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LETTER OF TRANSMITTAL

DEPARTMENT OP THE INTERIOR, 
UNITED STATES GEOLOG-ICAL SURVEY,

DIVISION OP MINERAL BESOTTRCES,
Washington, J). €., June 17,1895,

SIR: I have the honor to transmit herewith the eleventh report of 
the series, Mineral Eesources of the United States, this report bearing 
the title "Mineral Resources of the United States, 1894," and contain 
ing in two volumes the statistical record for calendar year ending 
December 31, 1894. It contains also the usual summary of recent 
developments in the knowledge of the mineral deposits in this country 
and elsewhere, much of this information extending into the current year. 

In accordance with the act of Congress approved March 3, 1895, 
changing the form of this publication, it is now presented to form 
Parts III and IV of the Sixteenth Annual Keporfc of the Survey.

By your direction the report to cover the calendar year 1895 is also 
in preparation.

Very respecti^lly, your obedient servant,
DAVII> T. DAY,

Geologist in Charge. 
Hon. CHARLES D. WALCOTT,

Direotor United States Geological Survey.
l 
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INTRODUCTION.

This is the eleventh report of the series Mineral Resources of the 
United States. Its scope and the arrangement of the subjects, treated 
are the same as in the ten previous volumes. This report covers the 
calendar year ending December 31, 1894. Its object is to show the'use 
made of the mineral deposits of the United States, particularly the 
amount off each nseful mineral produced and its value. It summarizes 
also the new additions which have been,made to the known mineral 
deposits in the United States and in other countries which trade with 
this.

Form of publication.—The form of the report changes this year from 
ordinary octavo to the royal octavo form of the Annual Report of the 
Survey, of which it forms a part, in accordance with a recent act of 
Congress. It has been divided into two volumes, forming parts III 
and IV. Part III is devoted to the mineral products which are chiefly 
sold in metallic form, while Part IV treats of ncmmetallic minerals and 
such metallic compounds as find direct use without preliminary reduc 
tion to the metallic condition. The more important chapters have 
already been published, as promptly as compiled, in the usual pamphlet 
form. »

Acknowledgments.—As in previous volumes, the names of the con 
tributors of the several important chapters are given in connection 
with those subjects; but it is gratifying to acknowledge in this place 
the hearty cooperation of the individual mine owners in the efforts to 
make this report an annual census of the mine products and their 
values, instead of the collection of close estimates, which was all that 
was contemplated when this series began. In addition to the pro 
ducers of the highly priced products, who are familiar with the value 
of accurate statistical work, thanks are due to the producers of stone 
and of clay products for the vast amount of statistical information . tf 
which they have furnished for this volume.



4 MINERAL RESOURCES.

The Bureau of Statistics of the Treasury Department has, as usual, 
furnished the statistics of imports and exports, and special acknowl 
edgment is due to the courteous response which has met the many 
demands for statistics in advance of their final publication by the 
Bureau. Similarly the statistics of production of the precious metals 
have been furnished by the Bureau of the Mint.

A brief review of the principal statistical results shown by the report 
is given in the pages which immediately follow.



MINERAL RESOURCES OF THE UNITED STATES, 1894.

SUMMARY

In a table which will be found on page 19, an attempt is made to 
assign to the total product of each mineral a value which will repre 
sent its total value at the place of production and in the condition in 
which it first becomes an article of commerce. In the case of metals 
the arbitrary value at some trade center is used, which is customary in 
making the selling prices of these products. Altogether the prices 
thus used are smaller than those to which we are accustomed. Thus 
the value of coal at the mines is only a small fraction of what we are 
accustomed to pay for it, but those values seem most useful in determ 
ining the variations from year to year of the several products. These 
values are also added together, in order that the relative general change 
from year to year may be readily seen.

Comparing the total value of the product in 1894 with the value of 
1893, a great decline is evident, and the obvious cause is readily sur 
mised to be the general great financial depression. But besides this 
general depressing element there were several special features which 
affected the net result.

The most notable was the strike of the bituminous coal miners, which 
accounts quite largely for the greatly decreased production and increase 
in price for part of the year. The strike naturally increased the use of 
anthracite, which partially made up for the decreased demand for this 
substance due to the depression of manufactures. The low price of 
silver is responsible for the decreased production of this substance. 
The consumption of petroleum exceeded the production, greatly decreas 
ing the stocks at the wells and increasing the price. The other principal 
features are summarized below:

METALS.

Iron and steel.—The declining tendency noted in the report for 1893 
continued in 1894. The production of pig iron decreased from 7,124,502 
long tons in 1893 to 6,657,388 long tons in 1894. The decrease in value 
was nearly $20,000,000, from $84,810,426 in 1893 to $65,007,247 in 1894.

5
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The value of the pig iron produced in the United States in 1894 was 
less than half that in 1892, two years previous, though the decline in 
production was only about 27 per cent. Production of steel of all kinds 
increased from 4,019,995 long tons in 1893 to 4,927,581 tons in 1894. 
Limestone used for iron flux in 1894 was 3,698,550 long tons, valued at 
$1,849,275, against 3,958.055 long tons, valued at $2,374,833, in 1893.

The total product of iron ores in 1894 was 11,879,679 long tons, valued 
at $13,577,335, as compared with 11,587,629 long tons in 1893, valued 
at $18,265,273. This is an increase in production of 292,050 long tons, 
though the value decreased $4,687,938. The value per tori in 1894 was 
$1.14, as compared with $1.66 in 1893.

Gold and silver.—The gold product increased from 1,739,081 troy 
ounces, with a coining value of $35,950,000, in 1893, to 1,910,816 ounces, 
worth $39,500,000, in 1894. This product is the largest since. 1878. 
Silver production declined in 1894 so that the total was less than in 1893 
by over 10,000,000 ounces, as follows: 1893, 60,000,000 ounces, coMng 
value $77,575,757; 1894,49,501,122 ounces, coining value $64,000,0lhj.

Copper.—The industry took little notice of the depressed money 
market and the decreased consumption, but showed a noteworthy 
increase. The product from American ores aggregated 360^844,218 
pounds, valued at $33,141,142, agaiust 337,416,848 pounds in 1893, 
worth $32,054,601. In addition, 6,655,844 pounds were produced in 
1894 from imported pyrites. The necessary expenditures were also 
made for keeping up future production.

Lead.—Product: 159,331 short tons, worth $9,942,254, compared with 
163,982 short tons in 1893, worth $11,839,590.

Zinc.—The rapidly increasing product of late years was checked in 
1893 and 1894 and a slight decline noted in both years. Product: 75,328 
short tons, valued at $5,288,026, compared with 78,832 short tons, worth 
$6,306,560, in 1893, and 87,260 short tons, worth $8,027,920, in 1892.

Quicksilver.—The product showed a noteworthy increase from 27,993 
flasks in 1892 to 30,164 flasks in 1893 and 30,416 flasks in 1894. The 
price fell, making the total value $934,000 in 1894; $1,108,527 in 1893; 
and $1,245,689 in 1892. The increased product caine chiefly from the 
New Almaden, Mirabel, and JBtna mines.

Manganese.—The quantity declined front 7,718 long tons in 1893 to 
6,308 tons in 1894. This was less than half the output in 1892. This 
decrease was caused principally by the exhaustion of the Virginia 
pockets of ore. The product of inangauiferous iron ore increased, while 
mauganiferous silver and zinc ores declined in product and value.

Aluminum.—The usual increase in product continued. In 1893 
339,629 pounds were made, chiefly by the Pittsburg .Reduction Com 
pany; it was valued at $266,903 in the producer's hands. In 1894 
the output was 550,000 pounds; value, $316,250. The largest single 
use is for adding to steel before casting. It is also used for improving 
iron castings, for ornamental fancy articles, and for aluminum cook 
ing utensils, which are being generally introduced.
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The Southern deposits of bauxite furnish more and more of the raw 
material.

Tin, No work was done at the deposits other than the appointment 
of a receiver for the Harney Peak Company.

Nickel.—The United States product was greatly reduced, amounting 
to only 9,616 pounds, less than one-fifth the output in 1893 and not 
much more than 10 per cent of the product in 1892. The Nevada and 
Oregon mines have not become producers, but prospecting and devel 
opment continue. The New Caledonia mines increased their product.

Antimony.—The value decreased from $45,000 in 1893 to $36,000 
in 1894. The product came from Nevada, and was smelted in San 
Francisco.

Platinum.—Product from the gold placers is still insignificant. The 
production in 1894 was 100 ounces, valued at $600.

FUELS.

Coal—The product of coal of all kinds in 1894 was 152,447,791 
long tons, or 170,741,526 short tons, valued at $186,141,564, against 
162,814,977 long tons, or 182,352,774 short tons, valued at $208,436,696 
in 1893. This indicates a decrease in 1894 of 10,367,186 long tons, or 
11,611,248 short tons, or about 6 per cent, and a decline in value of 
$22,297,132, or a little over 10 per cent. The product in 1894 consisted 
of 46,358,144 long tons, or 51,921,121 short tons, of Pennsylvania 
anthracite a decrease from 1893 of 1,827,262 long tons, or 2,046,422 
short tons and of 106,089,647 long tons, or 118,820,405 short tons, of 
bituminous coal (including scattering lots of anthracite from Colorado 
and New Mexico), a decrease, compared with 1893, of 8,540,916 long 
tons, or 9,565,826 short tons. The value of Pennsylvania anthracite 
decreased from $85,687,078 in 1893 to $78,488,063 in 1894, a loss of 
$7,199,015. The value of bituminous coal declined from $122,751,618 
to $107,653,501, a loss of $15,098,117. The average price per ton for 
marketable anthracite declined from $1.94 per long ton in 1893 to 
$1.85 in 1894. In arriving at the average price for anthracite the 
amount of coal used at the collieries is not included. This factor con 
sists of culm, or slack, which would otherwise be thrown on the dump 
and wasted, and no account of it is taken in the valuation. The aver 
age price of bituminous coal declined from 96 cents in 1893 to 91 cents 
in 1894. In determining the average price of bituminous coal all the 
coal mined and not actually thrown away is considered.

In addition to the general trade depression and decline in values, 
which affected both the anthracite and bituminous interests, the pro 
duction of bituminous coal was seriously disturbed by a prolonged 
strike inaugurated in April and continuing in some cases until Sep 
tember. The adverse influences of this strike were felt in nearly all 
the important producing centers, particularly in the Appalachian, Cen-
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tral, and Western fields. The anthracite and a few bituminous regions 
which were not afl'ected by the strike were temporarily benefited. The 
Pocahontas region in Virginia and West Virginia, some portions of the 
New River and Kanawha and the Upper Motiongahela regions in West 
Virginia, and some portions of Kentucky were exempted from its opera 
tions, and for a while production in these regions was greatly stimulated 
and increased prices for the product were obtained; but the temporary 
benefit derived from the disturbance in other regions was not sufficient 
to offset the general decline in values, and the output for the year even 
iu these favored regions shows a decrease in value compared with the 
preceding year. An estimate of the loss to the labor interests, based 
upon the average number of employees and the.average working time 
in 1894 compared with 1893, shows one day's labor lost by 5,167,357 
men, or 17,224 men throwu out of employment for a full year of 300 
working days. Computing the average wages per diem at $3, the total 
loss in wages to the miners and other employees thrown out of work 
amounted to $15,502,071.

Coke.—The total product of coke in the United States iu 1894 was 
9,196,244 short tons, as compared with 9,477,580 short tons in 1893. 
There was a slight increase of coke-made pig iron, from 5,390,184 long 
tons iu 1893 to 5,520,224 long tons in 1894, which would indicate an 
increased production of coke for iron reduction.

Petroleum.—The most notable features in connection with the pro 
duction of petroleum in 1894 are (1) the continued decline in production 
in the older fields and the increase in the newer, especially in the Lima- 
Indiana field and California, the total production of the United States 
showing an increase; (2) the increase of consumption over production 
and heavy decline in stocks at wells; and (3) the increase in price as 
compared with 1893.

Pennsylvania declined from 19.283,122 barrels in 1893 to 18,077,559 
barrels in 1894; New York from 1,031,391 barrels in 1893 to 942,431 in 
1894. West Virginia about held its own, the production being 8,445,412 
barrels and 8,577,624 barrels in 1893 and 1894, respectively. Ohio 
increased from 16,249,769 barrels in 1893 to 16,792,154 barrels in 1894. 
The chief increase in this State was in the Macksburg or eastern Ohio 
district, the Lima district producing about the same as in 1893. Indiana 
increased from 2,335,293 barrels in 1893 to 3,688,666 barrels in 1894. 
Colorado decreased from 594,390 barrels in 1893 to 515,746 barrels in 
1894, and California increased from 470,179 barrels in 1893 to 705,969 
barrels in 1894. The stocks held at the wells declined from 12,316,611 
barrels.at the close of 1893 to 6,499,880 barrels at the close of 1894.

The total increase in the United States was from 48,412,666 barrels 
in 1893 to 49,344,516 barrels in 1894.

The average value of certificate oil iu the Appalachian field in 1894 
was 83£ cents, as compared with 64 cents in 1893, an increase of 19| 
cents. In the Lima field the average price advanced from 47| cents in



SUMMARY. 9

1893 to 48 cents in 1894. The total value of the 48,412,666 barrels pro 
duced in 1893 was $28,932,326, or 59| cents per barrel, while the product 
of 1894, 49,344,516 barrels, was worth $35,522,095, or nearly 72 cents 
per barrel.

The exports in 1894 were 908,225,314 gallons, over 100,000,000 gallons 
  more, than in 1893. This is the largest export yet recorded.

STRUCTURAL MATERIALS.

Stone.—The value of the total product of stone of all kinds increased 
from $33,885,573 in 1893 to $37,377,816 in 1894. The increase noted is 
probably not so much due to an increase in actual production as it is 
to the fact that the canvass of the stone producers of the country for 
this year is a complete census.

Soapstone.—The production of soapstone in the form of slabs, etc., 
amounted to 23,141 short tons in 1894, worth $401,325, compared with 
the production of 21,071 short tons in 1893, worth $255,067. The pro 
duction of fibrous talc in 1894 was 39,906 short tons, worth $435,060, 
compared with 35,861 short tons iu 1893, worth $403,436.

Clays.—For the first time in the history of the Geological Survey an 
attempt has been made to make a complete canvass of.the clay workers 
of the United States. Thiswork has been highly satisfactory, and the 
value of the clay products is shown to be $65,389,784. The only figures 
with which comparison can be made is the statement published by the 
Eleventh Census, which shows that the value of the finished brick, tile 
and terra cotta, etc., in 1890 was $67,770,695.

Cement.—The production of natural-rock cement increased slightly, 
that is, from 7,411,815 barrels in 1893 to 7,563,488 barrels in 1894. 
Artificial Portland cement increased from 590,652 barrels in 1893 to 
798,757 barrels in 1894. The value of the natural-rock cement decreased 
from $5,104,708 in 1893 to $3,646,608 in 1894; that of Portland increased 
from $1,158,138 in 1893 to $1,383,473 in 1894 making a total value in 
1894 of $5,030,081 as compared with $6,262,846 in 1893, though the 
number of barrels increased from 8,002,467 in 1893 to 8,362,245 in 1894. 
This decrease in total value is due to the fact that the value of the bar 
rels is not included in the 1894 figures, while it has been included here 
tofore.

ABRASIVE MATERIALS.

Millstones.— The value decreased from $16,645 in 1893 to $13,887 in 
1894. The product came from New York, Pennsylvania, and Virginia.

Grindstones.—The value in 1894 was $223,214, as compared with 
$338,787 in 1893. These values include $10,143 and $19,159 worth of 
whetstones made from sandstone, chiefly in Ohio, in 1894 and 1893 
respectively.

Corundum and emery.—The product decreased slightly in 1894, or 
from 1,713 short tons, worth $142,325, in 1893, to 1,495 short tons, worth

5,936, in 1894.
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Oilstones.—The Arkansas, New Hampshire, and other whetstones in 
1894 from novaculite had a value of $136,873, against $135,173 in 1893. 
This does not include the sandstone products of Ohio.

MINERALS USED FOB CHEMICAL PURPOSES.

Phosphate rock.—Florida produced 527,653 long tons and South Caro 
lina 429,218 long tons in 1894, as compared with 438,804 long tons and 
502,564 long tons in 1893. The value of Florida's product in 1894 
was $1,666,813 and of South Carolina's $1,662,017, making a total of 
$3,328,830. The total value for this product in 1893 was $4,136,070. 
The chief event of importance in 1894 was the appearance of Tennes 
see among the list of producing States. 'The product in this State in 
that year was 19,188 long tons, worth, where produced, $67,158. Ten 
nessee promises to be in the future an important producer of a high 
grade of phosphate rock.

Marls.—The local use of marls in New Jersey, Yirginia, and Ala 
bama continues to decrease, being displaced by commercial fertilizers.

Gypsum.—The product in 1894 was 239,312 short tons, worth $761,719. 
In 1893 it was 253,615 short tons, worth $696,615.

Salt.—The product in 1894 was 12,967,417 barrels (of 280 pounds each), 
which was an increase over the product in 1893, when 11,816,772 barrels 
were produced. The total value shows an increase from $4,054,668 in 
1893 to $4,739,285 in 1894.

Bromine.—The increase in price noted in the last report has declined 
again very slightly, the product in 1894 being 379,444 pounds, worth 
$102,450, compared with 348,399 pounds in 1893, worth $104,520.

Iodine.—Search is still being made for large quantities of salt brines 
containing even traces of iodine, with a view to new processes for 
extracting it.

Sulphur.—The product continues to decrease. In 1894 it was 500 
short tons, worth at Salt Lake City $20,000. In 1893 it was 12,000 
short tons, worth $42,000. This product, as heretofore, comes entirely 
from Western mines.

Pyrites.—The product increased from 83,277 long tons in 1893. worth 
$275,302, to 105,940 long tons in 1894, worth $363,134. New sources of 
supply are being developed in North Carolina.

Borax.—The product increased from 8,699,000 pounds in 1893, worth 
$652,425, to 14,680,130 pounds in 1894, worth $974,445. This entire 
product came from California and Nevada.

Fluorspar.—The product and value of this substance showed a 
decline in 1894 from 1893, being 7,500 short tons, valued at $47,500, in 
the former year, and 12,400 short tons, worth $84,000, in the latter year.

Chromic iron ore.—The product in 1894 was 3,680 long tons, worth 
$53,231 in San Francisco, as compared with a product of 1,450 long 
tons in 1893, worth $21,750. All of this product was from California. 
The consumption is chiefly supplied from imports from Asia Minor.
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MINERAL PIGMENTS.

Barytes.—The promise of an increase in production of this substance 
made iii the last report was not fulfilled, the product being 23,335 short 
tons, worth $86,983, as compared with a product of 28,970 short tons 
in 1893, worth $88,506.

Metallic paint.—The product of metallic paint increased from 19,960 
short tons in 1893, valued at $297,289, to 25,375 short tons in 1894, 
valued at $284,883, showing an increase in product of 5,415 tons and a 
decrease in value of $13,406.

Ocher, wnber, etc.—The product of ocher decreased from 10,517 short 
tons, valued at $129,393, in 1893, to 9,768 short tons, valued at $96,935 
in 1894. Umber declined-from 480 short tons, valued at $7,560, to 265 
short tons, valued at $3,830. ' 'The-jaKQiLuct^ofsienna increased from 
150 to 1GO short tons, but the value declined trSm'lf^T^fer'f3$KT 
The amount of soapstone ground for pigment was 75 tons, valned at 
$525, against 100 tons, valued at $700, in 1893. Slate ground for pigment 
decreased from 3,183 short tons to 2,650 short tons.

Venetian reds.—The product decreased from 3,214 short tons to 2,983 
short tons, while the value increased from $64,400 to $73,300.

Cobalt oxide.—The total product in 1894 was 6,763 pounds, worth in 
the condition in which it was first sold $10,145. Pure cobalt oxide 
ready for pottery or paint use was worth $2 per pound. - .,,

Zinc white.—The production declined slightly, from 24,059 short tons 
in 1893, worth $1,804.420, to 21,443 short tons in 1894, worth $1,500,975. 
The price decreased from $75 per ton in 1893 to $70 in 1894.

Graphite.—The product, 918,000 pounds in 1894, includes the crude 
material mined for crucible and all purposes, as well as that for pencils. 
Its value was $64.010 in the state in which it was first mined. In 1893 
the product was 843,103 pounds, worth $63,232.

MISCELLANEOUS.

Precious stones.—The value of the rough gems found in the United 
States decreased from $204,041 in 1893 to $132.250 in 1894.

Mica.—The industry is still crippled by irregularity in mining meth 
ods. The valnc of the product in 1894 was $52,388, as compared with 
$88,929 in 1893.

Feldspar.—The product and value decreased from 18,391 long tons in 
1893, worth $08,037, to 17,200 long tons in 1894, worth $107,700.

Flint.—This product shows an increase in production and value, the 
figures being, in 1893, 29,671 long tons, worth $63,792, as compared with 
38,000 long tons, worth $319,200, in 1894.

Asphaltum. As in 1893, the most of this product came from Cali 
fornia, with small amonnts from Utah and Kentucky. This prodnct 
includes ozocerite produced in Utah, and amounted in 1894 to 60,570 
short tons, worth $353,400. This shows a slight increase in production



12 MINERAL, RESOURCES.

and a decrease in value. In 1893 the product was 47,779 short tons, 
worth $372,232.

Asbestos. — The deposits of chrysotile near Casper, Wyo., mentioned 
in the last report, still lack development. The product in California, 
however, increased quite significantly, or from 50 tons in 1893, worth 
$2,500, to 325 tons in 1894, worth $4,463.

Infusorial earth. — The product continues to decline, the value of that 
produced in 1894 being but $11,718, as compared with $22,582 in 1893.

Magnesite. — California continues to be the only State producing this 
substance. The product in 1894 was 1,440 short tons, valued at $10,240 
in San Francisco. In 1893 the product was 704 tons, worth $7,040.

Mineral waters. — The statistics are limited to the actual amount sold. 
In 1894 the product declined to 21,569,608 .gallons, worth $3,741,846,
as compared with a prqductjaf 23,544^495 gallons in 1893, valued at-~"~~

Metallic products of the United States in 1894.

Products.

Silver........................ 
Go!<l...... ...................

Antimony. ----- .........---. 
Nicfcel ...................... 
Platinum .---.-.............

...... .troy minces..

..............do....

........short tons.. 
....---... ..pounds.. 
....... troy ounces . .

Quantity.

49, 501, 122

139, 331

550, 000
200 

9,616 
100

Value.

$65, 007, 247
64, 000, 000

33, 141, 142

934, 000
316, 250
36, 000 
3,269 

600

218, 108, 788
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Nonmetallic mineral products of the United States in 1894.

13

Products.

Bituminous coal .........-........_,
Pennsylvania anthracite ...........

Clay (all except brick).. ....... ..... 
Cement .-.......-...-.....-..---.... 
Mineral waters .....................

Salt

Mica ...............................
Bary tes .--........-...-..----...... 
Bromine ............................ 
Fluorspar ..........................

Sulphur ................-.------.-.. 
Marls ..............................

Chromic iron ore. ................... 
Cobalt oxide ........................

Ku tile, ..............................

Total value of nonmetallic minel 
Total value of metallic products 
Estimated value of mineral prod 

fled...........................

..short tons.. 
. -long tons..

...long tons.. 
.. . . .barrels., 
gallons sold..

.......do....

........do..-.

..short tons-. 
. . . . .pounds., 
.short tons-.

.......do....
........do....

. .short tons..

...... ..do....

..long tons.. 
. . . .pounds. .

.......do..-.

....pounds..

ucts unspeci-

Quantity.

118. 820, 406 
46, 368, 144

49, 344, 516

360, 000 
8, 362, 245 

21,569,608 
976, 069 

12, 967, 417 
3, 698, 560 

21. 443 
239, 312 

14, 680, 130 
41,926

39, 906 
00, 570 
23, 141

106, 940 
1,495

23, 336 
379, 444 

7,500 
17, 200 
6,308 

38, 000 
918, 000 

600 
76, 000

3,680 
6,763 
1,440 

326 
160 

(a)

Value.

$107, 653, 501 
78, 488, 063 
37,377,816 
35, 622, 096 
13, 964, 400 

9, 000, 000 
800, 000 

6, 030, 081 
3,741,846 
3, 396, 988 
4, 739, 285 
1, 849, 276 
1, 600, 076 

761,719 
974, 445 
498, 093 
223, 214 
435, 060 
353, 400 
401, 326 
132, 260 
303,134 
95, 936 

136, 873 
62, 388 
86, 983 

102, 450 
47, 500 

107, 700 
63, 636 

319,200" 
64,010 
20, 000 
40, 000 
11,718 
13, 887 
63, 231 
10,146 
10,240 
4,463 

460 
(a)

308, 486, 774 
218, 168, 788

1, 000, 000

627, 655, 662

a Included in aaphaltum.
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Mineral products of the United States

1
2 
3 
4 
5 
6 
7 
8 
9 

10 
11

12

13 
14 
15 
16
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54

55

56
57

58

Products.

METALLIC.

Pig iron, value at Philadelphia ..... .long tons . . 
Silver, coining value ......,.-.---. troy*ounces . .

Copper, value at New York City... .--pounds-. 
Lead, value at New York City ..... short tons . . 
Zinc, value at New York City. - ..;....-. .do. ... 
Quicksilver, value at Sau Francisco. ...flasks.. 
Nickel, value at Philadelphia. . ....... .pounds . .

Antimony, value at San Francisco . . short tons 
Platinum, value (crude) at Sau Francisco, troy 

ounces.

Total value of metallic products ...,.-.--.

NONMETALLIC (spot values).

Salt.. ................................ --..do.,..
Phosphate rock. ----- -.......-....-. .long tons.. 
Limestone for iron flux. ....----.---.--... do. ...

Zinc white. ........................ .short tons. .

Soapstone ..............-.---..----- short tons . . 
Manganese ore.. ............. .......long tons.. 
Aaphaltum. -...............-..---. -Short tons..

Corundum .......................... short tons . .

Oilstones, etc. ..-.-..-....-...----.-.- -pounds . . 
Marls.........--.---... ....-.-....- .short tons. -

Fluorspar. ........................ .short tons . . 
Chromic iron ore.--. -......---..... -long tons.. 
Infusorial earth ................... .short tons . .

Hutile... ....... ...................... pounds..

Total value of nonmetallic mineral prod 
ucts.

Estimated value of mineral products un 
specified, (a)

1880.

Quantity.

3, 375, 912 
30, 320, 000 

1, 741, 500 
60, 480, 000 

97, 825 
23, 239 
59, 926 

329, 968

50 
100

42, 831, 758 
25, 580, 189

26, 286, 123

25, 783 
2, 072, 943 
5,961,060 

211, 377 
4, 500, 000 
2, 000, 000 

10, 107 
4,036 

3, 692, 443 
90, 000

  4,210 
2.000 
8,441 
5,761 

444

404, 690 
1,044 

20, 000

420, 000 
1, 000, 000 

20, 000 
4,000 
2,288 
1,833 

12, 500 
81, 669 

7, 251 
J,000 

600 
150 
100

...........

Value.'

!89,315,569 
39, 200, 000 
36, 000, 000 
11, 491, 200 
9, 782, 500 
2, 277, 432 
1, 797, 780 

16i, 984

10, 000 
400

1881.

Quantity.

4, 144, 254 
33, 077, 000 

1, 678, 300 
71, 680, 000 

117, 085 
26, 800 
60, 851 

265, 668

50 
100

190,039,865 ............

53,143,718 
42, 196, 678 
18, 356, 055
24, 183, 233

200, 457 
1, 852, 707 
4, 829, 566 
1, 123, 823 
3, 800, 000 

500, 000 
763, 738 
135, 840 
277, 233 
400, 000 
500 00 0

54, 730 
5,000 

66, 665 
86, 415 
4,440 

100, 000 
114, 752 

29, 280 
80, 000 
49, 800

8,000 
500, 000 

80, 000 
16, 000 
27, 808 
45,660 
60, 000 

127, 825 
24,000 
10, 000 
21, 000 
4,312 

400

154. 279, 135

190, 039, 865 
8, 000, 000

350, 319, 000

53, 961, 012 
28, 500, 016

27, 661, 238

25, 000 
2, 500, 000 
6, 200, 000 

266, 734 
6, 000, 000 
3, 700, 000 

10, 000 
6,720 

4, 046, 000 
85, 000

5,000 
10, 000 
7,000 
4,895 
2,000

300, 000 
. 500 

20, 000 
400,000-

500, 000 
1, 000, 000 

25, 000 
4,000 
2,000 
1,000 

14, 000 
100, 000 

8,280 
1,000 

600 
200 
200 

50

Value.

$87, 029, 334 
43, 000, 000 
34, 700, 000 
12, 175, 600 
11,240,160 

2, 680, 000 
1, 764, 679 

292, 235

10, 000 
400

192, 892, 408

60, 224, 344 
64, 125, 036 
20, 000, 000 
25, 448, 339

200, 000 
2, 000, 000 
4, 200, 000 
1,980,259 
4, 100, 000 

700, 000 
700, 000 
100, 000 
304, 461 
350, 000 
500, 000 

60, 000 
60, 000 
75, 000 
73, 425 
8,000 

110, 000 
75,000 
80, 000 

. 80,000 
30, 000 

150, 000 
8,580 

500, 000 
100, 000 
16, 000 
30, 000 
10, 000 
70, 000 

250, 000 
25, 000 
10, 000 
21, 000 
7,000 

700 
1,000

186, 783, 144

192, 892, 408 
6, 500, 000

386, 175, 552

a Including clays, except potter's clay, prior to 1884.



SUMMARY. 15

for Hie calendar years 1880 to 1S94.

18

Quantity.

4, 623, 323 
36, 197, 695 

1, 572, 186 
91, 646, 232 

132, 890 
33, 765 
52, 732 

281,616

60 
200

68, 164, 533 
31, 358, 264

30, 510, 830

30,000 
3, 250, 000 

. 6, 412, :)73 
' 332, 077 

3, 850, 000 
5, 000, 000 

10, 000 
7,840 

4, 236, 291 
100, 000

6,000 
12, 000 
6,000 
4, 532 
3,000

250, 000 
500 

20 000 
425. 000

600, 000 
1, 080, 000 

25, 000 
4,000 
2,500 
1,000 

14, 000 
100, 000 

11, 653 
2,000 

600 
1,200 

500

52.

Value.

$106, 336, 429 
46, 800, 000, 
32, 500, 000 
16, 038, 091 
12, 624, 550 
3, 646, 620 
1, 487. 042 

309, 777

12, 000 
600

76, 076, 487 
70, 556, 094

24, 065, 988

240, 000 
3, 672, 750 
4, 320, 140 
1, 992, 462 
2, 310, 000 

800, 000 
700, 000 
105, 000 
338, 903 
450, 000

75, 000 
72, 000 
90,000 
67, 980 
10, 500 

150, 000
75, 000 
80, 000 
80, 000 
34, 000

200, 000
10, 000 

540, 000 
100, 000 

20, 000 
50,000 
8,000 

70, 000 
250, 000 

32, 046 
24, 000 
21, 000 
36, 000 

1,800

18

Quantity.

4, 595, 510 
35, 733, 622 
1, 451, 249 

117, 151, 795 
143, 957 

36, 872 
46, 725 
58, 800 

83
60 

200

76, 755, 280 
34, 336, 469

23, 449, 633

32, 000 
4, 190, 000 
6, 192, 231 

378, 380 
3, 814, 273 
7, 529, 423 

12, 000 
7,840 

6, 500, 000 
90, 000

6,000 
25, 000 
8,000 
6,155 
3,000

301, 100 
550 

27, 000 
575, 000

600, 000 
972, 000 
25, 000 
4,000 
3,000 
1,000 

14, 100 
114, 000 

1,096 
2,000 
1,000 
1.000 

550

S3.

Value.

$91, 910, 200 
46, 200, 000 
30, 000, 000 
18, 064, 807 
12, 322, 719 
3,311,106 
1, 253, 632 

52, 920 
875

12,000 
600

82, 237, 800 
77, 257, 055

25, 790, 252

250, 000 
4, 293, 500 
4, 211, 042 
2, 270, 280 
1, 907, 136 
1,119,603 

840, 000 
84,iOOO 

585, 000 
420, 000

75, 000 
137, 500 
150, 000 

92, 325 
10.500

72, 264 
100, 000 
108, 000 
46, 000

] 50 000
10,000 

486, 000 
100, 000 
20,000 
60, 000 
5,000 

71, 112 
285, 000 

2,795 
24, 000 
27, 000 
30, 000 
2,000

203 ] 28 850

434, 241. 073

18

Quantity.

4, 097, 868 
37, 744, 605 

1, 489, 949 
145, 221, 934 

139, 897 
38, 544 
31, 913 
64, 550 

150
60 

150

82, 578, 204 
33, 175, 756

24, 218, 438

35, 000 
4, 000, 000 
6, 514, 937 

431, 779 
3,401,930 

10, 215, 328 
13, 000 
7,840 

.7, 000, .000,- 
90, 000

10, 000 
35,000 
10, 000 
10, 180 
3,000

281, 100 
600 

25, 000

800, 000> 
875, 000 

30, 000 
4,000 
2,000 
1,000 

10, 900 
147, 410 

2,000 
2,000 

500 
1,000 

600

M.

Value.

$73, 761, 624 
48, 80(1, 000 
30, 800, 000 
17, 789, 687 
10, 537, 042 
3, 422, 707 

936, 327 
48,412 
1,350

12, 000 
450

186, 109, 599

. 77,417,066 
66, 351, 512

20, 595, 966 
1, 460, 000
5, 500, 000

270, 000 
3, 720, 000 
4, 197, 734 
2, 374, 784 
1, 700, 965 
1, 459, 143 

910, 000 
84, 000 

. __490, 000

110, 000 
175, 000 
200, 000 
122, 160 

10, 500

67,464 
108, 000 
100, 000

12, 000 
487, 500 
120, 000 
20, 000 
35, 000 
5,000 

55, 112 
368, 525 

5,100 
20, 000 
12,000 
80, 000 

2,000

186 309 599

395, 489, 105

1 
2 
3 
4 

-5 
6 
7 
8 
9

10 
11

n

13 
14
15
16

18
19 
20 
21 
22 
23 
24 
25 
26

If
9Q

30 
31 
32 
33 
34

36 
37 
38 
39

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54

55



16 MINERAL RESOURCES.

Mineral products of the United States for

1
2 
3 
4 
5 
6 
7 
8 
9 

10 
11

12

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2T 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54

55

56
57

58

Products.

METALLIC.

Pig iron, value at Philadelphia. . . . . .long tons ..

Copper, value at New York City... ...pounds.. 
Lead, value at New York City . . . . .short tons. . 
Zino, value at New York City ...........do.-.. 
Quicksilver, value at Sau Francisco. ... flasks.. 
Nickel, value at Philadelphia ... ...... pounds . .

Antimony, value at San Francisco., short tons.. 
Platinum, value (crude) at San Francisco, troy 

ounces.

Total value of metallic products ..........

NONMETALLIC (spot Values).

Zinc white ........................ . short tons..

Corundu m ......................... short tons . .

Oilstones, etc .......................... pounds . .

Flint. .....................-----.---- long tons . .

Chromic iron ore... ............... ..long tons.. 
Infusorial earth. .................. .short tons. .

Mica --.--..---.-..-.......---- -..--.. pounds . .

Slate ground as a pigment.. . .......short tons..

Total value of nonmetallie mineral prod 
ucts. 

Total value of metallic products. ......... 
Estimated value of mineral products un 

specified.

1885.

Quantity.

4, 044, 425 
39, 910, 279 

1, 538, 376 
170, 962, 607 

129, 412 
40, 688 
32, 073 

277, 904 
283 

50 
250

............

72, 621, 548 
34, 228, 548

21, 847, 205

36, 000 
4, 150, 000 
7, 038, 653 

437, 856 
3, 356, 956 
9, 148, 401 

15, 000 
4,424 

8, 000, 000 
90, 405

10, 000 
49, 000 
10, 000 
23, 258 
3,000

310, 000 
600 

15, 000 
327, 883

1, 000, 000 
875, 000 

30, 000 
5,000 
2,700 
1,000 

13, 600 
92, 000

68.723 
1.975 

715 
300 
600

............

Value.

$64, 712, 400 
51, 600, 000 
31, 800, 000 
18, 292, 909 
10, 469, 431 
3, 539, 856 

979, 189 
179, 975 

2,550 
10, 000 

187

181. 586, 587

82, 347, 648 
76, 671, 948 
19 000 000
19, 198, 243 

4, 857, 200 
6, 000, 000 

275, 000 
3, 492, 500 
4, 825, 345 
2, 846, 064 
1, 678, 478. 
1,312,845 
1, 050, 000 

43, 575 
480, 000 
405, 000 
500. 000
110, 000 
220, 500 
200, 000 
190, 281 

10, 500 
209, 900

89, 900 
108, 000 
75, 000 
26, 231 

100, 000 
15, 000 

437, 500 
120, 000 

22, 500 
40, 000 
5,000 

68, 000 
161, 000

65, 373 
24; 687 
17, 875 
9,000 
2,000

227, 312, 093

181, 386, 587 
500, 000

409, 398, 680

1886.

Quantity.

5, 683, 329 
39, 445, 312 

1, 881, 250 
161, 235, 381 

130, 629 
42, 641 
29, 981 

214, 992 
3,000 

35 
50

73, 707, 957 
34, 853, 077

28, 064, 841

40, 000 
4, 500, 000 
7, 707, 081 

430. 549 
4, 717, 183 
8, 950, 317 

18, 000 
21, 056 

9,778,290 
95, 250

12,000 
55, 000 
12,000 
30, 193 
3,500

428, 334 
645 

10, 000 
415, 525

1, 160, 000 
800, 000 

30, 000 
5,000 
2,000 
1,200 

14, 900 
40, 000

35, 000

2,500 
200 
600

............

Value,.

$95, 195, 760 
51, 000, 000 
35, 000, 000 
16,527,651 
12, 200, 749 

3, 752, 408 
1, 060, 000 

127, 157 
27, 000 
7,000 

100

214, 897, 825

78,481,056 
76, 119, 120 
19, 000, 000 
19, 996, 313 
10, 012, 000 
6, 200, 000 

325, 000 
3, 990. 000 
4, 730, 585 
1,872,936 
2, 830, 297 
1, 284, 070 
1,440 000 

315.000 
488, 915 
428, 625 
250, 000 
125. 000 
220, 000 
225, 000 
277, 636 

14, 000 
119, 056 
141, 350 
116, 190 
50, 000 
33, 242 

140, 000 
15, 000 

400, 000 
120, 000 
22, 000 
30, 000 

6, 000 
74,50il 
70, 000

36, 878

75, 000 
6,000 
2,000

214, 897, 825 
800, 000

445, 786, 594



SUMMARY. 

the calendar years ISSO to 1S94—Continued.

17

1887.

Quail tity.

6,417,148 
41, 269, 240 

1, 596, 500 
185, 227, 331 

145, 700 
50, 340 
33, 825 

205, 566 
18, 000 

75 
448

87, 887, 360 
' 37, 578, 747

28, 278, 866

43, 000 
6, 692, 744 
7, 831, 962 

480, 558 
5, 377, 000 
8, 259, 609 

18, 000 
24, 640 

11, 000, 000 
95, 000

15, 000 
52, 000 
12,000 
34, 524 
4,000

199, 087 
600 

15, 000 
416, 000

1, 200, 000 
600, 000 
32, 000 
5,000 
3,000 
3,000 

10, 200 
70, 000

18, 340

3,000 
150 

1,000

Value.

$121, 925, 800 
53, 350, 000 
33, 000, 000 
21, 115, 916 
13, 113, 000 
4, 782, 300 
1, 429, 000 

133, 200 
59, 000 
15, 000 
1,838

218, 025, 054

98, 004, 656 
84, 552, 181 
25, 000, 000 
18,877,091 
15,817,500 
7, 000, 000 
1, 340, 000 
5,674,377 
4, 093, 846 
1,836,818 
3, 226. 200 
1, 261, 463 
1, 440, 000 

330, 000 
550, 000 
425, 000 
224, 400 
160, 000 
210, 000 
225, 000 
333, 844 
16,000 

163, 600 
61, 717 

108, 000 
75, 000 
34, 000 

  100,000 
16, 000 

300, 000 
185, 000 
20, 000 
40, 000 
15, 000 
56, 100 

142, 250

18, 774

100, 000 
4,500 
3,000

271, 041, 320

2-18, 925, 054 
800, 000

520, 766, 374

1888.

Quantity.

6, 489, 738 
45, 783. 632 

1, 604, 927 
231, 270, 622 

151, 919 
55, 003 
33, 250 

20*, 328 
19, 000 

100 
500

102, 039, 838 
41, 624, 611

27, 612, 025

36, 750 
6, 503, 205 
8, 055, 881 

448, 567 
5, 438, 000 
9, 578, 648 

20, 000 
29,680 

7, 589, 000 
110, 000

20, 000 
54, 331 
15, 000 
29, 198 
53, 800

307, 386 
589 

20, 000 
400, 000

1,500,000 
300, 000 

30, 000 
6,000 
1,500 
1,500 
8,700 

48, 000 
43, 500 
8,491

100 
1,000

................

Value.

$107, 000, 000 
59, 105, 000 
33, 175, 000 
83, 833, 954 
13, 399, 256 
5, 500, 855 
1,413,125 

127, 632 
65, 000 
20,' 000 
2,000

253, 731, 822

101, 860, 529 
89, 020, 483 
25, 500, 000
17, 947, 620 
22, 629, 875 
7, 500, 000 

300, 000 
5,021,139 
4, 374, 203 
2, 018, 552 
2, 719, 000 
1, 679, 302 
1, 600, 000 

405, 000 
455, 340 
550, 000 
281, 800 
210, 000 
167, 658 
250, 000 
279, 571 
331,500 
139, 850 
95, 200 
91, 620 

110,000 
33, 000 
81, 000 
18, 000 

150, 000 
175, 000 
30, 000 
20, 000 
7,500 

50, 000 
70, 000 
3,000 

15, 782

3.000 
3,000

286,107,614

253, 731. 822 
900, 000 

/

540, 829, 436

1889.

Quautity. i Value.

7, 603, 642 
51,354,851 

1, 590, 869 
231, 246, 214 

156, 307 
58, 800 
26, 484 

252, 663 
47, 468 
  115 

500

95, 685, 543 
40,714,721

35, 163, 513

294, 344 
7, 000, 000 
8, 005, 565 

550, 245 
6, 318, 000 

12, 780, 471 
16, 970 
34, 307 

  8,000,000 
267, 769

23, 746 
93, 705 
12, 715 
24, 197 
51, 735

418, 891 
2,245 

19, 161

5, 982, 000 
139, 522 
11,113 
9,500 
2,000 
3,466 
6,970 

49, 500 
50, 000 
13,955

1,150 
30 

1,000

................

$120, 000, 000 
06, 396, 988 
32, 886, 744 
26. 907, 809 
13,794,2S5 
5,701,824 
1, 190, 500 

151,598 
97. 335 
28, 000 
2,000

267, 247, 033

94, 504, 745 
65,879,514 
42, 809, 706 
26, 963, 340 
21, 097, 099 
8, 000, 000 

(a) 635, 578 
5, 000, 000 
4, 195, 412 
2, 937, 776 
3, 159, 000 
1, 748, 458 
1, 357, 600 

483, 766 
500, 000 
764, 118 
439, 587 
244, 170 
202, 119 
231, 708 
240, 559 
171, 537 
188, 8.07 ' 125, 667' 

105, 565 
106, 313 

72, 662 
35, 155 
32, 980 
63, 056 
49, 137 
45, 885 
30, 000 
23, 372 
39. 370 
50, 000 
2,500 

31, 092

7, 850 
1,800 
3,000

282, 580, 853

267, 247, 033 
1,000,000

550,827,880

1 
2 
3 
4 
5 
6 
7 
8 
0 

10 
11

12

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34
OR' 
DD
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54

55

56
57

58

a Previous to 1889 potters' clay ouly. 
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18 MINERAL RESOURCES.

Mineral products of the United States for

1
2

4 
5 
fi
7 
8 
1

in
n
12

13

14 
If)
10

18
10
20
31
O'>

23 
24
oc

26
OT
28 
29
Bn
31
09

33
B4
OK

36
37
no

39
40

42 
43

45 
46

48 
40
Rfi

51
52
KI

54
55

57

50

METALLIC.

Silver, coining value.. ............ troy ounces. _

Copper, value at New York City.... --pounds. 
Lead, valuoatNew York City..... short tons..

Quicksilver, vain o at San Francisco.... flasks.. 
Nickel, value at Philadelphia- ...... ...pounds..

Tin.. ................................ .....do....
Antimony, value at San Francisco . . short tons . . 
Platinum, value (crude) at San Francisco, troy 

ounces.

Total value of metallic products ..........

"NONME'TALLIC (spot values). 

Bituminous coal...... ............. .short tons. .

Clay (all except potter's clay) ..................
Potter's clay ...... .......--.-.--.-..long tons..

Phosphate rock ................... . .long tons. .

Borax .........................._..... .pounds..
Gypsum ...... .................. ....short tons..

Fibrous talc. .... ...................short tons..

Soapstone ......................... .short tons . .

Bromine .....-.---.-...--...-..---.-.. .pounds - .

Oilstones, etc. ................-------. -pounds. . 
Maria ...---..--.....-..      ------ short tons . .

Fluorspar ....-,...........-.--.--. -short tons. . 
Chromic iron ore ................... .long tons . .

Feldspar .......--.-..-----........ . .long tons . . 
Mica ...--......-...-------.- ..........pounds. .

nets. 
Total value of metallic products. .........

specified.

Grand total. ..............................

18

Quantity.

54, 500, 000 
1 588 880

265, 115, 133 
143, 630 

63, 083
22, 926 

223, 488 
61, 281

129 
600

111,320,016

350, 000

8, 776, 991
510, 499 

5,521,622
13, 907, 418

9, 500, 000 
182, 905

41, 354

13, 670 
25 684
40 841'

387, 847 
1,970

21, 911

""i53,"620

8,250 
3,599 
2,532
8,000 

60, 000

71

............

............

DO.

Value.

70, 464, 645

30, 848, 797 
12, 008, 160

1, 203, 615 
134, 093

40, 756 
2,500

305 /TSi^ 070

110,420,801

35, 365, 105

8, 500, 000 
756, 000

4, 752, 286
3, 213, 795

2 600 750
1, 600, 000

681 992
61 1\ 500 
574, 523

389, 196 
273, 745
252, 309

190, 416

. 104, 719 
89 395

77, 500  

69, 909 
69, 880

55, 328 
53, 985 
50, 240
45, 200 
75, 000 
26, 250

4,560
1,000

305, 735, 070 
1 000 000

619, 506, 161

18

Quantity.

8 [J7Q OTft

58, 330, 000

295, 812, 076 
178, 554

22, 904 
118, 498

125, 289
278 
100

117,901,237

54, 291, 980

400, 000 
8, 222, 792
9 987 945

' 587J 988 
5, 000, 000

18, 302, 732
23, 700

13, 380, 000 
208, 126

53, 054 
106, 536
16,514

45, 054

343, 000

1, 375, 000 
135, 000

10, 044 
1,372

10, 000 
75, 000

7,200
1,200

66
300
439

............

............

91.

Value.

75, 410, 565

38, 455, 300 
15, 534, 198

1, 036, 380 
71, 099

25, 058
47, 007 

500

800, 232, 798

117, 188, 400

30, 526, 553
15, 500, 084

9, 000, 000 
000, 000

4, 716, 123
3, 651, 150

2 996 259

678, 478
869, 700 
628, 051 
476, 113
493, 068

243, 981

242 264

54,880 
90,230

110, 000
16, 587

150, 000 
07, 500 
60, 000
78, 330 
20, 580 
21, 988
50, 000 

100, 000 
7,000

18, 000
30. 600
3,900

800
4,390

321, 756, 171

300, 232, 798 
1, 000, 000

622, 988, 969



SUMMARY. 

the calendar years 1880 to 1894—Continued.

19

1892.

Quantity.

8, 157, 000 
63, 500, 000 

1, 596, 375 
353, 275, 742 

173, 654 
87,260 
27, 993 
82, 252 

259, 885 
162, 000

80

126, 856, 567 
46, 850, 450

£0, 509, 136

420, 000 
8, 758, 621 

11, 698, 890 
681, 571 

5, 172, 114 
21, 876, 604 

27, 500 
51,704 

13, 500, 000 
246, 374

41, 925 
109, 788 
23, 908 
13, 613 

' ' '87,680

376.480 
l|771 

32, 108

125, 000 
20,000 
12, 250 

1,500

15, 000 
75,000 
60, 000 
7,869 
2,688 

104 
100 

1,004

Value.

$131,161,039 
82,099,150 
33, 000, 000 
37, 877, 142 
13, 892, 320 

8, 027, 820 
1, 245, 689 

50, 739 
172, 824 
32, 400 
56,466 

550

307, 716, 239

125, 124, 381 
82, 442, 000 
48, 706, 625 
26, 034, 196 
14, 800, 714 

9, 000, 000 
1,000,000 
7, 152, 750 
5, 654, 915 
3, 296, 227 
3, 620, 480 
4, 905, 970 
2, 200, 000 

767, 766 
800, 000 
671, 548 
272, 244 
472, 485 
31)5, 191 
437, 449 
129, 586 
445,375 
312, 050 
64,502 

181, 300 
130, 025 
104, 000 

23, 417 
146, 730 

65, 000 
80, 000 
89, 000 
25, 000 
43, 655 
75, 000 

100, 000 
8,000 

15, 738 
80,640 
6,416 

300 
10, 040

339, 800, 715

307, 716, 238 
1, 000, 000

648,616,954

1893.

Quantity.

7, 124, 502 
60, 000, 000 

1, 739, 081 
337, 416, 848 

163, 882 
78, 832 
30, 164 
49, 399 

339, 629 
8,938 

250 
75

128, 385, 231 
48, 185, 306

48, 412, 666

400, 000 
8, 002, 467 

11, 816, 772 
941, 368 

3, 958, 055 
23, 544, 495 

24, 059 
37, 724 

8, 699, 000 
253, 615

35, 861 
75,777 
21, 071 

- 7,718 
47, 779

348, 399 
1,713 

28, 970 
843, 103

75, 000 
29, 671 
12, 400 
1,450

18, 391 
66, 971 

(0) 
8,422 
1,200 

50

704

Value.

$84, 810, 426 
77, 575, 757 
35, 950, 000 
32, 054, 601 

. 11, 839, 590 
6, 300, 560 
1, 108, 527 

22, 197 
266, 903 

1,788 
45, 000 

517

249,981,866

122, 751, 618 
85, 687, 078 
33, 885, 573 
28, 932, 326 

  14, 346,,- 256. 
9, 000, 000 

900, 000 
6, 262, 841 
4, 054, 668 
4, 136, 070 
2, 374, 833 
4, 246, 734 
1, 804, 420 

530, 384 
652, 425 
696, 615 
338, 787 
403, 436 
256,552 
255, 067 
66, 614 

"   "372r232" 
264, 041 
104, 520 
142, 325 

88, 506 
63, 232 
16, 645 

135, 173 
40, 000 
63, 792 
84, 000 
21, 470 
22, 582 
68, 037 
88, 829

10, 346 
42, 000 
2,500

7,040

323, 219, 841

248, 981, 866 
1, 000, 000

574, 201, 807

1894.

Quantity.

6, 657, 388 
49, 501, 122 
1,910,816 

360, 844, 218 
159, 331 
75, 328 
30, 416 
8,616 

550: 000

200 
100

118, 820, 405 
46, 358, 144

49,521,757

360, 000 
8, 362, 245 

12, 967, 417 
976, 059 

3, 698, 550 
21, 569, 608 

21, 443 
41, 926 

14, 680, 130 
239, 312

39, 906 
105, 940 
23, 141 
6,308 

  ---   60, 570

379, 444 
1,495 

23, 335 
818, 000

75, 000 
38, 000 
7,500 
3,680

17, 200

(a) 
6,763 

500 
325 
150 

1,440

Value.

$65, 007, 247 
64, 000, 000 
39, 500, 000 
33, 141, 142 
8, 942, 254 
5, 288, 026 

934, 000 
3,269 

316, 250

36, 000 
600

218, 168, 788

107, 653, 501 
78, 488, 063 
37, 092, 102 
35, 800, 532 
13, 954, 400

' 800' 000 
5, 030, 081 
4, 355, 171 
3, 395, 988 
1, 849, 275 
3,741,846 
1, 500, 975 

498, 093 
974, 445 
761, 718 
223, 214 
435, 060 
363, 134 
401, 325 

, . . -53, 635 
353,400 
132, 250 
102, 450 
95, 936 
86, 883 
64, 010 
13, 887 

136, 873 
40, 000 

319, 200 
47, 500 
53, 231 
11, 718 

167, 700 
52, 388

10, 145 
20, 000 
4,463 

450 
10,240

308, 486, 774

218, 168, 788 
1, 000, 000

527, 655, 562

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12

13

14 
15 
16 
17 
18mr
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34- 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55

56

57 
58

59

y'

Included in asphalt am.



THE PRODUCTION OF IRON ORES IN VARIOUS PARTS OF THE WORLD. 1

BY JOHN BIRKINBINE.

The number of political divisions of the world in which iron ore is 
produced or manufactured on any considerable scale is limited, and in 
some of those which have developed or used their iron ores the locations 
of manufacture are scattered and the capacity of each plant is small, 
no effort being made by the Government officers to collect statistics. 
In some it is impossible to locate the deposits definitely, but it is hoped 
that this monograph will result in securing much additional information 
for future publications.

The World's Columbian Exposition offered an opportunity, Jby per 
sonal inspection of "exhibits'and conferences with' representatives of 
various foreign countries, for collecting data concerning the iron-ore 
resources of the world, their quality, apparent quantity, distribution, 
the extent to which they are or have been utilized, etc. Supplementary 
correspondence with representatives of the United States Government 
in foreign countries and with men noted as metallurgists in different 
parts of the world has resulted in obtaining considerable additional 
information, and the general result is here presented. The diverse 
sources from which the information was obtained and the importance 
which various countries bear to the United States as producers of iron 
ore, or of pig iron, will explain the difference in treatment.

