

l)roperties, and experiments were begun by Mr. N. M. Megrue, of Canon,

with a view to the manufacture of first-class cement. These experi-

ments were continued with but slight success on a large scale. In 1882

works were erected at Denver, and every effort was made to secure the

most favorable results. During 1882 about 100 barrels of excellent ce-

ment were made, and this was freely' tested in various ways, the material

satisfactorily standing every test.

Only a small i)roi)ortion of the rock burned acted satisfactorily, over

90 i)er cent, being useless for all hydraulic i)urposes. These experi-

ments have been continued until finally conipletc success has been

achieved. In the first week in May, 1883, the first entire kiln of cement
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Avas lurued out, and the company are now satisfied of their ability to

produce a cement almost equal to the best Portland.

The works and experiments have cost nearly $30,000, and the capacity

is now 100 barrels of 400 pounds net per day. The relative cost of the

varions brands of cement in Denver is as follows :

Portland, per barrel of 375 poiiuds net $7 00 to $7 50

Louisville, per barrel, 265 pounds uet 4 00

Denver, per barrel, 400 pounds uet 6 00

This will make the Denver and Louisville cements cost the same price,

1^ cents per pound.

The Denver Cement Company expect to fully supply the State of Col-

orado, and the Territories of Wyoming-, Utah, and New Mexico with a

material which will make excellent and durable pavements and fulfill

all the requirements of the best cement.

The Caiion City Iron, Paint, and Cement Con>pany manufactured in

1882 2,000 barrels of cement (each 300 pounds uet), but its quality has

not been ascertained. For the first six months of 1883 the make was
385 barrels. This cement is sold retail at $4 per barrel.

The source of supply for both companies is the same—the Upper Si-

lurian limestones in the Hogback near Caiion City. In the same local-

ity occur beds of infusorial lime and white silica.

CEMENT ON THE PACIFIC COAST.

Fully twenty years ago a bed of hydraulic limestone was opened up
about one mile south from the town of Vallejo, Solano county, Califor.

nia, and kilns for burning and a mill for grinding it were erected near

the town of Benicia. The rock occurs in seams never more than four

or five feet thick, inclosed in a metamorphic sandstone. The belt con-

taining it extends west across the Strait of Carquinez and to the north-

west for a distance of ten or twelve miles, in which direction it spreads

out over a breadth of several miles. Only at a few points along this

belt, however, does the limestone occur in any considerable quantity.

The company engaged in beneficiating this rock pay 50 cents per ton for

the privilege of taking it out and appropriating it wherever found, pay-

ing from $3 to $5 per tou for it delivered at their works, which have ca-

pacity to turn out about 100 barrels daily. Owing to heavy imi)orta-

tions of this commodity these works have not always been run to their

full capacity.

Several years since a bed of limestone suitable for making Roman
cement was discovered in the town of Santa Cruz ; but the deposit,

though apparently extensive, has not as yet been much utilized.

In Oregon, and also in Washington Territory, hydraulic limestone of

good quality has been found and works put up for manufacturing it

into cement. The discovery of similar limestone elsewhere on the

coast has been reported.
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The consumption of cement in California is large, much being used

in laying the fouudatious of buildings, for the manufacture of artificial

stone, the construction of street-cable roads, dry docks, etc. The im-

portations at the i)ort of San Francisco during tlie past nine years have

been as follows

:

Imports of cement at San Francisco.

Barrels aad cavks.

1H74 60,202

1875 73,814

187G 66, 988

1877 45,469

1878 57,258

1879 15,668

IHHO , 62,417

1881 ^65,695

188i 99,208

Of late years a large proportion of these imports has consisted of the

English Portland cement, which has succeeded, partly owing to low

freights, in nearly crowding out the Eastern Rosendale, at one time ex-

tensively used. The following are present ruling prices for cenjent in

San Francisco: California, §2; Eosendale, $2.75 to $3; Portland, $4

to $4.50 per barrel.

soapsto:n^e.

Steatitic and other magnesian rocks are used to a considerable ex.

tent as refractory linings for furnace hearths, grates, stoves, register

borders, foot warmers, and for making stationary laundry tubs, sinks,

griddles, etc. The substance known to the trade os soapstone is dis-

tinct from the mineral talc, which in the ground state is used for en

tirely different purposes. The leading quarrying States are Vermont
and New Hampshire. In the former State quarries are rejjorted in the

neighborhood of Chester, Saxton's river, Grafton, Cambridgeport, and
Perkinsville. The localities reported in New Hampshiie are near

Francestown and Nashua. Similar deposits occur in Massachusetts

and many other States. The total product in 1882 is estimated by Mr.

James H. Serene at ({,000 tons. The spot value per ton at the quarry-

ranges from $8 to $20; and the average ajjpears to be about $15 per ton.

MARBIiE DUST.
About 25,000 tons of marble, most of which is domestic, are ground

annually. The dust is worth $7 per ton, and is used in the generation

of carbonic acid gas in soda fountains, etc. This marble is chiefly from

Vermont, Maine, New Hampshire, and New York, a large part being

the scrap marble produced in dressing ornamental work.

[For plaster-of-paris, stucco, etc., see "Gypsum," page 526.]
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FIRE-CLAY IN THE EASTERN DIVISION.

By F, A. WiLBER.

Occurrences.—Fire-clays of a more or less refractory quality are found

in numerous States in this district, and the various articles made from

them are largely produced in the different States. The following notice

of the occurrences of these clays may be found to include localities again

mentioned in the notice of pottery clay, but it is sufficient to say that in

such cases the product of the locality is used for making pottery as well.

In fact all fire-clays can be employed for pottery purposes, but the

reverse of this does not hold.

At Brandon, Eutland county, Vermont, a clay is found which is used

in the manufacture of firebrick. There are also deposits at Gay's Head,

Martha's Vineyard, Massachusetts.

In New Jersey are found the most extensively worked deposits of fire-

clay in the United States. The clay occurs in a belt, a few miles in

width, which stretches from the eastern part of Middlesex county in a

southwesterly direction across the State to the Delaware river at Tren-

ton, and narrowing here it follows the river southward to Gloucester

county. The entire area of this belt is 320 square miles, but the prin-

cipal points at which the clay is found in abundance are Woodbridge,

Perth Amboy, and along the Earitan river, in Middlesex county, and.

below Trenton on the Delaware. These deposits belong to the Cre-

taceous formation, and are composed of a series of strata of fire-clay,

potter's clay, brick-clay, sand, and lignite. During the year 1882 over

300,000 net tons of the various kinds of refractory material were dug
in New Jersey. The amount produced increases yearly. Analyses of

some of these clays are given on pages 468 and 469.

Pennsylvania also has large supplies of fire-clay. It is dug in Center

county 5 at Woodland, Clearfield county; near Johnstown, Cambria

county, and is found in various localities in the bituminous coal region

of the State underlying the Coal Measures. (For analyses of some of

the best of these clays see table, pages 468 and 469.)

An inferior red clay is found at Newcastle, Delaware, and elsewhere

in Newcastle county. A good quality of fire-clay is found at Mount
Savage, Maryland. (See analysis, pages 468 and 469.)

In Virginia undeveloped beds occur underlying the Coal Measures of

the southwest corner of the State. They are found also in Cumberland,

Buckingham, andAppomattox counties, and at some other points. These

localities are not yet productive.
465

30 M R
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"West Virginia has deposits in its coal regions, some of which are

worked. Chiy is found in Marion, Taylor, Preston, Monongalia, Kana
wha, and Wayne counties.

In the coal series of North Carolina fire-clay occurs. That of the

Deep river coal field has attracted attention, and it is possible that some
of the Tertiary and Quaternary clays in the eastern counties can be used

for fire-clay purposes.

At King's mountain, York county, South Carolina, a fine fire-clay is

found, whi(;h is also used for paper glazing.

In the Coal Measures of Alabama beds occur. There is a working

locality in Bibb countj'.

Yellow and cream colored clays are common in the Orange sand for

mation, in the larger part of the State of Mississippi. These clays are

as yet onlj- used for making common stoneware. A fire-clay is found

in Tishomingo county.

In Texas fire-clay is found underlying the Belknap coal bed from

Young county south to the Colorado river. The beds are entirely unde

veloped.

Missouri has extensive deposits of these clays. At Cheltenham, Saint

Louis county, are noted beds, the product of which is largely used. The
clay from this locality, together with that obtained in Montgomery
county, is suitable for the manufacture of glassmaker's pots and is pre-

pared and shipped in large quantities for this purjiose. Tliese are the

only localities in the United States which have yet produced clay suited

to this manufacture, and there is consequently a ready market for the

output. In Cheltenham there were, in 1882,11 establishments having a

capital of $575,000, employing 1,055 hands, and producing $1,450,000

worth of clay. (For analyses of the Cheltenham clay see table). Cla'y

is also found in the eastern part of Johnson county, the western part of

Pettis county, in Macon and Howard counties, and elsewhere in the

State. These last deposits underlie the Coal Measures, and are not yet

developed.

Fire-clay occurs under the coal beds in Tennessee in many localities.

It is dug at ^tna, Marion county, and at Chattanooga, and has local

use there. Beds are also worked at the Cumberland Iron Works, Stew-

art county, and at McMinnville, Warren county.

In Kentucky, under the Coal Measures of the east coal field in Greenup,

Carter, and other counties, beds occur and are worked. Deposits are

found in Edmonson, Muhlenburg, and other counties of the western coal

field. Excellent clay is also found in the Tertiary group in Ballard,

Kickman, and Fulton counties.

Ohio possesses valuable deposits. At Dover and i\Iineral Point, Tus-

carawas county, are beds which are extensively worked. Flint clay

from the Coal Measures is used in large quantities at Akron in the man-

ufacture of firebrick of all kinds. In Summit, Portage, Columbiana,

Holmes, and Jetterson counties thick beds are found which produce



CLAYS. 4G7

large amounts. Ohio manufactures a large quantity of the various ar-

ticles that are made from refractory clay.

Underlying the Coal Measures in Indiana are extensive beds of fire-

clay. Those at Brazil and vicinity, Clay county, are worked ; and tire-

brick, terra-cotta, and pottery are made from the materials obtained

here. Deposits also occur in Vermilion, Putnam, and Park counties.

In Illinois fire-clay is again found under the Coal Measures. The best

clay is that which occurs with coal seam l^o. 1. There is a thick bed at

Wolf's Eun, Madison county; another at Winchester, Scott county. A
bed at Lowell, La Salle county, furnishes clay for both firebrick aud

stoneware; and the same is true of one at Rock Island, Rock Island

county, and of others at Ripley and La Grange, Brown county. Beds

occur in Schuyler county ; at Avon, Fulton county, aud at Colchester,

McDonough county. Firebrick are made from this bed.

Firebrick are also manufactured at Jackson, Michigan, from clay ob-

tained in Jackson county.

At Grand Rapids, Wood county, Wisconsin, a deposit occurs in the

kaolin belt mentioned in the notice of pottery clays, and this is worked

as a fire-clay.

The Coal Measures in southwestern Iowa are underlaid by clay beds.

Deposits also occur in Des Moines, Cedar, Henry, Portland, Van Buren,

Jefferson, and Wapello counties.

Beds are found in the southeastern part of Nebraska in the Coal

Measures, and the same is true in Kansas at Fort Scott, Bourbon

county, and fix)m Lawrence to Leavenworth. These localities are not

yet develoi)ed.

Many of these occurrences of fire-clay furnish material for local use

in making sewer-pipe, stoneware, and other coarse articles. The prin-

cijial manufacturing points have been mentioned in passing.

Uses.—The uses made of fire-clay are best shown by a brief statement

of the wares manufactured from them in New Jersey, since this State

l^robably produces three-fourths of the entire amount of such manu-

factured articles. The largest use of the white clays of Kew Jersey is

in making firebrick and retorts for gas works and for zinc works. One
firm alone at Perth Amboy used in 1881 3,000 tons of clay in the man-

ufacture of 520,000 hollow brick and 1,750,000 firebrick, gas retorts,

etc Refractory clay is also used for making sewer-pij^e and chimney-

tops, and the poorer qualities are shipped in enormous quantities to

other States, to be used there for sewer and drain i^ipe. Terra-cotta is

also made from the poorer grades ; and New Jersey ijroduced in 1882

80 per cent, of the entire amount of this article made in the United

States. Porous brick and terra-cotta lumber are made in large quan-

tities, and are used for fireproof partitions, floors, ceilings, roofs, etc., for

safe and refrigerator linings, and for other purposes where non-conduct-

ing and fireproof materials are required. Roofing tiles and hollow brick

are also made. These clays are largely' used by pai)er manufacturers
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in glaziug and weighting paper. A considerable quantity is used in

the manufacture of alum. The use for glassmakers' pots has been

already mentioned.

Composition.—The following table of analyses la inserted to show the

character of some of the best fire-clays of the eastern division. The
essential constituents of a fire-clay are given in columns numbered 1,

2, and 3, and their sum in column 4. The accidental constituents are

given in the remaining columns up to 14, and upon the varying amounts

or absence of these depend the peculiarities of different clays. Column

15 gives the sum of the constituents on a scale of 100, the table being

given in i)er cents.

Analyses of fire-clays from New Jersey, Pennsylvania, Delaware, Maryland, Indiana, Illi-

nois, and Missouri, (a)
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kaolin occurs. It has been produced by the disintegration of feldspathic

rock.

In Maryland, near Abingdon, Harford county, and in Cecil county,

large deposits are found. Other localities are known in the feldspathic

rock district of this State.

Pottery clays are found in Virginia in Augusta, Prince Edward's,

Cumberland, Warren, and Fauquier counties. Kaolin, produced irom

disintegration of feldsi)athic rocks, occurs in extensive deposits in Ashe
county on the south fork of New river, and near Wytheville, Wythe
county. It is also found in Smyth county. No development of these

deposits has yet been made.

North Carolina has beds of pottery clay in Guilford, Harnett, Robe-

son, Johnston, Chatham, and Wake counties, in the central part of the

State; and in Mitchell, Yancey, Macon, Lincoln, and Burke counties in

the western i)art.

In South Carolina a deposit is found at King's Mountain, York
county, which furnishes clay for paper glazing. Pottery clay also

occurs at Aiken, in Barnwell county; Hamburg and Graniteville, Aiken
county; Edgetield countj'; Chesterfield, Chester countj^; Abbeville

Court House, Abbeville county; and at Congaree creek, Lexington

county. Considerable quantities of claj' are mined at some of these

localities.

Georgia has beds in Cherokee, Pickens, Heard, McDuffy, Columbia,

and Bichmond counties, which are not yet developed. A white porce-

lain clay occurs in Randolph count}', and near Sulphur Springs Station,

De Kalb county. This last locality is worked. Pottery clays are found

also in Coosa and Macon counties, and extensive beds occur near Jack-

sonville, Calhoun county.

The deposits in Mississippi lie in the northeastern part of the State

and are numerous. Some of them are in local use for common ware

production.

In Louisiana, potter's clay is found in Catahoula, Fort Jessup, and

Natchitoches parishes, but no use is made of it.

A large deposit of kaolin, produced by the decomposition of granite,

is found at Fourche Cove, Pulaski county, Arkansas; and beds of pot-

tery clay occur in Saline and Greene counties in this State.

At Pilot Knob, Iron county, Missouri, a thick deposit is found, and
beds are reported at other points in the southeastern part of the State.

A superior clay, largely used as a fire-clay, is obtained in Montgomery
county, and at Cheltenham, Saint Lonis county.

Common ware clays are found in abundance in Hickman, Perry, and
other counties in the Tennessee Valley region of Tennessee, and also in

the counties of Kentucky lying west of the Tennessee river.

Ohio has much valuable pottery clay, and ranks next to New Jersey

in its pottery manufactures. East Liverpool and Wellsville in the ex-

treme southeastern part of the State, on the Ohio river, are the points
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at which the pottery iudiistries are centered. White earthenware is

made here from a mixture of the clays of this region and those from
other localities. In Muskingum county clay is found.

At Huron, Lawrence county, Indiana, is a noted deposit of indianite

or porcelain clay. This clay is used throughout the United States for

fine whiteware. It occurs also in Owen and Lawrence counties. The
kaolin from these localities is used at Indianapolis in the manufiicture

of encaustic tiles. Tiles of rare beauty and excellence are produced
here, equally vitrified and as good as those produced in the best fac-

tories of England and France.

In Illinois, pottery claj^ is found at Anna, Union county; Lowell, La
Salle county; Eipley and La Grange, Brown county, and at Eock
Island, Eock Island county. Clay from these beds is used largely in

local potteries.

In Wisconsin, kaolin occurs in a belt of Laurentian rocks 50 miles

long and 15 mUes wide, which stretches from Black river, Jackson
county, to the Wisconsin river, in Wood county.

An extensive deposit of kaolin, formed by the decomposition of gran-

itic rocks, is found at Eockwood Falls, Miunesota.

Common earthenware clay occurs at Louisville, Cass county, l!^ebraska,

and in Dakota and Webster counties, in the same State.

There are undoubtedly fine pottery clays and kaolin, in the region

noticed here, which are not yet developed or even known ; and it may
be expected that further exploration in the States already producing
them will disclose further supplies.

Mamtfactures.—The ware produced in the United States is largely of

the commoner and cheaper kinds. The manufacture of yellow and
Eockiugham ware is carried on in numerous localities, and the amount
of foreign ware of this grade imported is small. At Trenton, New Jer-

sey, and at East Liverpool and Wellsville, Ohio, large amounts of com-
mon white ware, ironstone china, and '^ C. C." ware, both plain and
decorated, are produced. The grade of the goods of this class is con-

stantly improving.

The following table shows the importance of the pott^jry industry in

the United States. The figures are given by the Hon. J. H. Brewer, of

Trenton, Kew Jersey, president of the United States Potters'Association.

The statistics are for the year 1880, and, according to the report of the

New Jersey State Geologist for 1881 the production for that year was
essentially the same.

Statistics of imtteries making tvMletmre at Trenton, Elizabeth, and Jersey City, New Jersey.

Number of kilns 110

Average capacity (each) $30, 000

Amount produced if fully employed $3, 300, 000

Amount actually produced, about $3,000,000
Amount produced in the United States $5, 000, 000

Amount imported, about , :... $4,000, 000

Production of New Jersey (clays, flint, and spar) tons.. 50,000
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Coal used tons.. 50,000

Wages paid, yearly $1,400,000

Hands employed 3,000

Analyses.—The following table of analyses is intended to show the

composition of some of the best pottery clays in the country. Xo
analyses of the commoner grades are given, as they would not vary

largely from those of any fire-clay

:

Analyses of porcelain and earthenware clays, (a)

Localities.

(&) South Ainboy, Middlesex connty, Neir
Jersey—E. F. & J. M. Roberta (selected).

Hokessin, Delaware—Trucks &. Porter
(washed clay).

(c) Huron, Lawrence connty, Indiana—china
cJay.

Pope county, niinoia—potter's clay •

Woodbridge, Middlesex county, Ne'w Jer-
sey—Hampton Cutler &. Sons.

c2
Ot/3

44.20

40.72

40.10

34.70
44.14

39.14

34.10

3&35

3L34
38.81

14.05

12.35

22.60

12.00
12.97

97.39

87.15

99.05

78.04
95.92

BO

LOS

0.00

0.00

L30

0.20

6.50

0.40

12.20
0.80

L25

6. .50

0.40

12.20
2.10
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ico. It is found in many places in extensive beds of great purity and suit,

able for a great number of purposes, and the supply is practically illimit-

able, being regulated only by the already large and growing demand.
Of the numerous beds throughout the lignite fields of Montana but

one is at present worked. This is situated near Helena, and furnishes

the clay from which superior firebrick and crucibles are made to sup-

ply the local demand for use in the smelting and roasting furnaces of

Helena and Butte ; but no statistics of the production in past years

have been obtainable.

Along the line of the Union Pacific railroad, in Wyoming, large de-

posits of good fire-clay exist, but they have not as yet been developed.

In Colorado the most available beds are found in the vicinity of the

coal veins near Golden, Ealston creek, Morrison, and Boulder. It is

also found in great abundance in the South Park, Middle Park, and
various other sections of the State. The following is given as an analy-

sis of the fire-clay from Morrison

:

. Silica 71.8

Alumina 15.0

Iron trace.

Lime 3.8

Water 8.3

98.9

The manufacture of firebrick, etc., has extended into a large and

cocDstantly increasing branch of production. Three estabhshments of

very large proportions are to-day actively at work in Golden, while two

extensive works in Denver are provided for by the fire-clay deposits of

Golden. Among the products of these establishments are three grades

of firebrick, fine silica lime bricks, pattern bricks for furnaces and fur-

nace arches, muffles, crucibles, scorifiers, etc. All the firebrick used

in the various smelting works of Colorado and New Mexico is made
eitlier in Golden or in Denver, and the quality of the muffles, scorifiers,

and crucibles made there is acknowledged to be fully equal, if not su-

perior, to the imported Battersea muffles, etc., and they have gradually

usurped the place of the latter in the assay offices of this region.

The fire-clay in the vicinity of Golden is singularly pure, its compo-

sition being shown by the following analysis of clay from the bank

owned by G. A. Duncan & Co.

:

SiUca 52.41

Alumina 32. 21

Oxide of iron 66

Lime 20

Magnesia .06

Potash 61

Water 14.05

100. 20

The excellence of this clay is shown by a comparison of the three fol-

lowing analyses of well known fire-clays. Ko. 1 is the Cheltenham, from
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near Saiut Louis. No. 2 aud No. 3 are the celebrated Stourbridge clays

of Euglaud:

Analyses of Cheltenham and Stourbridge clays.
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These wares are sold at prices said to be as low as those of the eastern

works, and are of excellent quality. The entire local market and the

demand in the adjoining towns is supi^lied by the works at Golden and
Denver.

The Denver Terra Cotta Works used during 1882 one carload of" pot-

tery clay per week, and 550 tons during the year.

CLAYS OF THE PACIFIC COAST.

While most of the discoveries of fire and fine potter's clays so fre-

quently announced have proved disappointments, the dejiosits found

consisting of infusorial or other nearly worthless earths, material suit-

able for making firebrick and fine earthenware really exists in many
places on the Pacific coast, the following being the California localities

most distinguished for these natural products: Steatite, saponite, or

soapstone,a good fire-clay, reported as occurring near Mokelumne Hill,

Calaveras county ; at the town of Antioch, and in the clay seams of the

Black Diamond coal mines, Contra Costa county ; in the Cerro Grande
mine, Inyo county ; and at various places in El Dorado, Mendocino,

Santa Barbara, and Los Angeles counties. Clay from some, if not all,

of these localities has been made into firebrick, crucibles, etc., and is

found to answer well for these purposes.

While some of the trials made of the California fire-clays have, through
a careless selection of material, turned out badly, others have proved
entirely successful, and there is little doubt but the greater portion of

the firebrick hereafter used in that State will be made at home. The
price of the imported article, Scotch and English, ranges in San Fran-

cisco from $35 to $43 per thousand, that of domestic manufacture sell-

ing for about one-fourth less.

A clay found in Bingham canon, and at other various points about
Salt Lake City, Utah, has been used extensively and with satisfactory

results at the large smelters operating in the vicinity of that city. A
species of sandstone quarried in lied Butte caiion, three miles east of

Great Salt Lake, has also been employed for building furnaces at these

establishments, and found to stand about as well as the best English

firebrick.

Deposits of kaolin, some of them very extensive, have been found in

many parts of the Far West. Though not of the finest quality, some
very handsome porcelain ware has been made from this material. Clays
suitable for the manufacture of stoneware and the more common kinds of

earthenware so abound that potteries are numerous in California,

Oregon, and Utah. Sands of the several kinds required in manufacturing
glass are found everywhere. There is in Monterey county, California,

plenty of the white sand used in making the finer varieties of glass,

that for coarser wares being obtained from the sand hills and dunes
about San Francisco.



ABRASIVE MATERIALS.
CORUNDUM -AND EMERT.

By HENUY GAIfNETT.

Definition.—These substances, so nearly allied mineralogicallj^, are

sliarply distinguished in the trade. Mineralogically, the former is

a nearly pure alumina, while the latter contains a large proportion, from

20 to 33 per cent., of iron oxide. The trade distinctions are somewhat
as follows : Emery is always black, while corundum is of various colors,

though more frequently gray, and is never black. It is much harder

than emerj', and sharper, cuts deeper and more rapidlj', but is on the

other hand more brittle and consequently less durable.

Imports of emery.—Almost all our supply of true emery is imported.

Many supposed discoveries of emery of good quality have been made,

but all have failed to stand the commercial test. Magnetite, ilmenite, and

massive garnet are often mistaken for emery, and indeed attempts have

been made to replace true emery by these substances. For some time

emery was produced at the well known mine at Chester, Massachusetts,

but the material was found to be too soft and the mine is now aban-

doned. It comes from Turkey, near Smyrna, and the island of Nasjos.

Other foreign localities are reported, but their product does not

appear to be of importance, and none is imported from them to the

United States. The importations in the fiscal year 1882 are reported

at 45,5G0 cwts., valued at $58,428, of the crude emery ore, which is

ground here, and $28,975 worth of ground emery, prepared in England.

The average price of Turkish" emery, ground in this country, is reported

as follows : grain, 3^ to 6 cents per pound. That of the best English

ground is: grain, 10 cents per pound ; flour, 8 cents per pound.

American corundum localities.—Corundum has been discovered at a

large nunU)er of points in the United States, particularly in the Aj^pa-

lachian region, and the material from some of these localities has gone
extensively into the trade, where it is supplanting emery to a certain

extent, although its higher price, produced b}' the greater expense in-

vols^ed in crushing and grinding it, tends to reduce the demand for it.

The following localities are reported :

Chester, Hampden county, Massachusetts. This locality was worked
originally for emery, as above stated.

Westchester county, New York. It may be that this is an emery. It

is reported as being too soft for most purposes.
47G
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Cliester and Delaware counties, and near AUentown, Pennsylvania.

A large part of the production at present comes from Chester county,

Pennsylvania.

Delaware, but in small amount.

Cullakenee mine, western North Carolina. This mine has been

worked, but its product is not known.

Corundum Hill, Macon county, North Carolina. This locality is re-

ported as having produced 200 tons. Various precious stones are found

here, as emeralds, rubies, sapphires, topazes, and amethysts. Corun-

dum also occurs at the Hogback mine, Jackson county ; Paisley mine,

Heywood county, and in Madison county, in the same State.

In Fannin county, Georgia, where recent discoveries have been made.

It is also reported as occurring at other points in Georgia, in South
Carolina, Alabama, and Arkansas.

The principal sources of supply appear to be Chester and Delaware
counties, Pennsylvania, and North Carolina.

Figures of production are diflBcult to obtain. Estimates for the year

1882 range from 400 to 1,000 tons, although it appears that 500 tons is

probably near the truth. The crude rock sells for $10 to $15 per ton,

while the ground corundum brings from 12 cents to 15 cents per pound.

The demand appears to be as yet comparatively light.

BUHRSTONE 8.

Most of the buhrstoncs used in this country are imported. The
sources of supply are France, Belgium, and Germany, whence the ma-
terial is brought, partially dressed, by steamer, at low rates of freight.

The French and Belgian stones are a subaqueous deposit of silica mixed
with shell. The stone is both hard and porous. The German stone

is a basaltic lava.

The principal localities from which buhrstones are obtained in the

United States are

:

Ulster county, New York, where a rock known as the millstone grit

is quarried, which in the form of dressed stones is preferred for grind-

ing minerals, etc.

Peninsula, Ohio, where the white variety of the formation known as

the Berea grit (described by Professor Eead in the following section)

is quarried for the purposes of grinding oatmeal and pearling barley,

for which it is said to be especially well adapted.

In the Southern States, for grinding corn, a great variety of stones

is employed, as almost any sharp siliceous rock will answer the pur-

pose.

In the larger mills metallic rollers have to a large extent supplanted

buhrstones. It is estimated that of the larger flouring mills from one-

half to two-thirds are now using rollers.
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BEREA GRIT.

By M. C. Read.

The Borca f^andstone, Bcrca giit, Amherst stone, or Ohio stone, as it

is variously called, is a characteristic member of the sub-Carboniferous

rocks of Ohio, found about 300 feet below the Coal-Measure rocks, with

its outcrop extending from the Ohio river northward through the cen-

tral i^art of the State into Huron county, and passing thence eastwardly,

in an undulating line, to near the northeast corner of Trumbull county.

It is ordinarily a rather fine-grained sandstone, with a sharp grit, but

differing greatly in its character in different localities. Amherst has

furnished from it the best building stone, Berea the best grindstones
;

but other localities in the region described are capable of furnishing

equally good material for both of these uses.

In places the rock is massive, in others it is in regular layers, of a

thickness varying from several feet to a few inches ; much of the latter

is evenly bedded, making an excellent flagging stone. In some of the

quarries, especially in Huron county, these thin strata furnish the finest

examples of ripple-marking to be found in the State.

Its exposure in Summit county is confined to the valley of the Cuya.

hoga river and the bluffs bordering it. It appears at the bottom of the

valley near the south line of Borton townshij), and from thence rises in

the bluffs to the north line of the county. It is in this county a hard,

evenly-bedded, compact rock varying in color from nearly white to a

dark brown, but in places so irregularly colored as to detract somewhat
from its value as a building stone.

The quarry most extensively worked is a little south of the village of

Peninsula, in Borton townsljip. The upper part has here been removed

by glacial action, leaving about 40 feet undisturbed, which can be quar-

ried with a slight stripping of earth, while the product is carried by a

gravity road to the canal and railroad below.

Some years ago a diligent search was made in the State for a stone

especially fitted for the construction of a safe vault, and after thor-

ough tests the white rock from this quarry was selected as the best

that could be found. The preference was given to it on account of its

strength and hardness and because of the facility with which blocks of

any required size could be obtained. It is largely' used for buildings,

for abutments of bridges, and other similar purposes. But there is a

sj^ecial use to which it has been applied which is worthy of mention.

Mr. Fred. Shumacher, of Akron, is the founder of the oatmeal indus-

try in this country, and has also been extensively engaged in the work

of pearling barley. He found considerable difficulty in obtaining mill-

stones suitable for his work, and after protracted tests of all available

material, selected the white variety of this Peninsula stone as the best

that he could find. Its great hardness and very sharp grit especially
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fitted it for this use. A layer, the bottota of wliich was 3 or 4 feet

above the underlyiug shale, i)roved to be the best, that which is of

strictly first-class quality having been yet found only in this quarry.

He has used for this purpose about 250 blocks ranging in diameter

from 4 to 5 feet and in thickness from 14 to 18 inches, and has sold to

others about 30 such blocks. These blocks he values at from one to

two dollars per cubic foot. In his mills at Akron he is now using 28

runs of these stones, and ijroducing 80,000 barrels of oatmeal and
50,000 barrels of pearl barley per annum. The stones used for pearling

barley are placed upright in iron shells revolving slowly in a direction

opposite to that of the stone. Mr. Shumacher is now putting the

machinery into a new mill, which will increase the annual production of

oatmeal to 240,000 barrels, of the value of $1,500,000.

The success of this industry is largely the result of the peculiar char-

acter of a small part of the stone from this quarry. The work was com-

menced in 185G, and has steadily increased until the present time. Its

dependence upon the character of this rock, in the estimation of Mr.

Shumacher, is indicated by the fact that he has purchased the entire

quarry and is now putting it in shape for a large production of building

stone, expecting, as this is removed, to uncover and make available a

full supply of that which is especially fitted for milling jinrposes.

GRINDSTONES.
The principal source of material for grindstones is the sandstone of

Ohio, very largely that formation known as the Amherst stone or Berea

grit (described in the foregoing section), and also from the neighborhood

of Lake Huron, Independence, and Minetta. The principal center of

manufacture is Cleveland, bhio. The production during the year 1SS2

is estimated at about 50,000 tons, valued at $700,000.

Our exports, which are of considerable amount, are mainly to the

West Indies, Central America, South America, and Mexico.

Grindstones are imported to a small extent, mainly from England and

Nova Scotia.

INFITSOIlIAIi EARTH.
One variety of infusorial earth, containing over 80 per cent, silica in

a finely comminuted state, is found in Nevada, and has been placed on

the market as a polishing powder under the name of electro-silicon. Its

composition, as determined by Mr. W. Habirshaw, is

:

Silica 81.08

Water at red beat 18. 44

Loss y 0.48

100. 00

This substance is remarkably fine, and free from coarse grit. It has
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no use except as a polishing powder, and the company working it report

that it could not be sold for any other purposes for the cost of freight.

For the special purpose for which it is utilized, however, it serves excel-

lently. The method of manufacturing a merchantable article is simi^ly

to pulverize the crude mineral, the particles of which are loosely ad-

herent. The amount utilized for making electro-silicon in 1882 was

derived chiefly from a stock which had been mined in previous years.

Infusorial earth of a different character and texture from that used

as electro-silicon is found in Nevada ; and there are large deposits in

Los Angeles county, California, which have been utilized to a small ex-

tent in furnishing a polishing powder. This substance is often mistaken

by prospectors for kaolin.

At one time infusorial earth imported from Gemany was used to a con-

siderable extent in California in the manufacture of giant powder. The

mineral found in California and i^evada did not possess sufficient absorb-

ent powers, although it was tested for this purpose. Latterly, however,

infusorial earth of all kinds has been supplanted in the manufacture of

giant powder at the California works by wood pulj) brought from the

Eastern States.

Besides its use as a polishing powder, infusorial earth is sometimes

used to give "body" to soap.

PUMICE-STONE.
Nearly all the pumice used in this country is imported in the lump

from Italy, where it is found in the neighborhood of Mount Vesuvius,

and is ground here—the only exception being small lots of California

pumice-stone which have reached the marke^from time to time. There

are abundant deposits of pumice-stone at Lake Honda, San Francisco

county, California ; also at Little Owens lake and other localities in

Inyo county in the same State. It is of good quality. Whittier, Fuller

& Co., of San Francisco, own the Lake Honda deposits, and manufact-

ure from 60 to 70 tons per year, supplying the market on the coast for

the most part. A portion of the i)umice used on the Pacific coast is

imported stone, prepared in New York. Formerly all that was usexl

there was imported, but now two-thirds of what is consumed is made
in San Francisco, the above-named firm being the only manufocturers.

The Italian sells at $25 per ton in New York City. During the fiscal

year 1882 the imports amounted to $29,019 and the exports to $2,423.

Pumice-stone is chiefly used in polishing marble.

CARBONS.
•

Borts, black diamonds, carbons, or carbonados, as the black variety

of the diamond is variously called, are used more and more extensively

in the arts every year. This substance is emploj'ed largely in diamond
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drills used in mining and for machinery designed to saw, cut, and dress

various refractory substances. It consists of pure carbon excepting

from 0.27 to 2.07 per cent. The specific gravity ranges from 3.012 to

3.41G. In size, shape, and temper, very great differences exist. Pieces

from 400 to 700 karats have been found. The supplies used in this

country come from the province of Bahia in Brazil. Carbons have also

been reported to occur in South Africa, India, and Eussia, but these

occurrences have not been authenticated.

Very frequently discoveries of carbons are reported to have been made
in the United States, but the supposed black diamond is commonly
found to be titanic iron, easily crushed to dust by means of a light ham-

mer or by strong pliers. Inquiries addressed to dealers and exj)erts

failed to develop any authentic occurrences.

The price of carbons has advanced during the past three years from

$3 to the present rate of $15 to $20 per karat, a price so high as to al-

most stop the use of this important mineral except in very special cases.

31 M E
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Domestic production.—Although so many varieties of gem stones are

known to occur in the United States, many of which afford fine speci-

mens, while a few valuable stones are exchisively indigenous, the annual

output is still very small in comparison with the prospective extent of

the field. It is impossible to obtain exact statistics of the i)roduct, but

an extensive correspondence with experts and dealers justifies an esti-

mate of between $50,000 and $00,000 as the sales in 1882 of cut gem
stones of domestic production, exclusive of the gold quartz souvenirs,

which should be credited to precious metal mining. The value of the

stones before cutting was much less—probably little above $10,000, as

about four-fifths of the market value of the stones represents the enhance-

ment due to cutting. This applies more strictly to the common gem
stones; and in the case of agates and moss-agates the value of the un-

cut stones is often not one per cent, of the price of the gems after cut-

ting. The amount stated as the value of uncut stones is of those sold

to be cut; besides which, as shown in the accompanying paper bj' Mr.

Kunz, there are sales of small amounts, to tourists and collectors, of

stones which are valued merely as specimens, and which do not reach

the gem market.

Few persons are familiar with the appearance of gem stones in their

native state; so that while quartz pebbles are often mistaken for rough

diamonds, garnets for rubies, ilmeuite for black diamonds, etc., on the

other hand it is quite probable that many valuable occurrences have

escaped notice. The competition of the cheap foreign cutting is also a

disadvantageous factor.

Imports and re-exports.—The following tables show the values of foreign

stones imported and re-exported during a series of years. They prob-

ably include small quantities of American stones, as these are sometimes

cut in Europe and thus lose their identity.

Precious atones imported into the United Statesdiiring the fiscal years S2}ecif(id{s2)ecii values).

[Dutiable]
Values.

1872 S:i, 05:?, 51>5

1873 2, 870, mo
1374 2,274,700

1875 ;^, 39'J,593

1876 2,480,214

1877 2,114,704

1878 2,975,512

1879 3,842,007

482
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Values.

1880 $6,698,488

1881 8.33i>,511

1882 8,444,525

Calendar year 188-2 8,154,397

Precious stones offoreign production exportedfrom the United States during the fiscal years

specified.

Values.

1882 $34,438

1873 9,393

1874 102,932

1875 185,231

ltf76 79,631

1877 51,730

1878 15,569

1879 5,785

1880 - 7,605

1881 64,256

1882 85,001

Calendar year 1882 93,537

An annual importation of $8,000,000 worth of precious stones (to say

nothing of the considerable quantities smuggled, which escape the

record), shows that this country is an exceptionally heavy i)urchaser

—

as would be sui^posed even in the absence of statistics. The imports

vary greatly in different periods and are largely determined, as may be

seen by a comparison of the years cited, by changes in the general pros-

perity or by speculative profits. The new tariff law fixes the duty on

precious stones of all kinds at 10 i)er centum ad valorem.

AMERICAN GEMS AND PRECIOUS STONES, (a)

By Geo. Y\ Kunz.

In the United States, systematic mining for gems and precious stones

is being carried on at only two places, viz., Paris, Maine, and Stony

Point, North Carolina. In other cases where gems are found they are

either met with accidentally, or occur in connection with other materials

that are being mined, or in small veins which are only occasionally met

with. They are often gathered with little system on the surface, as is

the case with the sapphire, garnet, and olivine found in Montana and

New Mexico ; or from the beds of streams and decomposing rock, as

rtThis paper is the result of an application by Mr. Williams to Messrs. Tiffany &
Co., of New York City, for the purpose of obtaining certain facts relative to the gems

and precious stones of the United States. I may here state that whatever informa-

tion is presented is due to the usual courtesy and generosity of that firm, whenever

they can assist in advancing science or art, in placing at my disposal not only all the

facts and material at their command, but also the time required by me in collecting

whatever other existing data there might be relative to this subject. In view of the

little that has been published and the paucity of reliable fact.s, it is hoped that the

deficiencies in this article may be overlooked.—G. F. K.
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the moss-agate from Colorado ; or on beaches, as the agate, chlorastro-

lite and tliomsonsite from Lake Superior.

Nearly all the gems found in these ways are sent to the large cities

iu small parcels, or are sold at the localities to tourists, or are sent

to other localities to be sold as having been found in the vicinity.

Many of the gems are known only locally, some to mineralogists only,

and others that are mentioned here are known only to a certain few

who constitute the gem collectors of the United States, and whose one

object is to find something that possesses the qualities of a gem or

l)recious stone, for the purpose of enriching their cabinets ; still a list

of this kind will be of interest and value to tie mineralogist and to

many others who may have never known of their existence in this

country, to whom this knowledge may have a commercial value, should

some of these minerals be met with in sufficient quantities and of good

quality 5 it may also direct attention to what has a value and has not

lii'retofore been utilized. Wherever a gem is mentioned from the sale

of which a small amount has been realized, it is mentioned merely to

note its occurrence in this country, whereas in other countries the gem
is often found of better quality and in larger quantities. A list is

added of the principal gems that have not been found in this country,

and also a list of those that have not been found elsewhere.

We know that the mound builders have worked the turquois mines of

New Mexico, that they have made arrow and spear points of rock crys-

tal, smoky quartz, and obsidian, and that they have buried crystals of

quartz with their dead ; that the fluorite of Hardin county, Illinois, was

by them worked into ornaments, and that some of the most beautiful

agatized and opalized woods, agates, jaspers, and obsidian were by them

worked into arrow-points, and now after a long time are mounted as

ornaments by the white man, the precious stones thus serving a double

purpose.

Diamonds.—Diamonds have been occasionally found at a number of

localities iu the United States, but as yet at no place has more than an

occasional crystal occurred, never enough to warraut any extended min-

ing for them. The diamond found at Manchester, opposite Richmond,

Virginia, weighing after it was cut over 10 karats, is worthy of mention.

An occasional stone has also been found at the Portis mine. North Car-

olina, Hall county, Georgia, (a) and with platinum iu Oregon. They are

also reported from Idaho, San Juan county, Colorado, and from Cher-

okee FUit and several other localities in Butte county, California. A
beautiful crystal that cut a remarkably fine three-eighths karat stone

was found near San Francisco. Two crystals weighing over 2 karats each

are on exhibition at a jeweler's in Indianapolis, and are said to have been

found in Indiana. Within the past year a diamond is reported to have

been found in Missouri by a hunter who was stopping to take a drink

of water at a small brook. This diamond weighs 2^ karats, and by some

a American Journal of Science, II., ii., 253, and xv., 373.
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experienced judges is pronounced of Brazilian origin, so that the occur-

rence is somewhat doubtful.

Many experienced geologists hold to the opinion that so many of the

associations of the diamond are present in North Carolina that they have
hopes of their being found there. The garnet districts of Arizona and
Xew Mexico may also be looked upon as favorable for the ocT3ur-

rence of this gem.

]N"o estimate can be pat on the annual amount found. Many reported

finds of diamonds of large value in the newspapers are either myths or

are based on the finding of rock crystal or even glass, and a diamond
value is attached, as in the case of the Missouri diamond mentioned

above. It would be j>ossible for diamonds to occur and be for a long

time overlooked in a district inhabited or frequented by no one who
really knows the diamond in its rough state, whereas rock crystal is

often mistaken for diamond.

[Mr. John H. Tyler, sr., of Kichmond, Virginia, furnishes the follow-

ing account of the large diamond found at Manchester:

"This diamond was found in Manchester, Chesterfield county, just

opposite Eichmond, by a laborer engaged in grading one of the streets.

It was brought to me to ascertain its character and value. I jjro-

nounced it at once a very valuable diamond, and recommended the

finder to keep it carefully and to see me again about it. I did not

know his name, and have not seen him since. The next I heard of this

stone it was on exhibition at Ball, Black & Co.'s store in Xew York,

and that it had been sold by the finder to some one in New York for

$1,800, though I could have got for him $5,000 for it. I understand

that it was sent to Germany to be cut. It was an octohedron, and had
only one small black spot near one of the points, thus enabling it to be

cut to great advantage. I was the first to examine and pronounce upon

it."]

Sapphires (aid ruMes.—Sapphires and rubies have been found at Ver-

non, New Jersey, but always more or less opaque, and although a num-

ber have been cut from this locality, the probability is that there has

not been a single gem.

At the Jenks mine, Franklin, Macon county. North Carolina, where

corundum mining was being carried on some years ago and has re-

cently been resumed, the mineral being mined for use as a grinding and

polishing substance, fully fifty gems were found, some of them weighing

two karats. Only about one-half of these were of good color, most of

which were really gems in every sense of the word. («) The colors were

rich blue, violet blue, ruby red, light red, pink, and yellow; and others

were colorless. No one of these gems had a higher value than possibly

$100. The smaller ones were the richest in color.

The principal locality for sapphires in the United States is in the gar-

net districts near Helena, Montana; Santa F6, New Mexico; southern

a Collection of Dr. Jos. Leidy.
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Colorado, aud Arizoiui. Here they occur in the sand, associated with

peridot, pyrope and almandine garnet. From this district they are sent

to the cities in odd lots, as they happen to be met with, and no regular

searching for tlieni is carried on. They are often found with the asso-

ciated gems on ant-hills, which abound in this district. Two gems (a)

from here may be mentioned, although weighing only one-eighth of a

karat each, one of which was a true ruby red, and the other a sapphire

blue, colors rarely met with. The gems are usually of a light green,

greenish blue, light blue, bluish red, light red, and red; also, of all the

intermediate shades. They are usually dichroic, and often blue in one
direction and red in another, or when viewed through the lengtli of the

crystal, and frequently all the colors mentioned will assume a red or red-

dish tinge by artificial light. A very interesting piece ofjewelry (&) was
made of these stones in the form ofa crescent ; at one end the stones were

red, shaded to a bluish red in the center and blue at the other end ; by
artificial light the color of all turned red. Perfect gems of from four to

six karats each are frequently met with. Occasionally crystals are

found which would afford ruby and sapphire asterias of a poor quality.

The value of the gems that are cut of material found in this district

amounts to fully $2,000 i)er annum. There are, however, a great many
found that are never cut, owing to the higher cost of cutting, aud the

greater skill required in cuttingthis gem.

Spinel.—Spinel has been only occasionally met with in gem form in

the United States. From the locality near Hamburg, Sussex county,

New Jersey, nmy be mentioned specimens of a smoky-blue, a velvety-

green, and a dark-tinted claret color; they are all very good gems and
weigh about two karats each, {c) Some half dozen very fine ones from
San Luis Obisi)o, California, of very good quality and weighing about
two karats each, are also worthy of note. (c7)

Topaz.—Topazes have been found in Arizona, New Mexico, and oc-

casionally in southern Colorado. Those from the last-named locality

are of a beautiful light-blue color, and one (e) of them weighed over 30

karats. They have also recently been found at Pike's Peak, (/) Colorado,

and more recently at Stoneham, (g) Maine. At both the last-named local-

ities they occur in large crystals, but if cut into gems would afford

only small stones of little value. The color of the Pike's Peak topaz

is light blue, and it is quite clear. The price of such stones is regu-

lated by the color, perfection, aud size. The supply yields less than

a Collection of G. F. Kuuz.

b Collection of Tiliany & Co.

f: Collection of Rev. Alfred Free.

<7 Collection of James W. Beatb.

<" Collection of Tifl'auy & Co.

f American Journal of Science, October, 18~"2.

(J
American Journal of Science, III., xxv., No. lit;, p. 1(51 ; and New York Academy of

Sciences, November 7, 1882.
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$100 a year at preseut; but it is probable that this amount will be in-

creased in the near future by the Pike's Peak production.

Beryl, emerald, aquamarine.—Emerald has been found at Stony

Poiut,(«) Alexander county, North Carolina, in crystals, some from eight

to ten inches in length associated with hiddenite, rutile, and garnet.

The crystals as a rule have a white core, and although as mineral speci-

mens they are grand, yet few gems have been found up to the present

time, and these of second grade. Future developments may, however,

bring some fine gems to light. Beryl, spodumene, and the associated

minerals have been found on the Lyons property, adjoining that of the

Emerald and Hiddenite Mining Company.
Aquamarine has been found at a number of localities in America,

the principal among them being Eoyalston, Massachusetts; Actworth,

New Hampshire; Grafton, Vermont; Burke county, and Stony Point,

North Carolina; Paris, Maine; Fitchburg, Massachusetts; and Avon-

dale, Pennsylvania. The richest known gems from any known locality

have been found at Royalston, (b) Massachusetts, and although small are

almost as blue as the sapphire. Large clear gems of a light-blue and
sea-green tint have been found at Actworth, Grafton, and Stony Point,

at the latter locality shading into the beryl-emerald. At Stoneham,

Maine, two fine crystals have been found in a pasture; one of which

will furnish a fine blue gem over 20 karats in weight. The crystal of

which only one half was found is 5 inches long and 1 inch across; it is

equal in color to any from Siberia, but has been badly broken by frost

or by the hand of some one who was ignorant of its value.

The entire amount of beryl gems found in the United States in the

last ten years would not bring over $2,000, and they are scarcely known
to others than collectors.

Fheiuikite.—Phenakite has recently been found at Pike's Peak, Colo-

rado, (c) in crystals of suflflcient size andquality to furnish fair gems. Some
fair sized crystals of remarkable clearness were found here recently.

They are equal in point of quality to any found elsewhere, and further

finds may produce crystals equal in size to those from Siberia. Though
rare, this gem is colorless, and hence its value is almost purely mineral-

ogical.

Zircon.—Zircon has not yet been found in this country in pieces suffi-

ciently large or good to warrant cutting. Some very small crystals of

good color have been found in Burke county. North Carolina, and the

ends of some of the Saint Lawrence county. New York, zircons might
cut into very small imperfect gems ; but nothing further of more than
mineralogical value has been found.

Garnets.—The garnets found in New Mexico and Southern Colorado,

aCf. paper by Mr. W. E. Hidden, p. 500, of this report, and American Journal of
i^'cicnce, xxii., 489, 1881.

b Collection of G. F. Kunz.
c American Journal of Science, October, 1882.
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and tLere called " rubies," are as fine as those from any other known
locality, the blood-red being the most desirable. Very fine almandine,

hyacinth yellow, and other colors, are also found associated with olivine

and sapphire. Chester county, Pennsylvania, has afforded some fair

gems, and some quite fine ones have been found at Stony Point, North

Carolina, and at other localities, but the only ones used as gems are

from New Mexico, Arizona, and Colorado, which yield annually about

$5,000 worth of cut stones. As an example of their quality, a remark-

ably fine one was sold to a gem connoisseur for $50, but equallj' good

stones have often sold for much less.

Essonite {cinnamon garnet).—Essonite has been found in very fine

crystals at Phippsburg and Warren, New Hampshire; Eaymond, Maine;

and at many other points in America. Yet only occasionally crystals

are found that will cut gems even of value to collectors.

Grossularite has recently been found in perfect, opaque crystals in

Gila canon, Arizona.

Tourmaline.—The principal source of tourmaline in the United States

js the famous locality. Mount Mica, at Paris, Maine, which i^lace has from

time to time produced some of the handsomest achroites, rubellites, iudic-

olites, and green tourmalines known. The tints of the green, blue, pink,

and yellow tourmalines found here are usually of the light and most desir-

able shades. («) Work is now being carried on. The yield for 1882 was

something over $2,000, and the entire quantity of gems that have from

time to time been taken from this locality at the higher rate asked for

them as American gems would possibly amouut to from $50,000 to

$65,000.

Colored tourmalines have been found at Hebron, Norway, and Au-

burn, Maine. Extended work may bring as fine gems to light here as

at Paris, Maine, as the indications are equally good at all these places.

Colorless and brown tourmalines, which cut into fair gems, {h) have been

found at De Kalb, New York. The fine black from Pierpont and the

fine brown from Gouverneur, in the same State, have no value as gems.

lolite.—lolite has been founxl at Haddam, Connecticut, in pieces of a

dark-blue color and suflBciently clear to cut small gems, but these were

of local and mineralogical value only, owing to their small size.

Spodumene.—Spodumene has been found transparent at two localities

in the United States, the variety hiddenite or "lithia emerald" at Stony

Point, Alexander county. North Carolina, and a variety of amethystine

color at Branchville, Connecticut.

Hiddenite, (c) or "lithia emerald," is found associated with emerald,

beryl, rutile, and garnet; the more valuable is the rich grass-green, and

is rarely met with. Quite perfect gems of good color, weighing 2i karats,

have been cut. The light-green, yellow, yellow-green, and colorless

a Collections of Dr. A. C. Hamlin, Dr. Joseph Leidy, and Prof. C. U. Sbeppard.

fc Collection of Dr. Josc])h Loidy.

cCf. paper by Mr. W. E. Hidden, p. 502 of this report.
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have a lower value. • The green is a new and strictly American gem,

and the demand exceeds the supply. This and the tourmaline are the

only gems that are being actively mined at present. The total sale of

gems found and sold from the beginning of operations in August, 1880,

to the close of 1882, amounted to about $7,500, the yield in 1882, during

which only preparatory work was being done, being about $2,000 worth

of gems.

The Branchville spodumene {a) would afford only very small gems of a

light amethystine color. The alterations in color which have taken place

have entirely changed it to what might almost be called a defunct gem,

which would otherwise have afforded material for gems over one inch in

thickness and several iuches in length. The color before the alteration

was probably much richer. The Branchville varietj' has only a miner-

alogical value.

Danburite.—Danburite (&) has been found in considerable abundance at

Rnssell, New York. Only an occasional crystal is clear enough to cut

even a small gem. The color is usually wine-yellow, honey-yellow, or

yellowish brown. It has not yet been used as a gem.

Rock crystal {quartz).—Rock cr\-stal is found at a great many locali-

ties in America. In Herkimer county, at Lake George, and throughout

the adjacent regions in New York State the calciferous sandstone con-

tains single crystals, and at times cavities are found filled with doubly

termiuated crystals often of remarkable perfection and brilliancy; these

are collected in numbers, cut, and often uncut are mounted in jewelry

and sold to tourists under the name of " Lake George diamonds." Those

sold in large cities under the same name are, however, often simply paste

or glass, which possess more brilliancy but have not the same durabil-

ity. Of the Herkimer crystals possibly $3,000 worth are sold per an-

num. In Arkansas, at Crystal Mountain and in the region for about

forty miles around Hot Springs, large veins of quartz are frequently

met with. The quartz is taken to Hot Springs and Little Rock by

the wagon load by the farmers, who often do blasting to secure the

crystals, looking for them at such times as their crops need no atten-

tion. In the course of a year possibly 100 loads are sold, principally as

mementos, to the visitors at these resorts. Crystals are also sent to

other localities for sale. Usually only one-half of the crystal is clear,

and a clear space over two inches square is quite uncommon. The sale

of the uncut ones from this region amounts to fully $10,000 per annum.

At Hot Springs clear, rolled pebbles are often sold, that have been

found on the banks of the Ouachita; these are more highly prized than

the crystal, as the common fallacy prevails that they cut clearer gems.

The scarcity of these and the demand for them has so worked upon the

cupidity of some that they have learned to produce rolled pebbles by
putting numbers of the crystals in a box which is kept revolving for

a American Journal of Science, i., 318, 1879.

i American Journal of Science, III., xx., III., 1880.
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a few days by a water power. Any expert, how-ever, can discern the

difference, since the artificial ones are a little whiter on the surface.

Many localities in Colorado furnish tine specimens, and all along the

New Jersey coast at Long Branch, Atlantic City, Cape May, and other

places, transparent pebbles are found in tlie sand, and are sought after

and found by the visitors, who often have them cut as souvenirs.

Large masses of clear rock crystal have been found in North Caro-

lina, and would be of use in the arts.

At all of these places large quantities of the quartz cut in gems,

seals, and all manner of ornaments are sold as having been found in

the vicinity. Sometimes even the stones that have been found by the

visitors and brought by them to be cut are exchanged for those already

cut and brought here from Bohemia, Oldenburg, and the Jura, where

cutting is done on a large scale and by cheap labor; the cut stones

costing delivered in America not more than one-tenth of the price of

cutting done here, as the rock crystal in the articles really costs very

little.

The annual sale of cut stones and money expended in cutting, at the

different localities, may amount to $20,000 or more per annum, and the

sale of specimens to as much more.

The clear crystal for optical purposes used in this country is almost

entirely Brazilian, not that the American is not fine enough, but the

good material found here rarely reaches the proper channels, and the

Brazilian is cheap and is used from custom.

SmoTi-y quartz or cairngorm.—Smoky quartz, smoky toj^az, or cairn-

gorm, is found in large quantities at and near Pike's Peak, Colorado.

It is also found to some extent at Anteros Summit, Colorado; Magnet
Cove, Arkansas; Burke and Alexander counties, North Carolina, and

at other points. The Pike's Peak material is sent abroad in large quan-

tities for cutting, and the larger part is returned to be sold in tourists'

jewelry, principally at Denver and Colorado Springs, Colorado; Hot
Springs, Arkansas, and other western cities and resorts. The sum
realized from the cut materfal amounts to fully $7,500 annually, and

the crystals sold to fully $2,500 more.

Rose quartz.—Rose quartz occurs in large masses at Albany and Paris,

Maine; Southbury, Connecticut, and at many other places in America,

but as yet it has not been used at all in the arts or as a gem.

[Gold quartz.—Rich pieces of gold quartz are worked into jewelry and

souvenirs on a considerable scale in San Francisco, and to a less extent

in many of the larger towns in the mining regions. Some of the gold

mines in California, Oregon, Idaho, and Montana have furnished very

fine si)ecimens, which are esi)ecially handsome when the quartz is clear

and the gold penetrates it in compact stringers. Gold miners, however,

often have a prejudice against what are known as "specimen mines;"

that is, mines furnishing ore of this class. A few years ago it was esti-

mated that $50,000 worth of this gold quartz was thus manufactured
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annually, but both the demand and the snpply have latterly declined.

—

A. W.,jr.]

Amethynt.—Amethyst has been found on Deer Hill, at Stowe, in a

vein fully one-quarter of a mile long, and at other places in Oxford county,

Maine; Chester county, Pennsylvania; in Colorado and Virginia and
other regions, although not affording as large fine gems as the Brazilian

or the Siberian. It is not used except for mineralogical gem collections.

There are a great many amethyst crystal groups sold to tourists and
collectors, and the sales from this source may amount to from $1,500 to

$2,000 per annum.
Sagenite.—Sagenite, "rutile in quartz," ^[fleche (Vamour," or "Venus's

hair stone," is found at many localities in the United States. The prin-

cipal supply comes from Iredell, Alexander, and other counties in North
Carolina. The rich red, golden yellow, brown, and intervening shades

are often cut into oval seals and charms for use as jewelry. The stone

gives a very pleasiag effect by sun or gaslight. The quantity used an-

nually will amount to over $250 as gems, and as much more for mineral

specimens.
' Thetis hair stone.—Thetis hair stone, near Sneach Pond at Cumber-

laud, Ehode Island, is occasionally met with in fair pieces, and is used

to a limited extent in jewelry, i^robably less than $100 per annum.

Hornblende in quartz is found at Diamond Hill, Ehode Island, and

is used to some extent in jewelry, principally in the cheaper grades.

The amount used annually is probably worth about $500.

Agate and chalcedony.—Agate and chalcedony are found in a great

many localities in America. Among them may be named Agate bay,

Lake Superior, where large numbers of small banded agates, usually of

a red color, are found. These are quite extensively cut and are sold to

tourists who visit Lake Superior. Some fine large agates are found in

different parts of Colorado and through the Eockj- mountains, many of

them very beautiful ; though only a small proportion are cut or polished,

owing to the cheapness of the agates from Brazil and Uraguay, which

are cut and sold at so much lower rates in Germany. Nearly all the

polished agate specimens sold in America are from the German market.

Possibly $2,000 worth of American agates are sold annually.

Moss agate.—Of all the American stones used in jewelry there is no

other which is sold so cheaply, and of which so much is sold, as the

moss agate. Those found in the brooks and streams called "river

agates" are the most desirable. Nearly all are sent abroad for cutting

and then most of them are returned for home use. When this stone

was fashionable fine ones were worth from $10 upwards, and as many
as $20,000 worth were sold a year, but at present thej^ are used only in

cheap and tourists' jewelry. The principal sources of sui^jily are Utah,

Colorado, Montana, and Wyoming Territory. At present the moss agates

collected amount to about $12,000 to $15,000 worth per annum, and the

demand is declining.
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SilUiJied wood.—Wood agate, wood opal, and silicificd woods of all

kinds are found in great abundance in Colorado, California, and others

of the western Stafes and Territories. For colors, variety, and the

polish they admit, they are uncqualed elsewhere; a great many articles

of cheap jewelry and a variety of fancy articles are made from this ma-

terial and are sold jirincipally to tourists. Some pieces having a marked

and desirable peculiarity or beauty are often sold at fancy prices. The
quantity annually cut and sold amounts to nearly $10,000, and besides

a large quantity is sold as cabinet specimens.

Jasper.—Jasper is found at many localities and in a great variety of

colors in the United States. A flue green jasper is reported to have

been found at Norman's Kill, (a) Xew York, fine red, yellow, and brown

at Murphy's, Calaveras county, California, in great variety, and also in

parts of Colorado. Near Colyer, Graham county, Kansas, is a bed of

banded jasper; the colors are mainly red and yellow, with bands of

white, and these bands are so remarkably even that the stone would

furnish an excellent material for cameo work. Should this style of

jewelry come into vogue again this may prove of considerable value;

as it is, the beautiful red and yellow are so strikingly relieved by th^

white that it makes a fine ornamental stone. Jasper is very little used

in the arts, for so common a stone, and the entire annual sales would

not be more than $1,000.

Novaculite.—Novaculite is found at Hot Springs, Arkansas, and has

been used to a very limited extent for cutting figures, such as owls and

birds, for jewelry. It is pure white, and makes a very pretty orna-

mental stone. The amount sold is now less than $100 worth i)er

annum.

JSpidote.—Epidote, although found in many localities in the United

States and in very large crystals ranging from brown to green in color,

is only translucent or semi-opaque when in very minute crystals, and

no American gems of this mineral have come to our notice.

Idocrase.—Idocrase, although found in fine crystals of a dark-brown

color at Warren, Xew Hampshire, Sanford and Eaymond, Maine, and

other localities, rarely occurs with sufficient transparency to cut even

small desirable gems.

Chrysolite, olivine, peridot.—Peridot is found of very good quality in

small, olive-green, jiitted grains or pebbles, associated with garnet and

sapphire, in the sands of Arizona, Kew Mexico, Colorado, and Montana.

This material affords smaller gems than those from the Levant, and as

the demand seems to be for the large i)eridots and also the richer olive-

green color peculiar to these, and not to the American, for these reasons

only a small number of the American arc cut into gems, and $500 will

fully co^^er the amount sold annually.

a A fiHO spotimen of hcliotro])o or lilnodstone is reported to bave been found bere,

but tbe same finder reported a similar and entirely unreliable occurrence in Texas, and

tbe stones from both are evidently of foreign origin.
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Rutilc.—Entile has been found of sufficient compactness and luster

in Alexander county, North Oaroliua, and at Graves mountain, Geor-

gia, to be used as a gem. (a) The rutile from the former locality, when
cut, more closely resembles the black diamond in color and luster than

an 3' other known gem. If enough could be found fit for cutting, it

would become popular as a rich mourning gem. The rutile from Graves

mountain, when cut, more nearly approaches the garnet in color, and
is therefore not as desirable.

Hematite.—Hematite, although found at many localities in the United

States, is rarely compact enough for cutting, and is not used for that

purpose, owing to the cheapness of the foreign mineral and cheap-cut

gems sent to this country. Some exceptionally small, richlj^-colored

pieces have been found near Gainesville, Georgia. The cut specimens

sold at the Lake Superior resorts are almost entirely of foreign stone

and cutting.

Isopyre.—Isopyre(&) is found in small veins from one to three inches in

width at the iron mines near Dover, New Jersey. In color it very nearly

resembles the darker green jasper, or, in other words, bloodstone with-

out the red spots. It is used only as a gem in the cabinets of collectors.

Prehnite.—Prehnite (c) has been found at a number of localities in the

United States, and gems have been cut from material found at Bergen
Hill and Paterson, New Jersey.

Zonochlorite.—Zonochlorite has been found only at Neepigon bay,

Lake Superior, and is scarcely known as a gem, except to collectors,

aome of the specimens showing the rich dark-green tints, arranged in

eonceutric layers, and are very beautiful.

Turquois.—This stone has been found at three localities in the United

States—Los Cerillos, New Mexico, Turquois mountain, Cochise county,

Arizona, and at a point in Southern Nevada. At the latter place it occurs

in veins of small grains in a hard shaly sandstone. The color of this

turquois is a rich blue, almost equal to the finest Persian, and the grains

are so small that the sandstone is cut with the turquois in it, making a

rich mottled stone for jewelry. The principal sale for this stone is in

San Francisco. At Los Cerillos some pieces have a decided blue color

when found or broken, but show a marked tendency to turn green, and
usually become quite green in a very short time.

At Turquois mountain the normal color appears to be green, although

at times a faint shade of blue is perceptible.

[Prof W. P. Blake writes to the American Journal of Science, March,

1883, concerning this new locality of green turquois, as follows :

"In this Journal, March, 1858, I directed attention to the occurrence

in New Mexico of a green turquois highly prized as a gem by the abori-

gines and known as ' Chal-che-we-teJ The completion of the railway

a American Journal of Science, III., xxi., 1881, i., 227.

6 Collection of F. A. Caufield.

I Collection of G. F. Kuuz.
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along' the valley of the Rio Grande has made the Cerillos mountain, iu

which the gem occurs, much more accessible than it was, and the ancient

mine has been reopened and worked to some extent by P^astern capital-

ists, as made known bj' Professor Silliman. The stone is in consequence

more abundant than before, and at Wallace Station on the railway

very good specimens can frequently be obtained of the Pueblo Indians.

" I have recently visited another locality where chalchuite occurs and

was mined by the ancients. This is in Cochise countj', Arizona, about 20

miles from Tombstone, in an outlying ridge or spur of the Dragoon

mountains, and not far from the stronghold of the Apache chief, Cochise,

so long the terror of that region. This elevation is now known as the

' Turquois mountain,' and as there are several deposits of argentiferous

ores near it, a mining district has been formed called the 'Turquois dis-

trict.'

"At the turquois locality there are two or more ancient excavations

upon the south face of the mountain, and large piles of waste or debris

thrown out are overgrown with century i>lants, yuccas and cactace.T.

It has not been worked for a long time, and probably never by the

Apaches. The excavations are not as extensive as at Los Cerillos, and

it is more difficult to find specimens of the mineral. It is evidently much
less abundant than at the ]Srew Mexican locality. Enough of the gem was

obtained, however, by searching in the waste heaiis, to show that it is

identical in its ap]3earance with the New Mexican chalchuite. The rock

is also similar, and the chalchuite occurs in seams and veinlets rarely

more than an eighth or a quarter of an inch in thickness.

"The color is light apple-green and pea-green, precisely that of the

New Mexican stone, as generally seen. There is in some fragments a

faint shade of blue as at Los Cerillos, but the true normal color ai)i)ears

to be green rather than blue.

" The specific gravity I find to be, of two different fragments, 2.710 and

2.828. The first was slightly porous Jind earthy, and the second dense,

hard, and homogeneous. These results are higher than I obtained witli

the specimens from the surface at the New Mexican locality, viz., 2.42(>

to 2.051. Two determinations recently made gave 2.500 as the specific;

gravity of two partly-cut stones from the old Cerillos locality."

Mr. F. F. Chisolm furnishes the following additional particulars con-

cerning the New Mexican turquois:

"Turquois is found in the liocky Mountain division only on Mount
Chalchihuitl, in Santa F6 county, between the Santa Fe and Galisteo

rivers, about 20 miles southeast of Santa Fe. The mountain is com-

posed of eruptive rocks, probably of Tertiary age, and is distinguished

from the other peaks of the Cerillos range by its white color. The

origin of the Los Cerillos turquois, in view of late observations, is not

doubtful. Chemically, it is a hydrous aluminum phosphate containing

3.81 i)er cent, copper. Neglecting this constituent, the formula lor

turquois requires, phosphoric acid, 32.0; alumina, -10.9; water, 20.5.
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"Evidently the decomposition of the feldspar of the 'trachyte^

furnished the alumina, while the apatite or phosphate of lime, wbich

the microscope detects in thin sections of the Cerillos rock, supplied

the phosphoric acid. It seems probable that the bluish-green color of

the mineral is due to the associated copper, which is derived from the

copper ores occurring in the Cerillos mountains.

"The turquois occurs in thin veinlets or concretions throughout the

mass of yellowish white rock. The concretions or 'nuggets' are

covered with a crust of nearly white aluminous rock, and on being

broken generally afford the commoner and less valued varieties of the

stone, such as are cut roughly and sold on the Atchison, Topeka, and
Santa Fe trains by the Indians at the towns of Wallace and Algodbnes.

Fine stones of sky-bine color and of considerable value are extremely

rare, and many tons of rock may be broken before finding a stone

which could be classed as a gem.
" The observer is deeply impressed on inspecting this locality with

the enormous amount of labor which in ancient times has been exj)ended

here. The waste of debris excavated in the former workings covers an

area of at least 20 acres. On the slopes and sides of the great piles of

rubbish are growing large cedars and pines, the age of which must be

very great. That considerable quantities of the stone have been

obtained can hardly be questioned. The early Mexican settlers attached

great value to the turquois, as do the Indians of the present day. It is

a matter of history that these mines were well developed in 1680, in

Avhich year a large section of the mountain suddenly fell in as a result

of undermining the mountain by the Indian miners, killing a consider-

able number of them.'^]

All the American turquois is sold to either tourists or collectors, or

in the jewelry trade only as oddities. The material cut and sold as

gems aniuially amounts to about $1,500. That cut into specimens and
sold amounts to fully as much more.

Labradorite {Labrador spar).—Labrador spar is found in large quan-

tities in Lewis and Essex counties, New York, and in bowlders all the

way down to Long Island and Xew Jersey in the drift from the New
York counties named above. It is scarcely used at all in the arts, owing
to the cheapness and superiority of the same mineral from Labrador.

Amazon stone.—Pike's Peak, Colorado, and several localities in North
Carolina, furnish this mineral, which is often cut and is generally used
in cheap and tourists' jewelry. The quantity of material thus cut and
sold amounts to over $1,000, while that sold as mineral specimens

brings probably two or three times that amount.
Sunstone.—Sunstone of very good quality, almost equal to the Nor-

wegian, is found at Media, Delaware county, Pennsylvania, and at

Orange Courthouse, Amelia county, Virginia. It is as yet used to a
very limited extent, and the annual sales may amount to about $250.

MoorMane.—Moonstone of very good quality, resembling the St. Goth-
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aid variety, aud uot the Ceylouese, is found at Media, Peun.sylvania,

and at Orange Court-house, Virginia. The quantity sold amounts pos-

sibly to over $250 annually.

EUvoUte.—EIjEolite hiis been found in some abundance, and of a very

compact, rich, flesh, cinnamon, and jellow-brown color that would war-

rant its use for certain purposes in jewelry, at Magnet Cove, Arkansas.

Obsidian.—American obsidian is scarcely used at all in jewelry, al-

though found in masses in California and others of the Pacific States.

The Pitt River country is a well-known locality, and furnishes hand-

some specimens of " mahogany obsidian." The streaked marekanite,

so called, has been used, but to a very limited extent, probably amount-

ing to not more than $100 annually.

Ghlorastrolite.—Chlorastrolite is found only at Isle Royal, Lake Supe-

rior, where it occurs in the form of rolled pebbles which have fallen or

worn out of the trap rock. They are entirely opaque, of a green color,

mottled with stellations, and admit of a high polish. It is one of the

few strictly American gems. Large numbers are sold annually to tour-

ists who visit the Lake region. Chlorastrolites measuring one inch in

length and of good color have sold for $50. The annual sales amount

to fully $2,500.

Thomsonite.—Thomsonite is found at Grand Marais, Lake Superior;

in color flesh-red, with zones of green, red, and white, resembling the

eye-agate, the peculiarly soft tones of color making it a very pretty

stone. It is cut to some extent, aud possibly from $500 to $750 worth

is sold every year, principally to tourists.

Diopside.—This mineral has been found at De Kalb, {a) Xew York, in

short, stout, oily green crystals, in color resembling the crystals from

Ala, in Piedmont. Specimens have been found sufiiciently large and

clear to cut into gems weighing from C to 8 carats each, aud recently

crystals have been obtained which in size and perfection rival the

foreign, and some will furnish gems of 12 to 15 karats each. This is

the only known locality for this gem in the United States.

Opal.—Opal has not yet been found in the United States of sufiQcient

merit to entitle it to the name of a gem.

Willeinite.—This stone {b) has been found sufficiently transparent at

Franklin, New Jersey, to make a very fair gem. The color is of a rich

yellow, in shade between the topaz and chrysoberyl from Brazil, with the

vitreous luster of the Tavetsch titanite. One crystal furnished seven

gems, one of them weighing over 8 carats. As this gem occurs in colors

of rich brown and one of the richest greens, we ma^- in time expect to

see gem.>? in both these varieties.

Rhodonite.—Rhodonite is found in a number of localities in the United

States. At Cummington, Massachusetts, it occurs in fine large pieces

of a rich red color, occasionally beautifully streaked with the black ox-

oNe\T York Academy of Scieuces, March, 1882.

JCoUectiou of F. A. Canliold.

1
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ide of manganese, equal in every respect to the finest from Eussia. It

also occurs in pink and flesh colored masses mixed with rhodocrocite,

at the Alice mine, Butte City, Montana. It has been very little used

in the arts.

Bowenite.—This variety of serpentine is found in some quantity at

Smithfleld, Ehode Island. Its rich color, peculiar toughness, and hard-

ness, recommend its use where jade has heretofore been employed.

Williamsiie.—This variety of serpentine from Texas, a town of Lan-

caster county, Pennsylvania, has been used to a limited extent as a

substitute for jade, it being more easily cut and usually of a more pleas-

ing color. The amount realized from this stone is not more than $100

per annum.

Fluorite.—Fluorite has been found at many localities in the United

States, some of the richest colors in Hardin county, Illinois, at Eose

Clare, Shawneetown, and Elizabethtown. In the mounds in this region

it is occasionally found shaped into ornaments by the hand of prehis-

toric man. («) This is the only use it has had as yet as an ornament in

the United States. The amount mined here for the arts figures over

$15,000 per annum.

Fossil coral.—The fossil corals found in Iowa, near Dubuque, have

been used to some extent in jewelry, shaped into stones for cuff, shirty

and vest buttons, the light cream color making a very quiet, rich

stone for this purpose. The amount used is less than $250 per annum^
Malachite.—Malachite, although occurring in many localities in the

United States, and in considerable abundance at times as one of the

ores, or associated with the other ores of copper, is however very rarely

found in a form fit for cutting, and no cut specimens have come under

our notice.

Jet.—This substance has been found in abundance and of very good
quality in El Paso county, Colorado, and in some parts of Texas. As
yet it has not been utilized in the arts, although it is likely to be at no
distant day. A large number of pieces have been i)olished for cabinet

specimens, and the sale of these in the last seven years has probably
amounted to several thousand dollars.

Andalusite is found at a number of localities, and recently in crystals

one inch in diameter and six inches long at Gorham, near Sebago lake,

Maine
;
yet no transparent gem stones have been furnished from any

American locality.

Chiastolite {made).—Many hundred beautiful crystals of this mineral,

with its curious cross-like markings, have been found; yet no use has
been made of it for gem purposes, although a number are sold abroad
for tliis purpose. There are occurrences at Lancaster, Massachusetts,

and in California.

Natrolite occurs at many localities in beautiful crystals, but too small

to cut for gems.

a Collection of G. F. Kiniz.

32 M R
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CatUnite {jApestone).—This mineral is found in large beds in the

upper Missouri region, and in Pipestone county, Minnesota. As yet it

Las only been used by the Indians. It would furnish a cheap orna-

mental stone.

Axinite has not been found in fine or large enough crystals to furnish

gems.

Titanite {sphene).—This mineral is met with in abundance in fine black

and brown crystals, yet no gems have been found in the United States,

although it occurs in such rich, vitreous, yellow gems in Switzerland.

Cafisiterite has not been observed except in fractured crystals, and
none have been found clear enough to cut even a small gem. The wood-

tin of Durango, Mexico, is used to a very limited extent on the Pacific

coast, the stone being simply polished flat.

Amber has been found at Gay Head, Martha's Vine^'ard, and Nan-
tucket, Massachusetts ; at Harrisonville, (a) Gloucester county, near

Trenton, near Camden, and all through the marl region of Xew Jersey;

and at a number of other localities in the United States; but only

rarely of a quality or in sufficient quantity to warrant its use in the arts.

Jadeite.—An impure variety is found near Easton, Pennsylvania

;

and it has recently been brought from Alaska in the form of ornaments,

and has also been found in place there. This mineral has not been

used in the arts as yet from any American locality.

Ilvaite.—This mineral has not been found in compact or large enough

pieces to aftbrd gem stones.

LapislazuU has not been found at any American locality.

Pyrite is found in beautiful crystals, and in compact masses of a fine

yellow color at many American localities, notably in Gilpin county,

Colorado. It has little or no value as an ornament, although it has

been used to some extent abroad in former times.

Sodalite is found associated with cancrinite, eloeolite, and in fine blue

patches and masses, some several inches across and one inch thick.

Fine pieces are of rare occurrence, and the stone is only a mineralogi-

cal gem.

List of gem stones known to occur in the United States.

Achroite (tourmaline).

Agate (quartz).

Catlinite.

Chalcedony (quartz).

Agatized wood (quartz).
|

Chiastolite

Almandiuo (garnet).

Amazon stone (microcline).

Amber.
Amethyst (quartz).

Aquamarine (beryl).

Asteria.

Beryl.

Bloodstone.

Bowenite (serpentine).

Cairngorm (quartz).

Chlorastrolite.

Chondrodite.

Chrysolite.

Danburite.

Diamond.
Diopside (pyroxene).

Elajolite (nephelite).

Emerald (beryl).

Epidote.

Essouite (garnet).

a American Journal of Science, March, 1883.
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Flfecho d'amour (quartz).

Fluorite.

Fossil coral.

Garnet.

Grossularite garuut.

Heliotrope.

Hematite.

Hiddenit« (spodumeno).

Hornblende in quartz.

Idocrase.

Indicolite (tourmaline).

lolite.

Isopyre.

Jade.

Jasper (quartz).

Jet (mineral coal).

Labradorite.

Labrador spar (labradorite).

Lake George diamonds (quartz)

Lithia emeralds (spodumene).

Made.
Malacbite.

Moonstone (feldspar group).

Moss agate (quartz).

Novaculite (quartz).

Obsidian.

Olivine (chrysolite).

Opalized wood (opal).

Peridot (chrysolite).

Phenakite.

Prelinite.

i

Pyrope (garnet).

Quartz.

Ebodonite.

Rock crystal (quartz).

Rose quartz (quartz).

Ruby (corundum).

Rubellite (tourmaline).

Rutile.

Rutile iu quartz (quartz).

Sagenite (quartz).

Sapphire (corundum).

Silicified wood (quartz).

Smoky quartz (quartz).

Smoky topaz (quartz).

Spinel.

Spodumene.

Sunstone (feldspar).

Thetis hair stone (quartz.)

Thomsonite.

Tourmaline.

Topaz.

Turquois.

Venus hair stone (quartz).

Willemite.

Williamsite (serpentine).

Wood agate (quartz).

Wood jasper (quartz).

Wood opal (opal).

Zircon.

Zonochlorite (prehnite).

List of species and varieties found in the United States, hut not met with in gem form.

Axinite.

Andalusite.

Cassiterite.

Chrysoberyl.

Cvanite.

Hvaite.

Opal.

Prase (quartz).

Sphene.

Titanite.

lAst of species and varieties not yet identified in any form in the United States.

Alexandrite.

Cat's-eye chrysoberyl.

Cat's-eye quartz.

Chrysoberyl cat's-eye.

Chrysoprase.

Demantoid.

Euclase.

Lapislazulite.

Ouvarovite.

Quartz cat's-eye.

List of gem stones occurring only in the United States.

Bowenite. Rutile.

Chlorastrolite. Thetis hair stone.

Chondrodite. Thomsonite.

Hiddenite, Willemite.

Lithia emerald. Williamsite.

Novaculite. Zonochlorite.
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THE DISCOVERY OF EMERAIiDS IX XORTH CAROLINA.

Bv W. E. Hidden.

Sixteen years ago the site of the Kortb Carolina emerald mine was gov.

ered with a dense primitive forest. I-'CSs than ten years ago the locality

was, mineralogically, a blank ; nothin^^as known to exist there having

any special interest or value. It is c^iiin. though, that this region

has produced, of late years, some of thrlnost remarkable and beautiful

specimens of emerald, spodumene, beryl, quartz, rutile, and monazite

tjhus far discovered in the United States.

In a few localities in Alexander county crystals would be found of

the common opaque beryl, but now and then a semi-transparent prism,

having a decided grass-green tint, much resembling the famous crystals

from Siberia, would be found and offered for sale in the county towns.

These came to have the name among the farmers of "green rocks" and

"green bolts."

In a p(?i"iod of about six years there were found loose in the surface soil,

on three plantations in this county, a few beryls having a tint verging

distinctly on the true emerald color, none of which crystals, however,

were deep colored enough or sufficiently transparent for use as gems. It

was the sight of two of these so-called "green bolts" that prompted me
to visit the locality where they were found, and to make a search there

for the true emerald. I cannot understand why prospecting was not

commenced long ago, where such favorable signs were so common ; that

such indications could receive only passing notice seems inexplicable.

No higher inducement than the following had ever been held out to the

farmers to look fbr these "green bolts": "A visiting collector had

offered the munificent sum of one dollar for a dark green transparent

crystal as long as his finger."

Such is the history of the emeralds found in this county before I

commenced systematic mining for them. The location of the mine now
being worked was obtained in the following manner: A corps of work-

men were employed to dig a series of deep ditches in directions that

would cut the strata at different angles. The site chosen for work was

on the spot where at least six of these "green bolts" had been found.

This location was shown to me by the farmer who had picked up the

crystals while plowing. Not knowing then their manner of occurrence

in situ, and having no precedent to work by, I expected by this plan to

strike a vein bearing them.

Five weeks were spent (July-August, 1880) before any success was

met with, and then at a depth of eight feet was discovered a "blind

vein" (so called because it had no outcrop) bearing very small emeralds.

In this vein, and outnumbering the emeralds fifty to one, was discovered

the new emerald-green gem, which was such a suri)rise to the scientific

world, and which was destined to answer the same purpose and have



PRECIOUS STONES. 501

equal value with the gem I had beeu seeking for. I refer to the emer-

ald-colored spodumene now known as '-hiddenite."

The search for emeralds in North Carolina is so interwoven with my
discovery of emerald-green spodumene that I cannot tell the story of

one without the other ; the two minerals occur intimately associated,

and while mining for the one the other is constantly found.

This blind vein yielded very handsomely of the new mineral, but very
sparingly of emeralds. A tunnel for the purpose of drainage was cut

to this vein, a distance of 261 feet, mostly through rock. A shaft was
sunk upon it to the depth of 56 feet, at which point it showed its pocket
nature by " pinching out." Up to this time over 80 of these veins have
been found within an area of 40 feet square, carrying emeralds and
hiddenites. All these veins maintained nearly the same character of

dip, thickness, length, and associations. Other pockets were found that

yielded only quartz, rutile, mica, and monazite crystals of great beauty;

others yet whose walls were covered exclusively with finely crystallized

dolomite, calcite, apatite, rutile, pyrite, quartz, or mica. In one in-

stance a pocket "contained only mica crystals and one pellucid, colorless

beryl that had both ends brilliantly terminated. I mention the above
associated minerals to show the diversity in these pockets, although

they are so near together. In the rock mining the presence of small

streaks of massive quartz or of mica bedded in a contra-directiou to the

strike of the country rock, leads to an open pocket containing gems not

many feet distant.

The largest emerald yet found in this mine was 8J inches long and
weighed nearly nine ounces. It was the largest of nine fine crystals

contained in a single pocket; (a) their color was excellent, and they were
all transparent, though somewhat flawed. The greatest number of em-

erald crystals found in one pocket at this mine was 74. This find oc-

curred in the spring of 1882. Some of these were between 2 and 5 inches

long; the majority were very small.

This mine is situated about 35 miles southeast in an air line from the

Blue Eidge mountains. The contour of the country is low-hilly; its

altitude about 1,200 feet. The prevailing rock is gneiss, the strata run-

ning north-northwest and south-southeast with a nearly vertical dip.

The gems and crystals occur in open pockets of very limited extent,

which are cross-fractures or shrinkage-fissures. They are usually nearly

perpendicular in i)osition. The most striking feature of the geology of

this region is the great depth of earth " that everywhere mantles and
conceals the rocks. This is readily discovered to be, for the most part,

merely the result of the decomposition in situ of the exposed edges of

underlying strata" (Kerr). At this mine the unaltered rock is found at

a depth of 26 feet, and is of unusual hardness, especially where it walls

the gem pockets.

a For complete description of this remarkable pocket, see Transactions of the New-
York Academy of Sciences, March, 1882.
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My prospecting has proved these gems to exist in <a narrow belt run-

ning east and west, and scattered over a distance of three miles ; in this

belt signs of cross-fissures are very abundant, and it is a very common
occurrence to find crystals of beryl, quartz, rutile, etc., perfectly pre-

served, scattered over the surface soil.

In regard to the commercial value of the Xorth Carolina emerald it

should be stated that the majority of the crystals have had little value

for gem purposes ; as cabinet specimens they were unprecedented, and

as such had readj' sale at prices ranging from $25 to $1,000 each. The
best cut stones did not exceed in value much above $32 i)er carat. From
the largest crystals gems could have been cut, but as scientific speci-

mens the crystals in their entirety had greater value. The smallest

crystals have thus far had the best color, and have furnished the purest

gems. It may be interesting to note that the entire expenses of the

work at this locality, done under the writer's supervision, have been

more than repaid by the sales of gems and crystals discovered there.

HIIKDENITE—THE XEW EMERAliD-GKEEN GEM.

By W. E. Hidden-.

This new variety of spodumene was unexpectedly discovered in the

manner described in the foregoing section. It was named by Prof. J.

Lawrence Smith, of Louisville, Kentucky, who was the first to deter-

mine its true chemical nature, (a)

Crystals of spodumene, quite transparent, of a pale yellowish-green

color, had been found in the surface soil some five years ago, before the

discovery of this gem variety was made, but they were so rare and un-

attractive as to receive only passing attention ; so much did they

resemble the pyroxene found at Traversella, Switzerland, that they

passed under the name of diopside. Their mode of occurrence is pre-

cisely that of the emeralds at the same locality. Hiddenites and emer-

alds are found intimately associated, but one or the other always pre-

dominates in number; there will be many crystals of hiddenite and

only a few emeralds, or vice versa.

The color of hiddenite is emerald green, of various shades, deepest

and richest when viewed through the longest axis, and verging more on

the yellow shades of the emerald, when examined through the prism.

The gems usually are of a delightful green, which is distinct from that

of the emerald, having more liquid brilliancy and fire. They rarely

contain flaws. The rough mineral occurs as slender prisms, with the

color generally more intense at one of the extremities. The largest

crystal yet found is 2^ inches long. The largest cut gem weighed about

2J carats. The prismatic cleavage is remarkably perfect, yielding sur^

faces of the highest luster ; this feature is a source of trouble to the

a Anin-ican Journal of Science, Vol. XXI., p. 128.
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lapidaries, as the gem is liable to split while undergoing the cutting

process. The stone is found to be harder across the ends than across

the sides.

Composition of hiddenite.

Silica
Alumina
Iron oxide
ChTomium oxide.
Litbia
Soda
Potash
Water (loss by heat) .

.

Smith.

64.35
28.10

.25

7.05
.00

Genth.

63.95
26.58
1.11
.18

6.82
1.54
.07

100. 25

Its behavior before the blowjiipe is peculiar. When heated to red-

ness, but not fused, it loses its color, but regains it on cooling—a reac-

tion analogous to that afforded by the emerald. Its specific gravity is

3.19. Its hardness across the crystals is above that of the emerald. In

value it ranges from $32 to $200 per carat, according to the depth and
purity of its color. The demand, at home and abroad, has from the

first been far in excess of the production of the mine.

A force of 20 men (at times 30) are kept constantly at work in the gem
quarry, and a company is engaged at present in solving the problem of

mining gems, iji situ, at a profit. The nominal capital is $200,000, with

a paid up capital of $20,000. The title of the company is " The Emer-
ald and Hiddenite Mining Company." Its success thus far has been

very flattering.



FERTILIZERS.
THE PHOSPHATE DEPOSITS OF SOUTH CAROIills^A.

By Otto A. Moses.

Geographical.—The phosphate rock bed which now supplies the civil-

ized world with the chief part of all the phosphate of lime used in the

manufacture of commercial fertilizers is situated on the coast Of South

Carolina. Its greatest length is about seventy miles, extending from

the mouth of Broad river in the southwest, near Port Royal, to the

headwaters of Wando river in the northeast, its major axis being par-

allel to the coast. Its greatest width, from the upper tributaries of

Ashepoo river to Stono river near the city of Charleston, is about thirty

miles. It crops out at the surface in many places, notably along the

lands adjacent to Ashley river, where it was first discovered. Com-
mencing at Broad river, where the phosphate beds end (being replaced

by analogous siliceous ones), it is found very uniformly distributed over

large areas at the bottom ofmany ofthe rivers leading to the ocean. Kear

the town of Beaufort it spreads beneath the wide streams which sur-

round the famous sea islands. It appears in its most convenient and

accessible deposits circling around Charleston at about eight miles dis-

tance. Commencing at its most southern limit and going northwardly

in order, we find the following rivers to be largely paved with it: John-

son's river. Port Eoyal river. Battery creek, Morgan river, Parrott creek,

Coosaw river. Saint Helena's sound. Bull river, North and South Wimbee
creeks, Ashepoo river. Horseshoe creek, Edisto river, Church creek,

Eantowle's creek, Stono river, Ashley river. Cooper river and its east-

ern branch, Goose creek. Back river, and Wando river.

Nearly all these river deposits have been worked, yielding rock of

excellent quality. Some, like Coosaw river, Parrott creek, North Wim-
bee creek, and Stono river, have furnished much the greater part of

what has been mined.

Those portions of the bed (averaging about one foot in thickness)

which come near enough to the surface to be profitably mined at present

prices ($G aton) areabout equally distributed in thecounties of Beaufort,

Colleton, and Charleston. They are spoken of as the Coosaw, Edisto,

and Ashley deposits, respectively, froni the names of the rivers upon

whose beds or banks the rock is found. These deposits are undoubtedly

continuous, but the spaces between them are connected by a stratum

lying at unprofitable depths.

Geological.—The entire bed lies covered or mixed with Quaternary
504
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sands and clay's. The nodular pliosphatic layer rests upon what has

been called by Ruffin the great Carolinian marl bed, which has been ob-

served to underlie the coast counties from Georgia to North Carolina, (a)

This enormously thick calcareous bed has been divided in ascending

•order into the Santee marl, the Cooper river marl, and the Ashley river

marl. All these rest upon the Cretaceous marls (well exposed on the

banks of the Pee Dee river) which underlie them to a depth of many
hundred feet, and extend under several adjoining States. It has been

said, and it is very probably true, that no richer marl beds are to be

fonnd in the world, and there are none more available or better situated

for the present demands of agriculture.

The original phosphate deposit of South Carolina is of Eocene age

(" sub-Eocene" or " sui)raCretaceous," according to Holmes). (&)

The characteristic fossils are exclusively represented by casts of

shells. These casts show in reverse position the outer and inner sur-

faces of the shells which have been dissolved away after the solidifica-

tiojQ of the phosphatic ocean ooze which formed the bed. This bed and
its congeners were subsequently raised above the coast line. Innumer-

able fissures, one to two feet in depth, were produced on surface-drying,

whose sides were indurated by exposure—an effect which characterizes

all mineral phosphatic substances.

This upheaved deposit covered the surface of the country in a Plio-

cene and post-Pliocene age. During these periods the hardened upper

parts were detached in many places from the lower softer parts by flow-

ing streams, and from the Eocene marls upon which, and with which,

it was deposited. The angular fragments were intermingled with the

bones of land animals such as the tapir, horse, elephant, and mastodon,

and amphibious ones such as the seal, dugong, and walrus.(<?) These

animal remains were subsequently buried with the rock fragments

under Pliocene and post-Pliocene silts, and sometimes similarly asso-

ciated they are found in Quaternary formations which contain arrow-

heads and (perhaps) human boncs.((7)

It must be borne in mind that the shell imprints and vertebrate re-

mains in these nodular layers are all of Eocene origin, and identical

with those contained in the rock layer upon the marl and in the marl

itself. In fact the phosphate deposit was originally of exactly the same

age as that portion of the marl bed upon which it rests, and with which

it was almost simultaneously formed. The following may serve to ex-

plain the method of formation of the Carolina and all similar i)hosphate

beds:

a Report of the commencement and progress of the agricultural survey of South
Carolina for 1843, p. 7. Edmond Ruffin, Columbia, 1343.

nha Phosphate Rocks of South Carolina, Charleston, 1870, p. 20.

c Remains of Domestic Animals, etc., Discovered among the post-Pliocene fossils

of South Carolina. F. S. Holmes, Charleston, 1858.

dThe Phosphate Rocks of South Carolina. Holmes, 1870, p. 62.
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(6) Partially exempt.—The interest on fl) United States sav-
inge bonds and Treasury bonds issued prior to March 1, 1941,
owned in excess of $5,000 and (2) obligations of certain instru-
mentalities of the United States issued prior to March 1, 1941,
is subject only to surtax.

(2) Federal saving.'! arid loan associations.—Dividends on
share accounts in Federal savings and loan associations in case
of sharea issued prior to March 28, 1 942, are subject only to surtax.

(3) Proceeds of insurance poUries.—The proceeds of life insur-
ance policies, paid by reason of tjie death of the insured, are
exempt. If any part of the proceeds is held by the insurer
under an agreement to pay interest, the interest is taxable.
Amounts (other than annuities) received under a life insurance
or endowment policy, not payable by reason of the death of the
insured, are not taxable until the aggregate of the amounts
received exceeds the premiums or consideration paid for the
policy.

(4) Miscellaneous items wholly exempt from tax:

(a) Gifts (not received as a consideration for service rendered)
and money and property acquired by bequest, devise, or inherit-
ance (but the income derived therefrom is taxable);

(6) Except in the case of amounts attributable to (and not
in excess of) deductions allowed under section 23 (x) in any
prior taxable year, amounts received through accident or health
insurance or under workmen's compensation acts, as compensa-
tion for personal injuries or sickness plus the amount of any
damages received, whether by suit or agreement, on account of
Buch injuries or sickness, and amounts received as a pen-
sion, annuity, or similar allowance for personal injury or
sickness resulting from active service in the armed forces of
any country;
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(c) Income, other than rent, derived by a lessor of real prop-
erty upon the termination of a lease, representing the value of
such property attributable to buildings erected or other improve-
ments made by the lessee; and

(d) Income attributable to the recovery during the taxable
year of a bad debt, prior tax, or delinquency amount, to the
extent that such debt. tax. or delinquency amount did not
operate to reduce the income tax liability of the taxpayer for
any prior year with respect to such debt, tax, or amounts.
M. Depreciation, depletion, and amortization of emergency

facilities.—A reasonable allowance for exhaustion, wear and
tear (Including a reasonable allowance for obsolescence; (1) of
property used in trade or business or (2) property held for the
production of income, may be deducted, based on cost if acquired
by purchase after February 28, 1913. If acquired before
March 1, 1913, or otherwise than by purchase, see section 114.

For depletion deduction, see sections 23 (m) and 114.

Estates and trusts (provided an election is made as prescribed
in section 124 (b)) are entitled to a deduction with respect to the
amortization of the adjusted basis (for determining gain) of an
emergency facility as defined in section 124 (e), based on a
period of 60 months. A statement of the pertinent facta
should be filed with the taxpayer's return.