It is expected that this monograph will excite interest in the relative 
position of the countries of the world as producers of iron ore and 
manufacturers of metal therefrom, and show whence ore supplies are 
now or can be drawn by countries exhibiting an apparent deficiency 
either in the quantity or quality of their native resources.

'The statistics for this report, which had been planned to cover the year 1893, were presented to 
the Survey in manuscript early in the fall of 1894, but their publication was delayed, owing to new 
legislation which necessitated a change of form of the report "Mineral Resources of the United 
States." This explanation is due to Mr. Birkinbine. The complete report for the United States for 
the year 1894 is given at the close of the article. DAY.

21



22 MINERAL RESOURCES.

SUMMARY OF THE WORLD'S PRODUCTION.

The rank of countries as producers of iron can be approximately 
determined from the following statistics, which show the amount of this 
metal obtained by smelting iron ores into pig iron. In partly civil 
ized lauds, or where the cruder processes are maintained, much of the 
metal produced is in the condition of wrought iron, obtained by direct 
methods, the ores being treated in open charcoal fires. The wasteful 
ness of these methods is such that a larger quantity of ore is demanded 
per ton of product than where pig iron is obtained by smelting; conse 
quently, a locality producing but a small quantity of wrought iron by 
these crude processes may consume in its manufacture more iron ore 
than another section whose output of pig iron is considerably greater 
than the amount of bar iron made by the former locality. The con 
dition of iron manufacture and allied industries in various countries, 
or in certain States and districts, and the extent to which the mines of 
iron ore are wrought, cause what would be in one section of the country 
an enterprise of minor importance to assume greater prominence in 
another section, in the one instance a small output of ore converted 
into iron and steel being industrially of more importance to this coun 
try than the production of greater quantities of raw material which are 
exported to other lands.

In the preparation of the pig-iron and iron-ore statistics, amounts for 
the year 1893, or where these could not be obtained, the latest reliable 
data are given to indicate as correctly as possible the contemporane 
ous relative importance of each country. However, as the outputs may 

"be'infiuenced by ̂ 3b"mesiic causes which do'not similarly affect other 
countries, the maximum quantity of pig iron and iron ore produced in 
any one year since the Centennial Exposition of 1876 is also given, tho 
interval between the Centennial and the World's Columbian expositions 
being selected as marking eras of industrial interest, especially in the 
United States. The figures representing quantities are the number of 
metric tons in all countries except the United States, Great Britain, 
Russia,1 and Canada, where the long ton of 2,240 pounds is used. This 
table will give, and the illustrations will show graphically, the position 
of each country, and any special inquiry concerning one or more of the 
political divisions named can be followed by consulting the data under 
each of the descriptions which follow. The table does not include all 
the countries from which information was obtained, but principally 
those the reports concerning which show, by statistics or estimates, 
the quantities of iron produced or iron ores mined.

1 Russia's reports, which are in poods, have been converted into long tons.
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OTHER COUNTRIES E,800,OOOTONS.

SWEDEN 1,ZOO,OOOTONS.

CHINESE EMPIRE 1,5OO,OOOTONS.

RUSSIAN EMPIRE I,SOO,OOO TONS.

AUSTRO-HUNGARY Z,OOO,OOOTONS.

FRANCE 3,650,000 TONS.

SPAIN S,35O,OCXJ TONS.

GREAT BRITAIN ll,35O,OOO TONS»

6ERMANY AND LUXEMBURG II,400,OOO TONS,

UNITED STATES I6.3OO.OOO TONS .

 40,000.000

 30,000,000

PART III PL. I

57,000,000

•50,000.000

'20,OOO,OOO

IO,OOO,OOO

DIAGRAM SHOWING DISTRIBUTION OF THE WORLD'S PRODUCTION OF IRON ORE IN THE YEAR 1892.



PRODUCTION OF IRON ORES. 23
Production of pig iron and iron ore in various countries. 

[Metric tons except where otherwise specified.]

Countries.

North America:

British N orth Amer-

Europe:

Austria-Hungary . . . 
Russian Empire^.'..

Italy a. .............

Asia:

Pig iron.

1
1893

1893 
1893

1893 
1893 
1893 
1893 
1893 
1893 
1893 
1893 
1892

1892 
1889

1892 
1890

Latest 
reported 

production.

o 7, 124, 502

55. 947 
a 10, 300 

None.

0,6,976,990 
4, 986, 003 
2, 032, 567 

982, 707 
1, 159, 704 

745, 264 
451!, 421 
260, 450 

12, 729 
4,500
5,279 

287 
None.
None.

500, 000 
22, 236

9 
\»

1890

1893 
1893

1882 
1893 
1883 
1893 
1893 
1889 
1891 
1893 
1884

1888 
1879

1890

Maximum 
reported 

production.

a 9, 202, 703

55, 947 
a 10, 300 

None.

a 8, 586, 680 
4, 986, 003 
2, 069, 430 

982, 707 
1, 159, 704 

832, 2'20 
490, 913 
260, 450 

18, 405

6,050 
1,400 

None.
. None.

22, 236

Iron ore.

i
9
N

1893

1893 
1893 
1893

1893 
1893 
1893 
1893 
1892 
1893 
1893 
1893 
1893

1892 
1889 
1893 

(1890) 
}1891$

1892 
1890 
1892

Latest 
reported 

production.

a 11, 587, 629

124, 702 
020,500 

a 363, 346

all, 203, 476 
11, 457, 491 
3, 647, 423 
2, 082, 583 
1, 577, 015 

284, 465 
1, 483, 762 
5, 497, 540 

214, 487 
25, 000 
11,700 

800 
67, 670
10, 190

1, 500, 000 
60, 000 
50, 000

t*

1892

1893 
1893 
1893.

1882 
1892 
1892 
1891 
1890 
1893 
1893 
1890 
1880

1888 
1877 
1892

1890

Maximum 
reported 

production.

a 16, 296, 666

124, 702 
a 20, 500 
363, 346

a 18, 031, 957 
11, 539, 013 

3, 707, 000 
1, 853, 000 
1,767,313 

284, 465 
1, 483, 762 

16, 796, 266 
421, 065

14,145 
17, 265 

142, 445

60, 000

a Long tons (2,240 pounds); 1,000 long tons equal 1,016 metric tons.
b The Canadian authorities report that it is impossible to obtain correct statistics of the iron-ore 

production except in the census years, those reported for other years being invariably below the 
actual output.

cNo data are obtainable (none being collected) of the production of iron ore or 'of iron iu the Repub 
lic of Mexico, and the figures given are the result of a close estimate made by the writer, "who in 1893 
visited the iron-ore deposits and iron industries in Mexico. _'_ -»,...

d Apparently the Russian Empire in the year 1892 either drew upon stocks of iron ore on hand or 
else imported considerable ore in that year, as the iron-ore production (1,577,015 tons) wouldnot,.when 
charged into blast furnaces, make the 1,014,252 tons of pig iron with which the Empire is credited iu 
that year,

e As information in regard to Italy's iron industry between the years 1876 and 1883 could not be 
secured, and as the former year showed a production of 20,000 tons, while in the latter but 18,405 tons 
were manufactured, it is probable that the maximum output for the years under consideration 
occurred in one of the intermediate years.

/Statistics and information in regard to Turkey's iron industry are very meager, and those given 
are estimates made iu the year 1879.

g Of the time under consideration, viz, 1876 to 1893, statistics for Switzerland for the years 1885 to 
1892 only have been secured, and these were furnished by Professor Tetmajer. It is probable, as will 
be seen from the description, that the manufacture of iron was carried on more actively in the earlier 
years than it is at present.

h Norway's iron industry has apparently died out, only one furnace beinij active in the year 1891, 
and no later figures being obtainable. The operation of this furnace consumed practically the entire 
iron ore output for the country as far as known.

iGreece.'s maximum production is an estimate, made up from data collected, statistics for the 
entire country being available in but few years.

jData for but one year, viz, 1890-91, were obtained from Sardinia.
k China makes no return of iron ore mined or pig iron made, and the figures given are estimates 

made by Professor Church, who is well acquainted with the iron industry of that Empire. They are 
as nearly correct as it was possible to rnjilte them.

iThe figures of the iron-ore production of Japan are based on information furnished by the Japanese 
officials with the data at hand at the "World's Columbian Exposition as to the amount of iron ore 
required to make a ton of pig iron, the statistics of only the metal produced being collated.

7n In the native provinces of India, iron is produced direct from the ore in rude furnaces, and in 
some districts no statistics other than the valuation of the product can be obtained.
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Production of pig iron and iron ore in various countries—Continued. 

[Metric tons except where otherwise specified.]

Countries.

South America :

United States of Co-

Africa:

Oceanica:

Pig inm.

Tears.

1892

1892 
1892

Latest 
reported 

production.

5,000

Kone.

None. 
350

Tears. Maximum 
reported 

production.

None.

iron ore.

ts
(H

1892

1892

1893 
1892

Latest 
reported 

production.

12, 000 

30, 000 

453, 000

1, 051
700

o5

(H

1881

Maximum 
reported 

production.

657, 000

a In Brazil there are two blast furnaces and a number of Catalan forges, the output of which has 
been closely estimated by Mr. O. A. Derby, commissao geegraphica e geologica of Brazil, who is the 
authority on this subject.

b No reliable figures as to the United States of Colombia were obtained, and the estimate of iron 
ore produced will of course depend largely upon the activity or inactivity of the blast furnaces.

c Australia at present produces no pig iron, all the iron ore mined being used in silver smelters as a 
flux.

d New Zealand's output of pig iron and iron ore was merely an experiment, the amount mentioned 
being produced in a tew weeks in June and July. 1892, as will be found by referring to the detailed 
description.

From the above table it appears that the world's production of pigison 
in 1893 was nearly 25,000,000 long tons, and that 52,500,000 tons of iron 
ore were produced. These figures are the total amount reported, but 
additions should be made for various countries not reporting, making 
the totals about 25,500,000 metric or long tons of pig iron or its equiv 
alent, and 53,750,000 tons of iron ore.
- A. similar estimate for the year 1892, for which there are more com 

plete returns, places the total product for the world in that year: Iron 
ore, 57,000,000 long tons; pig iron, 27,000,000 long tons.

Taking the average for the past five years, the world's annual pro 
duction of iron ore approximates 55,500,000 long tons, from which, in 
the shape of pig iron and wrought iron obtained directly from the ore, 
an annual output of probably 26,300,000 long tons of metal has been 
obtained.

From the quantities which appear in the table two columns, Pis. I and 
II, have been prepared, representing by relative areas the proportions 
which the iron-ore output and the pig-iron output, respectively, of dif 
ferent countries bore to the total for the world in 1892. These two col 
umns are constructed upon the same scale, the base of the column 
representing the pig-iron production being one-half of that represent 
ing the iron-ore output, but an equal area on either column represents 
the same number of tons. The figures for the year 1892 were taken in 
preference to those for the year 1893, for the reasons that more complete 
data were obtainable for the former year and that in the latter year 
abnormal conditions restricted the output of some of the more promi 
nent producers.
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OTHER COUNTRIES 625.0OO TONS,

SIXTEENTH ANNUAL REPORT PART 111 PL. II

-27,000,000

SWEDEN *5O,OOO TONS .

CHINESE EMPIRE 5OO,OOOTONS.

BELGIUM 750.0OO TONS.

AUSTRO-HUNGARY 90O,OOOTON5.

RUSSIAN EMPIRE I.OOO.OOO TONS.

FRANCE Z, OOO.OOO TONS,

GERMANY AND LUXEMBURG 4,85O,OOO TONS.

6REAT BRITAIN 6.7OO.OOO TONS.

UNITED STATES 9,ISO,OOO TONS.

 zs,ooo.ooo

•20,000,000

•15,000,000

10,000,000

5,000,000

DIAGRAM SHOWING DISTRIBUTION OF THE WORLD'S PRODUCTION OF PIQ IRON IN THE YEAR 1892.
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These two columns show that in the year 1892 the following approxi 
mate proportions of the world's output of iron ore and production of 
pig iron were contributed by the different countries:

Proportionate output of iron ore and pig iron ty various countries in 1892.

Countries.

Total.................

Iron ore.

Per cent.

OA

9
6
3

2
5

100

Countries. Pig iron.

Per cent.
25—
10

7
3
2—

100

In the column PI. I special space has not been assigned to any 
country which did not produce over 1,000,000 tons of iron ore in 1892, 
while in column PI. II separate space is assigned to no country produc 
ing less than one-half million tons of pig iron, except China and Sweden, 
which closely approximate this figure. Comparing the two columns, the 
importance of the United States, Great Britain, and Germany as iron- 
ore producers and pig-iron manufacturers is evident. This-ais<r shows' 
that Spain, though a liberal producer of ores, is a small consumer, while 
Belgium, on the other hand, is a large consumer and a small producer.

Pis. Ill and IV show the relative production of iron ore and of pig 
iron in the more prominent countries for two decades, 1874-1893. The 
absence of reliable data prevented representing on PI. Ill the figures 
for Austria-Hungary, which would take a place between the lines 
showing the outputs of France and Russia. PI. IV is constructed on a 
vertical scale double that of PI. Ill, so as to show more prominently ^he 
fluctuations in pig-iron production, and also to emphasize in a more 
pronounced way the similarity in contour which the lines of iron-ore 
output and pig-iron production exhibit in countries depending largely 
upon domestic ores.

The United States was the largest manufacturer of pig iron in 1893, 
and it also has the record for maximum annual product, viz, 9,202,703 
long tons, in 1890. Its iron ores are richer, however, than those charged 
into the blast furnaces of the nearest competitor, England, and there 
fore, while the United States was the greatest producer of iron ore, 
Great Britain, with leaner native ores (to which large amounts of rich 
foreign ores are added), charges more ore into its furnaces. In 1893 the 
United States was the heaviest producer of iron ore, having 11,587,629 
long tons to its credit, followed closely by Germany with 11,457,491 
metric tons and by Great Britain with 11,203,476 long tons; these three 
countries, which produced nearly equal quantities, thus furnishing two-
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thirds of the total amount of iron ore mined, and three-quarters of the 
world's pig iron.

Of the remaining countries contributing over 1,000,000 tons of iron 
ore, Spain ranks next, with a total of 5,497,540 metric tons; followed 
by France, with 3,647,423 tons; Austria-Hungary, 2,082,583 tons; Kus- 
sia, 1,577,015 tons; China, 1,500,000 tons; and Sweden, 1,483,762 tons. 
All of these countries practically consume the iron ore mined within 
their borders, with the exception of Spain and Sweden. The former 
produces but a comparatively small amount of pig iron, most of the 
ores being exported, principally to Great Britain, France, and the 
United States. Sweden's iron-ore output will probably increase, as 
within late years this country has exported a considerable amount, and 
the export trade is growing. As to the remaining prominent countries, 
Algeria, Italy, Cuba, and Greece, the largest proportion is exported, no 
pig iron being reported as produced in any of them, with the exception 
of Italy, where there is a relatively small output.

The greatest output of iron ore for any one year is reported for Great 
Britain, in 1882, viz, 18,031,957 long tons, and for six years within 
the two decades past that country exceeded the maximum which the 
United States reached in 1892, viz, 16,296,666 long tons. The largest 
production of iron ore in Germany in 1892 was close to the amount 
obtained from the mines of the United States in 1893, when business 
was greatly "depressed, while the best year of product from the mines 
of Spain, viz, 1890, was but one-half the tonnage obtained in 1893 from 
American mines.

An examination of the table suggests that the various countries can 
be divided into three classes as producers of iron ore.

1. Those which mine sufficient iron ore to supply their own demands 
but export none, or but small amounts.

2. Those which, while consuming domestic iron ores, are obliged to 
draw largely from other sources in order to obtain sufficient raw mate 
rial of the required character for the iron manufactured.

3. Those which, having excellent iron-ore resources, easily exploited, 
utilize none, or but a small proportion, by making pig or bar iron in 
domestic blast furnaces or forges, large amounts of the ores being 
exported to less favored countries.

Considered in this light, the United States, Eussia, Austria-Hungary, 
China', Japan, Brazil, and Mexico may be included in the first class. 
It is true that some foreign iron ore is imported into the United States, 
but it is used only in such of her 521 blast furnaces as are on or close 
to the Atlantic seaboard, and even here a considerable amount.of such 
imported ore was displaced by domestic ores when the price of the lat 
ter (due in part to low freights on long hauls by lake and rail) was 
reduced. Thus, during 1893,11,587,629 long tons of iron ore were pro 
duced in the United States, and but 526,951 long tons were imported 
(some of which was not really commercial iron ore, but intended for
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UNITED STATES. 
——— 6REAT BRITAIN.

GERMAN EMPIRE. 
-FRANCE.

—«—-•—•* RUSSIAN EMPIRE. 
SWEDEN.

7S 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 33

IT.OOO.OOO

16.000.000

IS.OOO.OOO

14,000,000

13,000.000
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9,OOO,OOO

8.000,000

7.OOO.OOO

6,000,000

5.0OO.OOO

4.000.00O
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DIAGRAM SHOWING PRODUCTION OF IRON ORE BY VARIOUS COUNTRIES FROM 1874 TO 1893.
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purposes other than iron manufacture), the domestic production of pig 
iron being 7,124,502 long tons. • ' . . .

. ' Late figures concerning Eussia are unobtainable, but this country 
evidently produces all the iron ore which is required for its blast fur 
naces, little or no ore being either exported or imported. In 1892, 214 
furnaces supplied 1,014,252 metric tons of pig iron, while the produc 
tion of Russian iron-ore mines is stated to have been 1,577,015 metric, 
tons, so that it probably drew on some stocks of domestic ore on hand.1

Austria-Hungary also practically supplies.its furnaces with domestic 
ores, the small amount of imports and exports nearly balancing each 
other, the latter being somewhat larger. Owing to the failure of a 
correspondent the report is incomplete and no late figures were obtained, 
but the Empire produces somewhat over 2,000,000 metric tons of iron 
ore, and slightly under 1,000,000 metric tons of pig iron.

China, with the exception of the two blast furnaces near Hanyang 
now being erected by the Government, has no modern furnaces, all of 
its output of 500,000 metric tons of iron being produced from domestic 
ores in small direct-process furnaces or forges. Neither Japan, Brazil, 
nor Mexico produces much iron, the bulk being imported, but such as is 
manufactured is produced from domestic ores near at hand.

In the second class fall Great Britain, France, and Belgium. 
. Great Britain in the earlier times depended almost entirely upon 

native iron ores, and it was not until the introduction of the Bessemer 
process, requiring iron ores of special grade, that the imports were an 
important feature in the iron-ore supply. Of late years this importation 
has reached large proportions, and in 1893, 4,065,864 long tons, over 
one-fourth, of the supply of the .716 English blast furnaces (of which 
327 were active), were imported, principally from Spain, the domestic 
mines supplying 11,203,476 long tons. The production of pig iron in 
that year was 6,976,990 long tons.

France formerly produced nearly .all of. the 'iron-ore- which' was used: 
in its blast furnaces^but' after the loss of the provinces of Alsace and 
Lorraine, in 1871, both of which contained large deposits of oolitic iron 
ores, the importation of ores, principally from Germany, Spain, and 
Algeria, increased, until now nearly one-third of the iron-ore supply 
comes from foreign sources, the figures for 1893 being 1,630,442 metric 
tons, while 3,647,423 metric tons were obtained from domestic mines. 
The pig-iron production in that year was 2,032,5.67 tons.

Belgium, like France, at one time supplied all the iron ores which it 
smelted. These ores were, as a rule, low in iron, and improved blast 
furnace practice displaced them by richer foreign iron ores, until in 1893 
but 284,465 tons were produced from Belgium's native mines, while 
about 1,500,000 tons were imported to supply the needs of its various 
blast furnaces, which in 1893 made 745,264 tons of pig iron.

1 In 1893 the pig-iron production in tbe Russian Empire was 1,159,704 metric tons.
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In the third class the principal countries are the German Empire, 
Spain, Sweden, Algeria, Cuba, Italy, and Greece.

Germany occupies a place in two classes (2 and 3), as it produces 
the bulk of the iron ore which the blast furnaces of that country smelt, 
and also exports a large amount (2,276,155 metric tons in 1892). This 
goes principally to France and Belgium, but is offset to a large extent 
by the imports of rich foreign iron ores from Spain, Sweden, etc., for 
use in steel manufacture. The latter amounted in 1892 to 1,655,843 
metric tons. The total output of the German blast furnaces in 1893 
was 4,986,003 metric tons.

Spain has some excellent deposits of iron ore which are cheaply 
wrought, but owing to the lack of suitable fuel near to the ore mines 
the quantity which is smelted within its borders is small, the pig iron 
produced in 1893 being but 260,450 metric tons, while the iron ore 
output was reported as 5,497,540 metric tons. Of this amount, over 
one-half is sent to Great Britain, the balance, outside of the home 
consumption, going to Germany, Franco, the United States, etc.

Until the opening of the magnetite deposits in the north of Sweden 
in the year 1887, the exports of iron ore from that country were small, 
but since that date they have steadily increased, until, in 1893,447,931 
metric tons were sent to other countries. The balance of the ore pro 
duced is smelted in blast furnaces, 153 of which were in blast in 18t*2. 
They produced in 1893 453,421 metric tons of pig iron, the total iron-ore 
output in that year being 1,483,762 metric tons. Charcoal is the only 
blast-furnace fuel in Sweden.

Algeria ships all the iron ore mined (453,000 metric tons in 1892) to 
foreign countries, principally the United States, France, etc.

Cuba does not manufacture pig iron, and all of its iron-ore product, 
which in 1893 amounted to 363,346 long tons, is sent to the United 
States, citizens of the latter country owning and operating the deposits. 

' Arth'ouglf the "Italian Government fosters a domestic iron industry, 
lack of suitable fuel has been a drawback to development, and in 1892 
but 12,729 metric tons of pig iron were made, while the iron-ore pro 
duction was 214,487 metric tons, 1 most of this being exported to France, 
the United States, England, etc.

Greece does not, so far as known, smelt any iron ores, all of the 
output being sent to various foreign countries—the United States, 
France, etc.

None of the remaining countries are as yet important factors in the 
production of iron ore or pig iron. Canada exports to the United 
States such of its ores as it does not smelt. Switzerland uses in the 
blast furnace almost its entire production of iron ores, supplementing 
her native iron ores from foreign sources. Turkey, while making some 
iron, exports most of the iron ore produced. Norway's iron-ore and 
pig-iron industry has practically died out, but one furnace being active.

1 191,305 metric tons in ] 893.
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Sardinia mines a small amount of iron ore, but does not smelt any. 
Bulgaria makes a limited quantity of iron, as do Japan, India, and tlie 
United States of Colombia, while tlie iron ore produced in Australia 
and Chile are used as flux in the smelters.

Another class might be added, to include the countries known to 
have iron-ore deposits of which little or no use is made> such as 
Morocco, Tunis, Persia, Central and Southern Africa, Venezuela, Gua 
temala, Haiti, Servia, etc.

EQUIVALENTS OF VALUES USED.

In these reports the following equivalents of foreign weights, meas 
ures, and values have been used. These are not in every case exact, 
and some vary with rates of exchange, but they are sufficiently correct 
for the purpose of comparing quantities and values of iron ore, etc:

Weights.—One metric ton equals 2,204.62 pounds, or 0.9842 long tons. One pood 
equals 36.113 pounds avoirdupois. One kilogramme equals 2.2046 pounds avoirdu 
pois. One Mexican quintal equals 101.444 pounds avoirdupois.

Measures.—One meter equals 3.2809 feet, or 1.09363 yards. One cubic meter, or 
stere, equals 35.317 cubic feet, or 1,308 cubic yards.

Money.—One Mexican centavo equals one-half cent. One German mark equals 24 
cents. One French franc equals 19.5 cents. One Indian rupee equals 25 to 26 cents. 
One Italian lira or one Spanish peseta equals 19.3 cents.

THE INDUSTRY IN VARIOUS COUNTRIES.

NORTH AMERICA. 

UNITED STATES.

Iron ores have been mined or are known to exist in every State or 
Territory of the United States, with possibly three exceptions. In 
some States which iu years past maintained an iron-producing industry 
upon local ores, as Maine, New Hampshire, Vermont, Rhode Island, 
Delaware, South Carolina, California, Utah, and Washington, the iron- 
ore deposits are not now wrought, or if any small quantities of ore 
are obtained they are smelted in other States or used as a flux in silver 
smelting. In other States—Florida, Louisiana, Mississippi, Arkansas, 
Wyoming, ISTew Mexico, and Montana—either known iron-ore resources 
await utilization or but small quantities of ore are produced. In still 
others, as New Jersey, New York, Pennsylvania, Maryland, West Vir 
ginia, and Ohio, many local ores have been displaced by richer or more 
desirable ones obtained from other States or from foreign countries; 
although in several, particularly New York, New Jersey, and Pennsyl 
vania, large quantities of excellent ores are still mined. Other States, 
as Michigan, Wisconsin, and Minnesota, mine large amounts of iron 
ore, only a small portion of which is used within their boundaries.

The importance of the iron-ore deposits of the United States is 
emphasized by the fact that tte domestic production in 1892 reached
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16,296,666 long tons, 1 twenty-two States and two Territories contrib 
uting to the total. If to this record of production from developed 
deposits a summary of the known bodies of iron ore which are not now 
wrought is added, the excellent resources of the country in this min 
eral will be apparent.

The literature of American iron ores is quite extensive, including a 
special volume prepared by Prof. .Raphael Pumpelly for the Tenth 
Census (Vol. XV); statistical monographs in Mineral Resources for 
1883-84,1886, 1887,1889-90,1891,1892, and 1893; the volume on Mining 
Industries of the Eleventh Census; papers upon special deposits in the 
Transactions of the American Institute of Mining Engineers, of the 
American Philosophical Society, and of other technical associations, and 
geological and commercial data in relation to the occurrence of this min 
eral which appear in the geological reports of various States. As the 
primary purpose of this paper is to give citizens of the United States 
information concerning the iron ores and the iron industry of other 
countries, the data referring to the United States are introduced to make 
the record more complete, special attention being given to the coun 
tries which compete with this country or which supply it with ores or 
manufactured iron. It will not therefore be advisable to repeat the 
detailed information which is found in the volumes referred to, but 
rather briefly to summarize the iron-ore deposits of the country, and to 
supplement the data presented in the monograph upon the " Iron ores 
east of the Mississippi River," which is embodied in the report Mineral 
Resources of the United States, 1886.

Volume XV of the Tenth Census gives detailed descriptions, illus 
trated by many plans, geological sections, and chemical analyses, cover 
ing most of the deposits which were wrought about the year 1885, and 
an account of the new discoveries or exploitations since that time 
would, if treated with the 'same detail, require space nearly equal to 
that volume. This will be illustrated by the following extract from the 
volume of Mining Industries of the Eleventh Census (p. 14), showing 
the rank of the various States as producers of iron ores in the census 
years 1850,1860,1870,1880, and 1889, to which similar data for the year 
1893 have been added from the volume of Mineral Resources of the 
United States, 1893.

1 Mineral Resources, F. S., 1892, p. 26.
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In discussing domestic iron ores the deposits will be referred to by 
districts, and the more prominent of these will receive attention in the 
order in which they arc present contributors to the supply of the coun 
try, reference to individual mines being used sparingly to indicate 
special features or to emphasize late development.

LAKE SUPERIOR REGION.

The iron-ore mines of the Lake Superior region, located in the north 
ern portions of the States of Michigan, Wisconsin, and Minnesota, 
contribute a large proportion of the ore smelted in the United States. 
The percentages of the total ore output of the country which came from 
this region were: 51 in 1889, 56 in 1890, 53 in 1891, 59 in 1892, and 57 in 
1893. While the Lake Superior region is to be credited with more than 
one-half of the total iron-ore tonnage of the country, the quality of 
mineral taken from its mines is also above the average of domestic ores 
mined, thus adding to the commercial importance of this region. It is 
estimated that the iron ores extracted in this region during the period 
1889 to 1893 made from 55 to 63 per cent of the pig iron produced in the 
country in that period, provided all the ore mined from this district was 
smelted in the year it was produced, no account of stocks of ore on 
hand being taken into consideration.

The mines on the upper peninsula of Michigan have produced the 
largest amount of iron ore, but in late years Minnesota has been advanc 
ing rapidly and may compete with Michigan for preeminence. Wiscon 
sin, although contributing heavily, is far behind Michigan and Minnesota 
in output. The bulk of the ores coming from the Lake Superior region 
are of the red hematite variety, but a part of the ore from a number of 
mines is hydrated, and ranked as brown hematite. However, but few 
of the active mines can be considered as producing the latter class of 
ore only. Several important mines supply magnetite in quantity, which 
is found in juxtaposition with red hematite.

The distance between the mines of the Lake Superior region and the 
majority of blast furnaces using their product demands that only the 
richer ores be shipped; consequently, deposits furnishing high-grade 
ores which could supply in addition liberal amounts of leaner red and 
brown hematites, and apparently extensive veins of magnetite of inferior 
grade, are unwrought, or, if they have been worked, are not now 
exploited except for the better ores.
. The mines in the Lake Superior region are located from 1,200 to 1,800 
feet above Lake Superior (or from 1,800 to 2,400 feet above sea level) 
and are from 15 to 100 miles from the lake.

Some of the prominent mines which have been exploited in late 
years are wrought "open cut," and the first development of the iron 
ores of the region was by open work. Most of the mines, however, are 
wrought underground, the various levels extending in some instances 
from 1,000 and even 1,500 feet below the surface.

In no other part of the country, and probably nowhere in the world, 
is iron-ore mining carried on in a more thorough manner than in the
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Lake Superior district. The hoisting and pumping machinery and the 
compressor plants are generally of the most approved design. Power 
drills and high explosives are utilized to break the mineral econom 
ically. Electricity is introduced for lighting and for traction under 
ground, and air compressed by water-power machinery is conveyed 
miles to work hoists, pumps, drills, etc. ,

In mining methods this district is well advanced; mine timbering and 
shaft sinking have received careful attention, and the steam shovel is 
employed to dig ore in the open cuts or to load it on cars from stock 
piles. The ore, after being mined, is placed on stock piles or conveyed 
by railroad cars from 15 to 100 miles to various ports 011 Lakes Superior 
and Michigan, and there dumped into pockets in imposing shipping 
docks, from which vessels are quickly and cheaply loaded. These .ves 
sels carry the ore to various points on Lakes Michigan and Brie, where 
expensive machinery lifts the ore from the vessels and conveys it onto 
stock piles or to cars which transport it to points of consumption even 
more distant. A comparatively small portion, yet by no means an. insig 
nificant amount, of this ore is smelted near where it is mined, or reaches 
the blast furnaces using it by direct rail transportation.

The shipping appliances have been a most important feature in per 
mitting the ore from the Lake Superior region to reach distant points 
of consumption. Millions of dollars have been expended on shipping 
docks, and millions more on receiving docks and railroad terminals. 
Other millions still have been devoted to building and equipping 
magnificent steam vessels of large capacity. Among these the novel 
structures known as "whalebacks" were built to facilitate cheap trans 
portation on the Great Lakes system.

The importance of the Lake Superior region is best illustrated in the 
statement that since ore shipments were commenced in 1849 to the close 
of 1893 a total of over 81,500,000 tons of iron ore have been taken from 
the mines, the greatest annual output being in 1892, when 9,504,388 
long tons were mined. Of this great total there have been won from 
the mines of the State of Michigan, since 1849, 69,500,000 tons; from 1 
Minnesota, since 1884, 7,000,000, aud from Wisconsin, since 1880, about 
5,000,000 long tons. The total and maximum annual outputs of some 
of the prominent mines will indicate the capabilities of this region, the 
size of individual deposits, and the extent to which they have been 
exploited.

The following table shows first a column giving the names by which 
the various mines or combinations of mines are now known, several 
openings which were originally separate mines having, in a number 
of cases, operated jointly. The second column gives the general loca 
tion of each of the prominent mines, by placing it in one of the five 
•ranges which are generally recognized as comprising the Lake Supe 
rior region. The third column shows the year in which the mines were 
first opened. In the case of the Jackson and Cleveland mines the first 
shipments are claimed to have been made about 1849, but the exact 
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date is in doubt. In these as in other cases the mines may Lave been 
opened in advance of shipments. The fourth column contains the total 
production. This is the aggregate amount of iron ore taken from each 
mine or group of mines from its first opening to the close of the year 
1893, the figures being in most instances secured by correspondence 
with those controlling the mines, and in other cases from the annual 
reports of the Michigan Mining Bureau and from the Cleveland Iron 
Trade Keview. The fifth column gives the year of maximum annual 
output, while the sixth gives the production in that year, the statistics 
being obtained from the same sources as mentioned above. The list of 
mines includes only those which have obtained prominence, either by 
large annual outputs or by a heavy aggregate production for a series 
of years. They are arranged according to the total amount mined to 
the close of the year 1893. The table does not include all of the mines 
which have been wrought, nor even all which may be considered as 
now on the active list, for there are a number which have not produced 
large quantities of ore in any one year or in the aggregate: 
Total production and maximum annual output of the principal Lake Superior iron-ore mines.

Sanies of mines.

Lake Superior ........... 
Cleveland Iron MiningCo . 
Chapin. ........... ....... 
Norrie, E. t & N. Norrie. - . . 
Penn Iron Mininff Co. . . . 
Minnesota Iron Co. ......

Cleveland Cliffs ..........

Pittsburg and Lake An- 
geline. 

Chandler. ................

New York (Tork)(4).....

Michigamme ............. 
Dunn ....................

^Newport and Bonnie- . . . . 
Cary and West Gary .....

Great Western ...........

Pewabio. . ................

Section 33 (e). ............

Biwabik .................

Ranges.

Marquotte....

Menorninee. . . 
Gogebic ...... 
Menominee. .. 
Vermilion .... 
Marqnet, te....

.....do........ 

.....do........

.....do........

Vermilion .... 
Gogebic ......

.....do........
Marque tte. ...

Menominee. . . 
.....do........
Harquette.. . . 
Menominee- . 
.Marqnette. .. . 
Menominec . . . 
Marquette .... 
Menominee . . . 
Marqnette .... 
Gogebic ...... 
Marquette .... 
Gogebic ...... 

.....do ........ 

.....do. .......
Marqiiette .... 
Meuominee . . . 
.....do........ 
Gogebio ...... 
Menominee . . . 
Gogebic ...... 

.....do ........ 

.....do........

.....do........

.....do........

.....do........

Tear 
of 

open 
ing.

1858 
«1849 

1880 
1885 
1877 
1884 
1872 

(11849 
1864 
1867 
1864

1888 
1885 
1885 
1885 
1886 
1870 
1880 
1880 
1864 
1880 
1870 
1882 
1872 
1887 
1865 
1885 
1876 
1889 
1886 
1885 
1885 
1889 
1882 
1887 
1890 
1885 
1885 
1886 
1893 
1893 
1892 
1893

Total pro 
duction 

to close of 
1893.

Lony tons. 
6, 089, 441 
5,381.096 
4, 777. 200 
4, 551, 600 
4, 042, 212 
4.013,601 
3, 988. 324 
3, 324. 522 
3. 023, 316 
2, 845, 303 
2, 63B, 037

2. 255, 519 
1. 853, 964 
1, 735, 458 
1,524.813 
1, 488, 641 
1, 482, 022 
1,359,398 
1, 245, 831 
1, 091, 615 
1, 054, 271 
1, 006, 347 

904, 587 
885, 466 
799, 257 
724, 180 
721, 910 
707, 518 
681, 619 
518, 675 
513, 967 
478, 343 
461, 708 
441, 749 
412, 663 
402 084 
337, 515 
253, 590 
239, 906 
151, 200 
120. 295 
123, 686 
85, 000

Maximum annual 
output.

Tear.

1892 
1892 
1890 
1892 
1893 
1892 
1889 
1890 
1892 
1890 
1893

1892 
1892 
1890 
1892 
1891 
1892 
1892 
1889 
1870 
1891 
1890 
1889 
1890 
1891 
1870 
1890 
1890 
1892 
1891 
1892 
1893 
1«92 
1892 
1892 
1893 
1889 
1890 
1892 
1893 
1893 
1893 
1893

Long tons.

444, 506 
374, 490 
742, 844 

1, 002, 963 
340, 382 
568, 771 
287, 390 
135, 582 
358, 577 
232, 084 
345, 323

642, 449 
385, 816 
449, 708 
289, 966 
479, 509 
191,658 
271, 585 
218, 738 

94. 809 
141, 303 
134, 700 
179, 238 

80, 612 
162, 721 
79,712 

174, 527 
80, 359 

174. 795 
121,586 
116, 723 
108, 627 
181, 107 
108, 000 
140, 535 
184, 755 
105, 200 
136, 108 
107, 243 
151, 200 
125, 295 
119,441 

85, 000

a There ia some uncertainty as to time of first exploitation. 
c Ore iiot now taken out as Section 33.

It Abandoned.
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This statement indicates that up to the close of 1893 ten of the min 
ing operations in the Lake Superior region have each contributed be 
tween 1,000,000 and 2.000,000 tons of iron ore; three, between 2,000,000 
and 3,000,000; three, between 3,000,000 and 4,000,000; four, between 
4,000,000 and 5,000,000; one, over 5,000,000; and one, over 6,000,000. 
Twenty one mining operations have each in one year produced between 
100,000 and 200,000 long tons; five, between 200,000 and300,000; five, 
between 300,000 and 400,000; three, between 4:00,000 and 500,000; one, 
between 500,000 and 600,000; one, between 600,000 and 700,000; one 
exceeded 700,000; and i'n one year^ the ISTorrie mines took out over 
1,000,000 tons.

A number of mines not mentioned in the table have supplied annu 
ally quantities of ore, or are credited with aggregates which elsewhere 
would entitle them to be considered important mines, the purpose of the 
table being to indicate the large number of great producers, rather than 
to give a directory of iron ore mines in the Lake Superior region, of which 
from eighty to ninety have been reported as active in late years.

The exploited iron-ore deposits of the upper peninsula of Michigan 
are in a wedge-shaped area lying against the State of Wisconsin, and 
in two instances the interstate boundary cuts the strike of the ore 
bodies, or " ranges." as they are termed. Those in Minnesota occur in 
two practically parallel ranges. The general designation of ores of the 
Lake Superior region localizes them in five ranges, as follows:

1. The Marquette range, located in Michigan, which was first exploited 
in 1849, and up to and including 1893 had supplied 40,750,000 tons of 
iron ores. Its ores are shipped principally from the ports of Marquette 
on Lake Superior and Bscanaba and Gladstone on Lake Michigan. A 
small amount was formerly sent from L'Anse on Lake Superior and St. 
Iguace on Lake Michigan.

2. The Menominee range, partly in Michigan and partly in Wiscon 
sin, opened in 1877, which had furnished a total of 18,600,000 tons to 
December 31,1893. Its ores are shipped from the ports of Escauaba 
and Gladstone on Lake Michigan.

3. The Gogebic range, like the Menominee, is situated in both the 
States of Wisconsin and Michigan. Its first shipment of ore was made 
in 1884, and in ten years it has produced 15,250,000 tons of ore, which 
were sent to points of consumption principally from the ports of Ash 
land, Wis., on Lake Superior, and Bscanaba, Mich., on Lake Michigan.

4. The Vermilion range, in the northeastern portion of Minnesota, 
which first made shipments in 1884, had up to the close of 1893 pro 
duced 6,250,000 tons of iron ores, the bulk of which was forwarded 
from the port of Two Harbors, Minn., on Lake Superior.

5. The Mesabi range, which was first exploited in 1892, and during 
two years has mined 700,000 tons of ore, which were sent to lower lake 
ports via the ports of Superior, Wis., and Two Harbors and Duluth. 
Minu., on Lake Superior. The report upon domestic iron ore production
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in 1894 demonstrates that this new development is rapidly assuming a 
most important position as a source of supply.

The excellent facilities offered by shipping and receiving docks and 
by ample vessel equipment cause most of the ore to be rehandled several 
times, but notwithstanding the labor-saving appliances used, such rehan- 
dliug adds to the cost of transportation. The location of the deposits 
and the climatic conditions restrict navigation on the upper lakes to 
about seven months each year, and these two factors have assisted the 
growth of all-rail transportation for considerable quantities of ore.

While the transfer of ore to cars at the mines, from ears to pockets in 
the shipping docks, from pockets to the holds of vessels, from vessels to 
stock piles on receiving docks, from these piles to cars, and from cars to 
furnace stock houses or stock piles, adds to the cost of the Lake Supe 
rior ore, the expense of these rehandlings has been so reduced as to 
permit ores from Minnesota, Wisconsin, and Michigan to compete with 
foreign ores close to the Atlantic seaboard, with a protective duty of 
but 75 cents (now reduced to 40 cents) per long ton favoring the domes 
tic product. This rehandling is, however, of advantage in equalizing 
the ore coming from a given mine, and it is probable that this thorough 
admixture is responsible, at least in part, for the regularity of compo 
sition shown by many of the ores taken from the larger mines.

A few blast furnaces depending upon charcoal as fuel, and one plant 
using coke made near the furnace from coal brought to the head of 
Lake Superior by vessel from Pennsylvania, or coke carried thither 
by all rail, are active in the Lake Superior region, and it seems prob 
able that the local utilization of these ores will be increased as the 
demands of a growing population are to be met.

ALABAMA-TENNESSEE REGION.

Eext to the Lake Superior district the most important contributor 
to the iron ore output of the United States is the region embracing 
central Tennessee, northern Alabama, and northwestern Georgia, 
where red and brown hematites are mined in quantity, Alabama fur 
nishing the greatest quantity, f followed in order by Tennessee and 
Georgia. The red hematite ores are known as the " Clinton fossil" ores, 
and locally have designations of " Bed Mountain," "dye-stone," "moun 
tain," and "river" ores. They are inferior to the Lake Superior ores 
in iron contents, and are generally higher in phosphorus. Some of the 
deposits near the outcrops have been wrought " open cnt," but most of 
the mining is underground. For a considerable distance from the sur 
face two varieties of ore, known as "hard" and " soft" ore, are mined, 
but as the workings gain in depth the hard ore predominates. The 
percentage of silica and lime also varies greatly. The brown hematites 
are excellent, and compare favorably with others of the same class 
found elsewhere, making satisfactory foundry iron. The deposits are 
of unusual size, and are largely wrought by open cut, steam shovels
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being used to dig the ore, which is carried to washers to be prepared 
for use or shipment.

The district has an advantage in the relative position of the ores 
and the coal seams. The red hematite especially lies convenient to 
coal deposits, which supply fuel for smelting the ores, while the Lake 
Superior region is hundreds of miles from any available coal field.

The brown hematites are generally more distant from coal, but many 
of the deposits are close to large timbered areas from which charcoal 
is made for blast furnaces, and a number of them are within convenient 
distances of good coal deposits.

Prior to the civil war small charcoal furnaces were located in this 
district, local brown hematite deposits supplying ores which were of 
good character and easily smelted. It was not until after the war 
that the red hematite or Clinton fossil deposits were exploited, and 
then development was rapid, owing to the cheapness with which they 
could be mined and their close proximity to coking coal, particularly 
in the neighborhood of Birmingham, where the veins of red hematite 
reach their greatest width.

This Clinton fossil ore, unlike the ore of the Lake Superior district, 
is not rich in iron, yielding on an average from 42 to 47 per cent. The 
Southern brown hematites, if properly washed, yield from 45 to 50 per 
cent of iron, being often used as mixtures with red ores: The cheap 
ness with which both ore and coal can be mined has combined to build 
up a large industry in late years, most of the iron produced being of 
foundry grade but too high in phosphorus to be used in the Bessemer 
steel process. Some carbonates and a limited quantity of magnetite 
are used in this district.

The amounts of iron ore mined in the States named from 1889 to 1893 
are as follows:

Production of iron ore in the Alabama-Tennensee region from 1889 to 189S.

States. 1889.

Long tons. 
1 570 319

473 294

1890.

Long tons.

2, 607, 598

1891.

Lmig tons.

543. 923

0,781,508

3892.

Long tons.

185, 054

1893.

Long tons.

2,301,421

a Including North Carolina. 

PENNSYLVANIA, NEW YORK, AND NEW JERSEY DISTRICT.

Pennsylvania.—While producing one-half the total pig iron made in 
the United States, and rich in1 all four of the different varieties of iron 
ore, Pennsylvania did not furnish in 1893 more than about one-tenth of 
the total ore required for the State's blast furnaces in that year. The 
iron ores, though abundant, seldom contain as much iron as is demanded 
by the present advanced blast-furnace management, and the State
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therefore draws largely on the Lake Superior region, New York, New 
Jersey, and various foreign countries. The State may really be divided 
into two, if not more, districts. West of the Alleghanies the Lake 
Superior iron ores are relied on entirely, only a small amount of native 
carbonate ores being mined and smelted. In the eastern district native 
red and brown hematites as well as magnetites are mined, and iron ore 
brought in from New York, New Jersey, the Lake Superior region, Cuba, 
and other foreign countries is also used. la this district are situated 
the Cornwall Ore Hills, which are really three hills of iron ore, com 
posed almost entirely of magnetite, of Bessemer grade, but rather low 
in iron contents, averaging from 40 to 48 per cent. This deposit has 
furnished iron ore for over one hundred and fifty years, the amount 
taken from it in this time being estimated as over 12,500,000 tons to 
the close of the year 1893. Of this amount one-half has been taken 
out within the past decade. In 1893 the Cornwall Ore Hills produced 
more ore than any other single mining operation in the United States, 
the output, 439,705 long tons, being small when compared with the 
maximum, 769,020 long tons, in 1889.

The brown hematites are found extending in a general northeast and 
southwest direction along the eastern side of the Blue Ridge and Bald 
Eagle mountains and their spurs, while on the western side of the Blue 
Ridge occur the red hematite deposits, the magnetite mines being prin 
cipally along the South Mountains.

The following table will show the amounts of these varieties of iron 
ore produced in the years 1889 to 1893:

Production of different varieties of iron ore in Pennsylvania- from 1889 to 1893.

Total..............

1889.

Long tons. 
860,916

162, 957

1, 560, 334

1890.

Long tons.

415, 779

1891.

Long tons.

1892.

Long tons.

229, 700

1893.

Long tons. 
480, 164

1,812

There are in this State a number of mines, some well equipped and 
containing large bodies of iron ore, which are not operated at present 
on account of the low price of Lake Superior iron ore, which, as a rule, 
is much richer than the native ores. These deposits may again become 
active should occasion demand.

New YorJc.—This State also produces the four different characters 
of iron ore, the bulk of the product being magnetite from the Lake 
Champlain district, ill the northeastern portion of the State. A small 
amount of the same variety is obtained in the southeastern section, the 
latter also furnishing all of the brown hematite and carbonate ores, 
while the red hematite is mined in the northern-central section. Ap 
proximately from one-half to two-thirds of New York's output of iron
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ore is smelted in the blast furnaces located in various portions of the 
State; the balance of the richer magnetites, red hematites, and carbon 
ate ores is sent to Pennsylvania. A small amount of foreign iron ore 
and limited quantities of Lake Superior and Massachusetts ores are 
also brought into New York.

The Lake Champlain district is the most prominent producing region, 
and up to the close of the year 1893 had, since its first exploitation in 
1804, produced about 18,000,000 tons of iron ore.

The following table shows the production of iron ore in New York 
from the year 1889 to 1893, inclusive:

Production of iron ore in New York from 1889 to 1893.

Tears.

1890......................

Product.

Long tons. 
1,247,537

Tears. Product.

Ijong tons.

The greater portion of the magnetite obtained in the State of New 
York is rich in iron, some of it being of Bessemer grade, while ore from 
neighboring openings is high in phosphorus. It is in New York that 
up to the present time the largest amount of concentrated iron ore has 
been produced.

Neiv Jersey.—The general line of magnetite deposits starting in 
northern New York extends to southeastern Pennsylvania, passing 
through the northwestern portion of New Jersey in a general northeast 
and southwest direction. With the exception of a small amount of ore 
which is a mixture of magnetite aud brown and red hematite, the 
former predominating, all of the ontput of New Jersey is of the mag 
netic variety, the bulk of which is used by local blast furnaces or is 
sent to Pennsylvania for smelting into pig iron.

While the iron-ore mines of New Jersey have been active for over a 
century, and much of the ore is of excellent quality, the deposits are 
becoming deeper and more costly to operate on narrow veins, and some 
of them are practically exhausted. It is therefore probable that unless 
the leaner ores are utilized or radical changes are introduced New 
Jersey's iron-ore mines will not contribute in the future as large an 
amount annually to the supply of the country as they have furnished 
in past years.
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• Since the year 1889 the iron-ore production of New Jersey has been 
as follows:

Production of Iran ore in New Jersey from JSS9 to 1S9S.

Ycarg.

1889......................

.

Product.

Long tons.

Years. Product.

Long ton*.

New Jersey has several concentrating plants for enriching the lean 
ores, one of which is the largest in the country, but the quantity pro 
duced has not been sufficient to influence the position of the State, 
owing to the fact that the work has been largely experimental.

It will be noted that the relative decline of ore production has been 
greater in New York and Pennsylvania than in New Jersey, but each 
of these States shows a material decrease. Taking the three together, 
the output of 1892 was 2,440,601 long tons, and in 1893 1,588,257 tons, 
slightly less than one-half the product in 1889.

VIRGINIA.

Virginia practically consumes all of the iron ore which it produces, 
but little ore being either brought into or sent out of the State. Three 
classes of ore are produced, but the majority is of the brown hematite 
variety, iu which the State takes first position; in addition to which 
small amounts of red hematite and a mixture of red hematite and mag 
netite are mined.

The producing mines are generally situated in the southwestern por 
tion of the State, extending in a general northeast and southwest 
direction along the Blue Bidge.

The amounts of ore won in the last five years are as follows:

Production of iron ore in Virginia.

Years.

1889......................
IftQl

Product,

Long tons. 
498, 354
543, 583

Tears.

• JgQ9
1893......................

Product.

Long tons.

a616, 965

a Including- West Virginia. 

OHIO AND KENTUCKY.

Ohio and Kentucky furnish carbonate ores and their derivatives, all 
of which are consumed in local blast furnaces, most of the iron-mining 
operations being found in the Coal Measures of the eastern and south 
eastern portions of the State. Although Ohio ranks next to Pennsyl 
vania as a producer of pig iron, the domestic mines contributed but 
about 3 per cent of the total iron ore smelted in the State, the balance 
coming from the Lake Superior region.
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The position of Ohio as an iron-ore producer, owing to the compara 
tively poor character of the ores, has gradually declined, as will be seen 
from the following table:

Production of iron ore in Ohio from 1SS9 to 1S9S.

Tears. Product.

Long tons. 
254, 294

104, 487

Years.

1S92. .....................

Product.

Long tens.

MISSOURI.

Missouri, like Ohio, has declined as an iron-ore producer, due mainly 
to the practical exhaustion of Pilot Knob, one of the principal deposits. 
The two largest producers in Missouri have been Iron Mountain and 
Pilot Knob, but the output of the former has been greatly restricted 
in late years, while the latter mines but little ore. The total produc 
tion of Iron Mountain has been about 3,500,000 tons, and Pilot Knob 
about 1,500,000 tons. With the exception of a small amount of brown 
hematite ore obtained in the southern-central portion of the State, the 
iron ores produced are all of the red hematite variety and are found in 
the eastern section of the State. The ore is generally of good quality, 
the red hematite yielding 50 to 65 per cent of iron, averaging about 57 
per cent.' The State's output from 1889 to 1893 has been as follows:

Production of iron ore in Missouri from 1889 to 1S93.

Teara.

1891.......................

Product.

Long tony.

106, 949

Years.

1892......................
1893

Product.

Xiong tons. 
118,494

OTHER STATES.

Of the remaining States, Massachusetts and Connecticut produce 
excellent brown hematite, the Salisbury region in the western portion 
of these States furnishing 40,752 long tons in 1893.

Maryland obtains from the vicinity of Baltimore a small amount of 
nodular carbonate ore, which is used in. near-by charcoal blast furnaces, 
and also mines a limited quantity of brown hematite ore in the western, 
or rather northwestern, portion of the State. The principal source of 
the ore supplied to the large blast furnaces of the Maryland Steel 
Company at Sparrow Point, near Baltimore, has been Cuba.

West Virginia mined a small amount of brown hematite ore in the 
extreme northeastern section of the State, but, as in the western por 
tion of Pennsylvania, the bulk of the iron ore for West Virginia blast 
furnaces comes from the Lake Superior region.
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North Carolina produces a small amount, generally from 10,000 to 
25,000 tons, of magnetite ore (some of which is sorted by magnetic con 
centrators), the greater portion being smelted in the one active furnace 
at Cranberry, close to a large deposit of lean ore. A new furnace has 
been built, but is not yet in operation.

Kentucky in 1893 won 36,714 long tons, principally brown hematite, 
with some carbonate and red hematite ore, nearly all of which was 
used in the blast furnaces of the State with ores from Missouri and 
Lake Superior. •

Texas blast furnaces are supplied by local deposits, all of the brown 
hematite variety, and yielding 40 to 48 per cent of iron, producing 
22,620 long tons in 1893; but, in addition, in that year 3,000 tons of 
magnetite were obtained, though not shipped, in the Llano district, in 
the western section of the State.

In the Western States the bulk of the iron ore produced in 1893 was 
brown hematite and magnetite, and with the exception of the amounts 
used in the blast furnaces of the Colorado Iron and Fuel Company, at 
Pueblo, Colo., and of the Oregon Iron and Steel Company, near Port- 
laud, Oreg., this ore was all employed as a flux in silver smelting.

In mining silver ore, principally in Colorado, a large amount of argen 
tiferous iron ore is obtained, which does not contain enough of the 
precious metal to make it valuable on that account, and it is sold to 
the smelters as a flux in refining gold and silver ores.

There is a number of large undeveloped deposits in ^New Mexico, 
Wyoming, Utah, Montana, California, Washington, and other States, 
which will no doubt become active when local demand for such ores 
arises.