N. Information at source.—Every estate or trust which made
payments of salaries, wages, interest, rents, commissions, or
other-fixed or determinable income of $500 or more during the
calendar year 1947, to an individual, a partnership, or a fidu-

ciary must make a return on Forms 1096 and 1099. If a
portion of such salary or wage payments was reported on a
Withholding Statement (Form W-2a), only the remainder must
be reported on Form 1099. Distributions to berreficial-ies of
an estate or truat shall be reported on Form 1041 and not on
Form 1099.

SPECIFIC INSTRUCTIONS
The following instructions are numbered to correspond with item numbers on the first page of the return

1. Dividends.—Enter the total of all taxable dividends
received from domestic and foreign corporations, except divi-
dends on share accounts in Federal savings and loan associations
in case of shares issued prior to March 28, 1942, which should be
included in item 4.

3. Interest on tax-free corenant bonds.—Enter interest on
bonds upon which a Federal income tax was paid at the source
by the debtor corporation, if an ownership certificate on Form
1000 was filed with the interest coupons. The tax of 2 percent
paid at the source on such interest should be allocated to the
beneficiaries in column b, Schedule G.

4, Interest on Government obligations, etc.—Interest on an
aggregate of not exceeding $5,000 principal amotint of United
States Savings bonds and Treasury bonds issued prior to
March 1, 1941^ is exempt from surtax. However, when the
income of a trust is taxable to beneficiaries, as in the case of
a trust the income of which is to be distributed to beneficiaries
currently, each beneficiary is entitled to exemption aa if he owned
directly a proportionate part of the bonds held in trust. When,
on the other nand, income is taxable to the trustee, as in the
case of a trust the income of which is accumulated for the benefit
of unborn or unascertained persons, the trust, as owner of the
bonds held in trust, is entitled to the exemption on account of
such ownership.

Section 23 (v) provides for the deduction of amortizable bond
premium by the owner of the bond. The term "bond" means
any bond, debenture, note, or certificate or other evidence of

indebtedness:, issued by any corporation and bearing interest
(including any like obligation issued by a government or political

subdivision thereof), with interest coupons or in registered form,
but does not include any such obligation which constitutes stock
in trade of the taxpayer or any such obligation of a kind which
would properly be included in the inventory of the taxpayer if

on hand at the close of the taxable year, or any such obligation
held by the taxpayer primarily for sale to customers in the ordi-
nary course of his trade or business.

Amortization of bond premium is mandatory with respect to
fully tax-exempt bonds. In the case of fully taxable bonds and
partially tax-exempt bonds (the interest on which is subject only
to surtax), the amortization of bond premium is elective as to
either one or as to both. Such election shall be made by the
taxpayer by taking a deduction for the bond premium on his

return for the first taxable year to which he desires the election
to be applicable. Attach a statement showing the computation
of the deduction.

The election shall apply to all bonds with respect to which
it.was made and which were owned by the taxpayer at the begin-
ning of the first taxable year to which the election applies and

also to all bonds of such class (or classes) thereafter acquired.
The election shall be binding for all subsequent taxable years,
unless, upon application by the taxpayer, the Commissioner
permits the taxpayer to revoke the election.

In the case of a fully tax-exempt bond, the amortizable pre-
mium for the taxable year is an adjustment to the basis, or
adjusted basis, of the bond but no deduction is allowable on
account of such amortizable premium. In the case of a fully
taxable bond, the amortizable premium is both an adjustment
to the basis, or adjusted basis, of the bond and also a deduction.
In the case of a partially tax-exempt bond, the amortizable pre-
mium for the taxable year is used for three purposes: (1) As an
adjustment to the basis, or adjusted basis; (2) as a deduction;
and (3) as a reduction of the credit for the interest on the bonds.

A taxpayer on the cash basis may elect, aa to all noninterest-
bearing obligations iasued at a discount and redeemable for fixed
amounts increasing at stated intervals (for example. United
States Savings Bonds), to include the increase in redemption
price applicable to the current year. For the year of election
the total increase in redemption price of such obligations occur-
ring between the date of acquisition and the end of the year must
be included. A taxpayer so electing shall report such income as
interest in item 2, 3. or 4, page 1, whichever is applicable,
and attach statement listing obligations owned and computation
of accrued income. An election exercised in the current year or
in a prior year is binding for all subsequent years.

The fiduciary shall advise each beneficiary as to the amount
of his shar? of these obligations and of the interest (aa well as
amortizable bond premium), in order that the beneficiary may
include this information in his individual income tax return and
determine whether such interest is subject to tax.

5. Income (or loss) from partnerships, syndicates, pools, etc.,

and other fiduciisries.—Enter the estate's or trust's share of the
profits (whether received or not) or of the losses of a partner-
ship (including a syndicate, pool, etc., not taxable as a corpo-
ration) except the estate's or trust'* distributive share of the
partnership capital gains or losses which should be reported in

Schedule C and included in item 7 (a), page 1, and the estate's

or trust's share of the income from another estate or trust.

The estate's or trust's share of interest in obligations of the
United States, owned by partnerships or another estate or trust,

should be included in item 4. Include in items 24 and 25,
respectively, the estate's or trust's share of credits^claimed for

foreign income and profits taxe^i and Federal income' taxes paid
at source.

If the taxable year on the basis of which the estate's or trust's

return is filed does not coincide with the annual accounting period
of the partnership or other fiduciary, include in the return the



STATISTICS OF INCOME FOR 1947, PART 1 507

distributive share of the estate or trust of the net profits for such
accounting period of the partnership or other fiduciary ending
within your taxable year.

6. Rents and royalties.—Fill in Schedule B giving the informa-
tion requested.

If the estate or trust received property or crops in lieu of cash
rents, report the income as though the' rent had been received
in cash. Crops received as rent on crop-share basis should be
reported as income for the year in which disposed of (unless the
return is on the accrual basis).

7. Gains and losses from sales or exchanges of capita! assets
and other property.— Report sales or exchanges of capital assets
in Schedule C and sales or exchanges of other property in
Schedule D, and enter the net amount of gain or loss to be taken
into account in computing net income.

"Capital assets" defined.—The term "capital assets" means

—

All property held by the estate or trust (whether or not con-
nected with the trade or business^ but does NOT include—

(a) stock in trade or other property of a kind properly includ-
ible in the inventory if on hand at the close of the taxable
year;

(6) property held by the taxpayer primarily for sale to cus-
tomers in the ordinary course of the trade or business;

(c) property used in the trade or business of a character
which is subject to the allowance for depreciation pro-
vided in section 23 (1);

(J) real property used in the trade or business of the taxpayer;
(e) an obligation of the United States or any of its possessions

or of a State or Territory, or of any political subdivision
thereof, or of the District of Columbia, issued on or after
March 1, 1941, on a discount basis and payable without
interest at a fixed maturity date not exceeding 1 year
from the date of issue.

Section 165 (b) provides that if an employee receives the total
distribution that he is entitled to under an employees' trust plan
that meets the requirements of section 165 (a) in one taxable
year on account of his separation from service, the amount of
such distribution to the extent exceeding the amounts con-
tributed by the employee shall be considered a gain from the
aale or exchange of a capital asset held for more than 6 months.

A capital gain dividend, as defined in section 362 (relating to
tax on regulated investment companies) shall be treated by the
shareholder as gains from the sale or exchange of capital assets
held for more than 6 months.

For special treatment of gains and Iqsses from involuntary
conversion, and from sale or-exchange of certain property used in

the trade or business, see section 117 (j).

For special treatment of gain or loss upon the cutting of tim-
ber, or upon the disposal of timber under a contract by which
the owner retains an economic interest in such timber, see section
117 (k).

Description of property.—State following facta: (a) For real

estate, location and description of land and improvements; (b)

for bonds or other evidences of indebtedness, name of issuing
corporation, particular issue, denomination and amount; and
(c) for stocks, name of corporation, class of stock, number of
shares, and capital changes a£fecting basis (including nontaxable
distributions).

Basis.—In determining gain or loss in case of property
acquired after February 28, 1913, use cost, except as otherwise
provided in section 113. In determining GAIN in case of
property acquired before March 1, 1913, use the cost or the fair

market value as of March 1, 1913, adjusted as provided in section

113 (b), whichever is greater, but in determining LOSS use cost
so adjusted.

Losses on securities becoming worthless.—If (a) shares of stock,
or (b) corporate securities with interest coupons or in registered
form, become worthless during the year, and are capital assets,

the loss therefrom shall be considered as a loss from the sale or
exchange of capital assets as of the last day of such taxable year.

S-onbusiness debts.— If a debt, other than (a) a debt evidenced
by a corporate security with interest coupons or in registered
form and (6) a debt, the loss from the wotthlessness of which is

incurred in the trade or business, becomes totally worthless within
the taxable year, the loss resulting therefrom shall be considered
a loss from the sale or exchange, during the taxable year, of a
capital asset held for not more than 6 months.

Classification oj capital gains and losses.—The phrase "short-
term" applies to gains and losses from the sale or exchange of
capital assets held for 6 months or less; the phrase "long-term"
to capital assets held for more than 6 months.

Limitation on capital losses.— Losses from sales or exchanges
of capital assets are allowable to estates or trusts only to the
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extent of the gains from such sales or exchanges, plus the net In-

come (computed without regard to capital gains and losses) or
$1,000. whichever is smaller. However, an estate or trust
sustaining a net capital loss as defined in section 117 (a) (11)
may carry over such loss to each of the five succeeding taxable
years and treat it in each five succeeding taxable years as a
short-term capital loss to the extent not allowed as a deduction
against any taxable years intervening between the taxable year
in which the loss was sustained and the taxable year to wnich
carried.

*'\Vash sales" losses.—Loss from sale or other disposition of
stock or securities cannot be deducted unless sustained in con-
nection with the taxpayer's trade or business, if, within 30 days
before or after the date of sale or other disposition, the taxpayer
has acquired (by purchase or by an exchange upon whicn the
entire amount of gain or loss was recognized by law), or has
entered into a contract or option to acquire, substantially
identical stock or securities.

Losses in transactions between certain persons.—No deductions
shall be allowed in respect of losses from sales or exchanges of
property, directly or indirectly

—

A. Between members of a family, which is defined for the
purpose of this paragraph to include only the taxpayer*b
brothers and sisters (whether by the whole or half olood),
spouse, ancestors, and hneal descendants;

B. Except in the case of distributions in liquidation, be-
tween an individual and a corporation more than 50 percent
in value of the outstanding stock of which is owned, directly
or indirectly, by or for such individual;

C. Between a grantor and a fiduciary of any trust; or

D. Between a fiduciary of a trust and a beneficiary of
Buch trust.

For the purposes of determining ownership of stock in applying
this paragraph, see section 24 (b) (2).

Alternative tax.—If the net long-term capital gain exceeds the
net short-term capital loss, an alternative tax may be imposed
in lieu of the normal tax and surtax imposed on net income. (See
Computation of Alternative Tax, Schedule C.)

8. Profit (or loss) from trade or business.—If the estate or
trust was engaged in a trade or business during the taxable year,
enter the net profit (or loss) and attach to the return a statement
showing the nature of the trade or business, total receipts, cost
of merchandise bought for sale, inventories of merchandise on
hand at the beginning and end of the taxable year, other items
entering into cost of goods sold, net cost of goods sold, salaries
and wages of employees, interest, taxes, losses, and bad debts
directly attributable to the trade or business, depreciation,
obsolescence, and depletion of property used in the trade or
business, rent, repairs, and all other expenses in detail. A tax-
payer electing to include in gross income amounts received during
the year as loans from the Commodity Credit Corporation
should file with the return a statement showing the details of
such loans. (See section 123.)

Inventories.— If engaged in a trade or business in which the
production, manufacture, purchase, or sale of merchandise is an
income-producing factor, inventories of merchandise on hand
should be taken at the beginning and end of the taxable year,
which may t>e valued at (a) cost, or (b) cost or market whichever
is lower. The basis properly adopted for the first year is

controlling and a change can be made only after permission is

secured from the Commissioner. Application for permission to
change the basis of valuing inventories shall be made in writing
and filed with the Commissioner within 90 days after the
beginning of the taxable year in which it is desired to make
the change. Indicate opposite the inventories in the statement
submitted by the use of C" or "C or M" whether the invento-

ries are valued at cost, or cost or market whichever is lower.

If the estate or trust elects to use the inventory method
provided in section 22 (d), there should be filed an election on
Form 970.

Depreciation, etc.—See General Instruction M in case any
deduction is claimed for depreciation, obsolescence, or depletion.

Bad debts.—Bad debts may be deducted either (a) when they
become wholly or partially worthless, or (6) by a reasonable
addition to a reserve. (No change of method without permission
of Commissioner.)

Installment sales.— If the installment method is used, attach
to the return a schedule showing separately for the years 1944,

1945. 1946, and 1947 the following: (a) Gross sales; (6) cost of

goods sold; (c) gross profits; (d) percentage of profits to gross
sales; (e) amount collected; and (/) gross profit on amount col-

lected. (See section 44.)
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place subsequent to the formation of the marl, but simultaneously with

it, as above set forth.

In a paper intended to be of a practical nature the foregoing theo-

retical considerations may appear out of place, but the following emi-

nently practical deductions can be made from them:

1. The phosphate nodules are only t)ie indurated fragments of the air-

dried surface of a once thicker layer whose soft parts have been washed

away in the river beds and in conglomerated land deposits.

2. It is not improbable that enormous deposits of rich soft phosphate

many feet in thickness and closely resembling the contiguous and con

tinuate marl, would reward a careful geological and chemical investiga-

tion (such as has not yet taken place) of all the upper layers of the

great Carolinian marl bed, and analogous formations in Virginia, ]Sorth

Carolina, Georgia, and Alabama.

3. There need be no fear of an exhaustion of the supplies of phos-

phate of lime necessary to agriculture, as the quantities stored for future

use in the Eocene marls alone will prove to be simply beyond computa-

tion.

Lithological.—Up to the present moment only the indurated parts of

the phosphate beds are mined. The softer phosphate in which they are

in many places imbedded is entirely ignored, either from not being

known to have a value or from being thought too ditficult of separation.

The hard phosphate is generally found as breccia and conglomerate,

although sometimes it appears in almost continuous sheets, as on Ashe-

poo and Back Tiv^ers. The three beds now being exploited are physi-

cally very different, and were it not for a certain fetid odor produced on

friction (which becomes persistent to the sense of taste after strong

inhalation), it would be impossible to find any resemblance between a

mineralized rock from the Edisto region and a soft rock from Ashley

river. Chemical analysis, and a study of the fossils, however, easily

unite them into one and the same group. All phosphatic substances

tend to become glazed by long exposure to air, water, and carbonic

acid, and the upper portions of the phosphate by their combined action

under varying circumstances have assumed a protean character—very

hard, very soft, chalky, or flinty ; of snowy whiteness to inky blackness,

through every shade of color; from i)ieces of a few grains in weight to

irregular masses of a thousand i)ounds. The usual size is from one to

twenty pounds. It is not improbable that the once soft deposit when

surface-dried and cracked furnished refuge to myriads of crustace*,

such as now perforate the marsh muds which border the lowlands of

the South Atlantic States, for nearly every nodule is bored in all direc-

tions by shallow holes filled with recent clays, sands, and gravels. The

easy fracture of the rock along these hollows gives a peculiar jagged

appearance to the nodules. At times they are smooth and j^olished, as

if water-worn, a result due to the above-mentioned glazing influences.

In some of the thiuner beds on the outskirts of the deposit there are,
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however, evidences of tidal action in the pebbly character of the nodules^

and on the Wando river there is a locality where they are flattened and
show a rij)ple mark. These lumpy deposits are fine-grained and dense,

and contain few shell prints. With these, and resting on them, are

found vast numbers of phosphatized bones of Pliocene and post-Plio-

cene age, and some of undoubted recent origin. In fact, over 10 per

cent, of the phosphates collected here are bones of land animals, indi-

cating conclusively the secondary littoral origin of the hard phosphate
rock conglomerate.

The finer soft rock in which the stony portions originally lay is a
chalky cream-colored to yellowish substance, easily crushed between
the fingers, and when kneaded uniting into a i)lastic mass and harden-

ing on exposure to the air. Worked under water it separates into a
silt of exceeding fineness, or when dried it is easily mashed into a dust

as light as the so-called "floats" of commerce—an extremely com.

minuted powder i)repared by air-separation from the ground ijhosphate

rock, {a) While the chemical diflerences of the rocks mined in the

three districts are not very great, there is a striking dissimilarity in their

physical qualities. This has given rise to a commercial classification

into "Coosaw" (Beaufort), "Edisto" (Colleton), and "Ashley" (Charles-

ton) rocks, the first being hard and dark in color; the second of decided

mineralized appearance and denser than the others; and the third

(which includes the "Stono river" rock) lightest in color and weight,

and most easily ground and decomposed in manufacturing i:)rocesses'.

The laud beds in their original position are found under the following

layers

:

Soil and clayey sand subsoil lto2 feet.

Siliceous clay 1 to 2 feet.

Blue-marsh mud mixed with clay a,nd occasional oyster shells. 1 to 2 feet.

Thin sand or gravel a few inches..

The nodules in a yellow or blue clay (or both) 1 to 1^ feet.

Soft phosphate mud (in places) 1 to 2 feet.

The marl.

Sometimes these superincumbent deposits are entirely wanting, the

nodules appearing on the surface of the land ; or they increase as the

rock bed is depressed. Their thickness is an important factor in the

profitable mining of the rock, 7 feet of soil being as great a depth as

present prices will permit to be removed. In England similar deposits,

though not as rich in yield, have been mined at depths of 30 feet with a
profit of over $1,000 an acre, even after replacing the top soil and pre-

paring it for agriculture, (b)

Chemical and physical.—The composition of the phosphate rock of

a For a description of a somewhat similar deposit in England, consult Ansted's

Applications of Geology, London, 1865, page 39.

b Op. cit., page 40, and Journal of Royal Agricultural Society of England, second
series. Vol. XI., 1875, Dr. A. Voelcker.
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South Carolina, as determined by many hundreds of analyses of cargoes

and samples taken from all parts of the bed, is

:

Per cent.

Phosphoric ucid 20 to30

Carbonic acid 2 to 16

Sulphuric acid i to 2

Fluoric add traces to 1

Lime 30 to 45

Magnesia 1 to 2

Alumina — to 3

Sesquioxideof irou traces to 5

Saud and silica 2 to 25

Organic matter 1 to 7

Moisture and water of composition 1 to 3

Ammonia traces to i

The average rock shipped contains :

Per cent.

Phosphate of lime 53 to 60

Carbonate of lime ^ 5 to 10

Moisture 1 to 10

The phosphate of lime is in tribasic form. In its normal condition it

is liuely divided, which assists its rapid subdivision by the solvents used

in the manufacture of superphosphates. This quality (it is claimed by

some) renders the powdered rock available in agriculture without fur-

ther comminution, (a) Experiment, however, has not yet demonstrated

the fact universally'. If it should prove generally true, then the soft

'phosphate found under the nodules in some portions of the bed will

prove of incalculable value to the owners and to agriculture.

The source of the objectionable carbonate of lime, occurring as it does

in rock from which all shell remaius have disappeared, is obscure.

When mechanically mixed, as with adhering oyster shells or marl, it

can be easily separated; but not so with that which permeates the mass.

The most carefully selected specimen, showing nothing in the shell im-

prints, nevertheless invariably contains some carbonate of lime. Its

jiresence may be accounted for by inverse infiltration and precipitation

from the calcareous waters of the subsoil.

The silica is found in most cases in a finely divided state, partly as

sea sand (insoluble), partly infusorial (soluble).

The organic matter is highly nitrogenous, and is analogous to the oils

of bituminous shales. On heating it greatly assists combustion.

The fluorine is present in but very small quantity—a fortunate circum-

stance in manufacturing, as it does not greatly inconvenience the work-

men, as is the case where apatite is used. The oxide of iron and alumina

are in such small quantity as not to diminish values. The specific

gravity of these rocks varies from 2 to 2.5. The hardness is 3 to 4.

Historical.—The first observer who discovered that i)hosphate of lime

a Report to Agricultural Society of South Carolina, committee on coast lands, R. N.

Gourdin, Charleston, 1878; and An Essay on the Application of finely ground Mineral

Phosphate as a manure, etc., A. R. Guerard, Charleston, 1879.
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existed in considerable quantity (15 to 30 per cent.) in the rocks over-

lying the marl near Charleston was Dr. St. Julien Eavenel. The lirst.

person to determine that the rocks from the Ashley river region con-

tained 55 to CO per cent, of phosphate of lime, thus rendering them of

merchantable value, was Dr. N. A. Pratt, of Georgia, whose attention

was called to the phosphatic contents of the nodules by Dr. Eavenel,
from whom he obtained the first specimen analyzed. It came from
Goose creek, and contained 34 per cent, phosphate of lime, (a)

The localization ofa large percentage of phosphate oflime in the "marl
stones," as the nodules were originally called, was the result (and a
striking example) of a gradual evolution of knowledge under the neces-

sities of time and place.

Already in 1826 Lardner Vanuxem had called public attention to the
marls of South Carolina by predicting the discovery of " the same kind
of marl which has so greatly contributed to enhance the value of the

poor lands of ]Srew Jersey." (b)

Edmond Eufl&n, the eminent Virginia agriculturist, made a geological

survey of the marls of South Carolina under appointment from the State.

He accurately determined the superficial extent of the beds, and gave
great numbers of estimations of the amount of carbonate of lime con-

tained in them and for which they were chiefly valued. He described

the " marl stones," and called attention to the fact that he found them
exposed " on the banks of Ashley river from Brisbane's, nine miles from
Charleston, to Bacon's bridge, four feet above high water." He noticed

their resemblance in color to the underlying marl. Whenever they
occurred in the course of his explorations and digging after the highly

prized marl, he conscientiously chronicles their unaccountably small per-

centage of carbonate of lime (3 to 10 per cent.). This fact permitted

the rapid location of the most available phosphate beds when their

appointed time had arrived, (c)

Professor Holmes, while sinking marl pits at his home, near Bris-

bane's, was forced to remove the " marl rocks " which imj)eded liis oper-

ations. He accurately described their bedding, {d) He also called atten-

tion to the similarity of the geological formations under London and
Charleston, {e) It must be remembered that the Cambridge phosphate
beds had not yet been discovered. "At that time marl and everything

resembling marl was carefully scrutinized and analyzed by Professors

a Phosphate Rocks of South Carolina, in a Statistical Statement of the Chamber of
Commerce of Charleston, E. Willis, 1B72; and an interesting unpublished report in

their archives, On the Discovery and Development of the Charleston Phosphates, by
N. A. Pratt, M. D., August, 1879.

See his report in Mill's Statistics of South Carolina ; also Tuomey's Geology of
South Carolina, 1848, appendix, p. xxsi.

c Report of the Commencement and Progress of the Agricultural Survey of South
Carolina for 1843, Edmond Ruffin, Columbia, 1843.

d Sotithcrn Agnculturisf, Charleston, June, 1844.

e SiUiman'8 Journal, May, 1849, on the Geology of Charleston.
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Shepard, J. Lawrence Smith, and Wm. Hume, and some of the results

'were published." {a)

In 1845 Dr. C. U. Shepard, sr., found a marl (from Goose creek) to

contain about 15 per cent, of phosphate of lime, (b) Professor Tuomey
recognized the marl rock as " containing the same fossils as the marl,

and that these fragments are only the surface of the marl torn up and

then scattered." (c)

In 1859 Professor Shepard and Col. L, M. Hatch suggested the utili-

zation of pliosphatic marls in the manufacture of commercial fertilizers,

and started a factory at or near Charleston, which was, however, soon

abandoned. Kemains of their compost heap were utilized by neigh-

boring' farmers with good effect long after the war.

At the close of the war Dr. X. A. Pratt, formerly connected with the

niter bureau of the Confederacy, visited Charleston with the object of

starting sulphuric acid chambers. About this time Dr. St. Julien Eav-

enel, of Charleston, who had mined marl extensively at Stoney's Land-

ing, on Cooper river, for the manufacture of cements, noticed the nod-

ules, analyzed some of them, and found them to contain much phosphate

of lime. He became engaged soon after in the manufacture of commer-

cial fertilizers from foreign phosphate rocks. Then followed the discov-

ery (in August, 1867) which has been of such vital importance to agri-

culture and the prosperity of South Carolina. Pratt and Holmes
(Charleston Mining Comj^any), Eavenel and Dukes (Wando Company),

then located territory. The value of the deposits became known
j

other available beds were discovered, and many persons and con-

siderable capital were soon employed in developing the new industry

by mining the crude rock and exporting or manufacturing it on the spot

into superphosphates. Later on, the beds of many navigable streams

were found to be largely paved with the valuable substance. Official

attention was called to it, and the whole people of the State were made
aware of the enormous extent and richness of the deposit belonging to

them, {cl) A large and growing revenue fi-om roj'alties has since ac-

crued, which considerably lightens the burden of taxation.

Mining.— Thvce methods of mining the nodules are employed

—

1. Open quarrying and digging in the land.

2. Dredging and grappling with powerful steam machines in deep

water.

3. Hand picking and "tonging" in shallow streams or in such deep-

water strata as have been loosened by previous dredging, or where the

nodules lie free and uncemented together.

a Phosphate Rocks, Holmes, 1870, page 57.

b Geology of South Caroliua, Tuomey, 1848, appendix, p. xxxvi.

c Op. fit., p. 1G5.

(I Message of Gov. R. K. Scott to the legislature of South Caroliua, transmitting

Report on Phosphates, by Otto A. Moses, February, 1872.

—

Engineering and Mining

Journal, 1872.
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Land mining.—Where tlie deposits have been denuded or come directly

to the surface, it is easy to collect the nodules and by a slight washing

from adhering sand to prepare them for the market. But where the

layer runs deeper, a great quantity of superincumbent earth has to be

thrown aside, often as much as six feet in depth. If excavation were

not then systematically conducted all i)rofit would be soon absorbed by
too much handling of the bulky material. Fortunately the level nature

of the country (there is scarcely an elevation of more than 30 feet in the

whole region) allows the easy laying of tramroads into the midst of the

fields or woods where mining is done. In open fields this is a regular

and simple matter when all other conditions are favorable 5 but when
the rock lies too deep or not at uniform depths, or is not thick enough,

nor rich enough, nor near enough to transportation, the problem

becomes more comi)licated, and great prudence and economy are neces-

sary to leave a margin of profit. Much of the land owned by the com-

Xjanies was purchased at low prices—from $5 to $20 an acre; but some
is mined under royalty leases of $1 a ton. It costs about $1 a ton to

mine. Pits 6 by 12 feet are dug to the rock, which is then carefully laid

aside. The usual price is 25 cents per vertical foot removed. Trans-

portation and washing cost about $1, and all other expenses of hand-

ling, drying, storing, etc., $1 more, making the total cost of rock, clean,

dr}', and ready for shipment, from $3 to $4 a ton (of 2,240 pounds), and
selling readily at from |o to $7 a ton, according to demand and rnling

price of freights. This leaves a good margin, with careful management.
However, only those companies with abundant capital and sufficient

available rock-beds can make any money. Some have been very suc-

cessful, and their stocks are in demand owing to tbe ease with which

their actual values can be determined. Good lauds are such as yield

at least 500 tons of cleaned rock per acre. The average now mined
gives 700 tons, although some spots have turned out 1,500 tons per acre.

Where all conditions are favorable, as in the vast open fields of the

Charleston Mining Company near the Ashley river, the following regu-

lar system of mining is adopted : A main trunk line leading from the

washers (which may be miles away) is laid, dividing the rock field into

equal parts on both sides of it. Alternate laterals curve out and run

at right angles to the main track as far as the boundaries of the desig-

nated field, but conforming to the intermediate ground. The laterals

are 600 feet ai)art, and the space between any two of them is subdivided

by a line ditch parallel to and midway between them. At this ditch

two sets of workmen start their lines in opposite directions and ac right

angles to the laterals. This gives each man a space of 300 feet long and
12 feet wide to excavate. Over this path he wheels his "stratum" in

barrows to his portion of a jjlatform running at the side of the road.

Here his work is sharply scrutinized by a foreman before it is loaded on

the cars for the washer. This material furnishes about one-third in

weight of clean washed rock. When mining is carried on in wooded

33 M R
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land it is difficult to keep the lines straight. Trees are undercut with

mattocks and thrown behiud upon the high ground, the rock being

picked out from between the roots. Dynamite might here be used with

advantage. The only tools employed are spades, shovels, and picks.

In undraiued territor^^ or old rice fields where the alluvial character

of the soil makes deep ditchiug impossible, steam pumps are emj)loyed.

Where their use is difficult, or where the water level is above a quick-

sand stratum frequently found just upon the rock layer, a struggle ensues

between water and workman. The single pit system is then used, each

pit being banked against the adjoining one. This method is often em-

I)loyed in marshes which are below ihe level of tidewater. There is

room for improvement in the methods at some mines, where previous

thorough draiuage would save rock and labor, and allow of operations

being carried oh in wet and cold weather, a time that tries the patience

of miue owners who have to depend on negro labor.

Eecently Italians have been brought from Xew York during the win-

ter, notably at Colonel Yates's works, where several hundred obtain

profitable employment during the period when they are unable to find

work elsewhere. The negro, however, furnishes most of the labor. He
digs about three days in the week, and is not to be depended on for regu-

lar work ; but, when he fancies, can accomplish a great deal more than

a white man iu the same time. He is docile, and not given to strikes.

The hand can earn from $1 to $2 a day. Irregular habits and distrust

prevent his co-operating in working gangs under contract, which would

tend to improve his condition. It is a rare thing to find white men in

the pits with them, the malarial climate during summer preventing.

They have been gradually supplanted by colored labor, except in posi-

tions of great responsibility.

WasMng.—From the mines the rock is carried to the washers in trains

of dumping cars holding about 3^ tons each. The washers are always

located near deep streams, if possible, for the sake of easy shipment,

and to get an inexhaustible sui)ply of water, and in some cases to allow

of the escape of the immense amount of debris carried oflt" in washing.

They are raised 20 to 30 feet above the level of the ground. The cars

are hauled up inclines about 100 feet long, and the contents are grad-

ually dumped into cylindrical breakers armed with replaceable steel

teeth. Tlie rock is crushed into jiieces about the size of the fist, and
falls into half-circular troughs 25 feet long, resting in framework set at

an incline of 18 inches rise iu their length. In each trough is an octag-

onal shaft, also cased with iron, and set with blades distributed along

each face in such a way as to form a screw system with a twist of 1 foot

iu six. These teeth for(;e the rock up hill, while tumbling the fragments

about against each other. A heavy stream of water, drawn from the

river by steam or centrifugal pumps, pours into the trough and over-

flows at the higher end near where it enters. On issuing from the water
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the rock is pushed out upon a screen of J-inch mesh. The fine rock is

further sized on osciUatiug wire tables.

The washers are generally in pairs, and each can turn out from 40 to

50 tons of clean rock in ten hours. The loss by abrasion and by clay

adhering to the rock varies from 50 to 60 per cent, (a) Much of the debris

cousists of gravel, but a considerable part of the soft phosphate from

the stratum and abraded from the rock is sluiced oft'. This enormous

waste could be prevented by settling tanks, and efforts should be made to

save this mud, which may be at least as valuable as the rock itself. The

solid portion of the dump is flowed upon adjoining marshes, or is allowed

to run directly into the river.

Drying.—Fearly all the moisture expelled from the phosphate rock

by heating (1 to 15 per cent.) is water absorbed in washing. It is very

desirable, for obvious reasons, to get rid of it before shipment. About
one-half of the rock mined is air-dried. Drying in the open air, how-

ever, is uncertain and unsatisfactory, as even the hottest summer
weather, owing to the hygroscopic character of the porous rock, will

not evaporate all the water, 1 to 4 per cent, remaining, as the surface

only of the pile dries out completely. In fact, the rock heap acts like

soil, which always contains abundant moisture a few inches below the

surface. The advantages of thorough drying are, however, becoming

recognized by both consumer and producer, aud within a short time all

rock will be kiln-dried before it leaves the mine works. Burning is

sometimes employed, the rock being built up on layers of pine wood, the

organic matter of the rock assisting considerably in the combustion.

This is a crude method at best ; it has some disadvantages, as it sinters

the porous mass, and ft is more costly than the drying-shed method which

is being adopted by all the larger companies. This in its turn will prob-

ably be superseded by some continuous, quicker, and more scientific

method.

A drying plant consists (generally) of a Sturtevant blower revolving

2,000 times a minute, and drawing air through a wood-burning furnace.

The heated products of combustion are carried through a large brick

flue 100 feet long, and pass through regulating damx)ers to any or all of

the drying I ins as may be desired by means of curved elbow pipes de-

bouching into the perforated cast-iron sectional pipes through which the

heated gases are driven.

The following is the method of arranging a drying bin (as seen at the

works of the Charleston Mining Company, Ashley river) : A bed of rock

18 inches thick is laid on a solid brick floor intersected at intervals of

10 feet by open drains intended to allow the excess of water collected in

washing to flow away before the hot air is applied. Perforated sectional

pipe runs from each opening to the branching pipe elbows which are

inserted in the flues. Parallel rows of these sectional pipes are laid 2

a Col. J. A. Yates, in Report of Commissioner of Agriculture of South Carolina, 1880,

page 79.
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feet apart. There are sixteen lines of pipe in each drying house. The
rock is (lumped from platforms above directly on the leveled pipe, to a

height of 10 feet. The sheds are 100 by 400 feet. They contain each

about 1,300 tons of dried rock, which is never handled again until loaded

in vessels directly at the Mharf, which touches the sheds.

Eiver mining.—Powerful " dipper" dredges are used for mining rock

in deep water, notably in Coosaw, Beaufort, Bull, and Port Koyal rivers.

They differ but little in construction from ordinary harbor dredges.

Their lifting capacity is about 100 tons per diem. The rock is picked

over to remove marl and oyster shells, and is then cracked and washed

in appropriate apparatus.

" Grappler " dredges are preferably employed in Stono river by the

Marine and Elver Company. In this locality the rock is so firmly im-

bedded as to render the " dipper" dredge of little value. These " grap-

plers" (Stone's patent), which suggest a resemblance to the talons of a

bird of prey, weigh about five tons, and have eight claws closed by ellip-

tic steel springs, each with a tension of 14,000 i)Ounds, but normally,

they are closed with 800 pounds' pressure. They surround a central

heavy steel drop-chisel for breaking the stratum. There is such an enor-

mous strain on the teeth of this instrument that occasionally they break.

Another arrangement with replaceable teeth, intended to avoid this

trouble, is now being constructed at the company's works by their effi-

cient engineer. Major Waring, who has also just finished building a" tube"

dredge of novel construction, which is now being operated by the same
company in Stono river. It consists of an iron tube 18 inches in diam-

eter and 45 feet long, with a jet arrangement for j)roducing an upward
current of water in the tube, supplied by two large expanding low pres-

sure pumps. These pumjis discharge through four orifices in the inner

surface of the tube, and induce an upward current of about 20 feet a

second, with a lifting capacity of four pounds to the square inch. Tlie

pumps are driven by two 100 horse-power Babcock & Wilcox boilers.

This apparatus is said to have an astonishing capacity, and floats up any-

thing Avhich is smaller than the pipe opening, regardless of the specific

gravity. Gold coins have been brought up by it from the river bottom.

The Johnson grappler, now operating successfully in the Beaufort

district, is similar to the above in general appearance and principle ; but

instead of elliptical springs, direct acting pulleys are used to draw the

scoop-shaped claws together. These "grapplers" have taken up con-

siderably over a hundred tons in a Avorking day.

The " grai^plers" are lowered by chains, and it is claimed thej' could

work, if required, in 50 feet of water—an immense advantage over the

"dipper," which ceases to be efficient in water over 20 feet deep.

Hand-piclcing and tonging.—This method of collecting the rock is very

simple and requires no great outlay' of capital. The rock is grappled

with oyster tongs and so-called " grabs," which resemble a series of huge

crab claws. Only small rock is gathered, although occasionally hoist-
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ing gear is attached to ,tlie small flatbottomed boats and scows whicli

are used by fisliermen and others in this crude but very efiScient way.

Formerly many thousands of tons of rock per annum were thus raised,

but since the organization of the dredging companies this industry has

been much interfered with, and not having received any encouragement

from the State, has dwindled into insignificance. But it is beyond

doubt advisable to cull the mining grounds gone over by the dredges,

which loosen more rock than they take up, and grapple more than they

can hold.

Statistical.—Although there are at least 500,000 acres of the lowlands

and streams of South Carolina underlaid by the phosphate beds, there

are not more than 20,000 which it will pay to mine at present i^rices.

This will give employment, however, for many years to come to the

thousands of laborers engaged by the twenty-odd mining companies

now at work.

The price of phosphate rock changes but little, the demand being

comparatively constant, as is the supply of labor. With the exception

of a sudden rise to $9 a ton a couple of years ago, there has been a

iTuiform price of about $6 for clean-washed phosphates. This, of course,

varies with freights, most of the rock being exported. As the prices

abroad fluctuate but little, there is a comparative regularity in the out-

X)ut, which gives great stability to the trade. There is a growing de-

mand in all directions, caused by the impoverishment of land and the

increase of knowledge ; so that there is no present probability of an

interruption to the further development of this industry. In fact, it is

apparent that South Carolina will henceforth take the place of Peru and
the Pacific and Caribbean islands in the exportation of the phosphatic

basis of commercial manures.

The rock is generally sold on a simple guarantee that it shall contain

not less than 55 i)er cent, of the bone phosphate of lime (3CaO, PO5),

and irrespective of carbonate of lime or moisture. This rather loose

method causes a uniformity of product, but does not encourage the

miner to select his rock with a view to obtaining the highest yield of

soluble phosphates of lime with given quantities of solvents—an object

to be considered in the manufacture of fertilizers.

Since the discovery of the value of the phosphate rock bed of South
Carolina, in 1867, to the present time, about 2,250,000 tons have been

mined by land and river companies in about equal proportions.

The following tables, compiled from the annual estimates in E. Willis's

valuable trade circulars and E. L. Eoche's statements to the Commis-
sioner of Agriculture, are to be relied on strictly as far as river mining

is concerned (being obtained from ofBcial data) ; and approximatively

with regard to the output of the land companies, {a)

a Thanks are hereby tendered to Major Willis for the privilege extended of exam-
ining his unique collection of pamphlets on South Carolina affairs, which contains

everythins; of interest referring to the phosphate trade.
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Phosphate rock (washed product) mined by the land and river mining companies of South

Carolina.

[By fiscal years ending May 31.]

1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883

Gross tons.

6
12, 262
31,958
63, 252
56, 533
36,258
33,426

]

51,624
I

54,821
50, 566 I

36,431 I

112,622 i

100,779 1

125,601
142,193
191,305

Gross tons, i Gross tons.

I

6
12,262
31,958

1, 989 65, 241
17,655 74,188
22,502 58,760
45,777

j

79,203
57,716 109,340
67,969

I
122,790

81,912 132,478
126, 509

I
163, 000

97,700
I

210,322
98,586

t
199,365

65,162
I

190,763
124, 541 266 734
140,772 332,077

Detailed statement of total foreign, coastwise, and home shipments since June 1, 1874.
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Detailed statement of total foreign, coastwise, and home shipments, etc.—Continuod.

From June 1, 1880, to May 31, 1881

:

Foreign ports
Domestic ports
Consvimed ,

Total

.

From June 1, 1881, to May 31, 1882:
Foreign ports
Domestic ports
Consumed

Total.

From June 1, 1882, to May 31, 1883:
Foreign ports
Domestic ports
Consumed

Total.

Tons.

62, 200
6.5, 895

128, 095

89, 581
57, 465

Tons.

8,568
91, 929
38, 142

Tons.

138, 639

22,905 112,486
111, 314

I
7, 875 176, 654

42,937 1 42,937

Tons.

70, 768
157, 824
38, 142

266, 734

147, 046

94, 789
36, 175

130, 964

177, 156 7,875
I

332,077

28, 251
150, 545
42, 620

221, 416

26, 000

26, 000

123, 040
212, 720
42, 620

378, 380

The following compaDies and Individuals are at present engaged in.

mining, with an aggregate capital of over $2,000,000 :

List of xihosphate mining companies of South Carolina.

River companies:

Coosaw Company Coosaw river.

Marine and River Company Stono river.

Oak Point Mining Company Bull river.

W. T. Seward Beaufort.

Campbell & Wilson Beaufort.

South Carolina Phosphate Company, limited Beaufort.

Farmers' Company Coosaw river.

Palmetto Company Wando river.

J. B. & J. Seahrook.

Land companies:

Charleston Mining and Manufacturing Company Ashley river.

C. C. Piukney Ashley river.

William Gregg Ashley river.

Saint Andrew's Mining Company Stono river.

D. Roberts Stono river.

A. B. Rose Ashley river.

Pacific Company Bull river.

W. L. Bradley Rantowle's creek.

Wando Company Ashley river.

G. A. Trenholm & Son Ashley river.

J. F. Fishburne . .
.' Ashley river.

F. C. Fishburne Edisto river.

L. N. Chisolm A.shley river.

Kiawah Phosijhate Company Cooper river.

Harlestou & Cheves Ashepoo river.
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Manufacturing.—The nianufacturc of phosphates in South Caroliiiahas

been developed on an enormous soak', over 83,500,000 of capital l>einj?

invested by twenty-one companies, which have a ca])acity of 250,000

tons per annum. Ashley and Cooper rivers, in the neighborhood of

Charleston, are lined with the finest and most extensive collection of

fertilizer factories in the world. Others of equal importance are being

erected in the Beaufort district. Most economically arranged, and
located in the heart of the phosphate region, on deep water and on rail-

roads, they have such natural advantages of position as will give them

control of the i)hosphate trade of the South and Southwest, and per-

haps, in time, of the whole country, {a)

It is beyond the scope of the present article to include a detailed

account of the manufacturing interest. It must sufiQce to give the

names of the companies engaged in producing superphosphates and
other fertilizers, with the capital employed, and a table of the number
of tons of commercial fertilizers shij)ped during each year since 1871:

List of manufacturers of superphosphates and fertilizers in South Carolina.

Name.
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Tons.

1874 46,382

1875 ......^ 50, §37

1876 r 46,443

1877 45,756

1878 52,000

1879 60,000

1880 60,000

1881 102,525

1882 102,490

1883, to June 1 130,000

Grateful acknowledgements are due to the representatives of the

phosphate mining and manufacturing industries of South Carolina for

numerous courtesies.

APATITE.
By F. a. Wilber.

This mineral is found in small quantities at numerous localities in the

United States. Itcommonly occurs with metamorphic crystalline rocks

and in connection with metalliferous veins, but is sometimes found in

the rocks of the later geologic periods, and occasionally occurs massive.

The only known localities in this country at which massive apatite can

be said to occur in even moderate quantity are the following : At Bol-

ton, Massachusetts ; at Crown Point, Essex county, New York (the

deposit here is said to be extensive and the mineral was formerly mined
for agricultural uses) ; at Hurdtown, Sussex county, New Jersey (min-

ing was carried on here also some years since, but it is now abandoned).

At several iron mines in New York and New Jersey apatite occurs in

large amounts, but it is so mingled with the iron ore as to be useless,

in the natural state, for agricultural purposes.

Most of the occurrences yet known are unimx)ortant from an economic

point of view, and the small amount used in the United States is im-

ported from the Canadian deposits. These lie in the provinces of

Ontario and Quebec, and are said to be extensive. The larger part of

their product, which amounted in 1882 to over 17,000 tons, is shipped to

Europe ; but it is estimated in the report of the New Jersey State Agri-

cultural Experiment Station for 1882 that about 5,000 tons were brought

to the United States during that year, where it was used by the manu-
facturers of commercial fertilizers as a constituent in their products.

Apatite is used in the arts as a source of phosphoric acid and phos-

phorus, and its value to the manufacturers of fertilizers depends upon
the amount of phosphate of lime which it contains. Since the discovery

of the deposits of phosphatic marls in South Carolina the demand for

it has decreased, and these latter deposits now furnish the supply of

phosphates in the market.
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MARLS.
By F. a. Wilber, -»

Occurrences.—The marls of the United States are found in the Creta-

ceous, Tertiary, and Eecent geologic formations. In the Cretaceous

formations we find greensand or glauconite and calcareous (marine)

marls. In the Tertiary age occur greensand, calcareous (marine),

phosphatic. and argillaceous marls j while only calcareous (freshwater)

marls appear in the Recent age.

Marls of the Cretaceous and Tertiary formations occur in great de-

posits in nearly all the Atlantic seaboard and Gulf States. Their most

northerly appearance is in New Jersey, where greensand marl of the

Cretaceous occurs in a belt which crosses the State from tbe ocean and

Earitan bay to the Delaware river in a northeasterly and southwesterly

course. Its length from the Navesink Highlands to Salem, in Salem

county, is about 90 miles; and its breadth is ten miles at the northeast,

in Monmouth county, decreasing to six miles in Salem county. In 1881

the total shipments by the eight marl transporting and selling com-

panies aggregated 73,900 net tons. The statistics for 1882 have not

been reported. Assuming a slight increase, as was probably the case,

the estimate for 1882 may be placed in round numbers at 80,000 net

tons, or equivalent to 1,600,000 bushels. The total amount hauled by

teams for application to lands in the vicinity of the pits can be roughly

estimated at 1,000,000 net tons. All of this is greensand marl. The

value per ton, at the pits, would average about 50 cents. This estimate

is little in excess of that made in 1868, since which time the area of

tillable land has increased slightly, perhaps 10 per cent. Many farmers

in oSTew Jersey use from 1,000 to 5,000 tons each every season. On the

other hand, the wider use of commercial fertilizers has diminished the use

of greensand marl outside of the territory in which it occurs. Analyses

of greensand marls are given in the tables which follow. In the south-

ern part of New Jersey calcareous marls of Miocene age are found in

Cumberland county, and have a local use confined to a belt of coun-

try a few miles in area.

In Delaware, greensand and calcareous marls are found in Newcastle

county. They are not carried to any considerable distance from the

pits or banks—in fact, are not an exchange product—but are used

here and there occasionally by farmers who may chance to have the

marl upon their own lands.

In Maryland, marls of the same formations occur, the localities ef

occurrence being numerous. Greensand (Cretaceous) marls appear in

a belt crossing from Delaware into Kent, Cecil, and Prince George's

counties, and on the " e"^stern shore " the more recent and calcareous

shell marls (Tertiary) are ibund. Neither variety has any extended use,

beyond the local cousumption in the iuiincdiale vicinity of tlie i)its.
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Marls, mainly of the Tertiary, abound in Virginia. The greensand

variety in the Eocene or Lower Tertiary occurs in the coast region,

mostly in a narrow belt (averaging 16 miles in width), crossing the State

from north to south, near the head of tidewater. Outcroi)S are common
along the numerous rivers which here reach tidal waters. Calcareous

marls, belonging to the Miocene or Middle Tertiary, are more widely

distributed in the whole breadth of the tidewater region east of the

greensand belt.

The marl belt crosses into North Carolina, and its beds crop out at

intervals quite to the South Carolina border. They are best seen along

the eastward-flowing rivers and near the tide limit. Beds belonging to

both formations occur, but they are mainly found in the Tertiary.

Greensand (Cretaceous) occurs in the southeastern part of the State,

between the Neuse and Cape Fear rivers. Cretaceous marls (of the

Eocene age) overlie the former beds and are found in the same region.

Calcareous marls (of the Miocene age) occur throughout the eastern

counties of the State in scattered beds. Professor Kerr says of the use of

marl in North Caroliua :
" There never has been any traflBc in it. Every

man digs what he wants, and it is spread much more widely than it is

used. In fact, its use has not been general outside of a few counties

—

Edgecombe, Pitt, Greene, Wilson, and a few i)ortions of other counties."

Analyses of the calcareous marls of this State are given in the tables at

the close of this paper.

In South Carolina the marls common to the Atlantic Tertiary and

Cretaceous are recognized at many localities in the eastern portion of

the State. But the great development of the phosphate deposits has so

overshadowed the use of these more calcareous (or carbonate of lime)

marls that very little information about their extent or use is accessible.

Hon. J. Henderson, of the department of agriculture of Georgia,

replies to an inquiry concerning the marls of that State :
" The marl

beds of Georgia have been so little developed that the business has not

arisen to the dignity of statistics. The practice of digging marl for

local use and shipment for sale is hardly known in Georgia." According

to the report of Dr. George Little, late State geologist, marl is found in

all the central and southern counties.

In Florida we find calcareous marls, probably of the Tertiary forma-

tion, at Fort Brooke, near the head of Tampa bay. Manatee county.

Phosi)hatic marls are said to occur in Clay, Alachua, Wakulla, Duval,

and Gadsden counties.

Of Alabama, Prof. Eugene A. Smith, State geologist, reports :
" Green-

sand shell marls (Cretaceous) occur in the lower beds of this formation

at Pleasant Ridge, Green county, etc. ; also in rotten limestone at Epes
Station, Sumter county. Of Tertiary marls, several shell beds of the

Lower Eocene formation in Choctaw, Marengo* Clarke, Wilcox, Monroe,

Butler, Conecuh, Crenshaw, Pike, and Cofiee counties contain notable

quantities of greensand. The calcareous rocks of the Cretaceous and
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Tertiary are often loose aggregations of shells, whicli serve as marls

and are used as such in some localities."

In Mississippi, greensand of the Cretaceous age occurs in Tippah, Pon-

totoc, and Cliickasaw counties, and Tertiary greensand in Carroll and
Attala counties. Calcareous marls are found in a belt stretching east-

ward from Vicksburg to the Alabama line. They belong to the Jackson,

Yicksburg, and (calcareous) Clail)orne groups of the Tertiary. In the

southern Lignite, or Grand Gulf group of the Tertiary, calcareous

marls are reported from many localities. Gypseous marls, used to a

very limited extent where they occur, are found in southern Carroll,

Attala, Leake, Holmes, northern Madison, Hinds, Rankin, and Scott

counties. Like its neighbor State Alabama, it is well provided with

these natural fertilizers. No figures of amounts used have been re-

ceived.

In Louisiana, greensand marl occurs in Grant and Natchitoches

parishes, and calcareous marl on Sicily island. No other localities are

mentioned.

In Arkansas, calcareous marl is found in Greene, Hempstead, Clark,

Pike, Jeflerson, and Saint Francis counties, and gypseous marl in

Pike and Bacon counties. No mention is made of the use of any of

these deposits, which in this State, as well as in Louisiana, probably

belong to the Tertiary.

Calcareous marls are found in Texas in Tom Green, Concho, and
Brazos counties, and undoubtedly occur elsewhere in the State.

Greensand marl is found in Tennessee, in the western part of the

State, in McNairy and Hardin counties, and in the Cumberland valley.

Eecent marls are found, usually in small deposits, in a number of the

States of the Eastern division. They are all calcareous, freshwater

shell marls. In the northern part of Maine and in New Hampshire
localities are noticed 5 and others are found in Vermont, in the region

adjoining Lake Champlain. In New York enormous deposits occur,

chiefly in the central portion of the State, in what are known as the

Montezuma marshes, and along the valley of the Hudson. These beds

have only a local and limited use. In northern New Jersey beds occur

in Sussex and Warren counties. Analyses of the marl of these beds

are given. In Ohio these marls are found in the lakes and marshes of

Summit, Lorain, Logan, Fulton, and other counties in the northern

portion of the State. The deposits are extensive, but have only a local

use. Small deposits occur in northern Indiana, and mention is made
of some in Cook county, Illinois. In Nebraska beds occur in the

western i)art along the Republican river and south of Culberson on the

Niobrara ; also on the Loup river.

Utilization.—]\rarl requires no preparation to fit it for use as a top

dressing for the soil. It is hauled directly from the pit and spread upon

the land. As a fertilizer its action is both mechanical and chemical.

Being granular, it improves the texture of stiff soils by loosening them,
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thus rendering' them pervious to the air and moisture. It furnishes the

inorganic elements of materials for plant food. The most important of

these elements are phosphoric acid and potash, the other constituents

having only a small fertilizing value. Calcareous marl is frequently

used as a substitute for limestone in the prod action of lime.

Composition.—The followiug tables of analyses are inserted to show
the general character of the different varieties. The greensand marls

of IS'ew Jersey are typical ones, while the calcareous (marine) marls of

IsTorth Carolina may be taken to represent that variety. The marls of

recent freshwater shell formation would generally class with those given

in the table of Eecent marls.

Analyses of greensand marlsfrom New Jersey, (a)



526 MINERAL RESOURCES.

Analyses of Recent calcareous marls from Warren and Sussex counties, New Jersey, (a)

m
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county, Iowa. Gypsum is mined in this State for agricultural use and

also for making plaster-of-paris.

Kansas contains a large amount of this mineral. It is found in Saline

and Dickinson counties, in the central part of the State, and in Mar-

shall county, in the northern,part.

Ohio contains extensive beds. At Plaster Bed peninsula, Put-in-bay,

Lake Erie, is a noted dei)osit; another bed is on West Sister's island.

The gypsum is found in this region associated with the rocks of the

Water-lime group. Plaster-of-i)aris is manufactured largely at San-

dusky from this gypsum.

Michigan has very valuable deposits. Those of the western i)art of

the State are situated on the Grand river, near Grand Rapids. In the

eastern part the beds are found at Alabaster Point, Iosco county.

Extensive beds underlie Bay City and Kawkawlin, Bay county, where

their presence has been shown in borings for salt. The beds of this

State belong to the Upper sub-Carboniferous formation.* The following

tables, taken from the " Mineral Statistics of Michigan for the year

1881 " (the figures for 1882 being kindly furnished by Mr. C. E. Wright
in advance of the publication of the report for 1882), give a very com-

plete statement of the production in this State

:

Amount of land plaster and of calcined plaster produced in Michigan.

Tears.
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Amount of land plaster and calcined plaster produced by the several plaster companies

Michigan during the years stated.

Land phistfr—net tons.

1879. 1880. 1881. 1882.

Godfrey & Bro (a)

Grand Kapids Plaster Company (a).

Geo. n. Whitf & Co (a)

AVyoniinK Mills Company (6)

Union Mills Company (b)

Taylor & McRing(dds (6)

9,117 9,000 6,422
8, 970 12, 000 6, 375
1,900
7,000

I

10,000 i 6,003
4,500 7, i>00 6,710

10, 585 9, 570 6, 572
Smith, Bullard &. Co (c) 1, 5?6 1, 500 1, 000

Total 43,658
I

49,570 33, 178

6,080
7,512

6,901
8,298
6,037
2,993

37, 821

Stucco—barrels of 300
X>onnd8.

1880. 1881.

23, 000
23, 500

.M
35, 000
24, 504

27,500
20, 400

1882.

30, 274
32, 854

34, 913
30, 000

9,643
23, 074
27, 993
11.817

106, 004 112, 813 135, 655

a Quarry, etc., at Grand Eapids. h Quarry, etc., at Grandville. c Quarry at Alaba.stcr.

The price of land plaster is fixed by the companies above mentioned

at $3 per ton at Grand Kapids, and that of stucco at 81.50 per barrel

at the same point.

In addition to the stucco and land plaster produced in Michigan,

Iowa, and Ohio, it is estimated by Mr. 0. W. Sweet, editor of the Beal

Estate Record, of New York city, that in 1882 52o,000 barrels (of 250

pounds each) of plaster-of-paris were made on the Atlantic seaboard

from imi)orted Nova Scotia stone. The value of this stucco was 81.20

per barrel. Although the State of New York has such large deposits

it is still a fact that along the Atlantic tidewater the Nova Scotia stone

supplies the market.

Rocky Mountain division.—Gypsum in large beds and of great purity

occurs frequently throughout Montana, in the Black Hills of Dakota,

and throughout Colorado and New Mexico. In Montana and in the

Black Hills none has yet been mined, for lack of any demand whatever

for plaster-of-paris. In Colorado heavy deposits of gyjisum have been

found in the South and Middle Parks, and along the base of the mount-

ains, east and west. It is found along the line of the Great Hogback
on the east of the Eocky mountains, and in economically available beds

at Morrison, Jeflerson county, and at Colorado City, EI Paso county.

The first mill for the manufacture of gypsum into plaster-of-paris was

built by Mr. George Morrison, at Morrison, prior to 1875. In 1875 his

proi)erty passed into the hands of the Denver Eailway and Enterprise

Compafy, who removed the standing mill and built another, which was

designed and erected in such a i)oor manner that no marketable jdaster

has since been produced, and the mill now stands idle. In 1875, the

Colorado Springs Plaster-of-paris Comi)any erected at Colorado City,

at an expense of 816,000, works with a capacity of 15,000 pounds daily,

which is about three times the present demand in Colorado. Until l.'^79,

practically no plaster was made. The product of the mill since IST."^ l»y

years has been as follows :
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Plaater-of-paria made hy the CoJoradd Springs mill, Colorado.

Tears.
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the headwaters of the San Pedro, near to, if not over, the Mexican line;

on the plains of Yuma county, about 35 miles southeast from the Vulture

mine; in Mohave county, 18 miles southwest of the Santa Maria plac-

ers, a fine body of snowy gypsum. Prospectors report deposits of the

mineral at many other points in Arizona. About ten years ago the

manufacture of plaster from gypsum was begun at the Golden Gate
mills in San Francisco, where the business has been continued, growing

steadily ever since. The plaster sells in San Francisco at the following

rates per barrel : hard, for finishing and general use, $2.75 ; for casting

ornaments, molds, etc., $3 ; superfine, for sculptor's use, $3.50 ; these

being about 20 per cent, less than the prices paid for the imported arti-

cle. Common plaster, now beginning to be ground extensively in Cali-

fornia for use as a fertilizer, sells at the rate of about $12.50 i)er ton.

Imports.—Notwithstanding the fact that the crude material is so

abundant in California and regions adjacent, most of the gypsum
ground into plaster there is imported from abroad. The importations

at the port of San Francisco during the past nine years have been as

follows

:

Imports of ]}ln8ler-of-pari8 at San Francisco.

Barrels and casks.

1874 19,176

1875 22,782

1876 14,918

1877 14,487

1878 11,030

1879 5,408

1880 3,200

1881 3,285

1882 4,777

The diminished importations at San Francisco since 1878, as shown

by the above table, are due to the considerable product made by the

mills in California.

The following table gives the quantities and declared values of the

total imports of unground gypsum imported into the United States

during recent years

:

Gypeumer plaater-of-paria, unground,\viported into the United Statesdunng the fiscal years

specified {specie rallies).

[Free of duty.)

Tears.
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Uses.—The principal use to which gyiDsura is devoted is an agricult-

ural one. The ground rock, or land plaster, is applied as a top-dress-

ing to the soil ; and although it does not enter directly to any extent

into the composition of plants, it has still an extremely beneficial action

upon plant life and growth, fi'om the chemical changes which it induces

in the soil. Stucco, plaster-of-paris, or calcined gypsum, is used for

making cornices, friezes, and other forms of interior decoration, and its

use in making walls themselves is rapidly increasing. A fine grade is

used in taking casts of natural objects, making models, etc.

COMMERCIAIi FEKTIIilZERS.

These embrace a wide range of mineral and organic substances. It

is diflicult to estimate, even approximately, the value of crude mineral

thus consumed. The total annual product is about 700,000 tons, worth

nearly $20,000,000. Maryland takes the lead in manufacturing; but

much of the crude material there worked up is derived from other States.

Other leading centers of manufacture are New Jersey, New York, Mas-

sachusetts, South Carolina, and Pennsylvania. The following table

shows the product during the census year 1880:

Production of artificial fcrtilizere during the census year 1880.

states.
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Sources.—The localities where salt is produced, from one source or

another, are widely difl'used over the United States. It is made largely

iu Michigan, New York, West Virginia, and Ohio, by evaporation (by

solar or artificial heat, mainly the latter), from subterranean brine. It

is also produced from similar sources, but to a smaller extent, in Penn-

sylvania, Utah, Virginia, Nevada, Kentucky, Texas, and Kansas. In

California a large amount is made from sea-water by solar evaporation;

and in 1880 a small production W9s reported from Massachusetts from

the same source. Louisiana has a very considerable production, and

one which is rapidly increasing, derived from deposits of rock salt at

Petite Anse, which are fully described by Professor Hilgard on subse-

quent pages.

Census statistics.—The census of 1880 furnishes a tolerably complete

and correct statement of the condition of this industry at that time. It

presents tables showing the capital invested, material employed, amount

liaid for labor, and the production during the census year, i. e., from

June 1, 1879, to May 31, 1880. These are here appended:

Salt product of the United Stales in the census year ending May 31, 1880.

states iind Territorios.

California (b)

Kansas
Kentucky
Louisiana <c)

Massachnaotts (6)

irichigan
Nevada
Kew York
Ohio
Pennsylvania
Texas
Utah
Virginia
West Virginia _
Wyoming .9

Totals ,

25
1

3
1
5

86
7

69
25
16
3

10
1

15

1

$375, 650

6,000
20, 500

250, 000
9,000

2, 147, 209
45, 300

2, 28C, 081

832, 600
234, 500

92, 000
13,400

1, 000, 000
910, 500

3,000

268 '8, 225, 740

Average number of
hands employed.

188
2

34
45
8

1,416
31

902
449
131
17
02
76

702
2

4,125 20

^ °

34

144

o 3

$50, 020
700

8,750
11, 000
1,030

541, 852

9, 088
274, 087
105,261
52, 047
8,150

20, 932
14,219

ICO, 227

Jf 1,460

Subterranean brines.

yo.

209
150
42
58
19
1

4
2
57

1,260,023 I 546

FeeU

93
560

882
30

322
932
883
10
2

272
1,042

24.0
34.0

92.3
12.0
09.5
36.8
24.9

82.5
90.0
35.6

a 4° 8alometer= 1° Baam6. & Salt made from eea-water. c Keck snlt mined nnd ground.

532
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Salt product of the United States, etc.—Continued.
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Salt product of the United States, etc.—Continned.

States and Terri-
tories.

California (a)

Kansas
Kentucky
Louisiana (b)

Massachusetts (a).

Michigan
Nevada
New York
Ohio
Pennsylvania
Texas
Utah
Virginia
West Virginia
"Wyoming

TotAls.

sa

$40

'5*600

629, 294

233, 004
90, 206
36,906
1,200

20
3,000

91, 66G

k OS

^a

$416

'9,068

1, 007, 233

473, 116
202. 543

74, 047
7,600

500
39, 000

192,113
1,460

1, 090, 936 i 2, 007, 034

By solar evaporation.

Machines.

Vats or
ponds.

Number.
203
33

456
3,750

54
42, 939

18

Aggregate
area.

Sqitarr/eet.

17, 713, 602
60, 000

Total
value of
mate-
rials.

316, 420
867, 180

543, 953
12, 068, 796

16,640
43, 645, 075

9,079
710

20
2,500
5,800

33, 904

1, 500
3,500

21, 780

47,462
I

75,253,446 ; 67,013

Products.

Salt.

Total value
of .ill prod-

ucts.

Bushel*.
884, 743
13, 000
83, 000

312, 000
9 575

12, 425^ 885
182, 408

8, 748, 203

2, 050, 301

851, 450
50. 600

483, 800
425, 895 I

2,679,438 I

5,000 I

$121,650
5,700

21,950
56, 160
3,800

2,271,913
92,640

1, 107, 760
363, 791
177,415
29, 700
60,280

127, 678
380, 369

8,760

29,805,298
1

4,829,566

a Salt made from sea-water. h Bock salt mined and ground.

Groimd saltmade in the United States in the census year ending May 31, 1880.
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iuspectors, as in New York and Michigan, and in part from estimates

made by persons extensively engaged in the business. These estimates,

which are based in the main upon the statistics of production of the

principal works, and are made by men familiar with the character and
extent of the industry, can have but a very small probable error. The
following table gives the production in 1882 :

Salt product of the Unittd States in 1882.

States.
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Salt viade in Michigan during the past three years, by counties.

Counties. 1880.

! Barrels, (o)

Bay .1 1,081,811
Saginaw

j

1,148,644
Huron 256, 84

1

Iosco 147,800
Midland 41,462
Manistee
Gratiot '

Total
I

2,676,588

1881. 1882.

Barrels, (a) Barrels, (a)

1,107,617 1,158,279
1, 083, 990

326, 852
147, 579
74, 537
1,642

1,287,273
255,012
211,667
80, 239
41, 562
3,285

2, 742, 217 3, 037, 317

a Of 280 pounds each, as in each subsequent reference in this section.

The following table shows the amouut of salt inspected in Michigan

since 1869, the first year of the establishment of the State salt insi)ec-

tion, for the years specified

:

Grades of sa
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Price per
barrel.

Ib72 $1 46

1873 1 37

1874 1 19

1875 1 10

1876 1 05

1877 85

1878 85

1879 1 02

1880 75

1881 85

1882 70

Ifeto YorJc.—The salt product of New York is derived principally from

the Onondaga district, in the western part of the State. The source is

a strong brine, ranging, at a temperature of 60° Fah., from 59° to 70°

of the salometer. The hrine is reached by means of artesian wells,

from which it is drawn by pumping. Nearly all the salt-bearing district

is the property of the State, by which tracts of land are leased to the

manufacturers. A small revenue is thus annually gained to the State.

In 18bl the returns from the leases amounted to $79,438, while the ex-

penses connected with the administration were $59,428, leaving a bal-

ance in favor of the State of about $20,000. There are upon the res-

ervations 316 water rights to manufacturers of fine salt; that is, salt

produced by artificial evaporation, and 26 leases to solar salt manu-
facturers. During the season of 1881, 139 fine salt blocks were in oper-

ation, the balance having been discontinued ; while, at the same time,

all the solar works were in operation.

Production of salt at the Onondaga Salt Springs since June 20, 1797 (the date of the first
leases in lots).

*

[The column headed "Solar" relates to the coarse salt made by solar evaporation, that headed 'Tine"
to that made by artificial evaporation.]

Tears.
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Production of salt at the Onondaga Salt Spi-ings, etc.—Continaed.

Tears.

1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834...^.
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
1855
1856
1857 ,

1858
1859
18G0 ,

1861 ,

1802
1863
3864
1865
1866 ,

1867
1868
1869
1870
1871
1872
1873
1874
1875 ,

1876
1877 ,

1878 ,

1879
1880 ,

1881 ,

1882

Solar.

Bushels of 50
pounde.

Total to Dec. 31,1882.

220, 247
163, 021
318,105
332, 418
353, 455
331,705
262, 879
342, 497
377, 735
374, 732
378, 967
633, 595
577, 947
734, 474
498, 124
709, 391
481, 280

1, 514, 554
1,345.022
1, 462, 505
1,884,697
1, 983, 022
1,437,656
1,971,122
1, 886, 700
1,978,183
2, 271, 892
2, 027, 490
1, 857, 942
2, 487, 691
2, 464, 464
1, 8K2, 604

1, 091, 359

1, 667, 308
2, 655, 955
2, 308. 679
2, 525, 335
2, 788, 754

2, 957, 7 '4

2, 516, 485
3,011,401
3, 032, 447

Fine.

Bushels of 56
pounds.

520, 049
481, 562
726, 988
816, 634
757, 203
811, 023
983, 410

1, 160, 888
1, 129, 280
1, 43.5, 446
1, 514, 037
1, 652, 985
1, 838, 646
1, 943, 252
1, 209, 867

1, 912, 858

2, 167, 287

2, 575, 033
2, 864, 718
2, 622, 305
3, 120, 520

2, 128, 882

2, 809, 395
3, 671, 134

3, 408, 903

3, 507, 146
3, 688, 476
4, 394, 629
4, 705, 834
3, 894, 187

4, 235, 150

4, 288, 938

4, 826, 577

5, 068, 873
5, 584, 761

5, 257, 419

3, 830, 846
5,518,665
6, 549, 250
4, 130, 682

5, 31.5, 694

7, 070, 852

6, 504, 727
5, 407, 712

4, 499, 170

5, IcO, 320
5, 323, 673

6, 639, 126

6, 804, 295
6, 260. 422

5, 910, 492
6, 048, 321

5, 768, 998
4, 361, 932

4, 523, 491
3, 083, 998

3, 902, 648

4, 387, 443
5,364,418
5, 482. 265
4, 905, 775
5, 307, 733

Total.

Bushels of 66
pounds.

o'Hi, 049
481, 562
720, 988
816, 034
757, 203
811,023
983, 410

1,160,888
1,129,280
1, 435, 446
1, 514, 037
1, 652, 985
1, 838, 646
1, 943, 252
1, 209, 867

1,012,858
2,167,287
2, 575, 033
2.864,718
2, 622, 305

3, 340, 707
2, 291, 903

3, 127, 500

4, 003, 552

3, 762. 358
3, 838, 851

3, 951, 355

4, 737, 120

5, 083, 569

4,268,919
4, 614, 117
4 922, 533
.5, 404, 524

5, 803, 347

6, 082, 885
5,960,810
4, 312, 126

7, 033, 219

6, 894, 272

5, 593, 247

7, 200, 391

9, 053, 874
7, 942, 383

7, 378, 834
6, 385, 930
7, 158, 503

7, 595, 505
8,666,616
8, 662, 237

8, 748, 113
8, 374, 956
7, 930, 925
7, 460, 357

6, 029. 300

7, 179, 446
5, 392. 677

6, 427, 983

7, 176. 197

8. 322, 162

7, 998, 750
7, 917. 236
8. 340. 180

59,701,823 1 237.092,987 296,794.810

The average price per bushel of 5G pounds in 1882 was 10 cents, or

50 cents per barrel of 280 pounds.

Within the last four or five years, two or three discoveries of rock

salt in situ have been made in western New York, and it is reported

that mining operations have been commenced at these localities. One
of the recent strikes is near Warsaw, on the Eochester and Pittsburgh
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railroad, where an artesian well, which was being bored for oil, passed,

at a depth of nearly 1,500 feet, through a bed of root salt 45 feet thick.

The salt is overlaid and underlaid by 14 or 15 feet of shales impregnated

with salt. Another discovery has also been made at Wyoming, in

Wyoming county, about 6 miles from the one just described. The New
York producers are beginning to feel the competition of the Michigan

salt fields, and active efforts are being made by individuals and by the

State to extend the field and cheapen the methods pursued in production

and evaporation.

West Virginia.—The principal points in West Virginia at which salt

is produced are: Charleston, on the Great Kanawha river; between

West Columbia and Hartford City, on the Ohio; BuUtown, on the Little

Kanawha ; Louisa, on the Big Sandy river ; on Kew river, in Mercer

county, and at some other points, where small quantities are manufact-

ured for local use. At present, salt is manufactured on a commercial

scale only at Charleston, and in Mason county, on the Ohio, where the

pursuit is profitable, owing to the abundance and cheapness of fuel and

the facilities for reaching markets. It is estimated by competent authori-

ties that the total commercial i)roduction of the State in 1882 was 400,000

barrels of 280 pounds each. This had an average spot value per barrel

of 75 cents, giving, as the total value of the product, $300,000. Out of

this total production, it is estimated that three-fourths, or 300,000 bar-

rels, came from Mason county, and one-fourth from Kanawha county.

The salt is made from weak brine pumped from artesian wells. In Mason
county, these wells reach the brine at a nearly uniform depth of between

1,150 and 1,200 feet below the surface. Those in Kanawha county are,

in general, not as deep, ranging from GOO to 1,000 feet. These wells are

located along the valley of the Great Kanawha river, extending from

one-fourth of a mile above Charleston to several miles further up, on

both sides of the river. The brine, both here and in Mason county, is

ibund in a porous sandstone in the lower portion of the Coal Measures.

These brines have a strength of only 9° to 10° Baume, or about 40 per

cent, of saturation, being, therefore, much poorer than those of Michi-

gan and Kew York. The competition of these districts, especially the

Jormer, has had a very serious effect upon the production in West Vir-

ginia. Concerning this matter. Dr. J. P. Hale, a leading manufacturer

in West Virginia, writes as follows: "The state of the trade here at

present is at a very low ebb, owing to the immense development of the

manufacture in Michigan, where they have stronger brines, cheaper

fuel, and proximity to the great consuming markets of the West. I do

not think the manufacture here will ever regain anything like its former

importance."

The methods of manufacture in West Virginia, though differing in

matters of detail, are, in general, similar to one another. Three or four

different qualities of salt are made in this district, which are given dif-

ferent names by different manufacturers. They may, however, be char-
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acterized as coarse, common, fine, and dairy. There is no salt produced

in this district by solar evaporation, so far as is reported. The fuel

used for evaporation is almost everywhere coal, although, in time past,

gas issuing from the artesian wells has been occasionally employed.

The brine is first boiled in furnaces ; then, when it has acquired a cer-

tain degree of strength, it is run off into settling and purifying tanks,

in which it is heated by steam passing through copper pipes in the

liquid ; then it is run into granulating tanks, in which the salt is de-

posited; from them it is taken by shovels, and, after being thoroughly

drained, is ready for packing and shipment. It is generally estimated

that a bushel of coal will make a bushel of salt. The total cost of pro-

duction, including all expenses requisite to preparing the salt for ship-

ment, is estimated by a local manufacturer at 69 cents per barrel, leav-

ing at the average price the past year (75 cents) but a very small mar-

gin for profit. Under these circumstances, it is not a matter of surprise

that the salt works of West Virginia are producing, as a rule, only one-

half of their capacity.

The following table shows the production of salt in Kanarrha county

from 1791 to 1875, with the exception of a few years in which no records

were kept. This table has been abstracted from a paper on salt written

by Dr. J. P. Hale, for the Centennial Exposition at Philadelphia.

Productian of salt in Kanawha county, West Virginia.

1797 pounds per day .

.

150

1808 bushels per day.. 25

1814 bushels per year .

.

600, 000

1827 do 787,000

1828 do 863,542

1829 do 989,758

1830 do 906,132

1831 do 956,814

1832 do 1,029,207

1833 do 1,288,873

1834 do 1,702,956

1835 do 1,960,583

1836 do 1,762,410

1837 do 1,880,415

1838 do 1,811,076

1839 do 1,593,217

1840 do 1,419,205

1841 do 1,443,645

1842 do 1,919,389

1843 do 2,197,887

1844 do 1,874,919

1845 do 2,578,499

1846 do 3,224,786

1847 do 2.690,087

1848 do 2,876,010

1849 do 2,951,492

1850 do 3,142,100

1851 do 2,862,076
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1852 bushels per year.. 2,741,570

1853 do 2,729,910

1854 do 2,233,803

1855 do 1,493,548

1856 do 1,264,049

1857 do 1,266,749

1858

1859

1860

1861

1862

1863

1864 bushels per year . . 1, 300, 991

1865. do 881,973

1866 do 1,275,017

1867 do 1,321,066

1868 do 1,528,282
1869 do 1,822,430
1870 do 1,721,963

1871 ^

1872 I

jg.73 f
No records.

1874 J

1875 bushels per year. . 967, 465

Ohio.—The leading salt-producing locality of Ohio is in the south-

eastern corner, near the Ohio river. The occurrence and methods of

preparation are very similar to those of West Virginia on the other side

of the Ohio river. In this part of Ohio it is estimated that about 300,000
barrels were produced during the year 1882, while 100,000 barrels were
produced in Other parts of the State.

ROCKY MOUNTAIN DIVISION.

Montana and Wyoming.—Salt is found in considerable quantity in

various portions of the Eocky mountains from Montana to Few Mexico,

both in salt springs and as salt beds or deposits. In the Yellowstone

valley salt springs occur frequently, but no effort has been yet made to

utilize the brine in the manufacture of salt. In Wyoming rock salt is

said to occur in extensive beds of great purity in various portions of the

Territory.

Dakota.—In Dakota, at Jenny's Stockade, a number of springs furnish

an excellent quality of salt, and the supply of brine is abundant. These
springs are owned by Captain Davey, of Galena, Black Hills, who has

evaporated a considerable quantity of the brine and used or sold the

salt. He states that the springs are capable of producing about two
tons of salt daily, enough to supply the entire Black Hills country.

Colorado.—In the South Park there are a number of salt springs.

Before 1870, works with a capacity of many barrels of salt daily were
erected, but for some reason they proved a failure and have not been
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rimning for years. It is not possible to ascertain how much salt has

been produced and marketed.

Neic Mexico.—In Few Mexico, on the great plateau of the Rocky mount-

ains, southwest of Caiion Blanco summit, are the Salinas, which fur.

nish a large quantity of good salt. The greater portion of oSTew Mexico

is supplied from here, it being freighted to Santa Fd, Las Vegas, to the

towns along the Rio Grande, and even to Chihuahua. The only cost is

that of transportation. It occurs in quantity in many places in Few
Mexico, often mixed with alkali, and also pure in lakes. The evapora-

tion in the salt lakes annually makes a deposit of salt several inches in

thickness, coarse, strong, and of the best quality. It has often been

taken to the city of Chihuahua for sale, as the salt of that State is in-

ferior, being mixed with alkali. The principal lakes are in the valley

between the Organ and the Sacramento mountains, one lake on the

Texas line, and the best one 60 miles northward, and another large and

excellent one about 60 miles south of Santa F^, near the town of Man-

zano, whence many wagon loads are regularly carried to Santa F6 and

other distant points, the article forming quite a commodity of interior

commerce. These salt lakes have been used as public property.

PACIFIC COAST.

Abundance.—Of all the useful minerals found in the Pacific States and

Territories none occur in such abundance and wide distribution as the

chloride of sodium—common salt. Besides numerous salt springs, ponds,

and lakes, this mineral exists in crystallized layers interstratified with

other substances, the whole forming great mountain-like masses, and

in deposits occupying the beds of dry or nearly dry lakes, on wide ex-

tended marshes, alkali ilats, etc. Besides the product of these natural

salines large quantities of salt are made by the solar evaporation of sea-

water, not less than 50,000,000 pounds being produced by this process

on the bay of San Francisco every year. The plan of i)roducing salt

by boiling in kettles or evaporating the brine in shallow pans by means

of artificial heat, the common methods in most countries, and used ex-

tensively in other portions of the United States, is not practised here.

Local consumption.—The consumption of salt on the Pacific coast, by

reason of the many uses into which it enters, has always been large.

It is em])loyed in a variety of industries, all having considerable and

some of them very large requirements. In the reduction of silver ores

and in other metallurgical operations, such as the chlorination of aurif-

erous pyrites, between 20,000 and 30,000 tons of salt are disposed of

annually. In dairying and meat-packing and for culinary and other

domestic purposes, and for curing hides, fish, hay, etc., a great deal is

used. In various manufactures and in the economit; arts some is also

needed, the consumption in the States and Territories of the Far "West

being exceptionally largo for their population.
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Nevada.—The largest deposits of salt on the Pacific coast are found

in the State of ISTevada, where they occur under all the various condi-

tions mentioned. Of these deposits the most extensive and otherwise

remarkable is that on the Kio Virgen, in the extreme southeastern cor-

ner of the State, and but a few miles north of the Colorado river. A
formation exists at this point composed of rock salt resting on, and to

some extent intermixed with, a sedimentarj'^ granite, and of such mag-
nitude that it may be said to constitute a notable portion of the moun-
tain in which it occurs. More than 60 per cent, of this entire mass
appears to consist of hard rock salt, having the color and transparency of

clear ice, and containing over 90 per cent, of the chloride of sodium. This
formation extends along the eastern bank of the Virgen, presenting a
bluff face to the stream for a distance of 25 miles or more, and Teaching
in some places a height of several hundred feet. This deposit is worked
after the manner of an open quarry, the salt being removed in blocks

weighing often many pounds each. Although blasting is sometimes
necessary in breaking it out, large quantities of quite pure salt can be
obtained here at very little cost. Twenty miles up the Virgen on its

west side occurs another hill of salt, the formation at this point being

similar to that on the east side of the river, except that it is much less

extensive, while the color of the mineral, instead of a pale green, is here

of a dazzling whiteness. In the same neighborhood, at a jjoint 1 mile

north of the Colorado river, on a mesa comjjosed of small pebbles,

earth, and boulders, occurs a circular opening 100 feet across, and of

great depth, forming an immense natural well. This well, the sides of

which are nearly vertical, is filled to within 50 feet of the top with water
supersaturated with salt, this pool being apparently all that is left of the

"dead sea" which once covered the entire region. These salines on the

Eio Virgen, though exceedingly rich, and reported as practically inex-

haustible, are of little present value, being far from railroad or river

transportation, and there being no mines and but few settlers in their

immediate vicinity. Should, however, the projected railroad up the

Colorado be completed, it would impart to these deposits a large value,

Coleville, the northern terminus of that road, being in close proximity

to these immense salt fields. When the mines in the Mineral Park dis-

trict, Arizona, were being worked several years ago, they obtained their

supply of salt from this locality at a cost of $80 per ton ; and there is

little doubt but extensive mining districts on either side of the Colorado

would receive their supplies of this mineral from the same source, were

the railroad constructed.

The other more notable salines of Nevada consist of the salt springs

on the line of the Central Pacific railroad, near White Plains, Churchill

county, where the Desert Company have constructed 8,500 feet of vats,

having a width of 55 feet, for making salt by solar evaporation. Into

these vats, which consist of shallow excavations in the earth inclosed

with low embankments, the brine is run, being lifted with pumps from

/
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some of the springs. A mill for grinding dairy and table salt has been

put up here. At this locality an incrustation of impure salt an inch or

two thick and overlying a stratum of blue clay filled with crystals of the

same mineral extends over several hundred acres. Formerly salt was

manufactured from this formation by the process of leaching. A large

quantity of salt of good quality is made here, the silver mills at Vir-

ginia City, Gold Hill, and elsewhere throughout western Nevada being

supplied mostlj' from this source.

Up to 18G2 all the salt used in Nevada, both for the silver mills and

for domestic purposes, was brought from San Francisco, at an average

cost of $150 per ton laid down in Virginia City. In that year the mills

running on Comstock ores began to obtain their supplies in part from

from what is known as Rhodes's marsh, situated IGO miles to the south-

east, transportation being effected by camels brought into the country

for that purpose. Through resource to this expedient the price of salt

was soon after reduced to nearly one-half its former rate. Owing to

the discovery a year or two later of an extensive saline near Sand

Springs, 80 miles east of Virginia City, from which much salt was

brought in, the price underwent a further decline, finally dropping to

the uniform rate of $60 per ton, about the cost of freight from San

Francisco, whence importations had before been considerable. During

the more prosperous era of the Comstock mines the salt from this Sand

Springs marsh delivered for their use amounted to as much as $50,000

l>er mouth, some of the larger mills consuming each between 40 and 50

tons every thirty days.

As it fairly represents a large class of these deposits, a description of

the general features of this Sand Springs saline will serve to convey

a pretty good idea of the whole. The saliniferous land at this place

occupies a depressed portion of an extensive alkali flat, this depres-

sion being always marshy and, during the wet season, covered with a

few inches of water. Spread over it is an incrustation of impure salt

from two or three inches in thickness, brought up by efflorescence from

below. In collecting the salt this crust is broken up and scraped into

heaps with broad wooden hoes, the ground being divided into long

strips, which are gone over in regular order. These heaps, after being

left to drain off' for a few days, are carried out on wheelbarrows or cars

and thrown on platforms, where, after undergoing some further drying,

the salt is sacked and is ready for shipment. As soon as this surface

incrustation has been stripped off", it begins to re-form, the process going

on so rai)idly that several crops can be gathered yearly. As the ground

below is heavily charged with salt, the process of replacement, were the

surface removed, would no doubt go on indefinitely. The salt collected

here, though not very clean, being mixed with a small percentage of

sand, soda, and other impurities, answers well for metallurgical pur-

X^oses, the alkali present tending to clean the quicksilver and intensify

its action. A large i^ortion of the alkali flat outside of this depression
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is covered during the dry season with a thin coating of salt, generally

too high and too much contaminated with foreign matters to justify

being gathered.

Forty miles north of Sand springs, in what is known as Great Salt

valley, occurs another and very similar saline. Under the top incrus-

tation here comes in a stratum of blue clay 18 inches thick, underlaid

by a bed of crystallized salt of unknown depth. Other tlian some
small lots supplied to the Humboldt mines, but little salt has ever been
taken from this marsh, the locality being remote from the settlements,

and surrounded by rugged mountains and a wide extent of barren sage
plains.

Situated in the easterly part of Esmeralda county, and having the

town of Columbus for a center, is a series of immense alkali flats, each
containing heavy deposits of salt, the mineral being quite as plentiful,

and occurring here in much the same manner as at Sand springs. Not
much, however, has been done towards turning these deposits to practi-

cal account, only enough salt having been taken from them of late years

to supply the few reduction works, and the wants of the small popula-

tion in the neighborhood. At Rhodes's marsh, one of this group, hun-

dreds of acres are underlaid by a hard-pan of solid salt, more or less

mixed with mud and sand. Into these holes, something like tanner's

vats are dug, and soon fill with water holding salt in solution to its

utmost capacity. This water evaporating, leaves in the course of five

or six weeks, on the bottom of the pit, about two feet of clean crystal-

lized salt. To fit it for table use this salt is ground in a mill on the

premises. At none other of these marshes have works been provided

for either producing or grinding salt, though small quantities are col-

lected there every year by hoeing it together on the surface, or shovel-

ing it up from the pools and shallow ponds where it is crystallized.

The Carson and Colorado railroad having reached the vicinity of these

salines, it is probable that their product will now come to be more ex-

tensively utilized.

At Silver Park, 40 miles southeast of Columbus, the surface incrus-

tations of salt cover hundreds of acres, some of the deposits here being

several inches thick, and quite pure. The mills of the Silver Park
Mining Company, located near by, have this commodity in superabun-

dance at their very doors. On the easterly margin of the Montezuma
marsh, 10 miles farther north, the water standing everywhere within

two or three feet of the surface is so saturated with salt that any of

the mineral added is at once precipitated, the water being unable to

hold it in solution. Pits excavated here soon fill with salt, evapora-

tion in this hot and arid climate proceeding rapidly for eight or nine

months in the year. The Shawmut Mining and Smelting Company pro-

cure here at little cost all the salt required fdr their reduction works,

situated on the easterly border of this marshT

Twenty miles south of the old overland stage road, near the Utah

35 M E
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line, and 175 miles west of Salt Lake, is a flat, 4 miles long by 1 J miles

wide, which iu the early summer, when the snow melts on the adjacent

mountains, is covered with water to a depth of several feet. Later in

the season this water evaporates, leaving a crust of salt from two to

eight inches in thickness. This salt, having been scraped into heaps,

is jilaced on cars and run out over a track laid to solid ground, and there

transferred to wagons and hauled to the mills in that part of the State.

From this marsh the Solar Salt Company gather and dispose of about

2,000 tons annually, 20 men, 7 white and 13 Indians, being employed at

the works. This salt is worth $13 per ton on the ground, and from $20

to $40 delivered at the mining camps. The marsh is surrounded by
hundreds of springs, some of them close on its border, and all afford

ing pure, fresh water.

In Big Smoky valley. Lander county, and in the Cortez district, GO

miles farther north in the same county, large areas of ground are cov-

ered with a thin crust of salt, which is gathered and sent to the mills in

its crude state. For table use, a salt is produced from this crust by
leaching and then recrystallizing the brine.

To enumerate, however, all the localities in Nevada where salt occurs

in the form of a thin incrustation on the surface, and sometimes in beds

like those already described, would make a long list. Suffice it to say,

workable deposits of this mineral exist in every part of the State,

hardly any of the larger counties being without enough for home use,

with much to spare, where there is a market for it.

While salt in Js^evada is cheap enough at the point where produced,

the price there hardly ever exceeding 1 cent per pound, it is apt to cost

the consumer pretty dearly, transportation in that country, even for

short distances, amounting often to two and three times as much as the

cost at the salines. With the introduction of railroads into the coun-

try, the cost of transportation is growing less, and will probably undergo

such reduction that great quantities of this commodity will eventually

be exported from the State.

The salt companies of i^evada usually pay their employes the fol-

lowing wages : white men, $2 per day and found ; Indians ancLChinese,

$1.50. They employ during the active season, extending usually from

April to December, an aggregate of GO hands, and have about $75,000

invested in the business.

The product of the Eagle Salt Works, in Churchill county, during the

past four years, has been as follows

:

Tears.
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The average spot value of the ordinary salt is $18 per ton. At these

works 200 net tons of table salt arc produced annually, of a spot value

of $40 per ton, or $8,000 yearly.

California.—California has from t.lie first been a large producer of salt,

the native races and earlier settlers in the country having obtained their

supplies mostly from the natural deposits found iu the lagoons about the

bay of San Francisco, and along the sea coast, gathering some also

from springs and pools in the interior. The first works in this State

provided for facilitating the natural j^rocesses operating to produce

salt were constructed more than 20 years ago on the east side of the

bay of San Francisco, at a point 22 miles southeast of the city. These,

though crude in form and of limited caj)acity, having answered a good
jmrpose, were soon followed by larger and better works, until these

establishments have become not only numerous but noted for their

capacity and completeness, large quantities of salt of various grades, the

most of it of excellent quality, being produced here annually. The evap-

orating reservoirs of these companies, some twenty in number, have an

aggregate length of 16 or 18 miles, the whole covering an area of many
thousand acres. The largest of these companies, the Union Pacific, own
over 1,200 acres of salt marsh land, the most of it consisting of a flat

low.-lying island, traversed by sloughs, and indented by lagoons which

at ebb tide contain little or no water. On the adjacent shore of the bay
are immense tracts of similar lands on which the works of the other

companies are situated. This island has been divided by dikes into num-

erous reservoirs, the larger containing from 100 to 300 acres each. Into

the largest of these the sea water is let through many small gates, and

is left there for three or four weeks, when it is discharged into the next,

whence, after remaining for the same length of time, it is passed on to a

third, and finally to a fourth and a fifth reservoir, the lime and mag-

nesia being precipitated in these last two, and left on the bottom.

After this the brine is drawn off into smaller ponds where further evapo-

ration takes place and the salt crystallizes. When a finer grade of

salt is to be produced, these ponds are provided with wooden floors, a few

being also wholly inclosed with boards. When the deposit is com-

pleted the salt is raked into heaps, then shoveled into baskets and run

out on cars to the edge of the yard, where it is piled in heaps which are

left to weather through at least one rainy season, whereby the crystals

are whitened, purified, and rendered fit for market or for grinding.

Where a specially pure article is required, the cleanest of the brine is

pumped up by windmills into wooden tanks, and the process of evapo-

ration is there completed. As soon as the first reservoir is emptied it is

again replenished, others being emptied and filled in the same manner,

this i)rocedure being kept up throughout the entire season, which usually

lasts from about the first of May till the middle 'of November.

This company, which employs about 80 men. and has over $100,000

invested in the business, has of late years ijroduced an average of 10,000

/
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net tons of salt per annum, though the works have a capacity to make
a much larger quantity.

The other companies operating in this locality proceed on much the

same plan as the Union Pacific, all the salt made here, amounting lat-

terly to about 25,000 tons per annum, beiug produced by solar evapora-

tion. The product for J 882 was considerably larger, being estimated by
competent judges at 30,000 net tons, and that for the first half of 1883

at 13,000 tons. These companies liave not as yet made much use of

their by-products. Some of them having found it profitable to recover

the magnesia held in the mother liquor from the crj^stallizers, have sup-

idied it in considerable quantities to the manufacturers of high explo-

sives, who use it for the absorption of nitro-glycerine, in place of in-

fusorial earth. Shipments of salt from San Francisco in 1882 were

248,200 pounds over the Southern Pacific railroad, and 48,280 pounds

over the Central Pacific railroad.

Salt springs, lagoons, and marshes are met with in various parts of

California, some of the marshes found in the southeastern part of the

State being nearly as extensive as those in Nevada. But little salt has

ever been taken from them, however, as they lie in remote and desert

sections of the State. Holes dug in the moist lands bordering on the

lakes of Tulare and Kern counties soon fill almost to the top with salt

water. Some salt has been made at these places by lixiviation and

crystallization. Salt springs are plentiful in Owen's valley, Inyo county,

there being according to report a large body of pure rock salt in Saline

valley, in the same county, but some distance to the east of Owen's

valley. Salt from jiools and springs has been made on a small scale at

San Rafael, Marin county; in different parts of Santa Clara, San Ber-

nardino and Los Angeles counties ; and from sea water at Santa Monica,

San Diego, and elsewhere on the sea-coast. Only enough has however

been produced at these various places for local consumption.

Data relative to salt production in California, as shown hy the census 0/I8SO.

Number of works 25

Capital invested $365, 650

Avenigc number of hands employed during the year 184

Amount of waives paid $49, 120

Number of vats in iise 185

Aggregate area in square feet 14, 228, 802

Number of bushels of salt made from bay or sea water 878, 093

Number from other sources 6, 350

Wages in salt works on San Francisco Bay, California, May 1, 1883.

Clnssoa of employ6s.



SALT. 549

Besides the salt made in California, large quantities are imported,

the total consumption of the State amounting to about 75,000,000

pounds, or 37,500 net tons. The imports in 1882 were:

Pounds.

England 12,841,212

Carmen Island 761,600

Peru 1,200,000

As compared with previous years, the quantity of salt brought last

year from Carmen Island, on the coast of Lower California, shows a

great falling off, importations from that source having since nearly

ceased. The importation quoted above is the first considerable lot ever

brought from Peru.

The arrival of so much salt from Liverpool, brought by ships coming
to San Francisco to load with wheat, has tended to keep the price of

this staple greatly depressed in that market. Thus the year 1882 opened
with Liverpool selling at 813.50 per ton ; the price before the middle of

the year, stocks on hand being considerable, and arrivals free with more
on the way, dropped to $12 per ton. Euling rates of salt per ton in

San Francisco during the past ten years have been about as follows:

California bay product, first quality (that made in wooden vats and
ground), $12 to $15; second quality, $7 to $8; common bay, used for

hide salting and other coarse curing, $5 to $6. The first grades of Cal-

ifornia salt, known as the "Eock Island" and the "crystal" brands, are

highly esteemed for their strength and purity. They are bought exclu-

sively by the Government, and are used more than any other kinds for

meat curing and dairy purposes. Common Liverpool salt has usually

sold at a dollar or two more per ton than first-class California, while

Liverpool stoved and a few other fancy brands have commanded still

higher figures. Occasionally when jobbers have been able to control

the market, the i)rices of this commodity have been advanced to much
higher figures than above quoted. The salt made on the Bay of San
Francisco is as good as any ii^ the world, being in strength and purity

equal to the best French brands, and much heavier than that imported

from England, weighing 58 pounds to the bushel, whereas the English

weighs but 52 pounds. From California several thousand tons of salt

are exported every year, the most of it going to Washington Territory,

Oregon, and British Columbia, a little being also sent to other coun-

tries.

Utah.—Mr. J. M. Goodwin, of the Salt Lake City Tribune, furnishes

the following information: " Salt is made from the waters of Salt Lake
in such quantities as to meet the demand. By the rise of the lake in

spring, and also by the banking up of the waters by winds, lagoons are

filled; and the waters being held by dams evaporates by solar heat, a
fair quality of salt crystallizing. It is used for domestic purposes, but
chiefly for silver mills. Near ^STephi, 100 miles south of Salt Lake City,

300 tons of rock salt were mined and marketed in 1882. In southern
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Utali there are immense quantities of rock salt of excellent quality. The
salt interest of the Territory is destined to become very important, as

the supplj' is practically unlimited."

The Utah product during the past four years, as estimated by Mr.

Goodwin, has been as follows

:

Salt production of Utah. i

Yeaia.
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Salt imported into the United States during the fiscal years specified {specie values).

[Dutiable. ]

Tears.
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THE SAIilNES OF liOUISIANA.
Dy E. W. Hilgard.

A salt-bearing formation appears in Louisiana in two widely separated

l^ortions of the State, and under two different aspects. One is a group of

salty flats, or '^ licks," in the northwestern part, in the parishes of Web-
ster, Bienville, and Winn, northward of Natchitoches; the other is the

great rock-salt mass of Petite Anse, or Avery's island, situated in the

sea marsh on the shores of Vermilion bay. At first sight the phenomena
in the two regions seem utterly unlike; but a close examination made
by the writer in 18G9 seems to connect them very distinctly as portions

of one and the same formation, the (Upper) Cretaceous. As the data

leading to this conclusion are mainly derived from the salines of North-

west Louisiana, these, though jiractically the least important, will be

first described.

SALT LICKS OF NORTH LOUISIANA.

The "licks" mostly form part of the bottom or second bottom of the

water-courses, and vary from a few acres to over one hundred in extent.

They are usually destitute of trees, but are partially at least covered

with the usual salt vegetation, including several species of sal-soda,

samphire, and salt-marsh sedges; some red cedar also occurs. The soil

is whitish and silty and often incrusted with salt; its level is usually

above ordinary stages of water. Ordinarily, no outcropping rocks con-

nected with the licks are to be seen ; but, not uncommonly, roundish,

gnarled calcareous concretions may be noted on the surface. In the sur-

rounding, mostly hilly and sandy country, timbered with oaks and short-

leaf pine, the body of the ridges is formed of dark-colored clays and sandy

materials of the llgnitic Tertiary, containing at times ledges of a fer-

ruginous rock with Tertiary (Claiborne) fossils ; while the crests are most

commonly topped with the ferruginous sands of the southern stratifietl

tlrift ("Orange sand"), frequently' indurated into a ferruginous sand-

stone, void of fossils and frequently used for building fireplaces and
chimneys, as the only available country rock.

From some of the licks, salt springs flow into the adjacent streams,

and around those the Indians were in the habit of congregating for the

purpose of boiling their supplies of salt, and their baskets and pottery

are still found in digging. Of course the licks were also resorted to by
wild, as they now are by tame, animals of all kinds, and numerous bones

are found wherever pits are dug; some of the mastodon have been
especially noted.

In early times the settlers of the surrounding country resorted to the

licks annually to boil their supplies of salt; but for some time i)rior
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to the civil war, as at present, the localities were deserted, the old fiir-

uaces and pits alone indicating their previous occupancy. During the

war they again became the scene of great activity, companies, neigh-

borhood delegations, aud families flocking to them for a supply of the

much-needed article, which was not only distributed to the " trans-Mis-

sissippi" department of the Confederacy, but also crossed the Missis-

sippi, going as far as Alabama and Georgia, alongside of the Petite

Anse rock salt. The salt water, probably never exceeding from 2 to 3

per cent, in strength, was pumped from pits or wells dug to the depth

of 15 to 20 feet in the flats, and was boiled in sugar kettles or farm
boilers of all kinds and sizes, set in rude furnaces built of the ferruginous

rock mentioned. The remains of scorces of such dot the flats. A
royalty was usually paid the cfwner of the ground per bushel of salt.

As these features are substantially the same in all of the licks, only a

few details regarding each need be mentioned.

The most northerly of the licks lie on the eastern shore and near the

head of Lake Bistineau ; hence a not uncommon but very erroneous

impression that the waters of that lake are salty. The writer has not

visited the Bistineau licks, and has been unable to obtain any details

regarding them, save that they form flats along the shore, overflowed

at high water, the largest of which is near the point where the Vicksburg
and Shreveport railroad crosses the lake near the northwest corner of

township 17, range 22 west. Here, as elsewhere, the salt water has been •

obtained chiefly from pits or shallow wells dug in the flat. This locality

was during part of the war regularly occupied by a manufacturing com-

pany.

An examination of a sample of Bistineau salt received by the writer

in 18G2 gave the following results. The salt was of a grayish tint,

quite fine, having evidently been scooped out of the boilers during the

Ijrocess, and somewhat moist. On treatment with water about 5 per

cent, of insoluble, apparently earthy sediment remained; the salt in

solution consisted of

:

Chloride of sodmm (by difference) 99.68

Cliloride of calciam 0. 17

Chloride of magnesium 0. 10

Sulphate of calcium 0. 05

100.00

Considering the rude appliances and primitive mode of operation by
which this salt was produced, its purity is rather remarkable.

About 18 miles to the southwest, on section 34 of township 15, range

20 west, is " King's lick," on the banks of bayou Castor, a tributary of

Black Lake bayou. It is about 10 acres in extent, and in the flat a

number of pits have been dug, most of which do not reach beyond the

silly alluvial material. Some, however, reached a soft calcareous marl,

containing a multitude of small oysters, among them Gryphcea pitcheri
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and Exogyra costata. In the deepest pit a hard and partly crystalliue

limestone is laid bare, containing tlie same oysters and also a Janira,

many fine si)ecimens of which are said to have been carried off as curi-

osities. This is the first locality in which the existence of Cretaceous

outcrops in Louisiana was demonstrated.

Eighteen miles due east of King's lick, on section 34, township 15, range

17 west, is Eayburn's lick, one of the most extensive. The phenomena
here differ from those at King's only in this, that the limestone is of a

j)eculiar banded structure, very crystalline and above frequently pass-

ing into similarly banded calcite masses ; it is underlaid by a bed of

gyjisum rock ; no fossils were noted here. The following is a section of

the pits

:

Feet.

Gray or blackish alluvium 6

Gravel conglomerate, soft 6-7

Liuiestoue with band of calcite 6

Massive gypsum, thickness unknown.

It was from beneath the gypsum, through crevices, that the salt

water seemed to rise.

About 11 miles south of Eayburn's, on section 26, township 13, range

17 west, is Price's lick, a horseshoe-shaped flat on Cypress bayou ; re.

sembling the others in every particular, with abundant saline flora and

. calcareous concretions on the surface, also some small globular or pisi-

form lumps of vivianite. The pits here were very shallow and the brine

stronger than anywhere else. Limestone has apparently not been

reached here, the dumps of the pits showing the gray laminated clays

of the Tertiary lignitic only.

About six miles south-southwest from Price's, on section 22, township

12, range 17 west, is the locality of what is best known as Drake's salt

works, on the banks of Saline bayou. The licks here extend for a mile

and a half along the bayou, their character being the same as usual. At
their northern end, on the east bank, a number of artesian bores have

been made. One is 1,011 feet in depth, and runs a constant stream of

from 18 to 20 gallons of weak salt water per minute ; it is said to have
been sunk in solid limestone all the way. The water rises to 35 feet

above the mouth when in pipes. The dumps of these bores have dis-

appeared, but some fragments reroaining show a rock partly crystal-

line, partly substantially identical with the "rotten limestone" of jMissis-

sippi and Alabama. The salt water is said to have decreased rather

than increased in strength as the bore deepened ; but the detailed records

cannot now be obtained. The borehole mentioned is one of eight bored

here about 1845, all of which throw water above surface level when
clear. Failing to obtain brine of adequate strength, Mr. Drake aban-

doned salt-making ; but it was resumed during the war, when for awhile

a considerable amount was made, largely by squatters, who actually

destroyed the works and mills. An analysis subsequently made ot the
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water of tbe flowing well showed it to contain about two per cent, of

solid matters, consisting of

:

Cbloride of sodium 93.30

Cliloride of magnesium 1.78

Carbonate and sulphate of calcium 4.92

H)0. 00

Some distance west of the bayou and licks, there are outcrops of fos-

siliferous rocks on bluff hillsides. These have been ascertained by
Prof. F. V. Hopkins, then in charge of the Geological Survey of Louisi-

ana, to be of Tertiary age.

Another, but quite small lick, called Cedar lick, lies about 3 miles

soutwest of Wiufleld ; it resembles the others in all respects, has a

spring of pretty strong brine, but no pits have been dug and the pres-

ence of the limestone has not been ascertained. But about 7 miles

west-nortbwest from this lick, on a direct line to Drake's lick, there is

a rocky hill, rising some 60 feet above the drainage of the country, and
consisting of precisely the same crystalline, banded limestone found in

tbe pits at King's and Price's licks, strongly contrasted with the Ter-

tiary rocks near its base. It is the highest point at which the Cretace-

ous rock appears in Louisiana; there are probably, however, some
other points than those mentioned at which it comes near the surface,

viz., the neighborhoods of Kochester and Louisville, located respect-

ively in townships 13 and 14, range 16 west, northeastward of Price's

lick. Here there are small calcareous prairies which may possibly be

formed by Tertiary limestone, but are more probably due to the ap-

proach of the Cretaceous material to the surface.

The entire series of observations goes to prove the existence of a

mostly subterranean and doubtless anticlinal Cretaceous ridge, extend-

ing from the Cretaceous area of Arkansas in a southwesterly direction

into Louisiana, where it would strike Eed river about or somewhat
below ISTatchitoches, thus tending (as will be noted directly) towards

Vermilion bay. On either side, marine and brackish Tertiary beaches

adjoin north of Red river, {a)

This alone wodid of course be a mere conjecture, were there no inter-

mediate outcrops to indicate the continuance of the ridge. One such,

however, actually exists in the parish of Saint Landry, about 9 miles

southwest of Chicotville. Here a limestone deposit, undistinguishable

from that forming the hill near Winfield, banded, crystalline, porous,

and, so far as seen, non fossiliferous, and at the same time utterly un-

like that of any of the Tertiary groups, appears in a hill near the banks
of Boggy baj'ou, and supplies a limekiln. A comparative analysis has

shown the rocks from the two localities to be strikingly alike in compo-
sition also, and to differ widely in this respect from the Tertiary rocks.

a See Second Annual Report of the Geological Survey of Louisiana, 1870, p. 4 and
FF.
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This outcrop again lies on a direct line between the licks of northwest

Louisiana and Petite Anse island.

As a matter of course, the licks are at present, under ordinary circum-

stances, of little importance in an economic point of view. It is stated

that in the deeper pits the brines were so abundant that the pumps never

made any impression upon them ; but their weakness would forbid the

manufacture of salt without the aid of solar evaporation, save in the

case of such emergency as that existing during the civil war. Their

total product during the war can only be conjectured ; but it is stated

that at Kayburn's lick alone the daily output was for some time over

1,800 bushels daily, and the detailed consideration given them here is

justified by the bearing upon the true character and possible extent of

the remarkable rock-salt mass of Petite Anse.

ROCK-SALT MASS OF PETITE ANSE.

Topography and geology.—Petite Anse is one of a series of five " islands "

extending from the eastern shore of lake Peigneur, in a southeasterly di-

rection, to the mouth of the Atchafalaya, at intervals offrom 7 to 22 miles.

They are Orange island. Petite Anse, or Avery's island, Weeks's island.

Cote Blanche, and Belle Isle, and from conspicuous landmarks on the

otherwise level coast and marshes and Attakapas prairies, from which

they rise abruptly from 85 to (in the case of Petite Anse and Cote Blanche)

180 feet. Belle Isle, the most southerly, is the smallest, having an area

of only about 350 acres ; the rest average over 2,000 acres. Geolog-

ically, all show the series of Quaternary and mostly paludal deposits,

correspf>nding to the profile of the Port Hudson bluff, overlying (cer-

tainly in the case of Petite Anse and Weeks's island, and probably in

all) a nucleus of semi-indurated sands and gravels (corresponding to the

stratified drift or " Orange sand " of the southwest), the surface of which

shows undulations as great as those of the present surface. Underlying

these is found, at Petite Anse, the mass of rock salt.(fl) The overlying

paludal and fluviatile clays and loams frequently contain freshwater

shells, or, in place thereof, bands and sometimes ledges of calcareous

nodules or nodular limestone, which on the seaward face of Cote

Blanche is very abundant and crystalline. Beneath this lies at this

island a stratum of paludal clay, with lignite seams and cypress stumps;

and a similar deposit is found at the seaward foot (mostly marsh) of the

other islands. It should be understood that no cypress is at present

ever found within the limits of the salt marsh ; hence at the time these

cypress swamps existed, the surrounding conditions must have been

quite different from those now prevailing. It is not certain that all

these swamps are older than the higher portions of the islands.

a See general profile of this island in the writer's memoir, Smithsonian Contribu-

tion No. 248, •nherc also a general map of this and detailed description of the other

islands are given.
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Petite Anse is of rounded bean shape, tlie longer diameter northwest

and southeast, a concavity to the southeast. Its western half is closely

hugged by the bayou Petite Anse, while on the east it touches the

cypres-mort woods and cypress swamps, leaving more than two-thirds

of the base surrounded by marsh, across which on the landward side

(towards l^few Iberia) a causeway 2 miles in length has been built. The
greater part of the island is hilly, but on the east there is a considerable

tract of level cultivated fields. The main ridge is of a U-shape, with

its vertex and highest point (Prospect hill, 180 feet) toward the north,

falling off rather steeply into the marsh ; opposite, near the concavity

on the south, and in a small valley but a few hundred yards from the

edge of the marsh, is the flat or lick beneath which, in May, 1862, the

rock-salt mass w^as found by Mr. J. M. Avery, at the bottom of a pit

sunk for salt water.

That the place has been resorted to for the same purpose from ancient

times is obvious from the numberless vestiges of the visits of both men
and animals that have been found in such pits. " Mastodon, buffalo,

deer, and other bones ; Indian hatchets, arrow-heads, and rush baskets;

but above all, an incredible quantity of pottery fragments have been

extracted from the pits. The pottery fragments form at some points

veritable strata 3 to 6 inches thick ; this is especially the case where
Mr. Dudley M. Avery found what appeared to have been a furnace for

baking the ware (a process very imperfectly performed), and near it

three pots of successive sizes, one inside the other. The pots must be

presumed to have served the purpose of salt-boiling, for although human
handiwork has been found so close to the surface of the salt as to make
it probable that its existence was once known, yet the boiling process

alone has been resorted to within even traditional times." («)•

Subjoined are profiles of the strata found overlying the salt: one

from the record of an air shaft recently sunk in the detrital portion of

the valley, as reported by the superintendent, Mr. Crooks ; the other,

that observed in the shaft sunk in 1868 by Mr. Charles Chouteau, at a

point on the hillside to the eastward

:

I.

—

Profile of Chouteau's xipper shaft.
Feet.

6. Soil i
5. Yellow and brown loam 2

4. Ferruginous sand, rather loose above, more coherent below
;
grains

rounded, and white pipeclay intermixed 18

3. Gravel, small above, large below 2

2. Bluish pipeclay and sand, interstratified 6

1. Rock salt

II.

—

Profile of neto air shaft.

9. Sandy surface soil, of many layers 6

8. Black waxy earth, free from sand below 2^^

7. Soil and sand mixed 2

a See memoir 248, p. 14, op. cit.
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Feet.

6. Liglit-colored sand 2

5. Black waxy earth, like marsh mud, with fragmeuts of burnt and
ornamented pottery 4

4. Light draT)-colored sand 1^

3. Yellow sand, with some clay i
2. Dark sand, with gravel up to fist size i to 6

1. Rock salt

Profile ^o. II. is fairly representative of the varied layers and mate-

rials usually found in the salt flat itself. They frequently correspond

strikingly to those constituting the adjacent hillsides, from which they

have evidently been gradually washed down. The remains of animals

are found most abundantly in the layer of shingle and earth immedi-

ately overlying the rock salt itself, which has therefore probably been

once licked by mastodons. It is stated that mastodon bones have been

found in contact with rush baskets ; but in detrital deposits manifestly

full of old pits, little importance can be attached to such proximity as

proof of contemporaneousness.

Profile I. represents properly the geological position—the rock salt

overlaid by the characteristic deposits of the stratified drift (including

large Palieozoic i)ebbles), and this again, as elsewhere in the island, by

the Port Hudson beds. The formation of the salt mass therefore ante-

dates the drift period at least, nor is there within the Quaternary age

any epoch to which we could with any show of probability assign the

evaporation of sea-water during the long periods of time required for

the production of such large masses of pure salt, unmixed with any of

the usual by-pro'ducts of such a process. Our only choice lies between

the Tertiary and Cretaceous formations. Of these, the former has not

anywhere in the Southwest shown any signs of salt deposits; while the

latter, as has been shown, is strongly thus characterized in northern

Louisiana, and the outcrops of its rocks reach to within GO miles of

Petite Anse, with a trend in that very direction. Moreover, the same

rock preciselj^, associated again with gypsum, is found in the same

latitude as Petite Anse, in the boreholes sunk for petroleum on the west

fork of the Calcasieu river. It here overlies the great sulphur bed, and

is itself overlaid bj' the well-characterized sandy fossiliferous limestones

of the Tertiary, which crop out on the Sabine river 80 miles to the north-

ward, and are there as completely devoid of gypsum, salt, sulphur, and

crystalline limestones as they are from Vicksburg to South Carolina.

From direct indications, then, as well as by exclusion, the Cretaceous

age of the Petite Anse salt is almost beyond question, (a)

Historical data.—Upon the discovery of the solid salt in 1862 there

quickly came a rush for a supply. The confederate government caused

examination to be made, which resulted in the establishment of a very

a See for details the writer's "supplementary and final Report of A Geological

Recounoissauce of Louisiana," New Orleans, 1873.

I
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irregular system of exploitation by numerous pits, intended to supply

as quickly as possible the pressing wants »f the blockaded section.

For some time these works, together with the brine pits of north-

western Louisiana, supplied the whole of the southwest; until in A^jril,

1863, the taking of the island by the Federal forces put an end to

operations. It is impossible to form an estimate of the total amount
then extracted (a) ; but it was found that the surface of the salt is very-

undulating (ranging from 7 feet above to 25 feet below sea level), con-

forming in a measure to the inequalities of the present surface.

The first scientific observer who afterwards visited the island, so far

as known, was Prof. Richard Owen (November, 1865). He ascertained

the sedimentary character of the formations, as against the theory of a

volcanic origin, previously mooted. He attributed the formation of the

rock-salt mass to inundations from storm tides. (6)

In November, 1866, Prof. Chas. Goessmann made an examination of

the deposit, mainly from a practical standiDoint, under the auspices of

the American Bureau of Mines. His able report (e) is exhaustive on the

technical part of the subject, and the notes and specimens furnished

to the writer by him were of essential assistance in his subsequent

explorations.

In Novepaber, 1867, the writer was enabled to respond to an invitation

previously given by the Secretary of the Smithsonian Institution, to un-

dertake a full exploration of the region with a view to the determination

of the geological relations of the salt deposit. This exploration only

determined, so far as the age of the deposit was concerned, that its form-

ation antedated the drift period, and could not well be ascribed to local

causes, (d) no more definite conclusion being warranted by what was
then observable on the spot. At that time the regular workings con-

sisted of a shaft 8 by 8 feet, 83 feet in depth, of wliich distance 58 feet was
in the solid salt. From this shaft galleries 8 to 10 feet high by 25 feet

wide had been driven east and west to distances of about 150 feet each

way. The work had been prosecuted for some time under the auspices

of Mr. Chas. Chouteau, of Saint Louis, but was finally abandoned by him,

chiefly on account of the difficulties of transportation, the bayou Petite

Anse being obstructed by a bar at its mouth, and the bayou Teche be-

ing 10 miles distant, Morgan's Texas and Louisiana railroad then termi-

nating at Brashear City. When it was subsequently extended so as to

pass within 7 miles of the mine, no satisfactory arrangement for a branch

road and transportation could be made. The work in the mine thus

languished, though resumed at intervals in efforts to bring the salt into

a It is estimated by Mr. D. M. Avery as high as 30,000 tons.

b American Journal of Science, July, 1866, p. 120,

c Report of the American Bureau of Mines on the rock-salt deposit of Petite Anse,

4to, New York, 1867.

dSee the writer's paper on the Geology of Lower Louisiana and the rock-salt do-

posit of Petite Anse island, American Journal of Sdeiice, January, 1869.

36 M K
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market demaud, and alwajs supplying the families on the island. A
companj^ took uj) the work in 1878 and 1879, but did little additional

work, only deepening a part of the existing galleries. The total output

from the shaft and galleries may be estimated to have been about 5,000

tons uj) to 1880.

The American Salt Company, now holding the lease of the mine, began
work in July, 1880, and after a careful survey adopted a regular plan,

which has been j)ursued ever since, (a)

Plan and details ofwork.—Two large blocks, about 180 by 280 feet each,

are left on either side of the working shaft for the support of the build-

ings above. Beyond this the mass is to be worked b^' a system of cham-

bers and cross-headings 35 to 42 feet wide by 65 feet in height, leaving

a roof of 55 to CO feet of solid salt above, and pillars of the same diame-

ter as the chambers (42 feet square) for its sui)port. In pursuance of

this general plan, the work has now been i)ushed to a distance of 270

feet east and 370 feet west from the shaft, with no perceptible change

in the salt mass. The cross-headings have reached a distance of 190 feet

each way (north and south) from the center line of the main gallery on

the west, and 80 feet north on the east. The block of rock salt thus

jjresumably outlined up to the present time is therefore a rectangle 040

by 380 feet. At the same time the shaft has been sunk to tht' depth of

190 feet from the surface, or through 165 feet of solid salt, still unchanged

in character. This brings the estimate to over 40,000,000 cubic feet, or

about 2,800,000 tons of salt. If we suppose all the present headings to

be close to the limits of the salt mass, the latter still exceeds 2,000,000

tons, now in sight. So far, however, there is no indication of a change

in character, such as would be expected to indicate any natural termina-

tion. On the other hand, surface explorations by pits have demonstrated

the existence of the salt over an area of 144 acres, or more than ten

times the area now outlined by the workings, so that if the mass should

l^rove to be continuous over that area in thickness as well, the above

estimate would have to be multiplied by ten. Accordingly the com-

pany's engineer in his report estimates the amount of salt in sight to

be in round numbers 28,600,000 net tons.

The only indication of structure shown by the coarsely crystalline

mass {b) is a nearly vertical lamination, similar to the rings of a tree,

and three to four inches apart. This lamination does not, however,

manifest itself very perceptibly in the splitting of the mass in blasting,

a For an interesting and full report of tlic work of this company and of the present

condition of the mine I am indebted to Mr. William Crooks, general manager. What
follows is chiefly abstracted from his re])<)rt.

b The remarkable solidity and uniformity of thorock-saltmassis well demonstrated

by the fact that the mine is practically dry, so long as water is prevented from enter-

ing the shaft, and this notwithstanding the abnndanco of water oxisting at its sur-

face and entering the pits dug for brine, amounting in some cases to lively streams

carrying quicksand. Only a trifling ooze has occasionally come in through obscure

Beams.
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wbicli is now done by means of dynamite, so as to prevent the objec-

tionable blackening of the salt.

The headings are worked by first undercutting on the level of the

tioor to a height of about 8 feet, to the full width of the gallery, and

always considerably in advance of the face, so as to be prepared for any

sudden large demand. The undercutting consumes on an average about

four pounds of powder per cubic yard, while the blasting away of the

overhanging salt lequires only about one pound for the same quantity.

This work is carried on entirely by hand by means of borers operated

by two men, on the principle of the "drill press." These machines

were imiDorted from Germany in deference to the preferences of the

Stassfurt miners, who constitute almost the entire force. These drills

seem to be no better in operation, however, than those used in the

'anthracite mines of Pennsylvania. Two men bore and fire 12 holes of

5 feet depth during a shift of eight hours. The uncertainties of tariff

legislation have thus far prevented the employment of j^ower drills,

which would be especially advantageous in the undercutting. The
miners work by the piece (*. e., cubic yard), earning $2.50 to $3 per day,

or even more, according to skill. The laborers who break up the salt

Avork by the day, making $1.50 to $1.75.

After blasting, the salt is broken with sledge-hammers to a suitable

size for loading into the mine cars, which are then hoisted bodily to a

l^latform about 70 feet above the surface, then damped into a chute

which screens out the small and conveys the larger lumps to Blake

crushers, working some feet below. These crumble the salt to about

the size of coarse solar or Turk's Island salt, say from the size of a bean

to that of a hen's egg. From the crushers the salt falls into a bin which

feeds the mills. These are French buhrs, underrunning, such as are

used in grain-mills, 36 inches in diameter, and making 350 revolutions

per minute. They will each grind nine tons per hour to a grade corre-

sponding to Liverpool coarse salt; by closing or oi)ening the mills the

salt can readily be ground to any desired degree of fineness. From the

mills it passes directly into packages for market, which are most com-

monly sacks holding 200 pounds, and barrels of 280 pounds, which

can be at once delivered to the cars. For the use of farmers and stock-

men it is also shipped in large lumps.

Shipment.—Unable to make satisfactory arrangements with Morgan's

railroad, the present company cut a canal from the bayou through two

miles of marsh to the deep water of Vermilion bay, the work occupying

a year. Since its completion the salt has been shipped by a fleet of

steamers and coasting vessels to Galveston, New Orleans, and Mobile.

Lately, however, arrangements have been perfected with the new man-

agement of the railroad, a branch of which was to have been completed

to the mine May 1, 1883, thus connecting it with the entire Huntington

system and its connections. Last year large quantities of a grade cor-

responding to the Turk's island salt were shipped to the extensive pack-
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ing houses at Chicago, Milwaukee, and Kansas city. The article was
found to be especially adapted as "heading" salt for packer's use, both

on account of its purity and the slowness of its dissolution. Large

orders from these points have been renewed, and it is hoped that here-

after it will be extensively emj)loyed in the packing business of the West.

On account of its freedom from bittern and consequent dryness, it is

especially liked for table and domestic use. This purity, apparent on

mere inspection, is more definitely shown in the analysis made at dif-

ferent times of samples from different parts of the mine. Of these the

two given below are extremes, showing from 98.73 to 99.88 per cent, of

chloride of sodium ; while others, made successively by Professor Eid-

dell. Dr. Goessmann, and others, range from 98.88 to 99.60, the impur-

ities being chiefly gypsum and small amounts of the chlorides of mag-

nesium and calcium.

Analysis by E. W. Hilgard, 1863.

Chloride of sodium 99. 880

Chloride of calcium trace.

Sulphate of calcium 0. 126

100. 006

Analysis by Mr. F. TV. Taylor, analytical

chemist, Smithsonian Institution, March

10, 1882.

Sodium chloride 98. 731

Calcium sulphate 1. 192

Calcium chloride trace.

Magnesium chloride 0. 013

Sili«^
Jiusol.j

0-024

Iron sesquioxide ; ( 0; 010

Water 0. 030

100.000

Production.—The total output by the present company up to March
20, 1883, was 60,000 tons. During 1883 it is expected to average 200

tons daily.

Origin and probable extent of the salt mass—The great thickness and
uniformity of the salt mass, both vertically and horizontally, points to

its origin in the long-continued evaporation of some very large body of

sea water. Nothing like a mere lagoon could have produced a mass so

large and so little contaminated with th^, accompanying ingredients,

gypsum, bittern, etc. This is especially striking if the vertical lamina-

tion reported by Mr. Crooks maybe regarded as lines of successive dep-

osition, so that the horizontal dimensions are to be taken as represent-

ing the thickness of the deposit. There is no phase of the Tertiary his-

tory of the Gulf of Mexico—its gradual shallowing and regular recession

from the head of the estuary near Cairo—that seems to admit of any
such process taking place in the locality where we find this mass. The
Cretaceous period, on the contrary, witnessed the laying dry of inland

ocean beds on a stupendous scale; so that brines freed from their gypsum
by concentration elsewhere may have been subjected to evaporation in

many minor basins. The gypsum occurs abundantly in the saline strata

of north Louisiana, associated with manifestly non-zoogene limestone;
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and similarly in the bored wells of Calcasieu. Most of the correspond-

ing salt brine doubtless reached the ocean j some may have been re-

tained in basins on the plateau of the Cretaceous ridge, and the Petite

Anse mass may be the remnant of such a basin.

But how did this mass escape solution in the Tertiary ocean, and in

the great floods of the drift ? We know that the latter scoured its sur-

face into hills and valleys, and finally covered the salt with its own
deposits. Prior to that time the submarine ridge now marked by the

Cretaceous outcrops above described, jutting out diagonally across the

axis of the Tertiary embayment, would have naturally received an extra

share of slackwater deposits, such as would soon protect the salt mass
from rapid solution. If the latter should actually prove to be " set on
edge " that position might be inferred to have resulted from tilting,

caused by undermining, with at least as much i^robability as would
attach to the theory of upheaval. But for this indication of the banded
structure, we might hope that the salt mass were still conformable to

the rest of the formation and connected with it, and, therefore, likely

to be continuous over a long distance. The failure of borings made in

the other islands to disclose any saline deposit or older rocks, can hardly

be held to be conclusive, on account of their shallowness. In any case

it seems reasonable to suppose that the " Stassfurt salts " belonging to

the salt mass have long ago been washed into the general ocean, and
that so far as it reaches, it will (apart, perhaps, from gypsum) continue

to be found as pure as now.



BORAX.
Limited area.—Nowhere in the United States have any considerable

deposits of this valuable salt been found except in California and

Nevada* where it occurs at a number of localities, in some of which it

is found sufficiently concentrated to render them available for working.

In some of the hot springs in the Yellowstone valley, Montana, boracic

acid forms occasionally as much as 6 per cent, of the residue on evap-

oration, but generally the tenor is less than 1 per cent.

Discovery of borax in California.—The first discovery of this mineral

in California is due to the late Dr. John A. Veatch, a close student and

careful observer, who, as early as 1850, having detected the presence of

boracic acid in the waters of certain mineral springs, followed up this

clew, visiting many similar springs and various salines, until at last,

after much search and many disappointments, he came upon quite a

large deposit of borax resting in the bed and about the margin of a

marsh or pond situated on the easterly border of Clear lake, in Lake

county, California.

The finding of this deposit was not the result of mere luck or acci-

dent, as has so often been the case in the discovery of valuable mineral

deposits. Dr. Veatch, being thoroughly informed as to the conditions

under which the salt is apt to occur in nature, after having his interest

awakened by meeting with some traces of it in his travels, sought long

and diligently for those peculiar salines which usually constitute its

habitat. Many months were spent in going from one alkali flat or group

of thermals to another before his researches were rewarded with even

a partial success, for such, in the light of subsequent events, is all that

can be claimed for this first find on the border of Clear lake.

The more available x)ortions of this deposit consisted of solid, semi-

opaque crystals imbedded in the mud at the bottom and around the edge

of this pond, the mud itself and the marshy soil in the vicinity being

also impregnated with borax, both in the form of minute crystals and as

boracic acid. Only near the center of the pond, however, were the crys-

tals found of large size and in great abundance. Here they occur to a

depth of 10 feet in a tenacious blue clay covered witl^ a foot of softer

mud. In this stratum of clay the crystals varied from a few grains to

ten or twelve ounces in weight. Elsewhere they were found much
smaller, the most of them being of microscopic fineness.

First attempts at ivorJdng.—Following the Veatch discovery, the Cali-

fornia Boras Company was formed for working these deposits, the only

material attempted to be utilized consisting of the larger crystals ira-

5R6
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bedded in the mud near the center of the lake. The method of operating

employed by this company was as follows : The mud from the bottom of

the pool was lifted by a dredging- machine and emxjtied into large vats,

through which a stream of water, raised by Chinese pumps, was kept
constantly flowing. This stream, carrying off the mud, left only the

large crystals freed from all impurities behind. The crystals thus ob-

tained were then dissolved in boiling water and afterwards recrj stal-

lized in lead-lined vessels, producing, without further manii^ulation, an
article fit for the market. Although this was a most wasteful method
of collecting the crude material, all the finer crystals and much boracic

acid contained in the mud flowing back into the lake, the company found
no economy in attempting to save it more closely. Had they not been
misled on one or two vital points, the company would probably have
worked their deposits more carefully than they did from the outset. In

the first place they greatly overestimated the quantity of these larger

crystals at the start; then, too, these crystals, after the original crop

had been removed, reproduced themselves much more slowly than had
been expected. Between these two sources of error the company, as

time wore on, found their stock of the crude material shortening at a rate

which would eventually have forced them to curtail operations, an event

that was precipitated by the heavy rains of 1866 and 1867, which so

filled up the lake that but little was done thereafter. The discovery of

the more prolific Nevada deposits a few years later so reduced the price

of borax that the California Company, soon after the mishap mentioned,

ceased operations altogether, being unable to manufacture the salt at

the low rates so brought about. During the period of their active ex-

istence this company produced about 300 tons of refined borax annually,

which was sold in San Francisco at an average of 25 cents per pound.

THE PRINCIPAL BORATE FIELDS OP NEVADA.

General characteristics.—The borate fields are situated in the extensive

salines known as Teel's marsh, Ehodes's marsh, the Columbus marsh,
and Fish Lake valley, all in the southeasterly part of Esmeralda
county. These salines consist of oval-shaped alkali flats occupying the

centers of immense basins, and cover from 10,000 to 20,000 acres each.

These basins are surrounded for the most part by a broad margin of sage
plains which rise gradually to the base of the hills and mountains which
inclose them on ^very hand; They have no outlets, and, receiving the

drainage of the country around, retain everything brought into them,
including the borates and other salts of various kinds. From midsum-
mer till late in the spring, when the snow coinmences to melt on the

mountains, these saliniferous lands are, as a general thing, ax)t to be
dry, only shallow lakes occupying sometimes their points of greatest

depression. At other seasons of the year portions of them are covered
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with water to the depth of a foot or two. Heavy rains, though these

seldom occur iu this region, convert these alkali flats into beds of

tenacious mud, even a slight shower rendering their passage by teams

difficult for the time being. Water can be obtained on these salines

almost anywhere by digging from 2 or 3 to 10 or 15 feet below the snr-

face. It is generally brackish, however, often so much so as to be

scarcely fit for drinking. By digging to much greater depths good

water is obtained a short distance back from the edge of the marsh.

Over large sections of these flats exist deposits of common salt, car-

bonate of soda, and borax. This latter mineral does not, however,

occur here, as at Clear lake, California, in the shape of compact, semi-

opaque crystals inclosed in mud, but generally in the form of the

borate of lime or soda. The former is found at many spots imbedded

in these marshes from 1 to 4 feet below the surface. It crystallizes in

long, silky fibers which gather into balls from an eighth of an inch to

2 or 3 inches in diameter. These globular masses have the luster of

white satin, and when dug up readily separate from the inclosing earth.

The borate of soda mixed with sand and other impurities accumulates

on the surface in the shape of a dark colored incrustation an inch or

two thick. This crust when dry, being hard and brittle, can be easily

detached from the moister ground beneath and broken into fragments.

Fish Lake marsh.—This is the most southeasterly saline of this grouj),

and covers an area of some 10,000 acres, occupying the center of a basin

three times as large. Commencing at the northern end of this marsh,

or, rather, alkali flat, we come first upon a cluster of small mounds cov-

ered with a white incrustation from 6 to 8 inches thick, and carrying

about 20 j)er cent, boracic acid and 45 per cent, of other soluble salts,

the surface soil in this portion of the flat being also slightly charged

with similar substances to the depth of several feet. A good deal of

the crude material could be, and, in fact, has been, collected here with-

out much labor. A little farther on is found a patch of nearly 100 acres

covered with an efldoresceuce of the various salts, borates included, and
which, being moist, flaky, and of a dazzling whiteness, might easily be

taken for fallen snow, the illusion being strengthened bj- the manner in

which this stuff can be compressed into balls that harden, still retaining

their forms after the moisture escapes. At this spot the borates mixed
with the chloride of sodium, soil, and other impurities can be gathered

up without much trouble.

Proceeding south, a patch of 40 or 50 acres is crossed, where the bo-

rates of lime and soda lie on the surface, but so mingled with the grass

roots and earth that much worthless stuff would have to be taken up in

the process of gathering them. This, when attempted, is usually done

with a broad wooden hoe. Continuing iu this direction, we arrive suc-

cessively at several large tracts, the whole embracing 400 or 500 acres,

where the borates occur, either in the form of an efflorescence on the
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surface or imbedded in the ground. On some parts of these tracts and

over large areas outside of them a thin crust of borate of soda covers

the surface 5 the most of it, however, is of too low grade to be of pres-

ent value. Scattered over this saline are numerous small spots, rich

in the borate of lime, and from which a good deal of this material has

already been taken. What is here said of the borate deposits in Fish

Lake valley will apply largely to those elsewhere in the great Utah

basin, to which they are mostly confined, the general features of these

salines being much alike. This valley is, however, marked by this pe-

culiarity : It contains several thousand acres of good farming land and

natural meadows, whereas the other marshes are wholly barren. This

exceptional fertility is due to a number of small creeks, which, flowing

from the mountains, make their way out into the middle of the flat.

Aided ,by artificial irrigation, fair crops of grain and vegetables are

raised on this land.

The Columbus marsh.—This lies 12 miles north of Fish lake, with

which it is connected by a narrow valley. While a large portion of
' this marsh is covered with a thin crust of common salt, it affords but

comparatively little borate of soda. At its lower and northerly end,

however, where the drainage has brought in and left the various salts

leached from the immense watershed around it, a heavy bed of borate

of lime has been formed. During the dry season this deposit, through

accumulations of the salt coming up from below, suffers marked en-

largement, swelling up as if undergoing a process of fermentation.

With the advent of wet weather, the moisture dissolving and scattering

the salt, the mass suffers a corresponding shrinkage. Under a bed of

clay about 2 feet thick a layer of sulphate of soda occurs, beneath which

come in alternate strata of clay and sand, both barren of the borates or

other valuable minerals. In 1872 the Pacific Borax Company put up a

refinery here, at which a good deal of marketable borax was afterwards

made. At a later period the company transferred these works to Fish

Lake valley, where they have since been operated for a good portion of

the time.

Rhodes^ marsh.—This marsh is located 12 miles northwest from the

Columbus marsh, the mineral deposits of both salt and borax at these

two places being much alike. Ehodes's marsh is at all times quite soft,

the water coming within a foot or two of the surface, and in wet weather

covering the most of it to a depth of a few inches. At the works of the

Nevada Salt and Borax Company erected here about one ton of refined

borax is made daily. The method employed in manufacturing the salt

is as follows : The crude material as collected from the marsh is placed

in large receivers and is there dissolved with steam, after which the mass

is run into galvauized iron tanks, inside of which are suspended plates

of like metal. Here the borax crystallizes on the surface of the iron,

a process which is effected in about six days. When completed, the
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fluid is drawn off with syphons, after which the crystals are removed

and packed for market. With some slight variations, the method of

manufacture here in use is the one adopted by the other companies.

Besides borax, the company collect here a good deal of common salt,

the best of which is ground for table use, the more impure being dis-

posed of to the silver reduction works in the neighborhood.

TeeVs marsh, situated 15 miles south of the town of Columbus, is

owned by Messrs. Smith Bros., who have put up on the spot a capacious

refinery. The deposits here, which are very extensive, have been largely

utilized, the aggregate production of these works exceeding that made

by any other in the State.

Other borax marshes in Nevada.—Several other marshes exist at other

and widely separated points in Nevada. One of these is located near

Sand Springs, Churchill county, distant from Columbus over 100 miles.

Here a refinery was put up by the American Company in 1870. It con-

tained six tanks holding 2,000 gallons each, and had a capacity to make

one ton of borax daily. These Sand Springs deposits, however, proved

to be of such low grade that the company gave up the business after

continuing it at a loss for several years. At the Hot Springs, 50 miles

farther to the northwest, in the same county, occurs another and simi-

lar deposit of the borates, and at which a like attempt was made a few

years later with like results reached at Sand Springs. In the region

of the Mud lakes, in the northwestern part of the State, extensive beds

of the borates are reported, though nothing definite is known as to their

fertility. They will need to be rich to warrant any eflbrt being made

at working them, as this will involve the necessity of wagon transpor-

tation for nearly 100 miles over an absolute desert. Besides these

marshes, in which this salt occurs in the form of mineralized earths,

the waters of certain lakes and springs in different parts of the State

have been found to contain a notable percentage of boracic acid. One

of these lakes, in the vicinity of Ragtown, Churchill county, was the

site of the pioneer enterprise in this branch of production in Nevada.

Here, as much as 15 years ago, the manufacture of borax was essayed

through the plan of pumping up the water and carrying it out on the

adjacent alkali flat, and there leaving it exposed to solar evai)oration,

which process it was expected would proceed with suflQcien^ rai)idity to

render the undertaking profitable. But in this there was disappoint-

ment, and the scheme, otherwise radically defective, met with early

abandonment, the projectors losing much money and i)roducing very

little borax.

SALINES AND REFINERIES IN CALIFORNIA.

San Bernardino Borax Company.—On the Slate Range marsh, San

Bernardino county, California, and at a point of about 200 miles south

from the principal borate field of Nevada, are situated the works of the

San Bernardino Borax Company. The deposits at this place, except



BORAX. 571

that tbey are of rather more than average richness, do not differ materi-

ally from those in the vicinity of Columbns, Nevada. The works put

up here, in themselves very comijlete, have been supijlemeuted by every

auxiliary that could expedite operations, or otherwise add to their

effectiveness. Of all the comi)anies in the field, this is the only one

which has been able. to run its refinery continuously through the year;

such being the mildness and aridity of the climate here that no inter-

ruption of operations from wet or cold has ever been made necessary.

The company employ a working force of about 50 men the year through,

teamsters and mechanics included.

Amargosa Coinjxmy.—In Inyo county, about 100 miles to the north-

east of the Slate Eange district, are the borate-beariug deposits of the

Amargosa Company, .consisting of two tracts; one at the mouth of

Furnace creek in the northerly part of Death valley, and the other near

Eesting Springs, 50 miles to the southeast. The two tracts comprise

several thousand acres of land, and are supposed to cover the principal

deposits of this salt in this region. A short distance to the south of the

Amargosa Company's Furnace creek ground, and in the vicinity of Ben-

nett's spring, are the claims of the Inyo and the Greenland Companies,

also in Death valley. The Amargosa Company have already com-

menced the erection of extensive reduction works on both of their

claims, it being their intention to refine borax on a large scale. One,

and perhaps both, of the other two companies mentioned, will also put

up small refineries during this summer, shonld the prospect of the busi-

ness warrant. The works of these several companies will be distant

from 120 to 140 miles from the railroad. The intervening country is

dry and barren in the extreme.

Neic discoveries.—Latterly some additional deposits of borax have

been discovered in San Bernardino county, near the sink of the Mojave.

They are much nearer the railroad than either of the other deposits

mentioned. Though probably valuable, neither their richness nor ex-

tent have yet been more than partially determined.

Refineries closed.—A number of small refineries in the Slate Eange
district which suspended operations several years ago, still remain

closed, nor will any of them be likely to resume work for the present,

their deposits being for the most part of rather low grade.

G RAL STATISTICS, ETC.

Production.—The following table shows the annnal and total produc-

tion of refined borax made in California and Nevada during the past

ten years:
Pounds.

1873 2,000,000

1874 4,000,000

1875 5,433,(558

1876 '.

,... 5,180,810

1877.: 3,727,280
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Foands.

1878 2,802,800

1879 1,584,966

1880 3,860,748

1881 4,045,405

1882 4,236,291

Total .* 36,871,958

Adding to the above an estimate of 1,000,000 pounds, made prior to

1873, gives a total product to the close of 1882 of 37,871,958 pounds,

equivalent to 18,935 tons of 2,000 pounds each.

The census authorities reported the product for the year ending May
31, 1880, as follows:

Production of borax in the census year 1880.
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In 1882 there were 998,518 pounds carried east by the railroads.

Domestic receipts of borax at San Francisco in 1882. .

Ponnds.

January 272,562

February 305,543

Marcli - 309,898

April
'.

284,494

May 287,675

June 288,491

July 377,338

August 419,725

September 433, 347

October 373,888

November 386,222

December 497,108

4. 236, 291
Domesiic receipts of borax at San Francisco since 1876.

Total 1882 4,236,291

1881 4,000.200

1880 4,008,600

1879 1,638,400

1878 -^ 2,663,000

1877 3,530,300

1876 5,143,000

Composition.—An analysis of a sample of California refined borax,

from San Bernardino county, the production of the San Bernardino

Borax Mining Company, was made by Mr. Edward Booth for the Cali-

fornia State Mining Bureau. It is as follows:

^ 5 Water 47.05? „„ „
iiorax

^ Biborate of sodium. 52.80 S
"

Chloride of sodium Trace.

Sulphate of sodium . Trace.

Insoluble residue Trace.

99.85

An analysis by the same chemist was made of a sample of concen-

trated borax from the works at Esmeralda county, Nevada, and of the

insoluble residue which interferes with its crystallization, as follows:

n^^o^ 5 Water 46.25? q„ „„uorax^
Biborate of sodium. 52.68 5

Chloride of sodium 50

Sulphate of sodium 25

Insoluble residue 38

100. 06

The insoluble residue consists of

—

Water 9.0©

Organic matter 6.40

Silica 73.32

Sesquioxide of iron 1.42

Lime 3.87

Soda 5.51

99. 52
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History of tlie borax industry on the Pacific coast.—In cousideriug the

industrial and commercial history of borax on the Pacific coast, it is found

that it has been marked by disappointment and loss almost from the

first. Prior to any production bein^ made in ]Sevada, the i)rice of this

salt ruled everywhere at 28 to 35 cents per pound, figures that held with

but little variation up till 1872, when the price dropped during the next

two years as low as GJ cents in the San Francisco market. After touch-

ing this low figure the price of refined borax underwent some slight im-

provement and, advancing slowly, reached, about two years since, pres-

ent rates, 11 to 13 cents per pound in New York, the controlling market

in the United States. This sudden, extreme, and long-continued de-

pression in the price of borax was due to the following principal causes,

not to mention others of minor import

:

As did the pioneer company in California, so did their successors at a

later period greatly overestimate the extent and richness of their deposits

as well as the rapidity witli which the original stock, when removed,

would be likel3" to replace itself. Spreading abroad, these exaggerated

reports caused the foreign dealer, fearing an overproduction, to buy
sparingly, a course that soon began to work a reduction of prices. The
manufacturer, alarmed at this new rival in the field, began also to mark

down the prices, making arrangements to enlarge his production at the

same time, and tlius the market became badly demoralized before these

salines had as yet made any large output or any overproduction had

actually occurred, this latter being, in fact, an event that never came

to pass. Meantime the Xevada producers met with disappointment on

every hand. Their deposits were by no means as fruitful as they had

anticipated. Being inexperienced in the business, they failed to put

their borax upon the market in presentable shape, from which they

suffered some discredit. The product of their refineries was disposed

of hastily, and through such diverse channels as soon placed them in

the attitude of mutual competitors, the Lope of each company that they

would, through the superior excellence of their deposits or their sharper

management, be able to undersell their neighbors, having prevented

them from entering into any concerted action. Having been persist-

ently kept up, these evils and errors developed such obstacles as, in

the course of a few years, forced every one of these companies to greatly

curtail or wholly suspend operations ; the i>roduction of borax on the

Pacific coast having fallen ofi" before the end of 1870 more than seventy

per cent, from the largest amount previously made. With some ad-

vance in the price that took place in 1880, several works started up

again, others having followed as prices further improved, until the pres-

ent complement was got under way.

In calculating their chances for success, the Pacific coast manufact-

urers made the double mistake of overestimating their own and under-

estimating the resources of the foreign producers. It was supposed by

these novices that the previously prevailing high prices of this com-
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modity the world over were due to a scarcity of the raw material, or the

difiBculty of obtaining it in the countries where the principal supply was
drawn—a manifest error, inasmuch as the borate deposits of Europe^

India, and Peru, at the time the new industry was striving for a foot-

hold on the west coast of the United States, were ample to meet all the

requirements of commerce, the high prices that had always before ob-

tained being the result of well-perfected combinations through which

the entire business was controlled by a few persons who, besides con-

trolling the trade, were able to supply any increased demand that might
arise, and do so at reduced prices, were this necessary. These parties

Avere therefore in a position to become dangerous competitors of any
new rival entering the field.

The manufacturers of borax on the Pacific coast labor under many dis-

advantages as compared with producers elsewhere ; labor and the other

factors of jiroduction are dear ; the borate fields are located in desert

regions which afibrd few facilities for carrying on the business of refin-

ing, being at the same time distant several hundred miles inland from

San Francisco, the principal entrepot and shipping point for the entire

country. After shipment at San Francisco, the borax has to make long

journeys by sea or land to rtaach the great marts of the world.

The recent discovery of heavy deposits of borates near the sea of

Marmora, Asiatic Turkey, has also had a depressing effect.

Wages, etc.—The following statement of expenditures made by the

San Bernardino Borax Company on account of labor and supplies for

the month of March, 1883, fairly represents expenditures of the other

borax companies, both in California and Nevada, on account of these

items

:

Scale of ivages in iorax mining and manufacture in San Bernardino county, California,

March, 1883. Reported by the San Bernardino Borax Comjtanj,

WHITE LABOR.

Classes of employfis.

Per day. Per month.

Clerk at mine

.

Agent (at Mojave)
Blacksmith, first

Blacksmith (helper), second
Engineer
Teamster
Swampers or helpers
Fuel teamster
Coopers
Boilermen
Watchmen
Lahorers
Cook

$125 00

300 00

$5 00
3 00
4 00

1 95
3 25
3 25
2 31
2 31
1 95

100 00

50 00

And hoard, at cost
of $1 per day.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
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Scale of wages in horax mining, etc.—Continued.

CHINESE LABOR.

"Wages.

Classes of employes.

Per dav. Per month.

Foremen.
Laborers. $1 25

$50 00 Board themselveB.
Do.

Total white labor list, 25 men, 31 days, March $1,804 96

Total Chinese labor list, 35 men, 31 days, March 1, 400 03

Total monthly expenditure for labor 3, 204 99

Forage consumed duriny the month of March, 1883, at the works of the San Bernardino Borax

Company,

Horses and
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The price of Americau borax iu New York at the close of 1882 was as

follows: California refined, 13J cents; New York refined, 13^- to 13f
cents ; crude, 10^ to 11 cents.

Tincal (crude borax) comes from the neighborhood of Calcutta, India;

crude borate of lime from the west coast of South America; boracic

acid from Tuscany. Keflning is carried on to a considerable extent in

England.

Tari-ff.—The new tariff rates are as follows : Eefined borax, 5 cents

per pound
;
pure boracic acid, 5 cents per pound ; commercial boracic

acid, 4 cents per pound; borate of lime, 3 cents per pound; crude borax,

3 cents per pound.

37 M R



SULPHUR.
Occurrences.—Native sulphur is found iu Nevada. California, Utah,

Virginia, Louisiana, and other portions of the country, occurring iu beds

of considerable size in Uintah county, Wyoming, near Evanston, where

it is said to be quite pure ; and^also in some quantity in the^Ycllowstone

Park, Montana, and in various localities in New Mexico. Sulphur springs

are of common occurrence throughout the Eocky Mountain region.

Froduction.—Sulphur is only worked to any extent in California and

Nevada, and not on a very large scale in these States. In the census of

1880 the whole production of the United States for that year, 1,200,000

pounds, worth 821,000, is credited to Nevada.

Sulplmric acid.—In the census year 308,765,432 pounds of sulphuric

acid, worth $3,001, 87(>, were made, by far the greatest ])roportion of

which was niade from Sicilian sulphur, with a little from pyrites.

New Jersey and Pennsylvania lead in manufacture of sulphuric acid,

followed closely by Marylaiul, New York, and Ohio. Sulphuric acid is

made in almost every State to a greater or less extent. It is certain

that the manufiicture of sulphuric acid from pyrites for making super-

phosphates will become a very important industry in the Southern

States, while the use of pyrites in works in the neighborhood of New
York City is steadily increasing. It is thought by some persons that in

time all or nearly all of the sulphuric acid made in this country will be

manufactured from pyrites, and that acid made by burning brimstone

will not be able to compete Avith that jn'oduced from the cheaper source,

at least in the market for common commercial acid.

Foreign .sulphur.—Nearly all of the imported sulphur comes from

Sicily. A small quantity has been sent from Japan by way of sam]>le;

and perhaps 1,000 tons of sulphur recovered from the waste of chemical

works in England are imported annually. Dealers report that as yet

the Nevada sulphur has not been able to compete in price with the for-

eign in the market of the Eastern States on account of the high cost of

transportation, which, in the case of Sicilian sulphur, is (comparatively

a small itcni, as the mineral is often brought as ballast in vessels car-

rying cargoes of lighter goods. The price of domestic sulphur in San

Francisco is about the same as that of Sicily brimstone of the same
quality laid down in New York. American sulphur api)ears to be irreg-

ular in i)oint of quality. Some samples handled by Messrs. M. Kalb-

fieisch & Sons, New York, are stated by them to have been fully ecjual,

if not superior, to the Sicilian, while on the other hand some of the re-

liners whoprei>ar(i sul]>hur for ])harmaceuticai ])urposes ncport that the

domestic sulphur sometimes contains traces of arsenic, which would
.078
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render it unfit for this special use. The price of Sicilian per ton of 2,240

pounds at tlie close of 1882 was $27,50 for best unmixed seconds, and
$26 for best thirds. The price fluctuates considerably, and has declined

from the rates rnling earlier in 1882,

The following tables show the extent of the foreign trade during re-

cent years

:

Crude aulpMtr or hrimsione imported inio the UnUcd States dur\n(j thefiscal years specified.
{Specie values.)

[Free



BARYTES
Produotive localities.—The leading producing localities iu the United

States are in the States of Virginia, East Tennessee, Missouri, Con-

necticut, and North Carolina. Illinois, Kentucky, Maine, and Penn-

sylvania also produce barytes. It was formerly mined in New York,

but the industry has latterly declined, as the cost of mining was too

high to meet comjjetition. The mineral commonly known as "heavy

spar." "barytes," and sometimes as "baryta," is the barium sulphate

(barite). Carbonate of barium (witherite, bromlite) is not mined in this

country.

Mode of manvfacture.—Messrs. Page & Krause, of Saint Louis, who
own important mines near the Osage river. Miller county, Missouri, re-

port their j)rocess of manufacture as follows : (1) sorting the ores
; (2) re-

tining with sulphuric acid
j (3) "floating" the refined product; (4) pack-

ing. The Million Barytes Works, Smyth county, Virginia, produced

2,000 net tons iu 1882. The mineral is here prepared for market by (1)

separating from it the gray limestone and ferruginous iupurities; then

(2) washing and scouring in revolving cylinders; (3) hand-sorting and

grading; (4) grinding in buhr mills; (5) "air-floating," and finally (6)

packing in barrels. The picking and sorting are performed by boys,

of whom 50 are employed. The spot value of the crude barytes in this

locality is, averaging all grades, about $12 per ton of 2,000 pounds.

The business of grinding barytes is an extensive one. German stone

is imported and powdered here. Messrs. Burgess & Newton, of New
Haven, Connecticut, report grinding 4,000 tons of German barytes in

1882.

Production.—The following tableshows the production of ground bary-

tes in the census year 1880. It includes, however, the foreign stone

which was treated in this country

:

Production of ground harytcs during the census year 1880.

States.
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alone at 8,000 tons; and it is stated that the production cotdd be largely

increased to meet an augmented demand. The mine owned by Messrs.

Davis & Hewitt, near Irvingtou Station, Campbell county, Virginia,

reports a capacity of from 100 to 200 tons per day, and other mines also

could produce more largely than at present. It is difficult to fix the

average spot value for the crude 'mineral. Ground barytes in 1882

averaged about $22 per ton, and the value of the crude may roughly

be placed at $8 per ton, at the point of manufacture, making a total

value for the crude mineral of $160,000.

TJtilization.—Barytes is used very extensively in the arts, but almost

altogether for purposes of adulteration, for which its leading use (about

90 per cent.) is in replacing to a greater or less extent white lead in

paint. One firm claims that a mixture of one-third white lead, one-

third oxide of zinc, and one-third "floated" barytes makes a better

paint than* pure white lead. Paint works, however, do not generally

advertise the fact that their product contains barytes, although this is,

of course, well understood in the wholesale trade. It is also employed

as a "filling" for general purposes, in pulp, and in making putty.

Tariff.—The duty under the new tariff on crude barytes is 10 per

centum ad valorem, and on manufactured barytes one-fourth of 1 cent

l^er pound. Of the imported carbonate 75 per cent, is used in the paint

trade, and the remainder chiefly in jjottery making.



STRONTIA.
Occurrences.—The strontia minerals have been identified at many

points in the United States, and probably occur more frequently than

is generally supposed, as systematic search for them has not been pros-

ecuted to any extent. Stroutianite (strontium carbonate) b.as been found

at Schoharie, New York, in hydraulic limestone ; at Muscalonge lake,

New York ; at Chaumont bay and Theresa, Jeftersou county, New York

;

and in Mifflin county, Pennsylvania. Celestite or celestiue (strontium

sulphate) occurs at Green or Stroutian island and North Bass island,

Lake Erie, where it occurs in magnesian limestone of the Water lime

group, at the former locality being found in large masses of beautiful

crystals ; and at Chaumont Bay, Schoharie, Lockport, the Rossie lead

mines, Depauville, and Stark, in the State of New York, and also at

Bell's Mills, Blair county, Pennsylvania. The blue fibrous variety

found in Pennsylvania is the celestite originally taken to Europe by

Schlitz and named by Werner.

,

Small lots of American strontia have been offered in the market from

time to time, but have not met with a ready sale.

Uses.—Nitrate of strontia is used in this country to a considerable

extent by the makers of fireworks. It is made here by the chemical

manufacturing works from imported carbonate. An increased demand
has recently sprung uj) in Europe, owing to the introduction of a new
and successful process for treating beet sugar, which promises to absorb

large quantities of strontia in comparison with the former consumption.

Strontia has also beeu recently utilized in the mauufocture of tuyeres

for blast furnaces. These new applications will undoubtedly lead to

active prospecting for and mining of strontia minerals, and will tend

to develop localities which heretofore have not been productive.

The amount of celestiue mined in Sicily, the principal source of this

mineral, is reported to have been about 4,000 gross tons in 1881.
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Occurrences.—Muscovite mica, varying greatly in quality and the size

of sheets, occurs in nearly all of the granitic, gneissoid, and schistose

areas of the country. At present i^orth Carolina takes the lead in point

of production. In that State, since 1868, mica has been mined in many
places, and has been obtained in plates sometimes over 3 feet in diam-

eter. Numerous localities exist in Macon, Jackson, Haywood, Bun-
combe, Ashe, McDowell, Yancey, Alexander, Cleveland, and other

counties. Merchantable mica is also found in many other of the South
Atlantic States. A considerable amount is mined in Maine and 2slew

Hampshire. A recent discovery, said to be important, is announced to

have been made in Salisbury township, Pennsylvania. At South mothit-

ain, in the same State, a new mine has been opened, which is said to

have produced pieces of good mica weighing from 19 to 27 pounds, some
of which could be split 160 times to the inch.

Mica is found in numerous States and Territories contiguous to the

Eocky mountains. In a few localities it occurs in medium-sized plates

of good quality; but in this region only the mines of Deadwood, Da-
kota, and one mine near Las Yegas, Kew Mexico, have shipped any
mica to market. The McMaken mine, near Deadwood, had sx^ld up to

May 140,000 pounds of merchantable mica, and the Sundog, Black Hills,

and other mines have shipped small quantities. The mica from these

mines is of excellent quality, -and plates are sometimes produced 12x18

inches in size. The main ledge is said to be 14 feet wide, and to con-

sist of a central mass of feldspar and " porphyry," with a casing of

mica, which varies in width from 3 to 4 feet, on each side. The coun-

try rock is granite. These mines have hitherto been developed only

by open cuts, and until recently have never been steadily worked.

In Wyoming mica occurs occasionally in plates 4x0 inches in size,

apd of good quality; but the supi^iy is extremely limited. In Colorado

good plates of mica have been found in Boulder, Jefferson, and Fre-

mont counties, but only in very small quantities. In New Mexico, near

Las Vegas, it is said to occur in considerable amount, some of the plates

being 8x14 inches; but although found in large quantity only a few
small pockets produce sheets of marketable size. One small shipment
has been made.

Mica of excellent quality has also been discovered on the Payette
river and in other localities in Idaho. Local excitements about mica
claims are frequent in Nevada; but thus far there has be<^n no actual

583
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production. A. number of claims were loca^ted in the southern portion

of Nye county during the past winter.

Deposits of mica are found in nearly every county in California, and

in many of the mining districts and at various other points on the Pa-

cific coast. As a general thing, however, it is of somewhat inferior

quality, though some quite clear and in large sheets has been discovered.

No regular mica mining is done in this portion of the country, thougli

several deposits have been opened with the hope that systematic devel-

opments would ultimately be made. Still, the local market is quite

limited, and there has been no encouragement for miners to open the

deposits they have found.

Prospectors in search for gold and silver in Alaska report that de-

posits of mica are numerous in that Territory.

Production.—The total production in 1882 is estimated by Messrs.

Muuson, Eolls & Co. at 75,000 pounds of sheet mica, with.a total value

of $250,000, which would give an average of .$3.33 per pound. Tiiere

is little doubt that the product will be largely augmented by the recent

im])ortant discoveries, especially those in the Black Hills region.

Jlses.—The clear, transparent, and tough mica i)latcs are used in

various ways, the principal utilization being for stove and furnace doors.

A small amount of specially fine mica is used for com])ass i)lates. Mica

generally occurs in plumose or scaly forms, rendering it valueless for

its best known uses. These varieties are pulverized and used as an

absorbent in one variety of nitroglycerine exi)losives, and enter also

into a X)atented lubricating composition for axles and bearings. Gi'ound

mica is also employed for varimis ornamental purposes. Scrap mica

and trimmings from the better kinds are pulverized and utilized in the

same way as the inferior varieties. The demand foi* ground mica,

however, is comparatively small, and the supply of mineral suitable for

the purposes to wl^ich ground mica is applied is abuntlant.

Vuhie.—The i^rice ranges from 25 cents to $5i)erpound, according to

the size of sheets and quality. Some excejjtionally large and clear

sheets from North Carolina have been sold at $10 per pound; bnt mica

of this grade rarely coinos ou the market.



TALC.
Occiirrences.—Tiilc is mined in many States on the Atlantic seaboard,

and is known to occur in many scattered localities of the West. Penn-
sylvania is a principal producing center. A bed has recently been
opened in^Georgia which produces an article that by samples is said to

be much superior to the imported talc. When this mine is reached by
a railroad now being built, it is expected to mal^e a large output.

Production.—No reliable statistics were obtained as to the product of

this mineral in 1882. Some dealers estimated it as high as 50,000 net

tons ; but probably half that amount would more than cover the actual

output. The average spot value is about $12 per ton. The imported
talc, of which $20,960 worth was received in the fiscal year 1882, is of

generally superior quality, and the average price is about $22 per ton.

Our importations come from Italy, Austria, and France.

Uses.—Talc is used extensively in soap-making, and also for dressing

fine sheep-skins, leather, gloves, etc. The domestic talc is used in the

manufacture of paper, replacing terra alba for this purpose. A small

amount of talc enters into the composition of some lubricating com-
pounds
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QUARTZ.
Various uses arc made of quartz in tlie arts. Fine rock quartz is

used extensively in glass and pqttery making, and as a grinding and

polishing i^owder. It is estimated that above 75,000 tons are annually

consumed in the United States for these purposes.- A considerable

quantity of fine quartz sand is used for glass-making, and i& included

in the foregoing estimate. Groundquartz,especialIyof the flinty variety,

as well as powdered glass, are used extensively in the manufacture of

sandpaper. Twenty-seven thousand two hundred and eighty-seven

dollars' worth of quartz sand was imported in the fiscal year 1S82,

There is also a small importation of" flint stone." Our exports ofquartz

are insignificant.
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FLUORSPAR.
Fluorspar is found in more or less quantity in almost every State and

Territory, but not very frequently in workable amount. No statistics

of production are accessible, and the estimates of dealers vary widely

;

but the amount annually mined is very considerable, possibly reaching

5,000 net tons per annum. Fluorspar is used as a flux and as a glaze

in the pottery trade, and in the production of hydrofluoric acid for etch-

ing. The greater i^art consumed in this country is from home sources,

little now being imported ; and the domestic mineral is reported to be
superior. Its spot value ranges from $10 to $20 per ton. Indiana and
Ohio are said to lead in point of production. IS'ew York, Delaware,

New Hampshire, and Kentucky also contain fluorspar in noteworthy

amount.

Fluorspar in the Rocky Mountain region.—Fluorspar occurs massive

in wide metalliferous veins near Bear creek, in Jefferson county, and on
James creek, Boulder county, Colorado. The white, green, pink, and
purple colors are common, and often all these colors occur in a single

specimen. The mines at Bear creek have i^roduced some 600 tons of

fluorspar, which was sold to the Boston and Colorado Smelting Works
at Black Hawk before they were removed to Argo. The supply from

this point is exhausted. On James creek the veins of fluorspar are

undeveloped, as there is no demand for it as a flux. Fluorspar occurs

frequently in the ores of Montana, Wyoming, Colorado, and New Mex-
ico, but only in small quantities. It is used as a flux in local smelting

operations, but is not much in demand. Fine cabinet specimens come
from Crystal Park, El Paso county, some showing crystals 10 inches

across.
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ASBESTUS.
Occurrences.—Asbestus is found, usually in small quantities, iu very

many localities in tliis country. The great difficulty connected with the

economical mining of this substance has been that the deposits are gen.

erally small pockets. Both hornblende and pyroxene asbestus occur,

the former being the more common, though it is often difficult to dis-

tinguish between these varieties. Most of the bisilicates, excepting

those containing much alumina, j^ass into fibrous varieties, all of which

are known as asbestus, though the term "amianthus" is sometimes

ap])lied to the finer and more silky kinds. The leading localities at

which asbestus is or has been mined are Rabun and Fulton counties,

Georgia ; also localities iu northern Georgia, western IS'orth and South

Carolina, Staten Island, Long Island, and other localities in ]!?^ew York
State, Maryland, northern New Jersey, Pennsylvania, and Virginia.

Small quantities of good quality have also reached the market from Col-

orado, and the occurrence of the mineral is noted in many of the Ter-

ritories.

There are very many places in California and Nevada where asbestine

deposits are found. In San Bernardino county, near Agua Caliente, San
Diego county; Salt Spring valley, Calaveras county; Placer county, and
at several other points in California deposits have been opened. While
the mineral in some of these localities occurs in great masses and is re-

markable for its length of fiber, it has generally been lacking in fineness,

flexibility, or other desirable jiroperties. For these and other reasons,

such as the cost of mining and transportation and tbe limited local

demand, the home product has not been able to compete with imported

and Eastern asbestus iu the San Francisco market, notwithstanding its

lower price, that of the raw material varying from $30 to $35 jjer ton.

Deposits of the different varieties of the mineral have been found at a

number of other places in the Pacific States and Territories, but so few of

them have ever been developed that in regard to their value or char-

acter little is known. Asbestus seems to be abundant enough in this

region, but it is difficult to find it in such a form as to be acceptable to

the ]>urchasers.

Production, etc.—The production in the calendar year 1882 is esti-

mated at 1,200 tons, of an average spot value at the mines of $30 per

ton. It is expected that larger quantities will be mined in the future,

and that the product can be put upon the market at a lower cost. The
price at New York reaches from $15 to $00 j)er ton, according to purity

and length and strength of fiber. The imports of crude asbestus dur-
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ing the fiscal year 1882 were 383 tons, invoiced at $14,235. The exports

of manufactured asbestus were $18,923.

Relative value of asbestusfrom different countries.—As a rule American

asbestus is inferior in textile quality, being more brittle and harsh in

fiber, as well as shorter than that imported, and is therefore not so well

adapted to the manufacture of spun and woven goods. It is stated that

the quality of the domestic is constantly improving, new sorts being

found almost every month. There appears to be little difference be-

tween the domestic and foreign in point of fireproof qualities, though

some manufacturers report that as a general thing the domestic asbestus

will stand a higher degree of heat. The American is better adapted for

making fireproof cements and paints, for which purposes it is generally

used, length of fiber being unessential. The greater part of the im-

ported mineral comes from the province of Quebec, Canada. The Ca-

nadian asbestus sells in New York at from $25 to $90 jjer ton, the usual

range being between $40 and $75. The Canadian is said to be the best

for general use. Asbestus is also brought from Italy and Austria. A
little exceptionally fine Italian asbestus has sold as high as $250 per

ton, though the price is usually about $100. The Italian is the finest

for textile purposes, but on account of its higher x^rice it cannot com-

pete with either the Canadian or the domestic.

Uses.—Asbestus is used in making liquid and fireproof paints, roofing,

piston packing, valve packing, flat packing, covering steam pipes and
boilers, fireproof cements, sheet and roll millboard, flooring, feit, etc.

It^s often used in combination with hair felts and other substances.



GRAPHITE
By Joiix A. Walker.

Occurrences.—As a iniueral, ftiapLite is widely distributed in the

United States; as au ore, it is found in but* few i>laces in sufticient

quantities and purity to be profitably worked. It is found in the older

rocks of the Appalachian chain from Alabama to Canada. Several dis-

coveries of it have been reported from Michigan. Mr. F. F. Chisolm

reports its occurrence in " great purity in five different localities in

Albany county, Wyoming Territory, in veins from 18 inches to 5 feet

thick. In Colorado it is found in various parts of the State. At Pit-

kin, in Gunnison county, it occurs in beds 2 feet thick, but very im-

pure. In New Mexico pure graphite is found in small quantities in the

Coal Measures, where it is probably the result of metamorphism.

Graphite occurs sparingly in the Black Hills of Dakota." It has been

mined at the Sonora mine, Tuolumme county, California.

Of the Eastern deposits tliose of Pennsylvania, "New Jersey, New
York, and Canada are of the crystalline or foliated variety, are tlie best

known, and are the only ones which are at present beuig worked. Tbe
deposits occurring in Alabama, North Carolina, and Virginia are of the

amorphous variety. These are of such a nature that purification is

economically impossible. They can lie used oulj- in the crude state and
for but few jjurposes. The Western deposits are still undeveloped.

Samples of graphite have been received and reported on by the Joseph

Dixon Crucible Company from the following localities

:

Date.
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Origin and characteristics.—Graphite is uow generally conceded to be

oforganic origin—the result of the metaniorpliism of some of the products

of destructive distillation of vegetable tissue. It occurs in veins, beds,

and disseminated through strata (graphitic schists). The veins occur

principally in New York, Canada, and the Far West. They are true

fissures in gneissoid rock. The vein graphite is usually associated with

calcite and quartz. Pyroxene, mica, and apatite are sometimes found

with it. Crystals of calcite are found which, on being split, show scales

of foliated graphite along the planes of cleavage. Graphitic schists are

found in the same regions as the veins, and also in New Jersey and
Pennsylvania. These are metamorphosed sandstones with Ibliated

graphite very evenly disseminated throughout in small flakes. The
graphite found in beds is amorphous, and occurs j)rincipally in the

South. It is in a sedimentary formation, is quite impure, and on account

of its fineness cannot be successfully purified. Geologically, graphite

occurs from the Coal Measures back to the oldest rocks. (See article

by Professor Frazer, Transactions American Institute of Mining Engi-

neers, Vol. IX., page 732 ; also Prof. J. S. Newberry's pamphlet on ''The

Origin and Eelations of the Carbon Minerals," Annual Iteport New
York Academy of Sciences, Vol. II., No. 9, 1882.)

Productive localities.—The only place in the United States where

graphite is now mined successfully is at Ticonderoga, ]Sew York. This

property, owned originally by the American Graphite Company, uow
belongs to the Joseph Dixon Crucible Companj^, of Jersey City, New
Jersey. The American Graphite Company worked the vein deposits to

a depth of 600 feet. The Dixon Company now mine a graj^hitic schist

15 feet thick, carrying from 8 to 15 per cent, of graphite, practically an

inexhaustible supply.

Numerous attempts have been made to work the similar deposits of

Pennsylvania and New Jersey, with only j)artial success. The parties

interested in these attempts are :

The Pennsylvania Plumbago Company, the Eagle Plumbago Com-
pany, and the Phoenix Plumbago Company, all of which have worked

deposits in the Pickering valley, Pennsylvania ; the American Chem-
ical Manufacturing and Mining Company, of Eochester, New York,

which has worked the deposits of northern New Jersey ; Mr. A. Z.

Ryersou, who in 1882 worked the deposit at Bloomingdale, New Jersey.

Mines of merit are known in Georgia and California, but these cairnot

now be worked on account of expensive transportation.

Ore dressing.—Several methods (both wet and dry) of dressing the

ore have been attempted. In Vol. IX., page 732, Transactions Ameri-

can Institute of Mining Engineers, Professor Frazer, of Philadelphia,

gives a description of the process adopted in the Pickering valley. The
process used by the Dixon Conq)any at Ticonderoga owes its success to

carefid supervision. It is a wet process in which the ordinary practice
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is reversed, the "tails" being the useful product, while the "heads"

are thrown away. All attempts at dry concentration have failed.

Production.—In 1882 the output of the Ticonderoga mine was 400,1)00

pounds. The outputs from the other mines have been so spasmodic

that it is impossible to give them accurately. Probably 25,000 pounds

would cover them all, making a total output in 1882 of 425,000 pounds.

For 1883 the Dixon Company have arranged to produce 500,000 pounds;

and again estimating the product of the others at 25,000 i)Ouuds, we
have for 1883 a total output of 525,000 pounds. The average spot value

may be stated at eight cents per pound.

Kinds.—On account of the peculiar advertising it has had, grax)hite

is commercially known as German black lead, Ceylon plumbago, and

American graphite. German black lead is a product of Bavaria. It

is of the amorphous variety, and is dressed chiefly by washing. Its

price depends on its percentage of graphite and the nature of its im-

purities, varying from $1 to $10 per hundredweight in cargo lots. It is

used in the manufacture of pencils, stove polish, and foundry facings.

Ceylon plumbago is mined at Travancore, Ceylon, and is shii)ped from

Colombo to all parts of the world. It occurs in immense veins of great

purity. Cobbing and sizing are the only preliminary operations it

undergoes. It appears in the market graded according to size, as large

lump, small lump, chii), and dust. Its price varies from $2 for dust to

$10 per hundredweight for prime lump, in cargo lots. It is used for all

the purposes of the trade, except the manufacture of pencil leads.

American graphite, from the nature of its occurrence, appears in the

market only in the dressed condition. Its price ranges from $2.lo 810

per hundredweight wholesale, according to purity and fineness. Fine-

ness exercises considerable influence on the price of graphite, on account

of the difficulty of pulverizing it. American graj^hite is used for all

purposes of the trade, and excels all kinds as a lubricant. It is the same
geologically, etc., as the Canadian. Before the development of the

American and Canadian mines the Ceylon mineral was the standard.

Analyses.—Inl87G the Canadian Government authorized an extended

survey and investigation of the comparative merits of the Ceylon and

Canadian varieties. The following table of analyses of carefully-pre-

pared samples is from the reijort of the survey

;
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Analyses of Canadian and Ceylon graphites.

593
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useful applications, and one wliicli promises most for the future.

Formerly it ^vas oflered to the engineer only in the form of a dry powder;

now it is compounded, or mixed with fats and oils in many ways, some

of which are imtented. This use of graphite is attracting the attention

of all interested in the problem of the reduction of friction, and promises

to outstrip all others. The barriers which have prevented its extensive

use in this direction have been the price and the ditliculty of securing

purity and freedom from all grit. These are now both overcome, the

price being now less than 25 i)er cent, of what it was fifteen years ago.

The purity, which now is absolute, was then only ap])roximate. For all

heavy work graphite is undoubtedly the lubricant of the future.

The growth of the graphite industry has kept pace with the age, each

new development in metallurgy and engineering oliering some new field

of usefulness for graphite. For instance, it furnishes the pots for the

manufacture of cast steel, and the nozzles and stoppers used in the

Bessemer process. It is used in the manufacture of electrical supplies,

etc. Fifty years ago graphite was little known and misnamed. Now
it is of constantly increasing importance. From an insignificant begin-

ning in the present century the industry has grown to its i)resent pro-

portions. The principal houses engaged in the graphite industry are

as follows : (a)

List of American manufaciura's.

House. Location. Articles made.
Estimated
uum b o I'

of hands.

Joseph Dixon Crucible Com-
pany.

Plirenix Crucible Company-

.

Taunton Crnciblo Company.
J. H. Gaiitier & Co
R. Taylor (fcCo
Seideil & Co
Koss & Co
A. W.Faber
Eagle Pencil Compauy
American Lead Pencil (com-
pany.

Cutter & Brown
Variety Iron Work,s

j

S. Obermayer &Co I

Morso liro.s
1

J. L. Prescott & Co
'

American Chemical Mauulac-
j

turing and Mining Com-
|

pany. I

Ean.sora &.Co
W. U. Colebrook

\

G. A. Moss
j

Lustro Company I

H.A.Bartleit &Co
,

"Willard & Lane
i

I. X. L. Stoye Polish Com- i

pany.
j

Phoinis Mining Company

Jersey City, IN'ew'Jersey . .

.

Taunton, Massachusetts
...do
Jersey (Mty, INew Jersey . .

.

Philadelphia, Pennsyh-ania.
do ,

...do
Kew York City
. - do
....do

Everything for which graph-
ite is used.

Crucibles
....do
...do
...do
...do
....do
Lead pencils.

do
....do

... do youndry facings
Cleyeland, Ohio

,
Facings, etc

Cincinnati, Ohio Facings, lubricants
Canton. Massachusetts

] Stove polish
North Berwick, M:iine

j

do
Rochester, Kew Vork do

Albany, New York i Facings
Syracuse. New York Stove polish
New York City do

do .-
j

do
Philadelphia, Pennsylvania do
Taunton, Massachusetts 1 do
Grand Rapids do .

.

A. Z. Ryersou

Philadelphia, Peunsjivania

.

Bloomingdale, Now Jersey .

Stove polish and lubricants
(raining).

(Mining)

'JO

12
25
25
12
10
150
500

a In aiTJinging the matter for this paper I take pleasure in acknowledging tlie kind

asslBtaucc of ilr. W. F. Downs, E. M., cbcnii.«t of the Dixon Compauy.—J. A. \V.



LITHOGRAPHIC STONE.
American stone.—Lithographic stoue is not, as yet, inined to any con.

siderable extent in the United States. Althongh an abundance of stone

which answers some purposes of the lithographic art has been found in

a number of localities, thus far none has been discovered which in

the estimation of lithographers can supersede the Bavarian stone, ex-

cepting for cheaper, coarser work and for transfers. Generally' speak-

ing, the American stone appears to be harder, heavier, more siliceous

and brittle, coarser-grained, and less uniform in texture than the

Bavarian stone. Still, as the price of the latter is rapidlj" increasing,

while, as is reported, the quality is deteriorating, it is very possible that

our American stone may soon be drawn upon the market, in spite of

its present inferiority. It is j^robable that the reputation of the

American stone has suffered to some extent by reason of the want of

experience of our quarrymen in taking out, selecting, and properly dress-

ing the stone. It is thought by some that the best strata have not been

reached in quarrying. Lithographic stone has been reported as occur-

ing in the following localities in the United States:

Alabama.—Talladega county.

Iowa.—Anamosa, Jones county; Van Buren county.

Kentucky.—K'ear Elizabethton, Hardin county ; Estill county, Ken-

ton county, Clinton county, Eowan county, and Wayne county.

Missouri.—Saverton, Balls county. '

Tennessee.—Clay county ; Overton county.

It is also reported in a general way as occurring in Illinois, Virginia,

West Virginia, and in southeastern Tennessee.

The stone found in Talladega county, Alabama, is reported as bright

gray in color, rather hard, and as being easily quarried. The deposit

in Van Buren county, Iowa, has thus far produced only specimens. The
quarry in Estill county, Kentucky, has been worked to a small extent,

about 50 tons having been taken out in 1881. The stone has been tested

by lithographers, and is said to have been found equal to the second

quality of German stone. That from Kenton county, Kentucky, is

reported by lithographers as being too hard and brittle to engrave upon,

and valuable only for certain classes of work. The stone from Hardin

county, Kentucky, has been on the market, but has not been able to

compete with the German stone in quality. Stone from the quarry in

Eowan county, Kentucky, was given the gold medal at the Centennial

Exposition in Philadelphia, over, as is rejiorted, the Bavarian stone.

This stone has been quarried to a small extent, and preparations are

now being made for a more extensive output. It is said that a slab 5^
by 10^ feet- has been taken from this quarry.

595
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Apparently one of the most promising of the American stones is that

found at Saverton, Kails county, Missouri. The specific gravity of this

stone, like all the American stones, is greater than that of the Bavarian

stone, being 2.70, while the latter averages 2.45. As shown by the fol-

lowing analysis made by Hoen & Co., lithographers, the chemical com-

position does not differ materially from the Bavarian stone, the principal

difference being in the proportion of silicates, in which the American

stone has the advantage

:

Anahjsea of Missouri and Bavarian lithographic stone.



NITER.
Native niter.—Niter (saltpeter) is found native in many of the West-

ern and Southwestern States, and in the Territories of the Far West.
During the war some native niter was utilized, but its quality was poor,

and it is said that loss would be incurred in refining it here now.
Saltpeter yards or "plantations" were worked on the eastern sea-

board in the early history of this country ; and it is noteworthy that at

that time the principle of germ fermentation (by mother-of-peter or seed-

peter) was well understood, for in preparing a new yard it was cus-

tomary to " salt" it with the earth from an old yard, the effect, if not the

reason, being clearly appreciated.

Artificial niter.—At present the greater part of the saltpeter used in

this country is converted from Peruvian sodium nitrate and German
potassium chloride, the two by interchange forming a j)ure potassium

nitrate or saltpeter. This process is a comparatively new one, having

been used only during the past twenty years. As the sui^ply of sodium

nitrate and potassium chloride is almost unlimited, and the artificial

saltpeter made from them is so superior in quality, being nearly chem-

ically pure, it is preferred to the natural article, and has, to a large

extent, supplanted the latter.

Foreign niter.—Eich deposits exist in India, from which nearly all the

crude substance is imported, some of it (refined) coming by way of Eng-

land.

Imports and exports.—The following tables show the foreign com-

merce in niter of the United States during recent years. The new tariff

rate is 1 cent per pound on crude and IJ cents on refined saltpeter

:

Saltpeter imported into the United States during the fiscal years specified {specie values).

[Dutiable.]

Tears.
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SaUpeter exported from the United States during the fiscal years specified.

1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882, and calendar year

1882

Pmtnds.
5G8, 005
101, 198
2:i7, 985
178, 827
321, 576
743, 000
126, 063
None.
113, 385
181,502

None.

$27, 032
5. 278

11,435
X, 139

13, 249
-il, 543
5,997

None.
4, 842
8,881

None.



NITRATE OF SODA.
Occurrences.—Slight deposits of this salt (Chili saltpeter) have lately

been fouud in Humboldt county, Nevada, the site of this "find" being

located on what is known as the "Forty-mile desert " and at a point

about 25 miles east of Lovelocks Station, on the Central Pacific railroad.

This salt occurs here in a crystallized form deposited in the crevices of

the rocks, also imbedded in the earth from 2 to 30 inches below the

surface. As the deposit at this point has not yet been much devel-

oped, nor the district about even thoroughly explored, how much of the

mineral exists here is unknown. As the geological and climatic con-

ditions of this region greatly resemble those about the district of Tara-

paca, near the northern frontier of Chili, in Peru, where the dry j)ampa

for 40 leagues is covered with a bed of this salt several feet thick, it may
reasonably be expected that this valuable mineral will be found on

these desert lands of Nevada, in considerable quantity. Here, as at

Tarapaca, the nitrate of soda occurs in an arid and almost rainless

region, the annual rainfall on this jSTevada district amounting to scarcely

more than 4 inches, while on the coast of southern Peru it is still

less. Both localities occupy what was once the bed of the ocean or

inland sea, both have about the same mean temperature and elevation

above tidewater, and on both are found heavy deposits of common salt,

the sulphates of lime and soda, magnesia, alumina, etc., some of the

borates of lime and soda being also found in the Nevada field. An or-

ganization known as the Nevada Niter Company has taken up an ex-

tensive tract of land covering what is considered the best of these

Nevada deposits, with the purpose of exploring and utilizing them,
should enough of the crude salt be found to warrant their doing so. In

Ai^ril, 1833, a deposit of nitrate was found near Calico, San Bernardino
county, California, Fine samples were sent to San Francisco for exam-
ination. As yet, however, the extent of the deposit is undetermined,

:

and no operations tending to its development -have been commenced.
The Central Pacific railroad carried eastward from San Francisco 64,640

pounds of nitrate in 1882.

Nitrate of soda is said to occur in the extreme southern portion of

New Mexico in considerable quantity. It is deposited here by a few
springs,the greater number being in Chihuahua, Mexico, just across the

boundary line. No disposition is made of the product, beyond the

shipment of a limited quantity to Chihuahua by Mexicans.

Imports and exports.—The following table shows the imports and ex-

ports of nitrate of soda during recent years :

599
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ImporiH and exports of yiitrate of soda.

Fiscal years.

1872
1873
1874 '.

187.1

187G
1877
1878
1879
1880
1881
1882
Calendar year 1882

Imports (spe-
cit5 values

;

free of duty.)

$928, 079
1,452,780
1,:«8, 141

968, 015
1,055,360
1,323,457

973, 322

1, 348, .')72

1,805,110
2, 356, 183

«3, 911,."vis

63, 045, 127

Exports.

Quantity. Value

Pounds.
3,100

91,940
153, 936
10,564

429, 988

$124

2,988
5,773

370
14, 435

a Quantity impDrted, 184,554,374 pounds.

b Quantity imported, 150,297,385 pounds.



CARBONATE OF SODA.
This mineral abounds throughout most parts of the Great basin, the

extensive alkali flats which form a feature of that region constituting

the principal sites of these deposits, which occur usually in the form of

an efflorescence an inch or two thick on the surface, but sometimes in

strata a foot or more thick imbedded in the earth, and separated from

each other by thin seams of clay. When found in the form of a thin

incrustation on the surface it is never pure, being always admixed with

salt, borax, lime, magnesia, and other minerals. The heavier deposits

are comparatively free from foreign matter, carrying generally about 90

per cent, carbonate of soda. One of the most remarkable repositories

of this mineral known consists of a circular basin, the bed of a former

lake, situated on the southerly margin of the Forty-mile desert, Church-

ill county, Nevada. This basin, which covers an area of ten or twelve

acres, is depressed 60 feet below the common level of the country adja-

cent. Its bottom, usually dry, though in wet seasons covered with a

few inches of water, is composed of a compact mass of the carbonate

of soda so hard that it has to be broken out with crowbars, and so pure

that it can for many purposes be used to advantage in its natural state.

This substance occurs here in layers about one foot thick, separated

from each other bj^ thin seams of clay. Large quantities of the crude

material are extracted every year. Some of this is used as it comes from

the mine in the beneficiation of silver ores, much the greater portion

however being refined and sold for other purj)oses. The process of

refining is effected by placing the raw soda in reverberatory furnaces and

subjecting it to a heat of about 500° Fah., whereby most of the moisture

and excess of carbonic acid it contains are driven off". This deposit

has been worked over an area of several acres to a depth of 10 or 12

feet without showing any signs of exhaustion. The receipts at San
Francisco during the two years ending with June 30, 1882, amounted to

16,457 centals.

Bicarbonate of soda, nearly pure, is said to occur in a large bed 30

feet thick and covering an area of over 300 acres, in Carbon county,

Wyoming. No analyses of tlie soda are published, and in the absence of

positive evidence it seems probable that the soda is in the form of sul-

phate, containing some bicarbonate. From the lake near Pacific springs,

Carbon county, a portion of the salt showed

:

Sodium sulphate 81. 23

Sodium bicarbonate 14. 82

Sodium chloride 3.95

100. 00
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From two miles east of Independence Rock, in the Sweetwater val-

ley, the deposit contained :

Sodium sulphate 73. 17

Sodium bicarbonate 22.98

Sodium chloride 3. 85

100. 00

Mr. Bailey, territorial geologist of Wyoming, states that in a distance

of 75 miles from Independence Rock there are over 100 soda lakes,

which vary in area from 20 to 300 acres and in depth from 15 to 45 feet,

and that the soda occurs as a mixed carbonate and bicarbonate.



SULPHATE OF SODA.
Sulphate of soda is of frequent occurrence in the Sweetwater vallej'^,

Wyoming, and is found in quantity at Burdsall's soda lake at Morrison,

Colorado, and in small quantities in New Mexico.

In Wyoming the principal lakes and beds are owned by the Union
Pacific Eailroad Company, and up to the present time but little has

been shipped. The Dupont Powder Company have recently purchased

of the Union Pacific Railroad Company the soda lakes near Laramie

city, and are erecting works upon the spot for the manufacture of gun-

powder.

At the Denver Exposition in 1882 the Union Pacific Eailroad Com-
pany had on exhibition a pillar of mixed sulphate and bicarbonate of

soda 15 feet in height. No soda was shipped over the Union Pacific

railroad in 1882.

The following are analyses of different specimens of the mineral.

From the lake 2 miles east of Independence Rock

:

Sulphate of soda 73. 17

Carbonate of soda ^.
., 22.98

Chloride of sodiiim :i. 85

100. 00

From the lake 7 miles west of Saint Mary's Station, in the Sweet-

water valley

:

Sulphate of soda 88.93

Chloride of sodium 11. 63

100. 56

From near Pacific springs :

Sulphate of soda 81. 23

Carbonate of soda 14. 82

Chloride of sodium 3. 95

100. 00

The three following analyses are from the alkaline pond near Big

Sandy river

:
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The soda from BurdsalPs lake, at Morrison, contains

:

Water and organic matter 19. 10

Silica 5.20

Alumina and oxide of iron 14. 40

Chlorine 2. 40

Sulphuric acid 25.80

Lime 8.80

Magnesia :j. 90

Soda 19.10

98.70

Glass works are being now erected in Denver to utilize the soda and

silica from Morrison.



ASPH ALTUM.
Domestic asphaltum.—Asphaltum is mined to a small extent in Cali-

fornia, has been found in West Virginia (grahamite), and recently has

been reported in Colorado; but the production in this country has

hitherto been very limited. About 3,000 tons of domestic asphaltum

are used in California annually. Most of this comes from Santa Bar-

bara county, from deposits near the coast, and this is said to be the best

material, as it is the hardest and does not shrink. Some asphaltum is

also shipped from San Luis Obispo county, and some from Santa Clara

county. It is used for sidewalks and for street pavement, and also for

coating water pipes. Some 18 miles of the 26-inch pipe of the Spring

Valley Water Company, which supplies San Francisco with water, is

coated with this substance. The asphaltum costs $3 to $4 per ton at the

coast landings where produced, and $8 to$10i)er ton in San Francisco.

Foreign asphaltum and asphaltrocJc.—The asphaltum used in the Eastern

States is almost exclusively imported, and comes mainly from the pitch

lake at La Brea, in the island of Trinidad. The price is about $14 per ton

on the Atlantic seaboard. The use of the Trinidad asphaltum is increas-

ing, some 10,000 gross tons of the crude substance having been used in the

city of Washington alone, in paving the streets. In preparing it for

paving, the asphaltum is tempered with heavy petroleum and mixed

with sand and powdered limestone, thus imitating the natural asphalt

rock. Messrs. Louis Monjo & Co., of l^ew York, report an importation of

Cuban asphaltum of 650 tons in 1882, the price ranging from If cents

per pound up. There is a considerable importation of rock asphalt

from Switzerland, one prominent locality being the Val de Travers,

canton of Neuchatel. This rock is manufactured into a mastic known
as rock asphalt mastic, which is used for laying the wearing surfaces

of sidewalks, roofs, and floors. With the crude rock asphalt the wearing-

surfaces of carriageways are prepared. This crude rock asphalt is a

carbonate of lime, naturally and evenly impregnated with bitumen. It

sells for $18 per ton of 2,000 pounds ; and the manufactured mastic at $23

per ton. The importations of foreign asphaltum during the fiscal year

1882 amounted to 30,686,333 pounds, invoiced at $105,152. Crude
asphaltum and bitumen are on the free list. The exports of asphaltum

during the period mentioned amounted to only $400.
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ALUM.
Native alum.—Alum appears in the form of an efflorescence on argil-

laceous rocks in the Silver Mountain district, Ali)ine county, Califor-

nia, but the deposits are too light to be of much practical value. In

the early part of 1875 the discovery of what was termed an alum lode

was reported to have been made on Howell mountain, Napa county,

California. As is often the case with these reported finds, much was

claimed for the extent and purity of this deposit ; but as a very little

alum from that locality ever found its way to market, the first accounts

of this discovery were presumably much exaggerated. Some of the

springs of the Geyser group, Sonoma county, also small springs near

Owen's lake, carry a small i^ercentage of alum. Certain clays found in

Santa Clara and Calaveras counties in the same State show a strong

taste of alum ; but if auy valuable deposits of this mineral have ever

been found in the Pacific division, the fact has not become generally

known.
Alum occurs in small quantity at Mount Vernon and in Jefferson

county, Colorado. In other parts of the Eocky mountain region small

quantities of the mineral are found, but nowhere in economically avail-

able bulk.

Artificial alum.—The alum of commerce is a manufactured commodi-

ty, and the supplies consumed in this country' are both of the imported

article and that made in a few chemical works in the Eastern States,

chiefly in Pennsylvania, New York, and New Jersey, from alum shale,

clay, etc. In the census year ending May 31, 1880, the production of

artificial alum in the United States was 39,217,725 pounds, valued at

$808,165.

The production of artificial alum in 1882 amounted to between 16,000

and 20,000 tons, which at 2 cents per pound would be worth from

$640,000 to $800,000. Nearly all was made from alum clays brought

from France and England, but the manufactured product is said to be

superior in qualitj" to that imported from England. The process of

manufacture is very simple, consisting in mixing the clay with sul-

phuric acid, dissolving the sulphate of alumina thus formed, and then

adding a solution of sulphate of ammonia and crystallizing the result-

ing salt. The leading manufacturers are Messrs. M. Kalbfleisch's Sons,

of New York City and Buffalo; Chas. Lennig «& Co., Harrison Bros. &
Co., and Powers & Weightman, of Philadelphia; and the Pennsylvania

Salt Company, of Philadelphia aud Pittsburgh.
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COPPERAS.
Production.—The estimated production of copperas (sulphate of iron)

in this country during the year 1882 was 15,000,000 i)ounds, having an

average spot value of three-quarters of a cent per pound.

Sources.—This material is largely made from the waste oil of vitriol

from wire and galvanizing works, with scrap iron. It is also made from

alum shale. The principal centers of i^roduction are as follows: Wor-
cester, Massachusetts; Kew Haven, Connecticut; Buffalo, Xew York;
Philadelphia and Johnstown, Pennsylvania ; Cleveland and Steuben-

Aille, Ohio; and Saint Louis, Missouri.

Uses.—Its principal uses are in i)aper and print mills, bleacheries,

dyeing establishments, chemical manufacturing establishments, paint

and ink manufactories, and for sanitary purposes as a disinfectant.