There exist at various points on the Atlantic and Pacific seaboards 
deposits of magnetic iron sands, or rather layers of finely comminuted 
magnetite which have by the action of the waves become partially 
separated from the siliceous materials forming beach sand. These 
deposits have been exploited to a limited extent by picking the mag 
netite from the mass by means of magnetic separators, but as there is 
usually a considerable percentage of titanium, in the ore sand, and as 
the material must be made into briquettes for transportation and con 
venient use, but little of this ore has been employed in iron production. 
Some of these sands have been taken from the shores of Long Island 
Sound and Narragausett Bay, but at present the little now produced 
there is used by painters, and for other purposes than the production 
of iron. On the Pacific coast deposits of this sand are wrought in 
northern California and Oregon for the purpose of extracting the gold 
found therein, the iron ore being considered as tailings.

IMPORTS OP IKOX OKB.

The importation of foreign iron ores into the United States and the 
approximate relation which these have borne to the output of domestic 
ores appear from the following statement. The quantities of iron ore
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mined in the United States have been reported only in the census years 
and in the years 1890,1891,1892, and 1893, by the division of mineral 
resources of the United States Geological Survey, but estimates for 
other years htive been prepared from the pig-iron production, by calcu 
lating the apparent consumption of ore.

Approximate relation between imports of foreign iron ores and production of pitj iron and 
of domestic iron ores in tlie United States.

Years.

1873 .........................................

1870 .........................................

1878 .........................................
1879 .........................................

1881 .........................................
1882 .........................................

1881 .........................................

1886 .........................................

1880 .........................................

1891 ................ .........................
1892 .........................................

Pig iron 
made.

Long tons.

2, 401, 262
2 023 733

2, 066, 594

4 144 ^54
4, 623, 323

5 683 329

8 279 870

Domestic 
iron ore 

produced.

Long tons.

4, 832, 000

7,618,000

11,941,000

14 591 178

11, 587, 629

Foreign 
iron ore 

imported.

Long tons.

29, 705
284, 141
493 408

589, 655

487, 820

1 039 433
1 194 301

587, 470

1, 246, 830
912, 864

520, 951

a Exact statistics of the amount of foreign iron ore imported have beeu collected only since tho year 
1878; -previous to that date only the value of the ore so imported was collated, and tlie above figures 
wore prepared from tbesc. While the estimates for a series of years are probably close to the actual 
consumption, the accumulation of or drafts upon stocks would increase or diminish the quantities 
mined in specific years.

6 Census figures.

BRITISH NORTH AMERICA.

Through the courtesy of Mr. A. Blue, director of the bureau of mines 
of the Province of Ottawa the following table has been prepared, show 
ing the production of iron ore in the Dominion of Canada, including 
British Columbia, by calendar years, and also the exports of iron ore 
and the make of pig iron by years ending June 30. Unfortunately, 
with the exception of the census years 1871 and 1881,.no exact figures 
can be obtained, and those for the remaining years are made up from 
incomplete returns, and will probably show less than the full amount 
of iron ore mined.

The Dominion Government has made efforts to encourage iron-ore 
mining and smelting by offering bonuses upon the ore smelted or upon 
the pig iron made, in addition to customs duties assessed on foreign 
products. The Ontario Provincial Government is now taking similar 
action.
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Production and exports of iron ore in Canada, also pig iron made.

Years.

IRfiR

1871

1875 .......................................

1877 .......................................
1878

1881 ......'.--.......-......-.......-.......

1886 .......................................
1887 .......................................

1890 .......................................

1893 .......................................

Iron ore 
production 
(calendar 
years).

Short tons.
,

18 603

46, 129

84, 181

08, 979

Exports 
(years end 

ing 
June 30).

Short tons. 
25 312

15, 232

26, 165

7 7 ()5

3,562

43, 835

54, 807

24, 752

7,707

Pig iron 
made (years 

ending 
June 30).

Short tons.

20, 179

24, 822
24, 373
23, 891
42, 443

In the annual report of the division of mineral statistics and mines of 
the Geological Survey of Canada for 1892 there is a graphic statement 
showing the production and value of iron ore by provinces from 1886 
to 1892. The quantity produced and the value of the same as given for 
the year 1892 are as follows:

Production of iron ore in Canada in 1S92,

Provinces,

Total.... ........................................

Quantity.

Tims.

103; 248

Value.

$1!)4, 581
62, 385

6, flOO

As mentioned above, there were 103,248 tons of iron ore produced 
from all the mines of the Dominion. Of this quantity 96,948 tons were 
used in the country. This amount represents the ore fed to three fur 
naces in ISTova Scotia and two in Quebec. The amounts fed to the 
furnaces and the pig iron produced in 1891 are as follows:

Pig iron produced in 1891 and 1S9S in Canada; consumption of ore, fuel, etc.

Pijr iron made ................... ...tons..

Fuel consumed < coke. ........... ..tons.- 
( coal ............. .tons. .

]8

Quantity,

23, 891 
60, 933

30, 026 
2, 170

a.
Value.

$368, 901

98, 402 
2,868

18

Quantity.

42, 443

50, 882 
1,740

J2.

Value.

$637, 421

152,311 
1, 7fl7

The graphic statement of the production and value of iron ore by 
provinces shows that in each of these years Nova Scotia was by far
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the largest producer; and a table giviug the output of the Nova Scotia 
mines from 1876 to 1892 indicates a nearly continuous growth, from 
15,274 tons in the former to 78,258 tons in the latter year. The maxi 
mum production of Quebec in the interval covered by the statement 
was 22,690 tons in 1892, that of Ontario was 16,894 tons in 1888, and 
that of British Columbia 8,372 tons in the same year.

NOVA SCOTIA.

At the works of the Londonderry Iron Company, at Londonderry, 
Nova Scotia, red and brown hematites and carbonate ores are used. 
The latter are first calcined.

Mr. li. (J. E. Leckie, in a description of the iron deposits of Torbrook,
says:

Skirting the northern edge of the counties and forming a portion of the south 
shore of the Bay of Fundy is a range of hills called the North Mountain. This 
range rises to a height of from 400 to 500 feet above sea level, and is of Triassic trap 
formation. Considerable magnetic iron ore is found in this trap, occurring in 
parallel veins running longitudinally with the axis of elevation and varying in 
thickness from 6 inches to 4 feet. Some splendid crystals of magnetite may be 
obtained from this locality. Unfortunately the iron-ore veins are filled with a large 
number of quartz nodules, which make the ore practically valueless.

The South Mountain range is from 6 to 8 miles south of the North Mountain, and 
runs parallel to it. Accordiug to Dawson, this latter range was caused by an 
upheaval of granite during the Upper Devonian period.

Lying between the North and South mountains is the fertile plain which consti 
tutes the Annapolis Valley, and down the middle of which flows the Annapolis 
River. Deposits of bog ore have been found on the surface throughout the valley, 
but more especially in the eastern end of it, where it lies bet ween the South Moun 
tain and the Annapolis Kiver. Some leases have been taken by Americans along the 
south bank of the river, but as yet the deposits remain entirely undeveloped.

On the South Mountain, in the Devonian rocks, lie rich and abundant deposits of 
magnetite and red hematite. At Clementsport, oil the Moose River, is a magnetic 
ore, which has been worked to a considerable extent. Operations were carried on 
in this locality previous to 1830. After a stoppage of over thirty years they were 
again resumed. A charcoal hot-blast furnace was erected, and in the year 1862 
5 tons a day were being turned out. The bed is from 7 to 9 feet ill width, but the 
ore is high in both phosphorus and sulphur.

Thirty miles east of Moose River, at Nicta'ux, several large beds of magnetic ore 
are exposed, east of which are the Torbrook iron deposits, very regular in width, 
having an average thickness of 6 feet. The ore is clean, there being no slate or stone 
between the walls. The strike of the iron ore beds or veins runs diagonally across 
the district, the general direction being north 60° east. There are four known veins 
of red hematite, which have been traced for the most part across the whole district, 
a distance of about 5 or 6 miles.

Beginning at the north, No. 1 vein is the most important of the four, and is the 
one which is being worked at the Torbrook mines. The dip is south, and varies from 
70° to 80° from the vertical.

It is noticeable that this bed of ore is entirely free from shells, while No. 2 vein, 
overlying, less than 100 feet south, and several beds of the surrounding slate, are 
highly fossiliferous.

No. 2 vein, or the "Shell Ore" vein, was worked by open cut for many years'to 
supply the old furnace at Nictaux Falls. It is intermixed to a large extent with pet 
rified marine shells, containing their natural calcareons properties. They are very
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clearly marked, leaving in the matrix a well-defined impression of the minutest 
linos, and. are often found in clusters, so compact and homogeneous that cue might 
imagine the whole to be formed originally from one vast bed of shells. The vein, 
which is about 6 to 8 feet wide, is a red hematite giving a decided red streak, 
but at the western end it lias been slightly metamorphosed by its proximity to the 
igneous rock, causing it to be somewhat magnetic.

No. 3 vein, about three-quarters of a mile south of No. 2, is the same in width 
and structure as No. 1, but it is somewhat magnetic in character, and has a darker 
streak—a reddish-brown color. This veiu is nearly vertical, but, if anything, dips 
slightly north.

No. 4 vein, in all probability, lies about a quarter of a mile south of No. 3. It has 
been opened for a distance of 2 miles east from tho Torbrook mine, and has the fol 
lowing dimensions: Ore, 2 feet; slate, 3 feet; ore, 1 foot.

The Torbrook rniue is situated at the foot of the South Mountain, 3 miles from 
Nictaux River. At the Nictaux mine, oil the western side of the river, the workings 
arc in a magnetic ore bed, 8 feet wide, which is high in. both phosphorus and sulphur. 
Leases of the available property in the Torbrook district were taken, and work was 
commenced in the fall of 1890. Active operations did not, however, really begin 
until the spring of 1891, when steam-hoisting and air-drill plants were put in.

Tho output in tho spring of 1891 was about 20 tons per day; in the spring of 1892, 
about 70 tons, and in the fall of 1892, 130 tons per day.

Analyses of iron ore from the Nictaux mine, Nova Scotia.

Silica. .......:..............................

No.l.

Per cent.

60
13.4(i

7 00

1.80
Trflce
Trice

JsTo.2.

Per cent.

10 2 9

3s o. 3.

Per cent.

199

Dr. E. Gilpin, jr., commissioner of mines, Nova Scotia, writes: "On 
the east branch of East River, Pictou County, extensive operations 
were carried on in the development of limonite iron deposits." The ores 
are compact, uiammillated, and fibrous, and their quality is shown by 
the following analyses:

Analyses of Pictou County, Nova Scotia, iron ores.

Composition.

Silica .............................................

I.

Per cent.

0.71
1 44

0.34
0.24
2.14

Trace.
4.61

100 00
62.24

II.

Per cent.

1.10

0.04

98 94
65.20

III.

Per cent.

0.15

13.60

56.83

IV.

Per cent.

0.015

0 48

12.53

100. 78S
33. 826

A nalysts: I, Dr. S. Macadam ; II, Dr. T. E. Thorpe ; III, J. H. Huxley ; IV, E. G ilpin, jr.
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SEW 15KUNSWICK,

On the Millstream Kiver, Gloucester County, New Brunswick, is a 
"bed of magnetic iron ore about, 25 feet thick, interstratified with a 
highly altered and siliceous argilite. Developments consist of a tunnel 
about 25 feet long, and a shallow shaft on the bed at the end of the 
tunnel.

Bog ore exists in Kent County.

QUEBEC.

The principal, in fact the only, kinds of iron ore now mined in this 
Province are magnetite and brown hematite (bog ore). The mines which 
have produced or do produce the former ore are the Hull, Haycock, and 
Bristol mines, within a few miles of the Ottawa River, forming the 
western boundary of the province. The deposits occur in Laurentian 
rocks.

The Hull deposit, which has produced magnetic iron ore mixed with 
red hematite and graphite, is located about 8 miles from Ottawa. It 
was first opened in 1854. This ore was formerly used in the blast 
furnace of the Canada Iron Mining and Manufacturing Company, and 
made into pig iron at the mine; the workings have, however, been 
inactive for years. The following analyses of the Hull ores are taken 
from the reports of the geological survey of Canada:

Analyses of magnetite from Hull, Quebec.

Black on1 . 
(Picked specimens.)

Per cent. 
\ 73. 80

.61

1.88 
.027 
.085

20. 27

o 100. 042 
53.51

Per cent. 
93.82

.12 

.79 

.45 

.94 

.08 

.11

3.75

b 101). OB 
67,94

Red ore.

Per cent. 
$ OB. 20 
) 17. 78 

Trace, 
Trace. 

.76 

.45 

.015 

.28 
2.06 

10. 4J 
.71

009.295 
58.78

a Analyst, Dr. T. S. Hunt, li Analyst, Prof. C. f. Chandler.

The principal mine, the ¥orsythe or Old Ironsides, showed a width 
at the surface of 15 to 35 feet in a cut 100 feet long. The ore occurs in 
limestone, associated with a hornblende-gneiss. The ore is of two 
kinds, the black magnetic ore and the so-called red ore, which is a 
mixture of magnetite and hematite.

The Haycock mine, about 12 miles from the city of Ottawa and 8 
miles east of the Gatineau Eiver, is now practically abandoned, but 
was wrought to supply local forges, some of the ore being smelted in 
the blast furnace at Hull. The ore, a red hematite containing a con-
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siderable amount of magnetite, is hard and compact. Owing to the 
size and isolated location of the ore bodies, mining is stated to have 
been expensive. The composition of the ore iu selected samples is 
given by Prof. E. ,1. Chapman as follows:

Analyses of iron ore from the ffaycock initie, Quebec.

No. 1.

Per cent. 
88.08

.24

.55

.16
fiO

911. 83
60.98

No. 2.

Per cent. 
fid s(\

.22
Trao6
TT.Qf.ll

.a

No. 3.

Per cent.

.15

1 T

.07
2.12

The Bristol mines, opened in 1872, produced a hard magnetite con 
taining considerable sulphur, rendering it necessary to erect kilns for 
roasting the ore. The ore is found in two lodes, the general course of 
which is north-northwest and south-southwest, known as the JSTorth 
and South lodes. Most of the mining has been done on the South 
'lode. The North lode is apparently 150 feet in width, and what is 
known as the South lode is about 250 feet in width. A favorable 
feature of the deposit is the small amount of lean ore found, either 
good ore or rock being obtained from the workings. In the catalogue 
of Economic Minerals of Canada 1886 the ore is described as "occurring 
iu a series of beds which arc inter stratified with reddish hornblendic 
gneiss and glistening micaceous and hornblendic schists of the Laureti- 
tian age." Analyses of the ore show from 58.37 to 66.50 per cent of iron; 
sulphur, none to 2.406; phosphorus, none to 0.008. When roasted, the 
analyses showed from 62.5 to 63.24 per cent of iron; sulphur, 0.521 
to 3.221; phosphorus, none to 0.014. The roasting plant at this mine 
embraces both the Taylor and Davis-Colby modifications of the West- 
man kiln, supplied by gas producers.

The bog-iron ores of the Three Eivers district in central Quebec, 
consisting of variable mixtures of hydrous sesquioxide of iron with 
organic and earthy matter, occur in patches near the surface of the 
sandy soil. These patches are from a few square feet to several acres 
in extent and from 3 to 30 inches in thickness. They are always found 
in or near the borders of swamps or lakes.

Lac Tortue, which well illustrates the method pursued of mining, 
the bog ores, is situated .in the southern part of Kadnor, about 1 mile 
beyond the north boundary line of the seigniory of Champlain, and 
2 miles from the St. Maurice Eiver. The lake is about 3 miles long, 
averages a mile in breadth, and occupies the lowest depression of a 
great swamp. By removing an obstruction at the discharge the water
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was lowered some 6 or 8 feet, and the ore, which is found in the form 
of concretions in the soft, greenish mud, is taken out by hand from the 
shallow portions of the lake along the shore (those left bare on the 
lowering of the water level), while in deeper water it is raised by means 
of dredges. The ore thus obtained is washed in iron sieves, and is 
then ready for transportation to the furnace at Radnor. It is stated 
that during 1892 large deposits of massive ore, 2 feet and upward in 
thickness, were discovered at the bottom of the lake. It is also claimed 
that paying quantities of ore can be obtained from areas apparently 
completely exhausted some eight or ten years previously, new ore 
having been deposited from the ferruginous waters. 

. On the south side of the St. Lawrence Eiver, opposite Three Rivers, 
in the second, third, and fourth ranges of Geutilly, the Canada Iron 
Furnace Company has discovered and is working a number of rich beds 
of iron ore, which are generally found along the faces of the terraces. 
At the largest bed, covering about 10 acres, work has been carried to a 
depth of 4 feet without reaching the bottom; in some places the thick 
ness may be 5 or 6 feet. The ore is flue, but near the bottom becomes 
heavy and massive, pickaxes being necessary to break it.

Operations have also been carried on by this company in the fourth 
range of Kildare, county of Jolliette, where one patch averages 12 
inches in thickness. There is a bank of bog ore here which is reported 
to have been traced for 7 miles.

Mr. P. H. Griffin, in an article on "Charcoal iron from bog and lake 
ores," 1 gives the following analyses, No. 1 representing a large quantity 
of bog ore selected from various points in the Three Rivers district for 
the Radnor furnace, and No. 2 a large amount of Lae-a-la-Tortue ore, 
while No. 3 is a sample from the same lake made by Professor Carlyle:

Analyses of Canadian bog and lake ores.

Silica......................................

No. 1.

Per cent. 
60.74

J 18

.93

.69
1 9

18. 94

42.52

No. 2.

Per cent. 
70 04

32
.27

. .76
.23

7.84
16.84

093

No. 3.

Per cen f .

.72
2 99
2.411

.60

.47
09

8.17

49 31

.036

Black iron sands occur in great quantities in the lower St. Lawrence, 
and are met with in smaller amounts at various points to the south 
west along the valley of the St. Lawrence and the Great Lakes.

1 Transactions American Institute of Mining Engineers, Vol. XXI, p. 990, 
1C GEOL, PT 3———4
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Along the north shore of Lake Erie this sand is in some places found 
in such quantities that attempts were made, more than fifty years ago, 
to collect and smelt it with an admixture of bog ore, which was then 
treated in a blast furnace at Normandale, Norfolk County, Ontario. 

Dr. T. Sterry Hunt, in his Notes on Iron and Iron Ores, says:
* * * The great deposits of black iron sand on the boach near the mouth of the 

Moisie River having attracted attention, various attempts to reduce it were made 
in 1867. The ore was successfully treated by the bloomary process in northern New 
York, and the result proving satisfactory, several bloomary furnaces at Moisie were 
put into successful operation.

The stratified sands at Moisie, lying about 10 feet above high-water mark, pene 
trated by the roots of small shrubs, and holding marine shells, are banded by irregu 
lar dark-colored layers, in which the iron ore predominates. The same thing was. 
afterwards remarked by me in the stratified sands at much higher levels in the 
vicinity. Where these sands form the beach they are exposed to the action of the 
waves, which effect a process of concentration on a grand scale, so that, it is said, 
after a prevalence of certain winds great belts of nearly pure black sand are exposed 
along the shore. Trenches were sunk to a depth of 5 feet on the shelving beach 
about half way between high and low water mark. The sections presented alterna 
tions or' nearly pure siliceous sand and of black iron sand, the latter in layers of from 
half an inch to 6 inches in thickness, often with :i small admixture of grains of red 
garnet, which sometimes formed very thin coatings upon tho surface of the black 
layers. It was easy, from these trenches, by means of shovels, to remove without 
much admixture the thicker layers of the moist black sand, which would measure 
from 1-J to 2 feet out of the 5 feet excavated. This material was piled upon the beach, 
and afterwards carried to the washing table. The mixed sands of the higher levels 
yield, on an average, by washing, about 15 per cent of black iron sand.

The washing of the ore at Moisie, preparatory to smelting, was done upon a shak 
ing table by aid of a gentle current of water, a large part of the lighter grains, 
chiefly of quartz, being washed a,way. The amount of material removed in the proc 
ess of washing at Moisie is not very great, as may be seen by comparing the propor 
tion of magnetic grains in A and C, the Moisie sand before and after washing. The 
latter was found by analysis to contain about 5.5per cent of insoluble matter, chiefly 
siliceous sand, the remainder being almost entirely oxide of iron and titanic acid. 
Of three specimens from Moisie, A was an average sample of several hundred tons 
gathered in the manner jnst described, preparatory to washing, B a portion taken 
from a layer 6 inches thick, about 3 feet below the surface of the beach, and C the 
washed ore, as prepared for the bloomary fire. In this connection are given tho 
results of some similar determinations with iron sands from other localities.

AnalyxKS of tiloiste and oilier black sand iron ores.

Miupui. ...............

Specific 
gravity.

2.07
•2.84

Magnetic 
ure.

Per cent.

52.0
48.3 
34.3

55.0

The specific gravity of the siliceous sand with which these iron .sands are associ 
ated was found, when determined in bulk, as above, to be about 2. An inspection of 
the iron sands from the various other localities above mentioned shows that thevall



PRODUCTION OF IRON ORES. 51

contain, besides the ores of iron, a small proportion of red garnet and more or less 
of fine siliceous sand. The latter of the .two substances it is possible to remove 
almost entirely by careful washing of the crude ore. The use of a magnet enables 
us to separate the black iron-ore grains into a magnetic portion, which is nearly pure 
magnetic oxide, and a nonmagnetic portion, which is chiefly titanic iron, but, in the 
specimens tubmittecl to examination, holds a portion of the siliceous matter, which 
the imperfectly washed sand still retaius. The two portions of the ore thus obtained 
were analyzed separately, the solvent used being, in both cases, hydrochloric acid. 
No. 1 is an analysis of a specimen of unwashed black sand from Moisie, holding 49.1 
per cent of magnetic grains; No. 2, of the nonmagnetic portion of the same, ore; No. 
3, washed ore from Moisie, containing 52 per cent of magnetic grains; No. 4, the non 
magnetic portion of the same ore; No. 5. a determination of the iron sand of Ber- 
simis, containing 34.7 per cent of magnetic grains; No. 6, of the nonmagnetic por 
tion of the same sand; while Nos. 7 and 8 are analyses of magnetic and nonmagnetic 
portions of iron sand from the mouth of the St. John River, at Miugan, containing 
48.3 per cent of magnetic grains.

Analyses of Canadian iron sands.

No. 1.

Per cent. 
70.10

5.92

No. 2.

Percent. 
58.20

6.14

No. 3. a

Percent. 
'85. 79

4.15

.40

.90

1.95

No. 4.

Percent.

28 95

1.10
or.

.....±
H.75

411.85

No. 5.

Percent. 
85.56

(6)

No. 6.

Percent. 
24.66
26 *)5
22.24

1.12
.72

34 73

No. 7.

Percent.
6 50

62.52

No. 8.

Per cent.

1 35

.50

35 98

ailr. Broome found that the washed mixed ore contained 0.007 per cent of phosphorus and 0.070 
per cent, of sulphur. 

6 Undetermined.

Mr. J. Obalski, mining engineer for the Province of Quebec, states 
that 26,540 tons of limonite or bog ore and 1,550 tons of magnetite were 
mined in 1892, and 8,750 tons were exported during the calendar year 
1892, but of this a portion was stock of previous years.

Hematite and magnetite ores are found in this Province, and in some 
mines the two are mixed. The magnetic ores are generally associated 
with the Laureutian rocks, mostly in the vicinity of crystalline lime 
stone, although both hematite and magnetite are also found in the 
Huronian rocks.

In Lanark County, in the eastern part of Ontario, red hematite and 
magnetic iron ores occur, but no active mining is carried on at present. 
Some important mines are opened on the line of the Kingston and Pem 
broke Railway, and a large portion of the product obtained was some 
years ago sent to the United States.

Near Calabogie Lake, in the township of Blithfleld, some of the 
magnetic ore is fine-grained and granular, and some is compact, while 
still other portions have a banded structure. The Calabogie Iron Com 
pany formerly carried on operations here, shipping to various points 
the ore obtained from the two workings which were operated.
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The following analyses are claimed to be fairly representative. No. 1 
came from the opening near the lake, while No. 2 was farther away. 
The analyses were made by Mr. Emerton.

Analyses of Calabogie Lake iron ore.

Ferric oxide. ..............

No. 1.

Per cent. 
44. 59

4.28
.60
.O^S

38

No. 2.

Per cent. 
58.98 
22. 35

.203

58.65

Twelve miles south of the Calabogie Lake mines, near Bound Lake, 
ore has been found, but no work was done beyond the development of 
the mines. Twelve miles still farther south, in the township ot'Lavant, 
are the Bethlehem and Oaldwell mines. Magnetite was known to exist 
here for years, the first development work being in 1880, and when the 
presence of a large body of ore was established a portion of the land 
was leased to the Bethlehem Iron Company, which carried on active 
mining operations, shipping the ore to its works at Bethlehem, Pa. 
The vein strikes northeast and southwest, approaching north, and dips 
30° to 35° to the southeast. The walls are persistent and well-defined. 
The vein varies in thickness from 2 to 31 feet, due to the rolling of the 
limestone foot wall. The ore is compact crystalline, and cleavable, 
mixed with a large amount of chloritic material. Its composition is 
illustrated by the following analyses:

Analyses of iron ore from Bethlehem'and Caldwell, Round Lake, Quebec.

Silica......................

No. ].(a)

Per cent. 
63.73

• .028

No.2.(())

Per cent.

9.15

1.79

.12

a Analysts, Khodtis &. Co. 
b Analyst, E. M. Reed. 
c Phosphoric acid.

Ten miles farther south are the Eoberts mines, where the ore occurs 
in lenses, making mining rather uncertain. Operations were sns- 
pended after taking out 20,000 to 25,000 tons. Two analyses showed 
57.77 and 63.2 per cent of metallic iron.

The Glendower mines are 4 miles from Bedford Station, on the shore 
of Thirty Island Lake. The ore is hard, compact, and cleavable.
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Associated with it in. small veins and in bunches are carbonates of the 
alkaline earths. Several thousand tons of .this ore were shipped to 
Zauesville, Ohio. Six analyses showed the following to be the compo 
sition of the ore:

Analyses of Glendower iron ore, Bedford Station, Quebec.

Per cent.

. 98 to 5. 29

Mr. W. Hamilton Merritt says:
From Ontario, since 1859, about 400,000 tons of iron ore have been shipped to the 

United States up to the year 1888, and from the iron-ore deposits of eastern Ontario, 
along the line of the Kingston and Pembroke Railroad, some 200,000 tons of iron ore 
in all have been shipped to the United States.

A body of hematite ore is stated to exist southwest of Thunder Bay, 
on the northern shore of Lake Superior, and a large deposit of liinonite 
is reported on an island in Lake Winnipeg.

Mr. Horace V. Winchell states that discoveries of iron ore were made 
in the Atikokan Range between 1885 and 1890, and that although the 
surface ore is excellent there is a deterioration in depth. The deposits 
are in nearly vertical lenses. At present Mr. Winchell does not think 
the Atikokan can compete with the domestic Lake Superior ores in 
the United States.

The analyses given in 'the Canadian geological report showed from 
63 to 08 per cent of metallic iron, together with a complete absence of 
titanium in all the specimens examined, and a sulphur content ranging, 
where it is specified in the return, of from 0.052 to 0.185 per cent.

Some large blast-furnace plants are projected to utilize the iron ores 
of Ontario, and one or more of these will probably be put in operation, 
thus encouraging a liberal exploitation of the iron-ore deposits of this 
Province.

BRITISH COLUMBIA.

Prof. George M. Dawson, of the Canadian geological survey, in a 
pamphlet entitled The Mineral Wealth of British Columbia, gives a 
description of her iron ores, from which the following is extracted:

Most of the ores of iron so far found in quantity are magnetites, which occur in 
association with the older metamorphic rooks. Clay ironstones are, however, of 
frequent occurrence in the coal seams of Vancouver and Queen Charlotte islands, as 
well.as in the Tertiary rocks of the interior. These might, in some cases, be profit 
ably worked ill conjunction with the coal seams, as they occur in the same strata, 
and in some instances are even associated with the coal. The nodnles vary in weight
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from a pound or less up to several tons, and at the Baynes Sourd mine a sufficient 
quantity might probably be obtained for the regular supply of a blast furnace.

The only iron-ore deposits which have yet been worked are those of the southwest 
side of Taxada Island, tbe largest exposures of ore occurring about 3 miles northwest 
of Gillies Cay. Here the ore mass is from 20 to 25 feet thick, and constitutes a some 
what irregular contact deposit between limestone or marble and granite, thiu veins 
of the ore being occasionally found reticulating the limestone. From this point to 
the northward, for nearly a mile, tlie ore is occasionally seen, and at one place tbere 
is a continuous exposure about 250 feet long; and from 1 to 10 feet thick. For mining 
and shipment the deposit is most favorably situated. The ore is a bard, dense 
magnetite, a partial analysis by Dr. B. J. Harringtou showing 68.40 per cent of iron 
and 0.003 per cent of phosphorus. Another analysis, by Whitfield, representing a 
lot of 600 tons, shows iron 65.71, phosphorus 0.013. A more detailed analysis of the 
Texada Island magnetite, made by Mr. Edward J. Chapman, shows the following 
composition:

Analysis of iron ore from Taxada Island, liritinh Columbia.

Protoxide of iron. .............

Per 
cent.

28.33

. .07

Sulphuric acid.--..-.--..-....

Per 
cent.

0.09

As some iron ores have been imported into the United States from 
Canada, and as the geographical positions of the two countries should 
encourage intimate commercial relations, the subject has been treated 
in considerable detail.

The Glen Iron Mining Company's ground, about 12 miles east of 
Kamloops, exhibits four veins from 10 to 20 feet in width, visible on 
the surface at distances from 300 to 600 feet in length, near the track 
of the Canadian Pacific Railway. The works are supplied with a chute 
300 feet long, and an aerial wire tramway 1,300 feet in length capable 
of delivering 100 tons per ten hours on the the cars. The ore is mag 
netite, and claimed to be adapted to the manufacture of Bessemer steel. 
Seven hundred and fifty tons were shipped in 1891 to the United States 
and 200 tons to the Kevelstoke smelting works for fluxing operations.

Iron ore is also obtained from the Eesouda mine, Strait of Georgia.
The Survey is indebted to Mr. A. E. C. Selwyn for a general revision 

of the data presented and to Dr. George M. Dawson, of the Canadian 
Geological Survey, for copies of statistical reports.

CUBA.

The iron-ore beds which are worked on the island of Cuba occur in the 
province of Santiago, near the southeast coast of Cuba, on the foothills 
facing the south slope of the Sierra Maestra, and east of the Bay of 
Santiago. The crest of the Sierra Maestra is about 8 miles from the 
coast, and has an average elevation of 4,000 feet.
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In a paper upon The Iron Ore Range of the Santiago TJistrict of 
Cuba, 1 Prof. James P. Kimball says:

The south slope of the Sierra Maestra, which east of the Bay of Santiago forms 
the coast-range of the island of Cuba, is, for a distance of at least 30 miles, made up 
of eruptive syenite, covered with a massive overflow of trap (epidotic diorite). This 
has reached the surface through innumerable dikes. The trappcan belt reaches a 
thickness which I estimate to be not less than 2,000 feet on the slope of the Sierra, 

.and a height of some 3,500 feet. As it declines from this elevation toward the sea it 
likewise thins off. Thus the upper part of the south slope is ail enormous mantle of 
diorite resting on the syenitic body and base of the range. The Juraugua Hills, so 
called, are the culmination of the foothills of the Sierra, between the bays of San 
tiago on the west and Guantanamo ou the cast. They constitute an alpine body of 
hills, distinguished from the massive body of the Sierra, Maestra by their isolation 
as four distinct parallel ranges, successively declining in elevation with the general 
slope to ward the sea. The summits of the first or upper isolated range of the Juraugua 
Hills, reaching an elevation of some 2,000 feet above the sea, are mainly eroded from 
the dioritic mantle down to the syenite, which first makes its appearance at their 
lower or southern base. This range, as compared with the only other iron-ore 
bearing range, namely, the first, presents the more favorable conditions both for the 
original development of iron-ore bodies and for their preservation.

This trappean rock, so largely developed upou the flank of the sierra, may be 
supposed to be the present form of an originally more basic material, from which 
large volumes of ferric oxide have been separated by metasomatism (weathering). 
The large masses of specular ore found along the first and second ranges of foothills 
can correspond only to a small proportion of the ferric oxide which, together with 
other mineral matter, has been eliminated by chemical forces from the original 
igneous magma. The unequal development of the iron ores of these two ranges of 
foothills points to unequally favorable conditions for the separation, concentration, 
and preservation of the ferric oxide.

The iron-ore bodies of the alpine district east of Santiago are exceptional, from 
the fact that they are attributable to the immediate alteration of eruptive rooks, 
and that resulting residues, including an important portion of their original fer 
riferous contents, have been preserved almost in situ.

As the development of the Cuban iron-ore mines has been carried 
on by American capital and under American management, and as these 
deposits have attracted much interest among users of iron ores, the 
above technical description of the formation has been inserted.

Professor Kimball' further says:
One of the most striking features iu the region is the great profusion of so-called 

ore float on the hillsides and iu ravines. Probably more iron ore, and this generally 
of the best description, is thus found as float than has yet been exhibited in situ iu 
the form of ledges or bosses. Fragments up to many tons in weight lie scattered 
upon and below the outcrops, often obscuring the ledge and gradually working 
downhill into the ravines. Slopes and ravines so richly strewn with blocks aiul 
bowlders of first-class ore would, under circumstances of less difficult transportation, 
becom productive sources of supply.

Instances have come to notice, as at the Lola East mine (not of the,Jnraugua group), 
where the erosion of the hillsides has taken place in the best of ore. At this locality 
the ore is exceptionally soft and porous, and hence yielded to erosion more readily 
than the incasing rock. Thus only the remnants of a once fine body of ore still

1 Transactions American Institute of Mining Engineers, Vol. XTT1, p|>. 613-634.



56 MINERAL EESOURCES.

exist, and these only as float upon the sides and bottom of a deep ravine, which 
occupies the place of the former ore body,'none of which is left above drainage 
level. At Sevilla what was once an elevation containing a boss of iron ore is seen in 
the last stages of dissolution, iron-ore float being all that is left, and this lying 
directly on the disintegrating syenite.

Like the occurrence at Sevilla, many of the lower syenitic foothills, in line with 
the second range, in which are developed all the ore bodies known to be extensive, 
although eroded of dioritic overflow, still bear upon, or just below, their surface 
remnants of ore.

On West mine a number of ribs of iron ore come to the surface, including at least 
two which physically diifer from the developed ore of East and West mines. The 
specular oxide of these mines is quite free from cleavage, and in weathering assumes 
a rounded outline.

A second type of ore referred to weathers in prismatic blocks, and possesses the 
structure of dense trappean rocks, such as abound in the form of dikes both within 
the syenite and the altered overly ing iron-bearing rocks. Ledges of this description 
are uniformly rich at exposed surfaces, and so is their detritus or float.

Such deposits even under exceptional circumstances are not likely to be perma 
nent in depth, while the majority of them must be expected to prove of a very 
shallow character.

Unlike the great Archaean deposits of specular oxide, both classes of ore deposits 
above described have undergone a process of concentration without going through 
the intermediate stage of sedimentation. In other words, they are products in one 
case of the segregation of ferric oxide, in part from intermediate sources, and in 
the other of alteration in situ of protoxide basic rocks by peroxidatiou of thfir most 
unstable base, namely, ferrous oxide.

A third group of iron ore deposits, having much in common with the second class, 
already described as occurring on West mine hill, are found within the first range of 
foothills next below the summit of the Sierra Maestra, and distinct from its imme 
diate south flank. Within the development of a mantle of epidotic trap occur bodies 
of ferric oxide more or less magnetic from admixture with magnetic oxide. Such 
are the bodies of La Folie tract of the Juraugua Iron Company, and of tracts not 
belonging to this company, but the bulk of such of their product as can be seen 
falls as a rule below the standard of even the second-class ore of the East and West 
mines.

The most favorable conditions for the development of largo bodies of highly con 
centrated specular oxide in the iron region of the Sierra Maestra are .to be found 
toward the edge of the expanse of trappeau rocks, where redxiced in thickness by 
erosion, near their contact with the underlying syenite.

Mr. P. P. Chisolm, in a report descriptive of the ore deposits, says:
At the north opening on the Union mine of the J uraugua group, a vertical face 200 

feet high has been made, exposing a section across an iron baud or vein, showing 
some portion of the inclosing country rock ou both sides, this country rock being an 
eruptive, probably diorite, and showing no limestone. The structure here is very 
distinct, and the cut shows a well-defined, nearly vertical body of iron ore main 
taining practically the same thickness from top to bottom, with well-defined posi 
tive pianos of demarcation between the ore and the country rock.

Notwithstanding the conclusions reached by Professor Eimball, lib 
eral expenditures were made toward developing- properties which ex 
ploitations indicated to be merely mantles of detrital ore.

The ore is mined in large open cuts, and transported by cars to docks, 
from which it is loaded into vessels. The Juraugua Iron Company 
delivers its ore to the harbor of Santiago, while the Sigua and Spanish-
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American companies contemplate shipping to docks erected on the 
coast.

Up to the present time only two companies have exported iron ores, 
viz, the Juraugua Iron Company and the Sigua Iron Company. The 
latter, which made its first shipment in 1892, is not now active and 
may not assume importance as a producer. A third corporation, the 
Spanish-American Company, had erected docks, built railroads, com 
menced exploitations, and was reported ready to make shipments when 
the demand for ore ceased.

The following are the amounts of iron ore imported into the United 
•States from the Cuban mines in the years mentioned, this being the 
only country to which ore has been sent:

Iron-ore production in Cuba.

Years.

1884..................
1886..................
1ftR7

1889..................

Exports to 
the United 

States.

Long tons.

111,710
97, 711

Years.

1891 ..................
1892

1893.........:.

Exports to 
the United 

States.

Long tons.
O9g 05(5

.

If to this is added.the stock of ore 011 hand as reported by the 
Juraugua Iron Company on December 31, 1893, together with the 
amount lost at sea and the discrepancy of 7 tons between the railroad 
and custom-house weights, the total will practically equal the entire 
production, viz, 2,093,920 tons. To the importations given above the 
excess stock of iron ore on hand should be added to determine the pro 
duction, but as the stock is practically a constant quantity (being from 
6,000 to 6,500 tons) the production in any year is approximately repre 
sented by the exports. The above data have been supplied by the 
Juraugua Iron Company (Limited) and by the Sigua Iron Company.

The following analyses of 10 cargoes of Juraugua ore (about 30,000 
tons) received during 1888-93 were furnished by Mr. H. C. Babbitt, 
chemist of the Wellman Iron and Steel Company:

Analyses of ten cargoes of Juraugua (Cuba) iron ore.

Dried at 212° :
Silica....................

Average.

Per cent.
I qc

60.510
9 786

flOQ

QOQ

Occ

2.290
1.610

Qllfl

Highest.

Per cent.

562
.380

il Qf7

1 9B

Lowest.

Per cent.

5.06
013
125
190
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Professor Kimball states that tbe ore "occurs in all forms of red 
hematite, including micaceous, amorphous, granular, and subcrystal- 
lirie varieties. The variety last named is commonly studded with 
minute crystals of magnetite and martite. Variations in the color of 
drillings, from red to black, imply unequal distribution of altered hem 
atite, of the water of hydratioii> and of manganic oxide."

Professor Kimball gave as the proximate chemical constitution of the 
Juraugua ore district the following:

Analyses of Jnrangiia (Cuba) iron ores.

Per cent.

5. 00 to 10. 50

Most of the Jurangua iron ores are received at the ports of Philadel 
phia and Baltimore, as the mines are controlled by the Bethlehem Iron 
Company and the Pennsylvania Steel Company, whose blast furnaces 
are conveniently reached from these ports.

The Sigua ore which was shipped also came to Philadelphia, and was 
distributed to a number of blast furnaces in eastern Pennsylvania. 
Owing to imperfect sorting, the initial exportations of the Sigua ores 
were not up to the expectation warranted by the analyses of samples 
collected previous to exploiting the property.

Messrs. Battle & JS"ye have described the Sigua iron-ore mines as 
follows :

The Sigua mines are situated iu the extreme easterly end of the Cuban bessemer 
iron-ore range, which, lies east of Santiago de Cuba and extends in length about 22 
miles, as far as examined. The ore occurs on the flanks of the foothills of the 
Sierra Maestra Mountain range, and about 4 miles back from the Caribbean Sea in a 
direct line. There are three large surface outcrops where erosion has exposed the 
ore, which in character is a red specular, and is composed oi' bowlders heaped upon 
one another in vast quantities, varying in weight from a few pounds to many tons, 
and in several places outcrops of solid ore in ledges occur, which we take to bo ore 
in place. The ore outcrops average iu width about 300 feet, the surface between 
them being composed of ore-bearing ground with dikes of rock. These dikes vary 
from 50 to 100 feet in width, and we take them to lie merely separations between 
the lenses of ore which lie below the surface, and do not cut the ore. We sank ten 
small test pits at random, and all of the pits yielded 1 ton of ore to 1 ton of dirt. 
We made first a sample representing an average of all ore exposed on the surface, 
and consider that the ore can be mined with but little sorting equal in quality 
as shown in analysis 1. The sample was taken by stretching a tapeline across 
and over the outcrops, aud a small piece broken off at every foot mark. The second 
sampling we endeavored to have represent the quality to which ore could be commer 
cially sorted (marked No. 2), and was taken by knocking off 300 small pieces.
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Analyses of iron ore from Hie Sigua mine, Cuba.

59

Ko. 1.

Per cent. 
58.10
15.50

.56

.71

Xo. 2.

Per cent.

5.10

.042
• .88

.28

Mr. B. V. d'invilliers gives the average analysis of four general 
samples of Sigua ore as follows:

Average composition of Sigua (Cuba) iron ore.

Metallic iron.. 
Phosphorus... 
Silica..........

Per cent.

58.40
.021

13. 360

With a revival in demand, it is expected that the exportation of Cu 
ban ore will increase, the output being conveyed to the United States. 
Hence it has been considered advisable to present data concerning the 
deposits more in detail than is given to those of other countries.

MEXICO.

In Mexico iron is produced in small blast furnaces and Catalan forges, 
some of the product being made in rolling mills, and at a number of 
the furnaces iron is run directly into castings. The Catalan forges are 
small and located in remote mountain ranges, the material being car 
ried to them and the product from them on the backs of burros or 
peons, and of the fifteen blast furnaces in the Eepublic not over ten 
can be considered as at present in condition to operate. With but one 
exception none have direct rail way connections, but in several instances 
it is practicable to secure this by branches of a few miles added to lines 
already constructed. Owing to the iron ore occurring in the mountain 
ranges, and to the absence of wood except in these mountains, most of 
the existing plants now haul their product by mule team for long dis 
tances over difficult roads before reaching railway communication.

But little domestic pig iron is produced for sale, most of it being 
made into castings or rolled into ordinary merchant sizes of bar iron at 
or near the blast furnaces; but large amounts of iron (either as pig or 
in the manufactured state) and of steel pay duty upon entering Mexico, 
while all of the railroads have concessions, extending over a greater or 
less number of years, admitting free of duty manufactures of iron and 
steel required for their construction, maintenance, and operation. These 
concessions embrace not only the rails, spikes, plates^ bridges, etc., used 
in construction, but also the locomotives and cars required for the
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equipment of the road, as well as the material, either in crude or man 
ufactured form, employed in the repair or construction shops. Some of 
the concessions have but a short time to run, but unless the domestic 
manufacture of iron is advanced in quantity and decreased in cost it is 
doubtful whether they will cease at the present limit.

The Republic of Mexico demands just such manufactures of iron and 
steel as are required elsewhere, but for the present the possibilities of 
producing steel rails and other products which can be made econonr 
ically only at works of large capacity, requiring- heavy capitalization, 
need not be considered. The present requirements of the Republic are 
more in the line of ordinary castings for machinery, for buildings, and 
for domestic use—chilled plows, chilled car wheels, agricultural imple 
ments, water pipes, etc.—while wrought-iron nails, spikes, merchant bar? 
ear pins and links, shapes and angle irons, hoop irons, and possibly plate 
or sheet iron would be in immediate demand.

At present the duties collected may be illustrated by that on pig iron, 
1 centavo per kilogramme, and that on castings of bar iron, 5 centavos 
per kilogramme, equivalent, respectively, to $10 and $50 per metric ton.

Mexico has abundant deposits of iron ores, the most renowned being 
the Cerro de Mercado, or Iron Mountain, near Durango. Just beyond 
the limits of the city, and less than 2 miles from its center, the Cerro 
de Mercado rises from the great plateau, a hill nearly a mile long, a 
third of a mile wide, and from 400 to 600 feet in height. The surface of 
the mountain exposing ore, so as to be classified as good mining lands, 
aggregates over 10,000,000 square feet; but there are indications that 
the deposit is not all above ground, but extends beneath the plain 
from which its top projects.

The Cerro de Mercado is apparently formed of one or more immense 
veins or lenses of specular and martite iron ore, standing nearly verti 
cal, the fragments of which have, by the action of the elements for ages, 
been thrown down from the slopes of the mountain as a talus.

An analysis of the average of samples personally collected by the 
writer from about 7,000,000 square feet of the surface of the hill showed 
the following composition:

Analysis of iron ore from tlie Cerro de Mercndo, Mexico.

Siliceous matter, including a little

Phosphorus iii 100 parts of iron. . ....

Per cent.

.288

.458

Enormous quantities of ore yielding in the blast furnace over 60 
per cent of iron, with phosphorus ranging from 0.05 to 1 per cent, can 
be obtained. The record of the last blast of the charcoal furnace close 
to the Cerro de Mercado showed that the iron ore obtained yielded over 
66 per cent in the furnace.
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Mr. T. F. Witherbee has given 18 analyses of this ore, which showed 
from 63.10 to 68.40 per cent of iron; phosphorus, 0.029 to 1.03; silica, 
0.22 to 6.97.

The deposit of iron ore at Durango is truly remarkable, and, judged 
by reliable data published, no other deposit has yet been definitely 
described and critically examined which excels the Oerro de Mercado 
at Durango in the apparent quantity of rich ore existing in an indi 
vidual deposit.

The compiler of these reports, speaking from personal inspection of 
many large deposits, and after examining numerous reports and state 
ments concerning ''mountains of iron ore," is free to assert that he 
knows of no deposit of iron ore where so great a quantity is visible as 
at the Oerro de Mercado. A period of eleven years intervened between 
his two visits to this unique deposit, viz, 1882 to 1893, sufficient time to 
eliminate any false impressions of magnitude which his early inspec 
tion, when he spent ten days on the mountain and in its vicinity, might 
have produced. When revisited in 1893 ore was being dug on the plain 
outside of the mountain boundaries for shipment as flux in silver 
smelters. This may be part of a great mantle of detrital ore, and its 
comminuted state would indicate this; or it may be merely the weath 
ered surface of a more compact body of ore. In a deposit of such 
magnitude it is not surprising to find considerable'VariatioTl-ia: tiltTCom- 
position of the ore. As a mass the ore of Oerro tie Mercado is not of 
Bessemer grade, but in some portions ore well within the limit for phos 
phorus is obtained, although they may not be sufficiently regular for 
dependence; in others the ore abounds in apatite crystals, which, how 
ever, readily separate from the mass, and as there are all intermediate 
compositions, a supply of ore suitable for most purposes can be selected.

In the State of Ooahuila iron ores of apparently" satisfactory char 
acter exist in sufficient quantity for development within less than 100 
miles of the present exploited coal fields and active coke ovens. It 
is probable that the extent of the coal field and also that of the iron 
deposits, when definitely determined, may bring these two raw mate 
rials still closer together. The coke now made from the coal obtained 
in this district is not a superior metallurgical fuel, but it is possible 
that it may be improved in quality at some additional cost of manu 
facture.

The prospectus of a mining company in the district of Ooalcoman, 
State of Michoacan, presents in favorable terms the possibilities of 
manufacturing iron on the Pacific Coast from iron ores claiming to exist 
in great quantity, and of a composition which is certainly very satis 
factory, using charcoal as a fuel.

Some of the known deposits of iron ores now unwrougut are as fol 
lows : In the State of Puebla, district of Matamoras, and at Acatlan, in 
the form of magnetite and hematite, and brown hematite at Zacatlan. 
In the State of Morelos, near Xonactepec, there are several varieties
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of apparently good ore. An excellent specular ore and some brown 
hematite are also found near Tepuxtepec and some magnetite near 
Buena Vista, both in the State of Guerrero. Bed hematite and mag 
netite and brown hematite are all found in the State of Zacatecas, and 
excellent ores are claimed to abound in the States of Oaxaca, Jalisco, 
Hidalgo, and in fact in almost all of the States of Mexico. These 
deposits are either remote from railroad connection, or, if more con 
venient, a supply of fuel can not be readily obtained, or they are in 
some of the depressed valleys, where the climatic conditions interfere 
with cheap labor.

Iron ores are at present mined to supply iron works at Durango, in 
the State of Durango; at Zacualtipan, Eucarnacion, and Apulco, in 
the State of Hidalgo; near Toluca, in the State of Mexico; at Tula, 
in the State of Jalisco; at the Comanja works (now idle) near Leon, in 
the State of Guanajuatb; near Tulaucingo, in the State of Hidalgo, 
and near Jojutla, in the State of Morelos. Most of the ores which are 
or have been smelted are of the brown hematite variety; those at 
Encarnacion are magnetites, and those at Durango red hematite. With 
the exception of au experimental campaign at Durango, when a mix 
ture of charcoal and coke was employed, charcoal has been the only 
fuel utilized for smelting the ores.

""" 5Bhe-d&p9§it--at-EnearnaeiO!i is of unusual extent, and large masses 
of the ore are " lode stone," giving rise to the tradition that the deposit 
originated from the fall of an immense meteorite. The same theory 
was in Humboldt's time asserted as accounting for the enormous deposit 
at Durango, and was possibly suggested by the large masses of meteoric 
iron found iu several of the Mexican States.

A careful estimate shows that 10,300 tons of pig iron were produced 
and 20,500 tons of irou ore mined in Mexico iu the year 1893.

HONDURAS AND GUATEMALA.

Mr. R. Pacheco states that no irou ore has ever been mined in these 
countries, but a large deposit of magnetite is reported in Honduras, 
near the east coast, which formed one of the speculative features of the 
Honduras luteroceanic Eailroad concession.

HAITI.

At the Columbian Exposition samples of magnetic iron ore from the 
northern and southwestern portions of Haiti were exhibited; also 
chromic iron ore from the island of V aches, oft' the southern coast. 
Iron ore is also reported to exist near Port au Prince.

The Haitian commissioners reported that no iron of any kind is pro 
duced, nor is the ore used commercially.
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SOUTH AMERICA. 

COLOMBIA.

Iron ores are found in various sections of this country, as in Ouni- 
dimarca, Antioquia, and in the region of the Cerro de San Cristobal, 
but it is reported that none is rained except to supply the Praderas 
Iron Works, situated on the plain about 40 miles east of Bogota, which, 
it is stated, produced 70 tons of pig iron per day for conversion into 
all kinds of hardware. Probably some 30,000 tons of iron ore are pro 
duced per annum. There 'is also an iron works at Pacho, about 45 
miles northwest of Bogota, which was founded about fifty years ago, 
but owing to the superior facilities of the Praderas Iron Works, whicli 
has been in operation only about twelve years, the former has been 
closed.

Col. Thomas B. l^fiohols gives the following interesting description of 
the works at Samaca, in the State of Boyaca, which, are no longer in 
operation, but which will serve as an illustration, of several other similar 
attempts made without proper investigation to develop industries "in 
sections of various countries which, by superficial examination, seemed 
to offer encouragement to investors:

Thirty-five years ago a blast furnace, a reverbcratory furnace, and a puddling fur 
nace were built near what were believed to be rich deposits of iron and coal. That 
project did not succeed in producing iron in satisfactory or paying quantity or 
quality, and after spending almost $50,000, the projectors gave up, and the property 
and enterprise passing into other hands, a company was then formed for the purpose 
of carrying it ou.

In 1878 a contract was made with two citizens of New Jersey to go to Saniaoa. 
and there erect a rolling mill with a capacity of 2,000 tons of finished iron a year, 
including rails of from 15 to 30 pounds to the yard, fiats varying in width from 2 to 
8 inches and from one-tenth to 3 inches in thickness; angular and T bars; round, flat, 
and square bars; iron for either rigid or suspension bridges; for roofs and buildings; 
channel iron; malleable-iron beams, columns, and armatures; plates a,nd other irou 
necessary for railroads, and iron for agricultural implements.

These men had understood that the blast furnace and accessories which were at 
Samaca would be capable of producing the crude iron that they would need to run 
the rolling mill. But they found that an entirely new plant must be constructed. 
A new contract, therefore, was made to build a blast furnace with a capacity of 
10 tons daily, a hot-air furnace, 6 ovens for roasting ore, and a cupola 25 feet high. 
In October, 1879, without naving accomplished anything in the way of paying results, 
the men abandoned the works and returned to the United States, and in 1880 the 
State became sole owner of the enterprise, appointed an agent to look after the 
accounts and manage, with the director, the funds, etc., pertaining thereto, and to 
assist him in the completion and operation of the works.

At this time there were upward of.200 men employed at Samaca. Of these 8 were 
Americans, and the wages paid them were as follows: Director, $8,000 a year; 2 
'masons, $7 a day each; 1 inolder, $5 a day; 1 blacksmith, $4; 1 carpenter, $4; and 2 
machinists, $3.50 and $2.50, respectively. Of natives there were 2 overseers at $2 a 
day each; 2 carpenters, $2.20 each, aud 2 at $1 each; 20 masons and hod carriers at 
an average of $1.20 a day each, and 167 peons at from 15 to 30 cents a day each.
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There were 2 ore mines, the poorer being nearest the works, and what ore had been 
used was taken from it in order to avoid going over the bad roads in the vicinity, 
which would have had to be done in order to get the better ore. There was a deposit 
of coal near the ore mines, but it was of a poor quality, and it was necessary to go 
3 miles to get good coal. The lack of transportation facilities is one of the greatest 
difficulties to be met witli in such an enterprise as the iron works of Sainaca. In 
transporting heavy machinery in that country it is taken apart as much as possible, 
and the parts are carried in cartss where there are cart roads, or, failing these, it is 
transported on the backs of men or mules.

It is more than twelve years since I made my report on the works, and at that time 
they had cost $405,519.95, and this did not include almost $9,000 that had been 
expended on the workmen. The works were not nearly complete or ready to operate 
at that time, and I have been informed the Government has never made any use of 
the buildings and they are being allowed to go to ruin.

I give the relative cost at the manufactories and at Samaca of some of the machin 
ery purchased and taken there: A narrow-gauge locomotive cost in Pittsbnrg, Pa., 
$3,575, and mounted in Sainaca $14,479.23. The iron parts for four cars cost at the 
manufactory $494.48; cost, delivered near Samaca, $1,610. The cost of a 175-horse- 
power turbine wheel at manufactory, $708; carried to the end of the cart road, 160 
miles from Samaca, $3,760. Eight hnndred feet of wire rope, 1 inch in diameter, 
original cost, $96; delivered in Samaca, cost $320. A report made in 1880 gave the 
cost of extracting 500 tons of ore as $1,000; cost of production of 200 tons of coke, 
$500;" and'the purchase price of 250 tons of limestone, $625.

PERU.

Iron ore is abundant in Peru, the high Cordilleras being cut by 
magnetic iron-ore veins, which generally cross the ridges of mountains 
at right angles to their axes. These magnetic veins are mostly in the 
diorites and porphyries, which have been uplifted in the Cretaceous 
limestones, forming, in Peru at least, the top of the Andes. These 
volcanic disturbances seem to have been very active in the latter part 
of the Cretaceous age. In places their action is shown only in some 
few hundred meters of ground, while in others whole leagues of terri 
tory have been thrown up and distorted, and long ridges of highly 
crystalline diorite hills have been formed. The size of the veins of 
magnetite corresponds generally with the area of volcanic action. In 
places where ftiis action has been local the width of the veins varies 
from 4 inches to 2 feet, while in the regions where the volcanic action 
has been more extensive veins are reported over 50 feet wide and 
mauy miles in length. The ore of these veins is generally well crystal 
lized. Some of the ores assay as high as 4 " marcs " of silver to the 
" cajou " of 60 quintals (6,000 pounds). To judge from their association, 
the ores are likely to be sulphurous and phosphoric, but there is no 
doubt of their high percentage of iron. Probably they have been 
formed in the crevices left by the porphyries and diorites. The rocks 
and veins cooling slowly together gave rise to the highly crystal 
line magnetic veins, which cut up the Andes in many places. Some 
of these veins occur associated with serpentine, some contain titanium, 
and others gold and silver. Some magnetite veins on the Pacific Coast 
are found in eruptive or metainorphic rocks of very old formation.
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Limonites also abound iu the high altitudes of the Andes, having 
been formed by the decomposition of iron pyrites. Some of these 
limonites are high in iron, but as they all contain silver they can be 
regarded principally as silver ores, which are known iu the country by 
the name of "pacos."

In the departments of Aiicacbs and Junin, about CO leguas (a Peruvian 
legua is equal to 3.4 miles, in round numbers) from the Pacific Coast 
and 4,000 feet above the sea level, there are important veins of hematite 
ore. The veins of Juniu are especially noteworthy, for this is the only 
place where iron ore is reported as being smelted in Peru. The "Cbuu- 
chos," or natives of the great Amazon Valley, come to this locality to 
provide themselves with salt from the great salt mountain (Montana de 
la Sal), which furnishes the greater part of the Amazon Valley with 
this condiment. While obtaining salt the "Chuuchos" also produce 
some iron, using crude Catalan forges made of adobe and blown by 
wooden bellows. The furnaces are about 2£ feet square and 3 feet high. 
The ore is generally fed by itself, but sometimes lead and salt are added, 
very fusible silicates, of lead,x so.da, .and .iron,being. formed._..,Th,e-fuel 
used is charcoal.

In Peru the savages are the only iron producers; their more civilized 
compatriots are satisfied with buying iron from abroad, whether it be 
in the form of horseshoes or rails, paying in silver at the rate imposed 
for these articles. According to the reports of engineers engaged in 
constructing the Ferro Carril Central del Peru, many Peruvians were 
satisfied to obtain foreign iron without a silver equivalent, and serious 

, inconvenience was,occasioned by the removal of rail spikes, nuts, car 
links, pins, etc., and, in fact, of any other form of ifoirv^hTcu"could be 
readily carried away.

There is really no coal or iron industry, in Pern. The severe topo 
graphical features of the country, the absence of roads and also of wood 
on the Pacific Slope, the ignorance of the people as to iron production, 
and the repeated civil struggles which have beset the country have 
retarded its development and prevented the exploitation of the coal and 
iron deposits that are known to exist. It is claimed that the heart of 
Peru, that is, the top of the Andes, is practically a coal-bearing region, 
yet the largest and most successful silver smelters located on the railway 
receive most of the coke from England and roast the ores with " taquia," 
the excrement of llamas. Charcoal or wood is principally used for loco 
motives and stationary boilers. An interesting deposit near Tumba is 
claimed to consist of carbonized wood, found below the surface of a 
region devoid of any signs of vegetation.

Senor Vicente Pazos y Sacio, of Pachuca, Mexico, furnished much 
of the above dataiu regard to Peru, which has been supplemented by a 
revision by Mr. James R. Maxwell, C. E., who was engaged for eight 
years in constructing railroads in Peru.- 

10 GEOL, FT 3——5
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CHILE.

Mr. C. Vattier made a report to the Chilean Government on the iron 
ores of that country, which he states may be geologically divided into 
three main sections. Near the coast are the granites, diorites, syenites, 
and similar rocks, together with mica-schists and clay-slates. At the 
back of these rocks, farther inland, occur Jurassic, Triassic, and meta- 
morphic rocks. Finally, there are the rocks of the Cordilleras.

The granitic rocks of the coast region contain the more important of 
the iron-ore deposits. The veins are larger and more constant, and 
the ore richer and purer than those met with in the other districts. 
Among the known deposits of iron ore are those of Mejilloues, Autofa- 
gasta, Taltal, Chanaral, Caldera, Huaseo, and especially those of Toto- 
ratillo and Coquimbo, and near the harbor of Los Vilos, as well as one 
recently discovered in the south, near Lebu.

The second region, which includes the Jurassic deposits, lies east of
the region just described, rises to a certain height on the Cordilleras,
and in the north approaches the coast somewhat closely. Beds of iron

"and manganese occur near the Sierra Gorda, Jnncal, and Terra Ama-
rilla, and large veins are found at Tres Puutas, Atacama.,

The third district, still farther to the west, rises high up the Cordil 
leras. In this region spathic ore occurs at Chizbla, well up in the 
mountains, and farther down at Challacollo both iron and manganese 
ore are met with, while titaniferous iron sand is found in the Atacama 
desert, near Calama and at other places. In the departments ll'.apel 
and Combarbala, iron and manganese mines exist at Batuco, Lampa 
Maipo, and San Felipe. -. The ores of irou discovered'are chiefly o'xides, 
are generally low in sulphur and phosphorus, but spathic ore'is occa 
sionally found.

No iron is manufactured, and the only irou ore mined is used as a 
flux in silver smelting.

VENEZT1ELA.

Mr. S. Norton, who made two journeys to Venezuela, states that an 
iron-ore deposit on the Orinoco Eiver at Imataca, Venezuela, is of 
great extent, and adds:

There are millions of tons of iron ore of high grade that can be mined and 
shipped at a low cost. The ore was first found at the east end of a spur of the Iina- 
taca Mountains, about 54 miles from the mouth of the Orinoco River. It was mined 
near an island called Corisimo, formed by a small arm of the Orinoco River passing 
around it. Large vessels are able to come within 50 feet of the shore, and at some 
places still nearer. The ore is traced to within 1,600 feet of the river and 200 feet 
above it. Bowlders of iron ore weighing from 100 pounds to 100 tons cover an area 
on the tops of the hills 3,000 feet long and 100 feet wide, there being in sight from 
150,000 to 200,000 tons of Bessemer ore. The true vein has an average thickness of 
12 feet, and samples taken at widely separated points show an unchanging charac 
ter. Bowlders of iron ore are also found at points 6, 32, and 35 miles to the west 
ward. A large outcrop is also to be seen on Corisimo Island.
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Mr. Norton continues:
The above is a brief description of what is claimed to be the small end of the 

range. Explorations carried on to the west show that as the height of the hills 
increases the size of ore bodies increase also, until at places the outcrop is from 100 
to 300 feet wide, and as explorations now extend over about 6 miles, each suc 
ceeding test trench to the westward showing more and more ore, and as we know 
that the ore is to be found at a point 35 miles beyond, we have, I think, good reasons 
to believe that there are at least 35 miles of au ore range. On the north slope of the 
hills, as far as I have been, there are thousands of tons of ore which have been 
worked down from the disintegrated vein matter, so that if I should do as many 
others in describing the range I would say that the outcrop was from 500 to 1,000 
feet wide. This ore could be easily and cheaply won. The navigation of the Ori 
noco is not difficult (the lowest water we found was 22 feet) and I never saw a place 
where a beginning could be made at so low a cost; in fact the location is an ideal 
one. Tbe Orinoco River is navigable for 1,200 miles, and this whole region is open 
for American trade and should give return cargoes to the vessels engaged in the 
transportation of the iron ore.

A sample of Imataca ore, analyzed by Mr. Clemeiis Jones, showed as 
follows:

Analysis of iron ore from Imataca, Ve»ezuela.

Manganese .....................

Per cent.

.0327

- — -, .™_'—

Per cent.

3 9R7
697

BRAZIL.

The iron-ore production of Brazil is at present limited to the demands 
of two small blast furnaces, one in the State of Sao Paulo, and one in 
Minas Geraes, and of a considerable number of direct-process forges in 
the latter State. No iron ore is exported. The Government blast fur 
nace, established in 1818 at Sao Joao de Ipariema, in the State of Sao 
Paulo, was remodeled in 1865 for a daily output of 3 tons of pig iron, 
and presumably the annual production since that time has been on that 
basis or .somewhat augmented. The furnace at Es-peranca, near Itabira 
do Campo, in the State of Minas Geraes, belonging to the Compauhia 
Forges e Estaleiros and having a capacity of 5 or G tons a day, has 
been in blast since the early part of 1892. The number of direct pro 
cess forges, situated mainly in the region between Ouro Preto and 
Diamantina in the State of Minas Geraes, was estimated in 1883 as 75, 
with an annual production of at least 1,600 tons. Some of these forges 
have been enlarged, and the annual production is probably considerably 
increased, but no reliable data is at hand for estimating it, though 2,500 
tons would probably be a maximum figure. The total iron-ore output 
therefore is presumably in the neighborhood of 12,000 tons per annum.

The Ipanema iron is consumed mainly by the Government railways 
and arsenals, but a portion of both cast and wrought metal is worked 
up at the establishment for local agricultural and industrial needs.
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The Esperan$a irou is largely consumed by the mining enterprises of 
the neighborhood, and enters the general local trade, or is shipped to 
the Eio de Janeiro foundries. The product of tlie direct process forges 
is converted into horseshoes, nails, etc., or is used for the simple agri 
cultural implements required in the immediate vicinity, and to a limited 
extent supplied to mining enterprises for stamp heads and other uses. 

The extent and importance of the iron ore deposits of Brazil are great, 
but up to the present time lack of fuel and of transportation facilities 
has retarded the development of the iron industry. The principal and 
most accessible region is in. the State of Minas Geraes, extending also 
into Bahia. A prominent geological feature of the Serra de Espinhaco 
Mountain range, that forms the divide between the River Sao Francisco 
and tlie coast rivers, is "itabirite," a rock composed of granular quartz 
and micaceous hematite. By decomposition the quartz disappears, and 
this becomes a fair hematite, often massive, but usually friable. When 
in the latter condition the beds frequently carry peculiar stringers of 
gold-bearing iron ore with clay, known as " Jacutiuga," and a large part 

f Minas Geraes has been derived from this formation. 
Throughout a considerable portion of the range, continuous surface 
exposures of the ore beds can be traced for miles, and many of the most 
prominent peaks, such as Itabira do Gampo, Itabira do Matto, Deiitron, 
Piadada, Curral d'el Rei, etc., appear to be composed principally of 
iron ore. This is particularly the case in the region between Ouro Preto, 
the capital of the State, and Diamautiua, where, throughout a distance 
of about 200 miles, three or four parallel ridges of the ore occur. This 
is the region supporting the Esperanca blast furnace and the direct- 
process forges above mentioned, and the reported excellence of their 
product attests the character of the ore.

Unfortunately, this ore region is without an adequate supply of fuel 
for the development of an iron industry. No coal is known in the vicin 
ity. A large part of the region is in " campo," and the forest that 
formerly covered another part has been devastated to a considerable 

• extent. No ore has as yet been shipped to the coast towns for smelt 
ing with imported coal, or to Europe, nor can such shipments be made 
with the present high rates of freight on Brazilian railways. The ore 
district is now tapped by the Central Eailroad at a distance of about 
500 kilometers (325 miles) from Rio de Janeiro, and several other roads 
under construction from the coast of Espirito Santo and Bahia will ulti 
mately reach it at a less distance from tide water. The character of the 
ore, and the facilities for mining, owing to the elevated position of the 
deposits and the friable nature of the ore itself, are of the best, and it 
is claimed that cheap transportation is all that is required to make this 
extraordinary region an important factor in the world's production of 
iron ore. At several points of the same region excellent manganese 
ores are reported in connection with those of iron.



PRODUCTION OF IRON ORES. 69

Several mineral regions, though of less extent, are found farther west 
in the same State of Minas Geraes, and in those of Goyaz and Matto 
Grosso. These are, however, too far inland and too far removed from 
any known supply of fuel to be of much importance, 'except for purely 
local consumption, for a long time to come. A possible exception may 
be the deposits about Curumba, in the State of Matto Grosso, which, 
located on the navigable waters of the Paraguay Kiver, might furnish 
ore to a portion of the La Plata Basin.

Aside from the hematite ores, magnetite deposits of more limited 
extent are known to exist at various points in nearly every State of 
the Republic of Brazil. No special examination of the deposits has 
been made, but apparently some of them are of great extent, and the 
ore is of excellent appearance, but, like magnetic ores elsewhere, they 
are probably subject to an admixture of titanium and apatite. At 
present magnetite is worked only at the Government foundry of Ipa- 
nema, in the State of Sao Paulo. Two deposits, reported to be of 
large size and good quality, are within a very few miles of the excel 
lent ports of Antoniua, in the State of Parana, and at Sao Francisco 
do Sul, in the State of Santa Catharina, the ore at the latter place 
being associated with manganese. The facilities for shipping from 
these points are such that, if the ores prove as good as reported, it will 
probably not be long before they are exploited.

Acknowledgment is due to Mr. Orville A. Derby, "Commissao Geo 
graphies e Geologica," of Sao Paulo, Brazil, for the above information 
in reference to the iron ores of Brazil.

Mr. William E. Gurtis, formerly in charge of the Bureau of Amer- 
- ican Republics, supplied the following analyses of some of the iron ores 
of the State of Minas Geraes:

Analyses of iron ores from Minas Geraes, Brazil.

Ferruginous conglomerate of Gran-

MetalKcs 
iron.

Per cent. 
69. 866

PARAGUAY.

Iron ores are found in Paraguay, but none are reported as being 
worked.

URUGUAY.

Iron ore is found in many localities in the northern district, and in 
the hill ranges of the interior, bnt the deposits are not worked. Lett- 
soin, an English mineralogist, reports the finding of some very rich 
magnetic ore.
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ARGENTINA.

The Government mineralogical bureau mentions iron pyrite in cer 
tain districts and ferruginous clays in others. It is also stated that 
magnetic iron ore occurs in considerable quantities in the Province of 
Catamara, in the western-central portion of the country, which is now 
being exploited.

BOLIVIA.

This country exhibited some specimens of carbonate of iron and iron 
pyrites at the Paris Exposition, but no iron ores are reported as either . 
mined or treated.

EUROPE. 

GREAT BRITAIN.

As the most active competitor with the United States for supremacy 
in iron production, and as a nation which for many years led the world 
in this specialty, Great Britain is entitled to considerable space in this 
discussion, and hence details are given with liberality.

The iron ores of Great Britain are liberally distributed through 
England; a large quantity is raised in Scotland, and smaller amounts 
are produced in Wales, Ireland, and the Isle of Man.

The ores may be classed in a general way as—
. ,]L. Limonite, found mostly in the rocks of the Subcarboniferous and 
Jurassic ages. The later and more important of these deposits are in 
a broad belt stretching from Lincolnshire to Wiltshire, and are worked 
in Lincolnshire, Northamptonshire, Leicestershire, and Eutland. The 
deposit seems to have been originally a bed of carbonate, lying so 
close to the surface that the ore passed into the condition in which it is 
found.

2. Hematite, found in the rocks of the Subcarboniferous age, 
although a small amount is taken from Devonian rocks, and the lean, 
aluminous, brown ores of Ireland (used for mixing with the more sili 
ceous ores of England), which occur in bands of basalt of Tertiary 
age. The hematite mined in England is taken from the mountaiu or 
Carboniferous limestone of Cumberland and Lancashire, while the 
Irish ores are found in the provinces of Leinster and Ulster, principally 
the latter.

3. Carbonate, the great portion of the iron ore now mined, which 
comes from the same group of rocks as the liinonite mentioned above, 
i. e., the Jurassic, but from a lower horizon, namely, the marlstone or 
Middle Lias. Being covered with a considerable thickness of rock, it 
is unchanged in composition excepting at outcrops. The remainder of 
the carbonate ore produced is the clay ironstone of the Carboniferous 
formation, which a number of years ago was the mainstay of the
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British iron trade. It is now, however, displaced by the ironstone of 
the Oolite and Lias, Scotland and Staffordshire being the principal 
producers of ore found associated with the Coal Measures.

Mr. H. Bauermau, author of The Metallurgy of Iron, gives the fol 
lowing data concerning the carbonate ores, and divides them into 
(1) Cleveland ore, (2) balls and clay-band stout, (3) black-band ore, 
(4) spathic carbonates.

Spathic carbonates are found at Perran, Cornwall, Brendon Hills, 
Somersetshire, and in Weardale. Only the latter mines are at present 
operated, the ore now being used in the manufacture of spiegel iron 
for steel, etc.

Black band is obtained chiefly in the pottery (North Staffordshire) 
coal field, and is used in making forge iron. When calcined the black 
band is largely employed as fettling material under the name of " pot 
tery mine," the best pieces being put aside for that nso, and only the 
leaner kinds smelted.

Nodular carbonates of the Coal Measures are now principally used 
in making special classes of iron, such as cold-blast, foundry, and chill 
ing iron for roll-making in South Wales, Shropshire, and South Staf 
fordshire, and the highest class of malleable iron in the West Riding 
of Yorkshire. They are too costly for common forge purposes. The 
Scotch clay-bauds, which contain manganese, and are somewhat dolo- 
mitic, are mostly sinelted for foundry iron.

Irish ore, the pisolitic brown ores of Antrim, occur in thin beds rep 
resenting old lake bottoms in the basaltic plateau that covers the north-1 
east of Ireland. They vary from an ore yielding 40 to 45 per cent of 
iron to a mere aluminous clay. This ore is probably of Miocene age.

Of the iron ores produced in late years approximately over one-half 
is carbonate, one-quarter hematite, and one-fifth limonite ore.

Sir Lowthian Bell, in an article on "The American iron trade," 1 
classifies the English iron ores as follows:

(1) Altered carbonates (a variety of browu ores) got by open work 
from the Lias and Oolite formations in Lincolnshire, Northamptonshire, 
Leicestershire, etc.

(2) Carbonate (clay ironstone2) got by mining in the Lias, as in 
Cleveland.

(3) Carbonate (clay ironstone) got from the Coal Measures as it occurs 
in Scotland, Staffordshire, etc.

(4) Red hematite, largely wrought iu Lancashire and Cumberland.
(5) Brown hematites, such as the ores of Antrim, in Ireland, and the 

Forest of Dean, neither of these being of much importance.
(6) Sundries, consisting of different varieties, but all in unimportant 

quantities. , 
The following interesting statement for three years ending December

1 Special volume of the British Iron and Steel Institute, 1890.
! 0tlier metallurgists claim that this is an oolitic fossiliferous limestone, transformed into limonite.
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31, 1890, shows the amounts of British iron ores mined, and the value 
in gross and per ton, as well as that per long ton per unit of iron, in 
American money:

Production and value of British iron ores, 1888 to 1890.

Years.

1889 .......... 
1890..........

Amount.

Long tons.
14, 546, 105 
13, 780, 767

Total value.

18, 625, 617. 12

Value per 
ton.

$1.16
1.28 
1.38

Average 
percentage 

of iron.

35.85
35.62 
35.18

Approxi 
mate value 
per ton of 
pigmetal.a

3.60 
3 93

a Dividing the above by 100, the cost per unit of iron in the ere iH 3.23, 3.6, ami 3.93 cents, respectively, 
for the years named, the percentage of ore being considered as based <m the furnace yield.

This table indicates an apparent increase in the cost of mining the 
iron ores (probably on account of greater depth), while the average 
percentage of iron in the ore is decreasing.

Mr. Josiah T. Smith, in a paper read before the British Iron Trade 
Association on "Great Britain's requirements and available supply of 
Bessemer ore," states that iron ore is found in no less than twenty-seven 
counties in England, twelve in Scotland, and one each in Ireland and 
Wales. He divides them into two heads, the hematite and. Lias, and 
says that of the latter there is a good supply, but that of the "hematite, 
however, the quantity available is more uncertain, and although it has 

_recently been proved by new discoveries to be more abundant than was 
at one time supposed, it -is doubtful if the present annual output could 
be largely augmented, or indeed quite maintained." From this state 
ment and from the falling oft' of the iron-ore output it may be inferred 
that Great Britain has reached the height of her iron-ore production, 
and a reduction of her annual output may be expected, and is in fact 
shown by the figures given above and by later statistics.

The brown oolitic ore found in Lincolnshire is a bed reaching some 
times a thickness of 20 feet. Mr. Bell reports a series of analyses rep 
resenting the composition of every foot of the seam, which, as will be 
seen from the following resume", show great irregularity in its different 
layers.

li&umv of analyses of Lincolnshire (England) nolitic iron ore.

Carbonate of lime-

Per cent.

3. 18 to 60.' 63 
5. 44 to 17. 98

Average 
per cent.

34. 2(1

22.40

The Lincolnshire ore is manganiferous, and is best fitted for making 
basic white iron, with about 2 per cent of manganese.
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Instead of having the very calcareous nature characterizing the 
Lincolnshire ore bed, that of Northamptonshire is siliceous. In a 
description of a visit of the Geologists' Association to this county, 
the following statement is made: l

The ironstone beds vary muck in thickness, in the quantity of iron in them, and in 
the mode of their occurrence. Most of the Inferior Oolite fossils are found in these 
beds. At Duston the iron ore has been dug without intermission for a great number 
of years. Sometimes a depth of nearly 25 feet can be utilized, but more often the 
uppermost and lowest beds are rejected, the former being sandy and poor, and the 
latter containing phosphates. The character of the best ore is peculiar, consisting 
of nearly rectangular, or it may be oval, concentric boxes of rich, dark iron ore in 
the condition of limonite, with cores of ocherous or green material. This is mostly 
carbonate of iron with some silicate, and in the lower beds about 2 per cent of phos 
phate of iron, giving it a bluish tinge. The latter ore is thrown to one side. The 
proportion of iron in the \vorkable ore varies from 25 to 30 per cent, though the 
casings contain a greater and the cores a less amount. The probable source of the 
iron in these beds has given rise to much discussion. The most satisfactory expla 
nation appears to be that the organic acids produced by decomposing vegetable 
matter in the estuarian beds above gradually attacked the iron-containing minerals 
of the beds in which they occurred and of those below, dissolving the iron^ and thus._ 
leaving the upper layers bleached as white sand. The iinpervions Lias clay kept the 
ferruginous water in contact with the lower beds, so that as the hydrostatic pressure 
forced the solution along the lines of least resistance in these lower layers lime was 
gradually replaced by iron in the beds, and iron by liine iu the water. Oxygenated 
•water finished the operation and produced the hydrated peroxide now met with.

Sir Lowthian Bell says that the ore is very easily mined, almost as 
easily as clay for bricks.

According to Mr. M. H. Mills, it was not until 1876 that any serious 
attempts were made to use the iron-ore deposits of Leicestershire. Iu 
the vale of Belvoir the soft Keuper sands and the overlying Lias shales 
lie conformably and dip to the southeast. Farther eastward is found 
the marlstone in an escarpment of hard, arenaceous rocks. The work 
able bed of iron ore, <> to 9 feet thick, lies on the
overlying oolitic limestone forms an ^teBsiVfTtSijTe-laiid. The bed, 
however, is very variable in thi^lniess and quality. There is a continu 
ous outcrop of this rock bed from Melton-Mowbray to Grantham, and 
all along it there are extensive workings of ironstone by several com 
panies. The workable Ironstone is about 8 feet thick,.with 4 to 6 feet 
of cover, and rests on ferruginous limestone. Long cuttings are driven 
and the cars are laid close to the face. The stone is removed in small 
iron wagons, by a locomotive, to a tipple, where it is loaded on the rail 
road cars. The refuse is spread behind the face and covered with soil 
to renew the surface. The ore is not usually calcined unless it is 
heavily charged with moisture.

Iron ores of the Carboniferous limestone, northern counties.—The prin 
cipal mass of the iron-producing Carboniferous limestone of the north 
ern and north midland counties of England emerges from beneath the 
Coal Measures of Durham and Northumberland in the east, and is

1 Proceedings of the Geologists' Association, vol. 12, pp. 172-190, London, 1892.
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bounded by a steep ridge overlooking the vale of Edeii on the west. 
It reaches its highest point in the mountainous range of Cross Fell, 
and forms a tract of moorland country, which, in the neighborhood of 
Alston, extends for a width of 25 miles, while in the elevated region 
adjoining the Scottish border it stretches almost completely across the 
island. After an interval of a few miles, the same formation again 
rises toward the west, from beneath the new red sandstone of Peurith 
and the Coal Measures of Workiugton and Whitehaven, and forms a 
comparatively narrow belt around the older slaty rocks of the lake dis 
trict. The structure of the high land, on which are situated the towns 
of Alston, Hexham, and Altwhistle, differs materially from that of the 
contemporaneous formations occurring both in England and Wales, 
farther south, which for a great thickness consist principally of almost 
uninterrupted beds of liinestoue. Some of the lead veins in the vicinity 
of Alston, in portions of their course, instead of being composed of the 
usual veinstones accompanying lead ore, such as calcite, fluorspar, 
etc., are filled with brown iron ore, and many veins have yielded large

-quantities of..this character- of ore. In the eastern part of this region 
spathose iron ores make their appearance abundantly in the lead veins. 
The red hematite ironi the vicinity of Whitehaven in Cumberland, and 
of Furness in Lancashire, is obtained either from the Carboniferous 
rocks or from those of the Silurian age. Practically, however, it is 
derived almost entirely from the former, since the deposits in the Silu 
rian rocks are of extremely limited extent.

The Carboniferous limestone series consist mainly of alternations of 
limestone with shalets and sandstones. The sandstones and shales are 
generally thin, often not more than 2 or 3 feet, and seldom exceeding 
12 feet in thickness. On the other hand, the limestone occurs in 
enormous beds, sometimes exceeding 300 feet in thickness, and it is in

^these thick masses of mountain limestone that the hematite is princi 
pally ̂ ibu-ndr-»!gih&,.o!-e fills fissures and lake-like basins in this rock, 
sometimes immediately below "tTTe-<dxift, while at others it presents 
itself in an irregular form deep down iri^the Carboniferous limestone. 
It is found in almost every bed, from the lowest, resting on the Silurian, 
to the highest, forming the base of the Grits ;aiid the Yoredale rocks, 
at Whitehaveu and Furuess, respectively. In consequence, however, 
of the inclination of the limestone, and the extent to which it has been 
denuded, this difference of geological horizon does not always aifect 
the actual level of the deposits,, and many of them occurring in the 
lower beds are found much nearer the surface than those in the higher 
ones. At Whitehaven some of the finest deposits of iron ore occur in 
the upper beds of limestone—those lying immediately below the Grits. 
At Bigrigg, Crowgarth, and Parkside the ore is found in large, irregu 
lar masses jn the limestone immediately under the Millstone Grit, one 
of the beds of which forms in each case the roof of the deposit. In 
section these deposits present in many respects the appearance of a 
bed, since they follow the dip of the rocks in which they lie and usually
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preserve a tolerably uniform thickness, which in different deposits 
varies from 4 to about 40 feet. But few of the deposits occurring 
immediately under the Grits are found to be at any great distance from 
the upper edge of those rocks, and in many cases the ore comes from 
beneath them to the bottom of the drift.

The superficial extent of these deposits is sometimes very large, that 
at Parkside having an area of 18 acres, while numerous others vary in 
size from 2 to 10 acres. In Furness one deposit only has been found as 
yet while searching for coal—in the highest bed of limestone immedi 
ately beneath the Toredale rocks. The deposits in the intermediate 
beds are many arid various. Some of them lie immediately below the 
drift, in basins hollowed in the limestone; others are at considerable 
depths in the limestone, inclosed in irregular caverns, which are some 
times at a depth of 35 fathoms from the surface and surrounded on all 
sides by limestone. The deposits in the lower beds of limestone resting 
upon the Silurian rocks are among the finest which have been found in 
the Furness district. Among these may be mentioned those of Park 
and Lindal Moor, the first of which extends over an area of 15 acres, 
and at one point has been proved to a depth exceeding 300 feet. The 
deposit at Lindal Moor is 900 yards in length and about 23 yards wide. 
At Whitehaven the hematite is usually of a dull red color, and occurs 
in hard, compact masses containing numerous irregular cavities, which 
are frequently lined with a botryoidal concretion generally known as 
"kidney ore," on which a coating of specular iron ore, quartz, and 
calcite is sometimes formed. On the other hand, the ore at Fnr- 
ness consists, to a large extent, of a loose, incoherent material composed 
of delicate filmy scales of micaceous iron, soiling the fingers when 
touched, and inclosing fragments of more compact ore, many of which 
have a concretionary structure. The harder hematite, locally known 
as "blast ore," is employed entirely for smelting purposes, while the 
softer variety, sometimes known as " smitty orcf'^& nli"a"'c'u!"!5f!?SlS" liolPToriEi- 
ingthe bottom of puddling- furnaces.

In the Cleveland district, the most important iron-ore region of 
England. Mr. Bell sflates that there are two well-known scams of this 
ironstone, the Upper and Lower beds. The first was objected to as 
being siliceous and irregular in quality. In the southern portions of 
the district its position can only be traced by a thin and unworkable 
band. At Eosedale Abbey it thickens to as much as-10 to 12 feet. 
When first opened it was considerably richer than the lower seam, con 
taining as much as 37 or 38 per cent of iron. This sample, however, 
had lost one-third of its original carbonic acid. It is obtained near 
Eosedale Abbey by drifts in the seam itself, and as the workings 
advanced the ore became poorer, partly from more of the metal being 
in the form of carbonate. Immediately beneath the top seam there was 
found, within 80 feet of each other, on the face of a lofty cliff, two 
wedge-shaped masses of ironstone, with their points downward. The
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upper base of these two triangular deposits had a width of 240 and 330 
feet, respectively, the former having a perpendicular height of 50 feet 
and the latter of 100 feet. These two masses of ore united at 200 or 
300 yards from the face of the drift, but soon after, viz, at a distance 
of 400 yards from the face of the cliff, the united mass suddenly came 
to an end, as ultimately did the mine. This stone was a dark blue- 
black in color, with a distinctly magnetic action, and contained nearly 
50 per cent of iron. The top seam itself having,-however, only a thick 
ness of about 4 feet, was worked at Eosedale, close to the sea, and at 
Ingleby Greenhow, but Kosedale Abbey is now the only mine worked 
in this bed of stone.

Mr. Bauerman states that the oolitic and liassic ores are essentially 
pseudomorphs of oolitic limestones in siderite, which have weathered to 
limonite. The phosphates are also to some extent of later formation.

The Lower bed may be regarded as the only general source of the 
ironstone of Cleveland. It had been worked as early as the year 1836 
in the neighborhood of Whitby, but 1850 was the year of its discovery 
at Eston, near Middlesborough. The ironstone seam in the northern 
portion of the field has a thickness varying from 8 to 10 feet. A small 
shale parting divides the seam, which gradually increases in thickness 
southward, until in the valley of the Esk the bed is split in two, with 
31 feet of rock intervening-. The average yield of ironstone as worked 
at Gi'osmont did not exceed 25 per cent, against 31 per cent in the best 
mines near its northern boundary.

Mr. Bell says that the composition of the Cleveland ore is shown by 
the following analysis:

Analysis of Clef eland iron ore.

Per cent.

39 92
.95^

3.82
22.85

'

Per cent.

4.58
7 19

33 54
.812

He also gives the following analyses showing the composition of 
various parts of the Cleveland bed, where the shale bed is 12 inches 
thick:
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Composition of the Cleveland (li'ngland) iron-ore &C(J in different layers.

77

Top of 
seam 

(3.i feet 
thick).

Per cent. 
13.75
11.10

6. 75
3.13

29.40
.611

Dogger 
(0.8 foot 
thick).

Per cent. 
15.00

4.07
1 40

20.50
39.57

27.70
.611

Shale 
(1 foot 
thick).

Per cent.
20. 14
3.50
3.03

82

.472

Bottom 
(2.3 feet 
thick).

Per cent.

10.96

.09

23 00
43.14

.611

These figures prove not only the existence of a band of shale poor 
in iron, but also an additional amount of earthy matter in other parts 
of the seam, by which the percentage of iron is reduced.

The ironstone of Cleveland occurs in the Middle Lias, the two prin- 
'eipal beds being known respectively as, the Peetorr and'Avlcula'seaius;' 
from the prevalence of fossil shells belonging to those genera. The 
usual color is a dull bluish-green, arising from the presence of silicate 
of iron, its structure being oolitic, with numerous interspersed fossils. 
The beds worked extend inland from Eedcar to near Middlesborough 
on Tees. At Eston the main bed attains its greatest thickness. From 
Eston the bed gradually but slowly thins off toward the southeast, 
but in the opposite direction this takes place more rapidly.

In former days the Scotch iron -trade owed its success to'the variety 
of clay ironstone known as "blackband" ore, found in the Coal 
Measures in seams varying from 12 inches to 2 feet, and as delivered 
at the bank containing about 33 per cent of iron. The mineral was 
piled in large heaps and fire applied; the associated combustible 
matter, being sufficient for calcination, disappeared, leaving the cal 
cined ore containing about 55 per cent of iron. The employment of 
this mineral is now almost a thing of the past, but the furnaces when 
using local ores are fed with clay bands which appear to afford about 
30 per cent of pig iron. Scotland, however, still maintains its position 
as to the quantity of iron produced by liberal importations of foreign 
ores, chiefly Spanish.

Hematites.—The deposits of red hematite in the west of England 
vary a great deal as to their dimensions and purity. This ore is, as 
previously stated, found principally in Cumberland and Lancashire. 
The chief working localities are near Brixham, in Devonshire, and a few 
small mines in the Mountain limestone of the Mendip Hills, in Somer 
setshire. These are now used for paint.
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The Forest of Dean was probably one of the first seats of iron trade 
in Great Britain, for there is evidence that the Romans carried on the 
manufacture of iron there on a large scale. The Farewell Rock, or 
Millstone Grit, which underlies the Coal Measures throughout the For 
est of Deau, contains in its lowest bed a deposit of iron ore, which to 
a small extent is worked on its eastern outcrop; but the extensive 
deposits of ore which supply the iron of the Forest of Dean occur in 
pockets or "churns" in the upper beds Of the Carboniferous limestone. 
Some of these churns often contain several thousand tons of brown 
hematite, which is for the most part soft and easily worked> but which 
nevertheless varies considerably in quality. The Black Brush ore 
sometimes contains as much as 90 per cent of peroxide of iron, but the 
poorer varieties, being contaminated by an admixture of clay and car 
bonate of lime, are proportionately less rich in iron. The most impor 
tant workings in the limestone of this district are those situated on its 
eastern outcrop, where cavities in the almost perpendicular beds are 
filled with deposits of rich ores. On the western side of the field, 

~wHere7'tte~stratHi-are~ less inclined, iron mining has long been exten 
sively carried on. All the more successful mines, however, are found 
to lie to the dip of the excavations made by the ancient miners, who- 
frequently penetrated to greater depths than could have been expected 
with the means at their disposal.

Iron ores of the Mesozoic age.—The marlstone bed forming the high 
est portion of the Middle Lias series is often ferruginous, and in certain 
localities constitutes a valuable ironstone, sometimes attaining a thick 
ness of 20 feet. This ore has been worked at Adderbury, Steeple Aston, 
and at Fowler, near Stonesfield, Oxfordshire.

Brown hematites of a somewhat sandy and impure character occur 
in the Lias, Oolite, and Lower Greensand formations, and are found 
from the northern parts of Wiltshire to the Wolds of Yorkshire, pass 
ing through Oxfordshire, Northamptonshire, and Lincolnshire. It has 
usually the appearance of a brown ferruginous oolitic rock. The most 
important of these deposits is that at the base of the inferior oolite, 
which extends from the neighborhood of Banbury through Northamp 
tonshire. These ores are poor in quality and cheaply mined.

The hematite deposits of West Cumberland and Furuess have, it is 
stated, been worked from the twelfth centiiry; and, on account of the 
comparatively high percentage of iron in the ore, they have been an 
important factor in the supply of Great Britain. The hematite deposits 
hitherto wrought occur in the center and at the extreme ends of a belt 
of country extending along the seacoast from Whitehaven northward 
for a distance of about 33 miles, its greatest width being about 8 miles. 
Those in the north are about Kelton, Salter, Winder, Frizington, 
Cleator Moor, Bigrigg, and Egremont, and those in the south at Sile- 
croft, Hodbarrow, Water Blean, and in Furness, the central part of the 
belt being worked in the hills about Eskdale.
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Mr. J. D. Kendall, in his work on The Iron Ores of Great Britain aiid 
Ireland, states that these ores are all found in the Carboniferous lime 
stones, but that numerous deposits, not commercially important, occur 
in the Eskdale granite and Ennerdale syenite. The deposits in Car 
boniferous limestone are in variable shapes, being sometimes bed-like, 
again vein-like, and at other places filling dish-like hollows in the lime 
stone, immediately below the drift, while not infrequently they have a 
most irregular shape. The bed-like and vein-like deposits are nearly 
all found in the Whitehaven district. Good examples of the former 
are seen at Bigrigg, while the Lindal Moor deposit illustrates the latter 
type. A good example of an irregularly shaped deposit is at Wynd- 
ham and at No. 7 pits at Bigrigg. The famous Hodbarrow mine is the 
only large dish like deposit, and its extent has not been fully ascer 
tained. Its length as far as known is about 1,000 yards, and its breadth 
400 yards. Its greatest thickness is about 130 feet, and the average 
perhaps 65 feet. The deposit contains very little stone or other foreign 
matter, so that it may be considered as almost a solid mass of ore. The 
ore from the Hodbarrow deposit has been exported to the United 
States, and has been used as a mixture in some blast furnaces close to 
the seaboard.

The ore of the Whitehaven district is chiefly of a hard, massive 
character, much harder in some places than in others. Its color varies 
from a brownish-red or purple to a bluish iron gray. Mr. Kendall says 
the general composition of a first-class ore is shown by the following 
analyses, No. 1 being an average sample of the Southam ore, while 
No. 2 is an example from Hodbarrow, and No._3. .an..Average.-O.O8-- 
samples of a good'oi'e, the latter being dried at 212°:

Analyses of iron ore from tlie Whiteltaren district, Enyland.

Protoxide of manganese.

Lime ........................

No. 1.

Per cent.

Trace.
1 Qi
.41
.12
.13

.03

99 91

02,11

No. 2.

Per cent.

.32 
7,36

97
.70

.03

.01

100. 00

No. 3.0,

Per cent.
00 f^7

.18

1 25
1.12

1 9

.05
1 23

a Moisture lost at 212°, 5.55 per cent.

Some of the ore, however, is poor, there being a great variation in 
quality. In one deposit which gave an average analysis of 43.84 per 
cent of iron the extremes were 58.49 and 21.72 per cent.

The ores of the Furness deposit may be divided into three classes, 
viz, (1) hard, compact, blue-purple ore; (2) dull, reddish-purple ore; and 
(3) soft, dark ore, the latter being most abundant in Furness. The
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following typical analyses will snow tlie composition of these different 
classes of ore:

Analyses of Furness iron ores, EnylanH.

Protoxide of manganese. ....

Silica..........-......^......

Total..................

No. 1.

Per cent.
.24

1 87

'M

.04

55.03
4.34

No. 2.

Per cent. 
77.24

0.08

(in no

No. 3.

Per cent.

7.27

.21

.84

2.54

•\ Qn

County Antrim, Ireland, is almost entirely covered by a sheet of 
basalt of variable thickness. The basalt is usually divided into upper 
and lower sheets or layers, separated by the iron-ore beds, which form 
a convenient line of division. Parallel to these ore beds, and inter- 
stratifled with both the npper and lower basalt, are a number of other 
ferruginous bands, usually consisting of ferruginous clay called "bole," 
with an underlying layer of lithoiuarge. The thickness of the pisolitic- 
ore bed varies, sometimes very abruptly. When it is thin or has dis 
appeared altogether it is said to have a " squeeze." Sometimes the bed 
js absent over large areas; in other parts it is indurated by intrusive 
dikes. In certain areas it has an amorphous character, no' pea-like bodies 
being present. The dip of the beds, like that of the basalt, is gener 
ally to the south at low angles. The extent of the pisolitic ore and its 
accompanying bole and lithoinarge is not accurately known, but may be 
taken to cover about 800 square miles. The pisolitic ore, locally known 
as "shot" ore, consists of soft brown, or reddish aluminous ore, which is 
generally overlaid by clay, called "brushing-" In this ore small and 
approximately spheroidal pieces of hard, rich ore, often black, and gen 
erally about the size of peas or less, but sometimes as large as walnuts, 
are embedded, the larger being near the top. Some of them are strongly 
attracted by the magnet. In thickness the ore varies from 3 or 4 inches 
to nearly 4 feet. Under this pisolitic ore, the boundary not being well 
defined, is a brownish or reddish ferruginous rock "bole" containing 
numerous concretionary nodules of basalt. Sometimes the iron is dis 
tributed in irregular layers or nodules, the remainder of the bed having 
the character of bauxite. It is moderately hard, and breaks into irreg 
ular cuboidal pieces, the bed varying in thickness from 8 to 17 feet. 
Under the "bole." occurs the.lithomarge, locally known as "marge," a 
variegated soft rock of prevailing blue-slate color and greasy feel, vary 
ing from 12 to GO feet in thickness. Like the " bole," it contains concre 
tionary nodules of basalt, but they are more numerous in this bed.
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The quality of the pisolitic ore is good, although it varies much in 
different parts of the district, the aluminous matrix being more abun 
dant in some portions than in others. As sent to the market it will 
yield from 36 to 45 per cent of metallic iron. Its composition is shown 
by the following analyses:

Analyees of pisolitio iron ore from County Antrim, Ireland.

Protoxide of maganese. 
Silica........................

Total.................

Glenariff.

Per cent. 
62.43 
4.75 
.28 

• 8.40 
10.19 
2.80 
.59

1.88
8.48

99.80 
47.40

Per cent. 
71.64 

1.88 
.27 

5.05 
4.25 
.81 
.61 
.20

8.89

' 6.40

100. 00 
51.61

Cargan.

Per cent. 
66.56

.11 
5.47 
7.92 
.68 
.16 

Trace. 
.03 

3.68 
14.34

98.95 
46.59

Broug- 
shane.

Per cent. 
65.42

Trace. 
7.08 

12.54 
.20 
.08 
.02 

Trace. 
5.28 
8.82

99.44 
45.79

Knock- 
boy.

Per cent. 
63.70

6.30 
12.75 

.10 

.05 

.06 

.02 
4. 60 

12. 70

100. 28 
44.60

With the hematites of Cumberland and Lancashire about 10 per cent 
of the pisolitic ore is used for fluxing purposes.

Bole yields much less iron thau the pisolitic ore, ranging from 20 to 
25 per cent, but contains a larger quantity of alumina.' The ratio of 
alnmina to silica is also higher than in pisolitic ore. This makes it use 
ful as a flux for the siliceous ores of Cumberland and Lancashire. The 
yield of iron in the lithomarge is too small to render it of any value in 
iron making except as a flux.

Production.—Her Majesty's inspectors of mines, in compiling the 
Mineral Statistics for Great Britain, class the iron ores under three 
heads, viz, the coal mines act (chiefly argillaceous carbonate, particu 
lars of individual returns not. being,allowed-under-febe statute);-metal- 
liferous mines,.aet"(comprising brown ironstone, aluminous hematite, 
and red hematite) and open works. The amounts produced as reported 
under these various acts in 1891,1892, and 1893 were as follows, the 
quantities of pig iron which these ores could furnish being also indi 
cated in adjoining columns.

Production of iron ore in Great Britain in 1891, 189%, and 1893.

From mines under the

From mines under the 
metalliferous mines

Total........----..

Iron ore.

1891.

Long tons. 

7, 229, 150

2, 576, 203 
2, 972, 336

12, 777, 689

1892.

Long tons. 

5, 644, 486

2, 353, 706 
3,314,483

11, 312, 675

1893.

Long tons. 

6, 560, 189

2, 356, 616 
2, 286, 671

11, 203, 476

Pig iron obtainable.

1891.

Long tons. 
2, 168, 745

1, 342, 375 
1,017.192

4, 528, 312

1892.

Long (o?i3. 

1,693,345

1, 214, 785 
1, 133, 048

4, 041, 178

1893.

Long tons. 

1, 968, 057

1, 231, 331 
779, 306

3, 978, 694

16 CKEOL, PT 3-



82 MINERAL RESOURCES.

Divided according to boundaries the iron-ore production in 1890,1891, 
1892, and 1893 was as follows:
Iron ore mined in the various countriev of Great Britain in 1890, 1X91, 1892, and 1893.

Countries.

Wales ....................

1890.

Long tons. 
12, 589, 843

31,485

1891.

Long tons.

748, ,136
104, 292

12, 777, 689

1892.

Long tons.

76, 739
(6)

11,312,675

1893.

Long tons.
in 9RS 77ft

(6)

alnclucling the Isle of Man and Wales. 6 See England.

Divided according to counties in the various countries the produc 
tion in 1891, 1892, and 1893 was as follows:

Iron-ore product of Great Britain in 1S91, 1S9S, and 1893.

Countries.

ENGLAND AND WALES.

Counties.

Oxfordshire, including Kutlaud and

Glanmorganshire, including Flint shire.

Isle of Man ............................

1891.

Long tons.
1, 417, SCO

1,071,121
1 04-3 541

977, 130

144, 578

54, 192
21, 539

17,550

7,715
4,360

716
. . -. ,422.

14!)

11,025,061

101,815
87, 247

47,121
10, 773

494

748, 336

' 104 2921

1892.

Long tons

1,040,640

845 *J95
680, 985

157, 095

58, 044
22, 076 
13,415
24, 756

9,275
2,556

948
881

54' -' . 213
091

ia
10, 363, 501

337, 210

115, 287
45, 660

14, 635
1,718

872. 435

11,312,075

1893.

Long tons. 
4 713 278
1,352,410

471, 098

133, 616
59, 309

18,284

18, 791

nil.
110
549
823

31
180
124

10, 288, 778

895, 349
121, 117
81,164

51,417

2,974

847. 406

67, 292

Mr. J. S.Jeans, secretary of the British Iron Trade Association, has 
given valuable assistance in supplying the figures of production.
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British importations,—As would naturally be supposed, Great Brit 
ain is a large importer of foreign ores to supplement her generally 
lean native ores, and iu the year 1893 she drew from various sources 
4,065,864 long tons of iron ores, against 4,471,790 long tons in 1890, 
3,180,543 tons in 1891, and 3,780,503 tons in 1892. The following table 
will show the countries from which the foreign iron ores were obtained 
in the years mentioned:

Iron ores imported into Great Britain in 1890, 1891, 189%, and 1893.

Countries.

Spain.....................

A tralaftia

Total ...............

1890.

Long tons. 
4, 028, 672

237, 609
.. 112,764

18,968

23, 785

4, 47J.700

1891.

Long tons. 
2, 886, 278

136, 260
92 837

20, 199

3, 180, 543

1892.

Lonq tons. 
2,423,183

150, 361

14, 902
4,374

42, 302

3, 780, 503

1893.

Long tons. 
3, 624, 083

113,856

1 1(> °54

472
75, 671

4, 065, 864

The total valne of this ore as returned by the board of customs, esti 
mated on a basis of $4.84 per pound sterling, was $17,404,911 or $3.89 
per ton in 1890, $11,874,490 or $3.73 per ton in 1891, $13,149,409 in 1892 
or $3.48 per ton, and $13,o03,416 in 1893 m $3.33 per ton.

The iron ore exported from Great Britain was but 7,567 tons in 1890, 
23,394 tons in 1891, and 7,051 tons in 18!)2, principally to the United 
States and Holland, while in 1893 8,201 tons were exported, principally 
to the United States, Belgium, and Germany.

The following tables will show the production of iron ore, the imports 
and exports, the amount of pig iron made, and the material charged 
into the blast furnace, including mill cinder, etc., to produce this pig 
iron, in as many years as such data could bo obtained. From this it 
would appear that G.peat BrJtai-a^epended^aJ'ra^t^h't'irery'upon he~r"~ *" 4 
native ores' until 1872, when the, imports increased from 324,034 long 
tons't'o 801,503 long tons, "being still greater in 1873, then falling off to 
but 458,693 long tons in 1875, showing with some exceptions a subse 
quent growth to 4,471,790 long tons in 1890. The large importation 
of foreign ores was stimulated by the production of Bessemer metal, 
making a certain character of iron ore essential, and as the demand for 
steel increased the amount of such ore used was augmented.
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Great Britain's production of native ores was largest in 1882, viz, 
18,031,957 long tons, but it has fallen to an output of but 11,203,476 
long tons in 1893, the smallest amount reached for over twenty years.

Statistics of the production, imports, and exports of iron ore in Great Britain.

Years.

1866.......
1867 .......

]86fl. ......
1870.......
1871.......

1873.......
1874. ......

1877"

IftTQ

Production.

Long tons. 
9, 965, 012

14, 370, 655

15, 577, 499
14, 844, 936

14, 379, 735

Imports.

Long tons.

114, 435
131 ¥*1
208' 310
324, 034

1, 083, 692

Exports.

Iionq tons. 
350
359

661
905
256

1,124
1,693

(J *KQ

25, 048

Tears.

1883.......
1884.......
1885 .......
1886 .......
1887.......

1893.......

Production.

Long tons. 
18, 026, 050

17, 383, 046

15 417 98'
14^ UO', 013
13, 098, 041

13, 780. 767

11,312,675

Imports.

Long tons.
2, 449, 277

0 017 RQ7

3, 562, 071
-4,031,265'

3, 180, 543

Exports.

Long tons.

21, 973
8 T(\St
8 316

56, 934
9,730
5,371
7,567

7,051
8 Of}]

The progress of the iron industry of Great Britain is epitomized in 
the table which follows.

Statistics of the production of pig iron in Great Britain.

yeara.

1740....-.--.....--.
17RR
1796................

1 818

1891
]825

•jooq

1839. .........."rxi-
1840................

1845

1 S^9

1QKC

1 S^fl
1857
•1QCQ

18^9

1861................
1862................

Production.

Long tons.
B8, 000

325, 000

454, 866
581, 367

703, 184
678, 417

1, 000, 000

1 099 138
1 999 608
1,512,500
1 QQl) IflS

3, 889, 762

. - Years.

1864................
1865................
1866................
1867................

1869................
1870................

1872................
1873................
1874................
1875................

1878................

1880........:.......
1881................

1883................

1886................
1887.. ..............

1889.... ..... .......
1890........--..-.-.

1893................

Production.

Long tons. 
4, 767, 951
4,819,254

4,761,023
4, 970, 206

6, 741, 929

0, 365, 462
ft 555 997

6,381,051"'
5, 995, 337

8, 144, 449

7,811,727
7, 415, 469

7, 998, 969
8, 322, 824
7, 904, 214
7, 406, 064
6, 709, 255
6, 976, 990
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The following table will show the number of blast furnaces in opera 
tion in Great Britain, the quantity of pig iron produced, and the amount 
of iron ore used iu its production for each year from 1873 to 1893:

Furnaces in Mast, pig iron produced, and iron ore charged in Great Britain, 187S to 1S9S.

Tears.

•1070

m -

1879.. u..-..
1880 '
1 fifil
1882....--...
1883 .........

Fur 
naces in 
bliist.

649

541
498
497
567
KCK

N .570552-

Tron ore 
smelted.

Long tons.

16, 559, 753

n OQQ 7Q1

15 797 080

20, 249 263

-, 21..01S, 875

Piff iron 
made.

Long tons.

6, 365, 402

6,381,051
5 QQC Q37

.8,529,300

Years.

1884.. .......

1886.........
1887 .........

1890.........

1892.........
1893--.-.....

. -„ .- -

Fur 
naces in 
blast.

399
405

445
414'376
862

Iron ore 
smelted.

Long tons.

17, 297, 483

19,152,074
19, 683, 948

18, 518, 192
' 16 344 454

Pig iron 
made.

Long tons. 
7, 811, 727
7, 415, 469

7, 998, 969
8, 322, 824

7, 406, 064

6, 976, 990

HISTORICAL SKETCH OF BRITISH IRON-ORE MINING.