607



CRYOLITE.
Cryolite, with its associated minerals, gearksiitite, thomsenolite, etc.,

occurs sparingly in the crystal beds near Pike's peak in Colorado. Its

occurrence elsewhere in the West is not known. Cryolite is used for

making- soda, in the manufacture of a white porcelain-like glass, and

to a very small extent in the manufacture of aluminum. The main sup-

ply comes from the cryolite bed at Evigtok (or Iviktoh), in Greenland.
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O ZOC E R IT E .

A deposit of native paraffine or mineral wax (ozocerite) was discov-

ered in southern Utali during the summer of 1877. This find was con-

sidered so valuable that a company, having headquarters in Boston, was
formed the next year for working the deposit, which 1ms since been
mined quite extensively and with some profit. The crude material is-

said to be of good quality, samples sent to England to be tested having
been pronounced equal to the best Turkish. Other sami)les analyzed

in San Francisco were found to contain a large percentage of white wax^
of the kind used in making paraffine candles. It is said that this sub-

stance can b€ mined and delivered in Boston at a cost of 4 cents iier

pound.

Ozocerite occurs in beds of coal, or associated bituminous substances.

It is found at Slanik, Moldavia, and at the foot of the Carpathians, but
is not common. It is like wax or spermaceti in appearance and consist-

ency, ranging in color fi?om an impure white to black; frequently brown
or green.
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MISCELLANEOUS CONTRIBUTIONS.

THE DIVINING ROD.
4

By R. W. Raymond.

Circumstances having recently drawn my attention afresli to tbe

alleged virtues of tbe divining rod, the still-continuing use of it in civ-

ilized (jountries, and the mass of evidence concerning it which has accu-

mulated during the last three centuries, I was led to execute an old plan,

often postponed, and to prepare a somewhat elaborate discussion of the

rod and its literature. The result was a paper of considerable length,

presented at the Boston meeting of the American Institute of Mining

Engineers, in February, 1883, and now awaiting i)ubIication in the trans-

actions of that society. The subject is one of general interest ; and,

moreover, as it is one of those subjects which are periodically revived

by enthusiastic believers or superficial students ignorant of history, it

seems to me that an account, abridged from the paper referred to, may
be in this place neither inappropriate nor un\^elcome.

The extent to which the divining rod is still used iu this country for

the detection of hidden treasure, mineral veins, or springs is much
greater than educated persons would be likely to suppose. For many
years wells have frequently been located by its aid in New England,
where the belief is widely extended among the farmers that in the

hands of peculiarly gifted j)ersons this instrument possesses special vir-

tue. Large numbers of the oil wells of Pennsylvania have been bored

at points designated hy the so-called " oil-smellers." More than one

adept with this instrument is practicing now in the western mining

region. I encountered, a few months ago, in southern Colorado, a party

of capitalists, who were accomi)anied by such an oxj)ert, and whose
purpose was to discover a mine by his aid, and to buy the property

thus made valuable. Still more recently, a paragraph in the Tombstone
Epitaph^ of Arizona, announced that a party of gentlemen from Chi-

cago, whose names were given, had been scouring over the hills in the

neighborhood of Tombstone for over a week, in comjiany with an expert

of Colorado, who had been employed to ascertain, " with his well-known

divining rod," the localities of mineral wealth, and who had declared

the existence of large bodies of ore in at least two places not yet devel-

oi)ed. It is also reported, with what truth I do not know, that the Ceu
tral Pacific and Southern Pacific Kailroad Companies have employed

Gio
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the diviuing rod successfully in the discovery of water, and have
located by this means their artesian wells in the desert. Last, but not

least, a small book, entitled " The Divining Eod," and published in

Cleveland in 1876, contains an essay on this subject read before the

Civil Engineers' Club of the Northwest, at Chicago, in 1875, by Mr.

Charles Latimer, a well-known engineer, who has had charge of several

important railways, and who testifies in the most unqualified manner to

the virtues of the divining rod as a means of determining the position

and the depth of subterranean water courses, and claims to have dis-

covered certain new and important laws of its operation connecting, if

not identifying, it with the force of electricity.

These circumstances, taken together with the fact that the "dows-

ers," or experts with the rod, still enjoy considerable local authority in

Cornwall, and that believers in its efficacy may still be encountered

among the German miners (although I think in that country the faith

is more nearly extinct than elsewhere), certainly justify me in regard-

ing this subject as one not solely of historical interest. Yet a consid-

eration of its history and literature will throw important light upon the

question whether the phenomena which it has presented, and continues

to present, are to be ranked under the head of self-delusion, deliberate

deceit, or both ; or, on the other hand, indicate, after all reasonable

deductions for human error and credulity, a residuum of important sci-

entific truth.

Before sketching the history of this instrument, it will be well to say

a few words concerning tts form, material, and use. Yet this is a work
of no little difficulty. The immense literature of the divining rod

shows nothing more clearly than the boundless confusions and contra-

dictions of its advocates and professors. Of the dozen different schools

of practice, each is necessarily obliged to reject half of the asserted

principles and certified facts put forward by the rest.

The most common divining rod, perhaps, has always been a forked

branch of witch-hazel in the shape of the letter Y- This wood may have
been selected because it forks in such a way as to give two branches of

equal size, or because of its supposed affinity for springs of water. But
other woods, such as peach, ash, pitchj)ine, and even metals, have been

recommended at different times, and different professors of the art have
also varied the shape of the rod, employing sometimes a straight twig

with a small fork only at one end, or an elastic twig or whalebone with-

out any fork. The dowsing rod used by the expert mentioned in the

Tombstone Epitaph is, I believe, an instrument made of two prongs
of whalebone united in a stem which terminates in a case similar to a

rifle-cartridge. The contents of this case are a secret. (Similar cases,

used in the Middle Ages, are said to have contained mercury.) This

rod, like the ordinary forked hazel switches, is held in the two hands,

each grasping the extremity of a prong, with the fingers closed not too

tightly and -the palms upward, the shank or stem of the rod being hor-



612 MINERAL RESOURCES.

izontal or vertical, or variously iuclined, according to the principles of

the practitioner. When carried in this manner by the operator, walking

over the surface of the ground, the rod is said to turn or dip above treas-

ure, mineral veins, springs, etc., and there is an elaborate and complicated

science based upon the various degrees, directions, and force of this

dipping. Unfortunately the rules as determined by one or another cele-

brated operator have been found not to work for his rivals or successors,

so that each authority lays down rules of its own. The straight rods

were either balanced in various ways on one or both hands or sprung

bow-Jike between the two hands. The most peculiar rod described in

ancient books was made of two pieces of wood, one of which was

pointed and the other provided in the end with a socket. This rod,

being delicately held, was said to indicate the presence of the object

sought for by a peculiar revolution of the point in the socket.

An inquiry into the uses of such rods leads us at once to the history

of our subject, in the study of which it will appear that divining rods

were first used in antiquity mainly or wholly for moral purposes ; that

in the Middle Ages their employment was for a long period confined to

the discovery of material objects; that towards the end of the seven-

teenth century the moral use was again asserted, and that in the eight-

eenth century the divining rod was relegated to the material sphere,

and assumed the comparatively modest functions in the discharge of

which it still lingers among us.

It will be remembered that the Egyptian sorcerers confronted by
Moses carried rods, as Moses and Aaron also did. The prophet Hosea
denounces the uses of rods for divination by the Jews (Hosea 4:2).

According to another prophet (Ezekiel 21:26) the King of Babylon con-

sulted rods or arrows to decide his course. The Scythians, Persians,

and Medes used them. Herodotus says that the Scythians detected

perjurers by means of rods. The word rhabdomancy, originated by the

Greeks, shows that they practiced this art; and the magic power of the

rods of Minerva, Circe, and Hennes or Mercury is familiar to classical

students. The lituus of the Eomans, with which the augurs divined,

was apparently an arched rod. Cicero, who had himself been an augur,

says, in his treatise on divination, that he does not see how two augurs,

meeting in the street, could look each other in the face without laugh-

ing. At the end of the first book of this treatise he quotes a coui)let

from the old Latin poet Ennius, representing a person from whom a

diviner had demanded a fee as replying to this demand, "I will pay

you out of the treasures which you enable me to find." This ancient

joke, by the way, has been adopted in all seriousness bj" the "oil-

smellers" of Pennsylvania, who, as 1 am informed, are accustomed to

locate oil wells on precisely this condition, receiving nothing if the well

proves unsuccessful and fifty dollars if oil is struck.

Marco Polo reports the use of rods or arrows for divination through-

out the Orient, and a later traveler describes it among the Turks.
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Tacitus says that the ancient Germans used for this purpose branches

of fruit trees. One of their tribes, the Frisians, employed rods in

church to detect murderers. Finally, if we may trust Gonsalez de

Mendoza, the Chinese, who seem to have had everything before any-

body else, used pieces of wood for divination.

Thus we perceive that the application of the divining rod in histori-

cal antiquity was mainly or wholly moral ; that is, it was employed to

detect guilt, decide future events, advise courses of action, etc. It is

largely to the alchemists that we owe the development of its use for

detecting material objects. In truth, the alchemists, relatively to their

times, were scientific. They studied nature more, not less, than others.

Their superstition was at least alloyed with science, while the general

superstition was unalloyed. Hence they were likely to reject the su-

pernatural or spiritual powers and uses of the divining rod, and to regard

it as a mysterious but physical agent. Yet the first mention of it in

this sphere found in any alchemistic book, namely, in the Novum Testa-

mentum of Basil Valentin, supposed to have been written in the fifteenth

century, though certainly not published or known to' have existed be-

fore the sixteenth century, recognizes the practice of carrying the

divining rod as common among German miners.

Whatever its antiquity, the use of the rod to discover hidden treasure

or metallic ore became general in Germany, and was extended thence

through Flanders, England, Sweden, France, Italy, and Spain before the

end of the seventeenth century. It must be remembered that in those

days the practice of burying money and plate was universal. A rod that

would discover buried treasure only would at the present time be of

comparatively little value. We know well enough where the large

masses of gold and silver are piled. It is not ignorance, but bolts and
bars, that prevent our getting at them ; and a large class of the diviners

of the Middle Ages would, if they lived to-day and practiced their pro-

fessions, be obliged to become burglars or cashiers.

The scientific explanation of the divining rod at this period, like the

scientific explanation of nearly all facts in chemistry and physics, was

affinity^ a word under which was concealed a little science together with

a vast amount of ignorance and superstition. . Philip Melancthon

(1497-1560), the friend of Luther, adopted this theory to explain the

effects of the divining rod. We must confess that in an age when the

attraction of the magnet for iron and of electrified amber for light

bodies was known, but not understood, there was no necessary absurdity

in supposing that similar phenomena might be exhibited by other classes

of substances. And this natural presumption, joined with the inherent

credulity of ignorance and the tendency to generalize upon imperfect

data, caused a very general acceptance of the alleged operations of the

divining rod as true, and consequently the promulgation of crude quasi-

scientific theories to account for it. On the other hand, it must be re-

membered that the belief in demonic agencies was still active and all-
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pervadiDg, so that when facts could not be scientifically explained they

were at once referred to witchcraft or to the devil direct. So long as

the discussion remained within the field of science it was conducted

with courage and candor ; but when it entered the demonic domain, the

boldest philosopher, unless he were willing to sell his soul to Satan, be-

came dumb. This may explain the attitude of the great Agricola {De

Re Metallica, Basle, 1546, lib. ii.), a keen observer and wise reasoner,

who, after saying that the alleged virtues of the divining rod arc sub-

ject to much dispute, and stating both sides of the dispute with admi-

rable clearness, demolishes in a few words the supposed analogies of

magnetism and electricity, but declares that if the divining rod derives

any power from spells and incantations, that is a matter neither per-

missible nor agreeable for him to discuss. He proceeds, moreover, to

assert as the general result of exi)erience in his time that the professors

of the divining rod, though they sometimes succeed in discovering veins,

quite as frequently fail, and have to dig like other people if they wish

to find anything. Wherefore, he advises the respectable and sober

miner to study the indications of nature, and then dig at once without

further fooling. In the quaint Avood-cut which accompanies this passage

a miner is represented in the background as cutting his hazel twig,

while another in the foreground is proceeding with it in due form for

the discovery of the mine, and (whether in sarcasm or not, I do not

undertake to say) at the very point to which the latter is steering, two

of Agricola's " good and sober " miners have already found ore by the

homely process of digging. .

Paracelsus, the great hermeneutic philosopher of the first half of the

sixteenth century, condemns in his writings as uncertain, illusory, and
unlawful, the use of the divining rod. But his disciples did not uni-

formly agree with him in this view. Most of them accept as proved

the efficacy of the rod, some ascribing it to a i)hysical property and

some to demonic agency j while a few discredit the alleged facts and
pronounce the practice to be a superstition.

Still another view was advanced and greatly favored by the practi-

tioners themselves, viz., that the performances of the rod are genuine

and depend upon a physical i)roperty in part, their complete success

requiring, however, a peculiar gift in the operator, conferred by divine

favor. In pursuance of this idea, the practice was surrounded with

highly pious ceremonies and formulas. It is true that some of the rules

prescribed for the time and manner of cutting the liazel wand partook

largely of heathen sorcery and astrology. Scandinavian and even

Aryan mythology reappear in them. But this was atoned for when
the rod, once cut, was duly Christianized by baptism, being laid for this

purpose in the bed with a newly baptized child, by whose Christian

name it was afterwards addressed. The following formula, cited by

Gaetzschmann, may serve as an example :
" In the name of the Father,

and of the Son, and of the Holy Ghost, I adjure thee, Augusta Caro-
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lina, that thou tell me, so pure and true as Mary the Virgin was, who
bore our Lord Jesus Christ, how many fathoms is it from here to the

ore""? In this case, the rod was expected to reply by dipi)iDg a certain

number of times corresponding to the number of fathoms.

Such devices, however, were not everywhere successful in diverting

from the practitioners of this occult science the evil name of sorcery.

A striking and pathetic instance is furnished in the seventeenth cen-

tury by the history of the Baron and Baroness Beausoleil. The baron,

born in Brabant, devoted himself to mineralogy and mining, and be-

came, undoubtedly, one of the foremost mine engineers of his time.

He visited and studied the mines of Germany, Hungary, Bohemia,

Tyrol, Silesia, Moravia, Poland, Sweden, Italy, Spain, Scotland, Eng-

land, and France. The Emperors Eudolph and Mathias appointed

him counselor and commissary-general of the mines of Hungary. The
Archduke Leopold made him director of the mines of Tyrol and Trent.

The dukes of Bavaria, Neuburg, and Cleves gave him the same title.

Finally, the Pope did the same for all the papal states. He appears to

have amassed from these various emijloyments a considerable fortune.

In ICOO he was engaged by the comptroller-general of the mines of

France to open mines in Languedoc and some other provinces, and in

1626 this commission was still further extended. During this period

he met and married his wife, who devoted herself with enthusiasm to

his profession, studying and traveling extensively with him in Ger-

many, Italy, Sweden, and perhaps Spain. They even made a voyage
to the shores of the New World. In 1627 their house was robbed under
legal forms of search on the charge of sorcery ijreferred by a local offi-

cial. Their loss was estimated at one hundred thousand crowns. They
easily obtained acquittal of the charge ; but it is an instructive com-
mentary on the justice of the times that they never were able to recover

their property. They went to Hungary, but returned to France in

1632 under a new commission from Louis XIII. In this year the bar-

oness, who was an accomplished author, published an account of one
hundred and fifty mines already discovered in France, and of some
medicinal springs. They expended, in further explorations, nearly the

whole of their fortune, but were unable, in the face of their jealous

rivals and enemies, to obtain from the Government the grants which had
been promised them, and by means of which they expected to reimburse
themselves. Finally, the baroness published a work, addressed to

Eichelieu, and entitled "The Eestitution of Pluto" (reprinted at Paris in

1779), in which, with eloquent indignation, she declared the deserts of her
husband and herself, and asserted their right to the rewards promised
them, urging the cardinal-minister at the same time, by every consid-

eration of the glory and greatness of France, to encourage the develop-

ment of its mineral resources. Unfortunately, in this work she fur-

nished new material for the slanderous accusation of sorcery. In

magnifying the art of discovering mines and springs, and the skill re-
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quired for this purpose, she gives a description of the means employed,

showing that these hidden treasures are to be detected

—

1. By digging, which is the least important way.

2. By the herbs and plants which grow above springs of water.

3. By the taste of the waters which flow from them.

4. By the vapors which arise from them at sunrise.

5. By the use of sixteen scientific instruments and of seven rods (the

seven rods of Basil Valentin) connected with the seven planets, etc.

The first four means were undoubtedly real and really employed.

Under the fifth head we have an illustration of what is so common in

the alchemistic and other mediaival writers, namely, the covej-ing of th<i

facts of nature and the methods of investigation with assumed mysterj-,

to hide them from the vulgar. So long as the baron and baroness were

spending their own money for the good of the State, they Avere permit-

ted to go on, and even received, from time to time, complimentary notices

which, indeed, could not be withhekl from persons of such eminent

reputation. But when they became troublesome in their demands for

more substantial favors, and came into collision with the rings which

infested the kingdom, the charges of sorcery renewed against them fur-

nished a convenient pretext for getting them out of the way. Kiclielieu

may even have supposed that he was behaving in this case with lenity,

since, instead of having them burned to death, as he did with another

sorcerer of the same period, he onl^* i)ut the baron in the Bastile (1642)

and his wife in Vincennes, where they soon (about 1645) died in desti-

tution and misery, victims not so much of the superstition as of the

corruption of the times.

It will be noted that the treatise of the baroness did not claim for the

divining rod any moral virtue. What the Beausoleils appear to have

done for this instrument was to bring forward its use in the discovery

of springs as well as metals, (a)

For fifty years after their death the subject was discussed among
savans and priests. Occasionally some one ventured to doubt the truth

of all the stories told about the wonderful powers of the rod—as, for

instance, when the celebrated Eobert Boyle, in 1666, put the question,

as member of the Eoyal Society of London, whether tlie divining rod

is really moved by the proximity of metals. The learned Jesuit, Kircher,

tested it by mounting such rods upon pivots, and concluded tliat they

would not move except when in human hands. But this is almost the

only careful experiment recorded of this period. Other observers seem

to have taken the word of the operator, or accepted at second hand the

tales of the wonder-stricken spectators.

a The above account of the Bcausoleile is abridged from Fijjnier's Histoiie du Mer-

veilUux, to which, together with Chevreul's La Baguette Diviiiatoirc, Gaetzschmann's

Auf vnd Untcrsuchitiig dei- Lagerstatten, and Agricola's ]Je Be MelaUka, I am indebted

largely for the materials of this review. A full citation of authorities will be found

in my more elaborate paper, already referred to.



MISCELLANEOUS CONTRIBUTIONS. 617

Mauy pious dignitaries of the churcli took part in the discussion

.

and so long as only the detection of material objects was to be ex-

plained, they could take one or the other side freely. The earlier uses

of the rod for general divination and moral discrimination seem to

have been for a time forgotten. Some of the Jesuit writers do mention
them towards the end of the century, only to condemn them as diabolic.

Any attempt to justify them would have incurred at once the censure

of tbe church, which would have settled the vexed question of agency
by denouncing as unlawful this intrusion upon its spiritual prerogative.

This is indeed what speedily happened, as we shall see. The lost doc-

trine of moral power reappeared, not among the learned, but out of the

obscure mass of the people. In the province of Dauphiny, in the south

of France, the practice of the divining rod, introduced perhaps by the

Beausoleils, had become, fifty years after their death, an art followed by
many experts, who were called liommes a baguette. They were employed
to find springs of water, hidden treasure, mines, etc., and also to detect

criminals, and even to settle disputes as to boundaries when the land-

marks were gone. Two farmers, for instance, having aidispute as to the

boundary between their farms, instead of going to a lawyer or judge,

would send for a diviner; he, walking over the disputed ground, would
indicate by the dipping of his rod the spot where the old landmark
formerly stood ; and this decision was accepted without appeal. Con-

sidering the exi^ense of litigation in all times, and the peculiar character

of the justice which at that time was sold so dear and worth so little,

we may fairly say that whatever be the merits of the divining rod, the

peasants of Dauphiny acted wisely in employing it

!

In 1692 a mysterious murder was committed at Lyons, and the authori-

ties were persuaded to accept as an assistant in tracing theunknown mur-

derers a rich peasant of Dauphiny, already locally famous as a diviner.

This man, Jacques Aymar by name, having gone through at the scene

of the crime what he called an "impression" (consisting in shuddering,

signs of pain and agitation, and accompanied by violent dipping of his

rod), started on the trail, in the manner of a bloodhound, and after

many days tracked down and discovered in the jail of another city one

—

the least important—of the three criminals. This was a hunchback, who
had been an accomplice, and had kept watch at the door of the house

while the murder was done in the cellar. The principals escaped, though

Aymar professed to follow their traces beyond the borders of France.

The hunchback was taken to Lyons, recognized by many persons as

having been at the scene of the crime about the time of its perpetration,

tried, and finally, w^on his own full confession (and, as the judges took

pains to declare, not upon the testimony of the rod), condemned and
broken alive. A careful analysis of the numerous official and other

records of this case shows it to be quite possible that Aymar was in

possession of important clews at the outset; and that fact being granted

(though the clews were no more than the fact that three strangers, one
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of whom was a huncliback, had been seen in the neighborhood), the rest

is merely a piece of clever detective work.

Nevertheless the affair produced a wide-spread sensation in France;

and Aymar was called to Paris, where both the court and the sarans

interested themselves greatly in his mysterious i^owers. To the present

day his performances are often cited by those who think there is "some-

thing in it, after all." In respect of marvelous tales, the natural pref-

erence for belief is great; and it has apparently been forgotten that

Aymar was reall}- exposed as a failure and a cheat, while the alleged

triumphs of his skill are eagerly recalled. His claims were absurd

from the standpoint of any scientific theory. The rod was, as he said,

merely an index and an iutensitier of his feelings. He could do without

it, but not as well. In his hands it was sensitive to the i)articular object

which he was at the time seeking. When he sought a given murderer,

the track of some other murderer or the neighborhood of subterranean

water or hidden treasure would not disturb or divert him. If he felt

these things in passing, the feeling was easily distinguishable from that

connected with his intention, etc. But he was deceived over and over

again, and the Prince de Cond6 at last publicly denounced him and

warned the public against him. Yet many believed in him; and he

grew sullen and audacious as he grew desperate. At last he undertook

to divine character with his rod; and on one occasion demanded black-

mail from a lady whose character he had been commissioned by her

intended bridegroom to reveal. After leaving Paris he performed a

similar trick in a village of France, where he maliciously designated a

considerable number of the most respectable houses as the dwellings of

bad women. His last appearance in history was the worst of all. In

1703 he was employed during the civil war to point out with his divin-

ing rod Protestants for massacre, on the pretext that they had been

guilty of crimes, which his power could thus detect. I think the modern

friends of the divining rod would do well to leave Aymar out of their

list of experts.

The inquisition of Eome in 1701 denounced the divining rod and all

works in its defense.. But before that a number of books had appeared

in which even the moral uses of the rod had been skillfully connected

with the ruling Cartesian i)hilosophy. The chief of these is the Physique

Occtdte of the Abb6 Vallemout, which appeared in 1G98. and in which

the " corpuscles" of Descartes were made to do new duty. It declares

that the holder of the divining rod receives corpuscular effluvia from

various suitable substances or from other human bodies, and communi-

cates them by transpiration through the pores of the skin to the divining

rod. Difl'erences of skin in different i)eople result in various degiees of

susceptibility to particular impressions; but Aymar was, according to

the abbe, possessed of an epidermis which could receive all kinds of

impressions without confounding them. The theory necessitated also

differences among the corpuscles from springs, minerals, thieves, assas-
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sins, missing boundary-stones ( ! ), etc. Bat the abb^ bravely accepts the

logical situation, and declares the existence of aqueous matter, larcen-

ous matter, murderous matter, etc. i\'oreover, to explain how Aymar
could track a crime, as he claimed, years after its commission, the abb6
postulates an extraordinary levity of the corpuscles, by virtue of which

they remain indefinitely suspended in the air, in spite of rain, wind, or

even other corpuscles of later origin. The whole theory bristles with

absurdities, which the science of that day, even, was able to detect.

Lebrun and others demolished the corpuscular theory, as Kircher had
demolished the theory of affinity. The demonic hypothesis remained.

Several cases are reported at length in which persons possessed (through

an unconscious compact with Satan) of the evil power of using the rod

got rid of it by prayer and fasting. The anathema of the inquisition in

1701 had apparently this effect, that it stopped the worst abuses of the

art. Certainly we hear little or nothing in the eighteenth century of the

detection of criminals, the revelation of character, or the disclosure of

the future by such means.

But Dauphiny still bred sourciers, i. e., diviners of springs. In 1750

one of the most famous of these, Bartholemy Bleton, was born there.

He matured just in time to suit the plans of a physician of Lorraine, Dr.

Thouvenel, who was full of an electrical theory of the divining rod, and
wanted, in 1780, an expert to experiment upon. The doctor, like his

predecessors a hundred years before, tried credulous experiments, asked
innumerable questions, believed the answers he got, and published

forthwith a big book, with the scientific explanation. It is not worth

while to analyze it, but two or three points are significant. Bleton did

not profess to discover anything other than material objects, especially

running water. He was what is called a hydroscopist. Again, he
frankly declared that the rod was merely an index ; that it was not

necessary ; that its form or substance was totally indifferent, having
nothing to do with his power, which it manifested. Finally, he said

(and Thouvenel proved it by " experiment"), that when he was insulated

from the ground, the effect of water on him and, through him, the rod,

was entirely cut off", to be restored again as soon as the insulation was
removed.

Bleton went to Paris ; and the story of Aymar was in some particu-

lars repeated, except that Bleton was undoubtedly a skillful water-

seeker, and not so bad a man as his famous predecessor. Yet he failed

in many tests—as often, we may say, as he succeeded, apart from cases

in which, with ample time and with the skill born of long experience, he
located wells in the country. Even here his failures were numerous ; but
his recorded successes are also many. In one particular he may have
shown bad faith, though the facts are not inconsistent with honest self-

deception and the unconscious control of the imagination. I refer to

the famous insulation experiment, which showed at Paris the same re-

sults as in Lorraine until the insulation, instead of being oi^enly broken,
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was secret!}' destroyed by connecting with the ground, through a good
conductor, the top of the glass-legged stool on which Bleton was stand-

ing. This being done without his knowledge, no results whatever fol-

lowed. The alleged effects of insulation continued so long as Bleton

thought the insulation still existed. The theory and this particular ex-

periment of Thouvenel have been rediscovered by Mr. Charles Latimer,

who, in his Cleveland lecture, claims them as new ! They were exploded

a good while before he was born.

Dr. Thouvenel was not discouraged by the failures of his protege.

Emigrating at the time of the Revolution, he took with him to Italy

another Dauphinese hydroscopist named Pennet. After various expe-

riences (on the whole unsatisfactory) in finding or failing to find water,

hidden metals or ores, coal, etc., this expert came to grief finally at Flor-

ence, where he was-caught at night in an inclosure which had been pre-

pared for a careful test on the morrow by burying masses of metal here

and there in it. Api^arently intending to reconnoiter a little beforehand,

he climbed over the wall into this inclosure. Somebody who was on the

watch removed the ladder, and the wall being very high, Pennet was
unable to divine any way out. This exjwsure caused him to leave Flor-

ence, and public life too, so far as I can learn. Yet the good doctor

declares that " Pennet's moral defects had nothing to do with his phys-

ical faculty!" We are forcibly reminded of the way in which the vota-

ries of modern " mediums" adhere to them after they have been exposed.

AfSnity, corpuscles, electricity—each had its period of discussion.

The beginning of this century, all excited as it was bj- the brilliant dis-

coveries of Galvani, was very ready to find electricity anywhere—if not

in the rod, then as "animal magnetism" in the man.

A vigorous discussion sprang up in Italy, and many hydroscopists

appeared there. One of the most famous was Campetti, who in 1806

was called to Munich for scientific examination of his powers. He does

not seem to have convinced the skeptical scientists. Another Italian,

Amoretti, himself a member of a family which had produced many
hydroscopists, published a very interesting critical essay on the subject,

in which emjihasis is laid upon the sensation experienced by the diviner

in the presence of water. He says it is one of " heat or cold." This

is a significant point to which I shall presently recur.

With regard to the evidence presented in our own country, it is safe

to saj- that most of it, like most of the evidence of the past, is open to

the suspicion of at least an alloy of deception. Men who make money
out of their reputed skill with the divining rod, and who could not make as

much money or advertise themselves as thoroughly if they claimed only

a high degree of skill as prospectors, will almost inevitably ascribe to

the rod what is due to other means of inquiry; will explain away fail-

ures, exaggerate successes, and not establish or execute or permit really

thorough and sincere experiment. Xor are they easily discredited, any

more than Aymar or Bleton was, or wonder-working "mediums" in our
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own day are, by failures or exposures, provided they continue to put a

bold face upon the matter, and piously imitating the disciples of old,

when persecuted in one city, flee to another. The most distinguished

expert in this art on the Pacific coast has been repeatedly made ridicu-

lous by the result of test experiments. On one occasion, as I learn from

an eye-witness (who also reported the circumstances to the Mining and
Scientijic Press, of San Francisco), this diviner was invited to inspect

a metallurgical laboratory containing a large amount of gold, in coin

and bullion. After this inspection he was brought again, blindfolded,

into the laboratory, and requested to point out the metal with his rod.

But he could find nothing, though during his perambulation the point

of his rod was frequently within an inch of thousands of dollars. When
the bandage was removed from his eyes, and he was shown that all the

coin had been put in its natural receptacle, the fireproof safe, while the

bullion had been fastened by wire to the under side of a writing-table,

he claimed that his rod had been diverted by the immense amount of

treasure in a bank half a block distant

!

There have also been in California operators professing to be "nat-

ural magnets," and not using the rod ; but they have had no better suc-

cess. One of these natural magnets was employed to trace the missing

continuation of 'a vein for a mining company at Grass Valley, the mine
of which had been at one time the most productive in California. Un-
der his direction the compauy cut for many hundred feet, at an expense

of $30 to $40 per foot, through tough greenstone, and found nothing.

Not only are these grL^enstone belts at G-rass Valley well known to be

barren, but this particular belt was actually'- exposed in a cross-section,

parallel with this expensive underground cross-cut, and only one-eighth

of a mile away. The persons most familiar with the mining districts of

the West declare that, though the divining rod, in one or another form,

has made its appearance in many of them, it has discovered nothing of

practical value.

The scientific explanation of the movement of the divining rod was
given by M. Michel Eugene Chevreul, in a letter to M. Ampere, pub-

lished in 1833 in the Revue des Deux Mondes. This letter, however, gave
an account of experiments made by the writer in 1812, more than twenty

years before. Finally, in 1853, M. Chevreul having been appointed by the

Academy of Sciences upon a committee to examine a work on the divin-

ing rod, wrote a report on the subject, including the " exploring pendu-

lum " and the then novel wonders of " table tipping." This report was
published in 1844, under the title Be la Baguette Biviniatoire, du Pendule

dit Bxplorateur, et des Tables Tournantes, au Point de Yue de VHistoire,

de la Critique et de la Methode JExperimentale. It is worthy of notice that

this venerable savant is still active, at the age of ninety-seven. Only
the other day he spoke before the Academy, referring to a paper he

had presented to that body (if I remember correctly) seventy years ago.

Chevreul ascribes the movement of the rod, apart from cases of delib-
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erate cleccption, to minute, unconscious, muscular movements, and these

are caused, be thinks, by the imagination, or intention, or unconscious

decision, or expectation of the operator. An impression that the rod

will dip at a certain point, or a wish that it would, or even in some minds

a fear that it may do so, are all effective causes of the peculiar muscular

movement. Stories describing motions of the rod so violent as to strip

the bark from it, in spite of the resistance of the holder, do not disprove

the above theory. The position of arms, hands, and fingers usually

prescribed for the holding of thie rod, as explained in the beginning of

this essay, is one in which it is not easy (though not impossible) to pro-

duce by conscious effort the peculiar movement referred to. But it is

also one in which skillful effort, if employed, may be easily disguised;

and, finally, it is one which invites muscular cramps and produces mus-

cular torsions and involuntary movements, not to be resisted success-

fully zcithout a change of position. Under these circumstances a man
might easily twist the bark from a willow stick, and yiet fancy he was
trying not to do it.

In concluding this survey of the subject, I shall take a somewhat
wider view than M. Chevreul, and my remarks, though based on his

theory, should not be received as representing it.

From the mass of testimony, good, bad, and indifferent, the following

propositions may be safely deduced:

1. The material, consecration, astrological relations, and ritual for-

malities of the rod are entirely irrelevant and indifferent to its eflScacy.

This disposes at a stroke of nine-tenths of the ''science" which the

Middle Ages so laboriously accumulated on the subject.

2. The rod itself is entirely inert, unless in the hands of a human
operator ; and, according to the declarations of the most famous experts,

such as Aymar, Bleton, Amoretti, and many others, and a whole school

of diviners who do not use the rod at all, the rod is merely an index,

revealing and magnifying in visible results the peculiar inward sensa-

tions of the diviner.

3. The favorite and most convenient form of the rod (^) is one which

promotes involuntary muscular movements, and also permits decei)tion.

4. The involuntary minute muscular movements may proceed either

from the causes enumerated by Chevreul, or from a truly and purely

physical sensation. To this I will presently recur.

5. The uses of the rod for discovering moral qualities, relocating

missing landmarks, tracing stolen property, prophesying the future, or

even (as in the seventeenth century was the case) settling the orthodoxy

of theological dogmas, will not now be seriously defended by any one.

They belong to charlatanry and superstition.

6. The agency of demons we may also set aside, as a view outgrown
if not disproved. The pious Jesuit Gaspard Schott (1002), who held

this view, was shaken in his faith, though not convinced, by testimony

showing how often the rod failed to act or gave unreliable indications.
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He half admits that if Satan were at the bottom of it, it should work
better! As an instrument of divination, it is unworthy of the Devil,

But it might have been rejoined, that as a means of peri)lexing and
misleading mankind that distinguished expert could scarcely have-

improved it.

7. The application of the rod to the discovery of metals, coal, buried

treasure, etc., is shown abundantly to be chimerical. The rules and
methods, as well as the asserted performances of its professors, contra-

dict each other
J
and innumerable failures and exposures have justly

covered with ridicule their pretensions.

8. The transparent humbug of locating oil-wells with the rod, to strike

oil at depths of from a hundred to thousands of feet, needs no comment.

In this case, there are positively no signs by which a given spot can be

selected. The experience of neighbors may show a certain area to be

probably productive ; and within that area a certain line maybe inferred,

sometimes, to be the line of a productive channel. But if a keen ob-

server, having gone so far, professes to select a point on that line, he is

simply betting on his luck ; and, as carried on in Pennsylvania, the bet

is a safe one for the oil-smeller, who gets a handsome fee if he wins, and
loses, in the opposite event, nothing but an hour or two of time.

9. The case is somewhat different with the discovery of springs, and
(since ore deposits always have been, and often still are, the channels of

springs) of ore deposits. Here we have much stronger and more abun-

dant evidence in favor of the rod; and here, in my judgment, there is a

residuum of scientific value, after making all necessary deductions for

exaggeration, self-deception, and fraud. Keeping in mind that the rod

is merely an index to the minute muscular movement, and that this

movement may have a mental or a physical cause, let us consider (put-

ting aside at once all cases of deliberate deception) the following

facts

:

There is undoubtedly a practical science of discovering mineral de-

posits and springs. The most skillful prospectors can scarcely explain

how they decide upon the place where they dig; and yet, though they

are by no means always successful, it is certain that they are more suc-

cessful than the inexperienced. The books, from Agricola down, give

rules and signs; but the practical explorer is unacquainted with the

books. He has a science of his own, which afiects his mind without

conscious reasoning, by the principles of association and memory. He
recognizes in a new locality the tokens that he has become accustomed

to associate with a rich gulch or an abundance of pay-quartz elsewhere.

Perhaps he never took conscious note of them; yet their recurrence

affects his judgment. This practical skill is almost unerring within

narrow limits. Under new conditions it breaks down. Some of the

most absurdly foolish gold-mining enterprises I have ever known have
been set on foot by old California miners, who, returning to their former

homes east of the mountains, have said at once of some ravine or hill-
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side that it was "just the place for gold." lu like mauuer, certain

omens and si<.;ns from Cornwall have been carried around the world

by Cornish miners. But whatever the errors of practical prospectors,

the noteworthy point is that in localities with which they are familiar (or

in other localities where the conditions are the same) they come swiftly,

surely, and without conscious reasoning to impressions and decisions.

A decision of this kind would probably, in a man of suitable nervous

organization, affect the muscles already constrained by holding a divin-

ing rod, and the minute muscular movement or inward sensation might

be involuntary.

The case is still plainer with regard to the discovery of springs.

Everybody knows that Indians in our desert West can find water where

most white men cannot; and the experienced frontiersman has learned

the art from the savages. The conformation of the surface, the tracks

of animals, above all, the presence or absence of certain i)lants, are his

guides. In regions where the finding of water within a few feet of the

surface is a question of life or death, it becomes a science very rapidly.

The location of artesian wells is a different matter. Science will do

that in a general way; but science will not determine a difi"ereuce be-

tween one spot and another, ten or twenty feet away, the geological

and topographical conditions being alike in both; and the selection of

one of two such points as better than the other for a deep well is purely

a piece of imagination or deceit. It must be remembered, however,

that the diviner has in such a case an easy task. If possessed of suffi-

cient practical judgment to decide that a certain area or line would

probably be suitable for boring, he is pretty sure to be safe in selecting

any point of it. But this, it will be seen, is very different from the

unconscious skill which points out in the dry arroyo the very spot where

water will be found in half an hour's digging.

In abundantly watered regions, like New England, it is perfectly Avell

known that the springs follow, under or through the soil and above the

bedrock,, more or less defined channels. A well may be dug at one point

without success; and a subsequent attempt, a few yards away, may be

successful. The superficial signs of these water-courses are often

subtle, and they are little studied by the inhabitants in general. It is

not necessary that a farmer, who will want to locate a well once in a

life-time, should know the signs of water as a ranchman or vaqucro

must know them. Hence this knowledge falls usually to a few, who
being keen observers, and in manj' instances finding i)rofit in the busi-

ness, get impressions, amounting to a local science, of the "lay'' of the

rocks, the general courses of the springs, the differences in surface veg-

etation, the earlier or later greenness of grass, the presence of ])articular

grasses and shrubs, the rise of vapors at sunrise, the behavior of frosts

—in short, a hundred miiuite tokens which betray the presence, even

at considerable depth, of a water-channel and the point at which it

comes nearest to the surface. The unconscious judgment of such an.
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expert may decide upon a given spot over which he walks; and while

he could nndoubtedlj" come to thi^ conclusion without having a rod in

his hand, I am willing to admit seriously that the rod may help him
make up his mind. It should be remembered here that even Bleton,

the greatest of all the hydroscopists, generally used to go (if permitted)

many times over a piece of land before finally locating a well, and often

disregarded the first intimations of the rod. In other words, unless he
felt sure every time he crossed a given spot that it was a good place to

dig, he did not rely ux)on his first sensation or impression. Moreover,

neither he nor any other hydroscopist has ever accurately divined, except

by an occasional lucky guess, either the distance from the surface or

the quantity of a subterranean si)ring. Yet a very large spring or one
very near the surface appears to have had, usually, a greater influence

upon hydroscopes.

This brings me to the final inquiry, whether there may not be, apart

from unconscious skill or judgment, a purely physical effect produced

by a subterranean spring upon a person walking over it. Electrical

theories on this point were only i)ossible in the days when the laws of

electricity were little understood. We know now that the earth is a

vast conductor, and that the tension of its currents is consequently so

low as to be reckoned as the zero of the electrician's scale ; hence that

no perceptible electrical current can leave a particular bit of the earth

to pass through a human body and return. For this purpose, analogies

between rock-contacts or fissure-veins and the voltaic pile are inappli-

cable.

But the effects of moisture and temperature upon the nerves are often

very striking, and here, I think, is a matter which writers on the divin-

ing rod have overlooked. The distance at which animals will " scent

water" is very great. Their faculty is supposed to consist in great

sensitiveness to temperature and moisture. The quickness with w;hich

some people "catch cold" on the slightest exposure to dampness—par-

ticularly of the soles of the feet—is also a familiar phenomenon. Now
it is curious that some of the most puzzling of the well-authenticated

accounts of the divining rod have related instances in which women,
unacquainted with its use, and not expecting it to work in their hands,

have found it to dip without their conscious help, over spots previously

or subsequently shown to contain springs.

Here I would recall the remark of Amoretti, that the sensation of the

diviner is one of heat or cold. These two are not easily distinguisha-

ble when minute and transient. What we call a chill includes both.

Is- it not probable that a slight unconscious chill may be the physical

result to certain sensitive persons of walking over a spring of water, or

a belt of rock or soil kept by running water cooler than the adjacent

rock or soil, or a spot of surface made by the same cause damper than
the surrounding surface? That these causes exist is beyond doubt.

Thermometrical measurements have not been made; but the way in

40 M R
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which grass grows and snow lies and frost settles aod vapors rise over

springs is due to the temperature and moisture of the ground in such

l^laces. Goethe, in one of his novels {Die Wahlvencandtschaften, I be-

lieve) describes a lady as seized with a sudden chill ujjon a spot where

subsequently the outcrop of a coal-bed is discovered. The incident is

introduced without attempt at scientific explanation, and apparently to

convey to the reader a vivid conception of the lady's extreme delicacy

of temperament. I infer from it that such cases were known to the great

philosopher; and that he believed such supersensitiveness to be in some
way connected with the performances of diviners.

To this, then, the rod of Moses, of Jacob, of Mercury, of Circe, of

Valentin, of Beausoleil, of Yallemont, of Aymar, of Bleton, of Pennet,

of Campetti, has come at last! In itself it is nothing. Its claims to

virtues derived from Deity, from Satan, from affinities, and sympathies,

from corpuscular effluvia, from electrical currents, are hopelessly col-

lapsed and discarded. A whole library of learned rubbish about it, which

remains to us, furnishes jaigon for charlatans, marvelous fables for fools,

and amusement for antiquarians. Otherwise it is only fit to constitute a

part of Mr. Caxton's " History of Human Error." And the sphere of the

divining rod has shrunk with its authority. In one department after

another it has been found useless. Even in the one application left to

it with any show of reason, it is nothing unless held in skillful hands,

and whoever has the skill may dispense with the rod. It belongs with
" the magic pendulum and planchette," among the toys of children. Or
if it be worthy the attention of scientific students, it is the students of

psychology and biology, not of geology and hydroscopy and the science

of ore deposits, who can profitably' consider it. For us miners and pros-

pectors the advice holds good which was given us three hundred years

ago by the wise Agricola, the father of our profession, who says the

believers in the rod find some veins with it by accident, sed iidem multo

scvpins perdunt operam, et id venas invenire possint, nihilominiis in fossis

agendis defatigantur, quam adversce partis metalUci—"but the same peo-

ple much more frequently lose their pains, and in order to discover

veins have to fatigue themselves with digging, not less than the miners

of the opposite school."

As a piece of sorcery, he goes on to saj', the virtuous and respectable

miner will avoid it; as a piece of science it is inferior to the study of

nature, following the indications of which the skillful and pnident miner

selects a good place for exploration, and ibi metalUcus agit fossas—
"there the miner digs pits"—to which business, rod or no rod, he is

bound to come at last.



ELECTROIiYSIS IN THE METAIiLURGY OF COP-
PER, ILEAD, ZINC, AND OTHER METALS.

By C. O. Mailloux.

TOE GOVERNING PRINCIPLES.

Electricity, in the diversity of its practical applications, is fast invad-

ing every department of science and industry, and it was only to be

expected that it would, at last, enter the domain of metallurgy. It

seems rather strange, in fact, that the application of electricity to the

separation and refining of metals should have been delayed until the

present time, especially when the fact is considered that the i^ower of

electricity to produce electrolytic decomj^osition and deposition in me-

tallic solutions has long since been turned to account successfully and
profitably in electrotyping, or the art of dej)Ositing metal in molds to

reproduce casts, works of art, etc., and in electroplating, or the art of

protecting and embellishing various articles of manufacture by deposit-

ing a thin layer of more precious or more resisting metal on them.

The use of the electrical current in metallurgical processes depends

on precisely the same principles as its use in these two valuable indus-

tries, and it may be said that the way has long been open to this new
application. It is probably owing to the fact that electricians have
given so little attention to the matter, in consequence of the absorbing

interest produced by other questions, that the applications are so far

behind in this direction. iSTot that the idea is recent, for it appears to

have suggested itself to those engaged in electrotyping and electro-

plating at the very beginning of these two industries. The patent rec-

ords both in England and in France are replete with ideas and schemes

of various sorts, all tending to the application of electricity to the ex-

traction of metals from their ores, and to the refining and purifying of

metals. But scarcely one of these contains a valuable suggestion.

The inventors were, for the most part, ignorant of the great funda-

mental iDrinciples which have become commonly known only of late

years, and it was unreasonable to suppose that they could conceive

anything of practical value in this connection. Many of their so-called

inventions, duly patented and protected, are even absurd and chimerical

in the light of the present knowledge of science.

Of recent years, however, the success of the Elkinton process of re-

fining copper by electrolysis has brought the attention of chemists and
electricians to the subject, and many improvements and new ideas are

coming to the surface. The progress in physical science has disclosed

some most interesting and important relations between electricity and
chemical affinity, and it may be predicted that the coming few years

will witness the development of a new art—electrometallurgy, and that

627
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we are even now on the threshold of important revelations and appli-

cations.

The encouraging results obtained with the Elkinton process have in-

duced others to experiment with a view to extend the applicability of

the electrical current, and there are to-day several places in Europe where

the refining of copper and other metals by electricity is carried on with

great success and with a measure of economy. In this country the

attention of those engaged in metallurgical operations has not been

called to investigate the claims of electricity as a refining agent, until

lately, by an improvement of the Elkinton process for treating copper,

introduced by Mr, Henry Cassel, and b^' an entirely new and original

process for refining lead base bullion, invented by Prof. N. S. Keith.

Electricity has also been lately ai^plied with a measure of success in

the extraction of zinc from its ores, as will be seen in the notice of the

I)rocesses of M. Letrange and M. Lambotte, to be presently described.

General lyrindples of electrolytic action.—In order that the actions

which avail in producing the results obtained may be more easily

understood, a brief consideration of the princii)les governing the elec-

trical i^henomena involved will be convenient. Electricity is the avail-

able agent, the power at hand, which it is the object to utilize in arriving

at the results; and it is necessary to know, first, the place it occupies as a

form of energy and its relations to other modes of force, for its presence

is always brought about and followed by the appearance or develop-

ment of other forces ; and, second, it is necessary to knt)W the peculi-

arities of action of electricity in the particular conditions of its use.

Electricity is of itself but a consequence, a result, a manifestation of

a force in action. The force, which is the material, so to speak, from

which electricity is evolved, is called energy. Energy may, therefore,

be defined as a source of power, an assemblage of matter under certain

conditions, such that it represents capacity to do work by evolving a

force of some kind. AYhen the energy remains pent up or confined by

certain conditions preventing it from doing work, it is said to be

"latent" or "potential" energy. Thus a weight raised contains latent

energy ; so does a coiled spring, or a head of water. There may not be

any motion or any appearance of it, but there is nevertheless the potenti-

ality of motion in each case, as becomes evident on making a way for

the energy to act.

Energy in motion is called "active" or " kinetic" energy. Thus when
the raised weight is allowed to run down, and is caused to run a clock,

its energy is no longer latent but active, and it appears in the mechan-

ical motion of the apparatus. The energy of gunpowder is latent also.

It exists under the form of chemical afliuity. When set free by burning,

it becomes active and takes the form of heat and motion. It is now
universally accepted as a belief that all of the so-called forces of nature,

without exception, like heat, electricity, light, etc., are only difierent

modes under which latent energy is set in motion. We sui)pose that the



MISCELLANEOUS CONTRIBUTIONS. 629

same energy when set in motion takes a difiereut form with every

change in the mode of motion. The law of the conservation of energy,

now universally recognized as true, teaches that the forces are all mod-
ifications in form of energy, and that any form may be transformed into

another by altering its mode of action; it teaches that in bringing new
forms of energj^ into action we do not create energy, but simply derive

it from some preexisting form by transformation. Neither can we
destroy energy; we can only transform it into another form. In every

case the amount of energy present always remains the same. A part of

the energy may remain in the condition of potential energy; another

may become kinetic energy in several forms, like heat, light, electricity;

but the sum total of the energy will not gain or lose hy the successive

changes. "Whenever energy of one form is transformed into energy of

another form, the amount appearing under the new form or forms is

precisel}' equal to the amount disai^pearing from the old form. For
instance, the energy of chemical affinity in coal is transformed into

heat and light on burning the coal, and the combined energy of the

heat and light produced is equal to that originally present in the coal.

The energy of heat may be converted into that of motion, as in the

steam-engine, or into chemical affinity, again, as in the smelting fur-

nace ; or into electricity, as in the thermoelectric battery ; the electricity

could then be transformed back again into heat, chemical affinity, or any
desired form. But in any case all of these resultant forms, when added
to each other, will represent an amount of energy precisely equal to that

the heat has lost by transformation. Thus a given amount of any kind

of force is equal to a given amount of another force, simply because it

contains the same number of foot-pounds of energy. A certain quantity

of heat is equivalent to a certain quantity of electricity, and vice versa.

Again, a certain amount of electricity can evolve a certain amount of

chemical affinity, and vice versa.

Now, chemical affinity is the form of energy with which the metal-

lurgist has to deal the most. The ordinary means which he uses to

control and direct chemical affinity in his operations is heat. It is the

most convenient. Perhaps it may have seemed to be the only one. But
there are others—light and electricity. These three forms of energy,

heat, light, and electricity, are often called the " chemical agents," for

this reason.

The application of heat to the blast furnace for determining chemical

affinity is too well known to require consideration. The application of

light as a power of inducing chemical affinity is of no interest in this

connection. It is to the application of electricity as a means of produc-

ing chemical affinity that attention is to be turned, for it is precisely that

important quality of directing chemical affinity which bids fair to make
it a most valuable agent in metallurgy. When we pass a current from
a battery through an electrolytic cell and cause the solution and the

deposition of metals and compounds, we only reverse the action taking
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place in the battery which produced the current. In the battery chem-

ical affinity produces an amount of electricity ; in the electrolytic cell

electricity produces chemical affinity. A few simple experimental de-

tails will make the question at once clear, and will also serve to empha-

size the deep signification of this relation between the two. When two

dissimilar metals are placed in contact in a solution of acid, which would

ordinarily attack either separately, the action is found to be confined to

one of the metals only—the most readily attackable of the two. Thus

a piece of zinc or a piece of copper j)laced in nitric acid would each dis-

solve readily, whereas if we connect them together while in the solution

by making them come in contact at one point or by connecting them
with a wire, the action instantly ceases at the copper, and becomes en-

tirely transferred to the zinc. A piece of iron placed in this solution

with the copper would also dissolve and prevent the action on the cop-

per, but if placed with a piece of zinc it would itself be protected at the

expense of the zinc. The " galvanizing " of iron wire and other objects

by a coat of zinc on their surface is intended to take advantage of this

very fact, that the iron is protected from oxidation at the expense of

the zinc. Now the cause of this result, whereby the destructive action

becomes localized on the weaker of two metals brought in contact, is a

current of electricity which is produced under these conditions. By
suitable means in the above example a current of electricity could have

been detected passing in the wire used to connect the two pieces of

metal. In every case where a localized action takes place a current of

electricity always results whose starting point is the surface of the ox-

idized metal itself, and which passes in the liquid toward the other metal

to pass out through the connecting wire and return to the weaker metal

again, thus completing the circuit which is necessary for the current to

move through. When no current can circulate, each metal behaves as

if it were alone. Since the weaker metal is always the starting point, it

is always called the electropositive element, and the other is called the

electronegative. These are only relative terms, of course, for, as just

seen, iron is electropositive to copper, but electronegative to zinc. Ozone
is supposed to be the most electronegative, and potassium the most elec-

tropositive, of the ordinary elements. The electrochemical order in

which these elements stand is shown in the following table, the first

named being more electronegative and less electropositive than those

which follow them

:

Electrochemical order of the elements.

Ozoue. Carbon (4). Cobalt (4).

Oxygen (2). Antimony (3). Nickel (4).

Fluorine (1). Silicon (4). Iron (4).

Sulphur (2). Hydrogen (1). Zinc (2).

Nitrogen (3). Gold (3). Manganese (6).

Chlorine (1). Platinum (4). Aluminum (3).

Bromine (1). Mercury (2). Magnesium (2),
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Iodine (1). Silver (1). Calcium (2).

Phosphorus (3). Copper (2). Barium (2).

Arsenic (3). Bismuth (3). ,
Lithium (2).

Chromium (6). Tin (4), Sodium (1).

Boron (3). Lead (4). Potassium (1).

The order varies slightly, according to the acid solution used. The
figures indicate the valency of the atoms of each element; thus 1 means
monad ; 2, dyad ; 3, triad, etc.

From a glance at this table it is shown that all chemical compounds
are the results of a combination of some electropositive element with

some electronegative element. Thus oxide of manganese is composed
of oxygen, electronegative, and manganese, electropositive; sulphide

of lead is comj)osed of sulphur, electronegative, and lead, electroposi-

tive. It seems that a combination between two elements cannot take

place unless there exists this difference of electrical character. When
the substances combining are closely allied in their properties, the com-

bination is not so stable as when they are placed far apart in the scale.

It is also interesting to observe here that the electronegative elements

are those which prove the most refractory to eliminate in metallurgical

operations, and on the other hand the most electropositive substances

are the ones which are most easily acted upon by the electronegative

^v elements, and which give off the most energy on combining. So here is

an evidence of relationship between electricity and chemical affinity.

A galvanic combination may be formed of any two of the substances

K. mentioned in the table, but the further apart they are in the list the

greater will be the energy or tension of the current of electricity to which

they will give rise, because in that case the difference of affinity between

them for the attacking element (usually oxygen) of the solution is greater

than when the two substances are closely allied in electrochemical prop-

erties. It is seen that zinc is the most electropositive of the common
metals, and that accounts for its universal use as the electropositive

element in the galvanic batteries employed in telegraphy and in other

various applications. Of the metals, gold is the most electronegative,

but it is too costly. Copper is the one best adapted, on account of its

cheapness. Carbon, however, is much better than copper because it

stands higher as an electronegative element, and consequently it is used

to a large extent for making batteries.

As just stated, the character of the current is affected by the electro-

chemical difference between them. This difference is called difference

of potential. The pressure or " electromotive force" of the element is

proportional to the difference of potential, and is expressed in arbitrary

units called " volts.'"'' The electromotive force of one cell of the Daniell

battery (copper, zinc, and sulphate of copper solution) is approximately

one volt.

On inquiring into the nature of the reaction which takes place in the

solution, during the time that the current is being evolved in a galvanic
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battery, other peculiar relations of electricity to affiuity are disclosed.

We might take the Dauiell battery as a most convenient example, and
analyze its reactions. The form of Dauiell battery now most generally

used is known as the gravity cell. A piece of copper attached to a

wire is placed on the bottom of a vessel, and forms the electronegative

plate or element. A piece of zinc is suspended near the top and forms

the positive element. Sulphate of copper crystals are placed on the

bottom of the vessel, which is then filled with water. These dissolve

gradually and the sulphate difuses itself through the liquid, but

not equally. Near the bottom the solution is very dense; near

the top it is very weak. On closing the circuit, by connecting the

zinc and the copper together, a current of electricity is evolved

and a series of most interesting reactions take place in the solu-

tion. First, the zinc dissolves and forms sulphate of zinc. It has

a higher affinity for sulphuric acid than copper, and so it displaces

the latter from its combination. Xow since the suli)hate near the zinc

is constantly losing its sulphuric acid, free metallic copper ought to

appear there. Instead of that, however, it appears at the coi)per plate,

where it is deposited as a layer. So, in course of time, all the sulphate

of copper disapi3ears, to be replaced by sulphate of zinc, and the copper

held in solution is all deposited on the negative (copper) plate. The
reason why the copper is not freed near the zinc and deposited in its

vicinity is that a transfer of acid takes place from molecule to molecule,

through a peculiar selective process. In this we have a very important

law of electrolytic action and one which establishes still more the rela-

tion between affinity and electricity.

Chemical combinations, as stated above, result from the union of ele-

ments of different and opposite electrical character. Now under the

influence of the current the electropositive element tends to move
toward the electronegative plate of the battery and the electronegative

element towards the electropositive plate. In other words the affinity

which ordinarily makes these elements hold together in combination is

influenced by the power of the current. In the above instance, sul-

phuric acid is the electronegative constituent of the solution, and cop-

per the electropositive constituent. Now when a molecule of zinc ap-

propriates a molecule of sulphuric acid to form sulphate of zinc, the

molecule of copper set free tends to move toward the electronegative

side (copper plate), and it combines for a time with the molecule of acid

next in its way, leaving the next molecule of copi)er free. This mole-

cule likewise "cheats" its neighboring molecule, and so finally the

molecule of copper immediately near the copper plate becomes robbed of

its acid, and as it cannot appropriate any acid anywhere it remains as

a dei)Osit on the surface of the copper. The next molecule of sulphuric

acid taken up by the zinc will cause another series of changes likewise

ending with the deposit of a molecule of copper at the copper plate, and
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SO the process repeats itself until all the copper is deposited out of the

solution.

Such is in essence the real theory of electrolysis. It is only a trans-

fer by successive exchanges between molecules. We might say that the

molecules in the path of the current are all " polarized" or turned in the

line of direction of the current, some (electropositive) moving in the

same direction as the current, and others (electronegative) moving in

the contrary direction. It is indeed a fundamental law of electrolytic

action that the ratio of electropositive elements acted upon always bears

a true chemical relation to the electronegative elements. All compounds
are formed of the union of two opposite electrical elements. It follows,

therefore, that, no matter what the solution is, nor what mixture of

compounds it contains, whenever some substances are electrolyzed (dis-

solved, or deposited, or set free) at one pole, a corresj)onding amount of

an opposite electrical character, chemically equivalent thereto, must be
electrolyzed at the other pole.

2fow if in the above instance the dissolving of a molecule of zinc was
accompanied by the deposit of a molecule of copper, then the weight of

zinc dissolved should bear the same proportion to the weight of copper

deposited that their atomic weights bear to each other, or 63 to 63.5. If

the weights of each plate are taken before and after trying the experi-

ment, the proportion will be found exactly as required by theory.

Hitherto we have been considering a case where chemical affinity is

used as a source of electricity. It remains to be seen how perfectly

and how accurately the same princii)les still apply in the opposite con-

dition, or where electricity is used to produce chemical affinity, which

is the valuable side of the question in the present connection. For
this purpose let us reverse the experiment. Let us take a battery of

two cells or of double the electromotive force, and connect it to the first

cell, so that it will be in opposition. Now this cell tends as much as

before to urge a current from zinc to copper through the solution with

a i)ressure of one volt ; but the opposing battery has a counter-pressure

of two volts, and consequently it overbalances it and forces a current

in the opposite direction. Practically the first cell is no longer a bat-

tery; it is an electrolyzing cell. In moving through the solution the

current now passes from the copper plate and toward the zinc plate.

The plate /rowi which the current enters a solution in an electrolyzing

cell is called the anod^, and the plate toward which it moves is called

the cathode. Again, the substances set free at the anode are called

anions; those set free at the cathode, cations.

It is of practical convenience to note the fact here, that the metals

when in solution are always the electropositive elements, because the

acids, etc., are more electronegative than they are. The metals are

therefore cations, and they move in the solutions with the current, while

the acids are anions and move against the current in the solutions.

This result is invariable.
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Now ill this case it is clear that if the current moves in that cell in

the opposite direction from before, the sulphuric acid will move in the

opposite direction. Let us see. The solution is supposed to be nearly

all sulphate of zinc, the copper having been deposited from it and re-

placed by zinc. The copper plate is the anode. Sulphuric acid is an

anion, consequently it is liberated near the copper and dissolves it.

The zinc is a cation, and therefore it will be deposited at the cathode.

The relative weights of copper and zinc acted upon will be the same as

before.

Now suppose we take a new electrolyzing cell containing a solution

of sulphate of copper and two copper plates, one as anode and the

other as cathode. On passing the current, the copper dissolves from

the anode and is deposited on the cathode, the amount of gain at the

cathode being precisely equal to the amount lost at the anode. The
operation goes on much faster, however, simply because there is no

counter-electromotive force in this cell. By counter-electromotive force

is meant that the reversed cell was constantly ready to send a current

the other way, and that its own natural electromotive force constantly

opposed the main current.

In this case both plates are of copper and consequently of the same

potential, which is why no counter-electromotive force appears. How-
ever, in some kinds of solution some gases, especially hydrogen, are

evolved under certain circumstances at the cathode and cover its whole

surface. The gases given off under these conditions are very electro-

positive, and therefore they cause a difference of potential between the

cathode and the anode, which produces a counter-electromotive force.

In such cases it is said that the solution '"polarizes."

Since there is no counter:electromotive force in the above instance,

the available electromotive force of the battery has none to neutralize,

and it is therefore twice as great (two volts) and the current i^assing is

much stronger, for the current passing in a given circuit is (according

to Ohm's law) equal to the (net) electromotive force divided by the re-

sistance. If the resistance in this case were one ohm for the whole cir-

cuit, including the internal resistance of the battery, then the current

would be two amperes. Now, the amount of action which takes place

in a cell is exactly proportional to the quantity of electricity passing in

the circuit. A current of one ampere will dissolve 1.10 grammes of

copper per hour, and a current of two amperes will dissolve twice that

quantity. Consequently when speed of action is required the conditions

should be such as to permit a large quantity of current to pass.

It is proper to note that in this case, since the same current that cir-

culated through the electrolyzing cell also circulated through the two

battery cells in which it originated, the same equivalent amounts of

zinc and copper were acted upon or electrolyzed in each cell. If the

amount of copper deposited in the electrolyzing cell was 2.38 grammes
per hour, assuming a two-arap^re current, then the same amount of
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copper was also deposited iu each gravity cell, aud the proportional

amount of zinc was also dissolved in each cell.

The well known process of electrotyping is nothing more than an ap-

plication of the experiment just detailed. An impression of type casts

is made in wax and covered with a coating of graphite so as to make it

a better conductor of electricity, wax being a poor conductor. This

mold is then, attached to a conductor and placed in an electrolyziug

cell so as to form the cathode, and soon it is covered with a coating of

copper which fills every depression in the mold and reproduces the

original to perfection. In large establishments, instead of batteries,

dynamo-electric machines are used to supply the current, on account of

the reduced expense. In the battery we burn zinc to produce the

electricity ; in the dynamo the power is derived from the consumption

of coal. A pound of coal is not only cheaper but contains more foot

pounds of energy than a pound of zinc. It is true that only a small

proportion of the energy present in the coal is utilized by our best steam
engines, but its great cheapness, as compared to zinc, gives it the pref-

erence. The dynamo-electric machine is indeed a source of current so

much cheaper that by its use we can adapt electricity to applications

where it would not have been profitable, were the power to have been

derived from batteries.

Instead of a copper solution, other solutions can be used and other

metals can be dissolved and deposited in the solutions by the agency of

electricity. Thus silver-platers use a solution of cyanide of silver. The
anode is a plate of silver; the cathode is the object to be plated. As
the deposit takes place on the cathode, an exactly equal amount is dis-

solved ; so the amount of silver in solution remains constant. Thus
also with gold and other metals, the salt used being a matter of expe-

diency and convenience. In every case the amount of metal acted upon
by a current of one ampere will bear the same ratio to the amount of

copper that its chemical combining weight does to copper, atom for atom,

provided, of course, that they have both the same atomicity. Thus in

a compound containing a monad with a dyad, two atoms of the monad
are combined with one atom of the dyad. Now, on electrolyziug such

a compound, two atoms of the monad would be evolved for each atom
of the dyad. Take water, for instance (hydrogen 1, oxygen 2). For

every atom of oxygen set free on passing the current through it two

atoms of hydrogen are set free. In all cases the decompositions and re-

compositions take place according to the chemical formulae of the sub-

stance. Thus, in electrolizing chloride of gold (AuCls), for instance,

three atoms of chlorine would be set free for each atom of gold. If the

copper sulphate were replaced by a salt of silver in the above experi-

ments, then for each 65 grammes of zinc acted upon twice 108 (atomic

weight of silver) grammes of silver would have been deposited, because

silver is a monad, while zinc is a dyad.
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Such are iu brief the principles on which the api^licatious of electricity

to electrometallurgy depend. Once these properly are understood the

practical details which follow will be clear and easy of comprehension.

PRACTICAL APPLICATION OF ELECTROLYSIS IN THE METALLURGY OF COPPER.

The Dechaud and Ocmltier process.—Undoubtedly the first instance of

the application of electrolysis in metallurgy was in the production of

what is called " cement " copper in the wet process of treatment.

In certain mines the drainage water is often found charged with sul-

phate of copper, wliich is tlie result of the oxidation of the sulphide in

the ore. It is from these solutions that the cementation copper is ob-

tained. The wet process is particularly adapted to the treatment of the

poorer oxidized ores, especially where fuel is scarce. These ores are

treated with acid, either hydrodiloric or sulphuric, or with a solution of

ammonia, all three of which are good solvents of the oxides of copper.

The precipitation is effected in the copper solution by placing iron in it.

The action is the result of electrolysis.

When a i)iece of zinc or iron is plunged into a solution of copper its

greater affinity causes it to combine with the acid holding the copper

in solution, and the copper becomes deposited on the iron or zinc. When
a portion of this piece of electroi)ositive metal is covered with the elec-

tronegative copper, galvanic action begins, the current starting at

the electropositive and going to the electronegative. The solution is

electrolyzed ; the iron is dissolved, and the copper is deposited. After

this the action is entirely electrolytic, and it corresponds precisely with

that taking place in the gravity cell, described in the preceding pages,

where the copper is deposited from the solution, and zinc is dissolved

by the acid, to replace it in the solution. The character of the deposited

copper depends on the current, and the current dei)ends on the strength

of the solution.

In precipitating the copper from the solution pieces of iron are placed

in the large vats containing it. The copper is, as a rule, deposited iu

a soft plastic form, whence the term " cementation copjier."

The first i)atent having reference to electrolytic methods in metal-

lurgy was for an imj^rovement on this process. It was one granted

in France, in 184G, to MM. Dechaud and Gaultier, for " Improvements

in the extraction of cojjper from its ores, founded particularly' on elec-

tro-chemical methods." M. Gaultier was professor of chemistry at the

iScole Polytechnique in Paris, and M. Dechaud being likewise an able

chemist and engineer, the details of the specification are interesting

from their scientific i>recision.

In this specification these inventors introduce the idea of preparing

the sulphate of copper from sulphide and oxide ores, by roasting them

in the furnace, and tlion extracting the copper sulphate b^' lixiviation.

Their method was doubtless excellent, and it seems strange that it
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sliould liave become so little known. There was at that time a vein of

copper oxide at Cliessy, in France, but it soon became exhausted, and

j)erhaps this was the reason why the process never found general ap-

plication. Where fuel is scarce, as in the Waldeck mines in Europe,

or where oxide ores are xjlenty, as in Chili and Australia, the process

might perhaps be of use. The method of treating the ore in the roast-

ing furnace was original with the inventors, and depended on a chemi-

cal reaction which they claimed to have been the first to observe. It is

described thus :
" If a mixture of oxide of copper and of sulj)hate of

iron or zinc is subjected to the action of a suitable temperature and of

an air current, the resulting product will be sulphate of copper and
sesquioxide of iron or oxide of zinc." It is technically a double decom-

position, taking i^lace by the influence of a stronger base—the iron or

2;inc. The ore was first roasted and washed before being mixed with

the sulphate of iron. The j^roportion of sulphate to the amount of ore

was difierent for each kind of ore, and it was determined by experiment

on a smaller scale.

MM. Dechaud and Gaultier found that carbonate ores of copper could

also be reduced in the same manner. The suitable quantity of reduc-

ing sulphate having been well mixed with the dried, roasted ore, the

mixture was roasted in a reverberatory furnace. It was then washed
thoroughly to dissolve out the sulphate of copper formed. If the assay

showed that the residue still contained coj)per, it was again mixed with

sulphate and roasted as before. From the suljihate of copper solution

obtained in the above manner the copper was deposited by the intro-

duction of iron, though in an improved way. Instead of allowing the

copper to be deposited on the iron, where it necessarily became mixed

with the undissolved impurities of the iron, they provided separate

cathodes, connected to the iron plates by wires, as will be shown pres-

ently.

The solution was concentrated and placed in wooden tanks lined with

lead. These vats were made of large size, so as to have at least ten

square metres of surface, though they were shallow, being scarcely one-

fiith of a metre deep. On the bottom of each vat were placed a number
of flat copper plates whose under surfaces were varnished with non-

conducting material, so as to permit the deposition of copper on the

upper side only. These plates presented a surface of nearly ten square

metres. At the upper part of the solution plates of iron, cast with

grooves and openings like a gridiron so as to present more surface and
permit the escape of gases, were suspended in the solution of sulphate

of copper b}^ means of lugs which rested on the edges of the tanks.

These plates weighed from 50 to 60 kilogrammes. All the copper plates

were joined together electrically, and so were the iron plates. This was
in fact a kind of gravity battery, with iron substituted for zinc at the

positive plate. On connecting the two sides (that is, the combined cop-

per x)lates with the combined iron plates) it is easy to see that deposi-
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tion of the copper must go on at the cathode surface (copper), and that

the iron must be dissolved at the anode surface (iron). But as the carbon

and other impurities in the iron were liable to fall to the bottom and

mix with the pure copper deposited, the inventors resorted to the ex-

pedient of placing a porous diaphragm between the two sets of plates,

cotton cloth being mostly used for the i)urpose. Instead of copper

cathodes they used lead in some cases, because the deposit was less

adherent and could be detached more readily. The copper was not so

soft as by the cementation method. Now, as the action proceeded, the

copper solution would naturally grow weaker, while the amount of sul-

phate of iron present in the solution would increase. To prevent this

they provided a means of automatic circulation by a system of lead

pipes connecting with reservoirs whose valves were controlled by the

rise and fall of hydrometers. One set of pipes delivered fresh copper

solution at the bottom of the vat. This of course caused the solution

to rise in the vat. But another tube placetl at the upper part of the vat

then drew off' some suli)hate of iron, and thus the solution remained

always of the same density and contained the same amount of copper.

The sulphate of iron was sei)arated by evaporation and crystallization,

and could then be sold as copperas, or else it was used as the reagent

for reducing the next batch of ore.

The amount of copper which it was claimed could be reduced was

1,000 kilogrammes (about 2,200 pounds) per day, the weight of the

original copper solution being 16,000 kilogrammes.

MM. Dechaud and Gaultier did not confine themselves to the first

method of treating the ores. In a later addition to their patent they

describe a method of utilizing the sulphurous acid gas produced by
the roasting. The acid gases are passed through a second furnace sup-

l)lied with air drafts and a small amount of aqueous vapor, and in this

way sulphuric acid is produced, and then copjier sulphate by its com-

bination with the oxide. More than two furnaces could thus be joined

in series. The sulphate of iron could also be roasted in a separate fur-

nace and the sulphurous acid gas resulting could be passed over the

ore, as just shown.

Many advantages were claimed for this process, foremost among which

was that of economj-. Next was the purity of the metals, which cannot

be denied, for it is very well known that electrolytic copper as a rule is

very pure. They also claimed that ores containing other intractable

metals (antimony, for instance) gave no trouble in separation by this

method. When arsenic was present it was condensed by passing the

vapors through crooked chimneys. The copper was deposited in thin

layers, and could be scaled off" from the lead cathodes and passed under

rollers to smooth the little inequalities, and thus make sheet copper with

little trouble.

The process appears to have remained unknown outside of France,
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and it has indeed been rediscovered subsequently several times, as be-

comes evident on following the patent records.

Copper by electricity at the Olcer mine.—In Germany, at the royal mines

of Oker, the extraction of copper out of the solutions resulting from

the washing of the copper mattes is done at present by the agency of

electricity. However, instead of making the cell produce its own cur-

rent, so to speak, as in the above case, dynamo-electric machines are

used to furnish the current. Three Siemens machines are run day and
night, the current being passed through 10 or 12 precipitating vats

containing the solution. The anodes and cathodes used are of lead or

other metal not soluble in the solution. The electromotive force of each

machine is only, three volts, a very low pressure, but the resistance is^

also extremelj' low, or only .0007 of one ohm. According to Ohm's law,

then, the current passing in the circuit is -ooVt =427.6 amperes—a very

large volume. This is, of course, provided there is no polarization. As
a matter of fact the polarization is quite marked, because the lead of

the anodes becomes peroxidized, just like the plates in a storage bat-

tery, by the oxygen set free 5 and as peroxide of lead is a very highly

electronegative substance, there is a tendency to a return current in

consequence of the counter-electromotive force developed.

The average product is 25 kilogrammes of metallic copper per vat per

twenty-four hours, or between 250 and 300 kilogrammes for each ma-

chine, with an expenditure of 8 to 10 horse-power per machine. This

method of working is not as economical as that of MM. Dechaud and
Gaultier. By using iron plates as anodes the polarization would be

diminished, because then the oxygen would attack the iron, and the

result would be sulphate of iron. But we might then ask, "Why use

the current from an external source at all, when there is a difference of

affinity or potential between the two (iron and copper) that would of

itself suffice to produce a current which would dei)osit the copper?"

The dynamo-electric machine would undoubtedly push the action more
rapidly, but not so economically. It would be better to use more vats

and larger ones, and substitute the process of MM. Dechaud and Gaul-

tier.

The Keith process for recovering copper.—In 1876, Prof. !N^. S. Keith

came to the very same conclusion while engaged in studying a method
of extracting the copper from the waste liquors of sulphate of copper

manufactories. Without being aware of the process of MM. Dechaud
and Gaultier, he arrived at a plan substantially the same in every par-

ticular.

The old liquors, charged with impurities, containing 3 or 4 per cent,

of copper, are placed in vats. In the vats are porous vessels, somewhat
like those used in galvanic batteries, only larger. In these vessels a
dilute solution of sulphate of iron is placed with a piece of iron. A
copper plate in the liquor is brought into electrical connection with this

iron plate, and the action proceeds in the manner already understood
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from the details given above, until the copper is all precipitated out of

the solution.

The Barratt process.—In England, about 1850, Mr. O. W. Barratt also

conceived a crude application of the iron-copper galvanic battery to the

precipitation of copper from drainage waters in a manner analogous to

that of MM. Dechaud and Gaultier.

Crosse's method.—Mr. A. Crosse proposed about the same time to ex-

tract copper and other metals from their ores by calcining the ores

and dissolving the powder in dilute sulphuric acid, and then passing a

current through the solution. Tlie probability is that he never reduced

his idea to practice, but the patent is interesting from the fact that the

principle will be found applied successfully in the case of some metals.

The ElMnton process.—Nothing of real importance in the metallurgy

of copper appears to have been evolved until the year 1865, when Mr.

James B. Elkinton brought out his method for refining and separating

copper. In his process Mr. Elkinton has made, so to speak, a new de-

parture so far as his aim was concerned. Hitherto all experimenters

had looked forward to the total displacement of the blast furnace as a

factor in metallurgy. They desired to do away with it, and use elec-

tricity instead. It occurred to Mr. Elkinton, however, that electricity

could more readily and quickly solve the problem of applicability if its

use was introduced as an accessory rather than as a usurj)er of the fur-

nace, and therein may be found the secret of his success. Instead of

attempting to treat ores, Mr. Elkinton thought it more logical, at least

more practical, to treat the furnace jDroducts. He realized that the

secondary operations and treatments to which the metals must be sub-

jected in order to be separated from each other and to be rid of im-

purities, were still more laborious and costly than the first operation of

smelting. He bent his energies in the study of methods for refining

and separating copper from tlie smelting products as they came from

the furnace, and known as matte, blister copper, pimple copper, regulus,

etc. His process was successful from the start. The principle is so sim-

I)le, moreover, that it seems strange it was not applied sooner.

His patent, granted in England, and dated November 3, 18G5, was

for "improvements in the manufacture of copper from copper ores."

The idea of this process is to take the copper after it has come from the

smelting furnace, in the shape of matte, pimple, blister, or regulus, and

to refine it by electrolysis. The impure copper is cast into plates of any

convenient size, say 18 by 18.inches, and three fourths of an inch thick.

Each i^late is provided with lugs at one end, by means of which it may
be suspended in the solution. These plates are placed in suitable vats

or troughs containing a strong solution of sulphate of copper. In a

trough several such plates may be suspended at equal distances from

each other. If we sujipose that the lugs rest on copper bars placed

along the edge of the vats, then it will be understood that all these

plates are electrically joined. Now between these plates thin sheets
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of copper of the same size are placed, and they are kept insulated

from the impure copper plates, but are all similarly connected to each

other by a common conductor. The impure copper i)lates are joined

with the i)ositive pole of the source of current, preferably a dynamo-

electric machine, and they consequently form the anodes. The cur-

rent passes from each surface of the anodes througli the solution and

enters the cathodes suspended between them. Each vat is therefore a

true electrolyzing cell. The current causes the copper to be dissolved

out of the matte plates, and at the same time it is deposited at the

cathodes in equal amount. Almost all the impurities ordinarily present

in the anode are insoluble in the solution except iron, and as the anode

becomes eaten up they fall to the bottom and settle as a sediment. The
iron usually present becomes dissolved, but it remains in solution ; be-

cause, when several metals exist in solution, the least electropositive

(the copper in this case) is deposited first, and as long as there is enough

of this latter present in the solution to satisfy the depositing power of

the current, it alone will continue to be deposited. If, however, the

strength of the current is increased inordinately, then the metal which

is next in order as an electronegative will be deposited also. The char-

acter of the solution has also some influence on this result. As a rule

a copper solution is more likely to electrolyze copper only, and so with

solutions of other metals. Different metals from the one acted upon,

when present at the anode or in solution, are apt to fall down as im-

purities.

When the plates of impure copper are all dissolved the scraps are

taken out to be remelted into other plates. The cathodes may be kept

in until they are quite thickly covered, and then the pure copper may
be scaled oflt' from their surface. The solution eventually becomes

charged with sulphate of iron to such an extent that its further use is

inconvenient. In that case the copper may be recovered from it by
precipitation, and then a new solution is used.

In his patent Mr. Elkinton states that other solutions of copper may
be used also, but "not so conveniently." The residue is collected from

the bottom of the tank and treated by a special refining process, be-

cause it almost always contains gold and silver, besides tin and anti-

mony.

In practice, instead of one tank, a large number are used, the power
of the current being the only limit to the number. Themanner in which

they are connected also varies with the construction of the machine.

Sometsmes the line from the positive pole of the machine divides into

branches, one of which goes to each anode, while branches from each

cathode go to unite at the negative pole. In this case we might consider

that the current divides through so many parallel paths, as a river

divides into branches to pass around several islands. Now, in this case

each branch must evidently diminish the resistance, because it literally

41 ME
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u-ideiis the path of passage for the current. This is called connecting in

"multiple" or "parallel" circuit.

In other instances the current passes through all the tanks in a line

from the cathode of the first to the anode of the next, and so on, or in

"series." In this case each one added increases the resistance by so

much. The importance of bearing in mind these facts cannot be over-

estimated, because the whole question of economy in using electricity

depends on them. It may seem a most extraordinary circumstance, but

nevertheless it is literally true that the same current which will refine

one ton of copper in a given time may be made if desired to refine two

tons, ten tons, a hundred tons, in the same time. This sounds paradox-

ical; yet it is easy to explain. As long as no polarization occurs in a

liquid the electrolytic actions taking j^lace in it consume no energy.

With a solution which is a perfect electrolyte (that is to say, in which

the energy absorbed as chemical afiBnity at the anode is exactly equiv-

alent to the energy of chemical affinity converted into current at the ca-

thode) there is no polarization. The sulphate of copper solution of the

Elkinton process is practically a perfect electrolyte, and does not give rise

to polarization with the proper rate of working. Xow, the current, in

passing through such a liquid, loses energy only in overcoming its elec-

trical resistance, just as it does in overcoming that of the conducting

wires in the other parts of the circuit. Therefore, if the resistance of

the liquid were diminished to zero, then the current would lose no

energy in passing through the solution. The advantage of reducing the

resistance is therefore evident. Practically it may be reduced to a very

small fraction. The resistance of a liquid depends,, of course, on the

nature of the substance it contains. It varies as the resistance of

metals. But just as a larger wire presents less resistance to the passage

of a given current, so the volume of liquid through which the current

passes affects the resistance. Accordingly, by making the plates twice

as large, so that the current can spread over a larger surface to pass

through the solution, it will have a path of passage twice more free.

In other words, the resistance will be twice as small. So the more we
increase the anodes and cathodes the less will be the resistance. By
putting several ijlates in each vat and connecting all the anodes to-

gether and all the cathodes together, we have substantially the same
thing as one large plate equal in surface to all the plates thus joined.

If we connect three vats in multiple circuit then we are literally mak-

ing them all one tank having a plate surface equal to the combined plate

surface of all three. The resistance is only one-third of what it would
be through each tank alone. With four vats in multiple circuit the

resistance would be one-fourth, and so on. On the other hand, if we
connect three vats in series, the resistance is three times the resistance

of one vat. With four vats in series the resistance is four times, and
so on.

Let us now consider two cases, one with four vats in simple series,
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another witli a number of vats arranged in multiple and series both,

but in such a way that the resistance through both circuits is the same.

With the four vats in single series, all the current passes through each

vat. The deposit of metal is therefore four times that in one vat. Now,
we make each vat twice as large by connecting another vat to it in

multiple circuit. The resistance of each double vat is then one-half as

much as before. Consequently, to make the total resistance equal to

what it was before, we must add four more double vats to these, mak-

ing sixteen vats. The resistance is then the same and the energy ex-

pended by the current is also the same. But let us see the result. The
same current now divides through two tanks at a time, therefore each

tank only deposits half as rapidly as before. But we have sixteen vats

;

therefore we have a total of eight times the efficiency of one vat with

the same expenditure of energy as before, which gave us only four

times one vat. Thus the result is doubled. ISTow, let us take ten vats

abreast, or connected in multiple circuit. Their combined resistance is

one-tenth of one vat because the current divides through the whole ten,

and they are equivalent to one vat having ten times the surface. Now,
to make the total resistance in circuit equal to the single series of four

vats, we must add ten times four such multiple vats, or forty, and the

total number of vats will then be four hundred. The current will expend
the same energy in passing through this circuit. Each vat will work
at one-tenth the rate of each vat in the simple series, because the cur-

rent divides through the ten abreast. Each ten will therefore be equal

to one of the four, or the total efficiency will be ten times greater in this

case.

It is not expedient, however, to carry this idea too far in practice, for

another important question arises. In the last example, while we raised

the efficiency of the given current ten times more than in the case of

eight vats, we also increased the size (and cost) of the plant one hun-

dred times. Not only this, but as the rate is ten times slower in each

vat in the last instance, it will take ten times longer for each plate to

be refined ; hence the amount of metal which would need to be carried

in stock is ten times greater. It would be better, to use a stronger cur-

rent and work less vats at a more rapid rate. The above consideration,

which is merely a consequence of Ohm's law, shows plainly, however, that

the amount of current required in metallurgical operations of this nature

need not be great. It would depend largely on the circumstances of

operation of the plan.

The Elkinton process has long since passed into practice in Europe.

There is a firm in the neighborhood of Swansea which has been using

this process in competition with the furnace methods for five or six

years. It is also used in competition with the wet processes of separat-

ing and refining copper, gold, and silver. In this place there are over

1,500 depositing vats, arranged in various ways. In some cases there

are a hundred or more in series, and there are four in multiple circuit,
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tlins making four to five hundred vats in a circuit. Copper mattes

containing? silver and gold in too minute quantities for profitable Rei)a-

ration by tlie fire process may be economically treated. Thousands of

tons of Chilian copper mattes, containing traces of gold and silver, find

their way to Swansea, and the greatest portion of them is refined by

electrolysis. The production amounts to several tons of pure copper a

day in each place. It is extremely difficult to secure definite and exact

data as to the cost of working, but there is no doubt as to the economy

of the process. Only a little labor is required for attention in such

accessory operations as casting the plates, emptying and filling vats,

etc. The power required need not be very great. An expenditure of

20 horse-power would no doubt suffice to produce enough current by

means of dynamo-electric machines to refine as many tons of copi)er a

day, without necessitating a plant of undue or undesirable size. The
solution, it is seen, is not costly ; moreover, it is durable. It undergoes

no changes by use, except that it becomes charged with iron and other

impurities derived from the crude cojiper. Iron is the most frequent

impurity. In some cases it may be crystallized out of the solution ; in

other cases the solution has to receive the addition of fresh acid at peri-

odic intervals. Again, in other instances the coi)per is precipitated out

of the solution and a new solution is used, this being rejieated at regular

intervals.

In Germany the Elkinton process has met with great favor, and is

now used in several smelting establishments to the exclusion of all other

refining processes. The Norddeutsche Affinerie refines as much as 500

tons of coi)per per annum by electrolytic methods. There are six

Gramme dynamo-electric machines used, and the power is derived from

a 40 horse-power engine. By using more vats to do the same work, it

will be understood from what has been said that less power would

l)e needed, though the rate is much slower in each vat. It is probable

that in this case each vat is worked at its most rapid rate, so that the

amount under treatment need not be so large, and for this reason more

power is used than would otherwise be the case. At these works the

separation and purification of gold and silver by electrolysis is also

])racticed, as will be mentioned further on. At the works of the

Koniglich Preussiches und ilerzoglich Braunschweigisches Comnmn-
ion niitternaut, a process substantially' like that of Elkinton is also

used on a large scale. No detailed information is obtainable concern-

ing the plant, however.

It is said that the Elkinton process has been tried at various times

and xilaces in this country, but it does not appear that the experiments

have proved sufficiently successful to warrant its adoption on a large

scale. However, the fact that this method of refining has been uni-

formly successful in Europe would seem to indicate that the difficulties

met with in America have arisen from lack of skill and iirecision in

applying the process. The details of such a process should uudoubt-
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edly be supervised aud carried out by persons having an adequate

knowledge of electricity.

Postal Telegraph Company.—The works of the Postal Telegraph Com-
pany, at Ansonia, Connecticut, are interesting in connection with elec-

trolytic methods, depending on the same principles as Elkinton's. At
these works, where the copper wire used by the company is manufact-

ured, the operation of refining is carried on as incidental to the work.

The copper covering is deposited by electrolysis on a steel or iron wire,

which forms the core of the compound wire. There are 350 depositing

vats, and these are supplied by 50 Wallace-Farmer dynamo-electric

machines, making seven vats to each machine. The vats are connected

in series. The solution used is sulphate of copper, with sulphuric acid

added, so as to give it a distinctlj^ acid reaction. As anodes, ordinary

Lake Superior copper is used, cast in the form of plates, which are

placed on each side in the vats. A cylinder revolving on a shaft ])laced

lengthwise near the toj) of the tank is driven by machinery, and the

wire winds around this cylinder aud passes continuously through the

solution from one end of the vat to the other in a worm-like manner.

The wire is included in the circuit, so as to form the cathode in every •

case. It therefore receives a deposit on its way through the solution.

The copper used in the anodes is almost pure. It contains no gold, but it

has on an average about 16 ounces of silver per ton. Only copi)er is

deposited on the wire. Whatever impurities are present in small pro-

portion in the anodes, as sulphur, arsenic, etc., together with the silver,

fall to the bottom of the vat. The silver is recovered in th<j form of a

fine metallic powder, which may be separated from the impurities in

many cases by simple decantation after being washed with water. Each
dynamo consumes about nine horse-power. Its electromotive force is

between three aud four volts, and its internal resistance is about .001

ohm. The amount of copper deposited by each machine in the seven

vats averages about 100 pounds per day, and accordingly the total

depositing capacity of the plant amounts to 5,000 pounds per day. The
power is supplied by a large 500 horse-power engine.

Thus the operation of separating metals is conducted in combination

with that of depositing copper for an industrial purpose. The arrange-

ment of the vats with respect to the machines is not so favorable to

economy of i)ower as it might be made, because there are other consid-

erations involved, such as the quality of the deposit, which is the main

factor to be considered. Were the operation conducted merely for

refining purposes, it would be possible to deposit considerably more
copper in the same time with a fraction of the power that is consumed;

and we have already seen that by arranging the vats properly and hav-

ing a sufficient number of them, so as to keep a large amount of metal

under way, the power required could be reduced to any desired degree.

Where the quantity of metal used is so large as in this case, it w'ould

doubtless be greater economy if a cheaper form of copper could be used,
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like matte or regains. But as tbe quality of the deposit is an important

desideratum, and as it is important for this that the solution should

remain comparatively uniform in character and purity, the use of

anodes of this kind is inadmissible. The presence of iron and zinc and

other electropositive metals would be very objectionable.

Difficulties connected icith ElMnton's process.—The process of Elkinton

undoubtedly attains the end for which it was conceived, namely, the

purification of cop])er. However, it is often the case that the noble

metals, gold and silver, exist in the metal to be treated in such quan-

tities that their extraction and separation in a pnre state is a matter of

greater consequence even than the ])urification of the coi)per. In this

respect the Elkinton process is at a great disadvantage, because none

of the separated metals except the copper are obtained so pure as to

require no further refining. It is true that the silver and gold' fall to

the bottom, but not alone. Various other impurities, as the metalloids,

sulphur, phosphorus, carbon, silicon, etc., also go to the bottom. Lead is

converted into peroxide and to some extent into sulphate, both of which

are insoluble in the solution, and therefore go to the bottom. Car-

bides, sulphides, arsenides, etc., also fall as an insoluble powder. Tin

also would go the bottom, with several other metals present in minute

quantities and not soluble in the solution.

Various attempts have been made to improve on Elkinton's process

so as to render it applicable to the treatment of alloys rich in silver

or gold. The object of these improvenjents is to separate the silver and

the gold, each in a pure state, so that they may not require any subse-

quent refining.

CasseVs jfrocess.—About January, 1882, Messrs. Mathey & Eiotte,

metallurgists, of Kew York Gity, began a series of experiments on a

large scale with a process for refining gold and silver bullion by elec-

trolysis. The plan of the process was said to have been brought to this

country from Germivny, where it had met with some success. However,

it did not prove successful in their liands and was soon abandoned.

Mr. Henry K. Cassel, of New York, appears to have become interested

in this process, and he set about improving it. On the 2Gth of Septem-

ber, 1882, he obtained two patents on his improvements. In these ])at-

ents Mr. Cassel proposed the use of linen or felt bags around the

cathodes, which bags were sui)posed to permit the passage of tiie cop-

per only, and to deposit the silver in their meshes, a tray being placed

below each cathode into which it fell. Mr. Cassel proposed also to sus-

pend screens of copper wire between the anodes and cathodes, their

function being to deposit the silver as it passed in the solution on its

way to the cathode. In both cases the solution proposed was the same
as Elkinton's. These ideas did not possess very much practical value

in the manner in which they were applied. There may be some sug-

gestion in the second idea, but it had been adopted previously by M.
Andrd, and to much better advantage.
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A company known as the United States Bullion Refining Company
was orgauized for the purpose of working the process patented by Mr.

Cassel. A i)lant was erected at 09 Cortlandt street, New York, with a

projected refining capacity of 25,000 ounces of bullion per day. It was

completed sometime in January of the present year and was worked at

irregular internals; but it never proved successful, as might have been

anticipated. Efforts were then made to introduce modifications in sev-

eral important respects, so as to make the process successful, but with

little avail. The process ne%'er passed beyond the exi^erimental stage,

and financially the enterprise proved a total failure. The project was
abandoned about May 1, 1883.

In this plant the bullion plates (about 7 by 15 inches and aboiit an

inch thick at the top, f inch at the bottom, and weighing about 20

pounds each) were suspended by hooks passing through eyes at their

upper portion, where ear pieces were provided for the purpose. They
were placed in 20 vats made of sawed casks and lead-lined, each having

a capacity of about 30 gallons. There were six such plates in each vat,

all connected to the positive pole, and consequently forming a multiple

anode. They were placed in pairs in the vats, and between the three

pairs there were two pairs of copper sheets, forming a multiple cathode.

Each pair of cathode plates was inclosed in a narrow rectangular box

of leather called a " dialyzer." This dialyzer evidently corresponded to

the porous covering mentioned in Mr. Cassel's patent. It was claimed

that this dialyzer had a selective influence over the metals and allowed

only the impurities, such as the arsenic, antimony, phosphorus, etc., to

pass, leaving the solution outside comi^aratively free from them, while

preventing the copper from j)assing through. But this was undoubt-

edly a delusion. It was not a dialyzer at all. A wooden box or a box
made of porous clay would have answered as well. The only purpose

which this box filled was that which the porous cup fills in the Grove and

the Bunsen batteries, namely, to permit the passage of the current, while

yet preventing the difl'usion of the liquids. It was simply a partition

which prevented the saturated copper solution from passing through

to come near the cathode. Eventually such diffusion did take place in

all cases, and then the copper and whatever other metals were present

in solution became deposited, instead of hydrogen. The evolution of

hydrogen was very copious during the i)assage of the current. This

is easily explained. Hydrogen is the electropositive element of the

ordinary acids, and it is that part of the acid which is replaced when
metals are dissolved in these acids. Thus when copper dissolves in sul-

phuric acid each atom of cojjper (dyad) replaces two atoms of hydro-

gen (monad), and sulphuric acid (H2SO4) becomes sulphate of copper

(CUSO4). Now when a solution is electrolyzed, if there is no metal

present in solution, hydrogen itself is separated from the acid and is

evolved at the cathode. In this case the porous box prevented the cop-

per sulx)hate from passing into the neighborhood of the cathode, or at
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least retarded it, since it ultimately appeared in sufficient quantities to

be deposited on the cathode. Hydrogen is very electropositive to cop-

per, hence a counter-electromotive force of polarization was apparent.

This was one of the great disadvantages of the process, for it meant

additional consumption of power to produce a current powerful enough

to overcome this back current. Moreover the i)orous i)artitiou added

considerably to the resistance of each vat, and this made the power

required greater also.

Mr. Cassel claimed that the solution used in these vats was only

ordinary sulphuric acid and water at 10° Baum^, but it has transpired

since that a certain quantity of nitric acid had been added b^' him to

the sulphuric-acid solution. Under the influence of the current passing

through the 20 vats in series, everj- metal except gold was supposed to

be dissolved. The solution was not allowed to become saturated with

the metals dissolved, but was constantly drawn oft' through leaden

pipes and conveyed to a series of nine tanks arranged "in cascade,"

or in such a manner that the liquid was siphoned suc(;essively from the

highest to the lowest. In these vats the silver was precipitated by
means of ten copper plates suspended in the solution, the copper from

the i)lates dissolving gradually, w^hile the silver fell to the bottom as a

fine crystalline coherent white mass. It was evidently very pure, since

metals assume the crystalline condition only when chemically pure.

The silver is said to have assayed .999 fine.