The records of the production of iron ore in Great Britain show that 
this mineral was used liberally for the manufacture of iron, by the 
Eomans and Danes, and possibly at earlier dates by the ancient Britons. 
Coins, fibuhe, pottery, and other articles known to have been used by 
the Komans have been found in cinder piles near the Forest of Dean 
(Gloucestershire), in Cumberland, Purness, Sussex, Keut,-Worceste£—- 
shire, Durham, IStorthumberland, etc. Many old workings, shafts, etc., 
have been discovered, and in several instances shovels were found 
made entirely of oak wood, or merely tipped with iron. The earliest 
preserved accounts date back to the twelfth century, and numerous 
references are made to working iron ores in writings of the thirteenth 
century.

In Scotland no evidences of iron having been'mined by the Eomans 
have been reported, and it is probable that no iron was made here until 
about the year 1600. In 1750 a furnace was erected at Goatfleld, and 
another at Bunawe; in 1796 there were 17 furnaces in Scotland, pro 
ducing a total of about 10,000 tons per annum, while in 1806 there were 
27 furnaces, having an aggregate capacity of about 23,000 tons. Records 
which have been kept of the production of ironstone in Scotland since 
1855 show that the annual output gradually fell off from 2,500,000 tons 
in 1857 .to 1,250,000 tons in 1868, then increasing with some exceptions 
until 1880, when 2,659,317 tons were produced. Since that time the 
production has declined, and in 1893 the output was biit 847,406 tons.

Although iron ore was known to exist in Ireland at an early date, 
Mr. Kendall states that its economic importance was not realized until 
1843, in which year an attempt was made to smelt the ore (which was 
probably of the " bole" and not pisolitic variety) with coke made from 
turf, but this was unsuccessful. In 1861 the beds were again worked, 
and since that date have been a contributor to the iron-ore production
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of Great Britain. In that year 165 tons were rained, and with some 
exceptions the output showed a gradual increase until 1880, when the 
maximum of 239,325 long tons was reached. Subsequently the produc 
tion has decreased, and in 1893 but 67,292 tons were mined.

In considering the various districts of England separately, it is found 
that while evidences of early workings are met with in nearly all of the 
shires, it is only within comparatively recent times that any records 
have been kept.

In Cumberland, Mr. Keudall states that it appears that on the death 
of the Earl of Albemarle, in 1179, he bequeathed a forge-at Wynefell 
(Whinfell) and an iron 'ore mine at Egremont to the Abbey of Holme 
Cultrain. This ore has been worked more or less uninterruptedly to 
the present time. In tbe stewards' and receivers' accounts of the 
seventeenth and eighteenth centuries mention is mad'e^of royalties 
received for tie'Egremont ore. Iu'179'6 the two furnaces at work in 
this county are reported to have produced 565 tons of cast iron. In 
the record of iron ore produced in Cumberland from the year 1849 to 
1890 the amount mined increased from 10.0,000 tons in the first men 
tioned year to 1,725,478 tons in 1882 (the maximum output). Since 
that date the production has fallen off,,but Cumberland is still an 
important factor in the iron-ore industry of Great Britain, 1,352,410 
tons being mined in 1893.

-_ The first certain reference to early iron raining in Furness is in the 
Chartulary of Furness Abbey. The monks of that place worked iron 
at Orgrave in the early part of the thirteenth century. In 1282, or 
some subsequent year in the thirteenth century, the convent became 
possessed of the iron ore under Alinschales, and in the year 1400 
obtained a grant of iron ore in 400 acres in Dalton, Orgrave, and Mer- 
ton (Martin). It thus appears that some part of the valuable deposits 
which are now being' worked in the localities just mentioned were 
known at least 600 years ago. In 1565 the bloomaries in the lordships 
of Hawkeshead and Coulton were suppressed, because it was feared 
by the customary tenants that the continuance of said smithies would 
cause a great scarcity of timber, as this was then largely used for mak 
ing charcoal, and 943 timber trees were purchased in 1710 for £1,700, 
for use in an iron works in Furness. In 1849 182,000 tons of iron ore 
were produced in this district, the quantity gradually increasing to a 
maximum in 1882, when 1,408,693 tons were mined. Since then the 
output has declined to less than a million tons.

In Gloucestershire, the Forest of Dean has long been celebrated for 
its iron manufacture. Large piles of cinders containing Roman coins, 
etc., have been found, and subsequent to the Eoman occupation the ore 
of the forest was probably converted by the Danes and also by others 
prior to the Norman conquest, whence the name "Dane cinders," given 
to large heaps of slag which were found scattered over the forest. 
Somewhat prior to 1184 the first charter granted by Henry II, then
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Duke of Normandy, to the Abbey of Flaxley specifies an iron works at 
Edlaud, now Elton, on the eastern side of the forest, so that presum 
ably iron ore was mined in the forest. His second charter, when king, 
is more explicit, and describes "an iron forge free and quit with as free 
liberty to work as any of his forges in demesne." In the early part of 
the thirteenth century the furnaces seem to have grown so numer 
ous as to cause serious waste of timber in the forest, and Henry II 
ordered all the forges, with some few exceptions which he named, to be 
removed from the "Forest of Dean. In 1282 a "regard" of the forest 
was taken, which showed that there were 60 forges at work in the 
forest at that time. Numerous mention is made in old documents and 
charters as to the number of forges in the Forest of Dean, the amounts 
paid as rent, etc. The yield of the iron ores of the forest in 1828 was 
stated to be 9,800 tons, growing gradually in amount. A table giving 
the output by years from 1854 to 1890 shows that in the former year 
85,506 tons of ore were produced, while the maximum output was in 
1868, when 160,722 tons represented the total for the year. The amount 
produced has since that time declined considerably, the figures for the 
shire in 1893 being put at 59,309 tons.

Iron ore is not now mined in Sussex and Kent, but in the earlier 
history of the country considerable ore was won. The last furnace, 
however, went out of blast in the year 1828.

Little is known of the iron trade of Staffordshire, Warwickshire, 
Worcestershire, or Salop during the Roman, Saxon, andlforman~Eimes," 
but in the writings of the sixteenth, seventeenth, and eighteenth cen 
turies frequent mention is made of pits of coal and iron ore in this sec 
tion of England. Gough, writing in 1806, says: " Twelve miles east of 
Wellington is an exteusiveparish,includingfourteeu villages. Theinhab- 
itants are chiefly employed in getting out coal, limestone, and iron ore. 
There are two furnaces worked by a steam engine, one of the largest in 
England." This shows that at this time it was an important iron pro 
ducer. Staffordshire is reported to have supplied 1,000 tons of iron in 
1740, 50,000 tons in 1806, and 211,604 tons in 1830. The production of 
ironstone in this shire in 1859, when the continuous record commences, 
is given as 1,583,000 tons, reaching its maximum in 1871, when 2,218,745 
tons were mined, while in 1890 the production was but 1,224,510 tons. 
Warwickshire produced 30,500 tons and Salop 197,589 tons in 1859, 
reaching their maximum outputs in 1875 and 1864, respectively, when 
97,456 tons and 454,000 tons respectively were mined. In later years 
the outputs were small, Warwickshire producing about 2,000 and Salop 
50,000 tons or less of ore.

In Derbyshire and Yorkshire the earliest workings seem hidden in 
obscurity, but Farey, writing in 1811, mentions 23 places where he had 
noticed slag and remains of old bloomaries and charcoal furnaces. In 
1740 1,400 tons of iron were made in Yorkshire (West Riding) and 550 
tons in Derbyshire. The industry grew, and in 1806 there were in
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Derbyshire 18 furnaces, 12 of which were in blast, and 14 furnaces in 
Yorkshire, producing, respectively, 10,329 and 27,646 tons of iron. In 
1811 the Cleveland main band seems to have been discovered, but was 
little worked until 1850, since which time the output rapidly increased, 
and in the year 1855, when Mr. Kendall's statistics commence, the 
Cleveland district produced 865,300 tons of iron ore and West Eiding 
255,000 tons, Derbyshire mining 409,500 tons.

The output of the Cleveland district reached its maximum, 6,756,055 
tons, in 1883, that of West Eiding, 785,028 tons, in 1868, and that of Der 
byshire, 492,973 tons, in 1871. The last two, however, have declined in 
importance, and in 1890 they produced but 77,433 tons and 23,732 tons, 
respectively. Cleveland, while at times showing a diminished output, 
still remains the principal source of iron ore in England, having fallen 
in but one year below 5,000,000 tons until 1892, when it showed a decline 
of nearly 2,000,000 tons, recovering somewhat in 1893.

In Devon, Cornwall, and Somersetshire, iron-ore mining does not 
appear at any time to have reached much importance, the total output 
of these three shires in 1892 being slightly over 4,000 tons, while the 
maximum combined total in one year reached only 100,000 tons.

In Durham and Northumberland the present iron-ore industry is
small, but in ancient times it is said that the Eomaiis produced large
quantities of iron there. Its greatest iron-ore output was in 1871, when
196,848 tons of clay, band and 88,449 tons of spathic ore and limonite

""wefe'woifgnT.
In Northamptonshire, Lincolnshire, Leicestershire, Rutlandshire, 

Oxfordshire, and Wiltshire there are numerous accumulations of slag 
in which are found Roman coins and pottery, but during the Saxon and 
Norman ages iron smelting seems to have declined, and shortly after 
the time of Henry III to have died out. Mr. S. H. Blaekwell says: 
"An investigation at the close of the exhibition (1851) was rewarded 
by the discovery at Higham Perrers of a bed of ore many feet in thick 
ness. This led to further examination arid to the discovery of the 
Northampton deposits." lu 1855 attention was directed to the iron 
ores of Wiltshire, and in 1858 the iron ore in the Lower Lias at Scun- 
thorpe, in Lincolnshire, was first worked. About the same time or a 
little later the ore of the Middle Lias of Oxfordshire began to be worked, 
while the mining of ore in the Lower Oolite, near Lincoln City, was 
commenced in 1872. In 1882 the deposits at Holwell, Eastwell, Wal- 
tham, and Wartnaby, in Leicestershire, were opened. Northampton 
shire, in 1855, produced 74,084 tons of iron ore, and Wiltshire 15,000 
tons; Lincolnshire and Oxfordshire made their first outputs of 2,000N 
and 6,030 tons in 1859, while Leicestershire contributed its first quota 
in 1881. The outputs of Northamptonshire, Lincolnshire, and Leices 
tershire increased rapidly, reaching their maxima of 1,550,103 tons in 
1880, 1,560,690 tons in 1889, and 977,130 tons in 1891, respectively. 
Oxfordshire has never produced 100,000 tons of ore per annum, and
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since 1886 its product has been combined with Wiltshire, which shire 
reached its maximum output, 159,894 tons, in 1871.

Glanmorgaiishire, Breconshire, and Monmouthshire were also stated 
to be the scenes of early Eoman operations. The iron ore is mostly 
clay ironstone, although some liinonite is also obtained, the maximum 
output of ore being in 1871, when 1,174,828 .tons of the former and 
72,766 tons of the latter were mined.

FRANCE.

The iron-ore deposits of France, although numerous enough, are 
greatly scattered, and, except in the case of the oolitic formation in 
the east of the country, there' are no deposits capable of feeding any 
considerable number of blast furnaces, such as exist in the Cleve 
land district of England or the Lake Superior, Middle States, or Ala 
bama-Tennessee regions of the United States.

Professor Jordan groups the French iron ores under the following 
heads:

1. Magnetic and oolitic ores. These ores are of no great importance 
to iron manufacturers, and but a small quantity is mined, although" 
some deposits exist in the Pyrenees, the most important of which are 
those worked at Puymorens. These ores are found in beds alternating 
with thin strata of mica-schist, and yield about 56 per cent of iron. 
They also occur iu the provinces of Anjou and Provence and in the 
eastern provinces around Mount Oanigou. At this place M. Max 
Duchanoy states that they form a band from east to west, 15 kilome 
ters (9^ miles) long, passing through Escarro, Thorrens, and Fillola. 
The strata are about 20 meters (65 feet) thick, with an average of 45 to 
55 per cent of iron and 1.5 to 2.7 per cent ofi manganese. They are 
difficult to mine, and sell for 9 francs per ton at the mine. The want of 
coke has also aided in preventing their exploitation. These ores are 
employed for making crucible, tool, and cast ste.eJ;'aHd- are-smelted in 
the three charcoal blasfr-farn'aces at Ria','near'Prades (western Pyrenees), 
which consume about 25 tons of roasted ore each per day and 12 tons 
of charcoal, producing 12 to 14 tons of finished iron. M. Duchanoy 
also mentions a deposit of magnetite carrying 56 per cent of iron at 
Dielette, near Cherbourg, the ore bed being split into five vertical bands 
7 to 15 meters (23 to 49 feet) thick. The ore is sold in Scotland.

2. Bed hematite. The largest deposit of this character of ore is in 
the Department of the Ardeche, near the towns of Privas and La 
Voulte. This extensive deposit is formed by strata between the Lower 
Oolite and the Superliassic marl. The ore varies in character from the 
red hematite, with a conchoidal fracture and of agate-like texture 
(containing 56 per cent of iron), to the schistose and even oolitic 
hematite (with only 30 per cent of iron). In the neighborhood of Alle- 
vard, in the Dauphiny Alps, numerous workings have been opened 
upon veins containing spathic iron ore in sandstones and crystalline
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schists. The mineral, a manganiferous spathic ore, much mixed with 
ganguc, including sandstones, schists, and quartz, often closely aggre 
gated, is brought by inclined planes, having a fall of 1,638 feet in a 
length of a mile, from the mines on the hillsides to the head of the 
dressing floor. The larger sized pieces are cleaned by a water jet and 
passed over a continuous picking belt, the mixed pieces are transferred 
to spalling tables, while the clean ore falls from the belt into wagons, 
ready for the calcining kilns. The calcination of the coarse material is 
effected in kilns heated by gas, made in producers. The calcined ore 
is raised to a second picking house, and passed over balanced picking 
tables. The smaller pieces are cleaned by crushing and sizing, the fine 
powder being passed over a series of wooden rollers carrying horseshoe 
magnets to separate the metallic particles. The smallest sized ore from 
the first picking house is treated in a Hartz sand jig, the coarser 
ores on double compartment continuous machines. The washed ore is 
removed to the calcining furnaces, which are of two different patterns, 
one vertical and the other inclined, but both arc heated by gas. The 
calcined ore is quenched with a jet of water and carried to an agglom 

erating machine. Finely ground hydraulic lime is added to the 
quenched ore and the mixture is molded in a briquette machine into 
blocks weighing 15£ pounds. The briquettes are removed by railway 
after being dried for a week. In the Aveyron a red hematite, in Infra- 
liassic beds, is worked for Decazeville furnaces, but the deposit is of 
but slight importance. In the Pyrenees, red hematites occur in con 
nection with extensive deposits of brown hematite and spathose ores, 
but there is no distinct deposit of red ores.

3. Carbonate ores. While spathose and ironstone ores are met 
with in most of the coal districts, the more important deposits are in 
the Alps and Pyrenees — the Allevard arid St. George's mines of Messrs. 
Schneider & Co., the former being situated on the slope of the Dau- 
phiny Alps and_the latter on the Savoy slope. The Allevard ore is 
found in large lodes in^tuetaLco8eschists,'aiid comprises several kinds,

of decompo 
large rhom-

boidal crystals, or " Gives" ores, i. e., ores with a more confused crystal 
lization. The ores of the St. George mines are quite similar to the 
Allevard, but are perhaps not quite as rich. M. Duchauoy states 
that the St. George vein has a southeast and northwest strike, a 
thickness of from 2 to 6 meters (6.J to 20 feet), and is traced for a length 
of 14 kilometers (8f miles). The ore contains 50 per cent of iron pro 
toxide (38.8 per cent of metfillic iron) and 8 per cent of manganese 
protoxide (6.11 per cent of manganese). While there are a number of 
excellent carbonate deposits in the Pyrenees, they are not worked to 
any extent except in the Department of the eastern Pyrenees, where 
considerable deposits arc found on the slopes of Mount Oaiiigou, not 
far from the Mediterranean shore. The principal mines are at Thor- 
rent and Sahorre. These ores, unusually free from sulphur and phos-

,
varying in color from white to red, according to the stage 
sition, and known cither a's ''Maillats" ores, i. e., having
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phorus, contain from 45 to 55 per cent of iron and from 2 to 4 per 
cent of manganese, with a gaugue "which is not infrequently fusible 
per se."

4. Brown hematites. Under this head Professor Jordan includes 
only such ores as are the least hydrated. Brown fibrous hematites, 
always more or less manganiferons, free from sulphur and with only a 
trace of phosphorus, have been worked in the Perigord district (Depart 
ment of Gharente and Uorogne), but the quantity mined is inconsider 
able. In the Department of Charente are found the Guillot and Gros- 
bot ore, as well as those of Taponuat, but these are not extensively 
worked. The only brown hematite deposits of actual importance are 
such as are contiguous to the Pyrenees. In the vicinity of the town 
of Prades are the Fillols and Sahorre mines, which chiefly furnish 
hematite ores with a calcareous gangue and soft ores. In the Depart 
ment of Ariege are the Naucie mines. This deposit, which is found 
in the Upper Lias, and is very irregular, supplies a mixture of brown 
manganiferous hematite with oolitic ore and red hematite.

5. Oolitic ores. The great oolitic deposit, the most important iron- 
ore field in France, has its origin in the Belgian portion of Luxemburg 
and extends through Lorraine to and beyond Nancy, in the valley of 
the upper Moselle. It occupies the upper part of the Lias formation, 
or, according to some geologists, belongs to the Lower Oolites. The 
bed, which is sometimes single and at other places subdividedy k-a§-a- 
total thickness varying according to the marly intercalations of from 
2 to 35 meters (6.5 to 115 feet). It rests directly on the Superliassic 
sandstone, and is covered with a vast Jurassic plateau. The .ore con 
sists of small grains, generally of the size of a pin's head, agglutinated 
by a calcareous or argillaceous cement, the whole being colored gray, 
yellow, brown, or red by the oxide of iron. At some places—Hyange, 
for example—they are of a greenish color, a silicate of protoxide of 
iron. The iron contents range from 20 to 35 per^<?.ftnlt,.>l^heT g-n,Tignp. is 
sometimes argillaceous" and" sometimes" calcareous. Phosphoric acid, 
although-slnall in some deposits, not infrequently reaches 1 per cent, 
and this is especially the case in calcareous ores. In other parts 
of France there are important deposits of hydrated oolitic ores. At 
Jussey, in tbe Department of Saone; at Souvance and Laissey, in the 
valley of the Doubs, and at Ougney, in the Jura, these ores are met 
with, though less abundantly. The Mazenay mines, in the Department 
of the Sa6ue and Loire, yield phosphoric ores carrying 27 to 28 per cent 
of iron. Then there are those of Mondalazac, in the Department of 
Aveyron, and others not so important at Villebois, in the Department of 
Ain, and the Avelas mine, in the Department of Gard.

6. Granular hydrated iron ores. The supply for the old charcoal 
furnaces of Franche-Gomte and Berry was obtained from deposits of 
pisolitic ores. These ores which are granular, the grains varying from 
the size of a small pea to that of a hazelnut, are obtained by buddling
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and diluting in water the "mine clay" procured from irregular recesses 
or cavities situated either in Neocomiau or in the Upper Oxfordiau lime 
stone. The gangue is siliceous, aluminous, or calcareous. The yield 
is from 30 to 45 per cent of iron, with slight traces of phosphorus. The 
mines worked in Franche-Comte were situated in the Departments of 
Doubs and the Haute-Saone, and in the Department of Cher, in the 
Berry district. Similar ores were won in the old province of Cham 
pagne, especially in the Department of Haute-Marne, where they were 
found in deposits or pockets in the cracks and depressions of the Port 
land limestone. These ores are purer than those which rested in their 
primitive place, and are called "rock mine." They are not largely 
worked. Other and more important Champagne ores are worked at 
the base of the Neocomian formation, in masses intercalated in the sand 
deposits. These ores, which are known as "mine demi-Aroche," are of 
superior quality to the inilliolithic ores, containing less phosphorus. 
After washing, they yield from 38 to 42 per cent in the .furnace. The 
third variety, also worked in the Champagne, are "milliolithic" ores in 
the form of grains of millet seed, embedded in ferruginous clay in the 
upper Neocomian formation, the clay being often pounded and washed. 
They are of inferior quality to the ores just described, but can be 
worked open cut, and are won at but little expense. At Poix, in Ar 
dennes, a very considerable deposit is worked in the Oxfordian marls, 

-Supplying, a. pulverulent ore which is not used until washed, and car 
ries considerable phosphorus.

7. Various hydrated ores. Besides the ores already mentioned, other 
iron hydrates are worked, belonging either to the class of hydrated 
hematites, with partitioned hollows or cavities, or that of ores arising 
from decomposed pyritic veins or lodes, or simply to that of limestone 
or sandstone impregnated with oxide of iron. None of these deposits 
are of any importance.

Probably one-third of the iron ore supply of the French blast fur 
naces is obTtaiTRSl froTa foreign mines, prinoipally-from those of Algeria, 
Spain, Italy, and Germany. ' V -N X

M. Ad. Carnot, of Paris, engineer in chief of mines, has published a 
work, entitled "Minerals de Fer de la France, de J'Algerie, et de la 
Tunisie," which gives over 1,500 analyses of various iron ores in France, 
supplemented by a number of determinations of Algerian and Tunisian 
iron ores. Analyses of most of the iron ores mentioned in this article 
are given. This monograph will be found of service to anyone desiring 
to investigate the chemical analyses of French iron ores.

In speaking of the French iron industry M. Max Duchanoy says:
The three largest groups of works in France, are situated in the north, in the east, 

and in the center. The northern group uses the rich imported ores of Spain or the 
iron ore furnished by the Longwy Company; the eastern group (the works of 
Meurthe, Moselle, and Haute-Marue) utilize the local ores, while the central group, 
comprising the works at St. fitieune and Alais, the large installation at Creusot, 
and those at Moutlucou, use the ores of Gard and Berry.
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The groups of iron-ore mines in France are in a less favorable position 
than those of neighboring countries. Most of the iron works are situ 
ated at the coal beds, far from the rich ores, to which they are obliged 
to have recourse for the production of steel. The large works at Eive 
de Gier, St. HJtieime, St. Chamond, Gominentry, Montbrison, Creusot— 
the steel works of France—are situated at the fuel supply, and at long 
distances from the ore beds of the Alps, Pyrenees, Anjou, and Algeria. 

, Foreign iron ores and those from the frontier departments bring 30, 40, 
and 45 francs per ton delivered at the furnace, and it is only through 
perfection of management that France has been able to sustain her 
iron industry under foreign competition.

Of the imported iron ores, the Algerian cost in 1893 45 francs per tori at 
the furnace; the Elba ore, 43 francs (it costs but 13 francs at the mine); 
the Spanish ores of Cartagena and Bilbao, 43 francs, and those of the 
Pyrenees 36 francs at the furnace, the latter being worth 10 to 16 
francs at the mines. Mr. Duchanoy thinks it would be a great advan 
tage to locate the works nearer to the iron-ore mining centers, which, 
would reduce the cost per ton of iron.

Through the courtesy of Professor Jordan the following table is pre 
sented, showing the production of iron ore in France, the imports and 
exports, as well as the amount of pig iron manufactured. According 
to this table the production of native irou ores increased nntiLtkej£ear_ 
I860, and from that time on the amount mined has fluctuated accord 
ing to the demand, being greatest in the year 1892, when 3,707,000 
metric tons were produced. The minimum output was in 1871, when 
but 1,852,000 metric tons were mined.

The imports show a comparatively constant increase from the year 
1860 until 1883, since which date they have remained practically station 
ary, with the exception of two years, when there was a decided decline.

The largest amount imported was in the year 1892, when 1,683,723 
_. .metric,.tons^,w.er,e rep^cted-sis- being'broag-M—i'H~fftriB~various foreign' 

s—" ' countries.
/ The largest amount exported in any one year was in 1873, when 

352,845 tons were sent away. The amount fell until, in 1879, but 66,652 
metric tons were exported, then rose and continued stationary until 
1887, when it again suddenly advanced to 281,128 tons, since which it 
has remained practically stationary.
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The maximum make of pig iron was in the year 1883, when 2,069,430 
metric tons were produced, the 1893 output being 2,032,567 tons.

Production of iron ore and pig iron in France, and the imports and exports of iron ore.
[Metric tons.]

Years.

1819...................
1830...................

1850 ..................
1860....... . ..........
1861...................

1863...................
1864...................

1867...................

1870...................

1873...................
1871...................
1875...................
1876................... 
1877...................
1878...................
1879...................
1880...................
1881...................

-rS«2rr.-r.-:::./T.V.^...
1883...................

1888................... 
1889...................
1890......... ..........

1892...................
1 QQQ

Produc 
tion, a

1, 694, 000

3, 033, 000 
3, 198, 000

3,051,124

2, 39H, 340

2 271 173

3, 297, 803

2, 285, 648

2, 841, 757 
3,070,889

Iron ore.

Imports, b

208, 000

477, 000
450 000

592 000

070 IJAA

720, 515

832, 798
' 849, 186

1, 425, 878
1,601,217

1, 310. 695

1,437,527

1 U30 442

Exports, b

.............
70. 000

65 000

91, 000

007 A|J()

179, 668
]05, 190 

7D, 112
sn MO
66, 652

294, 244

made.

112 500

898, 353

1 090 837

1 9-19 TKA

1, 229, 044
1 235 308

1 917 810

1,435,212

1, 521, 274

1 725 293
1, 886, 350

1, 871, 537

1 516 574
1, 567, 622
1, 683, 349

1, 962, 196

a Figures of production according to tlio official Mineral Statistics. 
b Figures of imports and exports from the customs statistics.

~"^ " ' SPAIN'." •-..•...-•-.

While the pig-iron industry of Spain has not advanced so rapidly as 
that of other European countries, her large deposits of iron ores at 
tracted the attention of foreign capital, and companies were formed to 
operate them. The principal localities heretofore yielding these ores are 
situated in the Biscayan Provinces of Oviedo, Santandcr, Biscaya, 
Guipuzeoa, etc., but those that have been most extensively worked are 
in the vicinity of Bilbao, the mines of which form three groups, those 
of Somorrostro, Galdames, and Ollargon.

The ore is described by Mr. Henry Newton as " hydrated peroxide, 
occupying veins or lodes in rocks of Cretaceous age, quite rich and 
particularly free from phosphorus and sulphur." He continues: "The 
ore, as greater depths are reached in the veins, is found to be only a 
gossan, or oxidized outcrop, the mass of unchanged deposit being 
spathic iron ore (carbonate ores), containing, however, a greater pro 
portion of sulphur than the gossan ore."
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Magnetic and specular ores are also found in the southern provinces, 
in Murcia, Malaga, Seville, etc. Some ore is also mined in the interior 
provinces, but these deposits have not obtained commercial importance.

BILBAO ORES.

Mr. H. Bauerman describes the Somorrostro mines as "being con 
tained in an oval area, 2£ miles long and three-fourths of a mile broad, 
in the hill called Monte Traino, where the ore forms a bed included 
between sandstones and limestones of the Upper Cretaceous (Senonian) 
period." The ores are of three kiiids, distinguished as Campauil, Vena 
dulce, and Rubio, whose average compositions are as follows:

x Analyses of iron ores from Somorrostro, Spain.

• • , 
">-...- '" - - - .

Total................

'CDrupahil.-

Per cent.
80.80

2.482

5.55
> n. :Jol

Vena 
diifije.

Per cent. 
90.50

.634

3. BU

. Rubio.

Per Kent, 
77.85

.50

8.50

Mr. Bauerman says:
The Cauipanil ore is red both in mass and powder, moderately hard, and associ 

ated with calcite. It forms the upper part of the bed, and from its structure appears 
to be an altered spathic ore. In depth it passes into the richer and softer Vena dulce. 
Bo.th kinds are called red hematite, but they are not improbably turgite,.judging 
from the amount of volatile matter shown in the analysis. The Rubio ore is limonite 
of spongy or mammillated structure found along the outcrop of schistose sandstones, 
which contain altered nodules of carbonate of iron. The actual thickness of the 
main bed has not been proved, but it is known to lie more than 200 feet. The Rubio 
ore forms an escarpment that rises to a height of 300 feet.

These ores have been worked for ages in the Biscayan forges and are 
noted for their reducibility.

In discussing the variations in Bilbao iron ore, M. Cyriaque Helson, 
in "La Sidemrgie en France et a I'Btranger," says:

Campanil ore is essentially an anhydrous oxide with a calcareous gangue. It is 
stony, with, a bright red dust. The texture is compact, but often crystalline. 
Numerous fragments present rhomboidal nodules transformed into peroxide of iron. 
The large number of analyses which have been published enable us to define Cam 
panil as an ore containing 6 to 9 per cent of silica and 3 to 5 per cent of lime and 
magnesia—that is to say. having a self-fusible gangue. The proportion of iron 
varies from 53 to 54 per cent. Vena ore is an anhydrous peroxide of iron, compact 
but friable, with a small quantity of clayey gangue, which causes it generally to 
have au earthy appearance. AVhen dry this ore is very rich, and frequently yields 
as much as 64 and even 65 per cent of iron. Practically, however, it rarely yields 
more than 58 to 60 per cent, on account of the large quantity of water contained. 
The gangue exists as an aluminous silicate, which is readily fusible. Rubio ore is a
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hydrated peroxide of iron with siliceous gangue. But as the gangue is siliceous, it 
has to be mixed with limestone in the blast furnace. While Campanil and Vena 
are ores of clearly defined type, Rubio is, on the contrary, an ore varying from one 
extreme to the other. There are all the intermediate varieties, from rich Rubio with 
54 to 56 per cent of iron and 8 to 10 per cent of silica down to ordinary Eubio with 
48 per cent of iron and 15 to 18 per cent of silica, and even to actual ferruginous 
sandstone.

As long as the metallurgy of irou was represented solely by the Catalan furnace 
and the Chenot furnace and its varieties, the only ore worked was the Vena, which 
the miners obtained with difficulty by means of tortuous and primitive subterra 
nean galleries. For blast furnaces where wood (charcoal) was employed, Campanil 
soon became the ore par excellence. Being porous and easily penetrated by gases, 
it required no mixture to be added, and furnished pig of a uniform character, even 
in the smallest furnaces. In the treatment of Rubio, especially ordinary qualities, 
it was necessary to employ hot air and coke furnaces of large cagagj.fry'and now 
that rich ores have become rare, Rubio with 15 to 18 per centfof silica forms the 
principal element of the charge for the furnacfis'of the Nervion Valley. 

""'The following analyses show the composition of some of the typical ores:

Analyses of iron ores from Bilbao, Spain.

Losa from heating. .....

Protoxide of iron .......

Protoxid e ot manganese . 
Peroxide of manganese.

Phosphoric acid ........ 

Total...............

Franco-Belgian Company of the Somorrostro 
mines.

Vena.

Per cent. 
•5.90 
1.05 
.15 

1.00 
.20

traces. 
90.70 
1.30

traces.

100. 30

63.49

Rubio.

Per cent. 
7.17 

11.30 
2.07 
.30

'"77." 33'

1.54

traces.

99.71

54.13

Campa 
nil.

Per cent. 
9.00 
6.00 
.83 

5.00 
1.70

'"75." 86'

1.11

traces.

100. 10

53.10

Haw 
carbon 

ate.

Per cent. 
36.28 
2.70

2.87 
3.21 

50.80 
5.31 
1.00

45

102.62

42.83

Roasted 
carbon 

ate.

Per cent. 
7.70 
3.60

1.17 
4.26

81.82

1.44

.........

99.99

57.27

Orconcera Iron Company, 
Limited.

Red 
hematite, 
Campa 

nil.

Per cent. 
9.60 
5.91 
.21 

3.01 
1.65

78. C3

.80

.03

99.90

54.82

Brown h 
Hu

Orcon 
cera.

Per cent. 
8.25 
8.10 
1.44 
1.00 
.55

79.96

.70

.03

100. 03

55.97

ematite, 
)io.

Andra.

Per cent. 
10.55 
8.80 
1.15 
.50 
.02

78.29

.74

.02

100. 07 

54.80

In commerce only the first three qualities of ores are recognized, but there isa fourth 
which, before long, will assume great importance, viz, carbonate of iron. This ore 
is found in thick masses at certain points. - It is of crystalline texture; its gangue, 
which does not exceed 8 to 9 per cent, is formed of practically equal parts of lime, 
magnesia, and silica; yielding only 40 to 42 per cent of iron in the raw state, but 
which is easily increased to 54 to 56 by roasting. Hitherto this ore has been 
unVorked and scarcely recognized by the Spaniards, who underrate its importance. 
The ore is somewhat pyritons, but this element largely disappears with careful 
roasting.

In 1887 the compiler of these reports, in a contribution to the Trans 
actions of the American Institute of Mining Engineers, 1 showed that 
up to that date the recorded total production of the Bilbao mines of

'Vol. XVI, p. 168.
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Spain was practically equal to tlie gross output of all the iron ore mines 
of the Lake Superior region of the United States. Eeduced to long 
tons the statistics showed at that time the following:

Comparison of product of iron mines of Bilbao, Sp(lin, with those of Lake Superior district.

Total production to close of 1888 ...............

Bilbao dis 
trict.

Long tons. 
28, 575, 872

LakeSuperior 
district.

Long tons. 
30, 879, 014 

1, 143, 667

Subsequent to 1887, however, the development of the Lake Superior 
region has made it outrank the Bilbao district, the total for the past 
seven years being, for the Lake Superior region, 31,867,452 long tons, 
and for the Bilbao district, 28,143,193 metric tons.

In a paper on " Transporting and dressing iron ore at Oabarceno, 
Spain," Mr. Frederick Kensington says:

The deposits of iron ore in the provinces of Biscay a and Santander appear to occupy 
a position in the Upper Jurassic formation, and are the products of replacement— 
that is, sparry or spathose ores -were the primary minerals from which the limonites 
have been produced and redeposited by the action of oxygen and water; but there 
exist, especially in the province of Santander, other deposits, the origin of which it is 
not so easy to explain. .... ___,.__._ _ ,-,_,_

Extending from Solares through Cabarceno and Obregon to Guarnizo, and embrac 
ing an area of about 90 square miles, is a valley whose general level is 600 to 700 feet 
above the sea, the Jurassic or Neocomian limestone being here covered by surface 
deposits of soft argillaceous drift, containing limonite interspersed in the clay in 
pieces varying in weight from several tons to that of fine.grains of sand, by far the 
greater quantity, however, being the size of shingle or gravel. The amount of ore 
varies from 5 per cent to40 per cent by weight of the clay with which it is associated. 
These deposits overlie the limestone and are 180 feet thick in some places, while in 
others they are not more that 2 feet thick.

In some places extensive deposits aie also found between spurs of the limestone 
or deep basins far up the side of the mountain, upward of 1,200 feet above the level 
of the sea. The ore is of two distinct varieties, one part consisting of heavy -water- 
worn pebbles, bowlders, and shingle of hard, compact nature, containing 58 per 
cent to 59 per cent of metallic iron, and the other of soft, porous pieces of Eubio, 
similar to that of the Bilbao district, evidently the result of replacement, these 
pieces containing more silica, less metallic iron, and being much lighter than the 
bowlders and pebbles.

The existence of these deposits of iron ore in the Santander district has long been 
known, but until it became evident that Bilbao could not maintain the large annual 
output, only small amounts were occasionally riddled or sifted out of the surround 
ing earths by the land owners, and :i few cargoes were sent to Rotterdam, Philadel 
phia, and the Middlesborough district, but the result was unsatisfactory. The ore 
contained too much clay, while the expenses attending its preparation for the market 
and transport made its competition with the Bilbao ores impossible.

In the Cabarceno district it was found that generally the amount of iron contained 
in the clay was about 460 to 490 tons in 1,000 centimeters of "wash dirt," or about 
6 hundredweight in a cubic yard, while places were cut into whence more than 15 
hundredweight was extracted.

16 GEOL, PT 3———7
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In the quality of ironstone, but little variation existed. Many samples were washed 
by hand, dried at 100° C., and analyzed with the following results: Metallic iron, 
59.50 per cent; silica, 1.70 per cent; sulphur, 0.08 per cent; phosphorus, 0.038 per cent. 
Samples subsequently taken from a pit 25 feet deep gave results as follows: Metallic 
iron, 58.99 per cent; manganese, 0.30 per cent; silica (insoluble), 4.50 per cent; 
alumina, 0.28 per cent; sulphur, O.l'O per cent; phosphoric acid, 0.02 per cent. An 
average of five cargoes sent to Germany at the end of 1892 gave: Metallic iron, 57.17 
per cent; phosphoric acid, 0.047 per cent; sulphur, 0.044 per cent; silica, 2.41 per 
cent. The iron ore was washed by machinery, and being a, bulk sample, represents 
more accurately the commercial value of the deposits.

A company formed in 1889 to work a concession of 500 acres in the district of 
Cabarceno, erected washing machinery, constructed a line of chain railway, 18 inches 
gauge throughout, from this place to the margin of the bay, and there erected the 
necessary ore-cleaning plant. In the first year of the company's work 23,000 tons of 
washed ore was turned out, giving 57 per cent of metallic iron when dried at 100° C., 
while in 1893 it was expected that 40,000 tons would be produced. Two other under 
takings of the same description have lately been started, and it is proposed to 
erect machinery in the Bilbao district to wash the dump heaps, which contain valu 
able mineral. The cost of this mineral free on board is about 4 shillings per ton, 
exclusive of royalty and administration charges, but it should be possible to reduce 
this. The cost of production must in all cases of this kind depend greatly on the 
quantity turned out, there being a certain establishment charge. Putting the out 
put at 40,000 tons per year and the value of the mineral earths washed at 460 tons to 
490 tons per 1,000 cubic meters, the cost is as near as possible 4 shillings free on 
board, this amount representing the cost of digging at the mine, the cost of carriage 
of "wash dirt" to the washers, washing the mineral, conveyance to the port, quay 

d-Oost-Ot putting on board.

MINES OF SOUTHERN SPAIN.

Mr. A. P. Wilson, in a paper on "The iron ores of the Mediterranean 
seaboard," read before the British Iron and Steel Institute, says:

The iron-ore producing provinces of the south of Spain—and especially those of 
the Province of Almeria—will unquestionably play a large part in the immediate 
future as exporters of iron ore. The ores from this Province are already fairly well 
known, and the output, which at present is steadily growing, will shortly increase 
with great rapidity. Several purchases of mines in the southern provinces of Spain 
have been made during the last two years, chiefly by Bilbao mine owners, and as 
soon as these properties have been opened up and transport to the coast has been 
provided for, a great increase in the quantity of iron ore exported from these prov 
inces may be confidently predicted. There are ores of every class in the southern 
districts—brown hematites, low in iron, high in water, both free and combined, and 
producing about 80 per cent of smalls; hard purple hematites, carrying 55 per cent 
of iron a-nd 3 to 4 per cent of manganese, 80 per cent being lumps, and mangan- 
iferons ores, containing over 50 per cent of iron and 12 per cent of manganese. Tho 
principal iron-ore producing provinces of the south of Spain are Murcia, Almeria, 
and Malaga, and the production for the past three years has been as follows:

Iron ore produced in southern /Spaim.

Provinces.

Total.... ......

1891.

Tons. 
350, 000
183, 224

99 589'

812, 813

1882.

Tons. 
388, 000
174, 350

633, 050

1893.

Tons.

115,000
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The decrease in production for 1893 is accounted for to a great extent by the coal 
strike which took place in Knglaiid in that year. It will be seen that the produc 
tion of the -whole of the south of Spain is at present only from one-sixth to one- 
eighth of that of Vizcaya (Biscay) alone, bnt year by year, as the product of the 
latter declines, that of the former may be expected to increase, and the outputs of 
the north and sonth -will gradually approach each other. Tho deposits, however, of 
the southern provinces are not in any way so extensive as that of Bilbao. It is prob 
able that all the workable deposits at present known in the south do not contain 
more than one-half the quantity of ore that was once available in the Bilbao mines. 
On the other hand, the mines of the sonth have several advantages over those of the 
north; labor is there considerably cheaper, the climate is much drier, and freights, 
taking the average of the whole year, are not in excess of those which are paid from 
the nearer port of Bilbao.

A large proportion of the ore, too, is superior to the Bilbao ores, the southern 
Campanil being of better quality than the average Bilbao Campanil, in that it con 
tains more iron and less silica, while the northern district can not boast of such ores 
as the manganiferous ores of the Herrerias, in Almeria, and of the Cartagena district, 
in Murcia. The lowness of the Mediterranean freights is accounted for by the fact 
that larger steamers can load cheaper at ports on the southern coast of Spain than 
at Bilbao, which is a shallow-water port. Moreover, the amount of dispatch money 
earned under charters of steamers from the sonth of Spain is large. This dispatch 
is not earned from steamers which load at Bilbao. The present freight per ton from 
Bilbao to Middlesborough is between 5s. ($1.21) and 5s. 6d. ($1.33), while from the 
south of Spain ports, snch a's Garrucha and Almeria, it is 8s. 3d. ($2); but steamers 
from the south of Spain pay lOd. ($0.20) per ton for loading and 10s. ($2.42) per honr 
dispatch at both ends, which is worth 2s. ($0.48) per' ton. As the tonnage of the 
world is increasing rather than decreasing, it is only fair to suppose that the differ 
ence in favor of the south of Spain will bo further, demonstrated as time goes on. 
The principal iron-ore mining centers in the south of Spain are: Cartagena, Calas- 
parra. Morata, and the Sierra Enmedio, in the Province of Mnrcia; Herrerias, Sierra 
de Bedar, and Sierra Alhamilla, in the Province of Almeria; and Marbella, Robledal, 
and Kstepona, in the Province of Malaga.

In no case do these southern deposits occnr as true lodes or veins; they have inva 
riably been produced as beds or deposits by a system of replacement. They occur 
for the most part upon schistose rocks, and are covered by limestone or dolomite. 
There can be no doubt that at one time the limestone rested on the schistose rook, 
and that, in the course of ages, they were gradually dissolved by acid waters carry 
ing iron, which metal replaced the dissolved limestone. As a general rule, there is 
in these southern deposits no clear division between the iron ore and the limestone, 
the former, as it were, growing into the latter. Hard, isolated masses of limestone 
occur also in the midst of the ore bodies. On the other hand, the division between 
the iron ore and the underlying schist is quite clear and well donned. At the point 
of contact the schists are generally altered or decomposed to a soft white clay or 
kaolin, while lower down they are hard and of a blue color. The deposits are all 
situated in the slopes of mountain ranges, and are in most cases very favorably 
placed for working by open cut.

IRON ORES IN THE PROVINCE OF MURCIA.

In the Province of Murcia the Porman deposits of iron ore near Car 
tagena are well known as a source of iron ore for industrial purposes. 
In the interior of this Province, however, there are large deposits as 
yet unopened, and little known to the commercial world. Their remote 
ness from any shipping port severely handicaps them in competing 
with seaboard ores, but with improved facilities for transport they may
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ultimately become available for export. The deposits referred to, known 
locally as the Oalasparra iron ore, consist of four separate groups of 
mines occurring in the form of an arc of a circle 20 kilometers (about 
12 miles) long, the mineral concessions covering an area of 430 hectares 
(1,063 acres). The largest of these groups is near the station of Oalas 
parra, on the Cartagena and Madrid Bailway, 140 kilometers (87 miles) 
from Cartagena. Both red hematite and magnetic oxide occur, and 
both ores are hard and compact. An average sample, of each kind 
gave:

Analyses of iron ore from Calasparra, Spain.

Red hem 
atite,.

Per cent.

Trace

Magnet 
ite.

Per cent. 
10.16

.241

Mr. Wilson says that all of these deposits can be worked on the open- 
cut system. The railway carriage from Calasparra to Cartagena amounts 
to 4.95 pesetas ($0.96) per ton, and when the mines have been connected 
with the railway at Calasparra it is estimated the total cost of the ore 
on board at Cartagena will be as follows:

Cost of mining Spanish iron ores.

Transport by narrow gauge, - . .

Pesetas.

1.50

1.00

0.50

.50
9 80

At the current rate of exchange, this is equal to about $1.89 per ton.
Mines of Morata.—Some 45 kilometers (28 miles) west of Cartagena, 

and at a distance of 17 kilometers (10£ miles) from the coast, the 
deposits of Morata are met with, occupying valleys formed by the 
Sierra Alinenara, and branches or spurs of the same, and extending 
southward toward the Sierra Eumedio. The mineral concessions 
cover an area of nearly 500 hectares (1,235 acres), and the available 
supply of iron ore has been variously estimated at 4,000,000 tons, 
5,000,000 tons, and 8,000,000 tons. The output from this district is at 
the present time much reduced, the annual production not exceeding 
12,000 to 15,000 tons, and this from one mine only, where the mineral 
is gained by underground workings. The mines suffer the disadvan 
tage of not having direct communication with the coast. The ore is 
carted to Parazuelos, an open roadstead, and the steamers are loaded



PRODUCTION OF IRON ORES. 101

by means of barges. Notwithstanding these difficulties the cost of 
the ore, put on board, does not exceed 6 pesetas (say $1.16) per ton. 
The ore is red hematite, and the outcrops are numerous and can be 
traced for considerable distances, though some have been proved only 
to a depth of 8 meters (26 feet). The various deposits have a general 
direction of northwest to southeast. 

The following is an average analysis of the ore, dried at 212° P.:

Average composition of iron ore from Morata mines, Spain.

Silica ..........................

Per cent.

72.00 
Nil. 
2.00 
.80 

7.28 
1.30 
.07 

4.30 
.02 

0.03

Total.. ........ ...........

Per cent.

.03 
7.10 
4.00

00. 89

50/40 
47. 8» 
4.99

Sierra Enmedio.—This district has been somewhat disappointing, the 
estimates of quantity, based upon surface indications, not having been 
realized in depth. At present only one mine, the Santa Isobel, is in 
active operation. This mine is worked by open cut, and maintains an 
average annual output of about 25,000 tons. The shipping port is 
Aguilas, with which the mining district is connected by 34 kilometers 
(21 miles) of railway. The ore is a red hematite of excellent quality, 
and is nearly all lumps. The following shows the average contents:

Average composition of iron ore from Hie Sierra Knmeilio district, Spain.

Iron (in drier! ore) ...... 
Manganese (in dried ore) 
Silica...................

Per cent.

About 50.00 
1.00 to 1.50 
1. 50 to 2. 50

(l Varying with the seasons of the year.

Notwithstanding Aguilas has a good harbor, the loading facilities 
are not of the most economical kind. The ore is tipped from the rail 
way wagons onto the jetty, is there loaded into carts, moved a short 
distance, then shoveled from the carts into the steamers which He 
alongside. In this \vay 800 to 900 tons can be loaded per day. Steam 
ers up to 3,000 tons can lie alongside, and steamers of over 4,000 tons 
have been loaded, but these have to lie some distance away from the 
jetty. The cost of the ore put on board ships at Aguilas may be taken 
at about $1.45 per ton, \vhich includes 2.17 pesetas ($0.42) for railway
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carriage. Freights from Aguilas are' rather higher than from other 
south of Spain ports, on account of the harbor dues.

IRON OEBS IN THE PHOVINCE OP ALMEBIA.

The Province of Almeria is particularly rich in iron ores, and con 
tains nearly every variety—brown hematite, carrying 48 per cent of 
iron and 10 per cent of water of hydration; rich manganiferons ore con 
taining 53 per cent of metallic iron and 9 per cent of metallic manga 
nese, with only 3 per cent of moisture, and magnetites, carrying up to 
04 per cent of metallic iron. Beginning at the eastern end of the 
Province, the first mine of importance is the Herrerias de las Ouevas. 
This deposit consists of beds of red hematite and manganiferons iron 
ore, separated by layers of decomposed schists, and the whole is covered 
by a mass of what is locally called "limestone," but which is in reality a 
highly siliceous oxide of iron, or "gossan." This mine was formerly 
worked by the Campania de Aguilas below the level of the Almanzora, 
which flows within 50 meters (about 160 feet) of the workings. The 
river broke in and flooded the mine while this company was working 
it, the bottom of the open cut being 17 meters (58 feet) below the 
level of the river. After lying idle for some years, a London firm took 
over the mine and built a masonry retaining wall 120 meters (394 feet) 
in length and 12 meters (39 feet) high, which has successfully held back 
the river. As a result of this work there is now available a large area 
of iron-ore bearing ground, a large portion of which can be and is 
being worked by open cut. The ore as it is broken is hauled from 
the bottom of the open cut up inclined planes. The mines are con 
nected by a narrow-gauge railway 5 kilometers (3 miles) in length with 
Palomares, an open roadstead, and here, as at most iron-ore shipping 
places on the south coast of Spain, shiploading has to be done by means 
of lighters.

The following may be taken as an average analysis of the general 
bulk of the dried ore from the Herrerias dc las Cuevas mine, after 
expelling 3.23 per cent moisture: v

Average composition of iron ore from Herrerias de las Cuevas, Spain.

Arsenic ........................ 
Antimony. ........-..----......

Per cent.

75.21 
13.44 

.95 

.24 

.09 
2.12 
2.72 
.007 

Trace. 
.165 
.034

Metallic manganese ............. 
Sulphur .........................

Per cent.

0.018 
.200

4.200

99. 844

52.65 
8.50 
.373 
.008
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Subjoined is an analysis of the ore specially rich in manganese: 

Analysis-of manganiferous iron ore from Herrerias mine, Spain.

Peroxide of iron ................

Carbonate of zinc ..............

Per cent.

40.33 
45,80

i st
2.12
.50
.88 

2 80
.45

Sulphur. ................. . ...i ..
Water............................

Metallic iron ....................

Per cent.

0.38

28.23 
28.95

.037
388

The available qnaiitity of this ore, however, is inconsiderable, and it 
is so mixed with the ordinary iron ore of the mine that its selection as 
a distinct class of ore wonld not be remunerative. The so-ealled "lime 
stone cover " has been here worked for silver. It carries about 11 onnces 
to the ton, with 19.41 per cent ferric oxide.

Mr. Wilson asserts that the cost per ton of working and putting the 
iron ore on board ship at Palornares may be estimated as follows:

Cost of working iron ore in the Almeria district, Spain.

Total....... ....................

Pesetas.

2.25
1 00
1.00
.50

1.00

This is equal, at current rate of exchange, to about $1.11 per ton.
The present output of this mine is about 5,000 tons of ore per month, 

and is increasing. The ore is in good demand at works in England and 
Wales for the manufacture of spiegel iron for the Bessemer process, and 
it commands a. high price.

Sierra cle Bedar.—In this district there are numerous iron-ore mines, 
some of which promise to develop into properties of magnitude. But 
few of the mines are being worked, owing to the want of communica 
tion with the coast. The locality is about 1C kilometers (10 miles) 
inland from Garrucha, which is the shipping port for the district. The 
ores are hematite, limonite, and magnetite, and their occurrence is 
practically the same as has already been described. The ore from 
some of the mines is very small, only from 10 to 15 per cent being of a 
lumpy character, but there are properties which yield nothing bnt 
hard, lumpy hematite of the first quality. All the producing proper 
ties are being worked by open cut, and the annual output is about 
150,000 tons.
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The principal mines are Jupiter, Porfiado, and San Manuel. The 
ore, which occurs as brown hematite carrying 48 per cent iron and as 
soft purple hematite carrying over 60 per cent iron, lies on mica-schist 
rock, and is covered by schist or, in some places, by limestone. There 
are also numerous masses of schist and limestone in the ore itself. 
The schist overburden, being soft, is easily and cheaply removed. The 
workings have been carried on to a depth of over 50 meters (164 feet).

The ore is sent down self-acting inclined planes and is conveyed to 
the coast by means of a cable tramway 15,656 meters (51,366 feet) in 
length, the longest in Spain. About 400 to 500 tons are conveyed by 
this ropeway per day of 10 hours, and the cost is about 1.25 peseta 
($0.24) per ton. The ore is tipped at the terminus at Garrucha on the 
beach, where a large stock is kept, and from this heap trainroads run 
out onto small wooden jetties which project into the sea until a suffi 
cient depth of water can be attained to enable the flat-bottomed light 
ers carrying about 60 tons each to coine alongside. These are loaded 
with baskets of ore, are then rowed out to the steamer, which lies about 
400 meters (one-quarter mile) from the shore, and the ore is hoisted on 
board. It is wonderful with what rapidity this work is carried out; as 
much as 2,000 tons can be loaded in one day by these means at a cost 
of about $0.20 per ton.

Cost per ton of Iron ore on board ship at Garruclia, Spain.

Pesetas.

2.00
1.25

At the present rate of exchange this is equal to about $1.11 per ton.
Besides the mines above described, there are many properties in 

private hands on which little development work has been done. There 
are also magnetite deposits which have not as yet been developed in 
any way.

Mr. Wilson says_that it has been estimated by competent authorities 
that in this district there are available upward of 7,000,000 tons of 
marketable iron ore. The following are typical analyses. No. 1 is the 
Soft hematite, a large proportion of which is smalls; No. 2 is the hard 
purple hematites of the district, and ISTo. 3 is an analysis of the mag 
netites found in the Sierra de Bedar.
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Analyses of iron ores from the Sierra de Bedar district, Spain.

105

Peroxide of manganese

I.

Per cent.

3.43

.03
1.32

.43

.03
04

2.76
.70

100. 11

55.87

II.

Per cent.

2.390

.274
2 340
.54*

1 7. 040$

99. 824

55. 622

.012

- 10.800

III.

Per cent. 
71.71
13.37
1.58

.35

.36
Trace.

1.45

3.70

j.

Sierra, Alhamilla.—There are three principal groups of mines in this 
district, viz, Los Banos, Alfaro, and Lucainena. The first named is sit 
uated about 18 kilometers (11 miles) in a northeasterly direction from 
the port of Almeria, at an elevation of 480 meters (1,575 feet) above sea 
level; the second is situated about 5 kilometers (3 miles) to the west of 
Los Banos, at an elevation of 580 meters (1,903 feet) above sea level; 
while Lucainena is 16 kilometers (10 miles) north of Los Banos, and is 
about 1,000 meters (3,281 feet) above sea level.

The ores in all three groups are hard red aud purple hematites, con 
taining 3 to 4 per cent of manganese; in Los Banos, also, there is a small 
proportion of ochreous brown ore, poorer in iron and more porous in char 
acter than the prevailing mass of hematite. The ore bodies occnr 
between schist and dolomite, being covered by varying thicknesses of 
the latter and in places by a conglomerate of limestone and iron ore, 
and are favorably situated for working by open cut. A series of 
benches are formed 10 to 12 meters (33 to 39 feet) apart, the cover is 
taken off and tipped at the side into deep ravines, while the ore is let 
down by inclined planes to the ropeway station. From the port of 
Almeria there is a railway of 3-foot gauge which extends in a north 
easterly direction for a distance of 1C kilometers (10 miles), having its 
terminus within 1,500 meters (4,921 feet) of Los Banos mines. These 
1,500 meters of steep ground are bridged over by a cable tramway, 
which is on the single rope system, is self-acting, and is constructed to 
deal with 35 tons of ore per hour. .

The Alfaro group of mines is connected with the same railway at a 
point a short distance below its inland terminus by means of a cable
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tramway on the double-rope system. The length of this ropeway is 
5,300 meters (17,389 feet). The method of shipping at Alineria is the 
same'as at Paloinares and Garrucha. In two or three years' time the 
harbor which the Spanish Government is building at Almeria, and which 
is now in a forward state, will be completed, and it will then be possi 
ble to load from the mole, alongside which the steamers will lie. The 
Lucainena group of mines has recently been purchased by Bilbao mine 
owners, and active work has been commenced with a view to opening up 
the property so as to enable a large output to be dealt with. The iron 
ores of the Sierra Alhamilla are eminently suited for the Siemens steel 
process, as well as for the Bessemer process, their exceptional purity, 
added to their lumpiness, rendering them formidable competitors of 
Bilbao Carnpanil ore. For some years past the ore from Los Banos and 
Alfaro has been shipped in large quantities to the Cleveland district, 
to Scotland, and to Wales, for use in the Siemens process, for which it 
has been found very suitable. The ore is mined practically all as lump 
ore, the only "smalls" present in the delivered ore being occasioned 
by breakage in shipment. ,...-•

--'-Aeeerdilrg"to Mr. Wilson;" the quantity of ore available in the three 
groups has been variously estimated at 4,000,000,5,000,000, and 9,000,000 
tons. The following are analyses of the ores from these three different 
groups of mines:

Analyses of iron ores from, the Alhamilla district, Spain.

lotai. ..........................

Los Banos.0

Per cent. 
74.14 
5.18 

Koue. 
1.54 
1.73 
1.81 
5.50 
1.00 
.05 
.02 

None. 
7.71

99.28

51.90 
3.27 
1.78

Alfaro.

Per cent. 
09.69 
4.07 

None. 
0.00 
4.08 
6.25 
2.23

0.00 
Traces.

13.44

100.36

48.78 
2.95

Lucainena.

Per cent. 
77.09 
8.82 

.None. 
0.00 
0.72 
2.04 
0.44

Traces. 
Traces.

7.94
100. 05

53.96 
4.31

1

a Dried at 212° i".
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These mines are only in course of being opened up, but as this is 
beiug carried out with much energy it may be expected that the output 
from all of them soon will be largely increased. The cost of working 
and putting the ore on board ship at Almeria is as follows:

Cost of ivorking and shipping iron ores in the Alhamilla district, Spain.

KoyaJty.. '.............................

Alfaro.

Pesetas. 
1.500 
.375 

1.250 
1.000 
1.000 
.625

a 5. 750

Loa Banos

Pesetas. 
2.125 
.125 

1.250 
1.000 
1.000 
.025

a 6. 125

Lucainena.

Pesetas. 
2.000

| 2. 500

1.000 
.625

0.6.125

a A.t the current rate of exchange those total costs are equal to about $1.11 and $1.18 per ton.

IRON ORES IN THE PBOVINOE OF MALAGA.

Marietta. — These well-known iron-ore mines are situated about 5£ 
kilometers (3 J miles) from the coast, near the village of Marbella, some 
50 kilometers (31 miles'/ southwest'
with the coast by a private railway of 1 meter gauge worked by loco 
motive power, which terminates in a pier 1,300 feet long, alongside of 
which steamers with a draft not exceeding 21 feet can be moored. The 
cost of carriage from the mines to the coast, including the loading of 
mineral into steamers, amounts to 25 cents per ton. The ore is entirely 
magnetite, and is found in one deposit with a width of from 10 to 40 
meters (33 to 131 feet), considerably faulted iii its course. The work 
ings are altogether underground, and the greatest depth yet attained 
is 180 feet from the surface. The output of ore varies from. 70,000 to 
80,000 tons per annum, and the most of it is sent to the United States. 
The estimated cost of winning the ore and placing it in the trucks 
ready for carriage to the coast is about $1.20 per ton, exclusive of roy 
alty, and the present selling price is $2.52 per ton, free on board at 
Marbella. An analysis of the ore dried at 212° F. gives:

Analysis of Marbella iron' ores, Spain.

Silica...........................

Ter cent.

26. 585

504
5. 290

Total.......................

1'er cent.

.018

.26

Estepona.—At Estepoua, some 30 kilometers (18£ miles) southwest of 
Marbella, there are several iron-ore deposits, from which a few cargoes 
have been shipped, and, although none of the mines are being worked,
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there are rumors of some of them being reopened soon. The mineral 
here is magnetite of good quality, as will be seen by the following 
analysis:

Analysis of iron ore from Estejtona, Spain.

Peroxide of iron ................
Protoxide of iron ...............

Per cent.

56. 78
25.08

.40

.05
2.52

Alkali

Per ceut.

3.55
.50

29'

SO 25

Robledal.—There is a group of iron-ore mines on the Sierra del Boble- 
dal, distant from Marbella about 22 kilometers (14 miles), in a northwest 
direction. Situated as these mines are, on the northern slopes of the 
sierra, which attains a height of 4,000 to 6,000 feet above sea level, they 
are inaccessible until a railway or eableway to the coast has been pro 
vided. As at Marbella, the ore is entirely magnetite, remarkably free 

"femlfilpuTiiaes'. "FronTahalyses of samples taken from different mines 
of the group, metallic iron varies from 61 to 66 per cent; silica, from 
0.30 to 4£ per cent; sulphur, from braces to 0.04 per cent; phosphorus, 
traces. The mineral occurs between serpentine and limestone. The 
area of the mining concessions of this group is more than 300 hectares 
(740 acres).'

San Mathias.—About 10 kilometers (6 miles) northwest of Marbella 
there is another group of mines, known as the San Mathias mines, in the 
valley of the Eio Verde. Though more accessible than the Eobledal 
mines, this group is unconnected with the coast. The ore here is "mag 
netite," but is not so good as at Eobledal. An average analysis gave:

Analysis of magnetite from San Mathias, Spain.

Metallic iron. ........

Phosphoric acid-...-.

Per cent.

57. 93 
2.94
9.02

None.•°4

The area of the mining concessions of the group is about 200 hec 
tares (500 acres).

IKON OEES IN THE PROVINCE OF SEVILT.A.

At Pedroso and Guadalcanal, on the Sevilla-Merida Eailway, there 
are large deposits of iron ore. The mines at the former place are about 
10 English miles from the nearest railroad station, from which to the 
port of Scvilla is about 53 English miles. The Eevista Mineria states
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that a railway is to be constructed, and that arrangements have been 
made to carry the ore to Sevilla for 4 pesetas ($0.77) per ton. The roy 
alty is stated to be $0.15 per ton on all ore extracted. The ore is 
said to exist in enormous quantities, aud to yield from 55 to 65 per cent 
of metallic iron. The same authority says that for the working of 
another group of mines, situated only about 2 miles from the Pedroso 
station and 43 miles from the port of Sevilla, an English company has 
been formed under the title of the Iberian Iron-Ore Company. Analy 
ses made in England show ore with 57 to 67 per cent of jnetallic iron. 
Guadalcanal is distant about 110 kilometers (68 miles) from Sevilla. 
The ores from all these places will be shipped at Sevilla, which is not a 
good shipping port, for only steamers of light draft can lie alongside 
the wharf, at which there is but limited accommodation. The mines, 
especially in the case of Guadalcanal, will be seriously handicapped 
by such high railway freights, which are more than twice as much as 
is paid by any other iron-ore company in the south of Spain. The 
following are stated to be average analyses of the iron ore of Guadal 
canal :

Analyses of iron ore from G-uadaLcanal, Spain.

Silica......................

Total................

No. 1.

Per cent. 
5.85

1.82

94 72

No. 2.

Per cent. 
0.40
.60
.02

07.57

68 30

IRON ORES IN THE PROVINHF, OF HUELVA.

Although the Province of Hue.lva does not appear at present in 
the list of exporters of iron ore, there are large deposits of this min 
eral, which, however, is not of a very high class. At the Bio Tinto 
mines the oxidized capping of the pyrites lodes, which has been 
removed in the process of working by open cut, has been stacked, 
and there are now enormous quantities of this mineral available, 
exceeding 2,000,000 tons. The impurities of the ore. however, not 
withstanding its high percentage of iron, are much against it, as the 
subjoined analysis of a sample illustrative of the whole lot will show, 
the arsenic present especially being a formidable obstacle. This ore 
could be put on board at Huelva at a cheap rate, on account of the 
excellent facilities, which the Rio Tinto Company has for carrying and 
loading, and it is possible that some works, especially on the Conti 
nent, would use large quantities for making cheap iron. The ore is 
hard and lumpy throughout, there being no smalls; it is of a lightish- 
red color, and of a porous character. There are also deposits of iron
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ore at Fregenal, on the Huelva-Zafra railway, but situated as tbey 
are, more than 100 kilometers (62 miles) from the coast, the question 
of freight is a serious one, and they are not at present being worked.

Ana-lysis of iron ore from Bio Tinto, Spain.

Per cent.

77.27 
.50 
.1)8 

1.67 
6. Ti 
1.89 
.45 

Trace. 
.064 

1.24 
1.50

Total .....................

Per cent.

0.07 
.13 

0.00 '.45

99. 924

54.48 
1.2 
.028 
.90

Large quantities of pyrites from the Eio Tinto district are exported, 
and the clinker resulting from roasting this is sold to blast furnaces to 
be used as an iron ore.

It will be seen from the foregoing observations that an almost con- • 
tinuous series of deposits of iron ore extend along the southeastern 
coast of Spain, commencing with the Porman deposits at Cabo de 
Palos, and continuing at no great distance from the coast through the 
Provinces of Murcia, Almeria, and Malaga, finally trending northwest 
to the farther inland districts of the Province of Sevilla. With im 
proved facilities for transport many, if not all, of these might be properly 
worked.

The iron-ore mines of Asturias, although the ore is less pure and 
more refractory than the Bilbao ores, produce largely. Mr. K. Oriel 
states that ''the deposits consist principally of Devonian, Silurian, 
and Cambrian quartzites, impregnated with iron oxide somewhat high 
in phosphorns."

Mr. J. D. Kendall, in speaking of the deposits in the Province of 
Malaga, says that the ore-bearing section forms part of the mountain 
ous region known as the Serrania de Eonda, and extends from the shore 
of the Mediterranean Sea to an altitude of about 6,400 feet. All tlie 
rocks met with in this region belong to the Archean age, the strata 
being nmch distorted, and frequently assuming high angles. The depos 
its usually pnesent the form of bedded veins, generally with high angles, 
but sometimes the inclination is not great. The roof or hanging wall is 
dolomite, and the line of contact between the ore and the roof rock very 
irregular. The foot wall is serpentine, sometimes associated with gneiss 
and mica schist. At the Mariebella mines the ore vein is lenticular in 
form, the direction of the deposit being northeast and southwest. It is 
about 800 feet long, its greatest breadth and depth being 200 and 420 
feet, respectively. The hanging and foot walls consist mainly of amphib- 
olite and mica schist.
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In the south some of the larger Spanish veins have been extensively 
quarried near the surface, and this system has in some instances been 
continued long after the time when, owing to the increasing depth, it 
would have been cheaper to work underground.

The Bilbao ores are all quarried, the deposits being near the surface. 
Most of them have a thin covering of soil and rocky debris, although 
some, as those on Triano Mountain, are overlain by shale or limestone, 
but these rocks are thin as compared with the ore, and are easily removed. 
Where the concessions are small aud close together there is often diffi 
culty in disposing of the overburden and rock, unless arrangements can 
be made with a neighbor for space. Powder is mostly used in quarry 
ing, but dynamite is also employed to enlarge the bottoms of holes so 
as to concentrate the action of the powder.

In the following table of analyses of Spanish iron ores an average of 
6 cargoes of Porman ore is given, which was received at Pennsylvania 
and New Jersey furnaces. The percentage of phosphorus is very low, 
ranging from 0.01 to 0.025 per cent. In the analyses, of which this is 
the average, the range of iron in the undried ore was from 49.1 to 51.88 
per cent:

Analyses of Spanish iron ores.

Camar^o :

Marbella:

Somorrostro iron ore from Bilbao, Spain : 
Campnuil mines — 

No. L..... .........................................
No. 2.....--.........-..----...-......-..--.....-..
20.3..............................................
No. 4............. ................................

Venatlnlce — 
No. 1..............................................
No. 2........................... ..................
No. 3............................. ................

Rubio—

Average of 37 analyses of other Somorrostro iron ore :

Ir(

Dried at
212° i\

Per cent.

'61.65

59. 050

54.02

53.40

56.40

55.85

59.78

>ii.

In nat u-
ral state.

Per cent.

53. 70

483
48 772

50.20
47.13

phorus.

Per cent.o.oa

009
.04

013
.011

.005

.018

.0124

Sulphur.

Per cent.

0.01

.026

Mr. H. C. Babbitt gives the following analyses of 43 cargoes (about 
110,000 tons) of Porman ores imported from 1888 to 1893, and of 12 
cargoes .(about 42,000 tons) of Eubio ore, imported during the same 
period:
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Analyses of I'orman and Rubio iron ores.

Dried at 212° : 
Iron in ore ......... 
Silica ..............

Zinc ...............

Average.

Per cent. 
5.66

51.37

.021

.231

.624

Porinan.

Highest.

J'er cent. 9 60

55. 47 
20.10

494

2.010

1.571

Lowest.

Per cent. 
1.76

45.75 
8 50

.SCO

Average.

Per cent.

52.97

.172

Eubio.

Highest.

Per cent. 
17.79

56.38 
20 50

.025

Lowest.

Per cent.

45.65

1

Concessions arc granted by the governors of Provincesforworkingiron 
ore at approximately 31 cents per acre for the ground demised and 1 per 
cent on the gross production, the grantee being permitted to work the 
mineral or to sell the concession for a fixed sum, or rent it on a royalty.

Mr. J. D. Kendall states that the royalty paid on Bilbao ores is some 
times as high as 2 shillings ($0.48), the average being about 1 shilling.

The foregoing details will illustrate the sources from which the large 
exploitations of iron ore are derived and the possibilities of a contin 
uance of these.

M. Alexandre Pourcel supplied most of the data for the following 
table, showing the iron-ore production of Bilbao, that of the whole of 
Spain, the exports of iron ore, and the quantity of pig iron made.

Production of iron ore and pig iron in Spain; also iron ore exports.

Years.

1860...............

1862...............
1863...............

1865............... 
1866...............
1867...............

1869...............
1870...............

1872...............
1873...............

1876...............

1880...............

1882...............
1883. ..............

1886...............

1889...............
1890. ....... .......
1891...............
1892. ..............

Iron ore production.

Bilbao.

Metric tons. 
69,816 
54, 869 
70, 460 
70, 720 

120, 470 
102, 360 
89,912 

136, 075 
154, 120 
164, 800 
250, 337 
403, 142 
402, 000 
365. 340 

10, 821 
34,296 

432, 418 
1, 040, 2«4 
1, 305, 656 
1, 262, 671 
2, 683, 627 
2, 620, 626 
3, 855, 000 
3, 627, 752 
3, 216, 321 
3,311.419 
3, 185, 228 
4, 198, 691 
3, 631. 593 
3,901.511 
4, 326, 933 
3, 719, 660 
4, 573, 560 
4, 918, 650

Total for 
Spain.

Metric tons. 
173,503 
130, 259 
213, 192 
222, 676 
253,121 
191, 648 
180,131 
254, 481 
385, 553 
311, 345 
436, 586 
585, 762 
781, 468 
811, 926 
402, 952 
520, 095 
908, 899 

1,162,170 
1, 703, 051 
1, 754, 295 
3, 565, 338 
3, 502, 681 
4, 726, 293 
4, 526, 279 
3, 907, 266 
3, 933, 298 
4, 166, 946 
5, 796, 266 
4, 500, 000 
4, 318, 795 
5, 788, 7i3 
5 679,600 
5, 405, 142 
5, 497, 540

Exports. Tig iron 
made..

Metric tons. Metric tons.

931, 102 
811,211 

1, 159, 684 
1,329,848 
2, 532, 274 

391,436 
749, 802 
800, 381 
711,126 
336, 603 
638, 496 

1, 277, 423 
1, 807, 029 
1, 048, 181 
2, 932, 887 
3, 088, 703 
4, 025, 233 
4, 225, 827 
3. 967, 607 
3,796,743 
4, 187, 526 
5,215,712 
4, 464, 385 
5,051,613 
5, 708, 811 
4, 343, 834 
4, 773, 827 
4, 646, 877

73, 000 
42, 825

85, 939 
114,894 
120, 064 
139, 920 
124, 363 
159, 225 
57, 728 

148, 000 
165, 000 
225, 000 
243, 366

247, 329 
260,450
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PORTUGAL.

Iron ores of good quality occur in many parts of the Kingdom, but 
with few exceptions all the mines are practically abandoned. This may 
be accounted for by the poverty of the country in coal and the absence 
of forests. The following iron-ore deposits of Portugal may be men 
tioned:

The hematite bed of Quadramil, in the Province of Traz-os-Montes, 
occurs in the Laurentian rocks, may be followed for a distance of 5 
miles, and is frequently 66 feet in thickness. The veins in the same 
province in the Braganza district now produce but little ore. The ore 
deposits of Moncorvo, also in the Traz-os-Montes, consist of a number 
of lenticular beds in the Laurentiau rocks. The beds, which are some 
times 328 feet in thickness, have a gentle dip, and are frequently 
traversed by quartz veins. They contain both red hematite and mag 
netite. The detritus detached from the hills by rains forms extensive 
surface deposits in the valleys. The iron ore in beds is said to contain 
from 39 to 59 per cent of iron. In the district of Odemira, in Alemtejo, 
iron and manganese occur as lodes, as surface deposits, and as deposits 
of sandstone containing iron. The lodes are wide, traverse the Lauren 
tian limestones and slates, and contain hematite, pyrolusite, heavy spar, 
and quartz. The production of iron ore in Portugal is probably below 
10,000 tons annually.

Analyses of Alvito Portugal iron ores.

Silica......................

Total................

No.l.

Per cent. 
3.85 

25.20 
65.93 
4.47 

Trace. 
.58 

Trace. 
Trace. 

.31 
None.

100. 32

65.93

No. 2.

Per cent. 
7.58 

23.32 
55.48 
6.57 

None. 
.88 

4.31 
Trace. 

.01 
1.60

99.56

56.98

SARDINIA.

Iron ore is mined on the island of Sardinia, and in the year 1890-91 
10,190 metric tons of ore were produced.

The deposit of magnetic iron ore at St. Leon in the fiscal year 
1865-66 produced 13,810 metric tons of ore. No ore was reported as 
mined in 1889.

SWEDEN.

No country possesses greater interest to the metallurgist than 
Sweden, which has for centuries been a producer of iron .ores and a. 
manufacturer of iron and steel of such character as to merit recognitioa 

16 G-EOL, PT 3——8
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as standards of excellence. In fact the long-established quality of its 
product rather than the quantity made, encourages a presentation of 
the mineral resources of Sweden in considerable detail as far as they 
relate to iron ores. Its iron and steel industry is also unique in its 
continued dependence upon charcoal or wood, even refuse and sawdust 
being converted into gas in suitable producers, and its chief reliance 
upon magnetic ores.

Geological relations.—Sweden shares with Norway the Scandinavian 
peninsula, of which it forms the eastern and larger part (58 per cent), 
extending from 69° to 55° north latitude, a geographical situation cor 
responding to Alaska. The greatest length of. Sweden, about 1,000 
miles, extends from considerably within the Arctic zone to below the 
northeastern extremity of Prussia, while the greatest breadth approxi 
mates 250 miles. The area of the mainland and the islands amounts 
to 170,660 square miles, of which about one-twelfth consists of water. 
Mr. Hjalmar Lundbohm (vide Swedish Catalogue II, statistics) says:

The mountain regions of Sweden have their greatest development in the northern 
and western parts of the country; narrowing in to the Norwegian frontier, the high 
land descends as a vast sloping plateau toward the Gulf of Bothnia. The upper 
part of this plateau inclines gradually and contains many large lakes and enormous 
marshes; then the lakes decrease in size, the valleys become steeper, and the moun 
tains are covered with forests, and finally the coast landscape commences, with its 
broad glens and numerous traces of the former intrusion of the sea. Over all this 
plateau arms or branches from the fells or mountains are to be seen in the form of 
broad ridges, many falling away some distance from the coast, others, on the con 
trary, stretching as far as to the sea, disperse into rich groups of islands, or force 
themselves between the lakes and become united to the lower plateau of mountains 
and woods which occupy a part of the sonth of Sweden. The lowland occupies a 
part of the littoral along the Gulf of Bothnia, and appears farther south in the nat 
ural depression, which is marked by the lakes in central Sweden, and contains the 
plains of Upland, Westmanland, Westergotland, and Ostergotland; and again in 
the plains which surround the wooded plateau of Smaland, and of which that of 
Skane is the most important.

The largest lakes lie in the great irregular dip or depression which 
extends across the Kingdom between the North Sea aud the Baltic, and 
in an earlier geological period formed a broad channel between these 
two seas, but of which, owing to the elevation of the land, only some 
few of the larger basins now remain. The principal of these is Lake 
Venern, 2,150 square miles in area, third in size of European lakes, and 
Vettern, 732 square miles in area, and these are of great importance to 
the communication of central Sweden, as they are the chief points of 
the principal canal system of the Kingdom. The entire country is 
dotted with many large and small lakes, several of which have an area 
of more than 40 square miles. Mr. Lundbohm says:

There are two conspicuous features which explain why Sweden is different from 
most of the other parts of Europe as regards the general character of its natural 
features. The country is situated around the center of the ancient Scandinavian 
land ice, and in the greater part of the country only two of the geological series, the 
oldest and the youngest, are represented. Thus the uneven, undulating surface of
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the rocks, belonging to the Archean series, is in general covered with Quaternary 
deposits of gravel, sand, and clay. Among the Archean rocks gneiss is the most 
common, occupying nearly all of the southwest of Sweden and a very broad belt 
along the east coast, from Vestervik, south of Stockholm, all the way to the boundary 
of Finland. The uniformity of these districts is, however, often broken, partly by 
the presence of granite, diorite, gabbro, hyperite, etc., partly by the occurrence of 
some flue-grained rocks, which are supposed to be the youngest part of the Arehean. 
From a practical point of view these rocks are more important than any others, on 
account of their connection with the iron ores, the purest and richest of the latter 
occurring in the limestone hiilleflinta and granitite, especially in a large belt running 
from east to west across the country from the Baltic to Vermland, not far from the 
Norwegian frontier. Though this is the principal iron-bearing district of Sweden, 
very important iron ores are also found in other places, as in Lapland, Sorlermanland, 
and Ostergotlaiid.

Varieties of ore.—The iron ores of Sweden consist principally of 
"black ore" or magnetite, hematite, or specular ore (peroxide or sesqui- 
oside), all of which are generally called "mountain ores,"to distinguish 
them from the lake and bog ores, which are won in Smaland and several 
other provinces. The magnetic ores often have larger or smaller quanti 
ties of specular ore mixed with them, sometimes in such proportions as 
to make it difficult to decide to which species the ore should be assigned. 
The magnetite and specular ores belong to the primitive or Laurentian 
formation, and occur with few exceptions as beds or stratified masses, 
the dip of which commonly approaches more to the vertical than the 
horizontal. The thickness of the ore bodies in the southern part of the 
country generally varies from that of a veinlet to 100 or 150 feet, and 
in nearly all of the mining fields there are commonly found several 
parallel beds separated from each other by more or less sterile rock.

The geological arrangement of the Swedish "mountain ores" varies, 
but from a metallurgical point of view they may be divided into three 
groups. The first division embraces the ores lying in more or less euritic 
or grauulitic gneiss, and containing generally some feldspar, and there 
fore more alumina. The most typical ores of this group lie in granite, 
which is generally red in color and somewhat gneissic. Most of them 
are specular ores, often marked by a distinct striping, caused by repeated 
alternations of pure iron-ore seams with others of eurite and quartzite, 
in snch a way that the same series of beds may contain hundreds of 
seams of ore, intermixed with barren rock. The ores lying in the gneiss 
rocks proper are generally magnetites, sometimes rich in silica.

The ores of the second division are generally purer and more con 
centrated than those of the preceding division, and have well-defined 
boundaries. In most instances they appear as lenticular layers embed 
ded in rock, often arranged in rows. The deposits of this division are 
often of great width but of less longitudinal extent than those of the 
first division. Some of these ores arc remarkable for the quantity of 
magnesia which they contain, and although they can commonly be 
smelted without any or sometimes with a small amount of lime as
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flux, when the rock is rich in magnesia, formerly both lime and quartz 
were used in the reduction of the .ores. Now the method is changed, 
and generally no quartz is used, but ores rich in silica are mixed with 
those more basic.

The third division comprises those ores which contain a considerable 
quantity of manganese and often a not inconsiderable amount of sul 
phides. The content of manganese is derived from interspersed min 
erals, but in some of the ore deposits in the limestone the manganese 
compounds appear to be mixed with the latter, so that the manganese 
content may be as high in that part of the deposit which is poor in 
iron as in that which is richer. The majority of the ores of this group 
are magnetite, although some ores containing peroxide of iron also 
occur exceptionally, and should belong to this group. Some of the 
manganiferous ores are so rich in lime that they require to be mixed 
with siliceous ores in order to be easily smelted, while others are wliat 
is called in Swedish "engaende" (going by themselves), their gangue 
being such that no flux is required for their smelting. There are also 
ores rich in manganese which contain so large an amount of magnesia 
as to necessitate the use of both lime and quartzose ores in smelting 
them. The greater number of Swedish ores must be fluxed with lime 
in order to yield a glassy slag, and most of them are thus more or less 
acid, or, as it is called, "dry."

Percentage of iron.—The iron content of the Swedish ores varies from 
30 to 70 per cent, but it is generally about 50. As, however, the calca 
reous ores are much scarcer than the siliceous ones, ores occurring in 
limestone are often used, although their iron content is but 20 per cent 
or even less, as a mixture for the richer siliceous ores. In some ores, 
particularly those of the first division, the content of alumina is not 
inconsiderable, while ores belonging to the second group in particular 
and some of those 'belonging to the third are very rich in magnesia. 
They generally contain very little phosphorns. Mountain ores contain 
ing more than 0.1 per cent of phosphorus are as a rule employed only to 
mix with others containing less phosphorus. The ores lowest in-phos 
phorus are generally used for producing iron for steel making.

Impurities.—The greater number of siliceous specular ores are free 
from sulphides, and many of the magnetic iron ores also contain only 
a small proportion of sulphur; other magnetic ores are, however, inter-. 
spersed with metallic sulphides, such as sulphides of iron, magnetic 
pyrites, and arsenical pyrites (Dannemora), so that the ores, if the iron 
produced is to be free from sulphur, must be subjected to careful cal 
cining, and many kilns have been erected for this purpose. Most of 
the ores, however, are calcined not so much for driving out the sulphur, 
which generally does not occur in large amounts, as in order to convert 
Fe:(O4 to Fe2O3 , and thus to make the ore more easily reducible.

Especially characteristic of a large number of the Swedish mountain 
ores is the fact that they contain only minute quantities of phosphorus,
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in many cases not more than 0.001 to 0.005 per cent. This, besides 
the fact that charcoal is nsed in smelting, accounts for the excellent 
quality of Swedish iron.

The lake aud bog ores in Sweden belong to the Quaternary period, 
and are in fact still being deposited. They occur in several provinces, 
and have in former times been used for the direct production of 
malleable iron. They generally contain several tenths of 1 per cent of 
phosphorus, and are employed only in the manufacture of foundry and 
puddled iron. The lake ores, according to their appearance, are called 
"gunpowder," "pearl," "penny," or "cake" ore, etc. They occur in reedy 
places, a short distance from the shores of the lakes, forming beds up 
to 2J feet in thickness, These ores are taken up in the "winter by means 
of long-shafted scrapers and riddles of iron, and a new bed may be 
formed in the same place after some thirty years.

Of the total iron-ore product of Sweden, Prof. Rich. Ackerman says 
that between two-thirds and three-quarters is magnetite, one-third to 
one-quarter specular, and the balance generally about 2,000 tons of 
lake or bog ore.

Geographical distribution.—The greatest quantity of Sweden's best 
iron ores, and at the same time those that have been worked the long 
est, occur within rather a small space compared with the total area of 
the country, that is within a belt having an area of 5,800 square 
miles, which extends from the Gulf of Bothnia on the east to the dis 
trict north of Lake Venern on the west. Southward this ore region 
continues to the middle part of the Province of Ostergotland, and north- 
ward-to the northern border of the Province of Dalecarlia. Here occur 
farthest to the east the Dannemora field, famous for its ores free from 
phosphorus, and in many other respects unique, and in about the mid 
dle of this district are situated the Norrberg, Bispberg, Grangesberg, 
Striberg, Stripa, and several other extensive mining fields, and farthest 
to the west the Persberg and so.me others. It will thus be seen that 
the principal iron-ore deposits extend from the Dannemora region, 
north of Stockholm, across the country, ending some distance from the 
Norwegian border, covering a length of 180 miles. North of this ore 
district are found large iron-ore bodies, as far north as the vicinity of 
the polar circle. Here are situated the iron-ore deposits of Gellivara, 
Kirunavara, and Luossavara, in length of strike, thickness, and per 
centage of iron the principal iron ores of Sweden. Some of the deposits 
are large and rich. Thus a horizontal section through the nearly ver 
tical mass of ore at Kirunavara and Luossavara represents an area of 
5,384,000 square feet; all the ores at G-ellivara have in their outcrop 
ping an area of about 2,690,000 square feet, while at Euotivara the area 
is estimated as 3,230,000 square feet. As the average percentage of 
iron at several of the mines amounts to GO or C5 and sometimes more, 
it is evident that mining might be pursued on a large scale.
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Until lately, however, all of these last-mentioned mining districts 
have been lying idle, partly for lack of communication and partly by 
reason of the high percentages of phosphorus (at Gellivara and Kiruna- 
vara) and of titanium (at Euotivara). Mr. Lundbohm states that all 
three of these deposits are located in Swedish Lapland. Of these only 
that at Gellivara is worked, and it has lately been connected with the 
harbor of Lulea, at the north end of the Baltic Sea, by a railway belong 
ing to the Government. This railway is 129 miles long and said to be 
the most northern railroad in the world, 50 miles of it being within the 
frigid zone. The ore is taken from the stock piles at Lulea and loaded 
by an American steam shovel. The company owning this deposit has 
exported ore to England, the United States, and Germany, and is making 
preparations for largely increasing this export. The iron ore of Gelli 
vara is partly magnetite, partly specular ore, both occurring as numer 
ous long layers iri a gneissic rock forming a mountain about 4£ miles in 
length and about 600 feet in height above the surrounding flat country, 
having a width of about 1£ miles. Many of the ore layers are of con 
siderable size, some of them being from 180 to 300 feet wide, the dip 
varying from 45 to 80 degrees from the perpendicular. The quality of 
the ore is also very changeable. Good Bessemer ores containing 67 to 
69 per cent or more of iron occur in large quantities, but the greater 
part of the ores are high in phosphorus. The percentage of sulphur is, 
on the contrary, very small, except in a few cases.

Mr. Jeremiah Head, in a paper on " Scandinavia as a source of iron- 
ore supply," says:

About 1867 a magnetite mine, situated on the seaboard, a little to the north of 
Gefle, exported two cargoes of ore containing 66 per cent of iron, and only a trace 
of phosphorus. Notwithstanding that steamers carrying 1,000 tons could lie so 
close in to the mines that the ore could be wheeled right aboard, the cost of pro 
duction and delivery at that time was higher than the price obtainable, and con 
sequently the mine was abandoned.

In 1888 the total exports rose from 41,986 (the amount for 1887)-to 117,530 tons, 
and those to the United Kingdom from 057 to 02,672 tons. This sudden increase was 
due to the operations of an English company, which had during the previous year 
made a railway 129 miles long from the iron-ore deposits at Gellivara, in Swedish 
Lapland, to Lulea, a seaport on the western shore of the Gulf of Bothnia, 740 miles 
from Stockholm. The concession under which this company operated included also 
the right to work and export iron ore from the deposits at Gellivara, Kirunavara, 
Luossavara, and Svappavara, which lay on or near the selected route, at a royalty 
of from 6d. (12 cents) to 8d. (16 cents) per ton. Another company, closely allied with 
the railway company, was established to purchase steamers and convey the ore to 
British and other ports; and a third was to rent and work two blast furnaces at 
Walker-on-Tyne, England. The result was, however, disappointing. The pig iron 
produced contained from 0.3 to 0.6 per cent of phosphorus, and was, of course, 
quite unfit for acid steel making. As such pig iron for any other purpose was not 
largely in demand, and if it had been, could have been more cheaply produced by a 
mixture of Cleveland and hematite ores, the enterprise did not result iu success. 
This affected the interests of the allied companies so adversely that they, too, were 
presently obliged to discontinue operations. But the Gellivara mines were found to 
yield not only such phosphoric ores as were sent to the Tyne, but also, from certain 
of the -workings, a proportion of ore of exceptionally rich and pure quality.
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The imports into the United Kingdom fell from 62,672 tons in 1888 to 15,427 tons, 
in 1889, 5,534 tons in 1890, and to 3,108 tons in 1891; and, as far as this country was 
concerned, the Gcllivara mines might just as well have ceased to exist. The Swed 
ish Government did not regard with complacency the total abandonment of the 
enterprise. It took the railway, and after a time granted favorable rates to a 
Swedish company, which established four grades, A, intended for acid processes, 
containing about 69 per cent of iron and 0.01 per cent of phosphorus, and D, in 
tended for the basic Bessemer process, containing about 65 per cent of iron and 1 to 
2 per cent of "phosphorus. Ore containing appreciable phosphorus, but not enough 
to render it unfit for acid purposes, was'called grade B, while grade C comprised all 
between that and grade L).

The yield of the quarries (there are as yet no underground workings), of which 
there are 131, was found to be composed of grades A and B to the extent of 20 per 
cent, while 80 per cent belonged to the lower grades. The effect of these improved 
arrangements soon became apparent. The imports of Swedish iron ore into the 
United Kingdom gradually rose from 3,108 tons in 1891 to 13,722 tons in 1892 and 
35,601 tons in 1893. Almost all this was of A quality, and was delivered to furnaces 
in the Cleveland district at prices averaging 18s. (say $4.35) per ton. The imports 
during the year 1894 were about 130,000 tons. The exact figures have not been 
obtained. The general verdict of those who have tried the ore is that the guaran 
teed standard of richness and purity has, so far, been well maintained.

The Continental iron companies have been still more enterprising than their Eng 
lish competitors in utilizing the new source of iron-ore supply.

Since 1887, when the Gellivara-Lulea Railway was completed, to December, 1893, 
the total annual exports have increased by over 400,000 tons, of which 35,000 tons 
came to the United Kingdom and the remainder went mostly to Germany and Austria.

During the last six years Scandinavia has become a most important source of iron- 
ore supply to the principal iron-producing countries of Europe. The ore travels 
about 1,680 miles to English (Cleveland), and 1,690 to German (Dortmund) works, 
and 1,400 miles to Wifkowitz. This is farther than from the celebrated Lake Supe 
rior mines to the Pennsylvania steel works. Only very rich ores could bear such 
cost for transit.

Inasmuch as in the last-named countries the great bulk of the steel manufactured 
is by the basic process, whereas the exact reverse is the case in Great Britain, it is 
only natural to expect that what is sent to them should be mainly grade D, and that 
which is sent to England should be mainly grade A; and this is in accordance with 
the actual facts of the case.

Mr. Paul Kupelweiser, general manager of the Witkowitz works, says that during 
five or-six years housed Swedish magnetites from Gellivara and elsewhere (probably 
Grangesberg) to the extent of about 60,000 tons per annum. They contained from 61 
to 64 per cent of iron, and cost from 22 to 24 shillings ($5.32 to $5.81) delivered at 
Witkowitz. He mixed them in the raw state, in the proportion of from 33 to 66 per 
cent, with other ores, mostly spathic, and calcined. Used in this wf.y there was no 
difficulty in smelting. The resulting pig iron was taken in a molten condition to a 
Bessemer converter, and after being partially blown, to a basic-lined Siemens furnace, 
there to be finished into steel.

Grade D, Gellivara ore, is also now extensively used at the large steel works in 
Upper Silesia. The port of entrance in this, as in the previous case, is Stettin, 
whence it is forwarded by rail. The Weatphalia works are users of the same grade 
It reaches them via Rotterdam, some going forward by Rhine navigation and some 
by rail. Grade D is offered at about 15s. 6d. ($3.75) per ton, delivered in trucks at 
Antwerp for use in the Liege and Luxemburg districts.

The value of grade A ore, containing 69 per cent of iron and 2 per cent of silica, 
is at present about 18s. 6d. ($4.47) per ton delivered at Middlesborough furnaces. 
Spanish Rubio ore, containing 50 per cent of iron and 8 per cent of silica, costs
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12s. 6d. ($3.02) per ton. In other words, the use of grade A Gellivara magnetite ore, 
under present conditions, should' enable smelters to cheapen the cost of production 
of pig iron for acid steel purposes.

The large and growing importations into Germany seem also to afford proof that 
grade D is equally of valne in the manufacture of pig iron intended for the Bessemer 
basic process as carried on in those countries. The question remains, How far Eng 
land can nse to advantage grade E, with or without native phosphoretic ores, and 
with or without pnddlers' tap, in making pig iron suitable for the Bessemer basic 
process? During the twelve years 1882-1893 the production of puddle bar in the 
United Kingdom has decreased by 53 per cent, and in the Cleveland district by 73 
per cent.

The Gellivara deposits are 4 to 5 miles long by 1 to 2 miles broad. The ore-in 
sight, or which can be detected by the dip needle, covers an area of 160 acres. Bor 
ings have been made to a depth of 175 feet without reaching the bottom. The 
quantity of ore has not been determined, but there is no douM that it is enormous.

The cost of the calcined Cleveland ironstone necessary for the production of a ton 
of Cleveland pig iron is about 15 shillings ($3.63). If this were displaced by Gelli 
vara ore yielding 65 per cent of iron, 1% tons would be required. At the same total 
cost, 15 shillings per ton of pig produced, this would admit of the price of two-thirds 
of 15 shillings, or 10 shillings ($2.42) per ton of ore delivered to the furnaces, being 
paid for it. According to custom-house returns, the lowest average value of iron ore 
imported from Sweden into the United Kingdom since 1888 is 16 shillings per ton. 

. _ Mr. J. T, Smith, who visited Gellivara in 1888, considered that when the output 
readied 1,500,000 tons per annum the cost of raising, conveying, and putting free on 
board at Lulea will not exceed 5 s. 6d. ($1.33) per ton, including royalty and some 
other charges. But as the output has not yet reached one-third of that quantity, 
and as all charges have not been included, we may increase his estimate to, say, 
6s. 6d. ($1.57) per ton free on board at Lulea.

From Bilbao, which is 1,030 miles from Middlosborough, the present rate of sea 
freight for the conveyance of ore is abont 5s. 3d. ($1.27) per ton. In view of the fact 
that Lulea is 1,550 miles, or fully one and one-half times as far, and that, on account 
of ice, the traffic has to be done during only five months of the year, an additional 
Is. 3d., or a total of 6s. 6d. per ton, is not top high an estimate for the average freight 
from thence. This brings the lowest cost price of Gellivara ore to 6s. 6d. + 6s. 6d. or 
13 shillings ($3.14) per ton delivered in Cleveland, without reckoning any profit to 
producers. These conditions were by no means ignored by the original Swedish and 
Norwegian Railway Company. Their concession, which was first obtained in 1883, 
authorized them to'continne their Hue through to Victoriahavn, on the Lofoten fiord. 
That fiord, and indeed the whole of the west coast of Norway, is always free from 
ice, however severe the'winter, due to the fact that it lies in the path of the Gulf 
Stream, and of the warm winds which are continually moving from the tropics to 
the polar regions. On the way to Victoriahavn, and 115 miles from it, or nearly the 
same distance as Gellivara is from Lulea, the projected railway passes the deposits 
of Kirunavara and Lnossavara. These are similar in character to those at Gellivara. 
Middlcsborough is only 1,170 miles from that port, whereas it is 1,550 miles from 
Lulea. Rotterdam is 1,323 miles from Victoriahavn, against 1,550 from Lulea. Ant 
werp is 1,400 and 1,628 miles, respectively. Stettin is considerably nearer to Lulett.

Relatively to Germany and Austria, England, and especially the Cleveland district, 
will secure the greatest advantage by the opening out of the Victoriahavn ronte, 
but there is little prospect of Swedish ore of any kind being delivered to Middles- 
borough, even via Victoriahavn, at less than 12 shillings ($2.90) per ton; and this ia 
a higher price than can be expected at present for any kind except grades A and B.

The careful and elaborate surveys of the Gellivara and the three neighboring 
deposits which were made in 1875 by a commission of experts sent for the purpose 
by the Swedish Government seem to establish the following facts: (1) That the ore



PRODUCTION OF IRON ORES. 121

is all more or less magnetic, the metallic iron contained being in the condition of 
protoxide, peroxide, or magnetic oxide, or a combination of these oxides. (2) That 
it is found in lodes or veins, which, together with the bedrocks in which they lie, 
appear to have had an intrusive origin, and are usually more or less distorted. 
(3) That the lodes are associated with gneiss, quartz, feldspar, granite, hornblende, 
and mica schist. Corundum, fluorspar, calcspar, actinolite, adamantine, asbestos, 
epidote, and garnets are also found in or about them. (4) That the phosphorus is in 
the form of apatite (Ca32P04 ) and can to a great extent be separated by hand picking. 
(5) That ore sufficiently free from phosphorus for acid steel purposes is but, a portion, 
say one-fifth, of the whole. (6) That the deposits generally protrude at the surface 
of the mountains, where they are easily distinguishable from a considerable dis 
tance by their dark color. The ore in sight, or traceable by the dip needle, consti 
tutes usually about 5 per cent of the total surface area. (7) That the more elevated 
and more outlying portions of the deposits yield, as a rule, ore containing less iron 
and more impurities than the less elevated and more central portions, and that 
samples taken from the interior of the lodes give better analyses than those taken 
from near the surface.

Mr. P. T. Lidner states that there are five quarries working at Gelli- 
vara at present, which he describes as follows:

Frederika.—Here the ore is 85 feet wide, but only 65 feet is mined. 
The ore near the hanging wall of the C grade, not being in demand, is 
left in place. The A, B, and C ores, which are here won, are rich in 
iron, often as high as 70 per cent.

Selet.—Here the ore is 100 feet wide, furnishing B and C ores, rich in 
iron but high in phosphorus.

Hertigen.—Here the ore is 80 feet wide, which, on account of the iron 
pyrites contained, is classed as C ore.

Hermelin has an ore width of 75 feet and furnishes D ores high in 
phosphorus.

TingvaWs Hill has a width of ore of 330 feet, but only one-half of 
this width is worked at present because of inadequate transportation. 
The ore contains;from 0.7 to 1.3 per cent of phosphorus, and is classed 
as D ore.

Of these quarries the first three mentioned are on a tract a short 
distance south of the main field, while the last two are on the main ore 
field. The freight rates to Lulea are given at $1.07 per metric ton, 
which it is hoped to reduce in the future. Eight hundred men are em 
ployed, and the quarries are lighted by electric lamps. When the rail 
road was first projected it was expected to rnn from Lulea to Gellivara 
and Kirunavara, and from there to Lofoten, on the Norwegian coast, 
which is open for navigation all the year round, while Lulea is closed 
by ice for seven months.

The greatest depths to which the iron-ore mines of Sweden have been 
worked do not exceed 1,000 feet. Considering that as a rnle there are 
no particularly large quantities of either minerals or water to hoist, the 
machinery for this work need not in general be of great power or capac 
ity, say between 80 and 90 horsepower. The ores are iisually hard, 
and have to be blasted, the cost of mining being stated to be from 50 
cents to $2.50 per ton.
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Analyses.—The following analyses of Swedish iron ores were pub 
lished by Mr. N". Lilienberg in a paper on " The manufacture of charcoal 
iron in Sweden," 1 and are collated from "Analyser & Jarnmalmer, 1871- 
1890," by Adolf Tann:

Analyses of Swedish iron, ores from districts producing yearly over 4,000 tons.

Provinces and dis 
tricts.

Province of Gestrik- 
land:

Penning. ....... 
Province ofUpland : 

Danncniora ..... 
Do.......... 
Do..........
Do.......... 

Skedika ........ 
Province ot'Dalarne : 

Vintpri!. ---.... 
Tuna Hastberg . 

Do..........
Komme ......... 
Kisberg. ........ 
Ivike ...........
Finna's .........

Nyberg .........

Bispberg ....... 
Rallingaberg . . .

Kullshyttan ....

Province of West- 
man land:

Klackberg.-.--.

Kallmora ....... 
Konnngsberg. . .

Strina ..........

Lomberg. .......

Stallberg.......
Karrgrufvan . . . 
Ingelshyttaii . . . 
Stripa ..........

Klaeka

Mines.

Penning ................

Sjb'grufvan .............

Storrymning. . ..........
Norr Skedika. ..........

Gammelgrufvan ........

OrngrufVan ............. 
Draggrufvan ...........

. Bybergsgrufvan ........

Vindgrnfvan ...........

Stora Bisperg, No. 1 ..... 
Kallingsberg, No. 1 ......

Rulfihyttan, No. 1

Shackelbergsffrufvan . , . 
Klackberg, No. 1 ........ 
Bergniansgrufvan ...... 
Stora Kallmora. ........ 
Uddevalla .............. 
Norra Fb'reningsgrufvan 
Stripa ..................

Fallgrut'vaii -."--.-.-.--.
Svartvik.. ..............

Stripa ..................

JTogdhyttan... . . 
Pershyttan ..... 
Dalka'rlsberg . . . 

Province of Werm- 
land: 

Nordmark ...... 
Fennmossen ....

Dahyttan....... 
Do..........

Province of Soder- 
manland : 

Kantorp ........ 
Province of Oster- 

gotland :

&

Dalkarlsberg, No. 1.....

Fenmnossen ............

Storgrufvan ............
&6

Product in 1882.

Metric 
tons. 
7,462 
4,379

33, 192 
33, 192 
33, 192 
33, 192 
4,438

18, 353 
20, 084 
20, 084 
11, 212 
12, 426 
11, 442 
8,023 

13, 967 
4,162 
5,166 
4,233 

13, 899 
8,052 
4,939 
5,305 
7,173

22, 342 
32, 370 
15, 212 
18, 719 
13,638 
7,000 
6,480 
4,289 
4,313 

11, 860 
10,271 
10, 100 
5,544 
6,559 

25,000 
5,748 
9,446 

43, 873 
8,213 
7,268 

10, 850 
17,425

9,613 
10, 616 
5,452 

13, 936 
41, 124 
41,124 
41, 124 
7,175

12, 133 

4,958

Hematite or mag 
netite.

M
M

M 
M 
M 
M 
M

M
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M

H 
It 
H 
M 
M 
H 
M 
M 
Hn
M 
M 
M 
H 
M 
M 
M 
M

M 
M 
M

M 
M 
M
M 
M 
M 
M 
M

M 

M

fl

Per ct. 
43.56 
51.07

51.20 
44.18 
62.15 
49.68 
54.95

42.70 
52.14 
44.20 
55.67 
59.38 
47.68 
49.90 
47.40 
52.00 
36.37 
41.20 
66.00 
64.25 
35.91 
44.76 
52.00

61.61 
42.50 
50.80 
58.50 
44.17 
50.50 
49.88 
57.69 
40.00 
54.70 
48.00 
49.10 
53.4 
48.84 
59.00 
48.20 
37.80 
57.70

55.63 
51.19 
62.67

55.20 
60.70 
56.30

55. 79 
57.89 
59.60

56. 50 

43.28

&a
•o.g
Is
0)

i-J

Per ct. 
13.2 

5.5

12.2 
15.00 
5.2 

14,58 
7.89

10.91 
6.46 

10.22 
7.88 
.87 

4.19 
3.28 
7.38 
3.39 

11.28 
2.98 
1.57 
3.95 

15.05 
15.94 
7.85

1.41 
14.92 

1.50 
6.31 
9.70 
.50 
.40 

6.12 
11.60 
1.27 

12.40 
12.92 
1.27 
5.13 
2.20 

12.69 
13.59 
3.70

.34 

.86 
4.04

8.10 
6.25 
7.15

9.03 
8.25 

• 6.61

3.03 

14.75

s 
1

Per ct. 
24.3 
9.85

6.45 
19.68 
4.05 

12.3 
10.42

18.09 
19.24 
26.50 
8.99 

12.45 
19.20 
26. 38 
18.00 
22.04 
18.86 
9.26 
4.14 
5.69 
6.00 

22.47 
15.37

13.00 
.90 

22.3 
10.50 
9.20 

25.3 
25.58 
10.12 
27.40 
18.30 
9.80 
4.90 

23.75 
24.23 
13.80 
15.04 
31.05 
14.90

23.13 
17.76 
6.83

12.70 
8.53 

12.00

12. 76 
11.35 
9.76

14.74 

25. 40

^ 
,5
13
GO

Per ct. 
0.148 
.020

.080 

.236 

.013 

.03

.058 

.084

.19 

.09 
Trace. 

.001 

.02 

.14 
1.34 
.03 
.03 
.09

.076 

.08 

.02 

.014 

.03 

.06 

.03 

.011 

.020 

.04 

.05 

.09 
Trace. 

.03 
Trace. 

.14 

.008 

.045

Trace. 
.01 
.01

.027 

.045 

.045

.031 

.025 

.027

.022 

.008

Phosphorus.

Per ct. 
0.007 

,008

.0026 

.003 

.0033 

.002 

.048

.007 

.037

.119 

.049 

.031 

.022 

.124 

.012 

.010 

.008

.08 

.004 

.008

.011 

.001 

.01 

.01 

.005 

.03

.021 

.02 

.08 

.01 
Trace. 

.015 
Trace. 

.005 

.018 

.003 

.007

.005 

.005 

.02

.007 

.011 

.013

.002 

.002 

.005

.026 

.011

1 Journal United States Association of Charcoal Iron Workers, vol. 5, pp. 257, 258.
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These analyses do not include any from the Gellivara district, a large 

number of assays of these ores being published in a report from the 
geological survey of Sweden of 1875.' In a report for 1892 Mr. H. 
Lundbohin 2 gives 149 analyses, made by Mr; V. Petersson, among 
which the following are representative:

Analyses of Gellivara, Sweden, iron ores.

Metallic iron ......

Insoluble in hy 
drochloric acid-.

No. 1.

Per cent. 
54.53 
1.81

11.79

No. 2.

Per cent. 
59.65

7.64

No. 3.

Per cent. 
62.20

2.47

No. 4.

Per cent. 
47.20 
4.10

9.60

No. 5.

Per cent. 
65.25

6.98

No. 6.

Per cent. 
69.93 

.05

2.59

No. 7.

Per cent. 
'81. 46 

.16

10.32

No. 8.

Per cent. 
67. 53 

.08

4.14

Mr. H. Bauerman gives an analysis of lake ore from Wermland 
made by Svanberg, as follows:

Analyses of Flaten (Sweden), lake iron ore.

t

Silica.......................

Per cent.

47.32
1.45
7.81
4.18

Per cent.

0.47
90

.18
17.81

Through the courtesy of Prof. Richard Akerinan, of Stockholm, 
Sweden, the following table is presented, showing the production and 
exports of iron ore and the production of pig iron in Sweden for a 
series of years.

Production in and exports of iron ore from Sweden, and pig iron produced.

Tears.

1850....:.....

1860..........
1861 ..........
1862..........
1863 ...........

1867 ..........
1868 ..........

1870 ..........

1875 ........

Iron

Produc 
tion.

Met. tone. 
281,521
417, 337
438, 135

453,553
471, 607

502, 361

597 864
630, 739

732, 753
832, 857

ore.

Expoits.

Met. tons.

2,125

5,738
5,313
7,740

17, 395

10,063
12, 045
9,474

13,116
11, 901
18, 651
23, 869
25, 310
27, 210

produced.

Met. tons. 
142, 234

186, 772
241, 355

263, 042

298, 803
339, 559
345, 872
327, 797

Yeara.

1876 .... .....
1877..........
1878 ..........

1881 ..........
1882 ...........

1886..........
1887 ..........

1880 .........
189li..........

1893..........

Iron

Produc 
tion.

Met. tons. 
796, 957

677, 328
645, 199

826, 137
892, 863

873, 362

959, 540

987, 405
1, 293, 583

ore.

Exports.

Met. tons. 
14, 920
12, 491

29, 602
24, 287
20, 197
32, 320
39 602
25,817
19, 288

117, 350

187, 532
174, 148

447, 931

produced.

Met. tons. 
352, 622
344, 484
340 797

435, 428

422, 627
430, 534

442, 457
456, 625

456, 102
490, 913

1 TJnderd&iiig berattelse om Malmfyndigheter i Norrbottens liin. 
* Apatitforekomster i Norrbottens Malmberg.
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Mr. Jeremiah Head gives the following as the quantities of Swedish 
irton ore imported into Great Britain in the years named, these amounts 
being included in the total exports in Professor Akerman's table:

Swedish iron ore imported into Great Britain.

Tears.

1885..........
-ISO'7

• Amount.