The solution was taken at the last of these precipitating vats, and if

not too saturated with coi)per it was returned to the electrolyzing A'ats

for another round; if it contained too much copper, it was drawn into

another series of six tanks containing lead anodes and cathodes, and

on passing the current from a special dynamo-electric machine the cop-

per was deposited out of it, on the cathodes. The anodes at the same
time became peroxidized like the negative plates of a storage cell, and

a strong polarization was the result. Being freed of its coi)per the

solution was returned to the depositing vats once more. The copper

deposited was pure; the impurities, including the iron, remaining in

solution. The gold had the appearance of a soot-like sediment in the

bottom of the vats. This was not jmre, however, because several met-

alloids were also thrown down with it.

Tlie most important cause of the failure of this process was the pres-

ence of iron in the solution. Iron is inevitably contained in the crude

bullion, and it dissolves and remains in solution. Were it inert there,

it would not be objectionable. But it has the property of precipitating

the silver in the depositing vat and thus causing it to become mixed

with the gold. In a word, the silver could not be depended upon to be

deposited by itself when iron is i>resent, and the gold would have to be

separated from the silver by another ])rocess of refining. This solution

would become charged witli iron to such an extent that it wouUl need

to be reidaced or " doctored."
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It is perhaps well to observe here that this process was not intended

to treat lead base bullion, because lead is not soluble in the liquor.

The amount of power consumed in j^roducing the currents necessary

was also a great objection. The definite quantity could not be ascer-

tained, but the engine used was capable of developing 50 horse-powers,

and it is safe to say that at least 25 horse-powers were in requisition for

the work of refining and for precipitating the copper from the saturated

solution. The largest portion of this energy was probably wasted so

far as useful result was concerned, for it served only to overcome the

polarization present in the vats and tanks. It would have been a great

improvement to have connected the vats in multiple circuit, instead of

in series. In that case the counter-electromotive force would have

been equal to that of one vat only, instead of being twenty times one.

Another great improvement would have been to permit the deposition

of the copper (or some other metal) in the electrolyzing vats, which

would have eliminated the counter-electromotive force almost entirely

;

and the amount of power required would have been reduced materially

in consequence, and also from the fact that the separate deposition of

the copper in special tanks required an expenditure of energy equal to

that consumed in dissolving it, while it was in the anode in the electro-

lyzing vats. The current for electrolyzing the bullion was supplied by

a Hochauseu 50-volt dynamo-electric machine of extremely low resist-

ance. The extraction of the copper from the solution was done by the

current from a Siemens 3-volt dynamo of low resistance, the tanks being-'

connected in multiple circuit. The actual cost of the plant cannot be

determined definitely.

The plan originally included the buying and refining of bullion on

speculation, and also the refining at regular mint rates for outside par-

ties. It was believed that returns could be made in less than a week.

This is not improbable, for with this plant each bullion i)late could

probably be electrolyzed inside of three days. With a proper disposi-

tion of vats and with a suitable current the operation could be materially

shortened.

Norddeutsche Affinerie.—The refining of bullion is carried on success-

fully at this establishment, which, as previously stated, refines copper

by electrolysis. The bullion is cast into plates and electrolyzed, but

the composition of the solutions which are used as electrolytes is kept

a secret, and the exact mode of i)rocedure is also wrapt in mj'stery. The
refining of gold is also practiced, the gold being used as an anode in

a solution doubtless a cyanide, as used in electroplating. Some gold

refined in this way assayed 1000 fine at the Paris mint.

The refining of bullion is also carried on with good results at other

places, but unfortunately no details can be obtained from which the

manner of overcoming the defects seen in Cassel's process may be de-

termined.

M. Andre.—This gentleman has experimented with copper mattes
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containing nickel with impurities, for the purpose of separating the

nickel. In a solution of sulphuric acid both copper and nickel are

dissolved by the current, but the nickel is not deposited so long as the

solution remains acid. When the copper of the matte is all electrolyzed

a carbon anode is used and the action is kept up until the copper is all

deposited. The solution is neutralized with ammonia, and is evaiiorated

in the presence of air to precipitate the iron. The filtered solution is

then electrolyzed with a zinc anode separated from the cathode to pre-

vent admixture of the solutions ; and on passing the current the zinc

dissolves, while the nickel is deposited in the metallic form.

M. Andr6 has also invented a process for refining gold and silver

alloys which is in fact a bullion refining process. The alloys are made
the anode in dilute sulphuric acid ; and between the anode and cathode

a diaphragm of peculiar construction is interposed. This is made of

two sheets of cotton fabric so held in a frame as to leave a slight dis-

tance between them, which is filled with granulated or scrap copper.

This arrangement precedes the screen of Mr. Cassel by at least two

years, since it was described in La Revue Indiistrtelle early in 1880.

When the anode contains copper, silver, and gold, the first two only are

dissolved, and the silver is precipitated on the coi)per contained in the

partition ; while pure copper only is deposited at the cathode. The
precipitated silver may be readily separated from the copper, and in a

state sufficiently pure to need no further refining.

ELECTROLYTIC TUEATMENT OP LEAD BULLION.

KeitJi's process for desilvering and purifying base hiillion.—In 1878

Prof. K. S. Keith, of I^ew York, invented a process for the adaptation

of electrolysis to lead base bullion or argentiferous lead, with the object

of extracting the silver and at the same time separating the lead in a

pure metallic state. This jirocess represents a new departure in electro-

metallurgy, and one which is destined to be of great importance if the

application of the process on a large scale proves as successful as it

already has on a small scale. The si)here of usefulness and the field of

applicability are much more extensive in this case than in that of pro-

cesses intended for the treatment of coi^per bullion; because while the

improvements in the ordinary methods for treating the latter leave

scarcely any margin for greater i)erfection, the methods of treating

lead base bullion, Pattinson's and Park's processes, are at best quite

costly from the multifarious stages of treatment, and the losses by
volatilization, which they involve. It was from these considerations

that Professor Keith was led to devote himself to the search of a method
for accomplisldng the work by electricity with a view to greater

economy.

Lead is by far the main constituent of base bullion ; it forms on the

average over 90 per cent, of the mass. So in treating base bullion by
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electricity tlie most rational way is to remove the lead in merchantable

form, just as it is the most rational to remove the copper in treating

copper bullion. This is what Professor Keith sought to do; though it

required much studj' and experimenting to arrive at a practical method
of doing it. I^othing was known of the electrolysis of lead beyond the

fact that the "lead tree" is formed when a piece of zinc is placed in a

solution of acetate of lead, the lead being deposited on the zinc in a

crystalline state. Lead could doubtless be electrolyzed in a solution

of acetate of lead, but it was found that the deposit on the cathode was
liable to build out towards the anode and that it soon bridged across

completely. This bridge of crystalline lead provided a free conducting

path for the current, and no more electrolytic action occurred between

the two plates—they were provided with a short circuit or less resistant

connection. Nitrate of lead was a good electrolyte for lead, but the

nitric acid could also dissolve the silver from the bullion anodes, which
was not desirable. Sulphuric acid dissolves lead ii^ small quantity, but

the sulphate of lead becomes precipitated in the solution, and none

appears at the cathode to be decomposed and to deposit metallic lead

again. After an extended trial of all the known salts of lead, in vari-

ous combinations, Professor Keith finally produced several solutions

which could serve as more or less perfect electrolytes for lead; and it is

in the discovery of these solutions that the merits of his process find

their explanation. Once a good electrolyte found, the rest was a mere
matter of electrical and chemical details and of practical adaptation.

Professor Keith has obtained two patents on his process. The first

is No. 209,056, dated October 15, 1878, for " Improvements in processes

for refining impure lead" ; and the second is No. 215,463, dated May 20,

1879, " For improvements in solutions for electrolysis of lead." It is

believed that Professor Keith's patents cover the use of practical lead

electrolytes of all known composition, but in practice he has limited

himself to a few only, which were found most suitable for the purpose.

The solution which he has definitely settled upon consists of acetate of

sodium, about IJ pounds to the gallon, in which 2J to 3 ounces of sul-

phate of lead is dissolved. It might be supposed at first sight that a

double decomposition would result between these two salts, yet such is

not the case. The acetate of soda appears to act merely as a solvent

for the sulphate of lead.

This process is essentially the same in its appointments as the Elkin-

ton process. Bullion plates are placed equidistant in a vat and form a

multiple anode,while metallic plates placed between them form a multi-

ple cathode. The bullion idates are very much thinner, however, being-

only from one-eighth to three-sixteenths of an inch in thickness. A
plate of bullion/ 15 by 24 inches of this thickness weighs about 20

pounds. Before being put into the vats a muslin bag is drawn over

each bullion plate. The function of this bag is to hold the residues,

instead of allowing them to fall at the bottom of the vat, as in Elkinton's
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process. The lead is intended to accumulate on the bottom of the vats,

and by this means prevent its contamination by the impurities from

which it has been separated. Tlie mesh of the bag is fine euoush to

prevent the fine powder from being washed through by agitation of the

solution, for these fine particles Avould eventually settle to the bottom

and mix with the lead. At the same time the ditiusion of the licpiid is

quite free between the inside and the outside of the bag, while the elec-

trical resistance is not increased perceptibly by the bag. The diffusion

is quite necessary, for the lead becomes dissolved as sulphate by elec-

trolysis, and this sulphate must diffuse itself in the solution to take the

place of the sulphate which has been decomi30sed at the cathode to

deposit metallic lead. If the diffusion were to take place too slowly it

is easy to see that in a short time the amount of lead present in solution

outside the bags would be too little to satisfy the depositing power of

the current, and hydrogen would begin to be evolved, with the conse-

quent occurrence of polarization. If the solution is constantly stirred,

therefore, the current may be much stronger without fear of polariza-

tion. It is found that by heating the solution the diffusion takes place

more readily.. Another great advantage of heating the solution is that

its resistance is thereby materially reduced. In practice the solution

is therefore heated to about 100° Fahr. The solution is maintained

neutral ; for when its reaction becomes alkaline, the alkali (in this case

soda) becomes decomposed, furnishing oxygen to the anode and perox-

idizing the lead therein, while hydrogen is evolved at the cathode and

produces polarization, this result being irrespective of the state of dif-

fusion.

When the action is normal there is no i)olarization in this solution.

In this condition the lead is dissolved from the anodes, and an exactly

equivalent amount is deposited on the cathodes and collects as a crys-

talline coherent layer. In some cases, after the layer becomes suffi-

ciently thick, it rolls off' the surface of the cathodes, and falls to the bot-

tom of the vats. In other cases the cathodes have to be gently scraped

by a special contrivance to divest them of their leaden coat.

After«the lead is all electrolyzed from the bullion plates (anodes) noth-

ing but the impurities remain in the bag. These constitute about 5 per

cent, of the whole mass. If care is taken in removing the bag it will be

found that tlie anode has scarcely (;hanged in appearance. It has a

bright metallic aspect, with a display of iridescent color ; it seems at

first as if no action had taken place. On touching the plate, however,

it is found to yield under the finger. Just like so much blue clay, which

it resembles in appearance. This is the residuum. Here and there re-

mains a small scraj) of lead which became detached from the plate as it

grew thinner, and then failed to receive any more current. The residuum

is placed in >vatcr, and these scraps are easily washed from the " unid."

which afterwards settles as a clayey layer, lea\ing the water perfectly

clear again. The scraps are remelted and recast into plates. The lead
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is drawn out from the vats at conveuient intervals, and is tlien washed
in water to clear it of " sohition," after which it is dried rapidly, and is

either pressed into shigs, cohering readily, or else it is melted at a low

heat and cast into pigs.

The residue which contains the silver and the gold, with the impuri-

ties (such as arsenic and antimony), is subjected to a special process of

refining by which the metals are separated and utilized. Professor Keith

reviews the treatment of this residue in the following manner

:

'' In laying out our plan of i)rocedure we must first consider the con-

ditions and liabilities. These may be formulated thus:

"1. It is a wet powder, and must be dried.

*' 2. The oxidizable constituents must be oxidized.

"3. It must be mixed with fluxes and fused.

" 4. Antimony and arsenic are volatile, and carry off in vaporizing,

mechanically or otherwise, silver, and perhaps gold.

" 5. It is absolutely necessary to get all the gold and silver, and as

pure as possible, though they may be alloyed together.

" 6. It is obvious that drying the powder and roasting it in a rever-

beratory furnace will cause a great loss in silver from volatilization with

arsenic and antimonj^, besides loss of powder carried off by the draught.

Its roasting needs most careful treatment, as from the easy fusibility of

antimony masses of alloy may be formed which cannot be practically

oxidized. Eecoguizing these conditions and difficulties, the plan of pro-

ceeding is this : After having removed the powder from the filters while

it is still wet it is mixed with a proper quantity of nitrate of soda, when
it may be dried without loss of dust, as the nitrate cements the whole

together. When sufiiciently dry it is placed in crucibles for fusion.

These are cautiously heated ; the nitrate decomposing gives oxygen to

the antimony, arsenic, copper, iron, etc., thus forming teroxide of anti-

mony, arsenious acid, and oxides of copjier, iron, etc. The soda com
bines with the teroxide of antimony and the arsenious acids, forming

antimoniate of soda and arsenite of soda, which are fusible. A little

borax added makes the slag more liquid when the oxides of iron and
copper are present. A button of pure gold and silver collects in the

bottom of the crucible.

" 1^0w, though antimony, arsenic, and arsenious acid are volatile, an-

timoniate of soda and arsenite of soda are not, so there caa be no loss

from their volatilization. Mtrate of potash may be substituted for the

soJa salt, with the same effect. This slag of antimoniates and arsenites

can be utilized in the following manner : When treated with hot water

the arsenite of soda or potash is dissolved and the antimoniate remains
undissolved, together with the oxides of copper and iron. The arsenite

of soda or potash is obtained by crystallization, and fiiids its use in dye-

ing, color-making, etc., or metallic arsenic may be obtained from it by
sublimation. Antimony may be obtained from the residue by mixing it

with charcoal and melting in a crucible. No copper or iron need be re-
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duccd witli tlie antimouy, with proper care. But if they are they raa^

be removed by a subsequent fusion with some teroxide of antimony.

Perhaps it will not be found profitable to carry the utilization further

than to save the antimony and arsenic."

The reason why the plates are cast thin is that the speed at which the

electrolysis can be pushed is limited by the rate of diffusion of the sul-

phate of lead through the bags, as exi)lained above. It was found in

practice that with plates 15 by 24 inches the rate of electrolytic trans-

fer of lead was from 1^ to 2 ounces per hour, and a i)late of this size,

weighing 20 pounds, would therefore require from six to eight days. If

made twice as thick, or J inch, it would last twice as long, and to make
a given return x)er day the amount under treatment would require to be

greater. If cast thinner and larger, so as to expose more surface, then

they will be electrolyzed at a more rapid rate. The solution does not

become altered by continued use. Iron and zinc, if present in the bull-

ion, become dissolved and remain in solution, but this does not impair

its efficiency. The addition of a small quantity of sulphate of lead will

correct any defect from this cause. Moreover, the suljjhate of iron be-

comes gradually oxidized, and sesquioxide of iron eventually comes to

the surface as a scum which may be skimmed off if desired.

The main object to be accomi>lished in the treatment of lead base

bullion is evidently the separation of the silver from the lead. It is to

attain this result that the expensive and laborious stages of the old

processes, culminating in cupellation, are followed. Moreover the pres-

ence of impurities, especially antimony', has a great influence on the

facility of such treatment. Some varieties of bullion containing anti-

mony in large proportions are so troublesome and refractory that in

many cases they cannot be profitably separated.

Bearing in mind the above difficulties connected with the fire proc-

esses, the Keith process presents interesting advantages. The silver

and lead are directly separated, and that separation takes place as

readily whether the bullion contains a large or a small percentage of

antimony. Not only this, but the antimony itself is saved and can bo

sold at the market price. None of the lead is lost, or at most but a

very light amount by vaporization, oxidation, etc., because the bullion

is only heated sufficiently to be melted and cast into plates, instead of

being repeatedly heated. All of the gold and the silver is saved. The
purity of the lead obtained is another advantage. A sample of electro-

lytic lead produced by Keith's process was found by analysis to contain

only .000068 per cent, of silver (.02 oz. per ton) ; and although a large

quantity was used for analysis, only traces of arsenic and antimony

could be detected, and there was no copper, though the bullion con-

tained some. There is reason to believe that even this small amount

of silver was due to insufficient care in handling the anodes, so that

some of the residue was washed into the solution and settled upon the
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lead at the bottom of the vat. The bullion from which this lead was
electrolyzed was also analyzed, with the following result:

Lead 96,36

Silver (161.7 ounces per ton) 5544

Copper 315

Antimony 1.07

Arsenic 1.22

Traces of zinc and iron, undetermined matter and loss 4806

100. 0000

Among the other advantages of Keith's i)rocess may be mentioned

simplicity of working, which does not require many hands. The
power consumed is very low, and inasmuch as there is no polarization in

the solution, the amount of power can be controlled absolutely by the

size of plant.

The patents of Professor Keith are now owned by a company—the

Electro-Metal Eefining Company, of Eome, Kew York—formed for tlie

purpose of developing the process. This company has had in operation

two small experimental plants, the second of which was located at No.

97 Liberty street, New York, and maintained during the greater part

of the year 1882. In this plant there were four vats 10 feet long, 2

feet wide, and 3 feet 6 inches deep, made of wood and covered with

pitch without and within to make them waterproof. Copper rods

one inch square resting on the edge of each tank served as conductors

for the current. The anodes and cathodes rested on these conductors

by means of hooks projecting from their upper margin. A piece of

paper was placed between the hook of each anode and the conductor,

on one side, so as to prevent contact ; while the cathodes were also insu-

lated in like manner from the other conductor. There were about forty

anodes and as many cathodes in each tank. The tanks were connected

in series to a Weston dynamo-electric machine for electro-deposition,

having an electromotive force of about one volt and a very low resist-

ance. A circulating and heating apparatus was also provided as fol-

lows : The solution was allowed to ran off from a gutter at one end of

each tank, and was thence conveyed to a tub, from which it was pumped
up into a cask placed higher than the tanks. From the bottom of this

cask was a delivery pipe which subdivided into four smaller pipes, one

extending along the bottom of each tank. These small pipes were per-

forated with numerous holes, through which the solution entered the

tank. In the cask a copper still-worm was placed which was heated

by steam. Thus the solution was agitated and heated at the same time.

The weight of each plate (15 by 24 by ^ inches) being about 20 pounds,

the amount under treatment was consequenty 100 (plates) x 20=:3,200

pounds. At the rate of 1^ ounces per plate per hour, which was the

average of working, the deposit was 300 pounds per day of 24 hours.

It will readily be understood that the machine can be worked by night

as well as by day. At this rate a plate would be exhausted in some-
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what less than niue days. In practice the plates are not all exhausted

however ; there always remain sitiall pieces which become detached

from the rest of the plate. The weight of these scrai)s would average

about one pound, though in this case many of the plates were cracked

to begin with, and did not hold out so well for this reason.

The company is now engaged in erecting a plant at Eome, oSTew York,

on a larger scale. The works are in a oue-story building 150 by 50

feet, of which the present working capacity (three tons per day) will

require only one-third the space. The design of the works is by Mr. C-

O. Yale, mechanical engineer in charge of their construction, and re-

flects great credit on his ability. The casting of the bullion plates

will be done by means of a casting machine, or system of mechanical

molds rotating around a center and passing successively under the spout

of the melting furnace. There will be 12 molds. Each mold holds at

its upper part two thin strips of copper perforated with holes. When
the lead is poured into the mold it fills these holes, and the strips form

suspension lugs and connections at the same time. At the side of the

revolving system opposite from the furnace the plates are taken away

by a boy who replaces other copper strips and closes the mold again for

another round. A man and a boy will make 180 plates per hour.

Each plate is 24 by G by ^ inches, and weighs about 8 pounds. The

plates are hung from a frame and carried by an overhead railway to the

vats. There will be thirty circular vats, made of a kind of concrete

mixture. Each vat is C feet in diameter, 40 inches high, and has a

central core or pillar 2 feet in diameter and equal in height to the height

of the vat.

The cathodes consist of 13 circular hoops or bands of sheet brass two

feet high and arranged concentrically two inches apart. The plates of

bullion are lowered between these circular cathodes. The anode frame or

bullion-carrier has 12 consecutive rings of brass, two inches wide and one-

eighth of an inch thick, also arranged two inches apart. Eivet heads

of copper project from these rings, and the bullion plates are suspended

to these by the eye-holes in the suspension lugs. Each frame will

receive 270 bullion plates, making the total weight of bullion about

2,100 pounds per vat, or slightly over one ton. The carrying power of

the overhead railway will be 3,000 pounds. The solution is allowed to

overflow from the vats by a small gutter to the floor, which is of con-

crete and grooved with gutters that lead to cisterns at the end of the

building which have a capacity of 3,000 gallons ; whence it is pumi)ed

by a centrifugal pump to an overhead tank, where it is heated by a sys-

tem of steam pipes to 100° Fah., automatic electrical regulation of the

temperature being secured by a special device. From this tank the

solution is distributed to the vats by a system of pipes. An Edison

dynamo-electiic machine, constructed specially for this purpose, will

be used to furniiih the current. This machine will have an electro-

motive force uf ten volts and an internal resistance of .005 ohm, and
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will, therefore, produce the enormous volume of current of 2,000 amperes.

This current will nevertheless be entirely safe to the employes, on

account cf its very low electromotive force.

The vats will be connected in series, and two other series of 30 each

will be added later in parallel circuit, if the enterprise prove success-

ful. The speed of the dynamo will be adjusted so that the current

produced will dissolve each plate in ten days. The power used by the

machine will not exceed 10 horse-power for thirty vats. The vats will be

charged in rotation, three i^er day, and on the tenth day the first three

will be renewed, and after that the renewal will follow in the same
order. In this way there will be three tons put under treatment every-

day and three tons refined and returned. The anode carriers can be

rotated around the core of the vat as a center ; and they carry mechani-

cal fingers which will scrape the surface of the cathodes by the motion.

By removing a plug each vat may be emptied rapidly, and the crys-

talline lead shoveled out. This lead is washed in water and iilaced in

a centrifugal dryer, after which it is melted under oil or other reducing

material to expel the remaining traces of moisture without oxidation,

and it is then ready for the market. There will be ovens and mufiies,

etc., for assay purposes and for reducing the residues. These residues

will be washed in water and the water run through a sieve to take out

the scraps of bullion, and then they will be allowed to settle, after

which they will be decanted and dried. It is expected that all the

arrangements will be completed by July 15, 1883.

THE ELECTROLYTIC SEPARATION OF ZINC FROM ITS ORES.

The Lamhotte-Doucet metJiod.—These gentlemen have lately been

experimenting with a method of extracting zinc from its ores, in which

electricity plays a part. The ore is first roasted as usual, and is then

dissolved in hydrochloric acid. A concentrated neutral solution of

zinc chloride, free from iron, the latter having been precipitated in the

form of oxide, is thus formed. The solution is then submitted to the

action of a current of electricity, between carbon anodes and zinc

cathodes, and the zinc is deposited out of the solution in the metallic

state.

The Letrange method.—This method of M. Letrange is applicable to

all zinc ores; but it is specially designed for treating blende (sphalerite,

sulphide of zinc), which is a common form of ore often neglected on

account of its rebelliousness. M, Letrange takes advantage of the jires-

ence of sulphur in the blende. He transforms zinc into sulphate by the

oxidation of the suljihur, so as to furnish sulphuric acid. The operation

is not so protracted as when the ordinary fire process is followed. The
galena present need not be separated, since it is not soluble in sulphurie

acid, and remains in the residues. The calflmine does not require to be

calcined. The blende itself need be roasted only moderately, because a

42 M E
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low teini)crature is more favorable to the formation of sul])liate than a

too high temperature. The roasting is done either in a reverberatory or

in a puddling furnace.

After the ore is transformed into sulphate it is placed in large vats in

"which a current of water circulates. The liquid sulphate is then passed

very slowly through a series of basins, and there undergoes electrolysis.

The anodes are of lead and the cathodes of zinc. The baths are so

arranged as to diminish as much as possible the distance between the

anodes and cathodes, and so as to present a largely increased surface,

whereby the resistance is reduced to its lowest amount. A part of the

zinc contaiued in the solution is deposited on the cathodes. The solu-

tion is then poured over heaps of ores and dissolves the oxides of zinc^

and is again saturated with sulphate. The motion of the solution in the

basins is nicely regulated by a slight difference of level between the

ends of the system. The solution is thus passed repeatedly through

the precipitating basins and deprived of its zinc after each round

through a heap of ore. So the same acid is used over and over. The
amount present in the wasted ore need be only sufficient to provide for

losses from the combination of acid with foreign metals. The silver,

lead, and other insoluble substances are left in the ore, and may after-

wards be recovered by suitable methods.

There is only one fault to be found with these two methods from an

electrical point of view ; it is that the amount of power required for the

deposition must be quite high. If the anode were soluble the coun-

ter-electromotive force would be much reduced. As it is, the counter-

electromotive force between the peroxidized surface of the lead anodes

and the zinc cathodes must be very high, and this means of course an

opposition to the depositing current which is to be overcome only by

the expenditure of power. So far the experiments of M. Letrange have

not shown a better return than 50 pounds deposited per horse-power per

day. This expenditure may be economical as compared to the amount

of fuel, etc., required in treating the ores in the ordinary way, but still

it leaves much room for improvement.

ELECTBOITTIC ASSAYING.

It may not be improper to mention briefly here that among the subjects

occupying the attention of electricians and chemists the estimation of

metals by electrolytic assaying is receiving some attention. A French

chemist, M. Alfred Riche, has applied the idea successfully to the assay

of copper, lead, zinc, manganese, etc. The princi])le is simply to make
a solution of the metal and to deposit this metal by electrolysis. This

method presents great advantages sometimes, as in some cases it is dif-

ficult to separate the metal eniirely 1\v means of cliemical reagents.



THE MII^OR MINERAIiS OF NORTH CAROLINA.
By W. C. Kerr.

Omitting the leading mining industries of coal and of gold, iron, cop-

j)er, and silver ores (and incidentally of lead and zinc), there remain

about a dozen other minerals which are the subjects of mining opera-

tions. These are mica, corundum, pyrophyllite (soapstone), talc (soap-

stone), barytes, garnet, asbestus, black oxide of manganese, zircon, kao-

lin (and potter's clay), gems, and pyrite.

Pyriteand pyrrJiotine.—Theseare commonly found associated with gold

and copper in the veins of those metals, and are distributed very widely

throughout the Archaean formations of the State, often in large bodies.

Many of the largest veins, however, show but a trace of these minerals.

Pyrite has been mined tor the production of sulphur on one occasion

only, during the late war. Nothing but the lack of cheap transporta-

tion has prevented its use in the manufacture of sulphuric acid at

Charleston, Atlanta, and Nashville for producing superphosphates.

Arrangements are making to overcome this difficulty, so that in a short

time those establishments will be able to substitute the native pyrite

for the imported Spanish article.

Kaolin was mined by the Indians before the settlement of the country,

and sold to European traders. It is now mined only incidentally with

mica, and goes into the dump. But it is of the finest quality, and is

found in very large bodies, and will become valuable when the region

(the mountains) shall be rendered accessible by railroads.

Potter's cte^has been mined and manufactured into stone and earthen

ware throughout the middle region of the State, since the first settle-

ment of the country.

Zircon has been mined only at one place, and merely for cabinet speci-

mens, and only on one occasion on any considerable scale. One thou-

sand pounds of zircon crystals were mined by General Clingman a few
years ago. They were washed out with rockers, after the manner of

placer gold mining. This locality is in Henderson county on the Blue

Eidge. The mineral is found in many other places, notably in most of

the gold deposits, but in small quantities of minute transparent crystals.

Black oxide of manganese is found in the form of psilomilane and
pyrolusite, in a number of localities in small veins, but has been mined
for market only at one point, and in a tentative way, a toa or two hav-

ing been sent from Caldwell county to New York.

Ashestus is a very common mineral in the State, but has been mined
for market only in three counties. From Mitchell two carloads were
hauled in wagons 40 miles, over the Smoky mountains, to a railroad

and transported to New York. Of course the enterprise was not profit-
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able under tbose conditions. About 40 tons were also mined and sent

to New York from Caldwell and Burke counties five or six years ago.

Cheap transportation will revive this industry, and in many new local-

ities, as the mineral is found in nearly every section of the State except

near the coast.

Barytes has been mined at but one point on a large scale, although

explorations have been made and a few tons mined at other localities.

Several hundred tons were mined in Gaston county, near King's moun-

tain, a few years ago, and transported to Boston. There are large veins

of it in this and several other counties.

Garnet, red, massive, granular, and crystalline, is now and has been

for a year past mined in Burke county, near Morganton, on a consider-

able scale. It is stamped to a coarse gravel and shipped in bags, for

replacing corundum and emery in the manufacture of polishing or

abrasive powders and papers. From the best information obtainable,

it is probable that several hundred tons have been shipped. The results

were not, however, satisfactory, as the garnet is too brittle to form a

substitute for corundum, and cannot compete in price with quartz,

glass, etc. This mineral is found in large veins in many localities, and

in crystals, often very large, in the mica and chlorite schists in various

jiarts of the State.

Talc, under the common name soapstone, is mined on a large scale in

Cherokee and Swain counties, where it is found in large bodies and of

great purity and fineness of texture. Although it must undergo the

expense of being hauled in wagons 50 or 60 miles, over mountain roads

(which are no roads at all), yet not less than 200 or 300 tons are shipped

in a year. This mineral is found nowhere else in Xorth Carolina of so

high a quality, but beds of it of inferior grade are of common occurrence

throughout the region of the older rocks.

PyrophylUte, under the name of soapstone, has be^n mined in large

quantities in Moore and Chatham counties, near Deep river. It is

ground and bolted like flour, and transported in barrels. One firm in

Fayetteville has handled 10,000 barrels, of 300 pounds each. The min-

eral is found in large slaty or schistose beds associated with the later

Archaean rocks ; and it occurs in many places. There have been no

shipments for a number of years ; but the comi^letion of the Fayette-

ville and Greensborough railroad within a few months will furnish such

facilities for transportation that the business can be resumed under

better conditions than formerly.

Corundum is a mineral of very common occurrence in the State. It is

found both in crystals and in tabular masses, and is also found distrib-

uted in a granular form in veins of chlorite associated with the dunyte

so common in the western part of the State. It has been mined to the

extent of a few tons in Madison, Buncombe, and Clay counties, and on

a large scale near Franklin, in Macon county, at the Cullasaja or Corun-

dum Hill mine. It is obtained here both from chlorite veins and by
washing the gravel and earthy deposits on the hillsides; and several
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huudred tons are annually shipped. The supply seems to be abundant

and permanent.

Mica is the subject of the most important of these secondary mining-

industries in the State. There are scores of mica mines in the mountain

section, mostly beyond the Blue Kidge. The most important of these

occur in Mitchell, Yancey, and Macon counties ; several of them under

favorable conditions yield 1,000 to 2,500 pounds of marketable mica per

month. The mineral occurs in very coarse granite dikes or veins which

penetrate the old gneisses and schists. These dikes are very numerous

and often many yards or even rods in thickness, and may sometimes be

traced a mile or more. The total product of these mines since 1868,

when the first were opened, is about 400,000 pounds. The average value

has not been less than $2 per i)Ound, probably nearer $2.50 ; so that

the aggregate commercial i^esult has been about $1,000,000.

From what has been stated of the mode of occurrence of mica, it is

apparent that the industry is a permanent one. In fact it is continually

enlarging in area and product, and improving in mining methods.

Gems have been systematically mined in only two instances. General

Clingman made the first experiment of the sort, in the search for rubies

and sapphires, in the vicinity of the corundum mine, above referred

to, which has been since developed. He found a number of both varie-

ties of gems, but none of much purity or value. Other and better

specimens have since been obtained incidentally in the ordinary mining

processes. Mr. Hidden has inaugurated in Alexander county the most

important euteri^rise of this sort that has been undertaken in the State.

The objects of his search are beryls and the new mineral hiddenite.(a)

Six or eight diamonds have been obtained from the gold gravels of

the State, some of them of high quality, but only a few karats in weight.

Garnets are often found of sufficient depth of color and clearness to serve

as gems, and some rather deeply-colored spinel rubies have been found

in Jackson county. Amethysts and rose quartz and sagenites of great

beauty have been obtained in many j)laces. Professor Humphreys, of

Greensborough, made a business of searching and mining for these

stones, in which he was remarkably successful. Mr. Stevenson, of

Statesville, has also been quite successful as a collector in the same
line, and also in obtaining rutiles, some of which have made very pretty

gems. And in the mica mines some very fine aquamarines have been

found. These are the principal minerals which have yielded gems here-

tofore, but the number has increased very considerably within the last

decade.

All the above-described secondary mining interests, being dependent
mainly on the facilities for transportation, are sure to revive and mul-

tiply with the improvements now making in this respect; the number
of miles of railroad having been doubled since the war, and the lines

penetrating regions hitherto quite inaccessible.

a See pp. 500 and 502. this report.



MINOR MINERALiS OF THE PACIFIC COAST.

By C. G. Yale.

Notwithstanding the fact that the business of mining for the precious

metals on the Pacific coast has heretofore engrossed attention to the

exclusion of nearly all other metals and minerals, these latter occur in

great variety and generally in great abundance. Indeed, there is hardly

a mineral product of use in the manufacturing or mechanic arts or of

interest to science but has been found somewhere in this region, though

not always under conditions which impart to it any large or present

commercial value. Thus, while it has been possible to profitably work

deposits of coal, copper, cinnabar, sulphur, borax, and a few others,

there are a variety of substances, such as mica, zinc, nickel, niter, anti-

mony, diamonds and other precious stones, plumbago, manganese, plati-

num, etc., which, though justly entitled to a place among the mineral

resources of the region, have as yet proved to be of little or no economic

value, because of their limited quantity, imperfect quality, difficulty of

access, or other unfavorable conditions.

In addition to those above mentioned, the metals and minerals found

in the Pacific States and Territories under conditions which give them

some, and in most cases a large present or prospective value, may be

enumerated as follows: Iron, lead, salt, soda, petroleum, asphaltum,

gypsum, marls, asbestus, tin, chromic iron, hydraulic cement, marble,

chalk, lime, fissile slates, mineral pigments, infusorial earth, kaolin,

fire and other valuable clays, alabaster, magnesia, steatite, mineral

soap, alum, arsenic, emery, ocher, bismuth, tellurium, cobalt, molyb-

denum, etc.

Besides the deposits named elsewhere in this volume which have been

worked continuously and with profit, there are some others the working

of which, after a trial, had to be abandoned, labor and the other factors

of production having been too dear or the home demand too limited to

warrant a continuance of operations. Thus attempts to utilize the

deposits of plumbago, chromic iron, fire and other clays, manganese,

antimony, etc., have either wholly failed or have been continued in only

a feeble and spasmodic way.

Some of these industries, after languishing or being wholy extin-

guished during earlier struggles for existence, having at a later period

been resuscitated, have since prospered and grown into large ])ropor-

tions, the production of copper, borax, and petroleum furnishing notable

examples of this kind. It is the case, in fact, that nearly every industry

belonging to tliis class has at one time or another ex])erienced seasons

of great depression, owing to the prevalence of low jirices for the par-
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ticular product ; or, as in the case of quicksilver and borax, because of

a real or apprehended overproduction. Never, however, have any of

these pursuits failed by reason of the inferior quality or any lack of the

raw material.

But for the greater allurements presented by gold and silver mining

the other mineral resources would no doubt have met with much greater

development than they have done, the high prices and the instability of

labor in connection with the excitements incident to gold mining having

for a long time tended to prevent such development. Since the exhaus-

tion of the more accessible surface deposits, placer operations have been

on the^ decline, reducing in like ratio the wages of unskilled labor, and
causing that class of miners to seek employment in other occupations.

With this altered state of affairs mining pursuits have become more
diversified, men of enterprise and means having been encouraged to

experiment with a variety of the more common minerals and metals, the

most of which had before been neglected or had been worked at a loss.

There is reason now to believe that these efforts will meet with better

results and ultimately be so extended that most of the local require-

ments will be supplied from home sources, with a surplus of some com-

modities for exportation. In the past the Pacific coast has numbered

among its exports quicksilver, lead, borax, copper, and several other

important substances, and the list is gradually increasing. Moreover,

there is a corresponding increase in amount making itself apparent.

As the country grows in population and railroad facilities are extended,

mineral deposits become available which, though they have long been

known to exist, have not been before utilized.

\



THE USEFUL MINERALS OF THE UNITED STATES.

Some explanation seems appropriate in presenting the following lists.

The design is to simplify a very intricate subject, and to show in as

compact and concise a form as ijossible the principal occurrences of the

ores, minerals, and mineral substances of industrial importance of the

several States and Territories, and to indicate whether these resources

are or are not at present being utilized.

From the point of view of the mineralogist, to cite a "locality" is use-

less unless the reference is very specific and most carefully veri fied. The
general reader, and the statist as well, are far more interested in the

economic features of the topic. To quote all the mineral localities which

are known and have already been reported would occupy quite as many
pages as this volume contains; while the vast preponderance of occur-

rences which have no economic importance, liowever interesting they

may be to the scientific observer, would at once defeat the whole object

of the work by obscuring the main features which it is desired to de-

velop. On the other hand a certain amount of detail is required, both

as a means of verification and to give a closer insight into the conditions

than is afibrded by a division based upon the unit of a State or Terri-

tory. The endeavor has therefore been to avoid unnecessary minute-

ness on the one side and barrenness on the other.

Much confusion exists as to a classification which shall include sub-

stances of a real value, and omit those which for all practical puri^oses

may be considered merely in the light of mineralogical curiosities. In-

deed it is impossible to draw a hard and fast line of demarcation in the

matter. For example, iron pyrites is certainly a mineral of industrial

importance in some of the Atlantic States, but in the Far West it is

worthless unless containing workable gold contents. So the greater

number of mineral species mined in the latter region are sought and

treated only because of their auriferous or argentiferous character, the

gold or silver being in fact usually accidental impurities in minerals

which would otherwise possess no practical interest. In the outlying

Territories, many occurrences, such as of fire clay, potter's clay, gypsum,

barytes, etc., may be at present useless; but the existing condition of

things is not to continue indefinitely. As the newer country becomes

settled, local demands steadily bring into iilay mineral resources which

formerly were hardly given a thought. So, as regards the definition

of "industrial importance," it was deemed best to allow a certain latitude

as to class in places now undeveloped, while drawing the line somewhat

closer as to quantitj'.

664



THE USEFUL MINERALS OF THE UNITED STATES. 665

This leads to another perplexing question : What is a workable quan-

tity of any given mineral ? Muscovite mica may be found almost any-

where ; but how large must the sheets be, and how concentrated the

occurrence, to make it valuable ? Small local segregations of asbestus

are common; but how much is required to pay for the trouble of mining

it ? On this head many discrepancies will be noticed in different parts

of the lists.

A graver difficulty is the question of authenticity ; a troublesome

matter indeed in a compilation of the present extent. In this respect

the several gentlemen who have contributed to these lists vary some-

what in the strictness of their scrutiny, both as to the correct deter-

mination of species and as to geographical position ; but, as a whole,

the work has been done so conscientiously that the references may be

relied on, so far as they go.

Exhaustiveness is not to be expected in work of this kind, and no pre-

tense is made that even an approximation to completeness has been

reached. The lists should be regarded as cadres^ to be filled out in

future work, hy further additions from time to time ; but, even if re-

vised again and again, to still require many additions after the last

revision. It is only by bearing the acknowledged deficiencies in mind,^

and remembering the design of the compilation, that the lists can be

studied to advantage.

EASTERN DIVISION.

The term "Eastern Division," as used in this connection, includes,,

roughly speaking, the area lying east of the 100th meridian; the west-

ernmost political subdivisions being Minnesota, Nebraska, Kansas, In-

dian Territory, and Texas. Prof. John C. Smock, of the Geological

Survey of New Jersey, who was charged with the preparation of the

lists of occurrences of the ores, minerals, and mineral substances of

industrial importance in this region, explains in the accompanying letter

certain points regarding the method of compilation

:

New Brunswick, New Jersey,

May 28, 1883.

Mr. Albert Williams, jr.,

United States Geologist, Washington, D. C.

Sir : Haviug forwarded, the manuscript lists for tlie several States and Indian Ter-

ritory embraced within the limits of the country assigned to me, I would respectfully

submit the following points as pertinent to the work, and perchance of interest and

importance in making up your report upon the minerals of the country

:

1. The original notes (with the exception of New Jersey, New York, Pennsylvania^

and North Carolina, in part) were made in index note-books, with references to the

authorities whence notes of localities, etc., were taken.

2. The authorities consist, first (and very largely), of the various State geological

and agricultural reports; second, articles in the several volumes of the Transactions

of the American Institute of Mining Engineers, the American Journal of Science, Bul-

letins of the American Iron and Steel Association, Engineering and Mining Journal,
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and Mining Record; besides the United States census reports and the various hand-
books on coal, petroleum, iron, minerals, etc. Dana's Mineralogy, fifth edition, has

been followed closely in the nomenclature, both mineralogical and common.
3. Valuable assistance has been given in the way of reports, and in answer to

special inquiries, by the several State geologists (in States where geological surveys

are in progress) ; also by the commissioners of agriculture in a few States, and by min-

ing engineers and geologists in still others. In two cases, referred to elsewhere (as

foot-notes), the manuscript lists have been revised by the State geologists. The
thanks of the compiler are tendered through you to all these gentlemen.

4. The plan has been, so far as possible, to give both the town and county in the

localities enumerated. In some of the New England States the county has been

omitted, as there the autonomy of the town is so prominent.

5. Where any given ore or mineral of economic importance is quarried or mined at

very many points in a region or territory (for example, coal in wide fields or iron ore

in certain districts), the individual localities have been generally neglected, and a

few mining centers or exceptionally large mines have been mentioned, to the exclu-

sion of all others.

6. Occurrences of unimportant minerals—from an economic point of view—have

been in nearly all cases neglected ; also the occurrences of many useful minerals or

ores where they occur not in mass but sparsely disseminated through rock as rock or

vein constituents. At present such occurrences do not belong to the category of ores.

7. Statistics, with few exceptions, have not been included in the remarks upon
localities.

8. The geological horizon has, whenever known, been stated, either in general

descriptions or in very brief notes.

9. The State has served as the basis of occurrence and division. Hence in nearly

all States there are localities now no longer worked or undeveloped included in the

schedule of minerals " at present mined."

10. On account of the short time allowed for compilation, the lists are of necessity

incomplete.

Very respectfully, your obedient servant,

J. C. SMOCK.
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ALABAMA, (a)

Ch-ea, minerals, and mineral substances of industrial importance, which are at present mined.

[Keportetl by John C. Smock.]

Ifineralogical
naino. Common name. Remarks.

Cassiterit*.

Coal, rar. bitu-
Biiioas.

Tin ore, tinstone
|
Two miles southeast of Ashlantl, Clay county ; works erected
hero and tin extracted; now working.

Coal, bituminons coal

eoid.

Fire clay

Flagging stone

Gold

€rrapfaite

Halloysite

Granite...

Plumbago, black lead.

HMnatit«
\

Fossil ore, dyestone
I ore, red iron ore.

Three distinct coall'elds: 1. Coosa, 100 square miles ; 2. C»-
haba, 230 square miles ; 3. Warrior, 5,000 square miles.

General section between Locust fork and Jones's valley in-
cludes 2,000 feet of Coal Measures and thirty-five seams of
coal, of which twelve are from 2i to 7 feet thick, and with
an aggregate of 50 feet. Mines on line of South and North
Alabama Railroad at "Warrior, Jefferson, and Newcastle
stations, and at Pratt mines, west of Birmingham. Several
localities worked in Madison and Jackson counties, on line
of Memphis and Charleston railroad and on Alabama Great
Southem railroad, in De Kalb county, also in Walker and
Fayette counties. These are in the plateau region and are
in the Warrior field. Mines worked in Tuscaloosa and vicin-
ity, at Coalinsand Dudley, and on small scale on Monte Sano,
Huntsville, T. 3, R. 1 E., Madison county : near Larkina-
ville, on Memphis and Charleston railroad, Jackson county.

Cahaba field : Mines now in operation at Helenaand at Monte-
vallo, in Shelby county.

No mining done in Coosa field, as it is at distance from rail-
roads and Coosa riveris not navigable. Onelocality worked
during the war.

Common in Coal Measures. Firebrick works at Bibbville nee
such clays.

In the yelloAT sandstone of Red Mountain group, valley from
BricksvLlle to Saint Clair Springs, and at Pratt's ferry on
Cahaba river. Sandstone flags of Coal Measures, Plank
Shoals, on North river, Tuscaloosa county.

Thin-bedded limestones in Lower Silurian and in sub-Carhon-
iferous group. Also gneisses and mica schists of metamor-
phic region.

Fine quarries at Tallahassee falls on Tallapoosa river, ia
siliceous slates (itacolumite). Same rock quarried at Far-
rell's mill and other localities in Lee county. Many localities
opened for local supply.

Arhacoochee, Cleburne county; Randall mine, Hillibee,
Talladega counly; Riddle mine, same county: Stewart's
mine and localities on WesgrifiBn and Hatchet creeks, Coosa
county; Pinetucky mine and other openings in Randolph
county ; Haral's mine, Clay county ; Goldville, Tallapoosa
county; near courthouse, Fayette county ; Marion county

;

Chilton county. Gold occurs mostly in quartz veins ; some
localities in drift and soils.

Localities in the metamorphic region. Worked for local sup-
ply mainly. Near Bradford and also Rockford, Coosa
county ; Notasulga, Macon county ; Auburn and Cbewacla,
Lee county; Tallahassee, in Tallapoosa county ; Milltown,
Chambers county. Not properly granites, but thick-bedded
gneisses.

Localities in Chilton, Clary, Coosa, Chambers, Randolph, and
Tallapoosa counties. Dug near Millville. Clay county;
north of Milltown, Chambers county ; and between Wedo-
wec and Louina, in Randolph county, for use as a lubri-
cating agent. Occurs in black, graphitic schists ; also im
argillaceous, schistose rocks.

Near Sulphur Springs station, De Kalb county. Mined ex-
tensively for manufacture of fine ware. Also found south-
east of Stevenson, in Jackson county. Both occurrences
in cherty strata of lower sub-Carboniierous.

Interstratifled with shales and sandstones of Clinton group,
in Brown's valley. Roup's or Jones's valley ; from Pratt's
Ferry, in Bibb county, to Jefferson county ; Coosa valley,
thence to Coosa river, near Gadsden ; Wills's valley from

<t Revised and enlarged by Prof. Eugeno A. Smith, of Tuscaloosa, State Geologist.
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A L A B AMA—Continued.

Mineralogical
name.

Hematite—Con-
tinued.

Fossil ore, dyestone
ore, red iron ore.

Kaolinite ,

Limonite .

Kaolin, clay

Brown hematite

Marl.

Marble

Bemarks.

Attala, in Etowah county, to Georgia line; eastern side of
Cahaba valley; from Gadsden on eastern foot of Lookout
mountain to the Georgia line; above Gaylesville, Cherokee
county, on both sides of the Coosa valley. Ore ridges trav-
erse IJlount, Marshall, Jackson, Tu8cah)0sa, Bibb. Slielliy,

Jefferson, Saint Clair. Etowah, Clierokee, and iJo Kalb
counties; mines at Jouesborough, Ilillman, near Binuing-
ham, in Roup and Jones' valleys; west of Springville, at
bifurcation of Jones' valley; northeast of Springville, at
Gad.st(en, Round mountain,' and Gaylesville, m Coosa val-

ley; at Attala, Portersville, and one or two other places in
AVills's valley ; also on eastern side of -Jones's v:ille_\-, at
several places between Jouesborough and Birmingbam, be-
sides other localities in Saint Chiir ;ind Cherokee counties.

Another horizon of oolitic red ore is .just below the Trenton
limestones, only a few feet thick, and is traced up valley
from Pratt's ferry, Bibb county, nearly to Birmingham.

Hematite occurs in thin scales impregnating raefamorphic
schists of Coosa, Clay, and Tallapoosa counties.

Near Jacksonville, Calhoun county, esten.sive bed.s; near
Louina, Randolph county. [See, also, under Halloysite.]

Occurs as "gossans" at outcrops of pyritona ores^opper
mines in Cleburne, Clay, and Coosa counties.

In concretionary masses associated with hornblendic rock
and worked formerly at localities in Clay and Chilton coun-
ties.

Ore banks at top of the dolomitic limestone (cabiferous) in
the Coosa vftlley. Tliese are opened at intervals from near
Columbiana in Shelby county northeast to Georgia line;
Alabama furnace, Talladega county ; Woodstock furnace, at
Anniston, Calhoun county ; .Stonewall, Rock Run. and Te-
cumseh furnaces, in Cheroke.; county. In Cahaba valley
ore occurs at intervals from u<;ir Centerville, Bibb county,
northeast through Shelljv and Saint Clair counties to Gads-
den, in Etowah county. FurniicesatBriarlield. Bibb county,
and of Ashley Iron Company, in same county. In Roup and
Jones's valley ore occurs from (Ucnients' mill. Tuscaloosa
countj, through parts of Bibb, Shelby, and Jefferson coun-
ties. Many mines in Bibb and Tuscaloosa counties. In
Murfree's vallej' no mines worked for lack of transporta-
tion. In Wills's valley mined at several jjoints between At-
tala and the Georgia line. Brown's valley in Marshall and
Jackson counties; no mining.

Sub-CarboniCeious formation in the Tennessee valley in

northern Alabama carries limonite. Largest bank in Frank-
lin county Iroui Cedar creek to Newburgh. Occurs east-
waril in Limestone, Lawrence, and Madison counties.
Near Vernon, Lamar county (ap])iircntly drifted deposit).

Many other localities on outcrop of sub-Carboniferou.s. but in
small (luautities; also, in drift strata to south.

1. Greensand shell marls. Occur at Pleasant ridge, Greene
county, &c. ; in rotten limestone at Epes' station, Sumter
county. In the Tertiary formations in Clioctaw, Marengo,
Clarke, Wilcox, Monroe' Butler, Conecuh, Coffee, Pike, and
Crenshaw counties. 2. Shell marls. Common in calcareous
beds of Cretaceous and Tertiary. 3. Gypsum marls. Choc-
taw and Clarke counties. Beds of gypsum at Gainestown
on Albama river, in Clarke county. Marls dug for local use
only.

White marble four miles west of Talladega, and al so at sev-
ral points southwest near Syllacoggain same county. This
is file " Talladega marble." A black marble is obtained in
theloealities southwest ofTalladega. AVhifccrystallinemar-
bh' at Chewaclii lime works, Lee county, and northeast and
southwest for several miles. A ncm-crysfalline, compact grey
and white marbl(> i> ijuarried at Marion. Many localities in

Trenton and magnesian limestone formations in valley of
Cahaba river in Bibb and Shelby counties. Variegated
marbles (sub-Carboniferous) are widely distributed in the
Tennessee valley ; works at Dickson, Colbert lounty : many
localities in Lauderdale, Limestone. Madison, and .faekson
counties; other outcrops along sub-Carlioniferous rocks in

the valleys from Georgiji line soutliwest to center of State.
A Tertiary white and yellow crystalline limestone occurs at
Gainestown. Clarke county.
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ALA B AMA—Continued.

Mineralogical
! Common name,

name. ,

Melaconite j
Black oxide of cop-

I

per, black copper.

MnscoTite Mica

Pjrite

.

P.yrolnaite [see
Manganese
ore].

Quurtz

Ochera .

.

Pyrites

.

Quartz

Quartz (2) Sand

Siderite...

Kemarks.

Siderite (2)

.

Sphalerite

.

Spathic iron ore, car-
bonate of iron.

Black band ore

Slate (for roofing)

Zincblende

"Wood's copper mine, Cleburne county, with other ores of
copper; T. 20, R. 7 E., Clay county (copper jnine).

Old mines in T. 18, K. 11 E., Ilandolph county, and in T. 20,

R. 6 E., Cl;iy county, and near Bowden, Clay county.
T. 22, R. 16 E.', Chilton county ; a little mining some years ago.

Near Bucksvillo, Tuscaloosa countj-.

Smith's and Wood's copper mines, Cleburne county, with
copper ores. T. 19, R. 7 E., Clay county ; a thick bed accom-
panied b.v covellite.

Montgomeiy coiiperniine. Clay county, in large quantity. TT.
20 and 21, RR. 6 and 7 E., Clay county, with copper pyrites.

Many other localities as occurrences simply.

T. 22, R, 16 E., Chilton county, a crumbling qnarte rock ; also,

in Randolph, Tallapoosa, northwest Macon, Lee, Chambers,
and other counties.

Near Claiborne, Monro« county, a fire material.

T. 9, R. 10 "W., "Winston county, also in JefiFer8<m and Walker
counties, not utilized.

Newcastle station and Warrior station, in Jefferson county,
in Coal Measures.

T. 21, R. 3 E., in Talladega county; Baxahatchee creek, in

Shelby county; and in T. 19, R. 7 E., Clay county. No quar-
ries working.

Wood's copper mine, Cleburne county.

ARKANSAS.
Ores, minerals, and mineral eubsiances of industrial importance, which are at present mined.

[Reported by JOHS C. Smock.]

GerMgyrito

.

ealeniU

.

Horn silver

.

Coal

Galena

.

Gold...

Lignite

.

Gold

Lignite, brown coal.

Limestone .

Marble .

Gray Eagle, Montezuma, and other mines. Mount Ida mining
district, Montgomei-y county, associated with tetrahedrite,
argentiferous galena, blende, copper pyrites, &.c.

Coal field has its eastern end in White county; mns thenee
west in a narrower belt to Indian Territory (semi-anthra-
cite—principal mines: Ouita, Pope county; Fort Smith, Se-

bastian county ; and Spadra, Horsebea<l, and Coal Hill,

Johnson county) ; Johnson county coal used at Saint Louis.
Conway county (semi-bituminous); Crawford county : Frank-
lin county; Johnson county (.«<emianthraiite). Principal
mines : Spadra, Horsehead, 'Coal Hill) ; Madison county :

Perry county ; Poi>e county (semi-bituminou*); Scottconnty;
Sebastian county (mo8tly''Jenny Lind "); Van Buren county

;

Washington county ; White c<iunty ; Tell county.

Near Hot SpringSjHot Springs county, mines lately oucned;
Saline county ; Kellogg mine, Pulaski county, worked in
1862, latelj' reopened and wo:ked for silver" lead ; Silver
City, Mount Ida mining district, Montgomery countj'.

Many mines recently opened in T. 25, R. 23 and 24 W.;
Carroll county; Lawrence county; Marion county (argen-
tiferous in one locality); Montgomery county; Newton
coflnty ; Searcy county (iirgentiferous) ; Sevier county (with
antimony ores).

Silver City, Montgomery county, in quartz.

Ashley county; Bradley county; Pallas county; Greene
county ; Ouachita county (Camden coal mine) ; Pike county

;

Saline county ; Union county.

Black, for ornamental inside uses, Iudei>endenco county.
Oolitic limestone near Batesvillo takes good i)olish.

Carroll county; Xewton county; Searcy county; Marion
county; Van Buren county, in Marion county, enciinital
limestone of Devonian age.
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CONNECTIC UT—Continued.

Mineralogica]
uaine.

Boruite ...

Calamine .

Cassiterite

Chalcocite

Chalcopyrite .

.

Corundum

Galenite

.

Garnet .

.

Graphite

Limonite

Magnetite

Malachite

Common name.

purple copper ore.

Silicate of zinc.

Eemarks.

Variegated copper oie, Granby, Hartford county : "Wolcottville. Litchfield county;
with chalcocite and U)alachite, Bristol copper mine, Hart-
ford county; associated withchalcocitc; KockyHill quarry,
Hartford county ; in veins of quartz in trap-rock.

in white limestone with galena

Tin ore, tinstone

Vitreous copper.

.

Copper pyrites.

Emery.

Clay...

Galena.

Garnet

Plumbago, black lead.

Hj'draulic limestone .

.

Brown hematite, bog
iron ore.

Magnetic iron ore.

Green caibonate of
copper.

Molybdenite...^ Sulphide of molybde-
j

num.

Niccolite ' Copper-nickel

Pirite
I

Pyrites, iron pyrites.

Pynhotite Magnetic pyrites

Brookfield, Fairfield county
and blende.

Haddam, very small vein.

Simsbury mines, Hartford county; occurs with variegated
copper and malachite in gray sandstone ; southeast part of
Cheshire, New Haven cuunty, with barito in sandstone;
AVolcottville, Litchfield county, with boraite and mala-
chite ; Bristol copper mine, with bomite and chalcopyrite,
once extensively worked.

Bristol copper mine ; Trumbull, Fairfield county, in topaz
mine with pyrite, also galena and blende ; in chloritic slate
ofOiange, New Haven county, with pyrite ; Litchfield, with
pyrrhotite ; Mine Hill, Rosbury, Litchfield county ; Mid-
dietowu lead mines, Middlesex connty ; West Haven, New
Haven county.

West Farms, near Litchfield.

West of New Milford, Litchfield connty, resulting from dis-

integiation of gneiss, also a fire-clay ; south part of Kent,
Litchfield county, disintegrated graphitic gneiss vein

;

southeast part of Cornwall, Litehfield county, less pure
than others ; northwest part of Granby, Hartford county

;

small deposit.

MiddletowD, Middlesex county ; thin seam in quartz in mica
slate; Brookfieltl, Fairfield county, disseminated through
dolomite ; Lane's mine, Monroe, Fairfield county, dissemi-
nated through quartz (argentiferous) ; Cobalt mine, Chat-
ham, Middlesex county, and other localities of occurrenee
in minute quantities.

Middletown.

Northwest comer of Ashford, bed in gneiss ; west part of
Cornwall, Litchfield county, disseminated through rock.

Near Berlin in Southington, Hartford county, in thin strata,
compact, earthy, and somewhat bituminous; Northford, a
gray limestone.

Stafford, Tolland county, mostly exhausted; Hebron, ToUand
county; Colchester, New London county; and ether locali-

ties in Tolland, Windham, and New London counties

;

mainly in towns of Union, Woodstock, Willington, and Tol-
land.

New Preston, Litchfield county, occurs with pyrite; Buck's,
MountSharon, Litchtieldcouiity ; Ilea ding, Fairfield county,
ore in seams traversing quartz; Newtown Fairfield county,
thin seams in quartz and in gneiss ; Winchester, Litchfield
county, thin stratum in gneiss.

Simsbury mine, Granby, Hartford county, with bomite and
chaleocite; Bristol Coppermine, Hartford county ; with bom-
ite and chalcocite; West Haven, occurrence; KockyHill,
Hartford county ; Manchester, Haitford county, worked at
intervals.

Haddam, gneiss quarries.

Chatham, Middlesex county; associated with smaltite.

Brimstone Ledge, North Madison, New Haven county ; New-
tiiwn, Fairdeld connty, in mica schist ; Winchester, Litch-
field county; Windsor. Hartford county, in slate; other lo-

calities, but all in small quantities.

Trumbull, Fairfield county, in a vein with pyrites, fluorite,

ifcc, cutting micaceous limestone ; New Fairfield, Fairfield
county, on giieiNS ; Litclifield, occurs with chalcopyrite iu
horablendic rock; otber localities also in Fairfield county,
but inconsiderable in amounts.

43 M R
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Quartz

Hutile

Remaiks.

On sliore of Quasipaus ponrl, Muldletown, very fiue quartz;
Eastfield, fine-grained, but not so pure as above.

Plymouth, Litrhfleld pounty, ofcun-encc ; Granby, Hartford
county, oocuirencc ; North Gieeuwich, Fairfield count j';

Monroe, Faiifleld county, in niiia slato.

Siderite. Spathic iron ore, car- i
Mine Hill, west bank of Slifpaug river. Eosburv. Litchfield

bonate ore. conntj' ; in a vein of white quartz traversing gneiss.

Chatham cobalt mine. Midillesex county: di.^seminated in a
bed in mica slate, and thin seam; accompanied by galeuite,

sphalerite, and niccolite.

Smaltite Gray cobalt ore .

Sphalerite ' Ziucblende

Talc

Topaz

TTraninite

.

Steatite, soapstone.

Topaz

Pitchblende

Middletown, Middlesex county, in a galena vein; Brookfiidd.
Fairtield county, with galeuite in dolomite: Chatham cobalt
mine, Mitldle-sex countv ; Line's mine, Monroe, Fairfield
county, with galenite; Kensiugton; Bethany.

Somers, in talc slate in gneiss; Bristol.

Trumbull.

Middletown, feldspar quarry, Middlesex county.

DELA-WARE.
Ores, minerals, and mineral substances of industrial importance, tvhich are at preStnt mined.

[Reported by John C. Smock.]

Clay.

Feldspar.

Limouito

Marls

Greensand

.

Kaolin .

Limestone .

'Blue rock"

Clay

Feldspar

.

Brown hematite, bog
iron ore.

Marls

Greensand marl.

Porcelain clav .

Limestone

Churchman's quarry on Christiana creek; Clyde's quarry on
Brandywiue creek : Quarryville quarrii-s, noi-theast of
Brandywine quarries: quarries on Is-aaman's creek; Shell
Rot Hill, northeast of Wilmington; Gilpin's mills on
Brandywine, all in New Castle county. This rock is used
as building stone.

Red clay, three miles south of New Castle on Delaware, New
Castle county; white clay (pipeclay), belnw New Castle,
New Castle county ; red clay, in Red Lion Hundred and
Pincader New Castle county; Little creek, two miles
south of Lauiel, New Castle county: northwest of George-
town, Sussex county: Mispillion treek, ne;irMilford, Sussex
county; Ponder's mill on Prime Hook creek, Sussex county;
Milton, Sussex county.

"Spar" quaiTies; Tucker's quairy, northwest of 'Wiliiiing-

ton, New Castle cou)ity. Also Hokessiu i)its. New Castle
county.

Iron hill, near White Clay creek. New Castle county. Ex-
tensively quarried for .supply of Maryland furnaces, Che.st-
uut Hill pits, near Newark, New Ca,stle countv ; large open
pits now worked. Little creek, two miles south of Laurel,
Sussex county; near Geoigetowii (uorthwrst ), Sussex
county; Collin's ore beil on Gremi Meadow briiuch of l).-ep

creek, Sussex county; Green oraui'h, ti-n miles wesi of
Mill.sboroush, Sussex county: Burton's branch, one mile
west of Burton, Sus.sex county.

[See under head of Greensand.]

Saint George's Hundred, Saint G corse's: Miiidletown, thri>e

miles west, on Bcdu'Uiia creek at lie:!(l of tidewjtter; Can-
trell's bridge, north side of Ai)poi|uiniiiiink ; .Silver run;
Dwyer's run ; Noxentowu bianch of Appoijuiniaiiiik : Port
Peun ; Latman's mill on braijth of Dwyer's cie. k ; Scoit's
run. Ail in New Castle county.

Hokessin, New Castle county. Extensive pits where kaolin
of superior quality is dug. A disintegrated feldsp.ithic
rock.

Jeane's, on Pike creek. New Caatle county; Klair's. two
miles west of Cenli-eville, New Castle county ; Bullock's, on
Brandywine, near I'euusylvania line, New Castlo county.
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Miueraldgical
name. Common name. Remarks.

Asbestus Asbestus

Serpentine

.

Sci-pentine.

Succinite
I

Amber.

Feldspar quarries, northwest of Wilmington, Xew Castle
county.

Six miles northwest of Wilmington, Nevr Castle county.

Near Chesapeake and Delaware canal, Kent county.

FLORIDA.
Ores, minerals, and mineral substances of industrial importance, which are at present mined.

[Reported by John C. Smock.]

Ores, minerals, and mineral suis'ances of industrial importance, and knoivn occurrence, but
which are not at present mined.

Lignite . .

.

Limestone

Brown coal

Limestone .

Marl

Phosphate rock.

On Suwannee river, once worked for fuel.

Fort Brooke, head of Tampa bay ; Manatee river. Manatee
county ; Charlott-t^. harbor ; .Jackson county, Campbelltown
to Marianna; Saint Mark's, Wakulla county; Ucala and
Silver spring, Marion county ; Rock spring, Orange county;
Alachua county ; Dade county (coral rock) ; Hernando coun-
ty ; Hillsborough county; Leon county; Marion county;
and many additional localities.

Fort Brooke, head of Tampa bay ; near mouth of Manatee
river. Manatee county.

Clay county; Alachua county; between "Wakulla and Saint
Mark's river, Wakulla county; Duval county; Gadsden
county, undeveloped and of uncertain extent.

GEORGIA.
Ores, minerals, and mineral substances of industrial importance, which are at present mined.

[Repoited by John C. Smock.]

Chalcocite .

Chalcopyrite-

Coal

,

Early, Burke, Screven, Bullock, and Jeffer.son counties.

Canton mine, Cherokee county ; other localities with chalco-
pyrite.

Canton mine, Cherokee county ; other localities in Lumpkin,
Fannin, Towns, P'ulton, Cajroll, Murraj-, Paulding, Haral-
son, Greene, and Lincoln counties.

Gold.

Hematite

Buhrstone, millstone.

.

Vitreous copper, cop-
per glance.

Pyritons copper ore,
yellow copper ore,
copper pyrites.

I

Coal Bituminous coal. Dade county, on west brow of Lookout
mountain ; Coal Measures, in Chattooga county and in
Walker county.

Gold Auriferous distiict occujues one-third of State from Xorth
Carolina and Tennessee southwest and west to Alabama,
occupying a lart'e niinibt'r of counties. Deep mi' es and
placers, wori edchieliyiu Rabun, Luraplsin, Dawson, White.
Hall, and Union counties. 1 h'- mining centers are at IJali-

loncira and vicinity, and about Auraria, in Lumpkin county.
A third district is on east side of State, in McDuffie, Lin-
coln, and Willves counties. Gold occurs in quartz seams
and veins, which traverse micaceous, talcose, chloritic, ami
hornblendic schists. The .soils, disiniegraled rocks and
gravels, and sands also, are gold-bearing over wide areas.

Red hematite, fossil Lookout mountain, Dade county, a continuous stratum one
ore. to three feet thick ; McLenioie's cove. Dade county ; Iron

Ridge, \\'alker county; Whitfield and Floyd counties.
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Mineralosical
uaini'.

Tetradymite .

.

Tripolite

Common name.
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Halite .

Qnartz.

CommOD name. Ecmarks.

Common salt, brines..

Hydraulic limestone,
cement rock.

Limestone .

Sand, glass sand

Sandstone

iXear Eqnality, Gallatin county, salt made from brines.
Salt foimeriy made in lar;;e quantity from l)rines. Browns-
ville, Jaclison county; Central City, Marion county; Salt
and Middle Forks, Vermilion county ; and on Saline river,
near Harrisburg, Saline county.

Southwest corner of Saint Clair county, from limestone at
base of Saint Louis group ; Piasa creek. Madi.son county

;

blutfs of Pia.sa <Teek, Jersey county, lower part of Saint
Louis limestone ; Utica, La Salle county ; beds in calcif-

ferous limestone.

The limestone formations famish stone at many localities.

Folldwin'i are more prominent: liandolph countv; iladi-
son county ; Nauvoo, Hancock county ; Warsaw, Hancock
county; Rosiclare limestone, Hardin county; Thebes, Alex-
ander county; near Jonesboro and Anna, Union county,
(.Saint Louis limest-one) ; Bald ruck quarries, Jackson
county; Grafton quarries, Jersey county, in the Niagara
limestone; Jerscyville, Jersey county (Burlington lime-
stone) ; near CarroUton. Greene county ; La S;ille. La Salle
county, in Trenton beds; Athens, Cook county, known as
" Athens marble "

; Lemon te, also in Cook county, "Lemonte
marble" (the.se are largely used in Chicago)

; Quiucy,
Adams county, large quarries in Burlington limestone; Ba-
tavia and Aurora, in Kane county, qiiarries in horizon of
Niagara limestone ; Saratoga, Grundy countv, al.so in Tren-
ton; Will county quarries largely worked in the Niagaia
limestone at Jolitt, Lockport, aud Wallingford (stcme
known as "Joli;-t marble") ; Sagetown, Henderson countv

;

Cedar creek, Warren county ; Dunleil h. .Jo Daviess county ;

Fieeport, Stephen.sen c^.nnty; Savannah. Carroll county;
Harlem and (jherry valley, in AVinnebago county ; Buff.ilo
creek, Ogle county ] Big Sprinirs and Franklin, Lee county :

Sterling, Whiteside county. Many other points for local
use.

La Salle county. Saint Peter's sandstone is quarried for glass
manufacture at La Salle, Pern, and Ottawa: Kock river.

Ogle county and Lee county; Cap au Gres bluff, Calhoun
county.

T. 1 IN". II. W., S.iint Clair county; Brury creek, Jackson
county; Greenl)ush and Berwick, Warren county; Anda-
Insia, Eock Island county; along Kickapoo river, Peoria
county; west of Springfield, Sangamon county; Xenia,
Clay county ; all in sandstones of Coal Measures or in con-
glomerate sandstones. Many other localities for limited
use.

Ores, minerals, and mineral suhstances of industrial importance and known occurrence, but

which are not ai present mined.

Aspbaltum

Cerussite

Chalcopyrite. ..

Copper, native .

Fluorite

Gold

Hematite

Lignite . . .
.'

Bitumen .

Carbonate of lead,
white lead ore.

Copper pyrites

Copper . .

.

Fluorspar

Gold

Hematite, red iron ore.

Western limits of Chicago and elsewhere in Niagara lime-
stone, in small quantities. Carroll county, in black shales
of Cincinnati group.

^pper Mississippi lead region, with galena; rare.

Rosiclare lead mines. Hardin county, with fluorspar and ga-
lena.

On drift in northern counties, more rare at south.

Rosiclare lead mines, Hardin county, large quantities with
galena; Lead hill, same county; several places in e^istern

part of Pope county.

Vermilion county, in drift gravel.

Cooper's quarry in Jersey county, thin bed : Wbit.aker's
creek, Greene county.

Wood coal, brown coal Pulaski county : Alexander county, thin seams. Tertiary.
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Mineralogkal
niiiuf.

Liuionite

Niter

Common name.

Brown hematite

Marl

Xiter, saltpeter .

Peat
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Mineralogical
name.

Kaolinite [Tn-

dianite in
part]

.

Quartz—

Quartz (2).

Common name.

Hydraulic limestone,
cement rock.

KaoLiu

Limestone

Ocher

Peat

Sand, glass sand

Ganister

Sandstone

Remarks.

On Ohio river and Silver creek, in Clarke county. Hydraulic
limestone is extensively quariied at Cementville,' Clarks-
bnrjr, and Seliersburjr.

Brown's landin<r, Cedar grove, and Bri'jgs' farm, in Harrison
county, a bituminous, shaly limestone; Somerset, Wabash
countv.

Huron, Lawrence county :

Shodis, ilarlin county.
a ver\- pure clay, widely used;

Magnesian limestone (Upper Silurian) is quarried at many
points in a belt extending from th(; Ohio across the State
to till Waba.'»h, in Iluutington, Wiib.i.sli, Miami. Cass, and
Carroll counties. Tlif oolitic limestone (Saint Louis group)
is largely quarried iu Lawrence, Monroe, and Owen coun-
ties.

Principal localities of quarries are: Ellettsville and Stines-

villo and Blooniington, in Monroe county: Spencer, in Owen
county; Bedford .Tud vicinity. Lawrence county, a gray,
oolitic stone, and lartre nuai i ics ; Wabash, "Wabasli county

;

Losansport, Cass county ; Kolioiua, Howard county ; Eaton.
Delaware county; Anderson, Madison county; (jreencastle
and Ocala, in Putnam county : Longwood, Fayette county ;

Laurel and vicinity, Franklin county ; New Point and Suiut
Paul, Decatur county ; Fort Kitner, Jack.son county ; Xorth
Vernon, Jennings county; Osgood, Ripley county; S.ileni,

Washington county; IS'ew AUiany. Floyd county: King's
cave quariy and Mauckport, Harrison county; T. 4, 11. 2

E., Jack.son county ; Bennington. Switzerland county ; Saint
Leon and Weisburg, Dearborn county.

Patterson, near Salisbury, Greene county; Alfordsvillf, Da-
viess county.

Beds of great extent in Elkhart, Xoble, Steuben, and other
counties ; not used as fuel.

De Pauw's and other localities along Ohio river, Harrison
county : knobs on line of Floyd and Clarke counties. These
localities supply large works at New Albany.

KnightsvUle, Clay county.

Chester sand.stones (sub-Carboniferous) well developed in
Warren county, and thence in a belt traceable to (Jhio river.

Quarries at NVilliamsport and Attica in Warren county;
French Lick and Paoli. in Orangi' county; East Cannel-
lown. Perry county; TT. 7 and 0. U. 4 W., Greene county;
nea-r Attica and Portland, iu Fountain county. Some of
these quarries are actively worked and furnish large
amounts of stone.

Ores, minerals, and mineral substances of industrial importance and knvcn occitrrtnct; t)itt

which are not at present mined.

Copper, native .

I

Copper

Gold native... Gold...

Limonite Brown hematite

Limonito (2)

Pyiite

Bog iron ore

P5Tite8

In drift, very sparingly and niie.

Northeast corner of Bi'owu county, in drift, once worked.
Also fountl iu Franklin, Warren, and Pike counties, but iu

minute quantities.

Clny countv. at base of millstone grit, thin bed; Greene
county ; Eugene. Vermilion county ; many places iu Martin
county; Fayetteville, Lawrence county; thin beds at all

these.'

T. 10,11. (3 M'., Clay county; Norton's creek an<l Helton's
prairie, Vi-rniiliou county; several localities in Daviess
county; Laporte and Saint Joseph counties ; Ore prairie,

Noble county ; Jasper county.

Disseminated through some strata of Coal Measures along
Silver creek, in Clarke county. Elsewhere common in

small quantity.
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Siderite. .

.

Niter

Petroleum .

Sphalerite

Tripolite .

.

Carbonateof iron, clay Eaglesflcld, Putnam county, formerly mined ; Parke county ;

iron-stone. Coal creek and on Waba.sli river, iu Fountain couniy

;

Brouillefs creek, Vermilion county; Browntowu branch,
same county, brds 18 inches to 3 feet thick; Ileuryville,
Clarke county ; Tienna and Finlcy town.ships, Scott county,
very lean, but nianiianiforous ores; sistec n beds, oacb 10
Inches, down 1o 2.^ inches, thick, separated by sbaly strata
2 to 3 feet thick; in Vieo county; White county. Souio of
these beds were foi mei ly worked.

Marls ' Homo city, !Noble county ; Lake James, Steuben county, and
j

other localities in northern part of State.
I

Saltpeter, niter 1 Caves in Harrison and Crawford counties.

Petroleum, rock oil .. ' Borings and oil wells. Terre Haute, small product tempo-
j

larily : several localities in Crawford county in sufficient
flow to be productive; Anderson creek and Oil Creek,
Perry county, wells, l.ttle oil obtained; Kenssolaer, Jasper
county, oil in crevic s in rocks ; wells unsucce>.-:ful ; Parke
county, several localities.

Zincblende
|

In Coal Measures sparingly, along Little Vermilion river,
Vermilion county.

Infusorial earth

.

Ferdinand, in Dubois county, in cavities in limestone.

INDIAN TERRITORY.
Ores, minej-als, and mineral substances of industrial importance, ivhich are at present mined.

[Reported by John C. Smock.]

Ores, minerals, and mineral substances of industrial importance and knoivn occurrence, but
which are not at present mined.

I

Copper ore

Gold? Gold? ....

t Granite . .

.

Coal.var.lignite' Lignite...

"Wichita mountains, southwest part of Territory.

Do.

Ozark hills, in eastern part.

In Cretaceous formation near Red river, southeast part of
Territory.

IOWA.
Ores, minerals, and mineral substances of industrial importance, which arc at present mined.

[Reported by John C. Sjiock.]

Coal, var. bitu-
minous.

Coal, bituminous coal.

Fire-clay

The Iowa coal field occupies about one-third of the State at
southwest, and an area of 7, COO square miles. The Lower
Coal Measures, or coal-producing territory, occupies a belt
175 miles long and 50 miles broad, which is traversed by the
Des Moines river. Thickness, 200 ieet. The principal
mining localities are in Lee county ; Hill.sborough .and Farm-
ington, in Van Bui en county; mines in Henry county;
Coveport and Fairtield, in Jeiffersou county; Ottumwa, in
Wapello county ; Oskaloosa, in Maha.ska coiintv ; Pella and
Otley, iu Slarion county; in Warren county ; Des Moines.
Polk county ; Newton, Jasper county

; Boonesboroueh and
Moingorra. Boone county ; Hamilton county ; Fort Dodge.
Webster county ; Eldora, Hardin couuty ; Muscatine an<l
Davenport, in outlying patches, in Scott and Muscatiu'j
counties ; Nodoway county, thin seams for local use.

Danville, Des Moines county ; True Blood and Hyatt's Mill,
Henry county

; Portland and Cedar creek, in Van Bureu
county : Jeflerson and WapeUo counties.
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ilineralogical
naiue.

Common name. RemaTks.

Galenite .

riagging-Htone 1 Denmark, Lee county, limestone

snlpbide ofGalena,
lead.

Lead distiict near Miss'ssippi river, northeast part of State,

area of .-iboiit 700 square miles. Valley Tetcdes Moits dig-

gings, Dnbiitinc county (abandoned) ; vicinity of Dubuf|Ue,
fiom Catfisli cieck to Lilile Makoqiieta river, a belt three
to four miles wide, area 15 square miles, has beea very
productive in many diggings; Buena Vista diggings, Clay-
ton county ; Benebalt creek. Clayton county ; Gutenberg on
Mississippi and on Miners' creek: Mineral creek and nc.ir

New Galena, Alamakce county. lu lower magncsian lime-

stone.

liydranlic lime-' "Water- lime, cement Buff beds at base of Trenton used for hydraulic limes; other

stone.
I

rock. nuigne.sian limestone also used.

Limestone Limestone Prairie dn Chien on Mississippi i iver ; near Wakon, Alamakce
county; Dubuque, quarries in galena limestone; Mako-
queta! Jackson county, extensive quarries in the maguesian
limestone (Niagaia)

;

'Des Moines county, qnanics in lime-

stone of Carboniferous age known as Burlington limestone ;

the Keokuk limestone ^Carboniferous age) is also exten-
sively cinanitd near asylum. Mount i'lea.saut, Henry
county; Lee county, on MississipxJJ (Keokuk limestone),

Des Moines, Van Buren, "Wapello counties; Iowa City,

Johnson county, quarries in limestone of Hamilton group ;

Guttenberg, Clayton county, Trenton limestone is exten-
sively quarried ; Le Clare, Scott county, limestone, magne-
sian.

Marble !
Chequest creek; Van Buren county. Known as Chequest

j

marble, white.

Sphalerite Zincblende, "black- In lead district, Dubuque and Clayton counties, associated
jack." with galena in flat crevices and tiBsnres in Galena lime-

stone; near Fairfield, Marion county.

Onx, minerals, and mineral substances of Industrial importance and Inoun occurrence, but

which are not at present mined.

Anglesite.

Barite

Cerussite .

Gypsum

Linionite ...

Smith.sonite.

Sulphate of lead
j

In small quantities only, with galena.

Barytes, heavy spar .. Accompanies galena ; frequently in galena limestone.

White lead ore, car- ! Rare in lead region, pssociated with galena,

bonate of lead.

Fire-clay Occurs in Coal Measures in southwest counties.

Gypsnm Xear Fort Dodge, on Des Moines river, Webster county,
thick beds of great extent.

Brown hematite Jackson county, not in workable amount; Clinton county,
numerous localities in Niagara limestone, but not ofeconom-
ical importance ; on Sktink river, Henry county, a lean ore.

Carbonate of zinc,

"drv-bone."
Common in lead region with blende in small quantity ; on Lit-

tle Makoqueta river, Dubuque county, in quantity.

KANSAS.
Orvn, minerals, and mineral substances of industrial imjwrtance, vhich are at jjresent mined.

[Reported by John C. Smock.]

(^ilamine .

Cerussite .

Silicate of zinc Short cri ek bad mines, wit h galenite and blende woi ked for

zinc.

Carbonate of lead i Short creek diggings, with galena and blende.

Clay I
Fire-clay in Coal Measures. Fort Scott, Bourbon county, un-
der tlie coal; Lawrence. I^ouglas countv; thence to near

I

Leavenworth, Leavenworth county ; Mill creek.
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KANSAS— Coufiiined.

!Mineralogical
name.

Coal.

\

Galenite .

Common name.

Coal, biturainous coal.

Kemarks.

Gypsum

Halite .

.

Coal Measures in eastern part of State, 22.000 square miles.

Twenty-two beds fioni few iucbes to 7 feet tbick ; lower
beds tbicker; soutbeasteni pait of the State, south of the
Kansas and east of the Shawnee, has workable beds in

nearly every county: ajrgregate thickness of beds exceed-
ins; one fooli tbick is 2.i teet. This coal is of good quality,

some of it very free from sulphur; it cakes and cokes
well: beds crop' out in Erown, Doniphan, Miami, Bourbon,
Neosho, "Woodson, Coffey, Osaae, Shawnee, Jackson,
Atchison, Leavenworth, Linn, Cherokee, Allen. Green-
wood, Franklin, Douglas, "Wabaunsee, and Xeni.aha coun-
ties : Upper Carboniferous in northeast part of State is

worked for local supply in Jefferson, Brown, Doniphan,
Atchison, Jackson, Leavenworth, and Shawnee connties,

and perhaps others, not iu quantity for market; three prin-

cipal seams worked in Coal Me.a.snres area in southeastern
part of State; one, Osage vein. Osige county, a good gas
coal and cokes well, bed 15 to 20 inches thick; Fort Scott
coal in Boutbon and Linn counties, near Mis.souri line,

irregular in extent, a good gas coal, rarely 2 feet thick.

Cherokee coal enters fi om Indian Territory across south-

east part of Labette, Cherokee, and Crawford, or southeast
corner of State, thence northwest into vicinity of Eoone-
ville: cokes well: good gas coal and more free from im-
purities than other beds 5^ from 15 to 54 inches thick.

Potosi. Linn county, in shales of Coal Measures in fissures in

s.indstone : Pleasanton, unsuccessful attempts at mining
several year.s ago; Baxter Springs, same; Staudley mines,

many openinssi Worked at a loss to get ore in quantity;
Short creek diggings, T. 34, R. 25 E., in chert conglomerate
in cavities in clay, and as tioat ore with blende, worked for

lead and zinc.

Gypsum I
Quarried in places in Saline, Dickinson, and Marshall coun-

' ties as a building material.

Galena.

Common salt, brines .

Hydraulic lime-
stone.

Lignite

"Water-lime,
rock.

cement

Brown coal

Limestone Limestone .

Smithsonite

Sphalerite ...

.

Carbonate of zinc
"dry bone."

Blende, '"black jack

'

Extensive deposits in central part of State; Osawatomie, Mi-
ami county, several wells ; near Hamlin, Brown county
springs ; "V^alley of Fall river. Greenwood county ; Mound
City, Linn county, brine in wells ; JIarmiton, brine in wells

;

Empoiia, Lyon county; valleys of Fall and of "Verdigris

rivers, salt'sprinss; State salt springs and other salt

marshes in a belt of country crossing Republican, Solomon,
and Saline valleys, 80 by 35 miles ; rock salt, south of great
bend of Arkansas River, in beds 6 to 28 inches deep; salt

industries at Solomon city, Saline county ; Junction City,

Davis county.

Magnesian limestones at Fort Scott; Lawrence; Leaven-
worth, to some extent hydraulic (works at Fort Scott), man-
ufactured at Lawrence also; Atchison county.

Extensive beds in the Tertiary strata, Smoky Hill Valley;
beds of good broH n coal over large part of western Kansas,
range from 3 to 7 feet thick ; few beds in Dakota (creta-

ceous) group, always of inferior quality ; most important
seam is traceable for 170 miles from north to southwest
across the State, 10 to 40 inches tbick, friable, much ash
and in places much pyrite of cheap value in some localities;

found in Washington, Republic, Cloud, Mitchell, Lincoln,
Ottawa, Saline, Ellsworth, McPherson, Rice, and Barton,
and perhaps other adjoining counties.

Near Lawrence, Douglas county; Manhattan, Atchison, Lea-
venworth, etc. ; near Fort Scott, in Bourbon county, a fine

black marble; dulomitic limestone, resembling marble,
white, gray, and cream-colored, abounds in Triassic forma-
tion in valley of Blue, Republican, and Neosho rivers ; Junc-
tion City, extensively used, soft and easily dressed.

Short creek (lead diggings), in small quantities with galena,

blende, etc.

Standley mines with galena, many openings unsuccessful

;

Short Creek diggings with galenite and cerussite, mines
worked for lead and zinc, extension of .Jophin creek zinc
distiict.
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OrcK, miiicrah,, and m'mernl Hiibiitaticcs of iiidufitrial importance and Known occurrence, but

u'hicb are not at present mined.

^i^^T^^opc^^
i

Common na;
name.

•Gypsmn Plaster, gyi).snm .

Remarks.

limonite Bog iron ore

Petroleum | Petroleum . .

.

Pyrite Pyrites . .

.

SanO stone

Siderite.

Sulphur

Spathic iron ore, kid-

ney ore.

Inexlinnstible licds in central part of State; deposits up to
.00 fi-et thick crop ont along the Blue, the Republican, the
Kitnsiis. anil the; Turkey cieek.-i, an<l divides between Gyp-
sum and Holland and Turkey ('reeks and Crotonwood;
Chase county, thick bed on Gvpsuni creek 10 feet thick, also
on Solon)! in, Saline, and Smoky Hill rivers ; ne.ar Cimarron
river, suulheru part of Stale, massive beds.

Many localities in small quantities.

Numerous places in State : Wyandotte county and near border
of Indian Territory; Baxter Springs, Cherokee county; in

Brown, Atchison. Leavenworth and Riley counties; no wells
are productive of oil in marketable fpiantities; gas wells at

lola, Fort Scott, Kansas City, and Kostdale.

Short Creek diggings, lead mines, with galena and blende.

Many localities, near Fort Scott, quarries in a buff sandstone;
bluffs of South fork of Pottawatomie.

In Coal Measures on MaraisdesCygnes; near Fort Scott; on
the Xeosho and many others, iuterstratifled with beds of
good coal.

Sulphur Wabaunsee county, assocwted with lignite.

KENTUCKY, (a)

Ores, minerals, and mineral substances of industrial importance, ichich arc at present mined,

[Reported by John C. Smock.]

€oal

Halite

Coal, bitaiulnous coal.

Fire-clay

-Hematite

Salt, brines ,

Red iron ore, fossil ore

.

Coal Measures occupy eastern part of State, a part of the
Appalachian coal field ; bituminous variety along Big Sandy
river, \'S distinct beds are known, 8,900 sq. miles; western
Kentucky coal field borders Ohio river and iu valley and
Green river, area 4,000 sq, miles: 12 beds identified 2 to C
feet thick, carry more sulphur than the coals of the Appa-
lachian lield; many collieries near railroad lines: cunuel
coal Id Breckenridge county, south of Cloverport, on Ohio
river; niiues at Bennetsville ; head branche.N of Far fork,
Hancock county, bed 24 to 33 inches thick : Adams fork,
Ohio county ; ;^6 inches thick in Breathitt county ; 5 feet iu

Perry and Morgan counties ; of workable thickness in John-
son. Letcher, Pike, Harlan. Greenup, Jack.sou. Owsley, Ma-
gothn, Wolfe, and Knox counties : coking coal from 7 to 9

feet thick in Pike, Letcher, and Harlan counties.

In ("oal Measures in Greenup, Carter, and other counties of
eastern coal lield. and Ednion!>on, .Mulib'nbnrg, and other
counties t)f western coal field; Boone furnace property,
Carter couuty, bc<l 8 to 10 feet thick; Loiuler's bank, near
Kenton furnace, Greenup county : Pea ridge, Schulrz creek.
Greenup county: excellent tire-clay iu 'lertiarv, Ballard,
Hickman, and Fulton counties; near Bland ville, Ballard,
McCrackeu, Fulton, and Hickman counties; Waco, nine
miles cast of Richmond, Madi-son county, TTjjper Silurian;
also in western counties; west of Proctor, Tennessee river,

in Tertiary shales.

Brine is obtaineil from wells in the eastern coal fields, and
sub-carboniferous limestones in western j)ait of Stiitc;

worked in Meado county: weak brines in Washington,
Kelson, Boyh>, Lincoln, otid otlier central counties from the
Lowersub-Caiboniferous and the upj)er Hudson river beds;
a spring tlows from the clayey limestones in Mercer county.

Red rivnr iron region embracing parts of Estill, Lee, Powell,
Menifee, and Biith counties; Lawrence county.

a Corrected bv Prof. John R. Proctor, State Geologist.
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Miin'ralogical
Dame. Common name. Reiriarl

Hydraulic lime- Hydraulic limestone.. Jefferaon, Oldham, Meade, and Grayson counties; Ohio river
stone. !

' fall.s. Louisville; Chenowick creek. Jefterson CDunty;
,

Uilchell's springs, Aleade county; La (irange, Oldham
county; Curry's fork of Flovd's' creek, Oldham county;
Bardstown, Nelson county; Graysbn's springs, a magne-

i

sian limestone; Jeptha Knobs. Shelby county ; some layers
I generally in the ba«e of the Trenton limestone, but have
I

not been used tbi cement.

Liraonite Brown hematite.

Marble.

Marl.

Petroleum

.

Sandstone

Sandstone

Siderite

Siderite (2)

Lithographic stone. .

.

Marble

Marl

Petroleum

Freestone

'Cement rock," fer-

1 uginous sandstone.

Carbonate ore, clay
ironstone.

Black band oie

Eed river iron region, between Licking and Kentucky rivers,

ores at base of Coal Me^isures ; Hanging lock region, em-
bracing wholeorpartsof Greenup, Boyd, Carter, Lawrence,
and Johnson counties, in northeast part of StAte. Irou
made from these ores noted for its excellence for castings.

In abundance from Ohio river southward tosou thern part
of Carter county ; Bath county, Cumberland river iroa
region, embiacin'g whole or parts of Trigg. Lyon, Livings-
ton, Crittenden, and Caldwell counties, in western part of
Stat* ; occurs in clay and chert above Saint Louis, or sub-
Carboniferons limestones, irregiilar shape and uncertaia
extent, but aggregate of ore immense ; most oxtensiv&
deposits are between the Tennessee and Cumberland rivers,,

and of excellent quality, Nolin district in Edmonson, But-
ler, Muhlenbnrg, and Grayson counties; ores occur near
base of Coal Measujes.

Glasgow .innction. Barren couBty, and Estill county ; locali-

ties in Wayne, Pulaski, Warren, and Hockcastle couutits.

Lower Silurian formation, excellent building material, found
along Kentucky river—a buff and cream-colored marble cou-
convenient to transportation : dolomites of sub-Carboniter-
ous formation ; oolitic limestone is extensively quairied
at Bowling green, Warren county; near Clay's Eerry,
on Kentucky river. Eayett« county; Cane ridge, east of
Paris, Bourbon county ; Glasgow junction, Barren county

;

Hopson's quarry. Coon creek; on Ohio r.ver, Trimble
connty ; in Nelson and Bullitt c<iunties in Niagara group,
dolomites of excellent quality and in vast quantities, quar-
ried to some degree; the Birdseye and Chazy groups on
the Kentucky and rivers contain tine durable stones.

Bullitt and Spencer county line. Lower Silurian; in all coun-
ties of Lower Silurian ;' in Clinton and Niauara shales of
Madison, Garrard. L'ncoln, Washington, Marion, and Nel-
son counties; in the Chester group of sub-Carboniferous in

many counties is a marly shale with from four to six per
cent, of potash, one to two per cent, of phosphoric acid, and.

fifteen per cent, of lime.

Crocns creek, Cumberland county; upper Cumberland in

Hudson rocks; Barren county wells, Devonian; Wayne,
he^ivy lubric.aiing oil ; Pulaski county.

Cumberland sandstone in basin of Cumberland river, a green-
ish colored stono. Waverly period : Sandstones of this pe-
liod have been extensively quarried; worked along the
Ohio river and southeast of Mount Sterling, in Montgomery
county ; occurs along Licking, Kentucky, Salt, and Green
rivers, also commonly known as 'Buena Vista stone ;" used
largely in Cincinnati Louisville, and other western cities;

Bullitt's lick and Belmont furnace. Bullitt county ; Trip-
lett's creek, mouth, edge of Eowan county, knob building
stone.

Month of Clark's river, McCracken county: Ballard's ford
pnd others in Quaternary of McCracken, Ballard, Hick-
man, Graves, Fulton, Calloway, and Marshall counties.

Red river district, stratitied orein the sub Carboniferous lime-

stone ; Hanging Eock region in parts of (Jreenup, Boyd,
Carter, and Lawrence couutie.--, numerous local beds ; No-
lin river district in Edmonson, Grayson, Hart, Butler, and
Mnhlenburg counties, near base of Coal Measures, largely-

undeveloped ; in Whitney county near Cumberland falls.

Lawrenc<? and Muhlenbnrg counties ; Jackson county, on top
of lower coal ; Green river valley.
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Ores, minerals, and viineral substances of industrial importance and known occurrence, but

U'hich are not at jjresent mined.

Miueralogical
name.

Comuion uauie. Reniarka.

Apatite

.

Barite

Epsoiuite .

riuorite

Phosphate of lime—

Barytes, heavy spar

.

Epsom salt

Fluorspar

Galenite . Giilena, lead ore.

Lignite . .

.

Niter

Sphalerite

Witherite

Browu coal

Saltpeter .

.

Blende, black jack

Carbonate of baryta . .

.

Phosphatic limestone in Cincinnati group, quarry 3 miles
north of Lexinfiton

i
in very small quantities in nearly all

the rocks of Slate.

Near Paris, Bourbon countj'; nearLexinj:i(ui, Fayetterounty

;

Anderson, Mercer, Oweu, Henry, Franklin, Is'ichol.is, Jes-
samine, U'oodtord, Boyle, and Gariard counties.

In limestone caves; in Clinton shales of Madison, G^irrard,
Linox)ln, and Marion counties ; in Hudson river group of
Boyle county.

North of Columbia lead mines, Crittenden county, lartre de-
po.-*it; Memphis mines; in Trenton limest«iies of Boyle,
Mercer, Garrard, Jessamine, Fayette, Woodford, Ander-
son, Franklin, Henry counties.

Occurs sparingly at many localities in Saint Louis (rrf)up of
rocks; only minino; done has be. n in we-tern part of State;
Columbia mines, Crittenden county; Anderson, Fayeft«<,
Livinf:ston, Owen, and Cumberland counties, associated
in places with barite and fluorspar; occurs in (Jart-i-r countv,
in eastern part (pf State, and in Boyle, Mercer, Garrard,
Jefi'erson, Fayette, Woodford, Ander>on, Franklin, Henry,
and Owen counties, in center of the State.

Fort Jefferson bluff and near Blandville, Ballard county;
Graves and Hickman counties.

Mammoth cave, Edmonson county ; in small qa.intities in
hundreds of caves in southern and ceutrsil part of Stjvte, in
limestones of. the Trenton and Saint Louis groups.