Long tone. 
613
743

' 657

Tears.

1888..........
1889..........
1890..........

Amount.

Long tone.

5,534

Tears.

1891..........
1892..........
1893..........

Amount.

Long tons. 
3,108

13, 722

The tabular statements show a slow but gradual growth not only in 
the amount of iron ore and pig iron produced, but also in the exports 
of iron ore. The iron ore which is now mined is .presumably also much 
richer or else better prepared for market, for if the exports be subtracted 
from the production and the balance considered as the amount charged 
into the furnaces the average figures for the decade from 1860 to 1869 
show that 479,145 metric tons of iron ore were required to produce 
224,797 metric tons of pig iron, an average yield in the furnace of 40.9 
per cent. In the decade from 1882 to 1891, inclusive, however, it took 
but 843,384 metric tons of ore to produce 444,066 tons of pig metal, 
giving a furnace yield of 52.0 per cent of iron. A portion of this appar 
ent increase is evidently due to the displacement of the leaner lake ores 
by. the richer magnetic and specular ores.

The export trade of Sweden rose from nothing in 1855 to 17,395 metric 
tons in 1865, and then remained practically stationary, or had but slight 
changes, until 1880, when it advanced to nearly 30,000 tons, reaching 
39,002 tons in 1884, falling to 19,288 tons in 1880, and then rising rap 
idly to 187,532 tons in 1890, showing a slight decline in 1891, which is 
more than offset by the shipments of 1892, which were 320,871 metric 
tons, and of 1893, 447,931 metric tons.

Mining laws.—Since in no other country is so much attention paid to 
the careful preparation and mining of iron ores, the following notes in 
regard to the mining laws of Sweden, their method of prospecting, etc., 
are taken from the Swedish catalogue prepared for the Columbian 
Exposition by Dr. S. A. Lofstrom:

According to the mining laws of Sweden every Swedish citizen is 
entitled to claim all mineral deposits containing the ores of various 
metals, including iron, with the exception of lake and bog ores, manga 
nese, iron pyrites, magnetic pyrites, etc., provided, in all cases, that 
the minerals are to be found at a distance of not less than 200 meters 
(656 feet) from dwelling houses, building ground, or garden. A claim- 
holder is authorized to explore the ground holding the mineral deposit 
within a radius of 100 meters (328 feet). The landowner is entitled to 
partake in the working of the mine to the extent of a half and to share 
the profit equally. When the deposit is laid open a certain area of 200
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meters (65(i feet) in length and breadth is assigned, within which the 
owner of the mine has exclusive right to work. The boundaries of this 
area extend downward vertically. A certain amount of work is to be 
done yearly jm the said area; if not, the rights are forfeited and the 
deposit then may be subject to a new claim.

Mining methods.—The miner's compass has been used in Sweden for 
two hundred years in prospecting for iron and other ores, these latter 
being impregnated more or less with magnetite or magnetic pyrites, 
and therefore the miner's compass is employed in the discovery of zinc, 
lead, and silver ores. For the magnetic surveying of the ore fields 
Thalen's magnetometer and Tiberg's inclinatory needle have been in 
.use during the last decade to advantage. The magnetic maps of the 
mine fields, drawn according to surveys with these instruments, have 
shown more complete and exact history of the magnetic conditions 
than the compass alone.

In the examination of ore deposits the diamond drill has lately come 
into extensive use. The drill mostly in use is run by hand power as 
well as by petroleum motors. With this drill borings have been made 
to the depth of nearly 450 feet. Sometimes larger diamond drills run 
by steam or compressed air are used. During the years 1887-1891 
examinations were carried out in this way to a total depth of about 
10,800 meters (35,000 feet).

In consequence of the hardness of the Swedish rocks timbering as a 
rule is not needed in the mine shafts other than for guides for raising 
ore and water and for ladder ways. The cost per meter for sinking ver 
tical shafts 4.5 by 4 meters (14f by 13£ feet) in section, with the neces 
sary timbering for hoists, pninps, and ladder ways, is from $55 to $80 
per meter, or say $17 to $24.50 per foot. The dimensions of levels are in 
general 1.5 by 2.2 to 2.4 by 2.5 meters (4.9 by 7.2 to 7.9 by 8.2 feet). The 
cost per running meter for level work varies between $8 arid $13 (say 
$2.50 to $4 per foot), the miner paying for the explosives, tools, and other 
materials.

Owing to the hardness of the ores and their gangues the method of 
underhand stoping without filling is still most used. About 80 per cent 
of all the iron ores obtained are mined by this method. But methods 
of back filling are used for snch ores as have a tendency to cave in, as 
well as for mining ores of great thickness.

Usually the metalliferous rock is separated from the sterile by means 
of picking by hand, the rock having first been crushed, either by 
machine or hand power. The ricliest pieces of ore are first separated, 
and the remainder, if it contains any ore, is put through another course 
of picking and washing. For some iron ores magnetic separators are 
used, as at Upsala, Orebro, etc.



126 MINERAL EESOUECES.

Dr. S. A. Lofstrom gives the average annual production of the 
Swedish iron-ore mines, by kinds, as follows:

Average annual product of the Swedish iron-ore mines.

Kinds of ore. 1871-1880.

Metric tons, 
763, 769

8,018

1881-18^90.

Metric tons. 
902, 320

2,709

1891.

Metric tons. 
985 255

2,150

Production.—The official Swedish statistics for 1893 give many inter 
esting tables in regard to the production of iron ore, pig iron, and other 
metals, and the following table has been prepared from these. The iron 
ore was mined from 341 active mines situated in 11 "liins" or provinces, 
and does not include 2,275 tons of lake or bog ore, of which 2,210 tons 
came from Jonkopings, and 59 tons from Kronbergs Liin. The table 
shows first the liin or province, second the total amount of iron ore and 
rock brought to the surface and there sorted, third the total amount 
of iron ore obtained from this material, fourth the percentage of ore 
obtained from the rock and ore, and fifth the percentage of total iron 
ore output by lans:

Production of iron ore in Sweden by provinces.

Provinces,
Rock and 

ore brought 
to surface.

Metric tons. 
707, 295

409, 079

124, 856
43, 482

221

Iron ore 
produced.

Metric tons

806, 594

91, 772
69, 704

24, 165
12, 086

834
221

1, 481, 487
1 9Q1 Q11

Percentage 
of oro to 

rock.

Per cent.
58.7
55.0
48 4
57.1
56.1
55.8
62.8
42.7

15.4
100.0

54.5

Percentage 
of total iron 
ore ontput.

Per cent.

20.26

4.71
1.84
1.63
.82
.06
.02

100 00

Of this 1,481,487 tons of iron ore, 1,194,298 tons, or 80.6 per cent, was 
magnetic iron ore, and 287,189 tons, or 19.4 per cent, was hematite ore. 
The amount also includes 13,575 metric tons of magnetically concen 
trated ore, which was produced at nine establishments, two each being 
situated in Upsala, Orebro, and Sodermanlands, and one each in Vcst- 
manlands, Kopparbergs, and Gefleborgs Lan.
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The following is a list of the principal active mines of iron ore in 

Sweden, together with their output in 1893:

Output of the principal Swedish iron ore mines in 1893.

Names of mines.

Stribergsfaltet ....................
Peraberg oeh Yugshyttefalteh .....

Provinces.

Kopparbergs ..... 
Vestmanlands ....

....do.............
Ve-stinanlanda .... 
....do .............
. .....do. ...... ......

No. of 
mines.

.9 
21 

5 
5 

12 
2 
1 
4 
5 
3 
5 
7 
1

Production.

Metric tons, 
306, 594 
261, 865 
43,497 
40, 627 
85, S35 
30,631 
29, 500 
26, 559 
26, 485 
25, 312 
24,899 
20, 474 
19, 140

A table is also given showing the increased amount of iron ore mined 
per annum per employee, as follows:

Production of iron ore in Sweden per employee.

Tears.

1871-1875.........

1881-1885.........
1880 1890.........

Total num. 
ber of 

workmen.

5,001
4,581
0,439

0,210

Production 
of iron ore 
per work 

man.

Metric tons. 
90.7

n R 4
121 9
147.7
140.8
148.7

Tears.

1889..............

1891..............
1892..............

Total num- 
ber of 

workmen.

7, 564
7,510

Production 
of iron ore 
per work- 

man.

Metric tons. 
157.7
148.4

170.8

Iii commenting on the increased output per workman, the statement 
is made that the above figures do not show the entire amount of ma 
terial moved, and that in the year 1893 the 3,999 men below ground 
handled, in addition to the iron ore mined, 3,862,000 tons of rock, 
some of which was left in the workings.

Of the 453,421 metric tons of metal produced in 1893, 447,362 tons 
was pig iron and 6,059 tons castings direct from the furnace. Of the 
447,362 tons of pig iron, 285,718 tons, or 63.86 per cent, was forge and 
puddle iron; 145,479 tons, or 32.52 per cent, Bessemer and Martin iron; 
1,294 tons, or 0.29 per cent, spiegel, and 14,871 tons, or 3.33 per cent, 
foundry iron.

Of the works, 134 had blast furnaces which were active during the 
year, the total number of furnace stacks being 199, of which 152 were 
active. The averag'e output per furnace was 2,983 tons, the average 
number of days in blast 245, and the average product per furnace per 
day 12.18 metric tons.

It will be interesting to note the characteristics of blast furnace 
management which prevail in Sweden and in the United States. In the
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United States 19 blast furnaces using charcoal were reported as active 
at the close of the year 1893 and 40 at the close of the preceding year. 
Assuming that the latter represented the number of American blast 
furnaces in operation at any time during the year, their total output in 
1893—386,789 long tons—will then be divided by 40, giving an average 
annual product per furnace of 9,670 long tons, as against 2,983 metric 
tons per furnace stack in Sweden. As the Scandinavian statistics are 
prepared in a different manner from those in the United States, the 
above comparison can not be considered as exact; but to further illus 
trate the practice in vogue the following statement is presented:

Comparison of blast furnace practice in Sweden and the United States in 1893.

Sweden.. ............ ..metric tons..

Total num 
ber charcoal 

blast fur 
naces.

199 
118

Total 
product.

453, 421

Average 
output 

per furnace.

2,278

NORWAY.

Unlike that of Sweden, Norway's iron industry, never large, has 
declined, until now little if any iron ore is mined or pig iron made. 
The prevailing ore of Norway is magnetite, and the two principal locali 
ties at which it is found are the Skreia iron-ore field, northwest of Chris- 
tiania, and the district southwest of Drammen. The ores are stated to 
occur either immediately at the junction of the granite and Silurian 
beds, or in metamorphic beds nearest to the granite. There are also 
some extensive deposits of hematite and magnetite on the central 
western coast, but they are said to contain considerable phosphorus, 
and are therefore not wrought.

The rocks in the vicinity of Arendal are gneiss and various crystal 
line schists, which inclose beds of limestone, and often pass into mica- 
schist or hornblendic schist. These rocks strike northeast and south 
west,-dip at a considerable angle southwest, and inclose numerous 
deposits of magnetite, more or less mixed with specular iron ore, in a 
belt 16 miles in length, parallel with the coast, and extending from 
Oyestad to Flakstad. The ore masses are of a lenticular form, varying 
from 6 to 60 feet in thickness and from 350 to 600 feet in length, and are 
'surrounded by a peculiar envelope consisting of a mixture of the metal 
liferous bed and country rock, the principal minerals being mica, horn 
blende, garnet, calcite, and magnetite. The center of the bed usually 
consists of magnetite, which is sometimes coarsely granular, but is 
always accompanied by other minerals.
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The following table, supplied by Prof. Eichard Akerman, of Stock 
holm, Sweden, shows the decline of Norway as an iron-producing 
country:

Production and exports of iron ore and product of pig and bar iron iii Norway.

Yeara.

I860...............
1861 ...............
1862...............

1864...............

1867...............

1809 ...............
1870........... ...

1872...............

1875...............

1877...............
1878...............

1880...............
1881...............

1883...............
1884...............
1885...............
1886...............
1887...............
1888...............
1889...............

1891...............
' 1892

Iron ore.

Production.

Metric lone.
24, 385 
24, 160 
19, 155 
43, 570 
49, 72U 
24, 580 
18, 785 
19, 895 
16, 800 
21, 155 
7.165 

32, 980 
28, 960 
29, 800 
28. 800 
20, 535 
17, 265 
11,880 
8,060 
6,715 
6,210 
1,950 
2,128 

None. 
200 

None. 
1,904 
1,385 

800

Exports.

Metric tons. 
10 

330 
1,160 

400 
2,490 
2,240 
5,720 
6, 020 

10, 310 
15, 980 
17, 120 
2,980 

15, 030 
18, 700 
28, 820 
21,650 
14, 164 
6,010 
1,167 

510 
136 
170 
411 

5,744 
741 

1,376 
201 

2,510 
382 

1,143 
370 
752

Pig iron 
made.

Metric tons.
7,575 
7, 590 
7,375 

. 8,165 
7,985 
6,320 
7,145 
4,755 
3,985 
3.975 
2,620 
1,565 
1,395 
1,960 
2,230 

870 
1,292 

737 
1,400 

902 
1,190 

740 
1,031 
1,174 

None. 
None. 

698 
799 
287

Bar iron 
made.

Metrictons.
3,895 
4,205 
4,180 
3,875 
4,010 
3,890 
3,470 
3,570 

930 
845 
855 
830 
825 
400 
325 
495 
400 
600 
370 
400 
712 
405 
645 
440 
397 
159 
190 
289

The average product from 1851 to 1880 is given as follows: 

Average product and export of Norweyian iron in periods of five years from 1851 to 1880.

Periods.

1851 1855..........
1856-1860..........
1861 1865..........
1866 1870........ -.

Iron ore.

Production.

Metric tons. 
23, 400 
22. 000 
32, 200 
20,200 
25, 540 
12, 900

Exports.

Metric tons. 
15 

0 
1,320 

11, 030 
17, 435 
4, 400

Pig Iron 
made.

Metric tons. 
9,860 
9,300 
7,740 
5,240 
1,950 
1,040

Bar iron 
made.

Metric tons. 
4,850 
4,410 
4,030 
2,140 

650 
450

In an article prepared by Mr. Jeremiah Head, read before the British 
Iron and Steel Institute, he makes the following statement:

In the summer of 1891 I visited several magnetic iron-ore deposits in the neigh 
borhood of Grimstad and Arendal, on the south coast of Norway. The ore seemed to 
lie in nearly vertical lodes or veins of very variable thickness. In former times sev 
eral of them had been extensively worked, as was testified by the pits, headings, 
heaps of bedrock and ore, and even remains of winding apparatus still to be seen. 
Near Soggendal, between Christiansand and Stavanger, is the titaniferoiis iron-ore 
deposit a mile and a half long and 60 to 70 yards thick, formerly worked by the 
Titanic Iron Company, Limited. About the year 1868 this company leased two old

16 GHEOL, PT 3———9
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furnaces at Norton, near Stockton, England, and there made at the rate of about 200 
tons per week what, they called titanic pig iron. The mineral used was hi ptirt titaii- 
iferous ore obtained from Soggendal, and in part Spanish, Algerian, and Elban heinti- 
tites and Irish bog ores. The proportions varied according to the product desired. 
The molten metal was run into iron molds, aud was sold for high-class purposes, 
principally in the Leeds and Sheffield markets. The titaniferous ore was at first 
found difficult to smelt, but that difficulty was eventually entirely overcome by the 
adoption of suitable mixtures. The titanic pig iron coutainedfrom 0.038 to 0.185 per 
cent of phosphorous and up to 3 per cent of titanium. The slag contained up to 3 
per cent of titanic acid. The company, after a fairly successful career of six or 
seven years, was compelled to suspend operations, owing probably to the advent of 
steel, and the Norton furnaces have been inoperative ever since.

Since the year 1888 the imports from that country to the United Kingdom have 
been quite insignificant.

There is a deposit similar to the Soggendal near Ekersund, 3 miles long and 2 to 
12 yards thick. To the north of Trondhjem is a vein of magnetite 11 yards thick 
and of unknown length.

In June, 1893, I again visited the west coast of Norway, passing from Bergen to 
the Lofoten Islands and back to Stavanger. I explored one mountain situated along 
side of a deep-water fiord somewhat farther to the north of Troudhjem, in which 
magnetite ore was protruding at various points, and which I estimated to contain 
not less than 25,000,000 tons. Not far from this deposit is another of similar character 
which I call Trondhjem, Y. It is 16 miles long by 44 yards broad. Its depth is 
unknown. One end of the deposit is within 12 miles of a small soaport situated at 
the head of the fiord. The bedrocks are igneous and metamorphie, and generally 
similar to those of the Swedish deposits.

Still farther to the north are other deposits of magnetic and specular ore, which I 
call Trondhjern, Z. Specimens taken from them yielded 64 per cent of iron, 0.2 to 
0.9 per cent of phosphorus, and 0.01 to 0.3 per cent of sulphur.

In one of the Lofoten Islands I examined several detached deposits. The specimens 
selected yielded on analysis 61 per cent of iron and only traces of phosphorus; but 
they contained no less than 9.2 per cent of titanic acid. The deposits do not appear 
ever to have been worked, although within a quarter of a mile of a good navigable 
fiord.

In 1891 but one blast furnace was at work in the whole country, 
namely, that at Naes, near Arendal, producing 75 to 100 tons per week 
of charcoal pig iron. The ore used was self-fluxing, being obtained 
from local magnetite mines, containing about 50 per cent of iron and 
producing a pig iron with 0.035 per cent of phosphorus.

It is claimed that native iron of terrestrial and not meteoric origin
exists in ]STorway.

BELGIUM.
Belgium produces a considerable amount of pig iron, but the greater 

portion, of the lion ore required for its output of metal conies from for 
eign soirees, chiefly Germany, Spain, and Algeria, only about one-ninth 
of the iron ore smelted being won from Belgian iron-ore mines.

According to M. Paul Traseuter, of Liege, to whom the Survey is 
indebted for the table of production and imports which appears further 
on, the iron ores of Belgium are divided into the following classes:

First, the " violette " mine, oolitic iron ore (red hematite), occurring 
in the older Silurian or Devonian formations, which are somewhat 
similar to the Alabama fossil ores.
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Second, ininette ore, oolitic limouite, which is worked in the extreme 
south of the Province of Luxemburg (Musson and Falanzy), and which 
also extends into France, Luxemburg, and Lorraine in Germany.

Third, a bog ore in Campine, near Limbourg, the supply of which is 
of limited quantity and almost exhausted.

Fourth, manganiferous iron ore, which occurs in the Province of Liege, 
on La Lienne, as small irregular beds in the Silurian phyllastes.

Fifth, "yellow mine," being tlie massive limonite of the Devonian 
formation. None of these mines are now wrought.

The total annual iron-ore production of Belgium is about 200,000 
tons, and is furnished almost exclusively by the first, second, and fourth 
classes of ore above mentioned.

The first " violette " mine is on the Meuse River, between JSTamur and 
Hiay, analyses of the product showing about 40 per cent of iron and 
from 1 to 1.5 per cent of phosphorus.

Philips, in his "Ore Deposits," describes the iron-ore deposits of Bel 
gium in the following words:

Hematite occurs in Belgium in various conditions, but that almost exclusively 
employed is found in the form of oolitic or pisolitie grains. In this state it forms 
important deposits in qnartzose schists which underlie the Coal Measures, and crop 
out on both sides of the valley containing the coal. The principal iron-ore mines 
are situated on the north side of the valley, where, in the neighborhood of Vedrin, 
there arc four distinct seams of ore, respectively 2f inches, 4 inches, 8 inches, and 
11J inches in thickness, forming, with the intercalated schists, a bed nearly 4 feet 
thick.

At Marchovelette there are five strata of iron ore, varying from 8 to 20 inches in 
thickness, while at Honssois, near Vezon, the hematite attains a thickness of about 
7 feet. The beds, however, are at various points intersected by veins and faults, 
and the quality is, generally speaking, inferior. Tlio principal mines are near Huy, 
where there are two layers of hematite having a united thickness of little less than 
4 feet, separated by about 1 foot of shale. The average yield of these hematites is 
from 35 to 40 per cent of iron.

The Jurassic series, constituting the surface of the southern portion of the Belgian 
Province of Luxemburg as well as the Grand Duchy of that name and the northern 
part of Lorraine, is rich in iron ore, and furnishes important supplies to the Belgian 
iron works. The ore from these localities is known by the name "minette," and is 
a fine-grained oolitic limonite, which occurs in extensive deposits in Luxemburg and 
Lorraine, but less plentifully in Belgium. Near the French frontier the beds of this 
ore are from 5 to 6 feet in thickness, and the ore contains from 30 to 45 per cent of 
iron. The gangue consists principally of calcite, with a little silica and gypsum.'

Limouite occurs in various forms, and in deposits of very different geological ages. 
In more recent formations it is found in beds, sometimes above 3 feet in thickness, 
reposing in depressions in argillaceous sands mainly situated along the banks of the 
Rivers Demer, the two Nethes, and their affluents. The ores from these deposits, 
which are concretionary and porous, contain about 40 per cent of iron, with a con 
siderable amount of phosphorus, but are easily reduced. Siliceous limonite contain 
ing phosphorus is worked in a Quaternary formation near Qnevy, in the Province of 
Hainaut. This ore, associated with an argillaceous sand, forms a bed from 3 to 5 
feet in thickness, inclosed in a depression in Tertiary sandstone. The rocks com 
prised between the lower qnartzose schists and the coal formation inclose many

1 These deposits are more fully described in the report upon the German Empire. See page 120.
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important deposits of limonite, which have beeii drawn upoii to supply the blast 
furnaces. These deposits are often extensive, and the ore always occurs either in 
masses or veins, but never in the form of beds.

Statistics for Belgium, taken from the " Statistique des Mines, Mi- 
niores, Carrie-res, Usines Metallurglques," the latter being an extract 
from the "Annales des Travaux Publics," show that in 1892 and 1893 
the following number of metric tons of iron ore were, produced:

Product of iron ore in Belgium in 189% and 1893.

1892............

Quantity.

Metric tons.

Value.

Francs.

This ore came from the following provinces:

Production of iron ore in Belgium, by provinces.

Provinces.

Lttge. ...............

18

Metric tons.

54, 468
3,750

209, 943

&.

Francs.

481, 400

1, 093, 100

18

Metric tons.

53, 404

284, 405

)3.

Francs. 
158, 400

144 500
57, 200

In the years 1892 and 1893, 753,268 and 745,264 metric tons of pig 
iron were produced, valued at 38,716,000 and 36,052,500 francs, or 51.40 
and 48.38 francs per ton, respectively.

To produce these amounts of pig iron the following materials were 
consumed:

Amounts of materials charged into the Belgian Mast furnaces.

"Foreign iron ores ......

1892.

Metric tons.

1,521,619

1893.

Metric tons. 
243, 587

1, 478, 444 
220, 672

The following table shows the production, imports, and exports, as 
well as the consumption of iron ore, and the annual make of pig iron 
in Belgium. In calling attention to the lack of accord between the 
figures of consumption and import and export, M. Trasenter states 
that he thinks the latter are in error, and the figures of consumption 
collected by the Mineral Statistical Bureau more worthy of belief. The 
discrepancy between the two arises from the fact that iron ore is admit 
ted free of duty into Belgium, and a considerable amount is imported
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from the Grand Dnchy of Luxemburg which is not recorded at the 
custom offices. This difference, however, is not so marked since 1888 
as in previous years, greater care having been taken to obtain full 
statistics.

The pig-iron production of Belgium had increased from 144,452 tons 
in 1850 to 832,220 tons in 1889, but lately there has been it falling off, 
and in 1893 but 745,264 tons were made. The output of domestic iron- 
ore mines has also declined from the maximum of 1,019,231 tons in 
1865 to but 284,465 tons in 1893, and Belgium depends almost entirely 
upon the foreign importation of iron ores, most of which come from 
Germany, France, Spain, Algeria, etc. The domestic ores for Belgian 
furnaces are supplied chiefly by the Luxemburg and Lorraine oolitic 
limonite ores, known as "minette," and carrying 30 to 35 per cent of 
iron, the Spanish and Algerian ores being used in the manufacture of 
Bessemer pig. It is probably owing to the limited supply of domestic 
ores that the Belgian iron trade has not grown more rapidly.

Production, imports, and exports of iroii ore in Jlelyiitm; also amount of iron ore and 
cinder charged into h last furnaces, and pig iron made.

[Metric tons.]

Years.

1801- 
.1862. 
1863. 
1804. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1801. 
1892. 
1893...,.

Iron ore. Iron ore charged into furnaces.

Produc 
tion.

889,114 
859, 926 
85C, 190 
934, 362 

1, 019, 231 
886, 631 
602, 829 
519,740 
628, 046 
654, 332 
696, 636 
749,761 
774, 469 
527, 300 
365, 044 
269, 206 
234, 227 
207, 157 
195, 212 
253, 409 
224, 882 
203,212 
216, 490 
176,755 
187, 118 
153, 378 
185, 186 
213, 327 
202, 431 
180, 546 
202, 204 
209, 943 
284, 465

Imports.

33, 830 
112, 784 
163, 653 
221,568 
340, 592 
307, 801 
322, 891 
396, 281 
551,900 
568, 571 
594, 405 
790, 593 
730, 541 
738, 835 
804, 370 
671, 134 
783, 322 
833, 622 
614, 534 
921, 611 

1, 168, 501 
1, 198, 037 
1, 012, 469 
1,488,140 

.1, 393, 601 
1,367,700 
1, 451, 805 
1, 746, 984 
1, 805, 210 
1, 644, 422 
1, 534, 279 
1, 679, 485

Exports. Belgian.

15«, 128 
200,457 
202, 889 
195, 636 
230, 539 
157,697 
152, 227 
236, 068 
164, 576 
179, 867 
162, 566 
178, 997 
215, 042 
109, 144 
141,767 
160,417 
216,747 
240, 903 
189, 127 
310, 582 
367, 163 
334, 901 
367, 104 
190, 988 
156, 589 
105, 873 
176, 529 
148, 310 
155, 108 
171, 654 
192,127 
228, 804

.

Foreign. Cinder.

i
1

1, 807, 300 
1,603,000 
1, 695, 700 
1,827,700 
1, 9«6, 700 
1,822,700 
1, 520, 700 
1, 625, 000 
1, 326, 000 
1. 313, 185 
1, 205, 400

192, 259 
206, 403 
192, 308 
153,987 
162, 352 
139, 587 
197, 328 
207,717 
186, 765 
467. 205 
152, 865 
190, 236 
243, 587

1,301,250 
1,478,745 
1,641,515 
1, 514, 187 
1, 468, 085 
1, 449, 367 
1,449,212 
1,601,642 
1, COS, 169 
1,585,816 
1, 386, C39 
1, 521, 619 
I, 478, 444

175. BOO

178, 510 
231, 484 
270, 996 
282, 819 
256, 635 
238, 967 
279, 315 
312, 406 
317,446 
278, 638 
253, 880 
252, 641 
220,672

Total.

1,383,300

1,672,019 
1, 91C, 632 
2, 104, 819 
1, 950, 993 
1, 887, 072 
1,827,921 
1, 925, 855 
2,121,765 
2, 112, 380 
2, 031, 659 
1, 793, 184 
1,964,496 
1, 942, 703

Pig iron 
made.

144, 452 
319, 943 
311,838 
356, 550 
392, 078 
449, 875 
470, 767 
482, 704 
423, 069 
435, 754 
534,319 
565, 234 
608, 248 
654, 065 
606,113 
531, 560 
541, 790 
490, 508 
470, 488 
528, 954 
453,1171 
COS, 084 
624, 736 
726, 946 
783, 433 
750, 812 
712, 870 
701,277 
755, 781 
826, 850 
832, 220 
787, 838 
684, 126 
753, 268 
745, 264

In 1893 the pig-iron production of Belgium was in proportion about 
as follows: 10 per cent of foundry grades, 57 per cent of forge, and 33 
per cent of Bessemer grades, which will indicate in a general way the
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character of ores used. It is probable that future changes will be 
toward a greater proportion of Bessemer pig iron made from foreign 
ores.

In a paper on the " Mining history of Belgium" President A. Briart, 
of the Society of Engineers of Haina.ut states the general condition of 
the iron-ore industry as follows:

Discoveries of comparatively recent date in neighboring conn tries have made 
known beds of ore of such richness, so easily worked, aud in such advantageous 
situations that ours have lieeu almost entirely abandoned, in spite of the superiority 
of the ore itself. It has even heen feared that the metallurgy of iron, formerly so 
flourishing in Belgium, will entirely desert our country, and he established elsewhere. 
The coal industry has secured that of iron. Jf a large amount of our coals have been 
exported, attracted by the ores to be treated, much of these ores have come into our 
country, and, in spite of anything abnormal in the fact, have come to supply our 
blast furnaces.

DENMARK.

The Hon. Clark E. Carr states that no iron ore is mined in Denmark, 
and that the amount of crude iron imported is so small that no account 
of it is reported.

GERMAN EMPIRE.

In Luxemburg, German Lorraine, and a small part of northwestern 
Prance, oolitic iron ores locally known as "minette" are found in strata 
which are variously classified as the Uppermost Lias or the lowest 
members of the Inferior Oolites or brown Jura series. The district in 
which these ore deposits are found is somewhat more than 60 miles 
in length by 11 in breadth. Of this the German portion has a length 
of rather less than 40 miles, and a width of about 8 miles. In nearly 
the whole of this area the deposits are of such size as to render them 
of commercial importance, occurring principally in a gradually rising- 
range of hills on the left bank of the Moselle Biver. The granules of 
ore are mainly round or elliptical, and of about the size of a head of 
a piii. The maximum development is in the northern part of the 
district, at Esch, in Luxemburg, where there are three principal beds of 
ore, each averaging from 10 to 12 feet in thickness, included in about 
82 feet of limestone. On the French side the principal workings are in 
the vicinity of Longwy. The ore is made up of oolitic grains of limou- 
ite, often much mixed with nodules of limestone.

Over one-half of the output of iron ore in the German Empire conies 
from the minette district of Lothringen and Luxemburg, where oolitic 
ore, in the hydrated state of iron oxide (brown iron ores), are found in 
large quantities in four seams, which diminish in thickness from north 
to south. The uppermost is of a black color, siliceous, and small; the 
second of a gray color, calcareous, and 4 to 5 meters (13 to 16 feet) 
thick; the third is of a red color, calcareous, and 3 meters (10 feet) 
thick; the fourth one is also of a red color, but is siliceous, and about 
3 meters (10 feet) thick. In raining, the ores are mixed so that no flux
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(limestone), or only a small amount, is necessary in the blast furnace. 
The composition of the different beds is given in the following analysis, 
1 being the Black bed at Luxemburg (Rollingen), 2 the Gray bed at 
Belvaux, Lmxemburg, 3 the Red bed (calcareous), and 4 the Bed bed 
(siliceous), both at Enssingen, Luxemburg.

Analyses of Lottringen and Luxemburg iron ores.

Total ...............

1.

Per cent. 
55. 03
6.73

5.04
.49

.23
3.71

11.36

9

Percent. 
62.43

6 52

3.82
.35

1.19

11.54

99.99

3.

Per cent. 
40.] 5

24 28

.79

4.

Per cent.

45.18

1.47
OQ

) 3.07

The following analyses are taken from different parts of the district, 
and illustrate the range of composition:

Analyses of minette ores, German;/.

Localities.

Esch, red, calcareous ......

Iron. .

Per cent.
30 to 34

35 to 48

Alumina.

Per cen t.

5 to 6
10

Lime.

Per cent.
14 to 20

5 to 12

Silica.

Per cent.
6 to 7

8 to 9

The phosphorus varies from 0.5 to 2 per cent in the Luxemburg ore. 
The red calcareous bed is the one which is considered to yield the best 
variety of ore. The pillar and stall method of working is employed.

Dr. Hermann Wedding, speaking of the Luxemburg ores, says that 
as they are mixed the furnace yield is from 31 to 42 per cent, the 
average being 38 per cent of pig iron.

The output of the minette district of Lothringen and Liixemburg in. 
the year 1891 was 6,228,000 tons, or 58 per ceut of the total amount of 
iron ore mined in the German Empire in that year, whereas in 1871 
this proportion represents but 36 per cent.

In 1890 the production in Lothringen was 3,256,000 tons, and in 
Luxemburg 3,359,413 tons.

The second iron-ore district in importance is that of Siegen (Sieger- 
land). The entire district belongs to the so-called Coblenz beds of the 
Lower Devonian period, in which predominate spathic ores, mixed with 
brown hematite, particularly near the outcrops, and in some veins red 
hematite occurs. In more than 500 lodes the average thickness varies
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from 2 to 6 meters (6.i%519.7 f®^)> But in the lodes of Eiserfeld a thick 
ness of 25 meters (82 feet) is r^jj|hed. The once celebrated Stahlberg 
deposit, near Musen, where a l|l!f|jje-shaped deposit is said to have been 
worked for over 550 years, is ii"ow practically exhausted. The lode had 
a thickness here of 75 meters (24G feet). The ores occur either as 
irregular lodes in the diabase, or form deposits between it and the 
neighboring slates. As is usually the case where spathic iron ore is 
present, it has been converted into liutonite near the surface. The ore 
is very clean, particularly free from phosphorus, high in manganese, 
and is therefore principally used in the manufacture of spiegeleisen. 
The production of the district is from 1,000,000 to 1,200,000 .tons per 
annum, an.d is about 10 per cent of the total for G-erinany.

Iron ores occur in the Upper Devonian rocks in a part of the Prov 
ince of Hessen-Nassau as beds, contact deposits, and segregations, 
often near the surface, particularly in the country bordering on the 
Eiver Lahn, south of Siegerland, Striking Wetzlar and Giessen east 
and the Ehine in the west. These i.r8n,$pes generally occur connected 
with schalstein (a sort of diabase) as ffifl t^mil'tites, but brown iron ores 
and mauganiferous iron ores a,re foim^sa||lMiaied with the red ores, or, 

1 in some instances, take the place of them. The main portion of these 
iron ores is smelted in Westphalia. The yearly output does not consti 
tute quite 7 per cent of the total product for the whole of Germany, 
being from 750,000 to 790,000 tons. -

The fourth district is that of Upper Silesia, which furnishes a little 
less iron ore than the preceding region, being 6.3 per cent of the entire 
German output. The ores here occur at the surface in the Muschel- 
kalk (a part of the Triassic formation); they are brown hematites con 
taining considerable manganese, but, besides a large quantity of silica, 
often also galena and calamine (ZnCO3). In the adjacent Tertiary, Keu- 
per, and Carbon formations a few clay ironstones are mined, but they 
are of no great importance, being but 2 per cent of the output of the 
district. The ores are very poor, and generally yield from 27 to 28 
per cent of pig iron, which is rich in phosphorus. , Therefore they are 
enriched by other ores from Styria, Sweden, etc. The ores are all 
smelted in upper Silesia., the yearly output being from 770,000 to 
780,000 tons.

The fifth district in importance is the Westphalia coal region. At 
Essen, Bochum, Hordt, and various other localities there are parallel 
deposits of ironstone, closely resembling the black band of the Scottish 
coal fields. In addition to beds of compact ironstone, a nodular concre 
tionary variety sometimes occurs in the shales of this formation. The 
total of this district represents about 3.1 per cent of the entire produc 
tion of Germany.

The sixth district is that of Ilsede (between Brunswick and Han 
over), where brown iron ore occurs in the shape of beans and balls in 
the Cretaceous formation. The phosphorus is so high that the pig iron
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made from this ore contains 3 per cent of this element. The ore is, 
however, practically self-fluxing. This district contributes 2.7 per cent 
of the entire output of Germany.

The seventh district in importance is Osnabruck, where spathic and 
brown hematite ores, low in phosphorus, are found in the "Zechstein" 
formation. Its mines yield a little more than 1 per cent of the total for 
the country.

The last district of moment is Oberpfalz, in Bavaria, where, partic 
ularly near Amberg, brown iron ores are found in the brown Jura 
formation, the district furnishing about 3 per cent of the total produc 
tion of Germany.

Besides these principal districts, iron ores exist in various parts of 
the Empire. In the Harz Mountains, particularly, red hematite and 
brown hematite are widely distributed in the Devonian rocks, and are 
principally mined between Elbiugerode and Blankenburg. In the 
"Zechstein" formation, near Schmalkalden and Kanisdorf,in Tlmringia, 
spathic iron ores are won. In the eastern Harz, near Harzburg, oolitic 
red ores are mined. These deposits occur in regula.r beds in the oolitic 
formation. In lower Silesia magnetic ores are found near Schmiedeberg 
in the crystalline slates, and red iron ores near Jauer in clay slates. 
Brown and specular iron ores are,produced in the Eifel Mountains.

The following table gives the percentages produced by the different 
districts in the last year for which this was totally and accurately 
obtainable, viz, 1888, and the Survey is indebted to Dr. Hermann Wed 
ding, of Berlin, for this as well as for revision of data in regard to the 
production of iron ores in Germany:

Percentages of total iron-ore output of different districts in Germany in 1SSS.

Districts.

1. LuxeuiburgaiHlLotbringei}.-

6. Ilsede .......................

10. Mittelljarz(E]bingerode,etc.) .

Per cent.

58.9

0.3
8.1'2.7

1.2
1.0
1.0
.9 .

Districts.

11. OstharzandThurineia......

i Total......................

Per cent.

0.5

9
.2

8.3

100.0

Considering the character of the various ores mined in 1888, the fol 
lowing amounts of each sort were produced:

Production of different characters of Iron ore in Germany in 1SSS.

Minette (oolitic brown hematite) ..........----...
Brown iron ore (brown hematite except rainette). 
Spathic iron ore (carbonate) ......................
Red iron ore (red bematite) .......................
Black-baud ores (carbonate)......................
Manganese ores (manganiferoua iron ores) .......

Total.

Metric tons.

8, 007. 000
2.537: 000
1, 080, 000

030, 000
330, 000
20 000

10,884,000
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In 1890 6,615,000 metric tons of minette ore were produced, being 
58 per cent of the whole production of G-ermany.

The comparative output of the different districts mentioned in 1890 
was as follows:

Iron-ore output of German districts in 1S90.

Metric tons.

Luxemburg and Lothringen.. 
Siegerlaiid ...................
LahnbeHirk ..................
Oberschlesieu ................

i, 615,000 
997, 000 
781, 000 
776, 000

Metric tons.

nsede......
Oanabrnck . 
Oberpfalz ..

327, 000
121, 000
144, 000

The production in other districts has not been accurately reported.
The total production of iron ore in G-ermany in 1890 was 11,406,132 

metric tons, valued at 48,000,000 marks ($10,500,000).
In 1890 .1,522,180 metric tons of iron ore were imported into and 

2,208,122 tons exported from Germany. That sent away was princi 
pally forwarded to Belgium and France, while the imports were the 
largest from Spain, smaller amounts coming from Austria and Sweden.

The production of iron ore by provinces in 1890 was as follows:
Production of iron ore in Germany in 1890 6i/ Provinces. 

Prussia:
Silesia— Metric tons. 

Oppeln .................................... 776, 000
Breslau, Liegiiitu .................. ....... 28, 000

—————— 804.000 
Saxony—Merseburg, Erfurt............................... 57. 000
Hanover—

Hildesheim ................................ 327, 000
Osnabi-nck ................................ 121, 000

—————— 448,000
Westphalia— . • 

Minister..... .............................. 75,000
•Mindeii.................................... 66,000
Arnsberg ...... ........................... 977,000

—————— 1,118, 000 
Hcssen-Nassau—

Kassel........... .......................... 73,000
Wiesbaden ................................ 608, 000

——————— 681,000 
Rheinlund—

Cobleuz ..............................'..... 1, 081, 000
Koln ...................................... 24,000
Aacheii .................................... 23, 000
Dnsseldorf, Trier .................. i....... 7, 000

—————— 1,135, 000
—————— 4, 243, 000 

Luxemburg................... ......................................... 3,359,000
Elsass-Lothringeu ..................................................... 3,256, 000
Hessen ................................................................ 173,000
Bavaria:

Oberpffilz.................................................. 144, 000
Oberfranken ............. .................................. 9,000
Various places ............................................. 2, 000

————— ' 155,000 
Braunschweig ......................................................... 134, 000
Waldeck ........................................................... .. 36,000
Schwarzbnrg-Rudolfstat.lt..... ........................................ 12, 000
Sachsen ............................................................... 11,000
Wurtotnburg .......................................................... 3, 000
Other German States or Provinces ...................................... 24,132

Total.---.---.-----.-.--.----.--------.-----..-.- ................ 11,406,132
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Production, exports, a-nilimports of iron ore in Germany and Luxeniburg; also pig iron made.

Years.

1844..........
1R48..........
1853..........
1854..........

1864........ .

1868..........

1872..........

1875..........
1876..........
1877..........
1878..........
1879..........

1881..........
1882..........
1883..........
1884..........
1885..........
1886..........
1887..........
1888.......... 
1889..........

1891..........

1893..........

Luxem 
burg;.

Metric tons.

725, 000

985, 479

1,052,405

1, 262, 825
I, 407, 617
1, 613, 392
2, 173, 463

2, 470, 805

2, 434, 179

3, 250, 000

Prussia, 
etc.

Metric tons.
"

4, 845, 833

3, 513. 253
3, 710, 223

4, 246, 037
5, 065, 177

d, 051, 576

7, 414, 800

Total for 
German 
Empire.

Metric tons.

4, 979, 048

e; 859 429
if! 238! 640
7 57'i 772

8, 485, 758

10,664,800 
11, 002, 187

11,539,013

Exports.

Metric, tons.

, 898, 481

,831,649

2, 211, 820 
2, 179, 836

2, 276, 155
2 *\5*\ 932

Imports.

Metric tons.

091 04.9

800, 373 .

813, 000
1, 036, 217
1,163,373

1, 055, 843

Pig irou.

Metiic tons. 
110,000

203 342

524, 591

1 345 520

2. 240, 574

1, 840, 345

2, 220, 587

4, 337, 421

4, 641, 217

4, 98d, 003

The position of the German Empire as a consumer of pig iron is 
emphasized by the statement that in 1892 the production of pig iron 
in that country was 4,937,401 tons, the excess of imports over exports 
being 37,956 tons, making the apparent home consumption 4,975,417 
tons. In 1893 the production was 4,986,003 tons.

AUSTRTA-HTJNGARY.

The most important deposits of iron ore in Austria are found in 
Styria, where spathic iron ores occur in the strata of the Transition 
formation, and at the bottom of the Buntsandstein formation. One 
large deposit is about 160 miles from Reichenau-zu-Schwartz, but the 
greatest development is at the Erzberg, near Eisenerz, where the 
strata aggregate 45 meters (148 feet) thick. The Noric iron of Tacitus 
and other authors is reported to have been prepared from ores obtained 
here, and the industry has continued from the date of the Roman 
occupation to the present day. A fire which occurred at Eisenerz in 
1618 destroyed documents then existing which carried the iron manu 
facture back to 712 A. D.

Spathic ore also occurs in Cariuthia (in the crystalline slates) and 
in the north of Hungary in the counties of Pips, Gomor, and Sohl, in 
clay slates. The Berg-und Hutteniminuische Zeitung, in a descrip-
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tion of the mines of the Rimanmrany-salgotarjaii Company in Eakos 
(Gomor County, Hungary), states that they cover- an area of 245 acres. 
The Devonian clay slates form the roof and floor of the brown hema 
tite, which occurs in great thickness at Vashegy. The beds strike in 
a southeast direction, with a dip of 20° to 60°. At Vashegy three ore 
beds are distinguished, the lowest 39 feet 4 inches thick, contains 
black, metallic-looking brown hematite, with 15 per cent of manganese 
and 40 per cent of iron; the middle bed, 65 feet in thickness, is formed 
of light brown quartzose hematite, with 2 per cent of manganese and 
50 per cent of iron; while the upper bed, 98 feet in thickness, is com 
posed of a reddish brown hematite, with 2 to 4 per cent of manganese 
and 35 to 60 per cent of iron. In the Eakos district two beds occur, 
running parallel to those at Vashegy, and separated by 10 to 20 yards of 
clay; the tower bed is 26 feet, and the upper one 78 feet in thickness. 
Both contain brown hematite, which passes in places into spathic ore, 
red hematite, and specular iron ore. The average percentage of iron 
varies from 40 to 45. Both mines are worked principally by means of 
adit levels. 

Analyses of the Eakos ores gave the following average:

A verage composition of iron ore from Ralcos, Hungary.

Per cent. Per cent.

.319

93. 961

The second district in importance is that of Bohemia, where oolitic 
iron ores (mostly red and brown) are found in the Silurian rocks. Ca- 
rinthia, mentioned above, is third, and is followed by Moravia, where, 
in different formations, brown, red, and clay iron ores are found. 
Southern Hungary produces magnetic iron ore and Silesia bog iron ore.

The output of iron ore in the various Provinces of Austria in 1891 
was as follows:

Outpiit of iron ore in Austria in 1891 by Provinces.

Stvria...... ........ ..........

Grcllicici

Metrictons.

98 712
21, 835

8 0-17

Tyrol........................
Silesia..... ...................

Metrictons.

7,454
5,348

1, 231, 249
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The following table shows the production, imports, and exports of 

iron ore in the Austrian Empire, together with the pig-iron output, in 
such years as the statistics could be obtained:

Production, imports, and exports of iron ore in the Austrian Empire, also pig iron made.

Years.

1850..........

1866..........
1867..........

1869..........
1870..........

1873..........
1874
1875..........

1878..........

1881..........
1882..........
1883..........
1884..........
1885..........

1887..........
1888..........

1890..........

1892..........

Iron-ore production .

Austria.

Metric tons.

835, 151 
853, 965
925, 529

906, 485 
704, 884 
554, 966 
538, 701

628, 246
631. 680

902, 510 
882, 313

831,471
776, 000 
846, 566 

1, 009, 320 
1, 115, 153 
I, 361, 548 
1, 231, 249 

993, 290 
1, 109, 112

Hungary.

Metric tons.

423, 3ii 
398, 243 
347, 456

380, 000

44Q, 000 
440, 000

i
590, 000 
566, 061 
634, 457 
649, 210 
792, 241 
875, 563 
920, 541 
973, 471

Total.

Metric tons.

1, 156, 708

1, 329, 799 
1, 103, 127 

902, 422

1, Oil, 680

1,342,510 
1, 322, 313

1, 366, 000 
1, 412, 627 
1, «43, 777 
1,764,363 
2, 153, 789 
2, 106, 812 
1, 913, 831 
2, 082, 583

Irou ore.

Imports.

Metric tons.

Exports.

Metric tons.
• \

46, 493 
48, 730 
68, 121 
71, 679 
73,248

86, 290 
149, 918 

88, 059 
108, 120 
106, 259

Pig iron 
uiade.

Metric tons. 
144, 351 
223 045 
348, 798 
319, 709 
361, 038 
425, 071 
450, 567 
452, 244 
476, 627 
531, 850 
594, 980 
545, 742 
504, 347 
400, 425 
388, 230 
434, 250 
404, 160 
464, 234 
539, 646 
611, 453 
701, 037 
734, 346 
714, 784 
703, 350 
704, 532 
790, 227 
855, 813 
965, 379 
921, 846 
940, 647 
982, 707

SWITZERLAND.

Prof. R. de Girard, of the Polytechnic School, Zurich, has supplied a 
very interesting contribution upon the mineral deposits of Switzerland; 
in considerable detail. From this admirable paper, which has been 
translated in full by Mr. Eobert Stein, the following data is excerpted 
as specially referring to the iron ores and their exploitation.

The principal, but not the only, center of exploitation of iron ores in 
Switzerland is situated in the Jura, where two kinds of ore are found— 
pisolitic ore, or bohnerz, and Suboxfordiau ore. The pisolitic ores be 
long to the siderolithic terrane of the Jura, which is well represented 
in most of the States of Europe. This terrane presents, in general, 
gypsum, vitriiiable sands, refractory clays, and, finally, granular iron 
ore, exploited for some centuries for the furnaces of Jura in the valley 
of Matzendorf and in the valley of Delemont. The exhaustion of the 
deposits is less to be feared than the lack of fuel and the insufficiency 
of routes of communication. The siderolithic terrane of the Jura is 
Tertiary; it is intermediate between the middle Parisian and the Ton- 
grain.
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The composition of granular iron ore (pisolitic) is as follows:

Analysis of Swiss pisolitic iron ore.

Total...-.------.------.---.

Per cent.

58.74

.11

Trace.-

Silicon .........................

Percent.

41.12

The ore occurs in globular, miliary, bean-shaped, or egg-shaped 
grains, sometimes in amorphous compact or subcompact masses. These 
masses are incoherent, earthy (earthy ore), or, on the contrary, form 
large blocks, more or less rounded, from 1 to 8 decimeters (4 to 31 
inches) in diameter, which the miuers call "mothers" (mutter). These 
"mothers" indicate generally the beginning or the end of a consider 
able body. The section of a pisolite shows several very thin concentric 
layers, which suggest concretionary formation in water.

The amorphous ore fills or covers superficial crevices in the upper 
•white Jurassic and has a maximum thickness of 20 to 30 meters (66 to 
98 feet). The ore in pockets fills boilers (chaudieres) of limited extent; 
thickness often 5 meters (16 feet). The ore in sheet's forms more or 
less extensive layers, with a thickness sometimes of 5 meters (16 feet). 
The ore is called rich when the grains are regularly distributed (assoles) 
and -when the clay in which they are embedded merely fills the inter 
stices between them; poor, when the grains, much less numerous, are 
disseminated in the clay which forms the mass of the rock. The yield 
by washing is on an average 60 per cent; by smelting, 40 to 50 per cent.

The ore deposits are in general covered with a barren roof some cen 
timeters thick, of whitish or bluish clay, sometimes containing isolated 
clayey pisolites, which are always refractory. The grains of ore are 
embedded in a bolus (matrix) of reddish, ocher-yellow. violet, brown, 
sometimes even light-gray clay, called Coins, which is different from 
the barren roof.

The Suboxfordian ores are fonnd in calcareous marls, gray or yellow, 
in which numerous ferruginous ooliths are embedded. They sometimes 
pass on into a compact rock with 9 to 15 per cent of PeO, H2O. In the 
central Jura this rock attains a thickness of 1 to 2 meters (3 to 6J feet). 
It is worked at Movellier, where it is 2 meters thick (6£ feet). At 
Stallberg, west of Weissenstein, it attains a thickness of 4 to 5 meters 
(13 to 16 feet). In the Jura of Schaffhausen exploitation was formerly 
flourishing, as is attested by numerous quarries opened in these depos 
its, as well as by the scoria spread over the country. The ore at that 
time was treated in place by the most elementary methods of metal-



PRODUCTION OF IRON ORES. 143

lurgy. Several smelting furnaces, especially the one at Lauffeu, near 
the falls of the Rhine, were in activity as late as 1850. The furnace of 
Lauft'en was supplied exclusively with indigenous ore. In the Aargau 
Jura the bohnerze are of little importance, the deposits are not thick 
enough, and the ore is too much mixed with clay. Continuous washing 
was required before smelting, and the exploitation has been abandoned.

In the Bernese Jura six active iron mines are found concentrated 
around Delemont, and this is the only region in all Switzerland where 
the mineral industry is of any importance. The iron of this region is 
well spoken of, and is especially suitable for bar iron. The annual ex 
ploitation furnishes about 150,000 hectoliters (30,000 long tons). One 
hectoliter (one mining vat) weighs 200 kilogrammes, or 441 pounds. 

. The Jura of Neuchatel and Vaud possesses 110 mines.
The iron deposit of the Gonzen, below Sargans (Canton of St. Gall), 

like several others, was often abandoned and always resumed. Its 
thickness in the gallery was 6 meters (19£ feet). The roof is formed by 
Alpine limestone, to the folds of which the deposit accommodates itself. 
The stratum has often been crushed, and forms lenticular bodies in 
the limestone, and these lenses are always parallel to the strata of the 
limestone. Thus it is a stratum that has been constricted into the 
shape of a string of beads.

The ore is "rotheisenstein" (Fe2()3 , red hematite). The upper part 
passes into the "melirtes erz," a mixture of hematite, red jasper, pyro- 
lusite (MnO2), magnetic oxide of iron, iron pyrite, calcspar, clay, quartz, 
and sometimes oligist. Next comes the true deposit, with manganese 
1J meters (5 feet) thick, containing MnOO3 (dialogite or rhodochrosite) 
in threads. This was known in the year 1200. It is probable that it 
was exploited by the Romans, for the country of Sargans was a Roman 
province. It was actively wrought at intermittent periods, and with 
active exploitation will not be exhausted for a long time to come.

At the Gonzen three banks are distinguished: (1) a fat bank (homo 
geneous ore); (2) a lean bank, with quartz, limestone, and pyrite; (3) a 
black bank, very rich in manganese, which is the best. At the time the 
mine was working the transportation of the ore to the factories of Plons 
was accomplished by sledges drawn by men or by the aid of mules from 
a relay station, situated three-fourths of the way up the height. This 
mine has been abandoned for about ten years, for reasons similar to 
those which have caused the abandonment of most of the exploitations 
in the Alps.
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Analysis of Gonzen iron ore, Switzerland.

**•
Percent.

86.34
2 80

Truce.
97

.022

1.31

a Calculated from the diflereoce.

No active exploitation whatever is carried on in the Bernese Ober- 
land. A number of old, abandoned diggings are found there, and sev 
eral furnaces bear witness to fruitless attempts at mining. It was 
especially the ferruginous oolite that was formerly attacked. It is found 
in the colored marble of Erzhubel and its thickness is 1.8 meters (6 feet). 
Bad roads, lack of fuel, the poverty of the deposits, and, as everywhere 
in Switzerland, their twisted and irregular structure, had led to the 
ruin of the few exploitations that were formerly attempted. The map 
of the raw products of Switzerlaud, which was prepared on the occasiou 
of the exposition of Zurich in 1883, indicates an iron ore at Matten, in 
the valley of Lauterbrunnen, in the Bernese Oberland.

Sledging generally costs 40 centimes (8 cents) for 2£ hours per quintal 
(100 pounds) and 56 to 60 centimes (11 to 12 cents) for distances of 3£ 
to 4 hours.