Sulphur lick, Monroe county, with galena ; Columbia mines,
Crittenden county; in Lincoln, Garrard, Boyle, and Wjwh-
injrton counties, in the Ujiper Silurian; in Boyle, Gariard,
Mercer, and Jessamiue counties, in tlie Trenton a.ssociated
with barytes and galena.

Near Lexington, Fayette county, with barite. In Lincoln,
Garrard, and Boyle counties in Upper Silurian; in Boyle
countv in Siibcarbonifeious.

LOUISIANA.
Ores, minerals, andmineral substances of induslrial importance, which are at present mined.

[Reported by John C. Smock.]

Gypsum Gypsum

Halite Rock salt

Marl

.

Marl.

Raybuin's saltworks, southern part of Bienville parish, oc-
cur.s in rounded masses in gypseous clay; Petit Anse, T. 13,

K. .'> E., Vermilion parish, specimens only; boring (or petro-
leum penetrated 148 feet of gypsum at Calcasieu parish, 13
miles liom Lake ("harles: near Grand View; selenitic clav
85 feet thick at Grand View, on Wachita river, Caldwell
parish.

Petite Anse island, parish Saint Mary, 4 miles west of Ver-
milion baj-, Tertiary age, large deposit; worked actively
during the war, and now producing.

Montgomi-ry, in Grant parish, '"Zeuglodon mail"' contains
plaiieoiiile; gieen-sand marl in blulf at Natchitoches, cal-
caieous; Sicily Islands.

Ores, minerals, and mineral substances of industrial importance and known occurrence,
but whlcli arc not at present mined.

I

Clay "White clay in Grand Gulf jrroup of Tertiary ; CatahouLi par-

I

ish ; 10 miles southeast of Fort Jessup". in Nateliito< hea
parish: Chalk Hills, near llarrisontiurg, iuCjitahoulapaiish,

I I

good for pottery and brick.
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Mineralogical
name.

Halite

Common name.

Brines

Remarks.

Liirnite ' Brown coal

Petroleum

Sandstone

Sulphur .

.

Petroleum

Sandstone

Sulphur, brimstone

.

Drake's salt works, artesian boring for hrine, T. 12 N., R. 5
"W., Winn parisli ; Price's T. 13 N., R. 5 W., same parish;
Rayburu's salt works; also King's, in Bienville pari.sh ; old
salt works iu Natchitoches parish. (These are brine wells
in calcareous locks, at work during civil war, now aban-
doned.)

West Shreveport, Caddo parish ; northwest part of De Soto
county; southwest ot Natchitoches; T. 14, R. .3 E.,iu Cald-
well parish ; near Columbia, Caldwell parish ; southeast
corner Winn parish ; eastern part of Bienville; near Homer,
Claiborne parish (the above in Jackson group of Terti-
ary, others in northwest part of State, west of Ouachita
river) ; CoalkiU creek, 6 miles east of Fort Jessup, Sabine
parish.

Thirteen miles from Lake Charles, Calcasieu parish, boring,
but too small quantity to pay.

Many localities in Grand Gulf group of Tertiary; in western
central counties; in Sabine, Puipides, Grant, and Cataljoula;
also in eastern part of State bordering Alabama.

Thirteen miles from Lake Charles, Calcasieu parish, IOC feet
pure sulpbiir, then 148 feet of gypsum and sulphur at depth
of 423 feet, in boring for petroleum.

MAINE.
Ores, minerals, and mineral substances of industrial importance, tvhich are at present mined.

[Reported by John C. Smock.]

Argentite.

Eornite . ..

Caa.siterite. ..

Cerargyrite..

Chalcocite ..

.

Chalcopyrite.

Cuprite.

Galenite .

.

Sulphide o f silver,

silver glance.

Purple copper ore,
' horseflesh ore."

Tin ore, tinstone.

Chloride of silver,

horn silver.

Vitreous copper, "cop-
per glance.''

Copper pyrites, yel-
low copper ore.

Red oxide of copper

Flagging stone

Galena.

Sullivan mines, Sullivan, Franklin, and Hancock, Hancock
county, accompanying galena and oies of sUver.

West Quoddy Head, Lubec, Washinston county, with chalco-
pvrite aud pyrrhotite in veins; Blue Hill copper belt in
Blue Hill, Hancock county, a belt of copper ores in quartz-
ite and gneiss rocks, four miles long, worked in everal
mines.

Paris. Oxford county, in a vein in granite sparingly ; Hebron,
Oxford County ; Winslow, Kennebec county, in thin veins
travel sing slate rock; woiked.

Sullivan mine, Sullivan, Hancock county; with argentiferous
galena pyrargyrite, and oiher ores of silver.

Blue Hill copper mine, Hancock county; occasionally with
chalcopyrite and other ores of copper.

Campo Bello island, with pyrite in a vein in trap rock; West
Quoddy Head, in Lubec, Washington county, with pyrrho-
tite iu vt ins ; mines in Lubec, accompanying silver lead
ores; Gouldshoro' and Sullivan miuing belt, Hancock
county, accompauying silver-lead ores; Blue Hill copper
belt, on Blue Hill bay, Hancock county, in veins iu granu-
lar quartzite aud gnei-s, belt four miles long by half a
mile wide, predominating ore accompanied by bornite, cu
prite, and other ores of copper, several mines producing
copper; Machias, Washington county, and on islands ofl

coast. .

Blue Hill copper mines. Blue Hill, Hancock county; quite
common with chalcopyrite, bornite, and other copper ores.

Phippsburg, Sagadahoc county, mica schist; Acton and Leb-
anon, York county; Winthrop, Kennebec county; mica
schists at these and other localities are available; also
sandstones in northern part of State.

Lubec, Trescott, and Whiting, Washington county, argen-
tiferous,with blende and copper p.^-rites, in veins traversing
slate. Several mines opened. Sullivan mining district,
Gouldsboio', SuUixan, Hancock, aud Franklin townships,
Hancock county, argentiferous galena with stei)hanite, ar-

gentite.
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Galenite (con-
tinued.)

Gold.

Galena (continued.)

Gold

Granite

.

Limestone—

Malachite . . .

.

Muscovite . ...

Pyrargyrite .

.

Sandstone

Silver, native

.

Slate

Sphalerite

Granite, gneiss, sye-
nite.

Limestone and marble.

Carbonate of copper..

Mica

Ruby silver

Sandstone

Silver

Sl*t« (roofing) ,

JBlende

TVith native silver and pyrite, in omrtzitic slates. Sev-
eial luincs producing silver and gold. Blue llill belt, on
Blue Hill bay, Hancock county, with copper ores and
blende ; argentiferous; ra.nss of ore worke<l for copper; Ac-
ton and I>fl>iinon. York county, argentiferous, occurring
with mispickt 1 and blende in cjuattzose veins in granite;
several openings worked for silver and lead: Parsonsfield,
York county, argentifeious. iu quartz veins in gneiss; Den-
mark, Oxford county; near Liii'_'liam, Somerset county,
with blen'c in small veins; southern part of Dexter. Pe-
nobscot co\inty, argentifeiou.s. with pyrit»-s. omper pyriu-s
and blende in (|uart/, ; Deer Isle and Sedgwick, Hancock
ctiuuty ; mines working.

Along Saint Croix river above Calais, aurifeious quartz veins
in mica schist ; Calais, Columbia, and Cutler, Washington
county ; Gouldsboro' and Hancock. Hancock county, with sil-

verleadores; Cherry tield and Harringtoniu vervsmnllqunu-
tities in quartz in syenitic and (inartzose r^ick ; Bluo Hill
mines, on Blue Hill bay. Hancock c^nnty. very sparincly
in copper and lead ores; Orland. Hancock county, iu diift

;

Dexter, Corinun. and Hampden, Penobscot county; Camiel,
Penobscot "onntv. iu (|uartz veins traversing slate; Albion,
Kennelx'c county, in veins ot quartz; Madiid and Phi'lip,

Franklin county, in sands of Sandy liver; Bin;:hani, Mos-
cow, and New Poitland, Somerset county, in quartz ; Acton
and Saco, York county, in siate; Parsonstield, York county,
sparingly in quartz veins in gneissic rocks.

Kennebunk. York county, several qnarriej^, a dark-colored
granite ; nallowell, Keiiuebec county, a gray gneiss quai-
ried on we,st of Kennebec river, extensively quarried and
widelyknown; Brunswick,Cumberhind county; lMiipi)sburg,
Sagadahoc county ; Wiscasset, Lincoln county ; Edgi combe,
Lincoln county, a dark-colored granite; Seal Harbor, Lin-
coln county, several quarries; Mount WaJdo. Penobscotbaj%
porphy/itic granite; Mosquito and Treat mountaius on Pe-
nobscot bay ; Blue hill. Hancock county, st-vei-al compiiuies;
Brooksville, Hancock county; Sullivan, Hancock county,
immense quarries; islands in Knox and Lincoln counties;
immense extent on shore of Hancock and Washington coun-
ties; also in Katahdin range, unworked ; hundreoa of quar-
ries and localities along coast.

Limestones of Rockland. Thomaston, Hope, and Camden may
be termed marble, but not used largely as such ; ou S..int

Geoige's river. Warren, and Union, several quarries ; Aroos-
took county, T. 7, K. 6 : Uelderberg rocks running from
Matagamou river northeast iu Aroostook county.

Blue Hill .copper mines, sparingly with other ores of copper.

Edgecombe, Lincoln county.

Sullivan, Franklin, and Hancock, Hancock county, with ga-
lena, native silver, silver glance, pyrite, chalcopyrite, Sec

Devonian sandstone, in AVashington county, especiallj' ia
Perry and Macbiasport, small quarries.

Sullivan mining district, Hancock county, associated with
galena and silver sulphides; Byanl's Point, Sedgwick,
Hancock county, Edgeiuoggin silver mine.

For roofing ; Brownville, PiscatJiquis county ; Caratnnk in
Somerset county, tlience in a belt to the I'enobscot river;
Foxcroft, Sebec". Barnard and Williamsluirg towns ; T. 13

R. 3, Ar<K)sIook county, and doiibtl ss ninuy other localities.

in this county ; above iiinghain and Concord on Kennebec
river.

Lead mines. Lubec, Washington county ; Gouldsboro', Sulli-
van and Hancock in Hanco.k county, ace<in)pan.\ ing galen.i,

mines worked for silver lead; Blue Hill copper belt, Bluo
Hill b.iy, Hancock county ; m ar Hinnhani. Somerset county,
with galenn in small vftins; Acton mining belt, Acton ami
Lebanon, York county, spaiii-gly with Higentiferous galena
and s:lverle;id ores in veins in granite—openings for galcn:t
and silver; Deer l^le silver mine. Hancock county, with
galena ; Sedgwick. Hancock county; Chesterfield, Washing-
ton county, with blende, very rich" iu silver.
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MAINE—Continued.

Mineralogical
name.

Stephanite

.

Talc.

Tetrabedrite...

Wad.

Common name. Remarks.

Silvor glance, Lrittle

silver ore.

Steatite, soapstone

Gray copper ore

.

Bog manganese.

Sullivan mining district, Hancock county, accompanying
galena and ores of silver.

Orr's Island, bed 14 feet wide ; Vassalboro', Kennebec county

;

Harpswell; Jaquisb.

Bine bill copper mines. Blue bill, Hancock county, occasion-
ally witb ores of copper ; Hatnpden, Harrington and otber
mines, Hampden ana Carmel, Penobscot county, opened for
silver, occurs witb galeurt and greenstone in a slate belt;
Steuben, "VVasbington county, ore very ricb in silver, not
worked.

Dodge's mount, Tbomaston, Knos county ; Dover ; Paris,
Oxford county ; Mount Agnmeuticus ;

" Osgood's mount,
Blue hill, Hancock county, a large bed ; Hodgdon.

Ores, minerals, and mineral swhstances of industrial importance, and of Jcnoicn occurrence,

but which are not at present mined.

Arsenopyrite . . Mispickel

Barite

Feldspar

Graphite .

.

Hematite...

Limonite. .

.

Barytes, heavy spar. .

.

Feldspar

Plumbago, black lead.

Red iron ore, red he-
matite.

Brown hematite

Limonite (2) . . . |
Bog-iron ore

LolUngite..

Magnetite

.

Marl (calca-
reous).

Arsenical iron

Magnetic iron ore.

Blue hill, Hancock county, at copper mines: Owl's Head,
Tbomaston, Knox county ; Bond's mount, ITewiield, York
county; Titcomb's bill, Farmington, Franklin county ; Co-
rinna; Greenwood, vein in granite; Clinton and Skowbe-
gan, in bog-iron ores; Lebanon and Acton, York county,
accompanying silver lead ores.

Deer Isle silver mine, Hancock county, in gangue of lead sil-

ver vein.

Edgecombe, Lincoln county; common in granitic region of
State.

Belfast, Waldo county, disseminated through clay slate

;

Woodstock, sparingly in granite and mica slate; Rumford,
Oxford countj'; Gardiner, on the Kennebec river, Kenne-
bec county.

T. 13, R. 4, Aroostook county, Waite'plantation; Currier's,

Aroostook county.

Waite plantation, Houlton, Linneus, Aroostook county;
Katabdin iron works, Piscataquis county, large deposit
from 3 to 20 feet thick over many acres ; Trescott, Wash-
ington county.

New Limerick, Aroostook county; Katabdin iron works;
Newfield ; Dover, several deposits of large size ; Pemaquid
ledge; Rumford; Skowhegan, several large deposits.

Paris, Oxford county.

Marshall's island, Hancock county, in bed 3 feet wide; Mount
Desert island. Black's island, Hancock county; Bnckfleld,
Oxford county; Linneus, Aroostook county, impre<;nating
staty rock; tfnion, Knox county; Raymond, Cumberland
county, in thin sheets or strata in epidotic gneiss; Patrick-
town, "with pyrite; Winslow, Kennebec county, associated
with tin ore.

Marl All in northern part of State.

Molybdenite

Muscovite I
Mica

Sulphide of molybde-
num.

Ocher i
Ocher

.

Pyrite. Pyrites, iron pyrites

Blue Hill copper mines. Blue Hill, Hancock county, occasion-

ally with copper ores.

Mount Mica, Paiis, Oxford county, in large plates.

Red ocher at Paint mine, Rumford, Oxford county.

Campo Bello island, with chalcopyrite in a vein cutting trap-

rock; Jewells island, Casco laay, in three wide beds of

mica schist ; Cape Elizabeth, in mica schist ; Brooksville,
opposite Castine, Hancock county, great abundance in clay

slate; Troy, Waldo county, in clay slate, large bed; Nor-
ton's ledge and Powder House hill, in Farmington, large

deposits ; Drew's mill, New Limerick ; Anson, Somerset

44 M R
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Mineralogical
name. Common name. Bemarks.

Fire-clay.

Granite

Hematite

.

Hydrauliclime-
stone.

£aolin . .

.

Limonite.

Fire-clay

Flagging stone

Gneiss, syenite

Specular iron ore

Cement rock, water
lime.

Brown hematite

Malachite.

I
Marhle

Marls -

Marls (2).

Melaconite

Sandstone .

Serpentine.

Green copper ore, car-
bonate of copper.

Potomac marble, brec-
ciated limestone.

Greensand

.

Shell marls

Black copper

Sandstone, freestone

.

Serpentine.

Mount Savage, near Frostbnrg, Alleghany county, noted for
excellence and widely used ; northeast, in Cecil county; not
now worked.

Enimittsburg. Frederick county. New Eed Sandstone ; Catoc-
tin moimtain, Frederick county; High Kuob, near Fred-
erick, Frederick county, tiling of variegated slates.

Syenite quarried extensively near Port Deposit on Susque-
hanna, superior building stone ; "Woodstock, Howard
county, quarries; EUicott City, Howard county; Amie
Arundel county, " porphyroidal granite."

Sykesville, on Patapsco river, Howard county; Wills
mountain, Alleghany county, fossil ore; between Mon-
ocacy creek aud Parr's bridge, Frederick county, rich-
est ore of kind in State ; Catoctin mountain, Frederick
county, in small quantities; near Mount Airy, Carroll
county, mines opened; Sideling hill, Washington county;
Town hill.

Cumberland, Alleghany county ; near Hancock, "Washington
county.

See Clay.

Northeast village in Cecil county; Flint hill, near Elkton,
Cecil county; head of Sassafras, Cecil county; Snowden's
bank, Prinre Geoige's county; head of Deep run, seven
miles from Baltimore ; Curtis creek ; near Joppa, near Ab-
ingdon and Bush river, Harford county; near Oregon fur-
nace and also near Hei eford in Baltinioi e county ; also near
TowanntowD. Baltimore county; Uwinjisville, Anne Arun-
del counly ; Pnrr'a Spring ridge. Carrollcounty, several ex-
tensive deposits, openings near "Westminster ; west base
of Catoctin mountain, Fredeiick county, worked for Catoc-
tin furnace ; "pipe ore " ou Potomac two miles above Har-
per's Ferry. "Washington county; also near North mount-
ain and Potomac, \Vasbiugton county ; Sideling hill,

beyond Canoloway, "Washington county; Snowhill, Worces-
ter county, large deposit of liog ore ; many localities in
eastern shore, greater parts of Somerset and Worcester
counties and part of Caroline.

Finksburg copper mine, Carroll county; copper mine in
serpentine (with chalcopyrite). Bare hills, Baltimore
county, abandoned; Mineral hill, Carroll county, with
chalcopyrite; Liberty mine. Liberty, Frederick county,
with chalcocite, and elsewhere in Linganoro copper region

;

localities between Middlebury and Big Pipe creek, Car-
roll county, sparingly dissemmated in rock; Eoop farm,
near New Windsor, CarroU county.

Valley of Monocacy river, west side Frederick county ; New
Market, Liberty, and Sam's creek, aUin Frederick county

;

Texas and Cockeysville, Baltimore county, a white marble

;

Parr's rWge, Carroll county ; Frederick county, white or
light bluish, worked extensively ; Mount Saint Mary's,
Frederick county, a verd antique marble.

Head of Sassafras river, Kent county, elsewhere in northern
and middle parts of county ; heads of creeks in Cecil county;
Sassafras neck, Bohemian manor, and Pond neck, all in
Cecil county ; head of South river. Prince George's county.

At many localities on eastern shore ; localities on Chojitank
river, Talbot county: aLso on western shore along Chesa-
peake bay, and on Potomac river, in counties of Piince
George's, Charles, Saint Mary's, and Calvert.

Liberty mine, Frederick county, with malachite and chalco-
cite.

Near mouth of Seneca creek, Montgomery county, exten-
sively quarried, "Seneca sandstone;" southwest slope of
Sugar Loaf mountain, Frederick county.

Northern part of Cecil county; Bare hills, Baltimore county

;

Soldiers' Delight, Baltimore county;. Coopstown, Harford
county.



692 MINERAL RESOURCES.

MARYLAND—Contiuued.

Mineralogical
name.



THE USEFUL MINERALS OF THE UNITED STATES. 693

MARYLAND— Coutiuued.

Mineralogical
name.

Siderite

.

Common name.

Clay ironstone.

Siderite (2)



694 MINERAL RESOURCES.

MASSACHUSETT S—Continued.

Ores, minerah, and viincral substances of inrlnstrial importance and known occurrence, lui
• which arc not at present mined.

Mineralogical
iinme.

Common name.

Agate

Amber

Anglesite

Apatite

Arsenopyrite .

.

Barito

Beryl

Bomite

Cassiterite

Cerussite

Chalcopyrite...

Chromite

Coal...

Coal (2)

Cornndiim

Feldspar

Galenite

Garnet.

Gold, native

.

Graphite

Agate

Amber

Sulphate of lead . .

.

Phosphate of lime

Mispickel.

Remarks.

Amberat and Conway.

Gay's Head, in fragments in clay.

Southampton lead mine, iritb galena and cerussite.

Norwich, crystals in gray quartz; Bolton, abundant; spar-

ingly elsewhere.

"Worcester, -with galena in mica slate; Sterling; northern
vein, Newburj'poi t lead mines, Essex county, with galena
and quaitz.

Barytes, heavy spar ..1 Southampton lead mine, as gangue; Leverett, gangue forma-
tum in viiu ; Tlatfieid, small vein, containing galena, a
large deposit ; Greenfield copper mine, as gangue material.

Beryl South Royalston, in vein in coarse granite; Barre, in granite;
1 Peail hiU, Fitchburg.

Variegated copper,
purple copper ore.

Tinstone

"WTiite lead ore, car-

bonate of lead.

Copper pyrites

Chromic iron ore.

.--.Clay

Coal, anthracite coal.

Bituminous coal

.

Hydraulic lime-

stone.

Emery

Feldspar

(?alena, lead, ore.

Garnet.

Gold...

Plumbago, black lead

Grindstone, whetstone,
millstone.

"Water-lime, cement,
rock.

Southampton lead mines, with galena in small quantity.

Chesterfield ; Goshen, a few crystals with albite; Norwich.

Southampton, sparingly with galena.

Leverett, with galena in vein; Greenfield, with maLichite;
Hatfield ; middle vein, Newburyport lead mines. Esses
county, with galena, pyrite, &.c. ; Southampton lead mine,
in small quantity.

Elanford, narrow vein in serpentine ; Chester.

Alum clay, Martha's "Vineyard, used on continent formerly

;

fire-clay, Martha's Vineyard, Gay's Head.

I. Anthracite ; the Ehode Island coal field extends northeast
into this State, and coal beds are opened in Bristol, Ply-
mouth, and Norfolk counties; areaof tliefiel(l40Usqu;iremiles
in the two States; mines were opened years ago in West
Bridgtwater, Middleborough, Wrenshaw, and Mansfield.

U. Bituminous coal, very thin beds and nodules only a few
inches iu diameter, and of no economic imoortance, in Red
Sandstone formation of Connecticut valley; "Worcester
and Mansfield a graphitic authiacito.

Chester—corundum and emery and magnetite in a large
vein ; has been worked largely ; is now worked. (?)

Chesterfield, albite ; Brimfield, adnlaria ; Barre and South
Koyalstou.

Nowburvport mines, Essex county, .•* number of mines were
opened and worked for the argeutifeious galena several
ycais ago

;
galena a.«soeiated with blende, tetrabedrite, chal-

copyrite, aiseuojjvrite, pyrite, and siderite ; Southampton,
old mine abandoned, a vein with quartz uud buiite ; Lever-
ett, sm.iU vein in granite; Sterling; Hatfield, in a vein'
with barite ; many localities of occurrences only, especially
in Hampshire county.

Carlisle, in geodes with scapolite
;
pyropo at many localities

in Worcester county.

Dedham.

Sturbridge, "Worcester county, a bed in gneiss, long work" d
j

Worcester and Millbury, mixed with anthracite.

Chnrlestown : Maiden ; Quincy, an argillaceons slate ; Enfield

;

Bellingham, mica siato for whetstones; Norwich, mica
slate ; Washington, Berkshire county, employed for mill-

stones.

Springfield limestones.
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Mineralogical
name.

Common nmne. Bemarka.

Kaolinite

.

Lignite ...

Limonit« .

Magnetite

Muscovite

Pyrite. ..

Pyroluaite

Serpentine

Eaolin

"Wood coal

Bog-iron ore

Mngnetic iron ore

Mica

Ocher

Pj-rites

Gray oxide of manga-
nese.

Serpentine

.

Siderite.

Sphalerite ,

Spathic iron ore

Zincblende

Talc. Steatite, soapstone.

Tetrahedrite

"Wulfenite

Gray copper ore ..

Molyhdato of lead

.

Andover.

Gay's Head, Martha's Vineyard, in clay.

Common nearly everywhere; formerly the supply of many
luruaces, ospecially in southeast part of State.

Hawley iron mine, Franklin county, worked for a time, hut
narrow vein ; Chester, very narrow bed in hornblende
slate; Beaitown mountain, Tyringham, narrow vein in
quartz; Bernardstown, bed in limestone; Warwick, thin
beds in mica slate.

Common rock constituent ; not worked.

Richmond, with limouite ; Williamstown, once worked.

Hubbardstown, bod formerly worked ; Hawley.

Plainfield, with rhodonite in small beds ; "West Stockbridjre,
with limouite at iron mines ; Conwuy, largo bwls witii
quartz gangue.

In great abundance, particularly in Hoosac mountain range :

Middletield, Hampshire countj', very extensive bed ; West-
fleld, Bbiuford, Zo:ir, Windsor, Lynnfield, Newburyport. iu
eastern pai't of State ; others in western part, in Berkshire
county.

Sterling, with arsenopvrite in mica slate; "West Stockbridfro.
with limonito ore ; Nowliuiyporfc, with galena at tlio silver
lead mines in middle vein in small quantities ; Gay's Head,
Martha's Vineyard, in clay.

Levcrett, sparingly with galena; Southampton, in lea<l mine
with galena ; Norwich, southernmost veins ; Newburyport
lead mines, Essex county, with galena, worked prior to 1878.

Middlefield, "Windsor, Cheshire, Savoy, Hinsdale, Blauford,
Granville, Znnr, Rowe, Andover, "Worcester, Groton, Ches-
ter, and other places, but of small extent generally, com-
monly associated with serpentine.

In middle vein lead mine Newburyport, Essex county, in
small quantities with galvna, pyrite, chalcopyrite, and
siderite.

Southampton lead mines in small quantities with galena, cc-

russite, &o.

MICHIGAN.
Ores, minerals, and mineral substances of industrial importance, wlti<:h are at present mined.

[Reported by JoHX C. Smock.]

Coal, var. bitu-
minous.

Copper, native.

Coal, bituminous coal

Copper

Coal field occupies an ellipsoidal area, extending from Sagi-
naw bay south and southwest to Jackson and Kalamazoo.
The measures are 300 feet tliick, and include several seams,
varying from a few inches to four feet thick. The priuci-
pal mines are in vicinity of Jackson ; Corunna, in Shiawas-
see county; Owasso, same county; and at Flushing, in Gene-
see county. Local u»es absorb nearly whole production.

Lake Superior copper rejrion, in Upper Peninsula. The " cop-
per belt" stretches from Keweenaw point southwest to
Wisconsin, and thence across that State to Minnesota. Its
length is 130 miles, and with an average breadth of sis
miles. It crosses the counties of Keweenaw, Houghton,
Isle Royale, aud Ontonagon. The native copper occurs in
m.'isses in amygdaloid tr.T])-rock and sandstone, and also in
grains distriliuted throueh aiuygdaloidal aud conglomerate
rocks. Beginning at northeast there have been many mines
opened from Keweenaw point to southwest, in T. 58. RR.
28, 29, 30, and 31, Keweenaw county; the Portage Lake
group of mines come next, to southwest, including among
others the celebrated Calumet & Hecla mine, in Hough
ton county: the Ontonagon district covers the mines in T.
51, RR. 37 and 38 W., besides others, in Ontonagon county;
the Isle Royale group of mines, Isle Royale in Lake Superior.
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Mineralogical
name.

Gypsum .

Halite . .

.

Halite (2)

Hematite

Magnetite

.

Common name.

Fire-clay

Flagtjing Btone.

.

Granite

Gypsnm, plaster

Common salt, brines..

Rock salt

Specular ore, red iron
ore.

Limestone

Magnetic iron ore.

Sandstone

Slate.

Kemarks.

Spring Arbor coal mines, Jackson county, Batcheldor place,

Jacltson county, worked for firebiick and sewer-pipe at

Jackson. Other localities in Coal Measures.

Napoleon, Jackson coimty.

Montello, Marquette county, stone reseTObliuc; Scotch granite,

recently opened. Abundant in Upper Peninsula in Arcba;-
au formation.

Grand river from Grand Rapids to Grandville, Kent count.v,

very largo quarries. Thick beds in upper sub-Carbonife-
rous. Also at Alabn.ster point, Iosco county, where it is

largely quarried. Other localities are headwaters of Aux
Gre.s river. Iosco county, and in borings at Bay City and
Kawkawliu in Bay county.

Saginaw vrdley, in counties of Iosco, Bay, Saginaw, Midland,
and Huron.

Marine city. Saint Clair county, discovered recently inborings.

Vast beds in Upper Peninsula. The ii on-bearing belt begins
near Lake Superior and runs soutijwest into Wisconsin.
Ores are interstratified with quurtzites, diontes, and fer-

ruginous schists of Huronian age. Th(! mines are grouped
in the Marquette district, Teal lake lange. North ran^e,
Cascade range, Nogaunee mines, Menominee rant'e, Felch
Mountain range, and the Agogebic iron range. Thopiin-
cijial mines are in vicinity of Marquette. Islipeming, Ne-
gannec, Micliigamme. in Marmmtto eouiity; in '!'. 43. R.

33, in Baraga county; in T. 42, U. 28, southern part of Mar-
quetti- county ; along the Meuomiueo river, in Menominee
couniy

i
.andihouiiiiesiuTT. 44, 4.i, 41', aud47, R. 47 \V., near

Montreal river, in Ontonagou countj'.

Grand Rapids, Kent county (Carboniferous) ; North Rains-
ville, Stony creek.

Marquette region. Upper Peninsula, occurs with the specu-
lar ores (see under lleniatilo for localities). As a eoustit-

iieut of gianitic and other crystalline roeks of Archa,-an age,

common in Upper Peninsula. More abundant, with 8]iecu-

lar ore, in eastward extension of tlio I'enokie range from
Wisconsin line to Lake Gogebic, in Ontonagon county.

The sandstone of Coal Measures has been qunrriid at Flush-
ing, Genesee county; numerous quarries in Springport,
Sandstone, and Parln.a, .Jackson county ; also at Napoleon
(for both building and flagging stone); these are in sub-
Caibonilerous. Large quanies near Marquette, Marquette
countj', and at L'Ause, Baraga county, in Potsdam sand-
stone. Isle Roj'ale, in Lake Superior, a red sandstone.

Huron Bay Slate Company, T, 51, R. 31, Houghton county;
quarry reojiened recently.

Ores, minerals, and mineral substances of industrial importance and known occurrence, hut

which arc not at present mined.

Amethyst



THE USEFUL MINERALS OF THE UNITED STATES. G97

M I C H I GAN—Contiimed.

Mineralogical
name.



698 MINERAL RESOURCES.

MINNESOTA—Continued.

Mineralogical
name.



THE USEFUL MINERALS OF THE UNITED STATES. 699

MISSISSIPP I—Continued.

Mineralogical
name. Common name. Kemarks.

Limonite

Limestone

Brown hematite

Oclier (red)

Sand (for glass) quartz

Sandstone

Limestone of Ripley gronp, Cretaceous, suitable for local use
only ; limestone at Vicksburg of Claiborne and Vicksbuig
groups.

Common in orange sand, but unimportant ; luka lake, Tisho-
mingo county.

McDouglas mill, Tishomingo county.

Pearl river (Recent), near Eastport, Tishomingo county, on
^ Big Bear creek, locally known as " chalk, " very flne-gramed.

Ferruginous sondstone of Oran™ sand formation in Marshall,
Lafayette, Tippah, Talabusha counties ; siliceous sand-
stone of Orange sand formation ; some of latter like whet-
stone, sandstone of Caiboniferous, Big Boar creek, below
Scott's mill, Gardner. Bay spring. Rock creek (these in

Tishomingo county, also suitaule for flagging stone) ; sand-
stones of Grand Gulf region, of inferior quaUty.

MISSOURI
Ores, minerals, and mineral substances of industrial importance, which are at present mined.

[Reported by John C. Smock.]

Barite

Calamine

Cerussite

Chalcopyrite...

Coal

Cuprite.

Barytes, heavy spar.

.

Silicate of zinc

.

White lead ore.

Copper pyrites, pyri-
tous copper, yellow
copper ore.

Coal, mineral coal.

R^d oxide of copper

.

Fire-clay

Flagging stone .

Southeast p.irt of State, as gangue in lead veins; MQler, Mor-
gan, Moniteau, Cole, and other counties in central lead re-

gion of State, in veins and vein-like deposits and in work-
able quantity near Muddy creek, Pettis county; Pleasant
Hill, Cass county ; Amos' quarry, Jackson county ; T. 40, R.
3 E., Jetferson county, a large vein.

Granby district, "Newton county; Joplin creek diggings, Jas-
per county ; VaUo mines, Jetierson county; Mine la Motte,
Madison county, besides other localities, generally occiu--

ring with blende and galena, the most abundant and valu-
able zinc ore of State.

Granby mines, Xewton county; Center creek district, Jasper
county; Valle mines, Jefferson county ;^Mine la Motte,
MadisDU county. Mined as an ore of lead in southwest
Missouri.

Cornwall, Swansea,andHerzog mines, Sainte Genevieve county,
with other ores of copper, in second magnesian limestone;
Mine la Motte, Madison county ; Hinch and Rives mines,
Crawford county; Old circular diggings. Cole county, be-

sides other localities, often accompanying lead and zinc
ores in lead-oi e districts. Worked at a few places only.

Missouri Coai Measures occupy an area of 23,100 square mUes,
including 8,400 square miles of upper and barren measures.
The productive coal field ia in northern central and west-
ern central counties, extending from Mi.-^souri river to Iowa
line, and on south nf Missouri west of Osage river. The
southwest coal hold is in Bates, Vernon, and Barton coun-
ties. Principal mines are in Henry, Pettis, Johnson, Cass,
How.ird. Randolph, Macon, Linn, Adair, Sullivan, Living-
ston, Buchanan, liites, and Vernon counties. There are
small outlying patches at east in Saint Lonis, Saint Charles,
Lincoln, Warren, and other counties, and at southwest in
Moniteau, .Jasper, and Salnhe counties. The Middle and
Lower Coal Measures include eight workable seams from
1 to 4A feet thick.

Copper mines, Sainte Genevieve county, with copper pyrites,

vitreous copper, and carbonates, and in quantity.

Cheltenham, Saint Louis county, extensively used as glass

Sot clay ; Evans mines, Montgomery county ; also, in'Coal
[easures territorj', but not developed.

BrowTisville, Saline county, a siliceous rock, much used ; Clin-

ton, Henry county : Sainte Genevieve, Sainte Genevieve
county, second sandstone and first magnesian limestone
extensively quarried; O'Bannon's quarry, Madison county.
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Mineralo^cal
name. Common name. Bemarks.

Galenite

.

Galena, lead ore.

Granite.

Hematite

.

Specular iron ore

Hematite (2)

.

Ked hematite.

Limestone

.

Limonite Brown hematite

Limonite (2) ... Bog ore.

Southeast Missouri, in Franklin, Jefforsou, "Washington,
Saint Frauyois, Madison, Sainte Genovieve, Crawford, and
Bollingor counties, most important mines are: Mine La
Motto in Madison, Valle mines in Jefferson and Saint
Francois counties.

Central or middle Missouri, principally in Miller. Cole, Mor-
gan, and Moniteau counties Southwest Mi.ssouri lead re-
gion inchidcs Granby mines in Newton county, Jojjlin creek
in Jasper county, and Center creek also in .Jasper county,
besides lesser mines in Green, Dade, McDonald, Barry,
Stone, and Christian counties.

Galena occurs in southern central region ; also in La Clede,
Dallas, Webster, Texas, and other counties. In the south-
east district ore occurs in the third magnesi.Tu limestone
(calciferous) ; in the southwestern pait of State and iu
parts central district also it is in the Archimedes or Keokuk
limestone (sub-Carboniferous). The galena occurs with
calamine, smithsonite, blende, and barito, and smaller
amounts of pyrito and chalcopyrite, and iu flat sheets, fis-

sui'ca, veins, and inegular masses in the rock. Worked
for k-ad and zinc (in places) ; too poor in silver for its ex-
traction.

Knob lick. Saint Francois county, lanrc quarries; Iron
mountain, Iron county, a red granite ; Madison and Sainte
Genovieve counties, unworkeu.

Iron Mountain district in southeast Missouri, including
amoni others the noted Iron mountain iu northeast quarter
of Saint Francois county (a huge vein of sp.cular ore in
porphyry). Pilot Knob, Shepherd's mountain. Cedar h'U,
JButord ilill, and Lewis mountain, in Iron county. These
occurrences are iu poiphyry rocks of the Archaean.

The central region includes many ore banks in Crawford,
Phelps, and Dent counties, besides more scattering deposits
in Fraulilin, Maries, Washington, Miller, Camden, Pulaski,
and Shannon counties. The ore occurs in second sandstone
(of Lower Silurian).

Occurs with specular ores at Scotia bank. Crawford county;
Saint James district, in Phelps county ; and iu TT. 45 and
40, K. 10 "W., iu Calloway county; T. 48, H. 19 W., Cooper
countv; T. 43, 11.25 W.'. Henry county; TT. :n ami 40, R.
24 and H. 25 AV., Saint Clair eouuty ; in the sub-Carbonifer-
ous, in ferruginous sandstone: ;;lso in Coal Measures in small
deposits or thin se;mis in Linn, Adair, Sullivan, Vernon,
and Barton counties: ni Carboniferous rocks in Saint
Charles, Boone, and Montgomery counties.

Mine la Motto, Madison county; Amazonia and Savannah,
Andiew county; manv quarries op ned ; Kansas City,
Jacksou county, an oolitic stone; Pleasant Hill, Cass
county; Moore'sville, Liviugstou coiinty; Princetou, Mer-
cer county; Chilicothe, Lincoln county; Liberty, Clay
eouuty; Forest City, Holt c iiuty, many ijuariies; Mis-
souriCit.y, Claj- county ; and Sainte Genevieve, SaiuteGene-
viove county. Many otlu r localities in outcrops of Silurian
and Carboniferous rocks in all parts of State.

Southca.st district coverinsrsm.'jll depo.sits in Sainte Genevieve,
PeTTv, anil Cape (iirardeau counties, and richer :incl larger
bodies in Bollinger, Madison. Wayne, the southern p;irt of
Iron, Butler, and Stoddard counties. These deposits lie on
the shales and limestones of Upper Silurian and partly on
Second Magnesian limestone.

Moselle, Fmnklin county, deposits on Third Magnesian lime-
stone. Central ore region. Scattering beds iu Crawford,
Phelps, Dent, I'ulaski, .Marl 8, and Osage counties. On
the 'i'hnil Magnesian limestone.

Osage district, the most important limonite ore district of
St:ito. Numerous banks ahnig valley of Osage, iu Osage,
Miller, Camden, Morgan, Ui niim, and Saint Clair counties.
Tliey are on Third Magnesian limestone, excepting those
on Uj)per Osage, which are on 8ub-C;irboniferous.

Soutliwosteri) ore rejiion, iu valley of White river and Ozark
county. Brownsville, Saline county, and T. 34, K. 28, Cedar
county, in Coal Measures.

In swamps and bogs, southeast counties, generally manga-
niferous.
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Mineralogical
naiiie.

Majmetite

»

Quartz

.

Smithsonite

Sphalerite .

Common name.

Magnetic iron ore

.

Marble

Millstone

Sand, glass sand

Sandstone

Carbonate of zinc,
"dry-bone."

Zinc blende,
jack."

' black

Bemarks.

Iron couuty, with specular ore in small quantity.

Cape Girardeau, quarries formerly worked in Trenton and
KiagaraliTiiestoucs: on Big creek, Marble cnek and Stout's
creek. Iron couuty, and on Marble creek and Leatherwood
creek, in Madisoii county : also, in southeast part of Eey-
nold's county. These marbles are of diflerent color.s—buif,

gray, flesb-colored, red, and variegated.
Limestones capable of high poli.sh occur in Saint Louis, Saint

Chailes, Warren, Montgomery, Ralls, Callaway, Lincoln,
Cojper, Pettis, Cass, Jackson, Clay, andLivingston counties.

NearCedarcreek, Cedar county; in Jasper and Newton coun-
ties, not utilized: White Oak mills, Vernon county, sand-
stone used for grindstone also: T. 31, R. 31, Carton ijounty;
Forest Cii y. Holt couuty

;
granites of Ozark range in south-

east part of State—foi'merly used.

"White sand cave," west of Sainte Genevieve ; T. 42,K. 4, on
Lig liver. Jeti'ersoii county ; other localities in Petry, Saint
Charles, Warren, Lincoln, near Llstou and Marion, in Cole
county; Saint Louis, Franklin, and Gasconade counties.

Warrensburg, Johnson county, extensively quarried ; near
Miami, in Carroll county, these are in Coal Measures; north
part of Atchison county; Brownsville, Saline county ; Clin-
ton, Henry county ; Sainte Genevieve.

Mine la Motte, Madison county ; Valle mines. Saint Frangois
county ; Frumi t mine, Jefferson county, an immense vein;
Granby mines in Iv^owton county ; Joplin district and Center
creek district, in Jasper county ; central lead district of
State, in Moniteau, Morgan, Miller and Cole counties.
Generally associated with blende and silicate of zinc and a
valuable oie in southwest part of State.

In southeast lead distiict of State and also in central and
southwest lead districts. In largest quantities in Granby
and Joplin district in Newton county, and Valle mines in
Jefferson and Saint Fran9ois counties. Associated minerals
are calamine, smithsonite, pyrite, chalcopyrite and barite.
Worked as an ore of zinc at southwest. Other localities,

where it occurs very sparingly.

Ores, minerala, and mineral substances of industrial importance and Tcnown occurrence, hut
which are not at present mined.

Asbolite

Asphaltum . .

.

Aznrite

Chalcocite

Cobaltite

Gold

Greenockite .

.

Gypsum

Earthy cobalt

Bitumen, mineralpitch

Blue carbonate of cop-
per.

Vitreous copper ore .

,

Cobalt glance

Gold ,

Sulphide of cadmium

,

Gypsum

Mine la Motte, Madison county, with lead ores. Carrying 10-11
per cent, of nickel ; St. Joe mines. Saint Fran90is county.

Joplin mines, Newton county, with galena or blende in lime-
stone crevices; Center creek district, Jasper countj', spar-
ingly ; Barton creek ; Vernon county ; Bates county ; also
in liay, Lafayette, Jackson, Cass, and Johnson counties, but
in small quantities.

Lead mines, central part of State, in smaU quantity and ac-
companied by malachite ; also at copper mines, with other
ores of copper.

Sainte Genevieve county copper mines, with copper pyrites,
cuprite and carbonates, in small quantity.

Mine la Motte, Madison county, with earthy cobalt and lead
ores in clay slate ; Saint Joe lead mines, Saint Fran90i3
county.

In drift sands of northern part of State, sparingly.

Southwest part of State, with blende.

Vicinity of Knobnoster, Johnson coun^ ; Simsbnry, Chari-
ton county ; common in blue shales o#Carboniferous, spar-
ingly.
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ilineralogical
name.

Common name. Eemarka.

Halite

Ilj'drozincite ..

Kaolinito ,

Malachite

Xiccolite

Niter

Pyrite.

PjTomorpliite

Sidorite

Smaltite

.

Common salt, brines

Hydraolic limestone.

Zinc bloom, earthy
calamine.

Kaolin.

Lithographic stone . ..

Green carbonate of
copper.

Copper-nickel, arseni-
cal nickel.

Saltpeter

Ocher.

Iron pyrites

Phosphate of lead,

green lead ore.

Clay ironstone, car-
bonate of iron.

Silver.

Gray cobalt ore, speiss
cobalt.

Valley of Blackwater, Saline county ; also in valley of Ferris
creek and along Salt fork of Blackwater ; Saline creek, Saint
Genevieve county, abandoned salt works ; Meramec, Jef-

ferson county ; salt formerly made here.

Amazonia, Andrew county, limestone of Coal Measures; Saint
Louis limestone in some localities.

Valle mines, JefTerson county; Granby mines, Xewton
county; and other localities in lead and zinc districts, with
blende and smithsonite, but in too small quantity for eco-

nomic working alone.

Pilot Knob, Iron county, and elsewhere in southeast Missouri

;

in Coal Measures of central and northern parts of State.

Pike county ; Halls county.

Collins' diggings. Cooper county; Abbott and Gantt bank,
Miller county, and other localities in central lead region,

in small quantities; Mine la Motte, Madison county;
Hinch's mine, Crawford county ; Rives mine, Crawford
county ; Sainte Genevieve copper mines, Sainte Genevieve
county (worked with other ores of copper) ; also in Dade,
Green, Ozark, Wright, and Shannon counties. ^

Mine la Motte, Madison county, accompanying lead ores in

clay slate.

Caves in Pulaski, Maries, Callaway, and Ozark counties. It
occurs in second and in third magnesian limestones. No
longer gathered.

Common in Coal Measures of western part of State, near Cal-

houn, Henry county ; Knobnoster, Jolinson county. Many
exposures in this vicinity. Other localities iu Atchison,
Daviess, Livingston, Carroll, Jackson, Lafayttto. and Henry
counties. A red ocher at Amazonia, Andrew county,
and at Hickman Mills, in Jackson county. Others in Ray,
Buchanan, and Lafayette counties.

Southeastern Missouri lead district, with lead ores, also with
copper ores ; certain lead mines in the Joplin district, Jas-
per county, associated with bitumen : in lead mines of Cen-
tral Missouri, but in small quantities; cupriferous. It

occurs in large masses in T. 38, R. 9 W., Maries county, and
in T. 22 N., R. 15 W., Ozark county.

Granby lead mines, Newton county, rare.

Near Clinton, Henry county; Grand river, Carroll county;
Clear fork, Johnson county ; in Vemou and Barton counties,

in thin seams in Coal Measures; also in I'helps county; a
thin seam.

Very sparingly in lead ores. Mine la Motte, Madison county,
galena lias 4 ounces of silver per ton ; other galenas aver-

ago under 1 ounce.

Mine la Motte, with lead ores and earthy cobalt, in clay slate
j

Saint Joe lead mines, Saint Fran9oi3 county.

NEBRASKA.
Ores, minerals, and mineral substances of industrial importance, xvhich arc at present mined.

[Reported by John C. Smock.]

Coal

Clay Louisville, Cass county, used for pottery

I

kota county ; Webster county.
Dakota city, Da-

Bituminous coal, coal

.

Nebraska City, on Missouri, Otoe county, seam 15 inches thick
in a boring. Rulo, Richardson county ; Nuckolls bod in

Otoe, Cass^ and Johnson counties, H to 18 inches thick,

worked for local use. Aspinwall, bed 21 inches thick.

Lincoln, 30-inch seam stnick in boriug ; T. 1 X., 11. 13 E.
of sixth meridian. Richardson county, seam IS to 30

inches, opened and worked extensively.
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Mineralogical
name. Common name. Bemarks.

Hydraulic limestone .

.

Limestone

Sandstone ,.„

Beatrice, cement manufactured from limestone.

Salem, Eichardson county, quarries; other localities in Rich-
ardson county ; Pawnee City, Pawnee county, cream-colored
stone; Ga<;e county, siliceous limestone ; Johnson county,
siliceous limestone quarried near Tecum seh; Brownsville,
Nemaha county, opened and worked ; Plattsmouth, Casa
county, quarries worked ; La Platte quarries, Cass county;
Stout's quarry, on Platte, opposite South Bend ; Sjracuse,
Otoe county, large quarries for use at Lincoln. "Chalk
rock" used in Knox and Cedar counties.

Brownville, Nemaha county. Fine-hedded, micaceous stone.
Several quarries in center of county—opened ; Dakota
county, quartzite quarried.

Ores, minerals, and mineral suistances of industrial importance and known occurrence, but

which are not at present mined.
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Mineralogical
nanu'.

Galenite

Common name.

Gold.

Graphite.

Malachite.

Muscovite

.

Quartz.

Talc.

Tripolite

Bemarks.

Flagging stone Slates and scbists qnarried for local use at localities in Con-
necticut valley.

Galena Near Madinon. Carroll county, argentiferous galena and zinc
blende ; Shelburne lead mine, Shelbume, Coos county.
Galena nssociatcd with blendt) and pyrite, Gardner's
mountain copper mines, Lyman. Galena highly argentif-
erous, blende and pyrite iu lissure veins ; gold mine at Ly-
man, Grafton county, in veins of quartz in clay slate, argen-
tiferous ; Stevens copper mine. Bath, Graftoji county, vein
of argentiferous galena ; Canaan and Enfield, Grafton
county. In minute quantiiies in pyn-hotite, Wakefield,
argentiferous, recently opened (?).

Gold Headwaters of Indian stream, Pittsburg, Coos county, in al-

luvial sands. Ammonoosic golil lield ; occurs with galena
in quartz vein.s traveising Cambrian clay slates. Mines
have been opened and worked in eastern Lyman ; also in
Bath, Grafton county. Occurs in quartzoze conglomerate
rock of same formation at Lisbon and Landatf.

Granite Kear Concord, Merrimack county, large quarries supplyinjs.
I wide market. Si one known as "Concord granite" flookset

quarries, Merrimack county ; Salem, Koekingham county;
Gage's Mill, near Pelbara, Hillsborough county, several
quaiTies; Nashua, Hillsborough county; Milford, Hills-
borough county, several quarries; Fitzwilliam. Cheshire
county, a number of quarries ; Troy, Cheshire county

;

Eoxbiiry, Cheshire county, large quarries ; Swanzey, Ches-
hire county ; I'lymoutb," Grafton counfy ; Manchester,
Hillsborough county ; Mason, Hillsborough county ; Siiua-

pee, Sullivan county; Farmington, Haverhill, Grafton
county, quaiTies woiked for nearly 100 years ; Lebanon,
Grafton county ; Colebrook, Coos countV ; Stark, Coos
county ; a red granite worked at Saint Johnsbury mount-
ain; immense undeveloped localities in "White moontain
region.

On Sunapee mountain, Goshen, Sullivan county; bed in mica
schist has been worked for many years. Antrim, Hillsbor-
ough county, bed in'egular thickness ; Chester, Rocking-
ham county, in veins in mica slate; Sutton, Merrimack
county, in quantity ; Mount Monadnock. Other localities

of occurrence are towns of Baixington, Bedford, Troy, "Wal-
pole, "Washington, Hillsborough, Keene, "Wentworth, Ox-
ford, &c.

Green carbonate ofcop- Gardner mountain copper mines, Littleton, Lyraan, and
per. Bath, Grafton county ; sparingly with azurite and copper

pyrites.

Plumbago, black lead.

Mica

Ocher...

Quartz

Steatite, soapstono. .

.

Infusorial earth.

Isinglass hill, Grafton county; a number of openings, which
are worked steadily; Alstead, Cheshire county, long
worked ; Hoyt Hill,' Orange county. Other mines are
opened in Alexandria, Grafton county; New Hampton,
Belknap county; Wilmot. Merrimack county; Manbor-
ough, Cheshire' countv ; Acworth, Sullivan county; Gro-
ton, Grafton county ; Springfield, Sullivan county.

Hookset, Merrimack county. Other localitiesofbogiron ores
of nature of ochers, not developed.

LyndeborouglvIIillsborough county; used for glass making.
Abundant in range through Hillsborough, Koekingham, and
Stratford counties ; also from Cheshire to Grafton on west
Bide of State.

Francestown, Hillsborough county; a large quarry, and
worked for a long lime actively. Weare, Hillsborough
count J-

; Warner, Merrimack county ; Canterbury, Merri-
mack county, quarries here; Haverhill. Grafton county.
These localities have been opened aud worked. Other lo-

calities are in Kichmond, Swiinzey, and Orford.

Fitzwilliam, Cheshire county ; a large deposit worked

;

Umbngog Lake, Coos county ; St.nrk, Coos county ; Stauip
Act island, Woll'borougli, ciarroll county ; Tamworth. Car-
roll county. Other and smaller deposits are : Ecniis lake,

Livermore, Littleton, Laconia, Bristid, Chalk pond in New-
bury, Epsom. Bow, Concord, Manchester, Durham, Graf-
ton,' and Exeter.
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Ores, min&rals, and mineral substances of industrial importance and known occurrence, but

which are not at present mined.

Mineralogical
name.

Amethyst

Arsenopyrite .

Azurite

Beryl

Bismuth

Cassiterite

Copper, native

Feldspar

Fluorite

Galenite

Garnet

Garnet (2)

Hematite ,

Limonite

.

Magnetite

Molybdenite...

Common name.

Amethyst.

Mispickel.

Blue carbonate of cop
per.

Beryl

Bismuth

Tinstone, tin ore

Copper

Peldspar

Fluorspar

Galena

Bed garnet

Cinnamonstone

Specular iron ore, red
hematite.

Brown hematite, bog
ore.

Magnetic iron ore

Marls.

Sulphide of molybde-

Peat.

Bemarks.

Surry, Mount Crawford, Waterville, Westmoreland.

Jackson, Carroll county, with pyrites. In several towns
along Connecticut river ; in quartzites and schists in Fran-
cestown, Haverhill, Lebanon, "Weare, Groton, Lisbon, Ly-
man, Middletou, and Alton.

With other copper ores ; Gardner's mountain mines, Grafton
county, in small quantities.

Grafton, Grafton county ; Acworth, Sullivan county, besides-

other localities.

Native ; Sunapee mountain, nearNewbury, Merrimack county.

Jackson, Carroll county, in veins traversing mica schist;:

ores associated with chalcopyrite, arsenopyrite, fluorite,

molybdenite, and native copper ; Lyme, In minute quan-
tities.

Eastman's hill, Jackson, with copper ores ; in small quantity
(Carroll county) ; Lyman and Oxford, in dendritic forms.

Common in granitic rocks, particularly in range extending
from Surry to Easton ; in large masses ; common.

Westmoreland, Cheshire county ; vein of considerable size

;

elsewhere of mineralogical importance only.

Silverdale mine, Pittsfield, Merrimack county, with blende
and pyrites in a quartzose vein; in gneissic rocks ; argentif-

erous. Loudon, Merrimack county ; Eiimney, Grafton coun-
ty, with blende, following veins of quartz ; argentiferous.

Other localities in North Woodstock, Hookset, Bath, Ha-
verhill, Epsom, Nashua, Lyndoborough, Dunbartou, Tam-
worth. Sandwich, Lyme, &c.

Hanover, Acworth, Grafton ; all in granite, suitable for cut-

ting.

Franconia, Haverhill, Unity, Warren, Lisbon.

Piermont, Grafton county; disseminated through quai-tzite

and lean. Black hill, 'Benton, Grafton county ; Bartlett,

Carroll county, with magnetite ; mines opened ; apparently
in small pockets. Franconia and Lisbon, in Grafton county,

and Rindge, in Cheshue, are localities of occui lence.

Bedford, Hillsborough connty, once worked ; Amherst, Hills-

borough county, once worked ; Merrimack, Hillsborough
county, once worked ; Black mountain, Haverhill, Grafton
county ; and in smaU deposits at many other localities.

Ore hill Franconia mine, Lisbon, Grafton connty, being in

gneiss; mine abandoned; Piermont, Grafton county; Iron
mountain, in Bartlett, Coos county, with hematite in veins

in granitic rock; opened; Swanzey, Cheshire county, in

granite, sparingly ; Winchester, Cheshire couuty, beds of

lean ore in gneiss ; Jackson, Carroll county, veins in gran-

ite ; Berlin, Coos county, Lebanon, Benton, and many other

localities in small quantities as rock constituents.

Lime pond, in Columbia, Coos county ; Hollis, Hillsborough
county.

Westmoreland, Cheshire county, in micaceous gneiss. Work-
ings abandoned, though mineral is apparently abundant;
Landatt; Giaftou county; Franconia, Grafton county ; and
other localities of occurrence.

Numerous localities, especially in northern part of State. A
bog in Rochester, Stafiord county, worked during war for

manufacture of fuel.

45 M R
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Mineralogicnl
name.

Common name. Bemarks.

Kaolinite .

Limonite.

.

Magnetite

Marble

Kaolin

Brown hematite .

Magnetic iron ore

Marble

Marl

Sandstone or freestone

Slate.

Smlthsonite

.

WiUemite...

Carbonate of zinc.

Zincite.

Silicate of zinc [troo-

Btite. ]

Red oxide of zinc

See localities under "fire-clay."

Mines in Sussex, Warren, and Hunterdon counties, at numer-
ous localities; lioatyestown and Carpentersville ; themost
important ore occurs in and near Magnesian limestone.

Bog iron ore in many localities in southern part of State and
near Mount Hope, Morris county ; no longer worked.

Many mines in Passaic, Morris, Sussex, Warren, and Hnnter-
doii counties. Ore occurs in beds mterstratified with gneis-
sic rocks (Archajan). Large mines at Rin^ood, Hibernia,
Mount Hope, near Dover, Hurdtown, near Danville, Oxford,
West End, &c., &o.

Rose-crystal marble, Jennj' Jump mountain.
White marble, Marble mountain. Upper Haxmony, Warren
county.

Verd antique, near Montville, Morris county ; Angnsta, Sus-
sex county.

These are not worked to any extent

Greensand m.arls are found throughout a belt 90 miles long
from Sandy Hook and the Atlantic to Salem on Delaware
Bay. They are dug everywhere in this belt and used as a
fertilizer.

Calcareous marls occur in Cumberland county, at Stow creek

;

also at many places in Warren and Sussex counties in
form of shell marl.

Quarries in Red Sandstone district at many localities. More
important at Paterson, Little Falls, BellevUle, Newark, Or-
ange, Washington Valley, Princeton, Greensbnrg, Stock-
ton, and Mliford.

[Potsdam sandstone. See " Conglomerate."]

Several quarries opened and worked for a time in Sussex and.
Warren counties. Most important are at Lafayette and New-
ton, Sussex county, and Delaware water gap, Warren
county.

Coating on zincife in mines, Franklin, Essex county.

Zinc mines, Stirling hill and Mine hill, Sussex county.

Zinc mines, Stirling hUl and Mine hiU, Sussex county.

Ores, minerals, and mineral substances of industrial importance and known occurrence, but
tvhich are not at present mined.

Apatite

Araenopyrite .

.

Asbestus

Azurite

Barite

Bmcite

Chalcopyrite...

Chrysocolla

Coal

Copper (native)

Phosphate of lime

Mispickel.

Asbestus .

Carbonate of copper,
blue carbonate of
copper.

Barytes, heavy spar .

,

Hydrate of magnesia.

Copper pyrites

Silicate of copper

Bituminous coal

Copper

Hurdtown, Morris county, with magnetite and pyrrhotite;
Mine hill, with magnetite, forming a bed of ore, Monia
county ; elsewhere in small quantity in Archaean district.

Jenny Jump monntain, Warren county.

Montville, Morris county.

Copper mines, Belleville, Essex county, with other ores of
copper ; Raritan mine ; Bridgewater mine ; Griggstown cop-
per mine, Somerset county, and other mine holes and cop-
per mines in the Red Sandstone district.

Near Newton, Sussex county; Hopewell, Mercer county;
near New Brunswick, openings ; deposits too smaU for prof-
itable working.

Hoboken.

Belleville, Essex county ; Somerville, Griggstown, and other
places in Red Sandstone district ; also, Jenny Jump mount-
ain, Warren county, in gneissic rocks.

Copper mines in Red Sandstone district.

Few localities, in thin seams, not workable.

Copper mines in Red Sandstone district; New Brunswick, in
shale ; Somerville, in shale.
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Granite

.

Itemarks.

Graphite Plumbago, black lead.

Gypsom Gypsum, plaster.

Halite .

Hematite .

Hematite (2) . .

.

Kaolinite .

Common salt, rock salt,

brine springs.

Specular iron ore, red
hematite.

Fossil ore, lenticular
clay iron ore.

Hydraulic limestone,
cement rock.

Kaolin, porcelain clay.

Limestone

.

Limonite 1 Brown hematite

Highlands of Hudson, and in Adirondack region of northern
JVew Yotx Quarries on Hudson river at Stony Point,
Or»jge county, and north of TVesv Point ; north of Cold
Spring, Break Neck mountain, Putnam county; large
quarry on Grindstone island, Jefferson county. Inexhausti-
ble amount in Adirondack region undeveloped.

Mines in Hague, "U'arren county; Ticonderoga, Essex county,
a noted locality and long worked; Johnsburg, WaiTen
conuty ; south of Fishkill Landiug, Dutchess county; near
Peekskill, Westchester county ; near Paranac river, Clinton
county; localities opened and 'worked. Others are: Duck
Cedar pond. Orange county; near Carmel, Putnam county;
Fort Ann, Washington county ; common in crystalline lime-
atones of Archajan.

Quarries south of Erie canal, in Lenox, Sullivan, and Smith-
field, and Stockbridge townships, Madison county; near
Camillus, Manlius, Marcellus, and Dewitt, in Onondaga
county; ver.\*'large quarries, and worked actively ; Brutus,
Mentz, and Springpoit towns in Cayuga, also large quaiTies;
Seneca Falls, t^eneca county; in towns of Le Hoy. Stafford,
and Elba, in Uenesee county; in Phelps and near Victor
in Ontario county ; Lockport, Niagara county ; also in
southern part of Monroe, in Wayne, in Livingston, in Tomp-
kins, in Oneida, and (in Stark) in Herkimer counties. In
Onondaga and Water-lime groups.

Rock salt occurs in Warsaw,Wyoming county. Brine springs
or salines are known from Oswego county west to Niagara
river, at numerous localities. Most celt brated are at Syra-
cuse, Salina, Giddes and Liverpool, Onondaga county.
OtheI8ar(^at Montezuma, Cayuga county; Galen, Wayne
county ; Elb:t, Genesee county ; and in Orleans, Monroe and
Livingston counties.

Gouvemeur, FulleiTUle, Saint Lawrence county ; Philadelphia
and Antwerp, Jefferson county; productive mines. Occurs
inHermon, Edwards, Fowler and Canton, in Saint Lawrence.

Verona, Westmoreland, New Hartford and Clinton, Oneida
county; Ontario, Wayne county, working mines. Also, oc-
currences In Madison county, in thin beds.

Very large quarries (and mines) in Kingston, near Rosendale,
at Lawrenceville, Whiteport and High Falls, along valley
of Eondout creeli, in Ulster county. Quarries at Howe'a
cave, Schoharie county; Fayetteviile, Mnnlius and James-
ville, Onondaga county ; and at Akron, in Erie county. The
formation crops out in many localities from Schoharie west
to Niagara river and eastward in Herkimer, Montgomery
and Albany counties.

East Fishkill, Dutchess county ; Athol and Johnsburg, War-
ren county ; near Mclntyre, Essex county ; and near South-
old furnace. Orange county. First-named is only one worked.

Kingston,Ulster county, extensive quaiTies; Catskill, Greene
county ; Glen's Falls, Warren county ; Sandy Hill, Washing-
ton county; Crown Point and Burlington, Essex county;
Amsterdam, Tribes HUl and Canajoharie, in Montgomery
county ; Howe's Cave and Cobbleskill, Schoharie county j

Prescott, Oneida county; Lowville, Lewis county; Fair-
mount, Mantins, Onondaga, Onondaga county; Auburn and
Union Springs, in Cayuga county ; Waterloo, Seneca county

;

Rochestir, Monroe county; Lockport, in Niagara county;
Buffalo and Williamsville, in Erie county; Leroy, in Gene-
see county. The quarries in Montgomery, Saratoga, War-
ren, Essex, Clinton, and Lewis counties are in Trenton
limestone ; the Niagara limestone is the horiz.on for the
qitarries of Monroe and Niagara counties ; the Onondaga,
in Onondaga, Cayuga, and Seneca counties ; the Lower Hel-
derberg, in Schoharie county. The siagnosian limestone
(calciferous) is quarried for local use at many points iu
Orange county, and tne Helderber^ in the Hudson Valley.
[For other limestones see "Marble. ]

East Fishkill. Sylvan lake, Beekman, Bowling, Dover, Union-
vale, Ameuia, Sharon, Millerton and Mount Riga, in Dutchess
cotmty; Copake, Ancram and Boston Corners, in Colum-
bia county ; mines at these localities producing largely.
Townsend mine, Cornwall, Orange county ; Castleton Four
Corners, New Dorp, and Toad Hill, Staten Island.

i
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Limonite (2) ...

Magnetite .....

Bog iron ore

.

Magnetic iron ore

Marl.

Marble

.

Petroleum

Quartz.

Quartz (2)

.

Petroleum

Peat

Quartz

Sand

Sandstone

Numerous localities and many small deposits in northern and
eastern parts of State. Formerly worked to small extent,
but now abandoned. (?)

Two principal districts— (1) Highlands or southeastern, (2)

northern isew York or Adirondack. In the first, mines
largely worked at Sterling, near Greenwood, and Forest of
Dean, besides many smaller mines in Orange countj'

;

numerous openings' in northern part of Westcbester and
southwestern and central part of Putnam, on east of the
Hudson (Croft's, Mabopac, Theall, Brewster's, &.C.). In
northern part of State ore occurs at many localities iu
"Washington, Saratoga, Warren, Essex, Clinton, Franklin,
Saint Lawrence, Lewis, Herkimer, and Fulton counties.
Mines worked at Mount Hope in Washington, near Crown
Point, Paradox lake, in vicinity of Port Henry in En.sex
county, with very large deposits unworked at Adirondack
and in Westport; Palmer hill, Arnold ore bed, and Cha-
teaugay in Clinton county ; Clifton (idle) in Saint Lawrence
county; occunences are noted in Jefferson county also.

Magnetic iron sand is found to some extent on northern
shore of Long Island, on western shore of Lake Chumplain,
and on Hudson and Buialler streams in northern part of
State.

An aluminous magnetic iron ore occurs near Peekskill,
Westchester couuty; self- fluxing; not now worked,
though in large deposits.

Calcareous marls occur in many localities and widely dif-

fused. Dutchess, Columbia, Orange, Ulster, Greene, and
Albany counties have many small deposits ; in central and
western Xew York large deposits are in Onondaga and
Madison counties, particularly the Conasalon swamp; in
Cayuga, Wayne, Seneca, Ontario, Monroe, Genesee, Niag-
ara counties, material at a very few points used as a fertil-

izer.

Tuckahoe, West Farms, Eastchester quarries, in Westchester
county, largely worked; Sing Sing, on Hudson ; Patterson,
Putnam county ; Dover, Dutchess county ; Becraft's mount-
ain, near Hudson ("coral-shell marble"), extensively quar-
ried ; Glen's Falls, Warren county, a black marble ; Platts-
burg, Essex county ; Gouverneur, St. Lawrence county,
quarried in large amount for "western trade": (luarriea
formerly worked at Kingsbridge, New York. The white,
crystalline limestones of the Highlands and of northern
New York afford many outcrops.

Four-mile district, Cattaraugus county ; northeast extension
of the Bradford oil region.

Widely-distributed localities; not utilized excepting as a fer-

tilizer.

Fort Ann, Washington county, quarried for manufacture of
wood tilling ; large, massive outcrops in Sbawan<nink mount-
ains, Ulster and Orange counties; also at Chatham, Colum-
bia county.

Cleveland and Bemhajd'sBay, Oswego county; and near Dur-
hamville, Verona, and Dunbarton, in Oneida county, all on
or near shore of Oneida lake.

Nyack, Poekland county (Triassic beds) ; Haverstmw, Kock-
land county (Triassic beds) ; Aqueduct quarries, near
Schenectady; Moira and Bangor, Franklin county; Pots-
dam and Hammond, Saint Lawrence county (noted Potsdam
sandstone), extensively nuarried; Oneonta, t)tsi'g(> county;
Gifford and Smithville, Chenango county; New Hartford,
Oneida county; Broekport. Monroe county; Albion, U\il-

burton. and ^ledina. in Orleans county, producing the
widely known "Medina sandstone"; Loekport, Niagara
countj'; Warsaw and Caslile, Wyoming county; James-
town, Chautauqua couuty ; Olean, Cattaraugus county ; Bel-

fast, Allegany county; Corning, Steuben county; Wat-
kins, Schuyler county ; Othaca and Trumjinsburg, Tomp-
kins county.
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Chroniito

Coal

Cuprite .

.

riuorito .

Galenite

.

Common name.

Chrome iron oro

.

Coal

Red oxide of copper.

Fluorspar.

Galena.

Lignite

Magnesite Carbonate of magnesia

licmarks.

Menaccanite...

Millerite

Molybdenite

.

Muscovite...

In Rorpcntine, Philliptown, Putnam county; Wilk's mine,
Monroe, Orange county.

Woodstock, Ulster county, tliin vein in Catskills, worked
out; in the fcams interstratified with shales, in Chautau-
qua, Erie, Livngston and Seneca counties.

Neiir Ladentown, Kockland county, in thin scams, in trap-
rocks.

Muscalongo lake, Alexandria, Jefferson conntj', very fine
crystals ; Lowville, Lewis county ; Niagara county, at Lock-
port ; Auburn, Cayuga county ; Kossio and Mineral point,
Saint Lawrence county. Nowhere in quantity to be of
much economic impor£ance.

Otisville, Orange county ; Ellenville and Eed Bridge, Ulster
county ; witli copper pyiites and blende in a gangue of
quartz in'Oueida conglomerate, mines no longer worked;
vVurtsborouph, Sullivan county ; near Sing Sing in West-
chester county ; northeast township, Dutchess county

;

Ancram, Columbia county ; strings of galena, blende and
pyrites in limestone; White Creek, Washington countj';
Martinsburg, Lewis county ; Spraker's Basin, Montgomery
county ; Rossio and vicinity, St. Lawrence county ; mines
largely worked years ago ; ore occurs in vein with blende,
pyrites, and copper pyrites. These mines have all been
idle for several years.

Brown coal; wood coal Near Rossville, Staten Island, thin seam in clay. Also in
Suffolk county in clays.

Near Rye, Westchester county ; Warwick, Orange connty

;

New Rochelle, AVestchestcr connty ; Stony Point, Rock-
land county ; Serpentine hills, Statcn Island ; everyvrhere
in thin seams and strings. Not worked.

Titanic iron.

Sulphide of nickel. .

.

Sulphide of molybde-
num.

Mica.

Petroleum.

Pyrite.

Serpentine.

Rock oil, "Seneca oil"

Pyrites, iron pyrites,

. "sulphur."

Serpentine.

' Edonville, Monroe, and Greenwood, Orange county, in small
quantity; associated with magnetiie in some o^ magnetic
iron ore beds in Essex and Clinton counties.

Sterling iron mine, Antwerp, Jefferson county, famous for
crystalline forms.

West Point and near Warwick, Orance county; Phillip
mine, Putnam county; Clinton county, but sparingly, in
granitic rocks.

As a rock constituent, common. In largo plates near War-
wick and at Greenwood at Mount Basha pond, in Orange
county ; Pleasantville, Westchester county, once opened
and mined; Henderson, Jefferson county ; Potsdam and
Edwards in Saint Lawrence county.

Seneca oil spring, Cuba, in Alletrany county; Frodonia and
Laona in Chautauqua connty ; Seneca lake, Seneca county

;

Cauquaga creek, Erie county ; oil-bearing territory in parts
of Chautauqua, Cattaraugus, Allegany and Steuben coun
ties.

Anthony's no.se, Montgomery, Westchester county, mine for-

merly' worked ; Phillip ore bed, Philli])to\vn," Patterson,
southeast of Carmel and near LiidinLitun mills, in Putnam
county ; with galena at Wurtsborough lead mine, Sullivan
county; Flat Creek,Montgomery county; near Canton, Saint
Lawrence county, in extensive beds; Duane, Franklin
county, large bed ; Matiusbiirg, Lewis county ; Eighteen-
mile creek, Erie county ; and many other localities, spar-
ingly in rocks.

Staten Island, Richmond township ; Tompkinsville, near
New Rochelle and near Rye, Westchester county ; Phillip-
town, Putnam county ; near Amity, Orange county, ver-
dantiane; Johnsbur^ and Wairensburg, Warren county;
Shelving rock, Lake George, Washington connty ; Gouver-
nour, Fowler, Edwards, and Pitcairn townships, in Saint
Lawrence county; other localities of occurrence in small
quantity.
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Kemarks.

Sphalerite , Zincblende

Wad. Earthy manganese,
bos manganese.

Associated with galena at lead mines in Sullivan, TJlster, and
Orange counties ; Ancram, Columbia county ; Flat creek,
Montgomery county ; Salisbury, Herkimer county ; Mar-
tinsburfr, LeTPis county ; Cooper's Falls, Mineral Point, and
in Fowler, Saint Lawrence county. Generally not in suffi-

cient quantity to be worked as an ore.

In town of Austerlitz, Columbia county, are several locali-

ties ; also in Hillsdale and Canaan, same county; smaller
deposits near Housoville, Lewis county, and southeast of
Warwick, Orange county.

NORTH CAROLINA.
Ores, minefuls, and mineral substances of industrial importance, tvMch are at present mined.

[Eeported by John C. Smock.]

Agalmatolite

Agate

Asbestus .

Argentite.

Bomite

.

"Soapstone"

Agate

Asbestns

Vitreous silver, silver
glance.

Variegated copper ore,

purple copper ore.

Barite I Barytes, heavy spar .

,

Chalcocite

Chalcopyrite..

Coal

Vitreous copper, cop-
per glance.

Copper pyrites, yel-
low copper ore, py-
ritous copper ore.

Coal,

Copper (native) Copper

In Huronian rocks in a range crossing Chatham and Mont-
gomery counties. Worked for use in wall paper, soaps, &c.

Moss airate near Hillsborough, in Orange county ; agates
near Harrisbnrg and Concord in Cabarrus county ; also
in ^lecklen burg county.

Near Bakersville, Mitchell county, very fine ; southern part
of Jackson county, fine and fibrous ; near Baker mine, in
Caldwell county ; Nautelsh river, Macon county ; Brushy
mountains, and many other localities.

Silver Hill, Davidson county; McMakin mine, Cabarrus
county, in small quantities with silver (native) ; also in
slates, Montgomery county; Cheek mine, Moore county;
Higdon's mine, Swain county.

Clesg's mine, Chatham county; Peach Bottom mine, Alle-
ghany county; Gap Creek mine, Ashe county; near Con-
corfl, Cabairus county; Gardiner Hill mine, Guilford
county. At these localities with other copper ores.

Crowder's mountain, Gaston county, in a bed seven feet
thick ; Chandler's, near Marshall, Madison county ; Latta
mine, near Hillsborough, Orange county ; localities in Ca-
barrus, Union, Wilkes, and other western counties.

Ore Knob mine, A.she county; Gap mine creek, Ashe county;
Waryhut and Wolf Creek mines, in Jackson county ; Gil-
lirs and Mill creek mines, in Person county ; Pioneer Mills
mine, Cabarius county; Nichol's, Swain county.

Theprincipalcopperoreof copper mines in the State. Occurs
withpyrite and other sulphurets in gneissic and hornblende
slate rocks in copper belt of Ashe and Alleghany coun-
ties; Gardiner Hill mine, Guilford county; in the gold
mines of Guilford, Cabarrus, Mecklenburg, and Davidson
counties ; also those of Union, Itowan, and Gaston coun-
ties; MacpheloT Church, Lincoln county ; near Hillsborough
and Chapel Hill, in Orange county : near Kaleigh, Wake
county ; in Granville, Surry. Tadkin, Macon, Mitchell,
Swain, and other counties, but sparingly ; Clegg mine,
Chatham county ; Waryhut, Cnllowhee, "Savannah, and
other mines in a copper belt in Jackson and Haywood
counties ; Elk Knob and Gap Cree6 mines, in Watauga
county; Ore Knob mine, Ashe county; Peach Bottom
mines, Alleghany county.

Deep river coal field on Deep river, in Chatham and Moore
counties. Alines at Egypt, Farmville, and the Gulf. Five
seams from 1 to 7* feet thick. Bituminous and semi-
bituminous. One seam at Evaus' Mills is anthracite.

Dan river coal field is in Kockingham and Stokes counties.
It is opened by mines at Lenksville, in Kockingham
county, wliero the scam worked is three feet thick ; and at
Germantown, Stokes county, where there are two seams
each 18 inches thick, separated by shale one foot thick.
Coal is semi-bituminous.

In small quantities in several copper mines ; also in quartz
and epidote rock at Harris mountain, Person county, and
Wolf creek, Jackson county.
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Comndam Emery

Cuprite

.

Galenite .

Gold.

Graphito

.

Hematite

.

Ked oxide of copper .

.

Galena, lead ore

Gold.

Granite

.

Plambago, black load.

SpecTilar iron ore, red
iron ore.

Remarks.

Near Franklin, on Cnllasnja hill ; Jacob's and Hussett's mines,
on Elijah creek ; at Robinson's mine, on Sugartown fork, in
Macon county. lu large beds ; woi ked extensively. Buck
creek, Clay county; near Bakersville, in Mitchell county

;

many localities in the chrysolite rock raniio in western
counties ; also in Guilford titaniferous magnetite range.

At manv of the copper mines, near the surface; Caldwell,
Lincoln, Alleghany, and Ashe covinti s; Clegg's mine,
Chatham county ; Waryhut mine, Jackson county ; Mc-
Ginn mine, Mecklenburg county ; copper mines of Guilford
county.

Silver bill, Davidson county, with blende, native silver, &c.
Argentiferous, and worked for silver : Hoover and Bo.ss

mines, R.Tndolph county; McMakinniine, Cabarrus count j';

Long mice. Union county ; with blende, argentiferous, also
limonite mine, same. King's mountain, Causler, Hhuford,
and Long creek mines, in Gaston county, with blende ; with
gold ores, Murphy, Cherokee county ; Beech mountain, Wa-
tauga county, several localities. Highly argentiferous: Flint
knob, Wilkes county; other localities in Caldwell, Burke,
Union, Chatham, Alleghany, Macon, Swain, Surry, and
Montgomery counties.

Many localities. It occuts in quartzose veins, with limonite,
pyiite, chalcopyrite, and other minerals in gueissic, granitic,
chlontie, talcose, and other crystalline rocks of Laurentian
and Huronian ages; also in soils, decomposed rocks, and
gravels. The principal gold-bearing belt traverses the cen-
tral part of the State and the counties of Guilford. Ran-
dolph, Davidson, Rowan, Cabarrus, Meckleubiug. and Stan-
ley and Gaston are in it. The Gold Hill mine, in Rowan
county; King's Mountain mine, in Gaston county; North
State mine, in Randolph county; the mines about Lex-
ington, in Davidson county; tlie Rhymer. Bullion, Dunu
Mountain, Southern Belle, and Yadkin mines, in Rowan
county; the Coucoid mines, in Cabarrus county ; the Char-
lotte district, in Mecklenburg county, are the more impor-
tant localities. Many of them are "now working. Aurif-
erous gravels occur over large aieas in Franklin and Nash
counties at the east, and in the western part of the State
in Montgomery, Burke, McDowell, and Rutherford counties.
The Portis mine, in the former, and the gravel deposits on
the headwaters of Fiist and Second Broad rivers. Muddy
creek, and Silver creek, in the latter, are the most noted
localities. Gold-bearing gravel districts are also in Cald-
well county, Polk county, and on the west of the Blue
Ridge, in dherokee, Jackson, and Watauga counties.

Common, except in eastern section of Slate. Many localities

"where quarried. Near Raleigh, Wake county ; Hendersou-
ville quarry, Granville county ; irloiig Wilmington and Wel-
don railroad, in Edgecomband Wiison counties; Dunn's
mountain, near Salisbury, Rowan county, a white granite
and of great extent; large quai-iies. Otlier quarries ahmg
railroad lines in the granite belt of Piediiiout and mouniaiii
sections in Henderson, McDowell, Caldwell, Iredell, Gas-
ton, Richmond, Anson, and other counties.

"Widely distributed in Laurentian and Huronian rocks. AVake
county, beds L*i miles west of Raleigh ; a range 16 to 18 miles
long, from iiorthe.isl to snuthVest ; two beds each, from two
to lour feet thick. Eastern one is worked extensively.
Graphite occurs in quartzitic and talco-argillaceous slates;
impure beds in a range i:i Gaston, Lincoln, and Catawba
counties opened near Catawba station, in Catawba county;
near Briar's springs, (Cleveland county; others in Stokes,
Person, Yancey, Alleghany, and Johnson counties.

"Xear Gaston. Halifax county, beds in Huronian slates, opened
and of considerable extent ; Evans's and Kelloy's ore bed."*.

Ore Hill ; Buckboru mines, in Chatham county; latter a large
deposit of luanL'anil'erous iron ore ; near Hay'ivood Chatham
couutv, beds in red sandstone and with limonite; Chapel
Hill, Orauue county, large veins iu grey granite and syi'uite,

opened but idle ; Mount Tirzah, Per.soii county, vein worked
during the war: near Franklinville, Randolph county ; near
A.shboroMU'h, Randolph county ; near Troy, ilontgoiuery
county; lioiicwcll. Mecklenburg county, miich loose on* on
surface.
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Mineralogical
name.

Common name. Kemarks.

Itacolumite . .

.

Limonite

Flexible sandstone ,

Limestone

BroTvn hematite

.

Limonite (2)

.

Magnetite ...

Malachite.

Marls.

Marls (2).

Melaconite ...

Muscovite

.

Bog iron ore

Magnetic iron ore.

Carbonate of copper .

Greensand, or glau-
conitic marls.

Calcareous marls

Black oxide of copper.

Millstone

Mica.

Linville, Bnrke conntv; Sauvatorore mountains, Stokes
county ; Bending Eock mountain in Wilkes county.

Belt crossing Stokes, Catawba, Lincoln, and Gaston counties.
(Quarries for local use. !Nantahalah river and valley river,
in Cherokee countj%

Large beds at Ore hill, Chatham county; near Smithfleld,
Johnston county; High shoals, Gaston county; in Lincol.i
and Catawba counties ; Cherokee county at Nottla and
along Valley river ; many valuable beds in a northeasterly
direction from Jacobi fork of Catawba river, in Burke
county, to Brushy mountains, in Wilkes county. Many lo-

calities have been worked; Linville mountains, McDowell
county ; Mitchell, Buncombe, Watauga, McDowell, Surry,
Haywood, Macon, Henderson, Transylvania, Davidson,
JVake, and other counties; Ore knob copper mines, Ashe
^ountj', accompanying copper lodes in upper part.

Many deposits in eastern part of State, in I^ew Hanover, Du-
plin, Jones, Nash, Pender, and other coanties.

Magnetite occurs in the Laurentian and Huronian formations
in central and western parts of State at many localities.

Those important are: Is ear Gaston, Halifax county, with
specular ore ; near Tar river, Granville county, beds in Hu-
ronian rocks ; Pegram mine, Chatham county ; ore belt from
headwaters of Abbott's creek, in Davidson county, north-
east through Guilford county to Haw river, in Rockingham
county, titaniferous magnetic ore opened at several points

;

Mecklenburg and Cabarrus counties ; ore range from King's
mountain, on southeast border, to Anderson mountain on
Catawba river, in Catawba county ; Big, Yellow Ridge,
Ferguson, Ellison, and Costner, and other ore banks in
Gaston, Lincoln, and Catawba counties ; ore ranges from
near Danbury, in Stokes county, and from near Virginia
line in Surry county, southwest to Yadkin and Davie
counties ; Hobson mines. Big ore bank, and others in it

;

near Patterson, Caldwell county ; Cranberry ore bank, on
western slope of Iron mountain, in Mitchell county, a great
extent of rich ore long worked in open quarries ; Rock creek,
foot of Roan mountain, Mitchell county ; near Jefferson,
Ashe county ; western slope of Black mountain, in Madi-
son county ; Wilkins creek in Haywood county ; also, in
large beds, in Jackson, Macon, Iredell, and Swain counties. '

At nearly all of the copper mines in the State. Copper mines
in Guiiford, Cabarrus, Mecklenburg, Davidson, Chatham,
Alleghany, Ashe, Watauga, Jackson, and Macon counties,
besides numerous other localities.

Southeast counties, from Neuse river to Cape Fear river,

along Cape Fear river ; Livingstone's creek. Black river,

South river, Neuse river and its tributaries; Contentnea,
Moccasin, and on Tar river; Brunswick, New Hanover,
Bladen, Sampson, Duplin, Jones, Lenoir, Wayne, Johnson,
Wilson, Nash, Halifax, and Franklin counties.

Occur in limited patches on beds in all the eastern counties
from South Carolina to Virginia throughout an area equal
to one-fourth of the State. Used locally in many places.

CuUowhee mine, Jackson county ; Silver hiU, Davidson
county ; McGinn mine, Mecklenburg county.

Sandstone of Anson county quarries used as grindstones dur-
ing the war ; Triassio conglomerates, McLennau's creek,
Moore county, used for millstones for a long time ; Laurel
river, Madison county, quartzite, used for millstone

;
gran-

ite and gneisses also used ; shell rock, siUcified, in eastern
section.

Granitic ledges on waters of Nolachucky, between Black and
Roan mountains, in Mitchell and. Yancey counties. Mines
near Bakersville, Mitchell county; BurnsviUe, in Yancey
county ; Richland creek, in Haywood county ; near Jeffer-
son, Ashe county, and in Jackson and Macon counties ; on
east side of Blue Ridge, quarried in Burke, Cleveland,
Catawba, and Buncombe counties. Many localities in gran-
itic regions of western counties.
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Novacnlite.

Opal

.

Common name.

Siderite.

Serpentine.

Spoilumene

.

Talc

Whetstone

Opal

Phosphatic nodules.

Black band ore and
ball ore.

Bemarks.

Sandstone

.

Serpentine

Beryl

Soapstone, steatite

Few miles west of Chapel Hill, Orange county, extensively
quarried; near Roxborough, Person county; near Wades-
borough, Anson county. These quarries in HuronLin belt.

Other quarries elsewhere for local uses.

Concord, Cabarrus county, fine specimens for gems.

In Brunswick county, eleven miles from Wilmington,
opened.

Beds in the coal and shales series of Deep river, opened at

Egypt, Farmville, Gulf, &c., in Chatham county.

I. Sandstone of Triassic period, Wado.sborough qnariies, An-
son county; Chatham, near Egypt, in Ciiatliam county;
near Diirliani, in Orange county, used at Kaleigh ; other
quarries in the Dan river belt; Rockingham and Stokes
counties, and^ln narrow belt stretching from Granville
county, southwest through Durham, Chatham, Moore, Rich-
mond. and Anson counties. II. Sandstones of Huronian
belt, also used to limited extent.

Patterson, Caldwell county, quarried, very fine and dark
colored and admits of fine polish; Baker mine, Caldwell
county; Buck creek, Conmdentine, Clay county; Ashe-
ville, Buncombe county; also in Wake and Forsythe coun-
ties; yellowish green variety occurs in Caldwell, Wilkes,
Surry, Yancey, Stokes, Orange, and Wake counties; also

in chrysolite beds of western part of State.

Warren plantation. White Plains, Ale.^.inder county, deep
green crystals introduced as gems.

Cherokee and Macon counties, on Xantahalah river. Valley
liver, and Nottia, extensive beds: in South mountains,
Burke county ; near Waynesville, Haywood county ; Belts
bridge, near Iredell county; north part of Wake county;
Ashe county ; and in many places west of the Blue Ridge,
noted in thirty counties as occurring.

Ores, minerals, and mineral substances of industrial importance and knoicn occurrence, but

which are not at present mined.

Antimony
(native.)

Arsenopyrite .

.

Azurite.

Barnhardtite . .

Bitumen ,

Cenissite

Antimony ' With antimony oxide in small vein in Burke county.

i

I

Mispickel Gold mines in Union, Gaston, Cabarrus, and Watauga coun-
ties, but only sparingly with other ores.

Less common than the green carbonate. Clegg's mine,
Chatham county; Cheek mine, Moore county; copper
mines in Mecklenburg, Cabarrus, and Gaston counties

;

rarely at copper mines in copper region in northwest part
of State.

Earnhardt's and Pioneer mills mines, Cabannis county ; Cam-
bridge, Guilford county : McGinn and Wilson miues, Meck-
lenburg county ; Elk linoh, Watauga county.

Blue carbonate of cop-
per.

Copper ore ..

Chromite ,

Chrysocolla....

Diamond

Oil shales

Carbonate of lead.

Chrome iron

Silicate of copper.

Diamond

In Triassic rocks at Egypt.

Silver hill, Davidson county, with galena and silver ores;

Murphy, Cherokee county; Baker mine, Caldwell county.

Associated with titaniferous iron ore in Guilford countj-. in

small quantities; in chrysolite beds at Cullasaja, Higdon's,
Elijahs creek, Moore's mine, Macon county; near Web-
ster, Jackson county ; Uami^on. Yaucey county, in quantity
at least two locjilitios ; also in Clay, Mitchell, Burke, and
AVatauga counties.

At many of copper mines, with other co])per ores. Unimpor-
tant as an ore of copper.

Brindletown creek ford, Burke connty; Switty's mine, Ruth-
erford countv: Cottage House, Lincoln county; Todd's
branch. Mecklenburg county; Portis mine, Franklin coun».yj

headwaters of Muddy creek, McDowell county.
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Mineralogical
name.

Feldspar Feldspar

Fireclay

Halite Common salt, brines.

Kaolinite i Clays, kaolin

Lignite .

Magnesite

.

Brown co.al

Molybdenite...

Platinum

Psilomelanfi

Pyrite

.

Pyrolusite

.

Siderite.

Silver (native)

.

Sphalerite

Carbonate of magne-
sia.

Marble

Sulphide of molyb-
deum.

Peat

Platinum

Black hematite

Pyrites, iron pyrites.,

Black oxide of manga-
nese.

Spathic iron ore, car-
bonate of iron.

Silver.

Slate

Zincblende

Tetradymite . .

.

Tellur-bismuth

Eemarks.

Many localities as constituent of granite and gneiss.

On coal series Deep river coal field ; also in some of eastern
counties in Tertiary and Quaternary formations. (?)

Brine wells in Chatham, Orange, and Rockingham counties,
in Triassic beds.

Near Greensboro, Guilford county ; near Kewtou, Catawba
county; at Mica mines in Mitchell, Yancey, and Macou
counties ; also in Lincoln ami Burke counties ; Spout Springs,
Harnett county; Shoe Heel depot, Kobeson county; uear
Clayton, Johnson county. Other localities in Chatham,
Ashe, and Wake counties, and many sedimentary clays in
Tertiary and Quaternary formations of eastern part of State.

In marl beds in the eastern counties, common ; in Triassic
rocks on Tar river, Granville county ; Brown creek, Anson
county.

Webster, Jackson county ; Hampton's, Yancey county ; Mc-
Makin's mine, Cabarrus county.

Nantahalah river valley ranges of limestone, in Macon and
Cherokee counties. Far from transportation. Marbles of
various colors and susceptible of polish.

Pioneer mills mine, Cabarrus county; Peach Bottom mine,
Alleghany county ; Hackett's, Macon county ; sparingly, in
small scales, at these localities.

Abounds in eastern part of State, particularly in the sea-
board c(*inties.

A few grains only in gold-Eurke and Rutherford counties,
bearing sands. (?)

Near Lenoir, Caldwell county, in a vein four feet wide, in
gueissic rocks ; Danbury, Stokes county, thin seam ; Buck-
horn iion mine, Chatham county, interlaminated "vith hem-
atite; Beck's ore bank Gaston county; Bakersville and
Gillespie's gap, in Mitchell county ; Cove creek and Rich-
land creek, Haywood county.

Common almost everywhere in the State, with copper pyrites
at copper mines [see localities of chalcopyrite] ; also in
gold-bearing belt .in auriferous quartz ore veins. Largo
veins of massive pyrite occur in Gaston county.

Murphy's, Cherokee county; Hickory, Catawba county;
McMakin's silver mine, Cabarrus county, and at localities
of psUomelane, but nowhere in large quantity; also asso-
ciated with wad.

Halifax and Granville counties, in grayish-brown nodules

;

common in veins as gangue material at gold mines, also at
some copper mines; other localities of mineralogical notice.

Silver hill, Davidson county, in considerable quantities;
Baker mine, CaldweU county; Scott's hill, Burke county,
in veins of gold-beariug quartz ; Gap Creek mine, Ashe
county, with copper ores; McMakin mine, Cabarrus
county, "with tetrahedrite and zincblende ; Asbury mine,
Gaston county ; also alloyed with gold in gold-bearing belt.

In Huronian belts of rocks.

Silver hill, Davidson county, with galenite and silver ores

;

McMakin mine, CabaiTus county, with galenite and silver
ores; Stewart, Long, Lcmmond, and Moore gold mines.
Union county; Dobson mine. Cedar cove, McDowell
county, in liuiestone; Macon, Gaston, Madison, Mont-
gomery, and Allegheny counties, in small quantities.

Beck's mine, west of Silver hill, and Allen mine in Davidson
county ; also in minute scales at copper mines in Cabarrus
county, Gaston county, Burke county, and McDowell
count V.



718 MINERAL RESOURCES.

NORTH CAROLINA—Continued.

Mineralogical
name.



THE USEFUL MINERALS OF THE UNITED STATES.

O H I O—Continued.

719

Mineralogical
name. Commou name. Kemarks.

Gypsum Gypanm ,

Halite Common salt, brines

.

Hydraulic limestone,
cement-rock.

Limestone .

Limonite / Bro'sv'n hematite

Millstone, buhrstone.

Ochers [paints]

Petrolenm

.

Petrolenm

.

t

Plaster Bed peninsula, Pat-in Bay, Lake Erie, Ottawa
county (in W-ater-lime group) ; West Sister island, Lncaa
county ; Poland and Canfield, M.ihoning county ; Sandusky,
Erie county. (?)

Salt is made from brines obtained in borings in Meigs,
Athens, Perry, Morgan, Muskingum, Noble, and Guernsey
counties. Formerly made in Scioto and Jackson counties.
Brines come mainly from Waverly sandstone (Carbonifer-
ous). Salt works on Ohio river, in Meigs county; onHock-
ing and Monday creek, Perry county ; on Muskingum, in
Morgan and Muskingnni counties ; Scott works, Guernsey
county , and in Olive township, Noble county. Brines are
also found in Aurelius township, Washington county;
Canal Dover, Sugar creek, and Goshen, in Tuscarawas
county; Salineville and Little Beaver valley, Columbiana
county ; along Ohio river. East Liverpool to Wellsville, in
Jefferson county.

South point of Putin Bay, Lake Erie; Belle Centre, Logan
county ; Wayne township, Fayette county ; Concord town-
ship, boss county ; Genoa, Ottawa county, and Fremont,
Sandusky county (Magnesian limestones), extensively used,
even to east; New Lisbon, Columbiana county; Deiiance,
"black slate" of Huron shales, making the well-known
"Auglaize cement"; Bamesville, Belmont county, from
bed overlying coal seam No. 9.

Building stone is obtained from the widespread limestone
areas of the State at very many localities. The Corniferous
limestone is quarried at Sandusky, Erie county; Marble-
head, Ottawa county, and Kelley's island, in Lake Erie.
It is known as "Sandusky stone,'' and is used in Toledo,
Sandusky city, and Cleveland. Same rock is quarried at
Bucyrus, Crawford county, and at Charloe, Paulding
county. The Water-lime group affords limestone at Lima,
Allen county, and at Tiffin, Seneca county. The Niagara
limestone, also, is quarried in Bellevue and Fremont, in
Sandusky county. Li Thompson and Bloom townships,
Seneca county; Marion, Marion county; White House,
Sylvania, Providence, Lucas county, and 'Columbus, Frank-
lin county, there are quarries in the Upper Corniferous.
The Cincinnati group furnishes good stone in many south-
western counties. There are quarries in it, at Cincinnati

;

at Point Pleasant, Clermont county; in Montgomery
county (many localities), and in Preble and Warren
counties. The Springfield quarries, Clarke county, are in

the Niagara, as in also the Piqua stone, Miami county, and
the celebrated "Dayton stone," quarried in vicinity of
Dayton, and in the Miami valley, and at Xenia and along
Mossie creek, in Greene county. The Helderberg group is

worked extensively at Greenfaeld and near Lexington, in

Highland county.

Occius in Coal Measures as result of oxidation of the carbon-
ate (siderite). In southeast part of State, from Ohio river

north to Hocking valley. Mined in Perry, Athens, Mus-
kingum, and other counties, with the carbonate ore.

Eichland and Clinton, Jackson county ; Muskingum, Licking
county ; and Elk, Athens county.

Near Gerniantown, Montgomery county ; Idaho and Grassy
fork. Pike county (ochery travertines and small depos-
its); Springfield, Clarke county ; Miamisburg, Montgomery
county; these are properly clay beds, but worked for paint.

Grafton, Lorain county, also in Liverpool, Oil creek, and Ely-
ria, in same county, springs and wells in first and second
sand rocks; East Cleveland, Cuyahoga county; along out-

crop of Cleveland shales in Medina, Summit and Trumbull
counties, producing wells at Mecca in Trumbull county (su-

perior lubricating oil) ; Preble couuty, springs at base of
Clinton limestone; wells not successful. Tar spring. Pike
county, springs out of Waverly sandstone ; Bluerock town-
shii), Muskingum county, wells; Buck run, Morgan county,
several wells ; Kokosing district, Knox and Coshocton coun-
ties, gas and oil wells; Duck creek valley and Cow mn,
Washington and Noble counties, many productive wells;
Newport on Ohio river, wells; eastern part of Adams and
western Scioto counties, oil springs in black slates.
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Mlneralogical
name.

Qaartz.

Siderite.

Siderite(2).

Common name.

Sand for glass manu-
facture.

Sandstone

Carbonate ofiron, clay
ironstone; var. "lime-
stone ore."

Black band ore...

Remarks.

Near Fulton, Stark county, a sand rock, used at Pittsburgh,
Pa.

J
Sylvania, Lucas county ; Chester, Geauga countj', fri-

able saudi'uck.

''Berca sandstone" ; noted fjuarries at Berea, Independence,
Chagrin Falls, and Gates' Alill.s inCuyaliDira county; large
quarries at Peninsula, Summit county ; Windsor MiU.s, Ash-
tabula county, and in Muu.son and Thompson township in
Geauga county.

"Amherst sandstone," or "Ohio sandstone"; also from the
Berea grit. "Blue Amherst," from base of this grit. Very
large quariies at Amherst and Elyria, in Lorain county;
also quarried at Columbia, La Granjie, Pittsfield, and French
creek, in Lorain county: in .southeast part of Crawford
countj'; Iberia, Mount iUrilead, and Canlington in Morrow
county ; Saubury and eastern part of Delaware county

;

Black" lick, in Franklin county.
"Waverly sandstone in southern Ohio, in Scioto valley. Quar-

ries at Waverly and Jasper, Pike county, and along Scioto
river, in Ko.ss county. The "Buena Vista" stone is from
"Waverly group, also (above the black shale .ind Waverly
quarry stone), Pike countj', along the .Scioto river, north-
east of Waverly.

A sandstone (Waverly?) is quarried at Sugar grove and Lith-
opolis, in Fiiirfieldcduntj'. The Ma.ssillon sandstone is quar-
ried in MassUlon, Fulton, and Bridgeport, Stark county ( from
Coal Measures). In Wancnand Duuluim townships,'Wash-
ington countj-, SHndstone (Carboniferous) is quarried, which
is known as "Constitution stone. ' Sandstone quarries at
Plymouth, Uuron county ; Manslield, Kichland countj', .and
Grand rapids, Wood county (last named is Orisk.-inj').

The Carboniferous conglomerate is quarried at Akron and at
Cuyahoga fulls, Summit countj' ; and at Russell and New-
bury townships, Geauga county.

Waverlj- conglomerate at Ashland, Ashland county.

In Coal Measures of eastern Ohio; Baird ore, on Monday
creek, below the "great seam" or Nel.sonviUe coal; also
between Mondaj- creek and Hocking river, on Upper Sun-
day creek ; Shawnee and Moxh.Tla ; all these localities in
Perry county. At Bessemer, Athens countj- ; other locali-
ties in Mustingum, Hocking, Vinton, Jackson, Scioto, and
Lawrence counties. Hanging Rock region ores are carbon-
ates mainly ; limited outcrops observed in Washington. Jef-
ferson, Holmes, Summit, and other counties in eastern part
of State.

Tu-scarawas valley, Tuscarawas, Stark, and Carroll counties.
Occurs above coal Is'o. 7, with "limestone ore" and '" kidnev'
ore" at some localities. Mines at New Cumberland, Canal
Dover to Fairheld, Zoar, Clover Hill, Juukin, Auburn, and
Salem, in Tuscarawas countj' ; 0>naburg and Paris in Stark
countj', and in northern part of Muskingum countj'; other
localities of occurrence in Coal Measures area of Stat<;.

OreSy minerals, and viineral substances of industrial importance and knoivn occurrence, hut

, which are not at present mined.

Celestite.

Galenite .

Gold

Hematite

Alum Copperas mountain, Bainbridge, Ross county.

Sulphate of strontia. ..' Green or Strontian island. Put-in Bay, Lake Erie, in finecrys-
I tals and in large masses, lilling lissures in the Water-lime

rock; with calcite. White House, Lucas countj'; West Sis-

ter island, Lucas countj', with gypsum.

Copperas

Galena

Gold .

Fossil ore, dyestone
I ore.

Copperas mountain, Bainbridge, Ross countj'.

Coshocton county, in Waverlj- rocks, in small quantity.

Belleville, Knox county ; near Brownsville and near Newark,
Licking countj- ; Warren iind (Jlermout counties. In drift

clays, sands, and gravels verj- sparinglj-.

Sinking Springs, Adams county ; most important deposit of
this ore in the State; Todd's ford, near Wilmington, Clin-

ton countj-; near Zanesville, Muskingum countj'.
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ilineralogicfil
name.

Common name.

Limonite ,
Brown hematite

Limonite (2)

.

Bog-iron ore .

Marls

.

Peat.

Eemarks.

Vicinity of Zanesville, Muskingum county ; near Maxville,
Perry county, in Coal Measures ; Plymouth township, Rich
land county, a large bed with calcareous tufa; Licking
county, siliceous ores.

Northwestern part of State, in small deposits, Amanda, Han-
cock county ; Putnam county : TiiHn and Seneca, Seneca
county; Palmer township, Washington county; a large
body, ore minganiferous ; Lorain county.

Calcareous sheU marls occur in lakes and marshes in Hudson
and Northampton, in Summit county ; in Brighton and
Camden, Lorain county ; in marshes in Williams and Ful-
ton counties ; in Eush Creek lake, Logan county. At
Sinking Spring, Highland county, there is a marly mag-
nesian limestone, and in Ashtabula county calcareous tuta
occurs in Erie shales.

Summit county, large deposits ; Bloomfield township, Tmm-
bnll county, several thousand acres in extent; near Paines-

ville. Lake countv ; I5righton and Camden. Lorain county;
Williams and Fulton counties. Many other smaller de-

posits in northeiTi part of State.

PENNSYLVANIA.
CreSj nihierals, and viineral stihstances of industrialimportance, ivhich are at present mined^

[Reported by John C. Smock.]

Asbestus Asbestus .

Azurite Blue carbonate of cop-
per.

Calamine
I
Silicate of zinc

.

Cernssite Carbonate of lead,
white lead ore.

Cbalcopyiite...' Copper pyrites, pyrit-
ous copper ore.

Chromite Chromic iron ore.

46 M R

Rockdale, Delaware county, worked to slight extent; Min-
eral hill and other localities in same county ; in West Not-
tingham, East Nottingham, East Bradford, and Goshen
townships, Chester county : near Lafayette, Montgomery
county, with steatite ; Chestnut hill near Easton, long
opened and worked ; uid at Gap mine, Lancaster county.

Cornwall, Lebanon county, with chalcopyrite and malachite in
magnetic iron ore; Fritz i.iland, near Reading, sparingly;
Jones's mine, near Springfield, Berks county, with copper
ores and magnetic iron ore ; Perkiomen mine, near Shan-
nonville, Montgomery county.

Friedensville, Saucon valley, Lehigh county, with blende in
limestone ; Espy, Northumberland county ; Sinking valley,
Blair county ; Lancaster zinc mines. In small quantities,
excepting Fiiedensville locality.

Silver-lead mines of Chester county, and Ecton mine, Mont-
gomery county ; in small quantities at Phoenixville lead
mines, Pequea mine, and Lancaster zinc mines, in Lancas-
ter county.

Jones's mine, Berks county ; Cornwall, Lebanon county

;

Fritz island mine, near Reading ; mines near Knauretown,
Chester county, with other ores of copper in irregular
seams in magnetite ; Gap (nickel) mine, Lancaster county

;

Chester, Delaware county ; in gneiss at Frankfort and
Wissahickon, Philadelphia county; near Lafayette, Mont-
gomery county ; Wheatley mine, Chester county, and in
small quantities at copper mines in triassic sandstone.
Collected with other copper ores at Cornwall; elsewhere
unimportant as an ore.

Wood's mine. Little Britain township, Lancaster, an old and
famous mine, country rock serpentine ; Low's, Linepit,
and Jenkin mines in Fulton township, Lancaster county;
Elk, East Nottingham, and West Nottingham townships,
Chester county ; Middletown and Marple townships, Dela-
ware county; nearly all abandoned. Occurs in lenticular
deposits in serpentine, and in form of "sand " in gravel.
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Mineralogical
name. Common name.

Coal,
rMineral

coal.]

Coal (2)

.

Coal(3). [Semi-
bituminous. 1

Coal(4). [Bitu-
minous. 1

Anthracite coal

Anthracite coal (?)

.

Bituminous coal ...

Bituminous coal

Comndum Corundum, emery.

Feldspar

.

Fire-clay.

Flagging stone

Remarks.

1. K'orthem or Third coal fleldiWyoming valley. The principal
collieries are at Carbondale. Archibald, Oliphaut, in Duns-
more, Scranton, Lackawanna township, in Lackawanna
county : and Pittston, West Pittstou, Plainsviile. Wilkes-
Barre. Kint;.stou, Ashley. Sugir notch, Plymouth andXanti-
coke, in Luzerne county.

2. Ea.^tcru middle coal hehl, or Lehigh coal basins, in southern
pait of Luzerne and adjoining parts of Carl)on, Schuylkill,
and Columbia counties. The localities of larger collieries
are : Upper Lobigli, Drifton, Jeddo, Ecklcy, Harleigh.
Milnesvil:e, Ebei-^-alo, Ilazleton, Buck mountain, Beaver
Meadows, aiul Audenrie I.

3. "U'estcru middle coal tield, or Second coal field, in Schuyl-
kill. Columbia, and Norlhuiuberlaud counties. In it aie,
among others, the following localities: Mahanoy city.
Shenandoali, Girardville, West Mahanoy township. Gilber-
ton, Ashland, in Schuylkill county; Ceiitralia, in Cohnubia
county; and Mount Carmel and Sbamokin, in Northumber-
land county.

4. Soutlieru or First coal field, rao.stly in Schuylkill county.
The more prominent localities are: Xesquehouing. at the
northeast, in Carbon county; Coaldale, Tama(iua. Potts-
ville. Minersville, Tremont, and Lykens Valley, in Schuyl-
kill county

; and a few collieries in southwest extension of
the field, in Dauphin county.

Loyalsock basin or coal field, Sullivan county,
cite ?)

(Semianthra-

Towanda or Barclay district, in Bradford county : Little Pine
creek and Mclutyre basins in Lycoming county : Blossburg
region in Tioga county, opeued'largely at Fall Brook. Mor-
ris run, and Blossburg ; Gaines liasin, western i)ai-t of Tioga
county ; Snowshoe basin, in western part of Centre county

:

Phillipsburg coal field, in the counties of Centre and Clear-
field, on the iloshannon creek and its tributaries; Johns-
town field, Cambria county ; Broad Top mountain coal re-

gion, partly in Bedford r.nd partly in Huntingdon counties.

In theportion ofthe State lying west of the Alleghanies, includ-
ing twenty-seven counties in whole or in part, and having an
area of about 12,000 scjuare miles. The I^jiper Coal Measures
are confined to southwestern part of State, liaving Alle-
ghany, Beaver, Armstrong, and Indiana counties for their
nortliern limit. Seams A-I, inclusive, are worked besides
thin seams in the Upper Barren group in Washiuirtou and
Greene counties. The Pittsburgh seam (H) is the most
widely developed and most productive. It is the seam in

the Counellsville coke region. Another important bed is

known as the Sharon bed"(a block coal) in Mercer county.

Near XJnionville. Newliu town-shij), Chester county : a large
bud. opened and worked up at Keunet S(iuare; inViciuity of.

Media and in Aston to^-nsbip, Delaware county, in small
quantity. Other occurrences in Chester, Delaware, and
Lanc.isier counties, very sparingly.

[See under Albite and Orthoclase].

Sandy Ridge, Centre county : Clearfield, Blue Ball .station.

Woodland, in Clearfield county ; Johnstown, Cambria
county: Indiana county, many localities; Brookville an 1

Bellport, Jeftersou county; near liittanning, Arm^trouj
county; Big Beaver township, Beaver county ; Bolivar, Sa-
liua and Ligonier, Westmoreland county : Loudonderrv
townshij), Somerset couuty ; Springbill township, Fayette
countv ; Beuezette, Elk county ; Queen's run and Farrauris-
ville in Clinton county, are .»<ome of more important locali-

ties of general occurrence in Coal Measures in central
and western p;irts of State. Qtiarried at these and other
localities.

Numerous quarries in grits and sandstone's of Hamilton group
in Shohola. Lackawaxen, Greene, and Westfall townships,
near Delaware river and Lackawaxen creek, in Pike county ;

also in Barrett, Price, and Paradise townships. Munroe
couuty : Nicholson. Wyoming county ; Auburn. Susc|ue-

hanuii county. In northwestern and western counties the
sub-Carboniferous and Carboniferous formations yield a
flagstone for local uses.
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Miueralogical
name. Coniruon name.

Galenito . Galena.

Granite

.

HaUte

Hematite .

I Hematite (2)

Common salt, brines.

Fossil ore, clyestone
ore.

Specular iron ore, red
hematite.

Hvdr.iulic limestone -

.

Kaolinite Kaolin

.

Limestone .

Limonite Bro-wn hematite

Kemarks.

PhoenixTille mines, Chester county; mines near Shannonrille,
Montgomery county ; Pequea mine, Lancaster cimuty (ar-

frentiierous) ; New Britaui, Bucks county ; Sinking valley,
Blair county, accompanying zinc ores; with pyrite in sand-
stone, Cradfoid county; and, near Pottsville, mines of
Chester and Montgomery counties have been long worked.

Granitic, gneissic, and mica schist rocks are quarried in the
eastern part of the State. The South Mountain range, from
Delaware river to Lebanon county, and the gneissic rock
region of the southeastern part of the State in Bucks,
Philadelphia, Montgomery, Chester, Delaware, and Lan-
caster counties afloid many outcrops. These stones are
quarried in many places for building material.

Salt wells, Saltzburg, Indiana county; along Kiskiminclas
river, Armstrong county ; Bayard Salt Works, Long run,
on Sewickley cieek, Westmoreland county; on Youghio-
gheny, Fayette county; Tarentum, Allegheny county;
Brighton and Industry, Beaver county ; Boyd's Hill, Pitts-
burgh, and in Bradford county, in oildistiict. Manufactured
on small scale at several of tliise places and for local uses
only. Salt water in lower sands in oil region.

In the Clinton group, from Bloomsburg and Danville, Mon-
tour county, traceable through Xorthumberland. Snyder.
Mililiu, Centre, Juniata, Fulton, and Huntingdon counties,
of middle Pennsylvania, and thence through Bedford to the
State line on thesouth. Fossil ores of theCliemung forma-
tion are mined in the north, in Bradford and Tioga counties,
also in Lycoming county.

Kot nearly so abundant ast he fossil ore. Near Durham. Bucks
county near Hanover, at Dillsburg and Wellsville, the
Codorus region, York county (micaceous hematite) ; with
magnetic iron ores in Lebanon and Chester counties.

Coplay, Lehigh county—manufactured into Portland cement;
Hokendaqiia creek, Northampton county, and near Sieg-
fiied's bridge (horizon of Trenton limestone) ; Johnstown,
Cambria county; Putneyville, Armstrong county.

Common in southeast part of State. Dug in Concord and
Birmingham townships in Delaware county, and in New
Garden, Keunett, and East Nottingham, in (jhester county.
Near Douglassville, Berks county."

The Siluro Cambrian limestone of the Great valley, and of
the valleys included between the ranges northwest of it,

is quarried at very many localities and extensively. It

affords building stone iii Northampton, Lehigh, Berks,
Lebanon, Dauphin, Cumberland, aud Franklin counties.
The Lancaster and York county limestones furnish some
quarry stoue. In the central part of the State the Lower
Helderberg and Upper Helderberg outcrops are quarried
at a few localities. To the west and northwest the lime-

stones in the Coal Measures occur at many localities.

Very extensively developed in the Great valley from the
Delaware to the Maryland line. Many scattered ore banks
in Northampton, Lehigh, Berks, Lebanon, Dauphin. Cum-
berland, and Franklin counties, associated with the Siluro-

Cambrian fonnation. Also in ilontgomery and Cliesteg
counties, in a narrow belt crossing the Schuylkill at Sprinr
Mill on southern margin of Limestone valley. In Lancaster
county the noted Cliestnut hill and other ore banks, in

limestone (Formation II.). York county ore banks, west of

Susquehanua. In Kishcoquillas, Nittany, Sinking, Canoe,
and Morrison's Cove valleys in middle Pennsylvania. The
Oriskauy and Lower Helderberg formations carry limon-
ites in Huntingdon, Blair, and Perry counties. lu the
Juniata region, in MifHin and Huntingdon and Bedford
counties, resulting from alteration of carbonate ores. The
Marcellus shale is ore-bearing in Yellow creek district, in

Blair coimty, and on the affluents of the Juniata in Juniata
and Perry couuties. Hrown hematites abound in the Coal
Measures also, and particularly along the outcrop of the
"ferrifetous limestone.' They occur" in western Indiana
county, in northern Armstrong, in Clarion, Jeliersou. But-
ler, Lawieiice, and Beaver counties, in large deposits.

Other localities arc worked in Centre, Clearfield, and the
Coal Measures territory of southwestern part of State.



724 MINERAL RESOURCES.

PENNSYLVANI A—Continued.

Mineralogical
name.

Common name. Eemarks.

•• Limonite Bog iron ore , "Widely tlistribut^-d ; in small dpposits generally. Merccrs-
Imrg and other localities in Franklin county extensively
developed and worked.

In the Sonth mountain licit ; large mines at Dnrham, North-
ampton county ; Topton, near Eeading ; Fritz Island, near
Springfield, Doyertowu ; Jones mine, near Morgantown, in
Berks county : Corn-wall iron mountain, in Lebanon county;
Dilisburg, in York county; ncarKnauertown and the War-
•wick mines, in Chester county. Many additional localities
of mines and of occurrence&, in small quantities, conld be
given.

Green carbonate of; Cornwall iron mincfi. Lebanon county ; Jones mine, near ilor-
copper.

1

gantown, Berks county; Fritz mine, near Reading; mines
near Knauertown, Chester county ; Millerstown to Mary-
land line, Adams county. Not mined alone aa an ore, but
with other copper compounds.

Magnetite Magnetic iron ore . .

.

Malachite

Marl.

Marble

Millcrite...

Orthoclose.

Capillary pyrites, sul-

phide of nickel.

Feldspar

Petroleum i
Petroleum

Quartz

Quartz (2)

Quartz

Sand

Sandstone

Serpentine. Serpentine.

Harmonsbnrg
county.

Crawford county ; Greencastle, Franklin

Large quarries along the Schuylkill, near Conshohocken

;

King of Prussia and Henderson station, in Montgomery
county. Marbles occur in Cheater and Lancaster counties
to limited extent.

Gap nickel mine, Lancaster county, with copper-bearing
pyrrhotite, copi>er pyrites, &c.

Concord township, Lower Providence township, Ridley town-
ship, near Chester: near Fpland. Delaware county ;"Penns-
bury township, near Unionville, Xewlin township. Poor
Ho, 'quarries in "West Bradford township (chesterlite), in
Chester county ; Mineral hill. Middletown, and Upper Prov-
idence, Delaware county ; near Feisterville, Bucks county;
Seissholzville, near Alburtis, Lehigh county ; and manv
other places. Common as rock constituent. A few local-

ities worked.

Pennsylvania oil region is comprised within the limits of Mc-
Kean, "Warren, Crawford, Venango, Mercer, Clarion. But-
ler, Lawrence, Beaver, Allegheny, and Washington coun-
ties. .Some of the more important oil centers are Tidioute.
"West Hickory, Titusville, Shaniburg, Pithole, Petroleum
Centre. Oil City, Bradford ; in southwestern part of State,
on Dunkard"s creek, Greene county. 00 is found in small
quantities in Fayette and "Westmoi eland, and probably in
other counties in western part of State.

Of general occurrence.

For glass manufacture, near Lewistown, Mifflin county ; Ham-
ilton township. Monroe county; Belvemon, on Jlononga-
hela river; Gotlfrey's ridge, near Stroudsburg, Monroe
county.

The R.'d Sandstone of the Triassic age affonls a building stone
at a few points in the belt crossing the State from the Dela-
ware to Harrisbnrg, and thence to th(> Maryland line. The
more extensive outcrops of the Silurian, Devonian, and Car-
boniferous sandstones in the Appalacliiau and Trans-Appa-
lachian regions are much more largely used, and very many
localities obtain stone for cxinstruction from the variuus
members of these geological series. At the .southeast the
primal sandstone ( of Rogers ) is quarried at a very few
places.

Southeast part of State, qnarries near Springfield and Lafay-
ette, Montgomery county; "West Nottingham, Chester
county; Media, Delaware county ; Tise<l for building. Pre-
cious serpentine near Easton ; East (Joslien township, Ches-
ter county; Fritz island, near Reading, Berks county : near
Yellow springs. Riidnor township, Delaware county. Other
localities of serpentine in Lancaster, York, Montgomery,
and Lebanon counties.
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Mineralogical
name.

Common name. Eemarks.

Siderite .

.

Siderite (2)

Carbonate of iron, car-

bonate ore, clay iron-

stone.

Black band ore

Slate

Spbalerite Zincblende

Talc. Steatite, soapstone

—

In eastern Pennsylvania, in Siluro-Cambrian formation.?, with
limonite.s. In the Devonian (Formation VIII.) in Hunting-
don, Bedford, and Fulton counties. In the Mauch Chunk
red shale (XI.) carbonate ores occur in the Lackawanna
valley and at Scrantou ; Ralston, Lycom ing county ; iu

Clearfield, Cambria, Huntingdon, Somerset, and Fayette
counties. The Coal Measures carbonates are found in all

the counties of the anthracite and bituminous coal basins.

In Coal Measures at Pottsville; Snow Shoe basin, Center
county.

Bangor (Chapman's quarries) in Northampton county, Slat-

ington in Lehigh county, are centers of large quarrying
operations for roofing slate.

Peach Bottom slate district, York county, chiefly about Slate
Hill post-office, and Hanover, York county. In Lancaster
county slate is quarried near Peters's Creek Station.

Friedensville zinc mines, Saucon valley, with blende and
smithsonite in limestone ; Lancaster zinc mines and Peque
mine, Lancaster county, with galenite ; Sinking valley,

Blair county, with galenite and (in places) smithsonite in

limestone, mines worked irregularly ; S^ew Britain, Bucks
county, with galena ; Espy, Columbia county, in limestone

;

Phoeuisville mines, Chester county, with lead ores and in

considerable quantity; Ecton mine, near ShannonvUle,
Montgomery county.'

Quarries near Lafayette, Montgomery county ; "West Goshen'
township, near TJnionvUle, tVest Nottingham township,
Chester county; near Texas, Lancaster county; near
Easton, besides many other localities, in serpentine belts

of southeast part of state.

Ores, minerals, and mineral substances of industrial importance and known occurrence,

which are not at present mined.

Albite

Amethyst

Apatite . .

.

Asbolite .

.

Barite

Feldspar..

Amethyst

Bomite

Phosphate of lime ...

Earthy cobalt

Barytes, heavy spar

.

Purple copper ore

Celestite .

.

Chalcolite

Chrysocolla

.

Copper

Sulphate of stroutia..

Copper glance, vitre-

ous copper.

Silicate of copper

Copper

Chester, Delaware county; Mineral hill, near Media, East
Bradford and UnionviUe, Delaware county.

East Bradford and Pocopson, Delaware county; Sadsbury,
Providence, Aston, Middletown, and Birmingham, Chester
county. Occasionally stones suitable for gems.

Numerous localities in Berks, Montgomery, Philadelphia,

Chester, and Delaware counties, but not to workable extent.

Near Albertis, Lehigh county ; in drift, opposite Fairmount,
Philadelphia.

"West of New Hope, Bucks county, several old mine holes ; at

Phoenixville mines, Chester county ; Jug Hollow mine,
Montgomery county, and other localities in southeastern
part of State. Fort Littleton, Fulton countj^, mined to

some extent ; ^Vayne8boro, Franklin county ; Sinking Val-

ley, Blair connty.

In Triaesic rocks, York county, largest deposit in State, but
not to workable extent. Other localities iu Montgomery,
Chester, Adams, and (in Devonian rocks) in the northern
central cotmties.

Near Frankstown, Huntingdon count j;; in thru seams.

Phoenixville, Chester county ; Woods' mine, Lancaster county

;

with bomite ia northern counties, sparingly.

Cornwall mines, Lebanon county ; Jones mine, Morgantown,
Berks county; Phoenixville, Chester county; Perkiomen
mine, Montgomery county ; Frankford, and on WisssMckon

;

nowhere in quantity to te considered as an ore.

Cornwall mines, Lebanon county; Jones iron mine, Berks
county ; Knauertown, Chester cotmty ; Gap (nickel) mine,
Lancaster county ; copper mines, South mountain, Millers-

town to Maryland line, Adams county. At no one of these
localities, of itself, in workable quaintities.
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Mint.T.ilogical
uaiue.

Cnprite.

Fluorite

Garnet .

Gold

Graphite

Greenockito ..

Hydi-ozineite .

.

JVIagnesite

Coiumon name.

Red oxide of copper -

.

Finorspar.

Garnet.

Hcnjarks.

Gold.

Plumbago, black lead

.

SnIpLide of cadmium.

Cornwall, Lebanon county (a considerable percentage of the
copper ores hero separated from iron ore) ; Chestnut hill,

near Easton: I'crkiomen mine; copper mines in Adams
county, near Maryland line.

Nevrlin, Chester county ; in pnei.ss, Frankford ; near Dela-
ware water gap, very small quantities at all localities.

Darb^V creek and Concord township, Delaware county ; ne.ir
Unionvillc, Chester countj". and other localities in southeast
part of State. Some suitable for cutting as gems.

Franconia, Montgomery county, sparingly in quartz and py-
rite ; in c<q)per pyrites, PlKPnixvUlc : Gap mine; Chester
county ; sands of Delaware river and clays of Philadelphia
scarcely traces. tSouc of economic importance.

Bnstleton, Bucks county, mine worked for nearly 100 years;
Chestnut liill, near Easton; Kobinson's hill, on SchuylkiU,
near Philadelphia; Pughtown. South Coventry, Chester
connty : near Jones's mine, Berks county; and other locali-

ties in gneissic and metamoi-phic rocks of Lehigh. Xorth-
ampton^aiid Chester counties—generally sparsely dissemi-
nated in rock.

Friedensville zinc mines, Lehigh county, incrustation upon
blende.

Carbonate of zinc Friedensville, with zincblende.

Carbonate of magnesia Magnesia quanies, Goat hill, West Nottingham, Chester
county, formerly worked. Large deposits at'Low's chroTue
mine in Lancaster county and at Scott's mines in Chester
county. Other localities in Delaware, Chester, ;md Lan-
caster counties, of occniTence in small masses.

Melaconite ...

Molybdenite..

Muscovite I Mica

Psilomelane . .

.

Pyrite

Pyrolusito

Pyrihotito

Silver (native).

Smithsonito . .

.

VT.id

^Yulfenito

Z;\ratito

Black oxide of copper Perkiomen mine, Montgomery county ; .silver leadmines, near
Phcenixville, Chester county.

Sulphide of molybde- Frankford, in gneiss; Chester, Delaware county; Alsace
num.

j

township, near Beading; sparingly.

Pennsbury township, 'Cnionville, Xewlin township, Chester
coimty :' Leiperville, Delaware county, and many localities
in southeast part of State.

Oxide of manganese .

.

Iron pyrites

Gray oxide of manga-
nese, manganese ore.

Magnetic pyrites

Occurs with limonite in ore banks, Kittatinny valley, and in
small quantities in gneiss, near Bustleton, Bucks county.

Gap mine, Lancaster county (nickeliferous) : Cornwall, Lt-ba-

anon connty, cupriferous, and also cobaltiferous. Many
localities; not mined except when bearing valuable metals,
or for paint manufacture, e. g., Jamestown, Mercer county.

Edge Hill and near Spring Mill, Montgomery county : with
limonite frequently, especially in Saucon and 'V\''illiam»

townships. Northampton county.

Gap mine, L;iuer:ster county, nickeliferous; also in Alsace
township near Beading, Berks county; in small quantities
•It several other localities.

Silver 'Wheatley mine, near Phoonixville, Chester county; Peqnea
[

mines, Lancaster county.

Carbonate of zinc, Friedensville zinc mines, with calamine and blende ; Sinking
"dry-bone." valley, Blair county; Lancaster zinc mines. Not worked

! alone as an ore.

Bog manganese "With limonite, Nortliampton, Lehigh, Berks, and other coun-

j

ties.

Molybdate of lead
|

Lead mines no.ir Shaunonville. Montgomery county ; "VTheat-

ley lead mines, Phcenixville, Chester county j Pequea mines,
Lancaster county.

Emerald nickel "Wood's mine, near Texas, L.incaiter county, with chromite,
in considerable qu.^ntity.
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RHODE ISLAND.
Ores, muieruls, and mintral substancts of industrial imporiance, tvhich are at present mined.

[Keporte'l by JoHX C. Smock.]

Mincralogical
name.

Coal

Common name.

Cop], anthracite coal..

Granite .

.

Remarks.

Conl Measures extend from south to north across State ; Kew-
port, Kent, and Piovidence counties; Portsmouth mines;
Cranston, mines worked : Newport neck, Kcwport county,
seams one to three feet thick : Quaker hill, Kewport county,
mine opened years ago. Several beds, Taryinft from 2 to
23 feet thick, liut irrepular. Some of coal graphitic. Pro-
duction limited to local use mainly.

Nipmuck granite quarried in South Scituate, ProTidenco
county ; Kingston, Washington county, aporphyritic gran-
ite ; Beacon pole hill, in Cumberland, a syenitic granite;

. large quarries at Westerly, worked for paving store.

Ores, minerals, and mineral substances of indmtrial importance and known occurrence, but
ivhich are not at present mined.

Agate

Areenopyrite .

.

Chalcedony

Chalcopyrite ..
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Orcii, minerals, and mineral substances of industrial importance, which are at present mined.

[Eeported by John C. Smock.]

Mini ralogical
name. Common name. Remarks.

Gold.

Fire-clay

Gold.

Itacolumite.

Kaolin

.

Granite

Flexible sandstone

Porcelain clay

Lunestone (marble in
part).

Marl

Phosphate rock.

Sandstone

"Wells' place, Kings mountain, Tork district, clays in Kaolin
district in central belt of State. (?)

The gold belt extends from the North Carolina border, south-
west acicss the counties of Tork, Lancaster, ChestertiL-ld,

Kershaw, Fairflckl, Chester, Union, Spartanburg, Green-
ville, Pickens, and Abbeville. The principal mines at work
are: Brewer mine in Chesterfield; Haile mine in Lan-
caster; Magnolia in Tork, and Lockhart in Spartanburg.
Many old mines in the gold belt abandoned; auriferous
gravels are found at many localities, but chiefly in Toik,
Union, and Spartanburg counties.

In Abbeville, Fairfield, Lexington, and Xewberry districts.

Union C. H., Union district (several quarries opened).

Grindstone ridge, in Spart.anburg district (for grindstones
mainly).

Near C. H., Chester district; Chesterville, Chester distriit

(used for teeth) ; northwestern parts of Tork district ; chalk
hills, Hamburg, Edgefield district; Aiken, Barnwell dis-

trict; Graniteville, Edgefield district ; Consaree creek, Lex-
ington district, C. H., Abbeville. Some of localities worked
for paper clay.

Spartanburg district ; Laurens district ; locilities Limestone
springs in northeastern part of Spartanburg district.

Post-pliocene—Wadmalew, Colleton district ; St. Thoni.is.

Charleston district ; Edisto Island, Colleton district : aliiu'.r

Santee, Ashlej', Cooper, Edisto, and Savannah rivers. Belt
along shore.

Pliocene^-Waccamaw, in Horry district; Darlington, Sumter,
and Marlborough districts also contain deposits of these
calcareous maris.

"\Tando river, Charleston district; Cooper river. E.a,stem

branch, Charleston district ; Black river—Stono river tract

(Ashley liver), Charleston landtract*iu this district. Edisto
river deposits in Colleton district; Coo.saw river and Bull
river deposits in Beaufort; Chiisholm Island. St. Helena
.sound, Broad river, Beiufort river, all in Beaufort district

;

Coosawatchie river.

Sandstone in Buhrstone formation. Little Horse creek,
Edgefield district ; Platte springs.

Sandstone—newEed: Hornsborough, Chesterfield County

Ores, minerals, and mineral substances of industrial importance and known occurrence, but

uhich are not at present mined.

Asbestus



THE USEFUL MINERALS OF THE UNITED STATES, 729
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Mineralogical
name" Common name. Bemarks.

Galenite

.

Galena.

Graphite. Plumbago, black lead.

Hematite ,

Itabiryte (a) ...

Lignite .

Parson's mountain (in gold mines), Abbeville district; Chero-
kee valley, Laurens district ; Cameron mine, two miles
south of Limestone springs, in Spartanburg; in mica slate,

argentiferous; Cherokee (gold) mine, in thin vein (argenti-
f rous), in northwestern pert of Pickens district.

Northeast comer of Spartanburg (near Cowpens furnace)

;

Paris mountain, Greenville (thin vein, not worked).

Eedhematite.specular! "Whitaker's mountain, northwestern part of York district
(Harding bank, Bird bank); northern slope of King's
mountain. York district to Gelkey's mountain, in Union;
Heady hill bank, near Cooperville, Spartanburg ; Jack-
son bank ; near Cowpens furnace, northeastern ^)art of
Spartanburg district ; near Greenville C. H., Greenville dis-

trict : thin superficial deposits, formerly worked.
[See under Itabiry te. ]

"Kedore"—Critses, Cooperville, Union district; Ellen fur-

nance, near Union line, in Spartanburg district; Bird's
mine, York district ; Silver mountain, York district ; Gib-
son's mine, Spartanburg. Ores in a naiTowand short belt

—

York, Union, and Spartanburg districts. Occurrence in
itacolumite.

Specular schist

Brown coal

,

Linionite !
Brown hematite .

Magnetite

Malachite

.

Pyrite .

Pyrolusite

Pyromorphite

Siderit*

Silver

Talc

Magnetic "gray ore,'

iron ore.

Carbonate of copper

Manganese

Ocher

lion pyrites

Oxide of manganese

Phosphate of lead .

.

Sand

Specular iron ore . .

.

Silver

Steatite, soapstone .

.

"Whortleberry branch, north of Cheraw, Chesterfield district;
near Mount Craghan, Marlborough, same district ; Savan-
nah river, Edgefield district.

Nanny's mountain, York district (northeast of YorkvUle)

;

Pacolet iron works, Spartanburg district; near Cowpens,
Spartanburg district; Cherokee ford, Spartanburg district;

McCord's mountain in Greenville district; Abbeville dis-

trict ; Kufl's mountain, Lexington ; Crooked creek, Pick-
ens district ; also in Chesterfield district. [But mainly con-
fined to mica slate of Spartanburg and Pickens districts.]

Lee and Parker bank, northwestern part of York district;

Swedish Iron Manufacturing Company's mine, comer of
Union district; Hardin's bank, Whitaker's mountain, York
district; Hogue bank, York district; Fields, Susan fur-

nace ; Blockley, in Spartanburg. Ore occurs in itacolumite
and talcose slate rocks, in a belt stretching from northeast
to southwest through York, Union, and Spartanburg dis-

tricts. [Some of these iron ore banks may be working.]

Cameron mine, near Limestone springs, Spartanburg dis-

trict.

[See Pyrolusite.]

Yellow, at Lang-Syne, Orangeburg ; also in Chesterfield dis-

trict.

Nilson mine, seven miles northeast of Yorkville, York dis-

tiict; Sutton mine, northeast comer of York district;

Hagin mine, Bellair, Lancaster district ; Brewer and Edge-
worth mines near Homsboro', Chesterfield district; abun-
dant in Si)artanburg and York districts.

" ard Labor creek, Edgeiield district.

Cameron (copper) mine. Limestone spring, Spartanburg
district.

For glass—near Aiken, Barnwell.

Bird bank. King's mountain, York district.

In galena, Cameron mine, two miles south of Limestone
spiings, Spartanburg, district ; Cherokee mine, northwest
part of Pickens distiict.

On "Wateree creek, Lexington; Sandy river, Chester (worked
to a limited extent) : in Abbeville district, several beds;
Andiitson di-strict. Cedar springs, in Spartanburg; near
Glenn springs, Spartanburg; western part of Union dis-

trict ; Salubrity post-oflice, Pickens district.

Whetstone
j

In Abbeville district ; Turkey creek, Edgefield district.

altabiryte contains both magnetite and hematite.
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Ores, minerals, and mineral siibsfances of industrial importance, n-hich are at present mineiL

[Report ed by John C. Smock.]

Mineralogical I Common name,
name.

Remarks.

Aznrite.

Baiite .

.

Calamine

Chalcocite . .

.

Chalcopyrite.

Bine carbonate of cop-
per.

Barytes, he.ivy spar.

.

Silicate of zinc.

Cuprite

.

Cool....

Copper glance .

Copper pyrites.

Clay

Red oxide of copper.

.

Coal, bituminous coal.

\
Flagging stone.

Galenite Galena.

(;<iUl. Gold.

Ducktown copper mines, Polk county.

Mulberrin creek. Smith county, gangue of lead vein
; gangue

of lead vein near Haysborough, David.son county. ;;ssociated.

with blende and galena; twelve miles from Gi ecu ville.

Greene county, in veins in Knox dolomite; Wbetwell
near Mc use creek, McMinn county, a large deposit; many
other localities in small quantities.

Stiner's zinc mine, Powell's river. Union county, with smith-
sonite in irregular veins iu the Knox dolomite ; Mossy creek,
Jeflersoii county, a.ssociated with smithsonite ami blende in
the KuDX dolomite; other localities in Jetterson, Knox, and
Cocke counties iu valley of east Tennessee.

Ducktown copper mines, Polk county.

Dncktown mines, Polk county, most abundant ore at mines-
excepting black and red ores.

Potters' clay; Sulphur fork of Beaver dam Hickman county,
andmany places in Hickman, Perry, and other counties along
Tennessee river.

Cumberland iron works, Stewart county, 4 miles southwest
of Cumberland City, Stewart county. These have beeiL
worked for local uses ; McMinnville, 'SVarren county.

Ducktown copper mines, Polk county, the rich ore of 2nd
zone at mines, associated with black oxide of copper.

Bituminous Coal Measures coextensive with Cumbeiland.
table land, area 5,100 square miles extending across the
State, including counties of Scott, Morgan, Fentress. Van
Bureii, Bledsoe, Sequatcbee, Marion, Claiborne, Campbell,
Anderson, Rhea. Hamilton, Overton, Putnam, White. Frank-
lin, Warren, Coflee. 1. Sewanee division, or southern di-
vision : Sewanee coal banks near Tracy city, in Marion county;
the main Sewanee seam varies from three feet to seven feet

thick ; there are .several beds, thickness very irregular, but
aggregate of coal large. 2. Walden's ridge and Raccoon
mountain division ; iEtna mines, in Marion county ; mnia
^tna vein 18 inches to 7 feet or more thick, of good quality,

cokable, not highly bituminous; above it are " Kelly coal.
'

"Slate vein,' and" Walker coal," each two to six feet thick.

3. Northern division, at Scarborough's mill, on Caney fork,

seam fourto six feet thick ;
prineipalminLng localities. Tracy^

city, Marion county; Victoria mines; Coal creek mine.*, in.

Anderson county; Rockwood mines, Roane county; Sod-
den mines; mines near Chattanooga; Careyville, Camijbell
county.

Near Montgomery, Morgan county ; near Knosville, Knox
county, blue fags (limestone); Lebanon, "Wilson county.
Sandstone of the mountain limestone, Overton and White
counties.

In iron ore, Bonipass cove, Washington county ; Carter fur-

nace, Carter county ; with copper ores at Ducktown
mines, Polk county ("small quantities) ; Caldwell's mine, on
Powell's hill, L'nifin county ; occurs in scattered grains and
lumps in Knox dolomite, iind as vein, tilling a vertical tis-

snre, worked ; Hamlirigbt's mine, Chat.ata valley, Bradley
county, in Knox dolomite ; Carter mine. 3 miles east of
Sweetwater. Monroe county ; Montgomery mine two miles
northeast of Cartertown. Galenite occurs at many locali-

ties in Knox dolomite in East Tennessee valley, but not in

workable quantities as opened. In limited quantities. Mel-^

hernncreeK, Smith county, and elsewhere in central basin of
Trenton in Tennessee and Nashville series (Trenton and
Hudson).

Coca creek, ilonroe county, Wbippoorwill Alining Company.
Gold-bearing <iuartz vefn in semi-tak-ose clay slate; Coca
creek. Monroe county, in sandstone gravels, worked a little-

every year; cast ofMontvale springs. Blount county: ia

water of Citico creek. Monroe county T in bed of Cane creek,

Monroe county ; headwaters of Tellico creek. Monroe
county; Polk county also: veins of gold-bearing quaitz in.

Ocoee'group of slates.
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ilincralogical
name. Common name. Remarks.

Hematite

.

Hematite CJ).

Solid or hard ore, red
hematite.

'Drystoneore," "block
ore."

Limestone .

Limonite
! BroMTi hematite

Lithographic stone.

Cannon bank, seven miles from Elizabethtown, Carter countv,
massive bed in Knox sandstone, worked ; Crockett bank,
one mile west of Holston river and in eastern part of Snlli-
van county ; Sharp bank, near Sullivan county ; a bed in
Knox dolomite ; Thomson bank southeast of Bristol, Sulli-
van county.

Hills bank, eastern part of McMiun county, stratified largo
bed in Trenton series. This ore occur.s on eastern border
of Cumberland table land in counties Hancock. Claiborne,
Grainuer, Camiibell, Anderson, lioane, Itliea, Meijis. and
Hamilton. Used by furnaces in valley of East Tenuessce.
Occurs in ridges 01' ranges. 1. Mountain range almost con-
tinuous from Virginia to Georgia, 160 miles, and of average
thickness of 20 inches : usually more than one ore bed. 2.

Lookout Dyestone ridge, near Chattanooga, Hamilton
county, extending north to Rhea county. 3. Half-mooQ
Island range, in Itoane, Ehea, and Meig.?" counties ; excel-
lent and extensive beds of ore. 4. Big valley and White
Oak mountain ranges—a broken range extending across the
State east of above ranges. 5. Powell's and Lone mountain
ranges, in Hancock and Claiborne counties. 0. Elk I'ork,

northwest of Campbell county, and Sequatchee valleys, in.

Bledsoe, Sequatchee, and Marion counties. A range north-
west of above mentioned. Ore abundant; used on a small
scale. In 1880, 75,657 tons were mined. Ore u.sed at South
Pittsburg, Chattanooga, Kockwood, and Oakdale furnaces.
Largest and most productive mines are. Stringer's hill,

north of Chattanooga and Shin Bone ridge, in Hamilton and
Ehea counties, and near the Tennessee river and from Rock-
wood to Emory gap, in Morgan county, also Ooltewah and
"White Oak mountain, in Hamilton, James, and Bradley
counties ; Iron hill. Red Cloud mine, and Half-moon island
mine, all in Rhea county; Ironton, Roane county.

Knox dolomite. Chattanooga, Hamilton county: Trenton
(Carter's creek) limestone, Maury county; Nashville se-
ries, blue and dove-colo^'ed limestones, Nashville, David-
son county ; Caryville, Campbell county.

Eastern iron ore region across State from Virginia to Geor-
gia, in counties Johnson, Carter, Washington, Sullivan,
Greene, Cocke, Sevier, Blount, Monroe, and Polk. They
occur in banks or deposits in matrix of clay, sand, chert,
and debris of disintegrated rocks of Knox group (Potsdam)
mostly in Knox dolomite; 1880—8,630 tons of ore mined in
this belt. At Crockett bank, eastern part of Sullivan county,
with hematite, also other localities of the hematite in Sul-
livan county ; Crockett's, Sharp's, and other banks, John-
son county, "south foot of Holston mountain ; Laurel creek
valley and Butler furnace banks; Carter county. Dove river
cove banks ; Washington county, deposits in Bompass cove,
Greasy cove ; Greene county, several banks manganiferous
ore near Unaka furnace : Cocke county, Whitehall, Peck's-
mountain, and others ; Sevier county, almost inaccessible

;

Blount and Monroe counties, almost inaccessible ; McMinn
county. Tellico plains, several deposits ; Ducktown copper
mines in "gossan," Polk county.

Western iron region : A belt 50 miles wide, crossing the State
in counties of Lawrence. Wayne, Hardin, Lewis, Perry, De-
catur, Hickman, Humphrey, Benton, Dickson, Montgom-
ery, and Stewart. Occurs in irregular lumps or hollow con-
cretions, called "pots, "also "honeycomb" and "pipe.'inthe
sandy matrix. " Ore region gravel " of Safford [alluvium],
Hickman county, has several noteworthy localities, e. g., at
iEtna furnace (two square miles of ore ground, 10 feet to 100
feet deep) ; next come Dickson and Stewart counties, e.g.,

beds of Cumberland iron works, in Stewart county. Bear
spring, Morgan banks owned by it. Steele's bank^ Mont-
fjomery coniity. These ores of excellent quaUtv, but not
fully developed as yet. Same ores on east side of Highland
river in Warren, Colfee, White, and other counties. Knox
ore is under various local names, according to structure,
"Pipe." "Pot," "Blackjack," "Houevcomb," "Shot,"
"Bog" [30.000 tons of ore raised in 1880]."^

Quarry in Clay county; also in Jefferson and McMinn conn-
ties.
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Mineralogical
name.

Common name. Eemarks.

Magnetite . Magnetic iron ore.

Malachite Green carbonate of
copper.

Marble

Crab orchard, Carter connty, not a -well defined vein, bat
with sahlite, iu metamorphic group. Worked at a bloom-
ary. An extension ot CranbeiTv range of Xorth Carolina;
eastern part of Johnson county,' far from transportation.

Ducktown copper mines, Polk county, in ''gossan."

Melaconite

Siderite

Siderite (2)

.

Variegated marbles are ouarried extensively at Knosville,
Concord, and other localities in Knox county; at the Na-
tional quarry and Rogersville, iu Hawkins county. The
qnarries are iu the Trenton limestone, and the stone is

known as "Tennessee marble." Other localities are: near
Athens. McMinn county ; on Tellico river, Monroe county

;

near Charleston, Bradley county ; Morristown, Hamblen
county; Jefferson county; Loudon county. In westeni
part of State quarries are opened on Big Saiidy river, in
Henry county; Rockport, in Benton county; Bon Air, in
White county ; in Decatur county ; in White county.

The " (.'hattanooga marble" comes from the upper "part of
the Knox dolomite and from East Tennessee valley. Black
marbles are found in the Knox group, iu Sevier, tolk, and
McMinn counties.

Breccia ted and conglomerate marbles have been qnairied on
the Little Tennessee, in Monroe and Blount counties; and
occur in Knox and Ococe groups in Greene, Cocke, Sevier,
and Unaka counties.

Marl, greensand marl.' Western Tennessee; McXairy and Hardin counties.

Black copper
I Ducktown copper mines, Polk county.

Millstone 1 Chert of Knox dolomite localities, Big Spring, Claiborne

I

county; also of other rocks for local uses.

Sandstone
\
Chilohowee sandstones of East Tennessee. Freestones of the

i

Coal Measures.

Smithsonite..

Sphalerite

Clay ironstone, carbon-
ate of iron.

"Dry bone," carbon-
ate of zinc.

Zincblende, "black-
jack."

In shales of the sub-Carboniferous formation. Willey 's bank
on Coal creek, Anderson county, Coal creek and Careyville.

Beersheba springs, Grundy county; Coal creek, Anderson
county; Careyville, Campbell cotinty ; and other Coal Mea-
sures localities.

Stiner's mine, on Powell's river. Union county, as.sociated
with calamine, in irregular veins in Knox dolomite; Mossj'
creek, Jefferson couuty, with calamine, ore abundant.
Other localities in valley of east Tennessee.

In small quantities at Ducktown copper mines. Polk county;
Stiuer zinc mine on Powell's river. Union couuty ; Mossy
creek, in Jefferson county, occurs with smithsouite and
calamine, ore abundant. ' Mines lately reopened Other
localities in Jefferson county, Knox county, and Cocke
county, in valley of East Tennessee; also in Central Ten-
ne.ssee, with galena. [SeeGalenite and Baritc] Bald Hill

mine, Union county; Claiburne county. Straight Creek
mines actively worked.

Ores, minerals, and mineral substances of industrial importance and known occurrence, but

which are not at present mined.
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Mineralogical
name.

Gypsnni

.

Halite . .

.

Common name.

Lignite

Gypsum

Common salt.

Hydraulic limestone.

Brown coal

,

Niler

Petroleum

Pyrite .

ilnnganese, black ox-
ide of manganese (?),

Xiter, saltpeter

Petroleum, rock oil.

.

Quartz.

Iron pyrites

Glass sand.

Slates

Remarks.

Gray's cave, north part of Sumner county, and many other
localities ; not anywhere workable amount.

Brine wells ; salt works, three miles from Sparta, TVhite
county ; Anderson county, eastern base of Cumberland ta-

ble land, well 1,000 feet deep; Obey river, Overton county,
establishment here. Brine has been found in most of bor-

ings for petroleum in middle Tennessee, in Warren, Van
Buren, Overton, and Jackson counties.

«

Brown shale of Trenton and Xashville series, east of Knox-
ville, Knox county, have been used; Horse creek, east of
Savanoa, Hardin county; Saltillo ledge, Hardin county ; oc-

currences of hydraulic rock in Ortties bed of Nashville
series, near Clifton, "Wayne county, worked before war.

Quite common in Bluff lignite formation (Tertiary), in west-
ern part of State, near Mississippi river, usually 31eet to 4

feet thick, rarely 5 feet to 6 feet ; few miles north of Eliza-

bethtown, Carter county, occurring with clay, lignite of

no value ; not in demanJi ; once worked. Ealeigh, Shelby
county ; Old Tulton, Lauderdale county.

Jones's valley, Cocke county : Boatman's ridge, between Mor-
ristown and Beau's ridge, Cocke county; occurs in consid-

erable masses ; mines in Johnson county, worked for a
time ; Carter county, extensive beds.

Many caves in limestone formations, and especially in Cum-
berland table land ; not of much account.

Oil spring, Liepers creek, Maury county ; Mill creek, near
Cumberland river, Jackson county ; several points on Obey 's

river, Overton county; Montgomery's mills, Piney river;

Spring creek, southern part of Overton county, several wells
bored near the last locality yielded oil; Jones's creek, Dick-
son county, several wells bored, unproductive ; Eagle creek,

Overton county, three wells, some oil; wells in Fentress
county, no longer pumped.

At Ducktown mines (copper), Polk county, abundant with
pyrrhotite (magnetic pyrites) ; near Greeneville, Greene
county; in shaly (Knox) limestone, and other localities in

Knoxgroup of rocks.

Knoxville, Knox county, once used; in counties west of Ten-
nessee liver.

In eastern part of State, but undeveloped.

TEXAS.
Ores, minerals, and mineral snhsiances of industrial importance, wJiich are at present mined,

[Reported by John C. Smock.]

Coal

[

Clay.

Coal, bituminous coal

Tom Green county ; Concho county southwest to Rio Grande ;

Brazos county.

Bituminous (Carboniferous formation) extends from Llano
county northward, to Ked river, in Wichita county, many
outcrops; Honey creek cove, Llano county, bed two feet

thick ; northeast part of Concho county ; southwest part of

Coleman county, three feet thick, of good quality : on east
of Eio Grande, 60 mUes below Presidio ; Fort Belknap,
Young county; along Whisky creek, north of Fort Eel-

knap ; on Coal creek, north part of Young county, bod five

to six feet thick, mined for local use ; Graham, opposite falls

of the Salt fork ; Clear fork of Brazos, northern part of Ste-

phens county, local use only ; Hubbard's creek, Stephens
county ; two and a half miles southeast of Henrietta, Clay
county; on Sandy creek, southwest corner of Montague
county, outcrops ; Home creek, Coleman county ; near the
Colorado, Coleman county; Little Bull creek and Santa
Anna mountain, Coleman county ; north of San Saba liver.
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Mineralogical
name.

iCoal (contin-
ued).

Halite

Kaolinite

Lignite ...

Coniuioii name.

Coal, bituminous coal

Commou salt, brines,
rock salt.

Brown coal

.

Silver.

Limestone .

Sandstone

Silver.

Eemarks.

in San Saba county ; near Liberty hill, "Williamson county,
thin seam in cretaceous limestones; Clear fork, northern
part of Stephens county ; Fort Belknap, Young county, up-
per (Belknap coal bed), two and a half to four feet thick ;

lower (Brazes coal bed), four to six feet, extensively pros-
pected. Brazos coal field extends south to Colorado river,
coals high in ash and sulphur, not thoroughly tested ; can-
nel coal ou Nueces river, Kinney county, several beds three
to four feet thick.

Along Upper Pecos river ; Salt lake, near Horsehead, on Pe-
cos river : water of lagoons west of CoI^)us Christi, towards
Brownsville ; Jordan's or Grand Saline, Van Zandt county,
salt wells at work (in Tertiary) ; Graham, south part of
Young county, wells for salt water ; salt worked ; salt made
in south part of Wise county: Swenson's saline, west part
Lampasas county; rock salt in Eed river country.

(See Clay.)

Eobertson county, u.sed at Dallas ; Bastrop, Bastrop county
(almost continuous outcrops of coal from Little river, in
Milam couuty, northeast to Heindon, ou the Brazos). Two
beds : upper, four to six feet thick : lower, sis to eight feet
thick (Tertiary). Barclays, eisiht miles cast of Bremond:
Head's prairie. Limestone county, outcrops similar to Bra-
zos bed; Bear Grass, Leon county, bed nine feet thick;
seven miles west of Centerville, Leon county ; on bank of
Trinity river, Leon county ; northern part of Anderson
county; four miles northeast of Henderson, Kusk county:
30 miles south of Marshall, on Sabine river, at Coal ferry,
Panoba county ; Sulphur creek blufi's, Cass county, proved
to be good ; near Jourdan salines. Van Zandt county ; north-
west i)art of Grayson county, near TVhitesboro ; Burleson
county. Tertiary co.il beds extend from near Rio Grande,
southwest of San Antonio, southeast to Bowie county, near
northeast boundary of State ; larger beds are near boundary
of Cretaceous. Tertiary lignites in Rusk, Harrison, Cass.
Grayson, Bastrop, Fayette, Caldwell, and Guadalupe
counties.

Austin, Travis county ; used at Austin, Paris, Sherman, etc.

Kortheast part of San Saba county, used for grindstone ~>:

eight mOes west of "Weatherford, Parker county, manu-
factured into grindstones and monuments ; Milam, Robert-
son, and Cherokee counties, reddish brown sandrock, used
for railroad construction, fine-grained and compact.

Padre mine, in Franklin, El Paso county, vein a fissure in
Carboniferous limestone, ore argentiferous galena ; Spencer
mine, argentif rous galena in fissure in vein Chinati mount-
ains in Presidio county ; Mason, Mason county, calcite vein
a galeua ; Llano county, argentiferous copper ore in a fis-

sure vein, bornite-ei-ubescite ; Presidio county, recent dis-

coveries of horn silver.

Ores, minerals, and mineral substances of industrial importance and knoirn occurrence, but

which are not at present mined.

Agate
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Mineralogical
name. Common name. Remarks.

Serpentine

.

Verd antique martle

.

Slate...

Talc. Steatite, soapstone

WTietstone, oilstone,

scythestone.

Cavendish, "Windsor county, for ornamental work ; Eoxbury,
Washington county, quarries formerly worked ; many
other and large mountain masses in and near the talcose
schist belt from Masaachusetta to Canada—others in the
gneiss ; Newfane, Windham county ; Plymouth, Windsor
county ; Troy and Westfield, Orleans county.

Three ranges of roofing slate : I. Eastern, clay slate near
Connecticut river, from Massachusetts liuo to Essex
county; found in Guilford, Windham county; Thetford,
Orange county; Watertord, Caledonia county, and other
localities and small quarries. II. Middle range of claj'

slate extends from Memphtemagog lake to Barnard slate
quarries in Northfield, Montpeher, and elsewhere of uni-
form shade and black. lU. Western, Vermont slate quar-
ried largely in Castleton ; also in Fairhaven, Poultney,
Wells, and Pawlet, Kutlaud county

;
generally of a dark

purple color, with occasional blotches of preen ; very com-
pact and flssUe. Large quarries near West Castleton,
Hydeville, Scotch hill, and Fairhaven.

Abundant mostly on east side of Green mountains, near tal-

cose slate, and found in a belt whole length of State. Marl-
borough, Windham county, known as '"chalkstone;" New-
fane, Chester, Grafton, and Athens, largo quarries ; also in
Brill cewater, Plvmouth, Cavendish, Weathersfield, Bethel,
and Rochester, Windsor county, thence north in Washing-
ton, Lamoille, Franklin, and Orleans counties.

"Magog oilstone" (novaculite), near Canada line; Lake
Memphremagog, Fitch's islaml quarry, honestones; J^Jorth-

field, Washington county, talcose schist, scythestones

;

Ludlow, Rutland county, and StockbridgerWindsor county,
scythestones.

Ores, minerals, and mineral substances of industrial importance and known occurrence, hut

which are not at present mined.

A.sbestus

Arsenopyrite

.

Braunite

Chalcopyrite .

Chromite

Feldspar

Galenite

.

Gold

.

Graphite..

Hematite .

Asbestas

Mispickel

Manganese ore.

.

Copper pyrites .

Chromic iron ore

Feldspar

Flagging stone .

.

Galena

Gold.

Plumbago, black lead.

Kcd oxide of iron

Infusorial earth.

47 M R

Lowell, Troy, Jay, Cavendish, Roxhury, and Mount HoUy.

Brookfield, Waterbury, Stockbridge, and in Vershire, with
pyrite and chalcopyrite.

Brandon, Bennington, Plymouth, and Chittenden in small
quantities.

Wolcott, Lamoille county; Brighton and Concord, Essex
county.

Jay, Troy, Westfield, and Newfane, in several narrow veins
in serpentine.

Corinth, Strafford, ^Norwich, Chester, Newfane, and Saxton's
river.

Cavendish (gneiss) ; between Hartford and Rockingham,
Windsor county, small quarries, in clay slate.

Thetford, Orange county, old mine in vein of quartz, calcite,

etc., in talcose slate' (argentiferous) ; Norwich, Windsor
county, small vein in talcose slate ; Morristown, Lamoille
county : Bridgewater and Plymouth, Windsor county, and
Chittenden, Rutland county, occurrences only.

Bridgewater, Windsor county, sparingly in quartz veins in
talcose slate at lead mine; Plymoutli, Windsor county, in

drift; Newfane, Windham county. Some of these locali-

ties may be worked a little (?).

Brandon, Halifax, Hancock, Huntington, Newbury, Nor-
wich, Pittsford, and Swanton.

Milton, near Lake Champlain, worked to slight extent ; Fair-
field, of small extent ; Weathersfield, Windsor county.

Peacham, Caledonia county.
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Mineralogical
name.

Li^ite—
Ma^etite

.

Psilomelane

Pyrolusite

.

Quartz

Siderite

SUver

Sphalerite .

Zamtite

Common name.

Brown coal

Magnetic iron ore . .

.

Marl

Ocher

Peat, muck

Black manganeae ore,
black hematite.

Gray oxide ofmangan-
ese.

Sand rock

Spathic iron ore, car-
bonate of iron.

Silver .'.

Zincblende

Emerald nickel

Hemarks.

Brandon, in and npon clay beds ; Tertiary age.

Eocheater, sparingly in chlorite slate; Plymouth and Lud-
low, spai-ingly ; Somerset, worked several years ago ; Troj-,
Orlean.s county, a titaniferons ore in small beds; Bridge-
water, Windsor county, and Chittenden.

Abounds in most of towns bordering Lake Champlain ; alsoin
Windsor and Orange counties.

Brandon, Rutland county, Umonite ores and ochers for yel-

lows, browns, reds, and nnibers; Bennington, red and yel-

low ocher ; North Dorset, a vein between walls of calcare-
ous quartz, manufactured into paint ; and Watstield.

Numerous localities, especially in Champlain valley.

Brandon, with pyrolusite ; Bennington, Chittenden, Bristt)!,

Colchester, Plymouth, Pittsforo, Stamfoid, Wallingford,
and Irasburg.

Brandon, with limonite and psilomelane; Bennington, Bris-
tol, Chittenden, Colchester, Plymouth, Pittsford, Stam-
ford, Wallingford, and Irasburg.

East Dorset, Bennington county, disintegrated quartz rock,
once used for glass ; Plymouth,Windsor county, associated
with kaolin ; elsewhere'in western Vermont.

Plymouth, in talcose slate, with magnetite and pyrite.

Traces in galenite at Thotford mine.

In lead mine, Thetford, Orange county ; Norwich and Morris-
town, sparingly, with galenite; Bridgewater, Windsor
county, contains cadmium.

South Troy, Orleans county, very sparingly.

VIRGINIA.
Ores, minerals, and mineral suistancea of industrial importance, which are at present mined.

[Reported by JOHB C. Smock.]

Aebestns

Barite.

Calamine.

.

Gemasite

.

Chalcocite

Asbestns

.

Barytes, heavy spar

Silicate of zinc.

White lead ore, car-
bonate of lead.

Copper glance, sul-

phuret of copper.

Bartons, Floyd county; Signers', Floyd county; near north
ern copper lode, Grayson county, and on Little river, be
low Hampton mine; lead and zinc mines. Painter's branch,
Wytho county ; Bamet's mills. Fauquier county : Pittsyl
vahia county ; Goochland county; Willis mountain, Buck
ingham county ; Chula, Amelia county; near Appomattox
river to Amelia county, near Franklin C. H.

Frye's marble quarry. Wythesvllle, Wythe county, in small
quantities; Brown'hill, Wythe county, near lead and zinc
ore deposits, in largo masses ; near Marion, Smyth county,
mined, in Silurian limestone ; Cavitt's creek and Baptist
valleys, Tazewell county ; and Russell oountj*, along Clinch
river; Lee county; Eldridge's gold mine", Buckingham
county ; near Lexington, Eoclcbridge county ; several local-

ities near Lynchburg, Bedford county; Beaver creek,
Campbell county, bed of fine granular variety; near Saint
Stephen's and in lower Fauquier countv, several mines, no
longer worked; between Marshallville and Upperville,
Fauquier county, undeveloped; Prince William county,
mines worked out.

Wythe county, lead mines with galena, blende, etc.

Wytho lead mines, Anstinville, Wythe county, with galena,
blende, etc., in magnesian limestone, in small quantities;
Crusinbury and Kitchen mine, Wytho county.

Near Max meadows, Ws^he county; Mount Airy, Smytho
county; Toncray mine, Floyd C(mnty, with magnetite and
pyrite, not worked ; copper ranges or lodts in C;irroll

county, opened at several localities, west and northwest of
HiUsviile ; occurs in upper part of deposits with melacon-
ite and chalcopynte.
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Mineralogical
name.

Chalcopyrite. ..

Coal.

Coal (2).

Cuprite

.

GUileiiite.

Common name.

Copper pyrites, yel-
low copper ore.

Coal, bittuninons coal.

Bitominona coal

Remarks.

Toncray mine, Floyd county, with chalcocite, pyrite, and
magnetite ; northeast p."irt of Floyd county ; on north fork
of Roanoke, with pyrrhotito; Peach Bottom copper lode, or
ranpe, CarroU county ; northern copper range, at Great out-
burst ; Chestnut creek. Copperas hill, Cranberry plains, and
other localities. Continued southwest into Grayson county.
Too far from cheap transportation. Several niines opened.
Common at many localities in the "gold belt." Phoenix
copper mine, Fauquier county ; Ford's mine, Buckingham
county

;
gangne in gold mine ; mine near Hemdon, Fairfax

county; Madison couifty ; Fairfax gap ; head of Naked lun,
Greene county. Three veins traceable for long distance.
Conway river, Greene county; Guilford, Loudon cotmty;
Richards' mine, Page county.

Coal Measures in Buchanan, Dickenson, "Wise, Scott, Lee,
Russell, and Tazwell, in southwest angle of State ; in edge
ofCumberland mountain range ; sub-Carboniferous or Great
Conglomerate coal group, in Wythe, Montgomery, Pulaski,
Augusta, and Botetourt, on west side of the Great valley.
Upper New river Coal Series opened in mines near Blacks-
burg, Brush mountain, and on Price mountain, Montgom-
ery county ; near Martin's, in Pulaski county, and in Little
"Walker mountain, in "Wythe and Pulaski counties. A
semi-bituminous coal is opened at Max meadow and Clark
Summit line, in Pulaski ; in Bland county, niines on south
foot of Brushy mountain ; in Tazewell county, at Middle
creek. Horse Pen cove, and Abb's valley ; in Buchanan
county, on Connoway creek ; in "Wise county, near Big
Stone gap ; and on headwaters of Powell's river. Green river,
and Pond run, bituminous, splint, and cannel coals.

Jura-Triassic coals. Richmond coal basin, 189 square miles,
in Chesterfield, Powhatan, and Henrico counties, with
mine centers at Midlothian, National, Clover hill. Carbon
hill, and Dover. Three workable sea.ms, and 50 to 60 feet
of coal.

Farmville coal basin, on the Appomattox river, and in Cum-
berland and Prince Edward counties, 25 squ.are miles

;

mines at Farmville.
Dan River basin, Pittsylvania and Henry counties, crossing

into North Carolina. Several thin seams exploited.

Red oxide of copper. . . Linden, "Warren county, with melaoonite and native copper.

Flagging stone Slate quarried on Hunt's creek, Buckingh.tm county.

Galena, sulphide of
lead.

Gold. Gold

"Wythe county lead mines : Occurs with blende, smithsonite,
and calamine in magnesian limestone ; worked for a cen-
tury; Bertha zinc mine, eastern part of "Wythe county,
with blende; Little Reed island creek (Sayers), Wythe
county ; Forney mine, Wythe county, with blende ; New
river,'near mouth of Reed Island crock, Pulaski county,
galena and blende, with other leacfand zinc minerals ; Tract
mountain and Big Walker mountain, Pulaski county ; Sugar
Grove, South Fork valley. Rich valley. Bear creek, localities

in Smith county ; Giles county, in Lower Helderberg rock,
in small quantities ; near Sharon, Bland county, also in Gar-
den and Flat Top mountains; on Clinch river near mouth
of Maiden Spring fork, Russell county; Floyd county, at
McAlexander's, (m Little river and this range with quartz
and pyrites, argentiferous ; Peach Bottom copper lode, Car-
roll county and (Jrayson county, argentiferous; Stafford,
Nelson, and Franklin counties, argentiferous.

Brush creek, Montgomery county, in gravel; Little river,

Floyd county; "gold belt" of Virginia from Potomac to
Halifax county, 200 mUee long and l.'J-25 miles wide, gold-
bearing quartz in cry.stalline rocks, many mines opened,
principally in Fauquier, StaflFord, Culpeper, Spottsylva-
nia, Orangp, Louisa, Fluvanna, and Buckingham counties;
Bookerford, Buckingham county, Rappahannock mine, Ran-
dolph mine, Whitehall mines, Pocahontas mine at Andrews,
in Spottsylvania county; Louisa county mines; Chicago
and Virginia Gold Miniing Company, Orange county ; Snead
mine, Fluvanna county ; Tellurian gold mine, Goochland
and Fluvanna counties; eastern part of Culpeper county,
several working localities; Culpeper gold mine, Culpeper
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name. Common name. Eemarks.

Gold (c o n -

tiuiiod.)

Gold.

Granite.

Gypsum

Halite Common salt

Hematite
|

Ked hematite, specu-
lar iron ore.

Hematite (2) . .

.

Fossil ore, dyestone
ore.

Limonite

Hydraulic limestone .

,

Limestone .

Brown hematite

county; Eagle mine, Stafford county; Franklin, Liberty,
and other mines in Fauquior county, southern part lately
reopened and worked very little, gold in sulphurets lost iii

roasting.

Richmond, Petersburg, PYedericksburp, gray granites; Rich-
mond, Henrico county; Tuckahoe district,' Henrico county

;

Westnam granite quarries, Manchester, old dominion
quarry at Granite, Chesterfield county; Naurozine district,
l)inwiddie county; Lynchburg. Campbell county; Colum-
bia, on James river (a gneis.s), Fluvanna county; "Willis
mountain. Buckingham county (a ])ink gneiss); Cumbvr-
land county, quarries in gneiss ; Boorman, on Cedar run,
Fauquier county, quarry worked for Washington city -sup-
ply ; also near Delaplaine, Fauquier county.

Buena Vista plaster beds, Buchanan's plaster cove, and other
localities on north fork of Holston valley, Smyth county
and "Wa.shington county ; extensive beds, associated in
places with rock salt.

I. Rock salt—Saltville, Smyth county, valley of north fork of
Holston river, a large deposit ; II. Brines^Saltville, Smyth
county and "Wa-shingtou county; on Clinch river, soiitli-

west part of Lee county.

In lower slates of Potsdam in "Warren, Augusta, Rockbridge,
Botetourt, Bedford, "Wythe, and Smyth counties. Beds
opened at Overall station, WaiTen county; Arcadia fur-
nace, Botetourt county; Pollard cut, same county; specu-
lar ore at Cnndiff creek, in Bedford county, and on Clinch
mountain range, "Washington county; also on south slope
of Iron mountain, Grayson county.

On James river, below Lynchburg. Traceable through Nel-
son, Amherst, Appomattox, Buckingham, Albemarle, Or-
ange, and Cnlpeper counties; several mines opened near
James river. Loudon county ; Stafford county ; east foot
of Bull Run mountain, Prince William county.

South flank Big Walker mountain, "Wythe county ; same
range and also on Poor Valley ridge and Clinch mountain

;

in Flat Top, Bnckhorn, and JEast fiver mountains, in Giles
county; same ranges in Bland county, and also at "Wolf
creek and Round mountain; in Tazewell county; Russell
county ; Powell's mountain and south face of Clinch mount-
ain, Scott county ; Poor Valley ridge, Waldin's ridge, and
Powell mountain, in Lee and Wise counties.

Numerous ore banks in red hematite worked in Great vaUey
of Virginia from Augusta to Smyth county.

Balcony falls, James river, Bedford county. A gray magne-
sian stone, jioted "Balcony Falls cement;" Madison run,
Orange county, undeveloped.

Valley of Virginia and Piedmont district. Outcrops at many
localities ; lor local uses mainly. Fauquier county ; lociil

use.

Occurs in Potsdam sandstone, in Page, Rockingham, Augusta,
Rockbridge, Botetourt, Montgomery, PulasKi, "Wythv, ami
Smyth counties; m.iny deposits along western foot of Blue
ridge.

In magnesian limestone of Great valley in counties above
enumerated ; also in Orisk.any sandstone, mainly in Pulaski
and Giles counties.

Ore banks at many localities in this valley quite to the Ten-
nessee line.

Limonite in extensive beds opened in Orisk.iny and Upper
Helderberg formations, in Paint Lick mountain. Rich
mountain, Nye's cove, and other localities in Tazewell
county ; in Clinch mountain and Kent's ridge, in Russell
county; in Powell's mountain. Clinch mountain, Fossil
and Big ridges, in Scott coimty ; Bowling Green forge, Lee
county.

Large deposits with belts of magnetite and specular ore oc-

cur in a range near James river in Nelson, Amherst, Camp-
bell, Appomattox, Buckingham, thence northeast into Flu-
vanna, Orange, and Culjjcper, and terminating in Fauquier.
Many openings on this range.
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Limonite (2)

,

Magnetite . .

.

Melaconite .

Millstone

.

Malacbite .

Psilomelane

Pyrite

EemarlaB.

Magnetic iron ore.

.

Marl, greeiisand marl.

Calcareous marls .

Black oxide of copper.

Green copper ore, car-
bonate of copper.

Marble

Ocher.

Manganese ore

Iron pyrites

In tidewater part of State, in Tertiary formation ; ores gen-
erally lean.

In Great valley of Virginia, at Kipplemead mine, near Pearis-
burgli ; also near .Newport, and ot bcr localities, Giles county

;

"Wytbeville, Wythe county, with hematite ; near Abingdon,
Washington county ; Toucray mine, Hylfon miae, and Bear
beds, in Floyd county ; CarrdU county ; Billings mine, near
Independence, thence to Now river, in Grayson county;
several localities.

James river belt: Mount Athos, Riverville, Appomattox
county, with belts of specular and limonite ores; also in
Buckingham, Culpeper; near Paris and Markham, in Fau-
quier and Spottsylvania counties ; Stewait's knob, Patrick
county ; Kocky mountain, Franklin county ; Albemarle
county ; in Chesterfield coal basin, at Tarbue's.

In Lower Tertiary or Eocene near head of tidal waters
(average 16 miles wide). Greensaud marls, principally
in Prince George, Henrico, Hanover, and King Williaih
counties.

In Middle Tertiary or Miocene, of tidewater area of State.
Localities : Gloucester county ; New Kent county ; on Ac-
quia creek, Strafford county.

In upper portions of copper lodes, Carroll county, with chal-

cocite <'.nd chalcopyrite, and malachite. Worked for a
time ; also Floyd and Grayson counties ; Linden, Warren
county.

Price's Mills, Montgomery county ; southern part of Carroll
county, granites used for millstones ; Campbell county,
syenitic rock used for millstone.

Peach bottom copper range, Carroll county; northern copper
lode or range, Canoll county, with liiaonite and ores of
copper; near Overall's station, Warren county, with gray
sulphide ; near Catlett's station, Fauquier county ; old
mine near Linden, in Fauquier county, formerly worked.

Near WythovUle, Wythe county; Frye's hill, southwest of
Wytbeville, Wythe county, quarries at these localities;

Craigsville, Augusta county, " encrinal marble " and black
marble from Lower Helderberg formation extensively
quarried, Campbell county ; near Marion, Smyth county

;

valley of north fork of Holston. river, Washington county;
Giles county (Rye hoUow), etc. ; EstillviUc, Scott county;
near Greenwich, EocKTbridge county; in Blue lidge, Fau-
quier county; Toddsburg, near Madison run. Orange
county.

Brecciated or Potomac marble, quarried near Leeeburg, Lou-
don county, also in Fauquier county.

Keezletown, Rockingham county; Massanutton mountain;
nearAlma and MarksviUe, Warren county; Bermuda Hun-
dred, on Appomattox river ; Bon Air, Chesterfield county

;

hematites near Madison run. Orange county.

Cremona, with pyjolusite. Worked.

Common in many localities. Graham's, New river, Wythe
county, with brown hematite outcrop ; disseminated in

proto-Carboniferous slates, Smyth county ; Brush creek,
Montgomery county; Floj"d county, Toncray mine with
copper sulimurets ; southern copper lode, northern or Dal-
ton lode, in Carroll county, immense deposits of pyrite,
pyrrhotite, arsenopyrite, and chalcopyrite, underlying gos-
san and the deposits of melaconite and chalcocite; Gray-
son county—southeast corner of county in copper lodes
with pyrrhotite and chalcopyrite. Western pait of Gray-
son county in east slope of Balsam and White Top mount-
ains. Many localities in "goMbelt" and often .auriferous,

particularly in Amherst and Buckingham counties. Large
deposit at Tolersville, Louisa county, occurs in chloritio

I slates.
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Pyrolusite Black oxide of man-
ganese.

Serpentine.

Sandstone,
stone."

Slate..

' brown

Smithsonite. .

.

Sphalerite .

.

Talc.

Carbonate of zinc,
"dry bone."

Zineblende, black-
jack.

Steatite, soapstone. .

.

Crimona manganese mine, Angnsta county, extensive de-
posit and worked .steadily ; Ii'on mountain, Wythe county

;

Glade ore bank near Max meadow, Wythe county, as-so-

ciatod Willi iron ore Lick and Draper's mountain ranges,
Wvthe county ; Flat Top mountain near liland county line,

Salt Pond mouutain, Big Stony creek, Giles county ; mount-
ains Wfstoiu part of Bland county: Whitolow's and Shoot-
ing creek, Floyd county ; near Vesuvius furnace, Rock-
bridge county; on James river, in Campbell and .Appo-
mattox counties; Cabell mine; Pittsylvania county, mmed
largely ; TolersvUle, Louisa county ; Midway mills (Dan's
mine;. Nelson county.

Quarries in Triassic sandstone areas of middle Virginia ; free-

stone quarries near mouth of Acquia creek; near Manas-
sas, Williams county, a brownstone of Triassic extensively
used in Washington and Alexandria and elsewhere ; Thor-
oughfare gap, Prince William county, a quartzite.

Between Difficult creek and Stillhouse creek, near the Po-
tomac, Fairfax county, heavy beds and containing chrome
ore and talc and magnetite.

For roofing: On Hunt's creek, Buckingham county, several
quarries actively worked, and for along time; Albemarle
county ; Baldwin quarry, Amher.st county ; near James
river, Bedford county, and near B.ilcony falls, near Staun-
ton, Augusta county ; Newcastle, Craig county, opened

;

Keswick, Albemarle county, near Rappahannock river;
near White Sulphur springs, Fauquier county, abandoned.

Wythe county, lead and zinc mines with blende, galena, etc.

Austinville, Wythe county, lead and zinc mines ; occurs
with galena and other ores of lead and zinc, in dolomite;
has been long and largely worked ; Bertha mine, Wythe
county; Falling clitf mine, Wythe county, and Forney,
Wythe county ; on New river, near mouth of Red island
creek, Pulaski county, with galena ; near Sharon and on
Garden and Flat Top mountains. Bland county, scattered
in dolomite.

Barton's, Floyd county; near Toncray mine, Floyd county;
near Peach Bottom mountains, on north, Grayson county,
in great masses. Wytheville, Wythe county, two miles
west of Lynchburg, Campbell county, belt traceable for
miles ; near Amelia C. H., Amelia county ; Spencer's store,
Henry county, fine quarries ; Vallena, Fluvanna county

;

Madison county, northwest base of Buffalo ridge, Am-
herst county, and Nelson county, small quarries opened;
nearCartersville, Cumberland county, opened; Drainsville,
near Potomac, Fairfax countj', with serpentine.

Ores, minerals, and mineral substances of industrial importance and knou>n occurrence, but

tvhich are not at present mined.

Arsenopyrite .

.

Bomite

Carbonite
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Minoralogical
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Halite

Fire-clay

Commou salt, brines.

Hematite

.

Fossil ore

Hydraulic lime-
stone.

Limonite

Watep-lime

.

Brown bemutite

Niter :

.

Petroleum

.

Quartz

Siderite.

Saltpeter, "peter-
dirt."

Petroleum

Sand

Sandstone

Carbonate of iron, clay
iron stone.

Nnzum's mills in Marion coanty. Used for firebrick. Lost
run, Taylor county ; Tunueltdn, Preston county ; nearMor-
gantown, Monongalia county; on Two mile creek of Elk
river, Kanawha county, worked ; near CassviUe in W.iyne
county; near Savageville, in Braxton county; Hancock
county. Several flnus make firebrick. Other localities in
Coal Measures. '

Brine wells. Principal points are : Charlcstown, Kanawha
county ; West Columbia to Hartford, on Ohio rirer, Ma.son
county; BuUtown, on Little Kanawha, Braxton county;
Louisa, on Big Sandy river, Wavne county; New river,

Mercer county ; Birch, on Elk creek ; mouth of Otter creek,
on Elk river. Clay county ; Cheat river. Decker's creek, and
Scott's run, Monongalia county, in borings for oil. Mason
County Salt "Works most extensive, and make nearly all of
State product.

North slope of East River mountain, Bluestone river on Black
Oak mountains, and Flat Top mountains, Mercer county

;

Little mountain, Monroe county ; Anthony's crrek and
Howard creek, Greenbrier county, both fossil and black
ore ; South Fork mountains, Pendleton county; middle, and
also on north mountain r.auges. Hardy county, largi' bodies
developed ; vicinity of Greenland gap, Graiit county, five
feet thick, parallel seams.

Near Shepherdstown, Jefferson county, quarry in bluff on
Potomac.

Near conrt-hou.''e, R.ileigh county ; Peter's mountain, Monroe
county ; South Fork mountains, and near Franklin, Pendle-
ton county, with fossil ores; Salt Spring Kun knob, Cun-
ningham tract, south of Moorfiekl, Hardy county, large de-
posits ; North or Capon mountain. Hardy county, have long
been mined, associated with red hematites ; Walker's ridge

,

and Knobly mountain. Grant county ; Bloomary, Capon
mountains, Hampshire county, long worked ; Sandy ridge,

Morgan county; Martiusburg, Berkeley county : along Po-
tomac, opposite Antietam creek, Jefft-rsun countj' ; near
Bolivar heights, Harper's ferry ; Maltby's ore bank, Jeffer-

son county. Some oi these localities are not now worked.

Caves in Greenbrier county ; Monroe and Pocahontas coun-
ties.

Horse neck, Pleasants county ; Cow creek and French creek,
Pleasants county ; Oil lock and California house, Ritchie
county; Volcano and Sand hill, "heavy oils"; Burning
springs, Wirt county ; near Morgantowu, Monongalia
county, and at points on a lino thence to Charlesto'wn,
Kanawha county.

Sandy ridge, at Alpines, Morgan connty, large deposits of
white sand, worked for glass manufacture in Philadelphia.

Near Morgantowu, Monongalia county (Mahoning), sand-
stone is quarried ; Grafton sandstone is quarried in Taylor
connty ; Weston, Lewis county ; Kauceverte, Greenhrier
county; Chaiiestown, Kanawha county, ilalioning sand-
stone is extensively quarried for local use; Upper Ka-
nawha, s.Tndstdiies of Coal Measures are iiuarried ; Hans-
ford, on Kanawha river, Kanawha county ; near Kanawha,
on Elk river, Kiinawha county ; Eiist 'Wlieeling, Ohio
county.

Mineral county and Grant connty, thin seams .at several lo-

calities; Three forks creek, llee<lsvine, Tunnelton, and
Muddy creek, Preston county; Decker's creek, Scott run,
Booth creek, and Cheat river, eaat ]>art of Mouung.alia
couuty ; Fairiiiouut, Marion county; near mouth of Las*
run, Taylor couuty ; near Phillipi, Barbour county; Stand-
ing Rock run, worked by Elk Knilroad Iron Company ; Clay
county, Braxton county ; near Charlestown, Kanawha
county; on Big Sandy river, at Cassville, Wayne county,
eight seams one to three feet thick. Workable beds in
Lower Coal Measures and Lower Barren Measures.
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Mineralogical
Dame.

Common name. Bemaxlca.

Granite

.

Hematite . Specular iron ore, red
hematite.

Kaolinite

.

Hydraulic limestone,
water-lime, cement
rock.

Kaolin,porcelain clay,

and fire-clay.

Limestone

.

Limonit© Brown hematite

Limonite (2)

Magnetite ..

Bog iron ore

Magnetic iron ore

.

Malachite. Green carbonate of
copper.

Ocher, red and yellow

.

Sandstone

Smithsonite...

Sphalerite ,

Carbonate of zinc,

"dry bone."

Zincblende, "black
jack."

Near Dexter, on Yellow river, "Wood county ; several quar-
ries opened in this coiinty. Localities too numerous to
mention—undeveloped.

I. Specular iron ore. Menominee range. The western ex-
tension of this ore rango is worked extensively at Common-
wealth and Florence mines in T. 40, 11. 18 E., in Florence
county. Beds of great thickness in Huronian schistose
rocks. Spi'cular ore accompanied by some limonite. [Prod-
uct 1882, 270,017 tons.

Penokee range. Ashland and Bayfield counties, associated
with magnetite in quartzite and slate of iluronian

;
great,

extent of loan ores; opened and worked at Penokee gap.
Baraboo region, Sauk county, veins in white quartz (Huro-
nian), not in workable amount; Westfield, Sauk county, and
in western part of S;iuk county, near Ironton ; Cazenovia,
Richland county, with limonite in Potsdam sandstone.
Minus supply local furnaces. On Black river, Jackson
county, also along Chippewa river, very lean ores.

II. Clinton, or "fossil ore." Iron ridge, Hubbard, Dodge
couuty; Maryville, Hubbard, Dodge county, in thick beds
of great extent and largely worked.

Near and north of Milwaukee, on Lake Michigan, an impure
dolomite of Hamilton formation. Extensively quarried and
made into "Milwaukee cement rock." Kipon, limestone;
Poygan, Winnebago county.

In a belt of Laurentian rocks 50 mUes long and 15 miles wide,
stretching from Black river, Jackson county, to the "Wis-

consin, iu Wood county. "Well exposed at Grand Kapids,
"Wood county, and worked for firebrick manufacture.

Many localities in southern and central pails of State. "West-
port, Dane county, a cream-colored limestone; near Madi-
son, quarries in the Mendota. limestone, a yellow, fine-

grained rock; Boscobel, Grant county; Wuuwatosa; "Wau-
kesha, "Waukesha county (Niagara group); Cedarsbnrg,
Genesee, Manitowoc; neoj^ Fond du Lac (Niagara).

Accompanies specular ore at Commonwealth and Florence
mines, Florence county; "Westfield and Ironton, Sauk
couuty, and Cazenovia, Richland county, with hematite in

Potsdam sandstone. "Worked for local supply to furnaces.

Near Necedah, Juneau county ; Grand Rapids, "Wood county

;

other localities in marshes of central and northern parts of
State.

Penokee range, Ashland and Bayfield counties. Ores occur
in quart zites .and slate rocks of the Huronian. Specular ore
also common, with magnetite. Mucli of ore of this range
is lean, but of excellent quality. Mined at Penokee gap,
along Chippewa, Chippewa county, and Black river. "Very

lean ; mixed magnetic and hematite ores (ferruginous
schists).

Mineral Point copper mines, Iowa county, with other copper
ores.

Clintonville, Iowa county.

Basswood island. Lake Superior, Ashland county, a large
quaiTy. "Lake Superior brown sandstone"; Houghton
point, Ashland county ; Baraboo, Sauk county ; Packwan-
kee, Maniuette county; Wautom.a, "U'aushara county; near
Grand Rapids, Wood county ; Black rivor falls, J ackson
couuty ; Stevens Point, Portage county. These are Pots-

dam rocks.

In lead district of sonthwcst Wisconsin, with blende. More
abuuilaut in northern and central parts of district. Minos
in Iowa county ; generally contain both lead and zinc ores,

and worked for both ores.

Common in the lead district, as associate vein material with
galena. Principally in northern and central parts of dis-

trict. Milllin, Ceiitroville, Highland, and Linden, all in

Iowa county, and east of Dodgeville, Iowa county ; Mineral
Point mines, Iowa county ; worked for zinc.
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Whetstones and grind-
stones.

"Woodland, Sauk county, quarry.

Ores, minerals, and mineral substances of indusirialivtportance and Tcnown occurrence, but
which are not at present 7nined.

Asphaltnm
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DIVISION OF THE ROCKY 3IOUNTAINS.

Mr. Whitman Gross, to whom was assigned the compilation of the

mineral occurrences in the Eocky Mountain region, exiilains in the ac-

companying letter the method which he has followed in the preparation

of the lists:

Denver, Colo., May 21, 1883.

Mr. Albert Williams, jr..

United States Geologist, Washington, D. C.

:

Sir: I bavo tlie honor to transmit herewith the lists of minerals and mineral»sab-
fitances of industrial importance occurring in Colorado, Dakota, Montana, New Mexico,
and Wj'omiug, compiled in accordance with your directions.
As the value of such lists depends almost entirely upon the methods employed in

their preparation, I wish to state the main principle which has gnided me in the
present case. I have inserted nothing in these lists for which I did not have what
has seemed to me satisfactory authority. According to newspaper reports and state-

ments of so-called "mining experts," scarcely any mineral is more abundant in many
mining regions of the West than ruby silver, silver glance, "chlorides," etc., while
for many such cases no foundation in fact exists at all, and for others the evidence
obtainable is very unsatisfactory. I have therefore omitted from these lists many
things of common report, some of them no doubt of actual occurrence, concerning
which I could find no trustworthy information. The lists are therefore incomplete in

regard to minerals which may have been publicly announced. I have chosen to err
in this particular rather than by insertiug occurrences which would necessarily be
stricken from subsequent lists. Particularly for the tables of substances not at ^ires-

ent mined it has been extremely difficult to obtain reliable data.
For aid in preparing these lists I am particularly indebted to Messrs. Kichard C.

Hill, of Denver, for information concerning New Mexico and southern Colorado;
Richard Pearce, metallurgist of the Boston and Colorado Smelting Works at Argo,
near Denver; Ernest Le Neve Foster, State Geologist of Colorado, Georgetown ; and
.to G. E. Bailey, Territorial Geologist of Wyoming, Cheyenne. The data on iron ores
are almost whollj' derived from Mr. Bayard T. Putnam, special expert of the Tenth
Census, and are condensed from the tables to be published by him in the forthcoming
volume, "Iron in the United States," by Prof. Raphael Pumpelly, to be issued by the
Geological Survey in connection with the Census.

Very respectfully, your obedient servant,
WHITMAN CROSS,

Assistant Geologist.

COLORADO.
Ores, minerals, and mineral substances of industrial importance, which are at present mined.

[Reported by Whitman Ckoss.]

Mineralogical
name. Common name. Remarks.

Alaskaite, a.

(Ag2 Pi Cui)
S+Bi2 Sa.

Alt.iitc PI Te . . " TeUmide "
.

San Juan county, Poufrhkcepsie gulch, Alaska mine. Occurs
in quantity as massive mineral with tetrahedrite, chalcopy-
rite, baiite, and quartz.

Boulder county, Gold Hill district,
rilerous.

Argentiferous and au-

Anfrleaite.Pl
SO4.

Argentite, Agj
S.

Areenopyrite

.

Sulphate of load ,

Silver glance.

Mispickol,
pyrites.

arsenical

Clear Creek county, and adjacent parts of Summit county.
A frequent surface ore of galen.% veins. Usually argentifer-
ous, and mined for both lead and silver.

Lake county, frequently associated with cemssite in the
"sand carbonate " ores near Leadville. (SeeCerussite.) Is
undoubtedly a common decomposition product of galena,
thouf;h seldom worthy of special notice.

Clear Creek county, near Georgetown. In small quantities
with other silver minerals. Sot uncommon.

San Miguel county, Marshall creek. In quartz veins with
tetrahedrite, galena, sphalerite, and some silver. Occa-
sional.

Gilpin county. Of frequent occurrence, sq^netimes highly
argentiferous. Occasionally aui iferous.

a This mineral was described by Konig, Am. Phil. Soc., Philadelphia, 1881, p. 472 ; and in Groth's
Zeitschrift liir Ki'ystallographio, vi., p. 42.
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Arsenopyrite

—

Continned.

Bomite, 3 Cna
S+FejSs.

CerargyriteAg

Cemssite PI
CO3. (Argen-
tiferoas.)

Mlspickel, arsenical
pyrites.

Peacock ore ,

Horn silver,
'

' chloride'

'

' Carbonate, " " hard
carbonate, " " sand
carbonate."

Chalcocite

.

Copper glance

Chalcopyrite .

.

Copper pyrites, "yel-
low copper; " wlien
iridescent and tar-

nished, "peacock
ore."

Coal, Tar. an-
thracite.

Coal, var. bitn-
minous.

Anthracite

Lignite, soft coal

Gunnison county, near Euby camp. With proustite. Ar-
gentiferous.

San Miguel county. Mount "Wilson. Argentiferous; asso-
ciatedwith tetrahodrite.

Clear Creek county. Spanish Bar district.

Fremont county. In small quantity with niccolite at Gem
mine. Grape creek caiion; argentiferous.

Lake county, near Leadville
; particularly on Fryer hill. Not

common.
Summit county, near Breckenridge. On fissure planes ot a

quartzite. Illinois mine, Schanck hill.

Custer county, near Silver Cliff. In small quantities impueg-
nating a rhyolitic rock.

Occurs in greater or less quantity with nearly all galena ores,
as in Summit county. Eagle county, Chatiee county, Gun-
nison county, Ouray county, San Miguel county, Dolores
county, &c. ; bntin Lake county, near Leadville, it is worthy
of special note. As a compact mineral, usuiilly with some
quartz, it is called " hard carbonate " ; as a loose sand de-

fosit, often quite extensive, it is termed "sand carbonate."
n the latter form it is often accompanied by anglesite and

pyromorphite, which are, however, seldom distinguished.
The cerussite is usually argentiferous, and is mined for both
silver and lead.

Clear Creek county, near Idaho Springs. "With siderite and
small crystals of sphalerite. Argentiferous.

,

San Miguel county. Occurs almost alone, in sandstone with
matrix of calcite. Argentiferous.

Boulder county, particularly in Grand Island and "Ward dis-

tricts. Argentiferous, and in the latter also auriferous.
Gilpin county. A very common and sometimes rich gold ore.

Also argentiferous in many places. Occurs in veins in
gneiss, with pyiite, sphalerite, galena, and tetrahedrite.

Clear Creek county. Also abundant here, but chiefly a silver
ore.

Summit county, in Snake river region. Similar in occurrence
to that of Clear Creek county.

Chaiiee county. An argentiferous ore, associated vvith ga-
lena, etc.

Huerfano, Hinsdale, San Juan, Ouray, and San Miguel coun-
ties. A common argentiferous ore, usually associated with
galena, tetrahedrite, pyrite, etc.

Gunnison county, near Crested Butte. Of Cretaceous age,
but said to possess the qualities of the best Carboniferous
anthracite. The veins are now being extensively devel-
oped.

Bituminous coal from the Laramie group of the Cretaceous
formation (post-Cretaceous according to some authors) is

extensively mined at the eastern base of the Rocky mount-
ains. In tno northern part of the State the chief "develop-
ment is in "Weld county (at Erie) ; Boulder county (at Can-
field, Langford, Louisville, etc.); and in Jefferson county
(at and near Goldenj.

In El Paso county, at Franceville, on the Denver and Xew
Orleans railroad, developments have been recently made.

In Fremout county the coal fields southeast of Caiion city
are extensively woiked.

In the southern part of the State the same coal beds are
largely productive at "Walsenburg in Huerfano county, and
nf ar El Moro and Trinidad, in Las Animas county.

In Park county, near Como, in the South Park, coal of the
Laramie group is worked.

Cretaceous coals of a lower geological horizon than the Lara-
mie are found in many places in the mountain districts of
the Statai In most instances the development is slight.

Near Crested Butte, in Gunnison county, are large beds of
a very fine bituminous coal, occurring near the anthracite,
and which are now actively worked. This coal produces
an excellent coke, and is also used in Denver, Leadville,
etc., for gas manufacture.

In La Plata county, near Durango, are several thick veins of
Cretaceous coal, which are now mined.

The same coal is said to appear in Conejos county, adjoining
La Plata county on the east, but is not yet worked.
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Mineralogical
name. Common namA. Remarks.

Embolite ; Ag
(CI Br), (a.)

Enargite. 3
Cuj S + A62

Chlorobromide of sil-

ver.

Pire-clay

Galenite, ar-

gentiferous.
Galena.

Coal, var. bitu- Lignite, soft coal Near Rico, in Dolores county, coal, also of Cretaceons age,
minons. is slightly mined for local use.

In San Miguel, Ouray, and other counties, coal of unknown
extent and quality has been found.

Lake county, near Leadville. Of frequent occurrence, par-
ticularly on Fryer and Carbonate hills. Occurs chiefly in
a siliceous iron ore in cavities, and on fissure planes.

Gilpin county, Russell gulch; particularly in the Powers
mine. Argentiferous; with pyrite and fluorito.

Rio Grande county, Summit ciistrict. Both auriferous and
argentiferous ; often carries free gold. "With pyrites onlj-,

in quartz matrix.
San J uan count v, Redmountain, (6) abundant. Argentiferous,
with tetralieilrite and galena in quartz veins.

Jefferson county: seams in the sandstone of the Dakota Cre-
taceous. Extensively mined near Golden, and used in the
manufacture of flretricks, muffles, etc., at Golden aud
Denver. Doubtless occurs in the same geoloj;ical horizon
at many places along the foothills. This clay is of the very
finest quality.

Boulder county. Grand Island district, with chalcop3Tite,
sphalerite, and smaller quantities of other minerals.

Gilpin county. Clear Creek county. In these counties a very
* common ore, associated with one or more of the minerals
pyrite, cbalcopyrito, sphalerite, tetrahedrite.

Summit county. Snake river district. Occurrence as in Clear
Creek county, near Breckenridge, Ten-mile district. In
limestone, with pyrite, sphalerite, &c.

Eagle county, near 'Red cliff. In limestone, as above.
Lake county, Leadville region. Very prominent ore occurs in
limestone ; often much altered into cerussite (see Cerussite)

;

Homestake peak ; in Aichsean.
Park county. Occurs on eastern slope of the Mosquito range

;

same manner as at Leadville.
Chaffee, county, several districts. Important ore.
Custer county, near Silver cliff. Bull Domingo mine, and in
small quantities elsewhere.
Fremont county. Cotopaxi, in caBon of the Arkansas : limit4>d.

Gunnison, Saguache, Huerfano, Rio Gr.indp, Hinsdale, San
Juan, Ouray, San Miguel, Dolores, and La Plata counties.
In all these counties galena is an abundant ore of silver.

It is most frequently associated with tetrahedrite, which is

also arnentiferous ; in manv cases with chalcopyrite, and
more rarelv with various otiier minerals. Is usually mined
and treated for lead as well as silver.

Routt county. Placers in Habn's Peak region ; veins not yet
opened. Not .vet important.

Boulder county.' Placers limited ; associated with tellurido
minerals in Maspiolia, Sugar Loaf, Gold Hill, and Central
districts. In quartz veins with pyrite, fluorite, and barite,
near Jamestown.

Gilpin county. Placers limited. Common in small quantities
with auriferous minerals of region ; t. e., pyrite, chalcopy-
rite, aud sphalerite.

"

Clear Creek county. Sparingly in placers on Clear creek.
Summit county. Placers in French, Fuller, and other gulches.
Moderately productive near Breckenridge; also in dendri-
tic coatings in fissure planes of a schistose rock ; limited.

Park county. Placers on the western and eastern borders;
limited. Veins near Montgomery ; little worked

Lake county. Placers on C.nlifornia gulch
;
^bout exhaaste*!.

In veins near Leadville, and very limited.
Chaffee county. Phicers very little worked at present. In
quartz veins in Gianite and Hope districts ; limited.

Saguache county. In veins, with pyrolusite ; also as.sociatcd
with native silver on Caruero creek ; limited.

Costilla cT)uuty. Placers near Placer ; veins, Grayback gulch,
south end of the Sangro do (,'risto mountains.

Rio Grande county. Summit district. In a feiTuginous de-
composition product of pyritiferous veins; also with enar-
gite, same retrion.

Ouray county, IJncompahgre district. Placers near mo.uth of
Dallas creek; not now paying.

a. The proportions of chlorine and bromine are variable, and iodine sometimes appears.
b. Mineral not absolutely determined from Red mountain. Is impure; probably euaigito.

Gold, native . .

.

Gold.
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Mineralogical
name. Common name. Keiaarks.

Crold, native . .

.

Hematite ......

Hessite, AgjTe

Hossite, V a r .

petryite,(Ag
AujjTe.

Iiimonite

Gold

Specular iron

Tellnride of silver

"Telluride"

Brown hematite,
brown iron ore.

Magnetite Magnetic iron

Massicot

Polybasite(a),9
Ag^S+SbjSs.

Proustite, 3
Ag2 S, Sbj S3.

Pyrargyrite, 3

AgjS.SbjSs.

Pyrite (aurif-

erous) .

Oxide of lead

Plastic clay.

Knby silver (light)

Euby silver (dark).

Iron pyrites

San Miguel county. Extensive placers ; also in quartz veins.
La Plata county. Placers on Rio La Plata and Rio de las
Animas ; veins near Parrott city.

Lake county, Breece iron mine, Brcece hiU, near Leadvllle.
V^ry pure ore ; large, irregular deposits in porphyry.

Boulder county, Gold Hill district. Important ore.

Boulder county. Not uncommon ore. Important ; Gold Hill
mines, especiallv. *

Hinsdale county, Hotchkiss mine. (This mineral seems to be
a telluride of gold and silver, but is impure, and the species
cannot be considered as determined.)

Saguache county, at Hot springs, -western foothills of the
Sangre de Cristo range, eight miles from Villa grove, large
body interbedded with limestone nearly 100 feet thick in
places ; very pure ore ; extensively worked by the Colorado
Coal and Iron company.

CostUla county, Grayback gulch, five miles from Placer sta-

tion, on Denver and Rio Grande railroad ; interbedded with
impure limestone

;
good ore. Worked by Colorado Coal

and Iron company.
Fremont county, Iron mountain, near Pine creek, a branch

of Grape creek, 22 miles from Canon city. Quite titanifer-

ous ; up to nearly 15 per cent. TiOs. Worked by Colorado
Coal and Iron company.

Chaffee county, in Arkansas hills, nine miles from Salida
(south Arkansas). Extensively worked by Colorado Coal
and Iron company.

Gnnnison coimty, (Jebolla creek, a pure ore in large quantity.
Is to be used as a source of ore for iron works soon to be
erected at Gnnnison city.

Dolores county, near Rico, with galena ores ; argentiferous.
San Miguel county, upper San Miguel region, with galena

;

argentiferous.
In less quantities in many places as decomposition product
of galena.

Common in the Laramie group ; often intimately associated
with the coal, mined in various places. Used in coarser
pottery.

Clear creek county.

Gunnison county. Ruby district, with, arsenopyrite ; small
quantity.

Gilpin county, near Central city. A rare mineral
Clear Creek county. Frequently occurs in small quantity
with stephanite, argentite, native silver, and the more com-
mon ores.

Gnnnison county, Ruby district. With tetrahedriteand native
silver. Not uncommon.

Hinsdale county. Galena district, associated with stephanite.
Occasional occurrence.

Ouray county, Snefiie's district, with sphalerite. Not uncom-
mon.

San Miguel county, Marshall £reek basin. Occasional, with
stephanite and sphalerite.

Dolores county, near Rico. Not uncommon,with argentite. (?)

Boulder county, Ward district.

Gilpin county. Abundant; in veins with chalcopyrite, spha-
lerite, &c. An important ore of gold.

Clear Creek county. Empire district. Abundant, butlow grada
gold ore. Experiments as to treatment now in progress.

Rio Grande county. Summit district. With enargite. Not
uncommon.

San Migufl and La Plata counties. Common.

a While not absolutely determined, it is thought probable by experienced persons that this mineral
occurs frequently with pyrargyrite, argentite, and other silver minerals ; e. g., in the Terrible mine,
near Georgetown.
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Minerstlbgical
name. Common name. Remarks.

PjTomorphi t e
(argentif-
eroua).

Pyrrhotite.

Quartz

Magnetic iron pyrites

Common ir^hitc quartz

.

As sandstone .

Moss agate, '

' silicifled

wood," and " smoky
quartz."

Schlrmerite 3

(Agv Pb) S, 2
Bis. S3-

Silver, native .

.

Silver .

Sphalerite Zincblende

Stephanite 5
Ag2S,Sb2S3.

Silvan ite (Au
Ag) Tej.

Tetrahedrite

.

Brittle silver.

'Tellurido".

Gray copper, fahlerz..

Franinite

.

' Pitchblende "

.

Lake county, near Leadville. Associated with cerossite in
the "sand carbonate." (See Cemssite.)

San Juan countj'. Needle mountains. Limited quantity ; au-
riferous.

Jefferson county. Mined from veins in the foothills near
Golden, and used in the manufacture of firebricks at
Golden.

Beds of white sandstone, said to be suitable for glass manu-
facture, occur all along the eastern base of thu mountains,
and in many places in the mountains.

Very common, and much used in the manufacture ofjewelry,
oiTiaments, etc. The smoky quartz occurs near Pike%
Peak, and is known in trade as " smoky topaz" or " Cairn-
gorm stone."

Bouldercounty. With telluride minerals in small quantity, (a)

Clear Creek county, Geneva district.

Summit county, Peru district. Snaringly. (6)

San Miguel county, Howard's forK of San Mignelriver. Santa
Cruz mine, withbismnthinite, chalcopyrite, and galena.

Clear Creek coirarty. Of frequent occurrence as companion of
the argentiferous ores of the region. Usually in small
quantity.

Lake county. Rare ; in a few mines of the Leadville region

;

Evening Star, Little Chief, etc.

Gunnison county, Ruby district. Associated with pyrargy-
rite, tetrahedi'ite, etc". ; not uncommon.

Hinsdale county, Galena district. With galena and tetrahe-
drite; not common.

San Miguel county. With stephanite, galena, and tetrahe-
drite ; occasional.

Gilpin county and Clear Creek county. A common mineral,
usually argentiferous, sometimes highly so, and occuiring
associated with pyrite, chalcopyrite, galena, and tetrahe-
drite ; mined for silver only.

Hin.sdale, -San Juan, Ouray, San Miguel, Dolores, and La
Plata counties. A very common, usually argentiferous,
mineral; common as.souiate galena; frequently together
with chalcopyrite, tetrahedrite, or pj'rargyrite.

Clear Creek countv. Frequently associated in small quantity
with other silver-bearing minerals of county.

Hinsdale county, Galena district. Limited.
San Juan county, Uncompahgre district Occasional.
Ouray county, Sneffle's and Uncompahgre districts. Occa-

sional.

San Miguel county. Not common.

Boulder county. Gold Hill and other districts.

La Plata county, Junction creek, and at head of the Rio La
Plata In quartz veins.

Gilpin and Clear Creek counties. Very abundant ; argentif-
erous in both; auriferous in Gilpin; common associates
pyrite, galena, sphalerite, and chalcopyrite.

Summit county, adjoining Clour Creek county.
Lake county, a few mines in the Sawat(;h range. Limited.
Hinsdale, San Juan, Ouray, and San Miguel counties. A very
•ibnndant silver ore, associated with one or more of the min-
erals pyrite, chalcopyrite, 8i)halente, galena, and occasion-
ally with others; most prominent ore mineral of the San
Juan region.

Huerfano county. Rarely.
Gunnison county. Ruby district. With pyrargyrito and native

silver.

Gilpin county, near Central City. Discovered and worked
for uranium by Richard Pearce, esq., of Denver; not at
present productive; occurs with other uranium minerals,
torbernite, etc.

a First described from Boulder county by Genth ; Am. Phil. Soc, Philadelphia, XIV., p. 230, 1874.

b This mineral was first called scliapb'achite as occurring in these counties; and I am not aware that
a quantitative analysis has ever been made.
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Ores, minerals, and mineral substances of industrial importance and known occurrence, hut

ivMch are not at present mined.

Mineralogical
name.

Common name. Eemarks.

Chalcantliite.
Cu S 04 + 5
HjO.

Clarysocolla

Cinnabar

riaorite. CaFj

Graphite.

Gypsum

.

Mag:Detite

Marble

Molybdenite . .

.

Muscovite

.

Niccolite.

Serpentine.

Smaltite

.

Sphffirosiderite
(including
the altera-

tion pro-
dacts).

Bluestone

SUicate of copper,
blue copper.

Cinnabar

Fluorspar

Plumbago, black lead.

Gypsum

Magnetic iron

Marble ...

Sulphide of molyb-
denum.

Mica

Kupfemickel (Ger-
man).

Serpentine

Gray cobalt ore

.

Nodular iron ore, car-
bonate ore, clay
ironstone.

Clear Creek county, and adjacent parts of Summit county.
In considerable quantities in veins, with tetrahedrite, ga-
lena, chalcopyrite, sphalerite, barite, etc. Prospective.

Custer and Saguache counties; Sangre do Cristo mountains;
Tindeveloped.

La Plata countj'. In sandstone ; said to be rich ; undevel-
oped.

Boulder and Jefferson counties. Veins in Archaean ; said to
be extensive ; used in small quantities as a flux in smelt-
ing ; San Juan countj , Poughkeepsie gulch ; in veins with
quartz.

Gunnison county; 3J miles north of Pitkin; branches of
Quartz creek ; impure ; in quartz veins 2J feet thick ; no
present value.

In the Jurassic and Triassic strata along the eastern base of
the Kocky mountains. Often in pure state, and available
for manypurposes. Opened on the Cache la Poudre river,

at Morrison, and near Canon City. Also occurs in the
South paik, and at many other points where the Jurassic
and Triassic strata are exposed.

Park county, near Hamilton. Said to occur in quantity, and
of good quality; undeveloped; Boulder county, near Ca-
ribou ; veins in Archaean ; undeveloped.

Jefl'erson county, near Morrison. A brownish, mottled loek

:

Specimens polished at Exposition of 1882 ; not in use yet.
Chaflee county ; large beds of white and variegated mar-
ble said to have been recently discovered.

Gunnison county, two miles from Pitkin. In quartz veins.
Possible source of molybdenum.

Fremont county, Cotopaxi. Veins in Archaean
;
prospected

somewhat; Jefl'erson county. Bear creek; scarcely explored
as yet.

Fremont county, Grape creek canon. Gem mine. In dolomite,
with bomite, and rarely native silver ; not yet used as ore
of nickel.

Park county. Buckskin gulch. A mottled rock, largely calcite,

but deeply colored by true serpentine
;
prospective use as

ornamental stone.

Gunnison county, near Gothic. In a vein with calcite gangue,
associated with small quantities of erythrite and native
silver; possible source of cobalt. Analysis by M. W. lies,

American Journal of Science, May, 1882.

A. thin seam of sphterosiderite occurs above the coal of the
Laramie formation in many parts of Colorado and New
Mexico. In some places it has weathered out in nodules,
which are found upon the plains in great quantity. It is

found near Trinidad and El More, in Las Animas county,
Walsenburg, iu Huerfano county, and MarshaO, in Boulder
county. The greater part is too impure for use.

48 M E
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Ores, minerals, and inineral 8uhstancf;s of industrial importance, which are al present mined.

[Reported by Whitman Ckoss.]

Mineralogical
name. Common name. Remarks.

Oalenite

.

Gold.

Galena..

Native gold, free gold.

Muscovite

.

Pyrite (aori-

ferous).

Mica...

Iron pyrites
J
pjrites

of iron.

Lawrence county, Bear Butte district, near Galena. Argenti-
ferous, in limestone.

Lawrence county, Black Hills. Free in certain strata of the
Archaean formation. Most commonly in lenticular masses
of smoky quartz in a schist; but also in some peculiar am-
phibolitic or chloritic schists; rarely in a breccia. The
placers have been extensively worked ; are now paying but
little.

Pennington county and Custer county. Gold occnrs in simi-
lar manuer to that in Lawrence county, but much less im-
portant

;
placers in both counties.

Custer county, Custer district. In large veins in the Archaean.
With milky quartz, labradorite, albite (var. clevelandite),
beryl, and a yoUow mica (sp. 1)

Lawrence county. BearButte district. Limited occurrence ; in
fine particles disseminated through many Archaean schists
of the Black Hills.

-Ores, minerals, and mineral substances of industrial importance and of known occurrence,
hut which are not at present mined.

Coal (var. bitu-
minous).

Gypsum

,

Brown coal, soft coal,

etc.

Gypsum ...

Mandan county, on Hay creek, and other branches of the
north fork of Cheyenne liver. North of the Black Hills.
Little developed.

Lawrence county, six miles northeast of Dcadwood ; and in
otlier places on the north and northwest slopes of the Black
Hills.

MONTANA.
Ores, minerals, and mineral substances of industrial importance, ichich are at present mined.

[Reported by "Whitman Cross.]

Argentite.

Arsenopyrite .

Bomito

.

Cerargyi'ite

Chalcocite(Cu3
S).

•Chalcopyrite ..

Silver glance.

Mispickel, arsenical
pyrites.

Peacock ore

Horn silver, " chlo-
ride."

Copper glance .

Copper pyrites

.

Cuprite (Cu^O). Red copper .

Silver Bow county. Summit valley district, near Butte City.
Small quantity, in few mines, with argentiferous pyrites,
etc.

Lewis and Clarke county, Ten-mUo district. Aurlferons;
mined for gold contents.

Silver Bow county. Summit valley district, near Bntto City.
Massive ore occnrs, with chalcopyrite, pyrite, and native
silver. Mined chiefly for copper. Highly argentiferous in
a few places only.

Silver Bow county, Summit valley district, near Butte City.
Small particles "in pyrolusito, malachite, and other surface
minerals of many veins.

Silver Bow county. Summit valley district, near Batte City.
Massive; important as copper ore; also highly argentifer-
ous in places.

Silver Bow county. Summit valley district, near Butte City.
Massive ore, with bornite, pyrite, native .silver; argentif-
erous. Mined for silver .ind copper; abundant.

Beaver Head county, Trapper district. Abundant, with gar
lena. Mined for copper and silver.

Silver Bow county. Summit vaUcy district, near Butte City.
Elinor element in copper ores ol region, but mined with the
rest.
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Mineralogical

name.

Galemte(PbS).

Gold, native -

.

Malachite

Nagvagit«

Psilomelane .

.

Pyrargyrite .

.

Pyrite, aurifer-
ous.

Pyrolnsite

.

Rhodonite

Silver, native .

.

Sphalerite

'Green copper," green
carbonate of copper,
etc.

Manganese

Iron pyrites,
iron."

Eemarks.

Galena Lewis and Clarke county. Ten-mile and Ottawa districts.

Argentiferous.
Jefferson county, near "Wickes. Argentiferous, with sphal-

erite and pyrite. Smelted at "Wickes.
Beaver Head county. Trapper district. Argentiferous

;

prominent lead and silver ore of region, with cnalcopyrite
and other copper minerals.

Deer Lodge county, Flint creek distiict. Argentiferous,
with sphalerite aiid tetrahedrite.

Gold Missoula county. Cedar creek and other districts, in placers
and veins. Not much developed ; reason—country new.

Deer Lodge county : Placers in many places ; have been
rich ; stul productive. At Cable city, in a vein associated
with nagyagite (Atlantic Cable mine).

Lewis and Clarke county, near Helena. Formerly rich; now
moderately productive ; other places ; also in veins.

Jeflerson county. Placers; moderately productive. Cata-
ract and other districts ; near surface of pyritiferous veins.

Gallatin county. Placers ; little worked now.
Madison county. Placers ; near Virginia City, rich ; also
north and northeast of Virginia City. Veins ; surface of
pyritiferous veins.

Meagher county. Placers ; extensive ; little worked ; new
country.

Beaver Head county, near Bannack. Placers and quartz
veins ; neither much worked.

Silver Bow county. Summit Valley district, near ButtaiCity.
Surface mineral in veins, carrying chalcopyrite, bomite, etc.,

below. Usually carries silver. Used as copper and silver

ores.

a Deer Lodge county, Cable city. Atlantic Cable mine ; with
gold, pyrite, and chalcopyrite.

6 Beaver Head county. Small particles impregnating the wall
voc\ of a pyritiferous vein. Not abundant.

Silver Bow county. See Pyrolnsite; occurrence the same.

Huby sUver Deer Lodge county, Flint Creek district. "With galena and
sphalerite ; limited.

'white Lewis and Clarke county, several districts. In veins with
quartz.

Jefferson county. Cataract, Elkhorn, Cedar Plains, and other
districts. Common ; also argentiferous in places.

Madison county. Common ; in veins with quartz.

Deer Lodge county. Common ; in veins with quartz.

Silver Bow county. Summit Valley district, near Butte City.

Also artentiferous; with small quantities of rhodocrosite,

calrite. and siderite.

Beaver Head county, Bannack district. Massive ; in veins on
contact of limestone and eruptive rock. Not very rich.

Deer Lodge county, Flint Creek district. Surface ore in a few
mines ; carries silver, probably as chloride.

SUver Bow county. Summit Valley district, near Butte City.

Common surface ore in many veins, carrying rliodonite, etc.,

below. Usually contains silver, and is much sought for as

flux for siliceous ores.

Silver Bow county, Summit Valley district, near Butte City.

In many veins at some depth, with rhodocrosite, pyrite,

chalcopyrite, and native silver. Slightly argentiferous, and
used as a flux.

Silver Silver Bow county, neighborhood ofButte City, SummitValley
district. In veins ; 1st type, associated with pyrite, sphal-

erite, rhodonite, and rhodocrosite ; 2d type, with mass of

pyrites, chalcopyrite, and bomite. Kich ore.

Zincblende Silver Bow county. Summit Valley district, near Butte City.

Argentiferous : mined for silver contents. Veins with na-

tive silver, pyrite, rhodonite, and rhodocrosite; also in inti-

mate association (chemical ?) with Cu^S, highly argentifer-

ous; and, thirdly, with tetrahedrite.

a Species not definitely determined. Eesembles nagyagite more than any other telluride. First

noticed by Kichard Pearce, Denver, Colorado.
6 Also observed by Mr. Pearce.

Manganese, black ox-
ide of manganese.
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Minoralogical
name. Remarks.

Zlncblendc
|

Peer Lod^e countv, Flint Creek district. Argentiferous, with
tetrahedrile and galena.

Deer Lodge county, Flint Creek district. "Witli galena and
sphalerite; argeiitil'erons.

Silver Bow county, Summit Valley district, near Butte City.
With galena, pyrite, and argeutite. Small quantity, but
sometimes rich in silver.

Ores, minerals, and mineral suistances of industrial importance and Icnoion occurrence, hut

tvhich are not at present mined.

Coal of the Laramie (Cretaceous) formation exists over a
large area at the eastern base of the Kocky mountains,
but is as yet almost wholly undeveloped. At Livingstone,
on the Yellowstone river, the Northern Pacific Kailroad
Company has recently found workable veins of coal.

NEW MEXICO.

Ores, minerals, and mineral substances of industrial importance, tvhich are at present mined.

[Reported by Whitman Cross.]

Argentite. SUver glance

Azurite Blue carbonate of cop-
per.

Bomite Peacock copper ore .

.

Cerargyrite . .

.

Cerussite (ar-

gentiferous).

Chalcocite (ar-

gentiferous).

Chalcopyrite.

Chrysocolla

Chrysocolla
(variety).

Horn silver, "chlo-
ride."

' 'Carbonate, " lead car-

bonate, etc.

Copper glance

Copper pjTites..

.

Silicate of copper

.

Tilo ore.

Socorro county. Black range mountains, Chloride camp. Thin
veins or films in quartz, with some cerargyrite.

Grant counU-, near Silver city; a frequently occurring ore in
small quantity.

Grant county, Santa Rita (see malachite). In small quantities
with the other copper ores of New Alesico.

Socorro county, ilogallon mountains; with chalcopyrite,
chalcocite, and native silver in quartz matrix ; argentifer-
ous.

Lincoln county, Nogal mountains. In quartz veins travers-
ing slate ; argentiferous.

Near Socorro. "With barite, in small quantity.
Gr.int county, Lake valley; a very rich and import<int ore.
Piuos Alto's, and near Silver city^

Socorro county, Magdalena mountains.

Socorro county, Mogallon mountains. Occurs with chalcopy-
rite, bornitc' andiiative silver; Black range mountains,
Mineral creek district: .irgeutil'erous in varying degree.

Grant county, Carlisle district, near Steeple rock. With chal-

coi>i, rite aiid malachite in quartz matrix ; argentiferous.

Santa F6 county, Santa F6 mountains. Argentiferous.'
Socorro county, Mogallon mountains. With chalcocite, bor-

uite, and native silver: argentiferous.
Graut county, Carlisle jlistrict ; argentiferous.

Grant county, Burro mountains. Associated with malachite
and cuprite ; now used as copper ore. Socorro county, Os-
cura mountains, in large quantity; mining recently begun.
Santa F6 county, Santa Fe mountains. Said to be argentif-

erous.

Socorro county. Under this head may be mentioned the '

' tile

ore," "mahogany ore," or "coffee copper,'' which i« a mix-
ture of chrysocolla, cuprite, limonite, etc., and which is

worked as a copper ore; is a fine smelting ore. Oscura
mountains.
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Mineralogioal
name.

Common name. Itomarks.

Coal (var. Ijitti-

niiuous).
Lignite, soft coal

Copper (native)

Cuprite

Fhiorite

Galenite (ar-
gentiferous).

Gold.

Halite

Limonite

Malachite ;

Massicot

Pyrargyrite .

.

Pyrite (aurifer-

ous).

Silver, native .

.

Sphalerite (ar-

gentiferous).

Tetrahedrite .

.

Copper

Kuby copper

Fluorspar

Galena

Gold

Salt

Hydrated iron oxide.

Green copper carbon-
ate.

Oxide of lead

Euby silver

Iron pyrites, pyrites
of iron.

Silver

Zincblende

Gray copper, fahlerz
(diermau).

Turquois
|

Turquois

Colfax county, Raton hills. The continuation of the Trinidad
(Colorado) coal ilelds ; workable beds said to exist in nearly
all the caiions as far south as Poiiil caiion ; extensively
worked near the Colorado State line, near Atchison, To-
peka, and Santa F6 railroad. Santa F6 county, Galisteo coal
field, exposed on Galisteo creek westward for 15 miles from
Galisteo; worked at CeriUos. Socorro county, western
base of the Oscura mountains; recently opened. Taos
county, adjoining the Colorado State line; extension of the
coal fields of La Plata county, Colorado ; not yet opened.

Grant county, Santa Rita mines. In thin sheets, with cuprite,
malachite, and azuxite ; worked with other copper minerals.

Grant county, Santa Kita copper mines. "With copper, mala-
chite, etc.

Grant county, near Silver City. In a vein ; somewhat used as
a flux.

Socorro county, Magdalena mountains, in quartz. Low grade
silver ore. Grant county, near Silver City, with barite (ar-

gentiferous). Santa F6 county, Los CerUlos district, mined
tor lead and silver.

Taos county placers ; not greatly developed. Colfax county,
extensive and rich placers ; lack of water prevents work in

some places; veins near Old Baldy mountains. Santa F6
county, placers on east slope of Placer mountains ; not much
developed in the new localities, owing to lack of water;
veins little opened. DoQa Alia county, Hillsborough dis-

trict, both placers and quartz veins ; moderately productive.
• Lincoln county. White Oaks district, placers and quartz

veins ; both being opened at present. Grant county, Pinos
Altos, Georgeto^vn, and Carlisle districts, placers and
quartz veins

;
productive.

Santa F6 county, seven mUes east of the Sandia mountains.
In salt marsh ; rather impure, but used locally for table salt.

Occurs in several places in too impure condition to serve aa
an ore of iron ; used as a flux.

Grant county, Santa Rita mines. "With azurite, cuprite, and
native copper; Buito mountains; not largely developed aa
yet.

Socorro county, Magdalena mountains. Argentiferous, but of

low grade.
Less prominently in other places, associated with galena.

Grant county, Bullard's peak district. "With sphalerite, ar-

gentite, and native silver.

Grant county, Pinos Altos and Georgetown districts.

Socorro county, Mogallon mountains. "With chalcopyrite,

bornite, and chalcocite.
Grant county, near SUver City ; in an argillaceous shale, and
in veins, with pyrargyrite, argentite, and sphalerite. Burro
mountains, little developed.

Socorro county. Black Range mountains; Turkey creek dis-

trict. Mined for silver contents.
Grant county, near Georgetown, mined for silver.

Socorro county, near Pueblo springs. In quartz veins with
chalcopyrite ; highly argentiferous.

Santa r6 county, Los Cerillos, small veins in a trachytic
rock ; long mined by Indians and Mexicans ; still pro-
ductive, chiefly of inferior quality.

Ores, minerals, and minei'al suistances of industrial importance and knoiim occurrence hut

which are not at present mined.

Bornite, 3 Cua- Peacock ore I Rio Arriba county, Abiqniu district (see chalcocite).

S-t-FeaSs: | I
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Mineralogical
name. Common name.

Chalcocite

.

CuxS.

Chrysocolla.

.

Gypsum

Copper glance

.

Silicate of copper

Kemarks.

liio Arriba county, Abiquiu district, witli bomite. Both
minerals formerly worked for copper by Mexicans ; not
argentiferous.

Santa r6 county, Santa Y€ moontuins.
prospective.

Xot now worked;

Gypsum Valencia county, Zuni mountains, as selenite. Used for
window panes by Indians, also to make whitewash ; extent
unknown.

SocoiTO county, ten miles west of Socorro. In heds some-
times U feet thick ; mined and used as whitewash by Mex-
icans.

San Miguel county, near Pecos. .Said to occur in large beds,
pure, near line of Atlantic and Pacitic railroad.

Hematite

Magnetite

Muscovite

Niccolite, Ki As

Siderite, var.
sphaerosider-
ite.

Hematite, red oxide of
iron.

Magnetic iron

Almost wholly unde-

Bed three

Santa r6 countj', Placer mountains.
veloped.

Grant county, Santa Rita, near copper mines.
feet thick ; somewhat explored ; not mined.

Santa r6 county, Placer mountains. Unknown extent ; said
to be of good quality ; Los Cimarron mountains, 22 miles
south of Santa F6.

Colfax county, near Cimarron, Cito creek ; undeveloped in
both places.

Mica
j

Kio Arriba county, near Abiquiu. In large sheets in pegma-
titic veins

;
good quality, clear ; undeveloped.

Kupfernickel
man).

(Ger-

Nodular iron ore,

"clay Ironstone."

Grant county, Bullard's peak district, in Burro mountains.
Kecently discovered, with several cobalt and silver min-
erals.

Colfax county, nodules in Fort Pierre shales of Colorado
Cretaceous,' from Colorado State line south to Osuate
creek.

Santa F6 county, Galisteo region. Same formation as in Col-
fax county, biit nodules less pure.

Same substance, less pure, and in shales of Laramie group in
both Colfax county and Santa F6 county. Some of this
may be pure enough to serve as iron ore.

WYOMING.
Ores, minerals, and mineral suhstances of industrial importance, which are at present mined.

[Reported by "Whitman Ckoss.]

Chalcocite Copper glance

Cbrj'Socolla i
Silicate of copper,
"blue copper."

Coal, var. bitu-
minous.

Lignite, soft coal . .

.

Cuprite Red oxide of copper. .

.

Laramie county. Said to occur with cuprite, malachite, and
other copper minerals, at the Hartville mines, and to bo ar-

gentiferous; in small quantity.

Laramie county, near Hartville. Occurs with cuprite, etc.

;

chief ore of Michigan mine, Muskrat caiion ; with it are
other copper minerals in smaller quantity. (See Cuprite.)

Coal of the Laramie gTonj) is widely distributed in "VTyoming.
It is chiefly developed in the neighborhood of the Union
Pacific railroad; Uinta county; at Twin creek, Evanston,
Alma, etc.; Sweetwater county; Rock Springs; Carbon
county, at Carbon.

Laramie county, near Hartville. "With chrysocolla and otber
copper minerals ; lately discovered ; now mined for cuprite.

Sweetwater county. Placers not rich, and little worked at
present ; free gold occurs s])aiiugly as a result of the altera-

I tion of auriffvous pyrite iu certain metamorphic schists,

and to a limited extent in veins ; total gold proUuction very
small.

Hematite Red oxide of iron As.sociated with cuprite, etc., at Hartville copper mines.

Pjrite, anrifer- Iron pyrites, pyrites Sweetwater county, Sweetwater district. In tnetamorphio
0U8. of iron. schists ; low grade and little worked.

Gold, native Gold....
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Ores, minerals, and mineral substances of industrial importance and knoion occurrence, hut
which are not at present mined.

Mineralogical
name.

AmpMbolite,
var. asbestus,

' Graphite

Gypsum

Halite

Hematite'.

Hmenite ,

Muscovite

Petroleum

Sulphur

Thenardite

Trona

.

Common name.

Asbestus

Plumbago, "black
lead."

Gypsum

Salt ,

Hematite, red oxide
of iron.

Titanic iron ,

Mica

Petroleum

Sulphur ,

Sulphate of soda

Carbonate of soda

Eemarks.

Carbon county, Seminole mountains. Said to occur in con-
siderable quantity ; little explored.

Albany county, ISmileseastof LaramieCity. InArchasan for-
mation; undeveloped.

Extensive beds of gypsum occur in LarJimie and Albany coun-
ties, chiefly in the Trias.

Laramie county. Undeveloped. Said to occur in large quanti-
ties.

Carbon county, near Rawlins, on the Union Pacific railroad.
Partly as "mineral paint" used by the Indians; prospec-
tive uevelopment.

Albany county, iron mountain 25 miles north of Laramie City.
For description and analysis, see Vol. II., Exploration of
the 40ih Parallel ; Descriptive Geology, pp. 14-16.

Laramie county, Whalen canon, Eyer mine.
Belle Fourche district.

Crook county.

More or less distinct indications of petroleum are met with iu
Sweetwater, Carbon, Johnson, and Crook counties, particu-
larly in Carbon county, on and near the Sweetwater river;,

the fluid found has the character of heavy lubricating oil,

green or brownish when crude; but very little explored as
yet.

Uinta county, Uinta mountains,
southeast of Evanston.

Undeveloped; 30 miles.

Albany county, 14 miles southwest of Laramie City. Deposit
said to cover 56 acres, with thickness of 15 feet. Specimen,
at Denver Exposition, 1882, contains about 12 per cent, ep-
somite, and but little of other impurities. Other deposits
said to exist in Albany and Sweetwater counties ; as yet little

developed.

Sweetwater county, near Independence Rock. Under "trona"
are here included numerous deposits in which the bicarbon-
ate of soda is said to predominate, mixed with the simple
carbonate, and varying quantities of halite, thenardite, ep-
somite, etc. Many deposits are said to exist, varying in
area from 20 to 300 acres, and in depth to a maximum of 4S
feet. As yet little explored.
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ALASKA.
Ores, minerals, and mineral substances of industrial importance and known occurrence, but

which are not at present mined.

[Reported by Joseph Perkins.]

Mineralogical
name.

Calcite

Chalcopyrite..

Graphite

Lignite

Pyrite

Common name. Eemarks.

.Limestone Near Sitta.

Copper pyrites Islands on the coast.
I

Plumbago Near Port Clarence.

Coal Coast of Arctic ocean.

Iron sulpliarets Near Sitka.

ARIZONA.
Ores, minerals, and mineral substances of industrial importance, tvhich are at present

mined, (b)

[Reported by Euwakd Stahl and D. B. Huntley.]

Anglesite

.

Argentite

.

Arsenopyri t e.

(H.) •

Atacamite

Azurite. (H.).

Barnhardite

Berthierite .

Eornite. (H.)..

Brogniardite. .

.

Cerargyrite

Cerussite. (H.)

Chalcanthito.

.

Chakocite. (H.)

Chalcopyrite.
(11.)

Sulphate of lead In many lead mines. (H.)

Antimonial lead ores . .
j

(H.

)

Silver glance
[
Associated with other ores of lead, zinc, and silver (S).

Arsenical lead ores . .

.

Mispickel, arsenical
pyrites.

Chloride of copper

Blue carbonate of cop-
per; cojjper carbon-
ate, often called
'

' bromide of silver.
'

'

(H.)

When associated with other gold and .silver ores, it is mined
along with these for the precious metals. (S.)

Occasionally found with other ores of copper. (S.)

Abundant with other copper ores. (S.)

Sulphide of copper and Abundant with other copper ores. (S.)

iron.

Sulphide of antimony
and iron.

Associated with argentifftrous ores. (S.)

Bismuth ores In .small quantities with the gold and silver ores of Tomb-
stone district and elsewhere. (H.)

Variegated copper ore. With other ores of copper. (S.)

Associated with other argentiferous ores. (S.)

Chloride of silver, i "With other silver ores in many mines. (S. H.)
horn silver, "chlo-
ride."

[

Carbonate of lead. Abundant. Mined for its lead for use in smelting argentif-
" carbonate." crons or auriferous ores, and for its silver contents. (S.)

In many mines. (H.)

Bluestone (H.)

Copper glance Associated with other copper ores. (S.)

Coi)per pyrites ' Abundant. When sufficiently argentiferous and auriferous
it is mined for these metal's; when associated with other
copper ores, it is mined along with these for its copper. (S.)

Silicate of copper Occasionally found with other ores of copper. (S.)Chrysocolla.
(H.)

a The territory reported on by Mr. Perkins (of the Califoniia State Mining Bureau) contains, in ad-
dition to the substances named, nearly all of the known ores of gold and silver.

b Many of the minerals in this list oo(nir as accidental accomijaniinents of regular ore minerals, or
are mined for the gold, silver, copper, or lead contents.
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Mineralogical
name.

Common ita«ne. Remarks.

Copper (native)

Cuprite. (H.).

Dioptaso

.

Dolomite

Dyscrasite

.

Embolite ..

Feldspar ,

Flnorite ,

rreieslebenite .

Galenite. (H.)

Gold.

Granite .

.

GrapMte

Hematite

Leucopyrite

Lignite

Copper

Copper oxide, "red
coijper."

Emerald copper

Dolomite, magnesian
limestone.

Antimonide of silver.

Chlorobromide of sil-

ver.

Feldspar

Fluorspar

Antimonial snlphide
of silver.

Galena

Garnet rock. (H.)

.

Gold

Granite

Graphite, plumbago,
black lead.

Iron ore

White pyrites

Limonite ...

Magnetite .

.

Malachite

Bituminous coal

Ocher

Magnetic oxideof iron.

Green carbonate of
copper, copper car-
bonate.

Melaconite '' Black oxide of copper

.

Miargyrite. (H)

Polybasite

.

Proustite

Pyrargyrite

Pyrite. (H.)...

Ocher. (H.)

"Porphyry"

Light ruby silver.

Dark ruby silver..

Pyrites, iron pyrites.

Found often, in smaller or larger quantities, interspersed
through other copper ores. (S.)

With other ores of copper. (S.)

Occasionally found with other ores of copper. (S.)

(H.)

Associated with other ores of lead and silver. (S.)

Occasionally found with other silver ores. (S.)

(H.)

(H.)

Eather abundant. Associated with other argentiferous ores.

(S.)

Invariably argentiferous, and sometimes interspersed with
gold in grains of size invisible to unaided eye, to as large

as a pea. Mined for its contents of precious metals, as
well as for its lead in smelting other silver and gold ores.

Very abundant. (S.)

In aUuvium in many ravines and water courses ; also in very
many veins associated vrtth common pyrite, chalcopyrite,

blende, galena, mispickel, serpentine, heavy spar, and many
other ores and rocks. (S.)

Quartz and placer mines. (H.)

(H.)

Small deposits occasionally met with. Used to a very small
extent for fireproof material. (S.)

Mined as ore and flux. (H.)

When associated with other gold and silver ores it is mined
along with these for the precious metals. (S.)

Prospected only. (H.) Extensive deposits in northeastern
Arizona between 109° and 111° longitude and 35° and 37°

latitude. Mined to a very smaU extent. (S.)

Mined as ore and flux. (H.)

(H.)

Abundant with other copper ores. (S.) Important source
of copper. Principal localities Globe, Bisbee, and Clifton.

(H.)

With other ores of copper. (S.)

Eather abundant; associated with other argentiferous ores.

(S.)

Found occasionally with other argentiferous ores. (S.) Fine
large specimens'at Silver King mine. (H.)

(H.)

Associated with other argentiferous ores. (S.)

Eather plentiful; associated with other argentiferous ores.

(S.)

Fine specimens at Tip-top mine. (H.)

Very abundant. When sufficiently auriferous in itself, or
when associated with other silver or gold ores, it is mined
for the precious metals. (S.)
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Mineralogical
name.

Common name. Eemarks.

Pyrolnsite

Pyrrhotito

Qnartz

Siderite. (H.).

Silver, native.
(H.)

Sphalerite

Stephanite . .

.

(H.)

Stembergite

.

Stromeyerite

Talc

Tetrahedrite.
(H.)

"Wad

"Wulfenite . .

.

Zinkenite

Binoxide ofmanganese (IT.)

Magnetic pyrites.

Quartz

Brown spar, spathic
iron ore.

Silver

.

Blende, zincblende

Brittle silver .

Talc, soapstone

Tellurium

Faherz, gray copper..

Wad, bog manganese.

Lead spar, molybdato
of lead.

Sulphide of antimony
and lead.

Occasionally met with. Sometimes auriferous. (S.)

Gangue. (II.)

Associated witli silver ores. (S.)

Occasionally found in other argentiferous ores. (S.)

Very abundant in many mines, especially below water level.

(fi.)

Generally both argentiferous and auriferous to a smaller or
larger extent ; when associated with other argentiferous
and auriferous ores, it is mined along with these for the
precious metals. (S.)

Abnndant with other silver ores. (S.)

Associated with other silver ores. (S.)

Associated with other cupriferous and argentiferous ores.

(S.)

(H.;

Occurs in small quantities in Tonibstone district; but the
tellurium minerals have not been determined. (H.)

"When sufliciently argentiferous, it is mined for silver; rather
abundant. (S.)

(H.)

Fine crystals at Castle Dome. (H.)

When associated with argentiferous ores it is mined along
with these for the precious metals. (S.)

Ores, minerals, and mineral substances of industrial importance and kiioivn occurrence, bu
which are not at present mined, (a)
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Mineralogical
name.
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Districts. Character of ore. Keduction works.

COCHISE COUKTT.

California (Gayloville)

.

Cochise
Dos Cabezas
Huachuca Mountains..
Russell
Svrissbebn
Tombstone
Turquois
"Warren
"Winchester

Silver
Gold, silver
Lead, silver, copper

,

Copper, silver, gold .

SUver
Gold, silver, lead
Silver, lead
Copper, silver, lead .

Silver

GILA COUXTT.

Globe...
Pioneer.

Copper, silver, gold, lead .

Silver

One gold mUl.

One copper smelter.

One lead smelter, nine mUls.

Two copper smelters.

Six smelters, eleven mills.
Two mills.

GKAHAM COUNTY.

Arivipai Canon
Ash Sprint; Mountains .

.

Bunker Hill
Copper Mountain
Greenlee Gold Mountain.
Lone Star
Mayflower

Silver, lead

Gold, sUver
Copper, gold, silver

.

Placer sold
Pive smelters.

JIAEICOPA COUNTY. («)

Cave Creek Gold, silver

.

MOHAVE COUNTY.

Aubrey
Cedar
Gold Basin
Hackberry
Hualapais
Maynard
"Waba Yuma ..

"Williams Pork.

PIMA COUNTY.

Amole
Arivaca
Aztec
Barbaquivira
Cababi
Calabasas
Canon del Ore
Chuvaca
Empire
Greaterville
Harshaw
Helvetia
Myers
Old Hat
Oro Blanco
Papago
Patagonia
Pima
Quijatoa
Red Rock
San Pedro
San Xavier . . .

Santo Domingo
Silver Bell
SUver Hill
Tucson
Tyndall
"Washington Camp.
"Wright
"Wrightson
Young America . ,

.

Silver
Silver (base)
Gold, copper
Silver
Silver (free-milling), silver-lead.
Silver (base)
Copper

do

Silver (milling and smelting)
Gold, silver ((milling)

Gold, silver
Silver, copper
Gold, silver
Silver, gold, lead
Silver (milling)
Silver (milling), lead
Placer gold, gold quartz
Silver
Silver, copper
SUver, copper (mUling and smelting)

.

Copper, silver, gold, lead
Gold, silver (miULng)
Copper, silver
Silver, lead, copper
SUver, gold, copper
SUver, copper
Gold, silver, copper, lead
Gold, silver
Copper, silver
SUver
Copper
Lead
Gold, silver
Silver
Silver, lead
Silver
Silver
Copper

a Incomplete.

Two mills.

One mill.

Pour mills.

One mill or smelter.

One mill.

One mill.
One smelter.
One mill.

One smelter.
One miU.

One smelter.
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Districts. Character of ore. Eedaction works.

PINAL COUNTY.

Bunlter Hill (a)

Casa Grande
llalstead
Mineral Creek

.

Mineral HUl
Owl Head
Pinal
Pioneer

Gold, silver
Gold, silver, copper

Copper, silver
Gold, silver, copper, lead .

Gold, silver, copper

Ripsy
Riverside
llodsers
Saddle Mountain
Superstition Mouutains.

YAVAPAI COUNTY.

Antelope
Big Bug
Black Hills....
Bradshaw
Castle Creek. .

.

•Copper Basin ..

Hassayampa. .

.

Humbug
Peck
Piuo Grove
Santa Maria . .

.

Tiger
Tonto Basin . ..

1 urkey Creek .

AValker
Walnut Grove
Weaver

YUMA COUNTY.

A 1varado
Castle Dome.
Centennial. ..

Ellsworth . .

.

Eureka
•Oila City
Harcuabar. ..

Laguna
Montezuma .

.

Mohawk
Plumosa
Rawhide
Silver Camp .

Silver, gold, copper, lead (milling and smelt-
ing).

Gold, silver
Copper, silver
SUvor, gold ,

Gold, suver
Silver ,

One mill.

One furnace.
One mUl.

Four mills, one smelter.

One furnace.

Placer gold, gold quartz
Silver, gold
Gold, silver, copper, lead
Silver, gold
Copper, silver

do
Silver, placer gold, gold quartz.
Gold, silver
Silver, gold

do
Gold, silver, copper
Silver, gold
Gold, silvei', copper
Silver, gold

do
Silver, copper, gold
Placer gold, gold quartz

One mill.

One mUl.
Do.
Do.
Do.

One mill.

Do.
Do.

One furnace, one milL

Copper, silver ,

Lead, silver (smelting)
Gold, copper

[

Gold One mill.
Silver, lead
Gold, copppr

I

Silver, gold, copper ! One smelter,
Gold
Gold, silver, copper
Copper, silver . . T

Silver lead, placer gold
Copper, gold
Silver, gold, lead ; One miU, two smelters.

a See Graham county.
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Ores, minerals, and mineral substances of industrial importance, ivhich are at present mined.

[Reported bj' Joseph Perkins.]

Mineralogical
name.



768 MINERxVL RESOURCES. '

CAL I F ORN IA—Continued.

Ores, minerals, and mineral substances of industrial importance and known occurrence, hat

ichich are not at prtsent'mined.

Mineralogical
name.

Common name. Eemarks.

Aragonite

.

Asliestus ..

Asphaltnm

Aztirite

Barite

Calcite

Calcite(2)..

Cassiterite.

Cinnabar ..

Chrysocolla..

Corondum . .

.

Diamond

Erubescite

Erythrite

Alabaster.

Onyx marble.

Arsenic ores.

Asbeatus

Asphaltum

Blue carbonate of cop-
per.

Barytes, sulphate of
baryta.

Bismutb ores

Bitumen...

Bahrstone .

Marble

Limestone

Tin ore

Cement

Chalk

Chromic iron ore.

Cinnabar

Clay.

Eluorite .

Galenite

.

Garnet .

.

Graphite

.

Halite ....

Hematite

.

Iridosmiiie.

Lignite

Silicate of copper

Corundum

Diamond

Vriegated copper ore

Red cobalt ore

Feldspar

Fluorspar

Galena

Garnet

Granite

Plumbago

Salt

Iron ore

Iridosmine.

Coal

Alabaster care, El Dorado county; also in Solano, Tuolumne,
and Los Angeles counties.

San Luis Obispo, Siskiyou, Placer, and Kern counties; found
in small frasmeuts not large enough to work.

Tulare, Yolo, and Mariposa counties; in small quantity, lim-

ited market.

Mendocino and Sonoma counties ; in small quantity.

Inyo, San Bernardino, and Shasta counties.

Santa Clara county.

Inyo county.

Monterey, Nevada, and Kem counties.

San Bernardino, Mono, San Benito, Inyo, and Calaveras coun-
ties.

San Bernardino county, Temescal district.

Alameda, Amador, Santa Cmz, and Contra Costa counties.

Silver Mountain district, Alpine county.

Sonoma, Santa Clara, San Mateo, Kapa, Fresno, Amador,
Sacramento, Tulare, and Solano counties.

Many deposits in El Dorado, Fresno, Kern, Napa, Solano,
Sail Luis Obispo, "Solo, Santa Barbara, and Tuolumne coun-
ties, which cannot be worked at a profit at the present
price of quicksilver.

Kern, Tuolumne, Amador, Mono, Marin, Lake, Inyo, Sonoma,
and Meudocino counties.

Inyo and San Diego counties.

In gold placers, Shasta, Butte, and other connties.

Los Angeles county.

Mariposa county.

San Bernardino, Mono, and Amador counties.

Mariposa and Xevada counties.

Calaveras county.

Inyo .and San Bernardino counties.

Amador, Inyo, Alameda, Del Norte, Alpine, Butte, and Ne-
vada counties.

In jjold placers.

Is found in inferior quality or small quantity in the following

counties, but in some cases further development will prob-
ably show better results: Amador, Monterey. Lake, Sun
Benito, Los Angeles, Kern, San Bern.-irdino, i'lesno, Calav-
eras, San Francisco, and Lassen counties.
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IDAHO.
Ores, minerals, and mineral aubstanccn of industrial imjjortance, tvJdch are at present mined.

[Reporti d by Albeut Williams, jh.]

Mineralogical
name. Common name. ^Remarks.

Anglesite (ar-

gentiferous).

Argentite

Ar.senopyrite
(auriferous).

Azurite

Calcite

Cerargyrite

Cervautito

Cerussite (ar-

gentiferous).

Chalcopyrite
(auriferous).

Dufrenoysite .

Treibergite . .

.

Galenito (ar-

gentiferous).

Gold, native.

.

Sulphate of lead

Silver glance

Mispickel

Blue carbonate of cop-
per.

Limestone

Horn silver, "chlo-
ride."

Antimony ocher

Carbonate of lead,

"carbonate."

Copper pyrites

Clay (common brick)

.

Clay (fire)

Sulpharsenido of lead

Argentiferous tetra-
bedrite.

Galena

Gold

Hematite

Limonite

Malachite

Marcasite.

Proustite

Pyrargyrite

Pyrite (aurifer-

ous).

Silver, native.

Spbaleiite . .

.

Stephanito. ..

Iron ore

Iron ore

Green carbonate of
copper.

White pyrites

Light ruby silver, ar-

senical ruby.

Dark ruby silvoi', au-
timouial ruby.

Iron sulphurots

Sands one

Silver

Zincblende

Brittle silver

Stibuifo-

Tctrahedritc...

Sulphide of antimonj'.

Fahlerz

Wood River county ; in surface ores of some of the argentifer-
ous lead mines.

Silver City, Owyhee county ; Tahoma mine, Atlanta, Altnras
county ; and elsewhere.

Notably at Rocky Bar, Hardscrabble, Granite, Tuba, and
Shaw's Mountain districts, but frequent in many other lo-

calities.

Lemhi county, Alturas county.

Used as flux and burned for lime.

Many mines of Owyhee county ; surface ore of Monarch lode,
Atlanta, Alturas county.

Small quantities in surface load ores of Wood River country.

Wood River and neighboring districts.

In many gold mines.

Boi86 City.

Ofpoor quality ; refractory furnace linings commonly brought
from Santa Crnz, California.

Crown Point min*, Banner district.

Columbia, Pilgrim, and other mines. Sawtooth district.

Important deposits in Wood River country, Alturas county,
and in Lemhi county.

Deep placers in Boisd basin, Bois6 county; jdacer gold is

found along many of the streams throughout the Territory,
and in the Snake river; hydraulic mining in many scat-
tered districts; quartz gold in Yankee Fork. Mount Estes,
Granite, Rocky Bar, Bonaparte, Atlanta, Red Warrior,
Canon creek, Shaw's mountain. Silver City, Florence,
Warren's, Wagontown, and other districts; crystallized
specimens from Gold Hill mine. Granite district, Boise
county, particularly fine.

Used as flux.

U.sed as flux.

Lemhi county.

In some gold mines.

Notably in Monarch and Buflfalo mines, Atlanta; associated
with pyrargyrite in Sawtooth and other districts.

Atlanta district. Monarch, Tahoma, Jessie Benton, Buflalo,
;ind otlicr mines ; Sawtooth district; Smiley "s l)asin.

In many gold mines, notably in Granite and Yuba districts.

Fine varieties of red and gray freestone near Bois6 City.

Atlanta district.

Auriferous at Bonaparte mine

Custer and Unknown mines, Yankee Fork ; also in Queen's
River district, and reported elsewhere.

In argentiferous lead mines of Wood river.

Obscure, but probably frequent with antinumial and arsen-
ical silver ores.
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Ores, mineralSf and mineral subsiancf.s of indusfrial importance and knotvn occurrence, iiit

which are not at present mined.

Mineralogical
name.
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NEVADA.
Ores, minerals, and mineral substances of industrial importance, tvhich are at present mined.

[Eeported by Joseph Pkukiks.]

Mineralogical
name. '
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OREGON.
Ores, minerals, and mineral substances of industrial ivijwrlance, which are at present mined.

[Eoported by Joseph Perkiss.]

Mineralogical Con:mon .ame.
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APPENDIX

THE NEW TARIFF.
At the close of the second session of the Forty-seventh Congress the tariff bill en-

titled "An act to reduce internal-revenue taxation, and for other purposes," was

passed. It was approved by the President March 3, 1883, and is now in force. The

following extracts show the present rates of import duties upon chemical products,

metals, mineral products, etc., and substances having a more or less direct bearing upon

the mineral industries of the country, together with the free list abridged on the same

plan.

Sec. 2502. There shall be levied, collected, and paid upon all articles imported from foreign countries,

and mentioned in the schedules herein contained, the rates of duty which are, by the schedules, re-

spectively prescribed, namely

:

Schedule A.—CHKincAL Peoducts.*******
Alumina, alum, patent alum, alum substitute, sulphate of alumiaa, and aluminous cake, and alum

in crystals or ground, sixty cents per hundred pounds.

Ammonia, anhydrous, liquefied by pressure, twenty per centum ad valorem.

Ammonia aqua, or water of ammonia, twenty per centum ad valorem

.

Ammonia, muriate of, or sal-ammoniac, ten per centum ad valorem.

Ammonia, carbonate of, twenty per centum ad valorem.

Ammonia, sulphate of, twenty per cent, ad valorem.

All imitations of natural mineral waters, and all artificial mineral waters, thirty per centum ad

valorem.

Asbestus, manufactured, twenty-five per centum ad valorem.

Baryta, sulphate of, or barytes, unmanufactured, ten per centum ad valorem.

Baryta, sulphate of, or barytes, manufactured, one-fourth of one cent per pound.

Refined borax, five cents per pound.

Pure boracic acid, five cents per pound ; commercial boracic acid, four cents per pound ; borate of

lime, three cents per pound ; crude borax, three cents per pound.

Cement, Roman, Portland, and all others, twenty per centum ad valorem.

Whiting and Paris white, dry, one-half cent per pound
;
ground in oil, or putty, one cent per pound.

Prepared chalk, precipitated chalk, French chalk, red chalk, and all other chalk preparations which

are not specially enumerated or provided for in this act, twenty per centum ad valorem.

Chromic acid, fifteen per centum ad valorem.

Chromate of potash, three cents per pound.

Bi-chromate of potash, three cents per pound.

Cobalt, oxide of, twenty per centum ad valorem.

Copper, sulphate of, or blue vitriol, three cents per pound.

Iron, sulphate of, or copperas, three-tenths of one cent per pound.

Acetate of lead, brown, four cents per pound.

Acetate of lead, white, six cents per pound.

\7hite lead, when dry or in pulp, three cents per pound; when ground or mixed in oil, three cents

per pound.

Litharge, three cents per pound.

Orange mineral, and red lead, three cents per pound.

Nitrate of lead, three cents per pound.

Magnesia, medicinal, carbonate of, five cents per pound.

Magnesia, calcined, ten cents per pound.

Magnesia, sulphate of, or Epsom salts, one-half of one cent per pound.

Potash

:

Crude, carbonate of, or fused, and caustic potash, twenty per centum ad valorem.
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Chlorate of, *,hree cents per pound.

Hydriodato, iodide, and iodate of, fifty cents per poand.

Prussiate of, red, ten cents per pormd.

Piussiate of, j'cUow, five cents per pound.

Nitrate of, or saltpeter, crude, one cent per pound.

Nitrate of, or rcfintd saltpeter, one and one-Lalf cents per pound.

Sulphate of, twenty per centum ad valorem. ^
Soda:

Soda-ash, one-quarter of one cent per pound.

Soda, sal, or soda crystals, one-quarter of one cent per pound.

Bi-carbonate of, or super-carbonate of, and ealeratus, calcined or pearl ash, one and one-half cents

per pound.

Hydrate or caustic, one cent per pound.

Sulphate, known as salt cake, crude or refined, or niter cake, crude or refined, and Glauber's salt,

twentj' per centum ad valorem.

Soda, silicate of, or other alkaline silicate, one-half of one cent jicr pound.

Sulphur

:

Refined, in rolls, ten dollars per ton.

Sublimed, or flowers of, twenty dollars per ton.

Wood-tar, ten per centum ad valorem.

Coal-tar, crude, ten per centum ad valorem.

Coal-tar, products of, such as naphtha, benzine, benzole, dead oil, and pitch, twenty per centum ad

valorem.

All coal-tar colors or dyes by whatever name known and not specially enumerated or provided for in

this act, thirty-five per centum ad valorem.

All preparations of coal-tar, not colors or dye, not specially enumerated or provided for in this act,

twenty per centum ad valorem.

Ultramarine, five cents per pound.

Colors and paints, including lakes, whether dry or mixed, or ground with water or oil, and not

specially enumerated or provided for in this act, twenty-five per centum ad valorem.
* * * * * * *

Ocher, and ochery earths, umber and umber earths, and sienna and sienna earths, when dry, one-

half of one cent per pound ; when ground in oil, one and one-half cents per pound.

Zinc, oxide of, when dry, one and one-fourth cent per pound.

Ziiic, oxide of, when ground in oil, one and three-fourths cent per pound.

All preparations known as essential oils, expressed oils, distilled oils, rendered oUa, alkalies, alka-

loids, and all combinations of any of the foregoing, and all chemical compounds and salts, by what-

ever name known, and not specially enumerated or provided for in this act, twenty-five per centum ad

valorem.*******
All non-dutiable crude minerals, but which have been advanced in value or condition by refining or

grinding, or by other process of manufacture, not specially enumerated or provided for in this act, ten

per centum ad valorem.

All earths or clays, unwrought or unmanufactured, not specially enumerated or provided for in this

act, one dollar and fifty cents per ton.

AU earths or clays, wrought or manufactured, not specially enumerated or provided for in this act,

three dollars per ton ; china clay, or kaolin three dollars per ton.

* * • * * * * *

Schedule B.—Eakthenwabe axu Glassware.

Brown earthenware, common stoneware, gas-retorts, and stoneware not ornamented, twenty-five

per centum ad valorem.

China, porcelaiu, parian, and bisque, earthen, stone, and crockery ware, including plaques, orna-

ments, charms, vases, and statuettes, painted, printed, or gQded, or otherwise decorated or ornamented

in any maimer, sixty per centum ad valorem.

China, porcelain, parian, and bisque ware, plain white, and not ornamented or decorated in any

manner, fifty-five i)or centum ad valorem.

AU other earthen, stone, and crockery ware, white, glazed, or edged, composed of earthy or mineral

substances, not specially enumerated or provided for in this act, filty-five per centum ad valorem.

Stoneware, above the capacity of ten gallons, twenty per centum ad valorem.

Encaustic tiles, thirty-five per centum ad valorem.

Brick, firebrick, and roofing and p.iviug tOe, not specially enumerated or provided for iu this act,

. twentv per centum ad valorem.
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Slates, slate pencils, slate chimney-pieces, mantels, slabs for tables, and all other manufactures of

slate, thirty pei- centum 34 valorem.

Koofing-slates, twenty-five per centum ad valorem.

Green and colored glass bottles, vials, demijohns and carboys (covered or uncovered), pickle or pre-

serve jars, and other plain, molded, or pressed green and colored bottle glass, not cut, engraved, or

painted, and not specially enumerated or provided for in this act, one cent per pound; if fiUed, and

not otherwise in this act provided for, said articles shall paj- thirty per centum ad valorem in addition

to the duty on the contents.

Flint and lime glass bottles and vials, and other plain, molded, or pressed flint or lime glassware,

not specially enumerated or provided for in this act, forty per centum ad valorem; if filled, and noj

otherwise in this act provided for, said articles shall pay, exclusive of contents, forty per centum ad

valorem in addition to the duty on the contents.

Articles of glass, cut, engraved, painted, colored, printed, stained, silvered, or gilded, not including

plate glass, silvered, or looking-glass plates, forty-five per centum ad valorem.

All glass bottles, and decanters, and other like vessels of glass, shall, if filled, pay the same rates of

duty, in addition to any duty chargeable on the contents, as if not filled, except as in this act other-

wise specially provided for.

Cylinder and crown glass, polished, not exceeding ten by fifteen inches square, two and one-half

cents per square foot; above that, and not exceeding sixteen by twenty-four inches square, four cents

per square foot ; above that, and nat exceeding twenty-four by thirty inches square, six cents per

square foot ; above that, and not exceeding twenty-four by sixty inches square, twenty cents per

square foot ; all above that, forty cents per square foot.

Unpolished cylinder, crown, and common window glass, not exceeding ten by fifteen inches square,

one and three-eighths cents per pound ; above that, and not exceeding sixteen by twenty-four inches

square, one and seven-eighths cents per pound ; above that, and not exceeding twenty-four by thirty

inches square, two and three-eighths cents per pound ; all above that, two and seven-eighths cents per

pound: Provided, That unpolished cylinder, crown, and common window glass, imported in boxes con-

taining fifty square feet, as nearly as sizes will permit, now known and commercially designated as

fifty feet of glass, single thick and weighing not to exceed fifty-five pounds of glass per bos, shall be

entered and computed as fifty pounds of glass only ; and that said kinds of glass imported in boxes

containing, as nearly as sizes will permit, fifty feet of glass, now known and commercially designated

as fifty feet of glass, double thick and not exceeding ninety pounds in weight, shall be entered and

computed as eighty pounds of glass only ; but in all other cases the duty shall be computed according

to the actual weight of glass.

Fluted, rolled, or rough plate glass, not including crown, cylinder, or common window-glass, not ex-

ceeding ten by fifteen inches square, seventy-five cents per one hundred square feet ; above that, and

not exceeding sixteen by twenty-four inches square, one cent per square foot ; above that, and not ex-

ceeding twenty-four by thirty inches square, one cent and a half per square foot ; all above that, two

cents per square foot. And all fluted, rolled, or rough plate glass, weighing over one hundred pounds

per one hundred square feet, shall pay an additional duty on the excess at the same rates herein im-

posed.

Cast polished plate glass, unsilvered, not exceeding ten by fifteen inches square, three cents per

square foot ; above that, and not exceeding sixteen by twenty-four inches square, five cents per square

foot; above that, and not exceeding twenty-four by thirty inches square, eight cents per square foot;

above that, and not exceeding twenty-four by sixty inches square, twenty-five cents per square foot;

all above that, fifty cents per square foot.

Cast polished plate glass, silvered, or looking-glass plates, not exceeding ten by fifteen inches square,

four cents per square foot ; above that, and not exceeding sixteen by twenty-four inches square, six cents

per square foot ; above that, and not exceeding twenty-four by thirty inches square, ten cents per

square foot ; above that, and not exceeding twenty-four by sixty inches square, thirty-five cents per

square foot ; all above that, sixty cents per square foot.

But no looking-glass plates or plate glass, silvered, when framed, shall pay a less rate of duty than

that imposed upon similar glass of like description not framed, but shall be liable to pay, in addition

thereto, thirty per centum ad valorem upon such frames.

Porcelain and Bohemian glass, chemical glassware, painted glassware, stained glass, and all other

manufactures of glass or of which glass shall be the component material of chief value, not specially

enumerated or provided for in this act, forty-five per centum ad valorem.

Schedule C.—Metals.

Iron ore, including manganiferous iron ore, also the dross or residuum from burnt pyrites, seventy-

five cents per ton. Sulphur ore, as pyrites, or sulphuret of iron in its natural state, containing not

more than three and one-half per centum of copper, seventy-five cents per ton : Provided, That ore

containing more than two per centum of copper shall pay, in addition thereto, two and one-half cents

per pound for the copper contained therein.



780 MINERAL RESOURCES.

Iron in pigs, iron kenllfdge, spiegeleisen, wroupclit and cast scrap-iron, and scrap-steel, tlirce tenths

of one cent per pound ; but nothing shall be deemed scrap-iron or scrap- steel except waste or refuse iron

or steel that has been in actual use and is tit only to be remanufactured.

Iron railway-bars, weighing more than twenty-five pounds to the yard, seven-tenths of one cent per

^ound.

Steel railway-bars and railway-bars made in ])art of steel, weighing more than twenty-ftvc pounds to

the yard, sevc^nteeii dollars per ton.

Bar-iron, rolled or hammered, comprising flats not less than one inch wide nor less than three-eighths

of one inch thi('k, eight-tenths of one cent per pound; comprising round iron not less than three-fourths

of one inch in diameter, and square iron not less than three-fourths of one inch square, one cent per

pound; comprising Oats less than one inch wide, or less than three-eighths of one inch thick ; round

iron less than three-fourths of one inch and not less than seven-sixteenths of one inch in diameter, and
square iron less than three-fourths of one inch square, one and one-tenth of one cent per pound : Pro-

vided, That all iron in slabs, blooms, loops, or other forms less finished than iron in bars, and more
advanced than pig-iron, except castings, shall be rated as iron in bars, and paj' a duty accordingly ; and

none of the above iron shall pay a less rate of duty than thirty-five per centum ad valorem : Provided

further, Tliat all iron bars, blooms, billets, or sizes or shapes of any kind, in the manufacture of which

charcoal is used as fuel, shall be subject to a duty of twenty-two dollars per ton.

Iron or steel tee rails, weighing not over twenty-five pounds to the yard, nine-tenths of one cent per

pound ; iron or steel flat rails, punched, eight-tenths of one centjper pound.

Round iron, in coils or rods, less than seven-sixteenths of one inch in diameter, and bars or shapes

of rolled iron not specially enumerated or provided for in this act, one and two-tenths of one cent per

pound.

Boiler or other plate iron, sheared or unsheared, skelp-iron, .sheared or rolled in grooves, one and
one-fourth cents per pound ; sheet iron, common or black, thinner than one inch and one half and not

thinner than number twenty wire gauge, one and one-tenth of one cent per pound ; thinner than number
twenty wire gauge and not thinner than number twenty-five wire gauge, one and two-tenths of one

cent per pound ; thinner than number tvrenty-five wire gauge and not thinner than number twenty-

nine wire gauge, one and five-tenths of one cent per pound; thinner than number twenty-nine wire

gauge, and all iron commerciallj' known as common or black taggers iron, whether put up in boxes or

bundles or not, thirty per centum ad valorem: And provided, That on all such iron and steel sheets or

plates aforesaid, excepting on what are known commercially as tin-plates, teme-plates, and taggers-

tin, and hereafter provided for, when galvanized or coated with zinc or spelter, or other metals, or any
alloy of those metals, three-fourths of one cent per pound additional.

Polished, planished, or glanced sheet-iron, or sheet-steel, by whatever name designated, two find

one-half cents per pound : Provided, That plate oi sheet or taggers iron, bj' whatever name designated,

other than the polished, planished, or glanced herein provided for, which has been pickled or cleaned

bj' acid, or by any otlier material or process, and which is cold rolled, shall pay one-quarter cent per

pound more duty than the cori-esponding gauges of common or black sheet or taggers iron.

Iron or steel sheets, or plates, or taggers iron, coated with tin or lead, or with a mixture of which
these metals is a component part, by the dipping or any other process, and commercially known as tin

plates, terne plates, and taggers tin, one cent per pound; corrugated or crimped sheet iron or steel, one

and four-tenths of one cent per pound.

Hoop, or band, or scroll, or other iron, eight inches or less in width, and not thinner than number ten

wire gauge, one cent per pound ; thinner than number ten wire gauge and not thinner than number
twenty wire gauge, one and two-tenths of one cent per pound ; thinner than number twenty wire

gauge, one and four-tenths of one cent per pound : Provided, That all articles not specially enumerated

or provided for in tliis act, whether wholly or partly manufactured, made from sheet, plate, hoop, band,

or scroll iron lierein provided for, or of which such slieet, plate, lioop, band, or scroll iron shall be the

material of chief value, shall pay one-fourth of one cent per pound more duty than that imposed on the

iron from wliicli they are made, or which shall be such material of chief value.

Iron and steel cotton-ties, or hoops for baling purposes, not thinner than number twenty wire gauge,

thirty-five per centum ad valorem.

Cast-iron pipe of every description, one cent per pound.

Cast-iron vessels, plates, stove-plates, andirons, sadirons, tailors' irons, hatters' irons, and castings

of iron, not specially enumerated or provided for in this act, one and one-quarter of one cent per pound.

Cut nails and spikes, of iron or steel, one and one-quarter of one cent per pound.

Cut tacks, brads, or sprigs, not exceeding sixteen ounces to the thousaud, two and one-half cents per

thousand ; exceeiling sixteen ounces to the thousand, three cents per pound.

Iron or steel railway fish-plates, or splice-bars, one and oue-fourth of one cent per pound.

Malleable iron castings, not specially enumoraletl or provided for in this act, two cents per pound.

Wrought iron or steel spikes, nuts, and washers, and horse, mule, or ox shoes, two cents per pound.

Anvils, anchors or parts thereof, mill-irons and mill-cranks, of wrought irons and wrought-iron for

ships, and forgings of iron and steel, for vessels, steam-engines, and locomotives, or parts thereof,

weighing each twenty-five pounds or more, two cents per pound.
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Iron or steel rivets, bolts, with or without threads or nuts, or holt-blanks, and finished hinges or

hinge-blanks, two and one-half of one cent per pound.
Iron or steel blacksmiths' hammers and sled*;es, track-tools, wedges, and crowbars, two and one- half

of one cent per pound.

Iron or steel axles, parts thereof, axle-bars, axle-blanks, or forgings for axles, without reference to

the stage or state of manufacture, two and one-half of one cent per pound.
Forgings of iron and steol, or forged iron, of whatever shape, or in whatever stage of manufacture,

not specially enumerated or provided for in this act, two and one-half cents per pound.
Horseshoe-nails, hob-nails, and wire-nails, and all other wrought-iron or steel nails, not specially

enumerated or provided for in this act, four cents per pound.

Boiler tubes, or flues, or stays, of wronght-iron or steel, three cents per pound.

Other wrought iron or steel tubes or pipes, two and one-quarter cents per pound.

Chain or chains of all kinds, made of iron or steel, not less than three-fourths of one inch in diameter,

one and three-quarter cents per pound ; less than three fourths of one inch and not les.s than three-

eighths of one inch in diameter, two cents per pound ; less than three-eighths of one inch in diameter,

two and one half cents per pound.

Cross-cut saws, eight cents per linear foot.

Hill, pit, and drag saws, not over nine inches wide', ten cents per linear foot; over nine inches wide,

fifteen cents per linear foot.

Circular saws, thirty per centum ad valorem.

Hand, buck, and all other saws, not specially enumerated or provided for in this act, forty per centum
ad valorem.

Files, file blanks, rasps, and floats of all cuts and kinds, four inches in length and under, thirty-five

cents per dozen ; over four inches in length and under nine inches, seventy-five cents per dozen ; nine

inches in length and under fourteen inches, one dollar and fifty cents per dozen ; fourteen inches in

length and over, two dollars and fifty cents per dozen.

Steel ingots, cogged ingots, blooms and slabs, by whatever process made; die blocks or blanks;

billets and bars and tapered or beveled bars ; bands, hoops, strips, and sheets of all gauges and widths

;

plates of all thicknesses and widths; steamer, crank, and other shafts ; wrist or crank pins; connect-

ing-rods and piston-rods; pressed, sheared, or stamped shapes, or blanks of sheet or plate steel, or

combination of steel and iron, punched or not punched; hammer-molds or swaged steel
;
gun-molds,

not in bars ; alloys used as substitutes for steel tools ; all descriptions and shapes of dry sand, loam,

or iron-molded steel castings, all of the above classes of steel not otherwise specially provided for in

this act, valued at four cents a pound or less, forty-five per centum ad valorem ; above four cents a
pound and not above seven cents per pound, two cents per pound ; valued above seven cents and not
above ten cents per pound, two and three-fourths cents per pound ; valued at above ten cents per
pound, three and one-fourth cents per pound : Provideii, That on all iron or steel bars, rods, strips, or
steel sheets, of whatever shape, and on all iron or steel bars of irregular shape or section, cold-rolled,

cold-hammered, or polished in any way in addition to the ordinary process of hot-rolling or hammering,
there shall be paid one-fourth cent per pound, in addition to the rates provided in this act ; and on
steel circular saw plates there shall be paid one cent per pound in addition to the rate provided in

this act.

Iron or steel beams, girders, joists, angles, channels, car-truck channels, TT, columns and posts, or

parts or sections of columns and posts, deck and bulb beams, and building forms, together with all

other structural shapes of iron or steel, one and one-fourth of one cent per pound.

Steel wheels and steel-tired wheels for railway purposes, whether wholly or partly finished, and iron

or steel locomotive, car, and other railway tires, or parts thereof, wholly or partly manufactured, two
and one-half of one cent per pound ; iron or steel ingots, cogged ingots, blooms or blanks for the same,

without regard to the degree of manufacture, two cents per pound.

Iron or steel rivet, screw, nail, and fence, wire rods, round, in coils and loops, not lighter than num-
ber five wire gauge, valued at three and one-half cents or less per pound, six-tenths of one cent per
pound. Iron or steel, flat with longitudinal ribs for the manufacture of fencing, six-tenths of a cent

per pound.

Screws, commonly called wood screws, two inches or over tu length, six cents per pound; one inch

and less than two inches in length, eight cents per pound ; over one-half inch and less than one inch

in length, ten cents per pound ; one-half inch and less in length, twelve cents per pound.

Iron or steel wire, smaller than number five and not smaller than number ten wire gauge, one and
one-half cents per pound ; smaller than number ten and not smaller than number sixteen wire gauge,

two cents per pound; smaller than number sixteen and not smaller than number twenty-six wire
gauge, two and one-half cents per pound ; smaller than number twenty-six wire gauge, three cents per
pound : Provided, That iron or steel wire covered with cotton, silk, or other material, and wire commonly
known as crinoline, corset, and hat wire, shaU pay four cents per pound in addition to the foregoing

lates: And provided further, That no article made from iron or steel wire, or of which iron or steel

wire is a component part of chief value, shall pay a less rate of duty than the iron or steel wire from
which it is made either wholly or in part : And provided fiurlher, That iron or steel wire-cloths, and iron

or steel wire-nettings, made in meshes of any form, shall pay a duty equal in amount to that imposed
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on iron or steel wire of the eamo gauge, and two cents per pound in addition thereto. There shall be
paid on galvanized iron or steel wire (except fence wire), one half of one cent per ])ound in addition to

the rate imposed on the wire of which it is made. On iron wire rope and wire strand, one cent per
pound in addition to the rates imposed on the wire of which it is made. On steel wire rope and wire
strand, two cents per pound in addition to the rates imposed on the wire of which it is made.

Steei, not specially enumerated or provided for Ln this act, forty-five per centum ad valorem : Pro-

vided, That all metal produced from iron or its ores, which is cast and malleable, of whatever descrip-

tion or form, without regard to the percentage of carbon contained therein, whether produced by
cementation, or converted, cast, or made from iron or its ores, by the crucible, Bessemer, pneumatic,
Thomas-Gilchrist, basic, Siemens-Martin, or open-hearth process, or by the equivalent of either, or by
the combination of two or more of the processes, or their equivalents, or by any fusion or other pro-

cess which produces from iron or its ores a metal either granular or fibrous in structure, which is cast

and malleable, excepting what is known as malleable iron castings, shall be classed and denominated
as steel.

Ko allowance or reduction of duties for partial loss or damage in consequence of rust or of discolora-

tion shall be made upon any description of iron or steel, or upon any partly manufactured article of
iron or steel, or upon any manufacture of iron and steel.

Argentine, albata, or German silver, unmanufactured, twenty-five per centum ad valorem.

Copper, imported in the form of ores, two and one-half cents on each pound of tine copper contained

therein ; regulus of and black or coarse copper, and copper cement, three and one-half cents on each
pound of fine copper contained therein; old copper, fit only for remanufacture, clippings from new cop-

per, and all composition metal of which copper is a component material of chief value, not specially

enumerated or provided for in this act, three cents per pound; copper in plates, bars, ingots. Chili

or other pigs, and in other forms, not manufactured, or enumerated in this act, four cents per pound;

in rolled plates, called brazier's copper, sheets, rods, pipes, and copper bottoms, and all manufactures

of copper, or of which copper shall be a component of chief value, not specially enumerated or pro-

vided for in this act, thirty-five per centum ad valorem.

Brass, in bars or pig, old brass, and clippings from brass or Dutch metal, one and one-half cent per

pound.

Lead ore, and lead dross, one and one-half cent per pound.

Lead, in pigs and bars, molten and old refuse lead run into blocks and bars, and old scrap lead, fit

only to be remanufactured, two cents per pound.

Lead, in sheets, pipes, or shot, three cents per pound.

Nickel, iu ore, matte, or other crude form not ready for consumption in the arts, fifteen cents per

pound on the nickel contained therein.

Nickel, nickel oxide, alloy of any kind in which nickel is the element of chief value, fifteen cents per

pound.

Zinc, spelter, or tutenegue, in blocks or pigs, and old worn-out zinc, fit only to be remanufactured,

oneandone-half cent perpound; zinc, spelter, or tutenegue in sheets, two and one-half cents per pound.

Sheathing, or yellow metal, not wholly of copper, nor wholly nor in part of iron, ungalvanized, in

sheets, forty-eight inches long and fourteen inches wide, and weighing from fourteen to thirty-four

ounces per square foot, thirty-five per centum ad valorem.

Antimony, as regulus or metal, ten per centum ad valorem.

Bronze powder, fifteen per centum ad valorem.

Cutlery, not specially enumerated or provided for in this act, thirty-five per centum ad valorem.

Dutch or bronze metal, in leaf, ten per centum ad valorem.

Steel plates, engraved, stereotype plates, and new types, twenty-five per centum ad valorem.

Gold-leaf, one dollar and fifty cents per package of five hundred leaves.

Hollow-ware, coated, glazed, or tinned, three cents per pound.

Muskets, rifles, and other fire-arms, not specially enumerated or provided for in this act, twenty-five

per centum ad valorem.

All sporting breech-loading shot-guns, and pistols of all kinds, thirty-five per centum ad valorem.

Forged shot-gun barrels, rough-bored, ten per centum ad valorem.

Needles for knitting or sewing machines, thirty-five per centum ad valorem.

Needles, sewing, darning, knitting, and all others not specially enumerated or provided for in this

act, twenty-five per centum ad valorem.

Pen-knives, pocket-knives, of all kinds, and razors, fifty per centum ad valorem; swords, sword-

bla<les, and side-arms, thirty-five per centum ad valorem.

Pens, metallic, twelve cents per gross
;
pen-holder-tips and penholders, or parts thereof, thirty per

centum ad valorem.

Pins, solid-head or other, thirty per centum ad valorem.

Britannia ware, and plated and gilt articles and wares of all kinds, thirty-five per centum ad valorem.

Quicksilver, ten per centum ad valorem.*

Silver loaf, seventy-five cents per package of five hundred leaves.

Type-metal, twenty per centum ad valorem.

Chromate of iron, or chromic ore, fifteen per centum ad valorem.
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Mineral substances in a crude state and metals unwrought, not specially enumerated or provided for

in this act, twenty per centum ad valoroni.

Manufactures, articles, or wares, not specially enumerated or provided for in this act, composed

wholly or in part of iron, steel, copper, lead, nickel, pewter, tin, zinc, gold, silver, platinum, or any

other metal, and whether partly or wholly manufactured, forty-five per centum ad valorem.

Schedule N.—Sundries.

Alabaster and spar statuary and ornaments, ten per centum ad valorem.
i, ***** *

Beads, and bead ornaments of all kinds, except amber, fifty per centum ad valorem.

Bouillons, or cannetille, metal threads, fil6, or gespinat, twenty-five per centum ad valorem.*******
Burrstonos, manufactured or bound up into millstones, twenty per centum ad valorem.

Coal slack or culm, such as will pass through a half-inch screen, thirty cents per ton of twenty-eight

bushels, eighty pounds to the bushel.

Coal, bituminous, and shale, seventy-five cents per ton of twenty-eight bushels, eighty pounds to the

bushel. A drawback of seventy-five cents per ton shall be allowed on all bituminous coal imported

into the United States which is afterwards used for fuel on board of vessels propelled by steam which

are engaged in the coasting trade of the United States, or in the trade with foreign countries, to be

allowed and paid under such regulations as the Secretary of the Treasury shall prescribe.

Coke, twenty per centum ad valorem.
,

Compositions of glass or paste, when not set, ten per centum ad valorem.

Coral, cut, manufactured, or set, twenty-five per centum ad valorem.

Crayons of all kinds, twenty per centum ad valorem.

Emery grains and emery manufactured, ground, pulverized, or refined, one cent per pound.

Epaulets, galloons, laces, knots, stars, tassels, and wings, of gold, silver, or other metal, twenty-five

per centum ad valorem.*******
Finishing powder, twenty per centum ad valorem.

Friction or lucifer matches of all descriptions, thirty-five per centum ad valorem.

Fulminates, fulminating powders, and all like articles, not specially enumerated or provided for in

this act, thirty per centum ad valorem.*******
Grindstones, finished or unfinished, one doUar and seventy-five cents per ton.

Gunpowder, and all explosive substances used for mining, blasting, artillery, or sporting purposes,

when valued at twenty cents or less per pound, six cents per pound ; valued above twenty cents per

pound, ten cents per pound.

Japanned ware of all kinds, not specially enumerated or provided for in this act, forty per centum

ad valorem.

Jet, manufactures and imitations of, twenty-five per centum ad valorem.

Jewelry of all kinds, twenty-five per centum ad valorem.*******
Lime, ten per centum, ad valorem.

Marble of all kinds, in block, rough or squared, sixty-five cents per cubic foot ; veined luaible,

sawed, dressed, or otherwise, including marble slabs and marble paving-tUes, one dollar and ten cents

per cubic foot.

All manufactures of marble not specially enumerated or provided for in this act, fifty per centum ad

valorem.

Pencils of wood flUpd with lead or other material and pencils of lead, fifty cents per gross and thirty

per centum ad valorem
;
pencil-leads, not in wood, ten per centum ad valorem.

Percussion caps, forty per centum ad valorem.

Philosophical apparatus and instruments, thirty-five per ^entum ad valorem.

Pipes, pipe-bowls, and all smokers' articles whatsoever, not specially enumerated or provided foi' in

this act, seventy per centum ad valorem ; all common pipes of clay, thirty-five per centum ad valorem.

Plaster of Paris, when ground or calcined, twenty per centum ad valorem.
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Polishing powders of every description, by whatever name known, including Frankfort black, and

Berlin, Chinese, fig. and wash blue, twenty j)er centum ad valorem.

Precious stones of all kinds, ten per centum ad valorem.

Salt, in bags, sacks, barrels, or other packages, twelve cents per one hundred pounds
;
in bulk, eight

cents per one hundred pounds: I'rovided, That expoilers of meats, whether pa(;ked or smoked, which

have been cured in the United States with imported salt, shall, upon satisfactory proof, under such

regirlations as the Secretary of the Treasury shall prescribe, that such meats have been cured with

imported salt, have refunded to them from the Treasury the duties paid on the salt so used in curing

such exported meats, in amounts not less than one hundred dollars: And jjrovided further, 'I hat im-

ported salt in bond may be used in curing fish taken bj' vessels licensed to engage in the fisheries, and

in curing fish on the shores of the navigable waters of the United States, under such regulations as

the Secretary of the Treasury shall prescribe ; and upon proof that the salt has been used for either of

the purposes stated in this proviso, the duties on the same shall be remitted.

Scagliola, and composition tops for tables or for other articles of furnituie, thirtj'-flve per centum

ad valorem.

Sealing-wax, twenty per centum ad valorem.*******
Stones, unmanufactured or undressed, freestone, granite, sandstone, and all building or monumental

stone, except marble, not specially enumerated or provided for in this act, one dollar per ton ;
and

upon stones as above, hewn, dressed, or polished, twenty per centum ad valorem.

The Free List.

Sec. 2503. The following articles when imported shall be exempt from duty :****** it

Guano, manures, and all substances expressly used for manure.*******
Agates, unmanufactured.

Apatite. ,

Asbestus, unmanufactured.

Arsenic.

Antimony ore, crude sulphide of.

Arsenic, sulphide of, or orpiment.

Arseniate of aniline.

Baryta, carbonate or witherite.

Bauxite.

AnUiue salts or black salts and black tares.

Bromine.

Cadmium.
Calamine.

Cerium.

Cobalt, as metallic arsenic.

Chalk and cliff-stone, unmanufactured.

Feldspar.

Cryolite or kryolith.

Iridium.

Kieserite.

Kyanite or cyanite. and kainite.
* * • * * * *

Lime, chloride of, or bleaching powder.

Magnesium.
Magnesite, or native mineral carbonate of magnesia.

Manganese, oxide and ore of.

Mineral watei'S, all not artificial.

Osmium.
Palladium.

Paralline.

Phosphates, crude or native, for fertilizing purposes. ,

I'otash, muriate of.

Plaster of Paris or sulphate of lime, unground.

«
•

Soda, nitrate of, or cubic nitrate.

Strontia, oxide of, and proto-oxide of strontian. and strontianit(\ or mineral carbonate ot strouti»-

Sulphur, or brimstone, not specially enumerated or provided for in tliis act.

Sulphur lac or precipitated
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Tripoli.

Uraninm, oxide of, verdigris or subacetate of oopi>er.

Cnide minerals, not advanced in value or condition by refining or grinding, or by other piocesBof

manufacture, not specially enumerated or proTided for in this act.

Sundries.
^

Aluminum.
Amber beads and gum.*******
Asphaltum and bitumen, crude.

* * * X * *

Articles imported for the use of the United States, provided that the price of the same did not

include the duty.

Barrels of American manufacture, exported flUed with domeetio petroleum, and returned empty,

under such regulations as the Secretary of the Treasury may prescribe, and without requiring the fill-

ing of a declaration at time of export of intent to return the same empty.

Articles the growth, produce, and manufacture of the United States, when returned in the same
condition as exported. Casks, barrels, carboys, bags, and other vessels of American manufacture,

exported fiUed with American products, or exported empty and returned flUed vrith foreign products,

including shocks when returned as barrels or boxes, but proof of the identity of such articles shall be

made under regulations to be prescribed by the Secretary of the Treasury ; and if any of such articles

are subject to internal tax at the time of exjwrtation, such tax shall be proved to have been paid be-

fore exportation and not refunded.*******
Bells, broken, and bell metal broken and fit only to be remanufaetored.«****»«
Bismuth.*******
Breccia, in blocks or slabs.

Brine.

Brazil pebbles for spectacles, and pebbles for spectacles rough.

Bullion, gold and silver.

Burgundy pitch.

Burrstone, in blocks, rough or unmanufactured, and not bound up in millstones.

Cabinets of coins, medals, and all other collections of antiquities.
* ******

Coal, anthracite.

Coal-stores of American vessels, but none shall be unloaded.

Cobalt, ore of.*******
Coins, gold, silver, and copper.

Copper, old, taken from the bottom of American vessels compelled by marine disaster to repair in

foreign ports.

Copper, when imported for the United States Mint.

Coral, marine, unmanufactured.*******
Diamonds, rough or uncut, including glaziers' diamonds.

Diamond dust or bort.*******
Emery ore.

* » * * * • * *

Flint, flints, and ground flint-stones.

Fossils.******-;
Glass, brokem pieces, and old gl ss which cannot be cut for use, and fit only to be remanufactured.

Glass plate or disks, unwrought, for use in the manufacture of optical instruments.*******
Hones and whetstones.

* * * * * - *

Jet, unmanufactured.
* * * * * * *

Junk, old.

Lava, unmannfactored.
* * * • * * * *

50
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Lithographic stones, not engraved.

Loadstones.

Magnets.

Medals of gold, silver, or copper.

Meerschaum, crude or raw.

Mica and mica waste.

Models of inventions and other improvements in the arts; but no article or articles shall be deemed

a model or improvements which can be fitted for use.

Ores, of gold and silver.

Pewter and britannia metal, old and fit only to be remanufactured.

Philosophical and scientific apparatus, instruments, and preparations, statnaiy, casts of marble,

bronze, alabaster, or plaster of Paris, paintings, drawings, and etchings, specially imported in good faith

for the use of any societj- or institution incorporated or established for religious, philosophical, educa-

tional, scientific, or literary purposes, or encouragement of the fine arts, and not intended for sale.

Platina, unmanufactured.

Platinum, unmanufactured, and vases, retorts, and other apparatus, vessels, and parts thereof, for

chemical uses.

Plumbago.

Polishing-stones.
-J, -k * * * * *

Pumice and pumice stone.
it ***** *

Regalia and gems, statues, statuary, and specimens of sculpture, where specially import«d in goo<l

faith for the use of any society incorporated or established for philosophical, literary, or religious pur-

poses, or for the encouragement of the fine arts, or for the use or by order of any college, academy,

school, seminary of learning, or public library in the United States.

Eotten stone.

Shingle-bolts and stave bolts, provided that heading bolts shall be held and construed to be included

under the term stave bolts.

Handle-bolts.*******
Sodium.,

Specimens of natural history, botany, and mineralogy, when imported for cabinets, or as objects of

taste or science, and not for sale.

Spunk.

Spurs and stilts, used in the manufacture of earthen, stone, or crockery ware.*******
Sweepings of silver and gold.*******
Terra alba, aluminous.

Terra japonica.

Tin ore, bars, blocks, or pigs, grain or granulated.
* * * * * * *

Types, old, and fit only to be remanufactured.

Works of art, painting, statuary, fountains, and other works of art, the production of American

artists. But the fact of such production must be verified by the certificate of a consul or minister of

the United States indorsed upon the written declaration of the artist
;
paintings, statuary, fountains,

and other works of art, imported expressly for the presentation to national institutions, or to any Stat«,

or to any municipal corporation, or religious corporation or society.

Zafi"er.

* * * * * * •

Skc. 2507.—Machinery for repair may be imported into the United States without payment of duty,

nnder bond, to be given in double the appraised value thereof, to be withdrawn and exported after said

machinery shall have been repaired ; and the Secretary of the Treasury is authorized and directed to

prescribe such nile.s and regulations as may be necessary to protect the revenue against fraud, and

secure the identity and character of all such importations when again withdrawn and exported, restrict-

ing and limiting the export and withdrawal to the same port of entry where imported, and also lim-

iting all bonds to a period of time of not more than Mix months from the date of the import-atiou.
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Sec. 2508.—All paintings, statuary, and photographic pictares imported into the United States for

exhibition by any association duly authorized under the laws of the United States, or of any State, for

the promotion and encouragement of science, art, or industry, and not intended for sale, shall bo

admitted free of duty, under such regulations as the Secretary of the Treasury shall prescribe. But

bonds shall be given for the payment to the United States of such duties as may be imposed by law

upon any and all of such articles as shall not be re-exported within six months after such importation.

Sec. 2509.—All works of art, collections in illustration of the progress of tlio arts, science, or manu-

factures, photogi'aphs, works in terra-cotta, Parian, pottery, or porcelain, and artistic copies of antiqui-

ties in metal or other material, hereafter iinported in good faith for permanent exhibition at a fixed

place by any society or institution established for the encouragement of the arts or science, and not

intended for sale, nor for any other purpose than is hereinbefore expressed, and all such articles,

imported as aforesaid, now in bond, and all like articles imported in good faith by any society or asso-

ciation for the purpose of erecting a public monument, and not for sale, shaU be admitted free of duty,

under such regulations as the Secretary of the Treasury may prescribe : Provided, That the parties

importing articles as aforesaid shall be required to give bonds, with sufficient sureties, under such rules

and regulations as the Secretary of the Treasury may prescribe, for the payment of lawful duties which

may accrue should any of the articles aforesaid be sold, transferred, or used contrary to the provisions

and intent of this act.

Sec. 2510.—All lumber, timber, hemp, manila, wire rope, and iron and steel rods, bars, spikes, nails,

and bolts, and copper and composition metal which may be necessary for the construction and equip-

ment of vessels built in the United States for foreign account and ownership or for the purpose of being

employed in the foreign trade, including the trade between the Atlantic and Pacific ports of the United

States, after the passage of this act, may be imported in bond under such regulations as the Secretary

of the Treasury may prescribe; and upon proof that such materials have been used for such purpose,

no duties shall be paid theron. But vessels receiving the benefit of this section shall not be allowed

to engage in the coastwise trade of the United States more than two months in any one year, except

upon the payment to the United States of the duties on which a rebate is herein allowed: Provided,

That vessels built in the United States for foreign account and ownership shall not be allowed to engage

in the coastwise trade of the United States.

Sec. 2511.—ALL articles of foreign production needed for the repair of American vessels engaged

exclusively in foreign trade may be withdrawn from bonded warehouses free of duty, under such regu-

lations as the Secretary of the Treasury may prescribe.

Sec. 2513.—There shall be levied, collected, and paid on the importation of all raw or unniaDufact-

ured articles, not herein (a) enumerated or provided for, a duty of ten per centum ad valoicm ; and all

articles manufactured, in whole or in part, not herein enumerated or provided for, a duty of twenty per

centum ad valorem.****«**
a That is, in the full text of the act.
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