The mineral industry of Valais, in the Alps, is dead, not a single 
metalliferous mine being in operation. As regards the quality of the 
iron ores of Valais, they are. too much phosphoretted. Only three 
iron ores are worth mentioning, and even these are abandoned. The 
mine of Chamoson. in the calcareous schists of the Middle Jura, is a 
nest 30 to 40 feet thick, .with banks 6 to 8 feet thick. The mineral 
is chainosite (hydrated silicate of iron and alumina). This mine was 
exploited by open cut, with mills at Arion. and yielded, in 1855, 30,000 
quintals of iron, and in 1856, 20,000 quintals. At the mine of Chemin, 
in the green talcose schists, the ore consists of kidney-shaped masses 
8 to 10 feet thick. Pyrite is found in the nest. The FeO is good. At 
first this mine yielded 12,000 to 14,000 quintals of iron, and produced, 
with 8 to 10 miners, 10,000 quintals (500 tons) in 1859. The mine of 
Charrat or Vence is the most favorably situated, being at a low level, 
and the ore is good. It is far from exhausted, and may yet have a 
future. At Tessino there are three iron mines abandoned, one in 
operation, and a prospect, which developed good ore.
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In Orisons, as in Valais, the useful minerals are widely distributed; 
but the deposits are poor and often deformed by reason of the folding 
of the region. Iron ore is particularly abundant in the micaceous form 
in the valley of Ferrcra (whose name indicates that it has been long 
exploited); in the form of magnetic oxide near Trans (Oberlaud), at 
Schrnoris, and near Sur, in Oberhalbstein; in the form of red, brown, 
and magnetic oxide, in the upper valley of Tisch; and Tuorz (Bergiin), 
with the foundries of Bellaluna, Eoveredo, in the Misox, sent out annu 
ally, about the year 1800, in the neighborhood of 30,000 quintals of iron 
to Ooire and into lower-Switzerland.

In Orisons, as in the Bernese Oberlaud, in Valais, and elsewhere in 
Switzerland, many characteristic local names are found which indicate 
that the mining industry was at one time important in the country.

The mountains in the vicinity of Ferrera are rich in iron ore. From 
Fignell, situated at a great height, and 1£ leagues from the furnaces, 
ore is brought down in sacks. It is a spathic and micaceous iron ore, 
rather rich in metal. A Lombard society extracted from it formerly as 
much as 1,800 quintals a year. Oamfer or Campfeer (Campus ferri), in 
Upper Eugadin, was christened, no doubt, on account of its old iron- 
ore mines.

Iron ores are found in the serpentine and the green schists of the 
vicinity of Sur and at the Staller Berg, often mingled with' pyrite. 
Viviauite (eiseuglimmer) is found in the red schists of the Alps of Err, 
and of Val Lugn on the road to Bergiin. Magnetic oxide of iron is 
disseminated in somewhat indistinct crystals in the serpentine of Val 
Bercla, of Fallerjoch, Mortels, Malenco, etc., and also in the green 
schists of Pirlo, Sassera, and other places. Iron pyrite occurs every 
where in the schists and the serpentines, also in the schists of Casauua. 
Oligistc (rothciseuerz and ciseuglauz) is found in the dolomite of the 
middle Keuper, in the green schists, in the talcose schists of the Piz 
Verona, in the cliorite of the Alpe Mortels, on the Piz Padella, in the 
syeuitic gneiss on the summit of Mount Disgrazia, at Sasso, Bisolo, and 
at other places.

The following is an analysis of the oligist (eiseuglanz) of Albula, 
made in 1888 at the Federal Institute for the supervision of building 
material at Zurich:

J nalysis of iron ore from Albula, Switzerland.

Per cent.

8.82

Per cent.

(iO. 69
4.11

.25

« Small quantities of CaO, MgO, and alkalies. 

10 GKKOL. PT 3———10



146 MINEEAL RESOURCES.

Professor de Girard concludes with the statement that Switzerland 
is one of the least favored countries in mineral wealth. The causes 
which prevent this industry from becoming flourishing- are: (1) The 
poverty (but not the rarity) of the metalliferous deposits and lodes, or 
of the Goal Measures and the unfavorable situation of several of them; 
(2) above all the deformation and cutting np which these deposits have 
undergone by reason of the folding of the Alps. The deposits of the 
Jura alone are exempt from this drawback. The future of the mines is, 
he asserts, nil, or nearly so. They were able to maintain themselves 
and to support local industry at a time when, owing to the difficulty of 
communication, they did not have to fear the competition of the great 
centers of mining production. Accordingly we see them flourish in the 
Middle Ages. At the present day they are nearly all doomed, despite 
the excellence of their ores, which are often superior to foreign products.

Prof. L. Tetmajer, of Zurich, sums up the statistics of iron-ore pro 
duction as follows:

The iron-ore production of Switzerland decreases from year to year. The exploita 
tion of the rich micaceous specular iron of Filispur in Orisons, and that of the 
hematite of the Gonzen, had to be abandoned owing to the insufficient productivity. 
At the present flay only the pisolitic deposits in the Delsberg Valley in the Bernese 
Jura arc worked. The production of iron ore, with the imports and exportations, 
was as follows:

Production, imports and exports of iron are and pig iron in Switzerland.

1885........ --
1880..........

1889..........

1891

Production.

Metric tons.

11,771

Iron ore.

Imports.

Metric ton*. 
5,172

3,906

5,069

8,875

Exports.

Metric tons.

10
21.

Production.

Metric tons. 
4,422
4,500
4,604
6,050

5,500

Mg iron.

Imports.

Metric tons. 
34, 913

41, 073

48, 097
41, 651
40, 825

Exports.

Metric tons. 
7,355
7,087

4,277
4,400
9 164

ITALY.

The manufacture of iron in Italy is under a decided disadvantage, 
due to the scarcity of good fuel. However, considerable iron ore is 
mined and exported, the bulk of which comes from the island of Elba. 
This island at the end of the last century belonged to the princes of 
Piouibiuo, and was finally ceded to Napoleon I in 1802. By the treaty 
of Vienna in 1815 the island reverted to the Tuscany Grand Ducal Gov 
ernment, by whom the iron-ore mines were worked until 1851. In that 
year the Government contracted with a stock company, which worked 
the mines for thirty years. In the meantime, with the union of Italy 
the mines of Elba became the property of the State, and when the 
concession came to an end on June 30,188L, the mines, together with 
three foundries, were leased to a group of capitalists represented by



PRODUCTION OF IRON ORES. 147

the General Bank of Italy. The new concession ran for three years from 
July 1,1881, the lessees paying 5 lire 60 centimes ($1.08) per ton of ore 
exported from Elba and the neighboring island of Giglio. The max 
imum annual output was not to exceed 200,000 tons. All of the deposits 
are located near the seacoast, aud have been wrought, it is stated, by 
the Etruscans and Romans, evidences of these ancient workings being 
shown by the old waste heaps, which are of enormous extent. The 
ore bodies, which occur in beds of limestone lying in mica schists, are 
found along the whole of the east coast of the island. The prin 
cipal mines are the Rio Albauo, Vigueria, Calamita, aud Rio, the ore 
obtained being generally specular and hematite, with some magnetite. 
The deposits sometimes occur superficially, as at Rio Albauo, where 
the bed reaches 50 meters (164 feet) in thickness, averaging 10 meters 
(33 feet). At other times they are covered by limestone and in places 
by schist.

The ore from the island of Elba is practically of three different 
kinds: Elba lavata, Elba audante specular, and Elba andante non- 
specular. The importers claim that in shipments these last two are 
not kept separate, although they come from different openings. The 
specular ore is rich in iron and low in phosphorus; the nonspecular 
is, comparatively speaking, high in phosphorus, while the lavata is 
low in this element, as will be seen in the following analyses, the ore 
being dried at 212° P.

Analyses of Elba iron oms.

Dried at 
212°.

Per cent, 
62. 615 
60.25 
61.17

Moisture.

Per cent. 
2.708 
5.194 
7.758

Natural state.

Iron.

Per cent. 
60.916 
57. 127 
56. 504

Phos 
phorus.

Per cent. 
0.021 
.04 
.0094

In 1892 the mines were leased under stringent conditions, one of 
which was that the output was not to exceed 180,000 tons per annum, 
nor to be less than 90,000 tons, of which one-third must be small 
washed ore. while Italian consumers were to receive more favorable 
terms than foreign buyers.

In Loinbardy and Piedmont iron ores are also mined, and in the 
Provinces of Lonibardy and Tuscany good iron was made for cen 
turies from native ores, charcoal being used for fuel. Of the amount 
of iron ore mined on the mainland in 1888, 21,327 tons came from the 
Province of Loiiibardy, two-thirds being from the mines of Val Troni- 
pia, while 1,000 tons were raised in the Province of Piedmont.

The official mineral statistics of Italy for 1893 show that iu that year 
the island of Elba produced 177,395 metric tons of iron ore, of which
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59,796 tons were washed ore. The total production by districts was as 
follows:

Production of iron ore in the Kingdom of Italy in 1893.

Districts or Provinces.

District of MiJan :

Amount 
produced.

Metric tons.

14

191, 305

In 1893 8,805 tons of manganiferous iron ore were also mined in 
Italy.

The price of the Elba ore declined from 13.25 lire ($2.56) to 9.12 lire 
($1.76) in 1893. The shipments from Elba in the latter year reached 
115.894 tons and were exported to the following places:

Exports of iron ore from the island of Elba in 1893.

Destination.

Holland (tor Belgium and Germany) 
Mainland (for domestic furnaces) . . .

Amount.

Metric tons. 
19, 836

20, 285 
2,631

1

Destination. Amount.

"Prance •
Metric tons. 

1,145

Total. 115, 894

Considerable pyrite is also mined and exported from Italy.
The table given below shows the amount of iron ore produced in the 

island of Elba in such years for which data could be obtained, com 
mencing in 1851. It is stated that from 1752 to 1801, and from 1819 to 
1851, the exports were 1,189,816 tons, and an estimate for the years 1802 
to 1818, for which there are no returns, would make the total exported 
from 1752 to 1851 1,433,500 tons.
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Production and exports of iron ore in Italy ; also pig iron made.

149

Years.

1851.....................................
1 oeo

1853.....................................
1854.....................................

1856.....................................
1857.....................................
1858.....................................

I860.....................................

1862.....................................
1863.....................................

1865.....................................
1 Rf Ifi

1868.....................................

1871 ....................................
1379

1873............ ......... ................
1874.....................................
lH7~i

1876.....................................
m7

1879.....................................
1880...................... --............-
1881

1883
1884.....................................
1885....................................

1889.....................................
1890

189''

Production.

Elba.

Metric tons. 
22, 014 
39, 060 
62, 908 
64, 607 
60, 025 
68, 485 
01,329

88, 487 
40, 087 
63, 548 
99, 447 
98, 468 

104, 678 
110, 467 

82, 867 
54, 550 
58,713 
53, 458 
50, 801 

120, 046 
201, 091 
223,138 
194, 324 
197, 540 
196, 220 
155, 155 
173, 177 
274, 322

186, 377 
180,337 
208, 090 
154, 830 
153, 497

177, 395

Totnl for Italy.

Metric tons.

82, 708

89, 248

227, 547 
231,790 
229,732 
189,721 
18li, 857 
289, 058 
421, 065 
272, 000 
243, 082 
225, 368 
200, 955 
220,014 
230, 575 
177, 157 
173, 489 
220, 702 

' 216,486 
214,487 
191,305

Exports.

Elba.

Metric tons. 
22, 663

48, 262 
60, 530 
61,418 
72, 875

44,010

54, 410 
67,7119 

106, 572 
101, 3-25 
114, 488 
98, 417 
72, 583 
60, 047 
55, 077 
60, 102 
47, 765 

127, 187 
173, 575 
219, 153 
174, 617 

' 202,912 
182, 545 
180, 740 
202, 960 
318, 394 
349, 294 
213,349 
177, 595 
230, 458 
176, 672 
170,418 
175, 262 
195, 825 
126,614 
213, 598 
160,712 
208, 581 ' 
115, 894 
172, 089

Pigirou 
made.

Metric tons.

26, 000

22, 000 
26, 000 
25, 480 
21.051 
20, 278 
20, 000

18, 405 
15,991 
12, 291 
12,265 
12,538 
13, 473 
14,346 ""!], 930 ' 

12, 729 
8,038

The mines in Elba which prodvice ore are the Eio Vigueria, Rio Al- 
bauo, Terra Vera, and Calamita. In thirty years, from 1851 to 1881, 
3,430,372 tons of iron ore were exported from Elba. This, added to the 
exportations up to 1851, makes a total of nearly five millions of tons.

RUSSIAN EMP1KE.

Although a metallurgical industry has long existed in parts of 
European Russia and Siberia, strictly speaking, metallurgical works, 
as at present understood, were not founded until the reign of Peter the 
Great, who in the year 1700 established the first separate oiHci.il mining 
administration, and by a ukase on December 10, 1719, promulgated 
the first Russian milling law, which has been the basis of all subse 
quent governmental measures for the regulation of mines. The Gov 
ernment works and mines are divided into districts, each under the 
supervision of a special mining inspector. There are four such dis 
tricts in the Urals, one in northern Russia, and one in Poland. The 
private mines and works are under the inspection of district engineers,
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eight in the Urals, four in the Caucasus, six in western and six in east 
ern Siberia, the district engineers forming the link between the private 
mines and works and the chief mining administration.

The working of iron ores and their treatment in cold-blast furnaces 
or in forges has been carried on for centuries in the government of 

. Novgorod in the neighborhood of TJstiuzhiua, afterwards called Zhles- 
nopol; but the manufacture of pig iron and the treatment of iron on a 
larger scale was first developed in central Eussia, and in the govern 
ments of Oluetz and Perm, where not only rich deposits of ore, bnt 
also an abundance of wood occur, together with other natural and 
economical conditions favorable to the development of the iron indus 
try. By degrees the number of works increased, and the iron industry 
took root in localities where it had not previously existed; still the 
chief centers were always in the Ural Mountain region, in central 
Eussia, and Poland. However, in recent years there has been a large 
production in southern Eussia.

In the Urals, the metallurgical industry began to take root in the 
beginning of the seventeenth century, about the time that the Govern 
ment had built the first iron works. The discovery of iron ores near 
the river Nitsa was followed in 1631 by the initial enterprise in the 
Urals, called the Mtsiusk works. At these works wrought iron, as was 
usual in those days, was manufactured directly from the ore in forges 
or hearths supplied with artificial blast. Afterwards the industry was 
firmly established by Peter the Great. Iron ores were discovered in 
the Government of Oluetz in 1070, being first exploited by a foreigner, 
but subsequently by the government.

The'government also~ actively followed up the idea of the manufac 
ture of iron with mineral fuel in the south of Eussia, the first of such 
works being established in the Government of Ekaterinoslav in 1797, 
but this and several other plants subsequently erected were unsuc 
cessful, and it was not until 1871 that a furnace was erected in 
the Don Province and proved a success, this plant being followed by 
others. The discovery and detailed exploration of the extremely rich 
iron-ore deposits of the Krivoi-rog was followed by the erection of 
several large iron and steel works in the south of Eussia, and it is 
expected that within a few years the industry in this portion of the 
Eussian Empire will develop to such an extent that the Ural works will 
be obliged to cede their precedence, at least as to quantity produced.

In the last partition of Poland the laud on which the iron industry 
first started in the thirteenth century was divided between Prussia, 
Austria, audEussia. In 1814 there were forty-six blast furnaces within 
the limits of the principality of Warsaw. The period between 1833 and 
1837 was remarkable for the introduction of the hot blast and the 
employment of coal in the manufacture of iron.

The works of eastern Eussia, namely, of the Governments of Perm, 
Viatka, Ufa, and Orenburg, belonging to the so-called mining regions 
of the Urals, smelt magnetic and brown iron ores chiefly; but red hema-
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tite, siderite, and spherosiderite are also smelted in comparatively 
small quantities. The most remarkable deposits of magnetic iron ore 
occur at Mounts Blagodat and Visokaia, in the central Urals, in the 
Government of Perm, and at Mount Magnitnaia, in the south Urals, 
Government of Orenburg. The deposits of Mount Visokaia, which 
furnish several mining districts with ore, yield above 8.000,000 poods 
(say 125,000 long tons) annually. This ore contains from 63 to G9 per 
cent of iron, and can often be smelted without the addition of fluxes. 
Mount Blagodat annually yields over 3,000,000 poods (say 48,000 tons) 
of ore, containing from 52 to 58 per centof iron. The Blagodat Mountain 
consists of augite-porphyry, passing into uralite porphyry, the summit 
being capped by a compact basaltic rock. The magnetite is distributed 
in strings and irregular masses and is very compact, but contains iron 
pyrite, calcspar, apatite, mica, and analcirne. It is mined by open cut. 
A model of the exploitation and photographs of various portions of 
the excavation, showing a large number of men digging ore and women 
wheeling it in barrows, with samples of the ore. and products therefrom, 
formed an interesting feature of the display in the Eussiau court of the 
Mines and Mining Building of the World's Columbian Exposition. 
Mount Blagodat ore, unlike that'from Mount Visokaia, requires the 
addition of limestone as flux. The ore of Mount Magnitnaia, as mined, 
is quite rich, containing sometimes as much as 66 per cent of iron, but 
is not largely mined, owing to its distance from iron works and want of 
means of communication. Besides the three localities named, a con 
siderable amount of magnetic iron ore is obtained from several depos 
its on the eastern side of the Urals. In 1874 an important deposit of 
specular ore was discovered in the north of the Urals, and in 1890 the 
Koutimsk Iron Works were built for smelting this ore.

Extensive deposits of brown hematite occur in the central and south 
ern Urals, under varying conditions, viz: (1) In small irregular masses 
in plutonic rocks; (2) as beds in metamorphie rocks; (3) in deposits at 
the contact of metamorphie and plutonic rocks; (4) in beds at the con 
tact of metamorphie rocks with Silurian limestone; (5) in accumulations 
in the lower horizon of the Silurian formation; (6) in beds of clayey 
sandstone of Carboniferous or Devonian age; (7) as accumulations in 
the form of nests in Silurian or Carboniferous limestones; (8) as accu 
mulations in alluvium,

Some of these ores are of high quality, yielding pig iron suitable for 
the Bessemer process, an analysis indicating as much as 68 per cent 
of iron after the moisture is driven off.

Deposits of spherosiderite, said, to occur in the Carboniferous sand 
stone, are found in many parts of the Government of Viatka, and in the 
western part of the Government of Perm. In general, these ores are 
not rich, and they contain a liberal amount of phosphorus. The deposits 
of red hematite on the western slopes of the Urals, which are in Car 
boniferous formations, sometimes, yield 64 per cent of iron in smelt 
ing. Chrome iron ore is also found is several localities in this region.
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The ore is reported to contain from 40 to 50 per cent oxide of iron and 
35 to 38 per cent of oxide of chromium. In this connection the follow 
ing extracts are inserted, taken from "A Short Description of the 
Bakalsky Deposits of Iron," written by Mr. Ad. Oehrin :

These mines are situated on the western slope of the southern Ural Mountains, in 
the Zlatoust district, in the Government of Ufa/at a distance of 60 kilometers 
(37. 28 miles), southwest of the town of Zlatoust. For more than a century and a 
half these iron-ore mines have supplied a number of iron works famous throughout 
Kussia for the excellence of their metal. The iron ore is found in close connection 
withdolomitic limestone, it being claimed that these limestones are transformed into 
spathic ore and afterwards iuto brown hematite, and. that in the mineral beds iu 
question all the successive degrees of such a transformation may be observed. In 
the exploitation of the Bakalsky deposits, brown hematite was obtained at the sur 
face. As the workings were carried deeper, spathic iron ores were found, which 
subsequently gave place iu turn to dolomitic limestone. At these mines brown 
hematite and spathic ores serve as the principal materials; iu some places, however, 
red hematite aud specular iron ore may be observed. At present about 100,000 long 
tons of iron ores are yearly won.at the Bakalsky mines, and smelted iuto pig iron in 
blast furnaces in the vicinity. On account of the lack of mineral fuel, charcoal is 
used iu all the furnaces iu the" southern Ural Mountains for smelting. The whole of 
the Bakalsky ore deposit is divided into lots or shares belonging to the owners of 
several furnaces. The quantity of ore which may be won by open p.its within the 
limits of the share belonging to the Simsky Iron Works is estimated at 16,000,000 
long tons. This estimate is founded on a series of trials, which show that every 
cubicmeter contains, according to the quantity of unproductive materials in thelnycr, 
from 11. 5 metric tons to 33 tons of ore. The richness of the ironstone deposits of 
the three neighboring shares indicates that the amount of ore is to be estimated at 
not less than the above quantity.

The mining of ore is carried on at all of the mines iu open pits, by a series of ter 
races, whose height varies from 2 to 4 meters (6^ to 13 feet) according to the compact 
ness of the rock. For blasting solid rock work gelatinous dynamite is used. The 
conveying of the ore is done partly by rail (Dccoville system) and partly by two- 
wheeled carts, drawn by horses. The ores are sifted through iron grates in order to 
remove the clay and earthy substances at the place of exploitation. Here, also, the 
ore is carefully roasted in large open heaps, sometimes 8,000 tons being in one heap 
uuder cover of earthy ore. By the means employed 3 tons of well-roasted ore are 
obtained for each cubic meter of birch wood consumed. The roasted ore is again 
sifted before it is transported, the whole loss by roasting aud sifting amounting to 
about 20 per cent of the original weight. The iron works being at a distance of 
about 100 kilometers (62 miles) from the mines, the roasting of the ore on the spot, 
by lessening the weight, reduces considerably the cost of carriage. The transport 
of ore is carried on only in the winter, and is done partly by sledges, drawn by horses, 
and partly by railway.

The average standard qualities of the roasted ores are shown by the 
following analysis:

Analysis of roasted Jlnlnlsli/ iron ore.

iron ....................

Per cent.

57. 68 to 62. 51
1 
I Mujcnosia ...............

Per cent.

Trace to 0. 75

« Average of live determinations, 0. 025
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The iron district of central Russia includes the Governments of 
Nizhni-Novgorod, Yladimir, Blazan, Tula, Kalouga, and Oriol. The 
ores worked are the brown hematites and siderite. As a rule they are 
easily reducible, but in the majority of cases are not distinguished 
either for their richness or purity, as they contain considerable phos 
phorus. They are, however, siiitable for the manufacture of cast iron.

Olnetz and Finland are rich in lake and bog ores, but the majority 
of tlie ores are poor in iron and phosphoritic. In the south of Poland 
brown hematite ores, containing 40 per cent of iron, are found inclosed 
in rocks of Devonian age. The Carboniferous formation of Poland con 
tains numerous beds of spherosiderite, the thickness of which is very 
variable, but this mineral is often found in large masses, and is exten 
sively worked. Numerous deposits of brown iron ore occur in the west 
of Russia, in the Governments of Vilua, Minsk, and Volyn. A con 
siderable amount of spherosiderite, containing 27 to 35 per cent of iron, 
aud brown hematite, with 35 to 45 per cent of iron, is raised in the 
south and east of Poland, but the majority of these ores contain phos 
phorus. The bog' or lake ores of Finland are dredged from the lakes 
which abound in that Province.

The Don coal basin, in the south of Enssia, is known to be rich in iron. 
The ores of this district are chiefly brown hematites, which occur in 
Carboniferous strata. Beside these, in the south of Russia there are 
important deposits of purer and richer ores, containing GO to 68 per cent 
of iron. These deposits, which consist of magnetic, specular, and red 
hematite ores, occur on the borders of the Governments of Kherson and 
Bkaterinoslav, in the neighborhood of Krivoi-rog. The exploitation 
of these deposits has been comparatively rapid. In 1890 more than 
19,000,000 poods (over 300,000 long tons) were produced by seven mines 
working on the open-cut system. Besides this there is a deposit of 
magnetic ores, favorably situated near Korsak Mogila, in the Tauride 
Government, about 20 miles from Berdiaiisk, one of the ports of the 
Azov Sea.
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The following table, taken from the Industries of Enssia, Vol. IV, 
Mining and Metallurgy, by A. Keppen, shows the output of the Eussian 
iron-ore mines by districts, as well as the number of active mines in 
each district, for the years 1886 to 1890, the latest for which official 
figures could be obtained:

Production of iron ore in Russia, ~by districts. 1

Kegions.

Total.......... ......

1886.

Number 
of mines.

141 
29 
12 
69 

8 
a 10

I «67j

( 560) 
( a "I

Production.

Poods, (b) 
41,741,300 

7, 134, 400 
5, 563, 500 
7,661,000 

731, 300 
433, 700

1, 504, 900

64, 770, 100

Regions.

Total .........................................

1887.

Number 
of mines.

490 
20 
15 
68 

9 
a 14
a 63

( 602) 
I all]

Production.

Pnods. (b) 
47, 474, 500 

8, 356, 500 
10, 008, 300 
8, 782, 500 

831, 000 
509, 500

6, 792, 200

82, 754, 500

1889.

Number 
of mines.

498 
20 
22 
79 
4

\ al3<j 
I alMJ

( 625)1 am]

Production.

Poods. (b) 
51, 111, 700 
10, 228, 600 
21, 007, 900 
13, 306, 500 

783, 200
1, 009, BOO 

2, 660, 000

100, 107, 800

1888.

Number 
of mines.

522 
20 
20 
63 

7 
a 17

a 132

( 632) 
( a 14'jy

Production.

Poods, (b) 
49, 264, 700 

8, 627, 300 
13, 994, 900 
12, 148, 000 

795, 600 
481, 200

2, 203, 500

87, 516, 100

1890.

Number 
of mines.

435 
22 
22 
49

6
a!5

\ a 1805 
2

( 536) 
( a 195J

Production .

Poods, (b) 
56, 268, 178 
12, 272, 788 
22, 997, 534 
13, 394, 689 

759, 891
571, 472

3, 125, 000 
232, 500

109, 622. 052

a Lakes. b A pood is equal to 36.113 pounds avoirdupois.

The following table, excerpted from the same publication, shows the 
amounts of different characters of iron ore smelted in the blast furnaces 
of the Eussian Empire for the years 1882 to 1890, both inclusive. This 
table demonstrates that between 1882 and 1890 the consumption of mag 
netic iron ore increased CO per cent, while the consumption of brown 
hematite ore was augmented only a little over 30 per cent. Bed hema 
tite is chiefly smelted by the iron works of south Russia. A striking 
feature in this table is the large increase in the amount of forge and 
mill cinder smelted, over ten times the amount used in 3882 being con 
sumed in 1890. About one-half of this quantity was consumed by the 
tin works of Poland, while the tbirty-six works of the Urals smelted 
only about one-fifth of the 1890 total. This may be ascribed to the fact 
that in the Urals the ores are rich in iron, and cost comparatively little, 
while the works of Poland smelt exceedingly poor ores, which, more 

over, are rather expensive.
1 The totals in this table as furnished did not correspond with the sums of the various items, and 

were therefore altered; but that for 1890 as received was correct, being compiled from other sources.
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Amounts and varieties of iron ore smelted in Russian blastfurnaces, 1SSS to 1890.

[Thousands of poods.]

Variety. ]882.

35, 044

14, 186

726

1883.

17, 003

1,244

1884.

13. 129
32, 060

1,659

1885. 1886.

2.674

1887.

16, 790

3.582

1888.

43, 040

1 14, 918

j 5,065

4,256

1889.

12,763
51, 101

8,534

5,728

91, 193

1890.

46, 348

14, 013
2,938

7,546

110, 877

The table given below will show the practically uninterrupted growth 
of the pig-iron industry in Russia from the year 1822 to 1890, and was 
taken from the "Mining Industries of Russia."

Production of pig iron in Russia from 1SHS to 1S90.

Years.

1 fl99 1 S9"i
1826 1830
1831 183^

1841 184^
1846-1850 ...........
1851-1855...........

Production .

foods. 
36, 616, 164

69, 717, 572

Average 
yearly pro 

duction.

Poods. 
9 154 041

10, 919, 294

13, 943, 514

Tears.

'1856-1860...........

1866-1870........ ...

1886-1890...........

Production.

Poods. 
82, 809, 707
88, 328, 097

119, 084, 592

Average 
yearly pro 

duction .

Poods. 
16, 561, 941

19, 596, 279
2T 816 918
26 150 981
29, 923, 359

The following table gives the production of iron ore and pig iron in 
the Russian Empire in such years as these figures could be obtained, 
Mr. George Kamensky, of St. Petersburg, Russia, furnishing those for 
1890:

Production and consumption of iron ore in Russia; also pig iron manufactured.

Tears.

1840 .......
1850 .......
1860 .......
1866 .......
1867 .......
1868..... .

1871 .......
Ift79
1873.......
1874 .......

1876 .......
1877 .......
1878

Produc 
tion of 

iron ore.

Metric tons.
48, 366

581 771

' 893, 614

1, 063, 831

897, 098

Pig iron 
made.

Metric tons.

354, 032
353,710

378,387
374 355

Tears.

1880 .......
1881 .......
1882
1883.......
1884
1885 .......
1880 .......
1887 .......
1SSS
1889 .......
i son

1892.......
1893 .......

Produc 
tion of 

iron ore.

Metric tons.
1, 023, 883

998, 000

a 1, 378, 680

Pig iron 
made.

Metric tons.
441, 359

a 462, 125

a 523, 710
a 602, 785

a 811, 854

1. 014, 252
1,159,704

a Long tons.
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BULGARIA.

M. Leon Thonard, 1 in reporting on the mineral resources of Bulgaria, 
states that magnetic iron sand is found near Samakov in the alluvium 
of the rivers, being formed from the decomposition of syenite, which 
constitutes the mountain of Vitousch and neighboring heights. The 
ore, lie says, is pure and rich, and has from time immemorial been 
employed in making iron by a modified Catalan forge process. It is 
collected in natural or artificial basins and washed with more or less 
care. The ore is treated in low furnaces with charcoal for the direct 
extraction of the metal, the product being taken to forges where it is 
hammered and shaped into irregular bars by means of hammers, 
worked by water power. The waste is enormous, and it is stated that 
six parts of iron sand (containing 60 to 70 per cent of iron) are required 
to produce one part of iron. The slag contains 40 per cent of iron. 
The metal, which is of good quality and easily worked, is exported 
into Asia. Iron smelting was practiced in a large number of small 
works scattered along the Isker or its tributaries, in the neighborhood 
of Samakov, where there were at that time more than 80 furnaces and 
18 hammers, and also at Etropole, where the Samakov ore was treated, 
on account of the abundant supply of wood. The industry is rapidly 
declining because of foreign competition.

SBRVIA.

Mr. F. W. Barnes, who superintended the rebuilding of the old blast 
furnace at Majdenpek, Servia, formerly used by the Servian Govern-, 
ment, states the charcoal is used as a fuel in the blast furnace. The 
ores, which are chiefly hematites, contain when dry about 55 to 02 per 
cent of iron, but the silica is rather high.

TUKKBY.

Turkey has some rich deposits of iron ores, and some ore is exported. 
But little of it, however, is manufactured into iron in Turkey, and this 
small quantity is nearly all produced in the Province of Bosnia, where 
the iron ores, principally limonites and magnetites, are smelted in 
the old-fashioned "Wolfot'en." Probably some 25,000 tons of iron ore 
are annually smelted, the yield in metal, owing to the crude methods 
employed, being very low.

A large deposit of red hematite is reported to have been found in 
the district of Vares, Turkey. Iron ore is also found along the flank of 
the Treskouac Mountain, in the valley of Varasac Kiver, and in the 
Smoeka, Slatiua, and Schaski mountains.

1 ' Revue Uuiverselle dea Mines, Vol. XIX, pp. 1-22.
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GREECE.

Greece abounds in iron ores, principally carbonates, hematites, and 
magnetites, forming irregular masses in the limestone, or at contact of 
the limestone and mica-schists. The greater portion of the ores contain 
manganese, those of Seriphos yielding sometimes from 5 to 8 per cent 
of this metal.

At Seriphos, one of the Cyclades, a brown hematite is found near 
the seashore in the form of compact masses from 9 to 45 feet in thick 
ness, and in the interior of the island bodies of magnetic iron ore exist 
in the immediate vicinity of granite. These deposits were worked as 
open quarries, and it is stated that this island was used by the Romans 
as a place for keeping convicts, who were made to operate the mines. 
Exploitation in later times was commenced in 1870. In 1880 a French 
company obtained the mines, and since the latter date have shipped 
the following quantities of iron ore, the tons being the short ton of 
2,000 pounds. Between 1870 and 1880, 42,000 tons are said to have 
beeii exported.

Exports of iron ore from Seriphos, 1881-1893.

Tears.

1 QQ1

1882..........
1881! ..........

1885..........
1886..........

Total 
exports.

Short ton*.

7,350

Exports to 
tlio Tinted 

States.

Short tons.

4,800
13, 185

26, 300
45, 380

Years.

188!).... ......

1892
1893..........

Total 
exports.

Short tons.

89, 470

Kxpurts to 
the United 

States.

Short tons. 
6, M5C

18, 775
36. 460

The hematite ores contain 40 to 48 per cent of iron, 2.3 per cent of 
manganese, 2.5 to 4 per cent of silica, and 0.02 per cent of phosphorus; 
the limonite ores, 50 to 53 per cent of iron, 4 to 8 per cent of silica, and 
0.035 to 0.04 per cent of phosphorus. The magnetite in the interior of 
the island is stated to contain about G5 per cent of iron.

Mr. H. C. Babbitt, chemist of the Wellman Iron and Steel Company, 
has supplied the following analyses of four cargoes (about 12.000 tons) 
of Seriphos ore, imported from 1888 to 1893:

Analyses of Seriphos iron ore.

Dried at 212° :

Average.

Pel- cent. 
3.88

.108

.771

Highest.

Par cent.

044
.148

1.730
1.353

Lowest.

1'et- cent.

0.33

.310

.875
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About one-half of this ore was magnetite, and one-half red hematite.
The Compagnie J^rangaise des Mines du Laurium own seven princi 

pal concessions, containing 15.45 acres of laud, on the eastern shore of 
Attica at Cypriano, and have been granted permission to work iron, 
lead, copper, zinc, and manganiferous iron ore. The mineral bed is 
formed by a series of deposits alternately of granular limestone and 
schist. The iron and mangauiferous iron ores occur in large quantities 
at the first contact. Since 1881 manganiferous iron ore has been 
shipped from Cypriano, containing 33 to 40 per cent of iron and 12 to 
18 per cent of manganese. At the end of 1893 it is estimated that 
1,065,880 tons, valued at $2,679,500, have been exported since 1881.

The total amount of iron ore mined in Greece in 1892 was approxi 
mated 250,000 tons, and in addition 157,750 tons of manganese and 
manganiferous iron ore were obtained. Manganiferous iron ore is also 
exported from the islands of M ilo and Enbffia.

ASIA.

From frequent references to the use of iron in the Bible, from results 
of explorations in the vicinity of ancient Babylon, of Mneveh, and of 
other buried cities, and from various other sources, proof is abundant 
that the region now recognized as Arabia, Syria, Palestine, and Asiatic 
Turkey is the.origiual home of the earliest iron industry. These sources 
of information also show that much of the iron ore treated came from 
local deposits, which in some sections are still utilized on a small scale.

Dr. Ludwig Beck 1 gives much information on the early iron work 
ings, from which the following is excerpted:

With the Assyrians iron was common, and iron ore is abundant in the Assyrian 
mountains. The Kurds in Syria still make their own iron, and steel is known to 
have been made in the mountainous countries.

. When the city of Damascus was taken in 800 B. C., it had to pay to the Assyrians 
about 467,000pounds of iron. From this it can be judged how highly iron was valued 
and how extensively it was used in those early times.

The excavations of Khorsabad disclosed a storeroom filled with iron billets, weigh 
ing altogether about 352,000 pounds. Most of these were pointed at the end, hart a 
length of from 13 to 19 inches and a thickness of from 3 to 5-j- inches, weighing from 
9 to 44 pounds each. Each had a hole near the cud 0.8 inch in diameter. They were, 
indeed, billets of commercial iron of the time, and the holes served to tie them 
together in bundles to be carried on the backs of oxen, mules, or camels.

The billets proved to be soft iron of excellent quality. Iron chains, hooks, horse 
bits, and iron bars were also found.

The smiths of Damascus bore an exceedingly high reputation for their skill in 
working iron and steel. Nebuchadnezzar, the King of Assyria, boasts of having led 
away the smiths of Damascus into captivity. Timnr, the King of the Tartars, did 
the same five hundred years ago. The Eoman Emperor Diocletian had large factories 
established at Damascus to furnish arms for the Roman army. Through the Romans 
the Damascene swords were introduced into Europe.

The Israelites obtained articles of iron and steel from the Chalybeaus in northern 
Armenia, a people whom Josephns calls the descendants of Tubal-Caiu, the iron 
smith and master in working metals.

There is abundant proof of an extensive industry in iron and bronze in Canaan.
'Die Geschichto dea Eiaeiis in seiueu technologiaclien und ciilturhiatoriacheu Ee
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PRODUCTION OF IRON OEES. 159

Iron was especially valued by the Israelites, and iron ores are frequently found in 
the Lebanon Mountains. The names of some of the cities indicate their prominent 
connection with the ancient iron industry and ore mining.

Masses of clay iron ore are found intermingled with spathic ore of fine quality, 
and there are numerous evidences of aucient mining activity, but it was of an iuferior 
kind. The ground is broken in all directions, but it is evident that only those ores 
were taken which could be most easily smelted. None of the pits are extensive, bnt 
they run for long distances in every direction. The ore contains from 50 to CO per 
cent of iron, and the metal made from it is of excellent quality. However, the 
scarcity of timber in the mountains of Lebanon precludes at present theworkiugof 
these ore deposits.

As long as there was abundance of timber for charcoal there was a considerable 
iron industry, and the steel produced in that region found a ready sale all over Syria.

Judging from all accounts, the Hebrews smelted the ore not in pits, like the Egyp 
tians, but in high bloomery or block furnaces, for the Hebrews were familiar with 
the bellows and its uses for smelting purposes.

PERSIA.

The consumption of iron, and steel up to the present time in Persia 
has, according to Mr. A. P. Stahl, been inconsiderable. He states that 
the importations from Uussia by way of the Caspian Sea amount to 
2,000 tons per year, and a smaller quantity comes from India, through 
the Persian Gulf, the difficulties of transportation making the price of 
iron quite high. The home production, which is small, is made in the 
vicinity of Amol from brown hematite ores won there.

With the exception of the arsenals of the different States, the Teheran 
Schachzadc Abdulaziiner Iron Works and one machine works are the 
only consumers of iron. There is not a blast furnace in operation, owing 
to the lack of capital and confidence, although there is abundance of 
workable ores.

There are masses of magnetite iu the State of Kaschan, micaceous 
hematite in the State of Naiu, and specular and magnetic ores east of 
Yezd, 10 kilometers (6 miles) northeast of the little State O Bafk. The 
latter occurrence is the largest in Persia. In the middle of the desert 
a large, dark hill occurs, in which Mr. Stahl estimates the amount of 
iron ore at 6,000,000 cubic meters, not taking into consideration the 
many hundred thousand tons of ore as bowlders, which cover the sur 
face of the plain for from. 2 to 3 kilometers (1£ to If miles). About 30 
kilometers (18.6 miles) from this hill, at the little mountain village of 
IJfarigan, is a deposit of brown and red hematite 25 to 30 meters thick 
(82 to 98 feet). Brown and red hematites are also found in workable 
quantities at Bashan, in Bezirk Baabad.

While all the iron-ore deposits mentioned above are at a considerable 
distance from the coal beds, that at Ardake, 70 kilometers (43£ miles) 
west of Teheran, is in close proximity to the coal outcrops. The ore is 
a scaly red hematite, carrying about 70 per cent of iron oxide. In Mr. 
Stahl's opinion this would be a favorable situation for iron works, as
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the coal is ou the spot and the principal market, Teheran, is not far 
distant.

Amoug other ore beds, Mr. Stahl mentions the following: About 12 
kilometers (7£ miles) cast of Teheran, in the Doushantepe Mountains, 
is a rich specular and magnetic ore mine, but the nearest coal i* highe 
up, close to the source of the Djaderud Biver, about 35 kilometers (22 
miles) distant. North and east of Seninan workable amounts of red 
hematite are found, but no coal outcrops are known in the Peigamberaii 
Mountains. Between Dauighan and Schahrud, north of the road, rich 
red hematites outcrop, and about 15 kilometers (9 miles) away are the 
coals of Tazire. At Agere, distant a kilometer (.6 mile) from a copper 
mine and close to the coal", brown hematite breaks through the Lias 
formation. In the Tur Dervar ravine large masses of magnetite out 
crop, but there is no coal in the neighborhood. Between Tasch and 
Tascheharbag titauiferous red hematite outcrops iu the diabase, and 
there is also considerable coal, but the amount of iron ore is small.

Though all the iron ores occurring in Persia are not mentioned above, 
it would seem from the foregoing account to be well supplied with them.

AFGHANISTAN.

Magnetic and hematite ores are said to occur in the Hazara country, 
and a clay-ironstone in the Tertiary rocks at Bolau. In the Waziri 
country, near Kanigoorurn, in eastern Afghanistan, limonite ores were 
at one time quite extensively used in the manufacture of iron. The ore 
is said "to occur in shaly beds below limestone, and is roasted, becom 
ing thereby black and magnetic." At Bajaur, in the Pcshawcr district, 
in the extreme northwest of India, iron was made from magnetic sand 
which was in great demand at Cabul.

INDIA AND BUKMA1I.

Iron ore occurs in nearly all the districts of India, the crystalline 
rocks of the older formations generally containing the rich, pure ores, 
while the later sedimentary rocks contain the leaner and inferior quality 
of iron ore. The varieties most frequently found are red and brown 
hematite and magnetite, although clay-ironstone and spathic ores, etc., 
are also met with.

The important iron-ore fields of India are: (1) The brown hematites 
of Barrackpur, in Bengal (northeastern India); (2) the specular and 
maugetites of Chanda, in the central provinces; (3) the red and brown 
hematites of Kutui, in the central provinces.

In the Madras Presidency rich magnetic iron ore was for some years 
raised and smelted by the Bast India Iron Company.

At Lohara and Pipalgaon, in the central provinces, near Chanda, a 
dense specular and magnetic ore is found interstratified with crystalline 
schists in large masses, which occur as hills and can be worked above 
ground. At Tendukahra a manganiferous brown hematite, apparently
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interstratifled with limestone, is wrought by the natives on a compara 
tively large scale. Superficial limonite, locally known as "laterite," is 
common throughout the whole of India, and is used hi many of the 
native furnaces.

The following analyses of the iron ores of the three important fields 
mentioned above are given by Mr. C. E. von Schwarz:

Analyses of representative East Indian iron ores.

Carbonates of lime and magnesia. . . . .

Brown ores 
of Bar- 

rackpur.

Per cent. 
78.1

2.6 
2.1 
5.1

9.2 
1.4 
1.5

100.0

Chaiida ores.

Magnetite.

Per cent.

95. 5

.5

4.0

100.0

Specular.

Per cent. '
98.0

.5 

.5

.75

Trace.

99.75

Pisolitic 
limonite of 

Kntiii.

Per cent. 
94.6

2.7 
1.3 
1.4

100.0

The brown iron ores at Barrackpur were used at the iron works 
established there by the Government, but these were not in operation 
for any length of time.

At Satnapur and Dewalgaon brown hematite also occurs in consider 
able bodies. Manganiferous ores are also found.

Production and value of iron ores mined in India in the years 1889, 1890, and 1891.

'

Tlriti&h Provinces.

Northwestern provinces and

Bombay (including Sindh and

Total ....................

Native States.

Total......... ..........

1889.

Amount.

Long tons. 
14, 827 
10, 053 
1,428 

119

55 

1

26, 483

11. 697 
1,234

78 
(&>

13, 009

39, 492

Value.

Rupee*, (a) 
24, 669 
3.197 
2,385 

11, 614

1,779 

360

44, 004

29, 941 
31,207

6.933 
4, 869

72, 450

116, 454

1890.

Amount.

Long tons. 
17, 853

5,664 
238

18

23

23, 796

2,118 
524 

1,857

<&)

.4, 499

28, 295

Value.

Rupees, (a) 
31, 290

12, 952 
7,501

6,584

56

58, 383

30, 399 ' 
20, 141 
81, 853

4,421

136, 814

195, 197

1891.

Amount.

Long tons. 
20, 008 

2 
9,478 

409

175 
10

30, 082

1,141 
339 

1,773

(&)

3,253

33, 335

Value.

Rupees, (a) 
29, 517 

200 
17,680 
6,214

87 
187

53, 885

24. 630 
10, 480 
99, 98fi

• a, 992
139, 097

192, 982

a The rupee is a silver coin, the standard unit of value iii India. Its nominal value is 2 shillings 
English money, or about 48 cents American, but since the decline in the market price of silver its 
foreign purchasing power has been reduced to about one-half, being equivalent June 1 to about 25 
or 26 cents American.

b Amount not reported.
16 GEOL, PT 3———11
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Most of the iron produced in Bengal probably came from Burdwan; 
that produced in Burmah from Prome, and a small quantity from 
Pakokku. In the central provinces the supply is from Saugor, Jabal- 
pur, and Sambalpur, although some other districts produced iron ores 
of which no statistics are obtainable. In Madras ores are obtained 
from Bellary, Kurnool, Malabar, Salem, etc., and in the northwestern 
provinces and Oudh from Lalitpur and Kamaun.

In the Rajputana States the majority of the iron ore won came from 
Ulwar, although Mcywar. Bundi, Jhalawar, and Benswara also con 
tributed to the total. In the Mzam's dominions the producing dis 
tricts were Elgendal, Indore, Warangal, Mehduck, and Athgarh Balda. 
The principal districts in Mysore were Ghitteldroog, Shimoga, Tumkur, 
and several others.

The actual production of iron ore in India is somewhat larger than 
that given above, as the figures for some of the native and interior 
provinces could not be ascertained; in the year 1892 it probably 
approximated 50,000 long tons.

The magnetic and brown hematite ores which formed the chief supply 
of the old Burmese furnaces were obtained in the eastern Prome dis 
trict, in south-central Burmah, and still farther south large deposits of 
magnetite were reported in the Tertiary hills between Manlmain and 
Tavoy. In Upper Burmah the principal site of iron manufacture was 
at Puppa, an extinct volcano, where the ore is reported to occur in the 
upper Tertiary conglomerates of the fossil group. Other sources of 
iron were at Meaday, north of Shue-bo-myo, and in the Shan States, 
which are tributary to Si am.

Considerable iron was manufactured by the natives, but the imported 
British iron has displaced this to a large extent.

The above data may be supplemented by the following excerpts from 
Phillips's Iron Ore Deposits:

Iron ores are plentifully distributed over large areas in British India. In Penin 
sular India the magnetic oxide occurs cither in beds or veins in almost all the regions 
in which metamorphic rocks prevail, while in some localities, as the Salem district 
in the Madras Presidency, the development of magnetite is on a scale of great mag 
nitude. In many cases these deposits appear to he not veins, but beds of ore, in th.e 
same way as do the gneissoid and schistose rocks with which they arc associated. 
The rich ores of central India occur principally as hematites in rocks belonging to 
the lower transition series. At Kaniganj coal field, in the Damula 'Valley, there is 
a large supply of ironstone, which originally existed as black band or clay iron 
stone, and has near the surface been changed to limonite. Segregated bands of iron 
ore, which not infrequently occur toward the base of certain beds of laterite, are 
the sources of an easily worked brown hematite, which sometimes contains a large 
percentage of iron. These ores are employed by native smelters in localities scat 
tered over almost the whole of India, and iron sands which occur in the rivers 
running through the Deccan trap are concentrated by washing and used in some of 
the small native blast furnaces.

In the Kadapah and Karnui districts, Madras, iron ores occur in great abundance, 
and are treated at a number of native iron-smelting villages situated along the east 
ern side of the Khundair Valley. Certain tracts in Hyderabad or the Nizam's terri-
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tory have long been celebrated for thoir iron ores, as well as for the good quality of 
the metal produced from them. In the Orissa tributary states the manufacture of 
iron is on a small scale.

Notwithstanding the abundance of iron ore throughout Sambalpur, Rehrakol is the 
only locality where smelting is extensively carried on by the natives.

Among the most important deposits of iron ore in central India arc those of the 
Gwalior State, whicli include magnetite and red and brown hematites, which were 
once extensively worked by the natives, but are now to a great extent neglected in 
consequence of the great distances the ore has to be carried to the fuel.

Throughout the Presidency of Bombay iron ores occur in the form of magnetite, 
hematite, and limouite. These ores are all extensively worked in native forges.

In Assam the principal ores found in the valley of the Brahmaputra are clay iron 
stones of the Coal Measures and an impnre limonite from the Subhimalayan strata. 
Ball states that the only iron ore worked ill the native furnaces of the Khasi and 
Jaintia hills is a titaniferous magnetic oxitle, procured by washing ferruginous earths 
and gravels.

In the Pegu division of Burmah an abundant supply of iron ore is found in the Ter 
tiary roeks of the eastern Pi-ome district. In Tenasserim seventeen distinct locali 
ties are known in which there are deposits of iron ore, all being situated in the 
Tertiary hills between Manlmain and Tavoy.

In the peninsula of Malacca iron ore occurs in the mountains in large, irregular 
masses, but is not at present worked.

Mr. V. Ball, in his Manual of the Geology of India, gives interesting 
descriptions of the processes pursued by the natives in smelting the 
various iron ores which abound throughout the country. This manu 
facture was formerly one of the principal industries of the inhabitants, 
but it has been practically destroyed by the competition of English 
iron. Mention will be made of some of these processes.

The famous iron pillar at the Kutub, near Delhi, the noblest speci 
men of the Indian ironsrnith's art, according to Mr. Ball, indicates an 
amount of skill in the manipulation of large masses of wrought iron 
which has been the marvel of all who have endeavored to account for 
it. It is only within comparatively recent years that forges or foun 
dries have turned out similar masses of metal. The exposed portion of 
this pillar stands 22 feet above the ground. Below the surface the base 
expands into a bulbous form 2 feet 4 inches in horizontal diameter, 
which rests on a gridiron of iron bars, fastened with lead into the stone 
pavement. The diameter of the pillar is 10.4 inches at the base, and 
12.05 inches just below the capital, which is 3£ feet high, the total 
weight being estimated as exceeding 6 tons. It has been suggested 
that this pillar must have been formed by gradually welding pieces of 
wrought iron together; if so, this has been very skillfully done, since 
no marks of such welding are to be seen. Analyses of the iron made 
by Drs. Percy and Thompson show it to consist of "pure malleable iron 
without alloy." From the form of the letters in the inscription, various 
views as to its age have been suggested. Mr. Ferguson believes that 
A. D. 400 is not too far from the truth. In this pillar, therefore, which, 
although it has been exposed to the atmosphere, shows no sign of rust, 
is testimony to the skill and art of the Indian iron makers of 1,500 
years ago.
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Dr. Beck says there are other examples of the remarkable skill of the 
Indian smith in forging iron. Among these is the temple of Kanaruk, 
the roof of which was supported by iron beams 21 feet long and 8 inches 
square each. Archaeologists set the time when this temple was built at 
1236 to 1241. It is a fact that in the north as well as in the far south 
of India there exist examples of forgings dating from the fourth to the 
fourteenth centuries, such as exist nowhere else in Asia, and which, 
would be the pride of Europe to-day. Thus we are justified in conclud 
ing that the iron industry must have flourished in India to a very high 
degree under favorable conditions, since it was 'possible to use iron 
even for building purposes.

Crucible steel was and is made in India, and for a time Indian 
"wootz," or steel, was in demand by cutlers in England. The famous 
Damascus blades attained a world-wide reputation for flexibility, 
strength, keenness, and beauty, long before it was known that the 
material from which they were made was produced in an obscure 
Indian village. Traders from Persia found that it paid to travel to 
this place, difficult of access, in order to obtain the raw material. How 
old the steel industry is may be surmised from the fact that steel tools 
have been found in graves which date back 1500 years before Christ.

In the typical Indian furnace or forge the ore is in direct contact 
with the fuel, and is reduced, without the addition of flux, to a pasty 
mass, complete liquefaction not taking place. There are, however, 
exceptions to this, and it is stated that in some furnaces limestone is 
used as a flux, and that in large furnaces in Birbhuin the iron was pro 
duced in a fluid condition and run into pigs. The iron was sold at a 
high price, the bulk of the profit going to the traders through whose 
hands the product passed, while the amount produced bore but a mis 
erable proportion to the labor, time, and material expended. In some 
cases the consumption of charcoal for the production of finished iron 
was 14 tons of the former to one ton of the latter. The timber used, 
however, was almost invariably the best that the x>articular jungle 
affords, such as sal, teak, etc.

Dr. Buchanan, during his journey through Mysore, Canara, and Mala- 
bar, noted several places where iron ores occurred and were worked. 
At Velater there were 34 furnaces which belonged to a Moplah. The 
ore was prepared by being washed in a trough placed in a running 
stream. The furnaces were excavated in mounds of clay 5 feet 4 
inches high in front and 4 feet at the base, and about 7 feet wide 
from front to rear. The excavation .for each furnace was 2 -feet 11 
inches by 2 feet, being dug from the top of the mound to the bottom. 
An arched cavity at the back, with a hole at the base, was then made, 
and the structure surmounted by a chimney. The charge consisted of 
2,160 pounds of ore and 1,890 pounds of charcoal, some of the latter 
not being consumed during the blast of the furnace, which lasted 24 
hours. The yield of iron was from 240 to 384 pounds, according to the
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success of the operations. It was .of the usual character,- partly mal 
leable, though brittle. The bellows which supplied air to the furnace 
were leather bags 18 inches high and 9 inches in diameter, one man 
working a pair by clasping the slit flaps at the top, and by alternately 
raising and depressing the bags the air was driven through a nozzle 
common to both. Each furnace required two pairs of bellows, and each 
pair was operated by two men, who relieved each other.

Dr. Bnchanan also describes the manufacture of steel in Mysore, as 
follows:

The furnace consisted of a horizontal ash pit and a vertical fireplace, both sunk 
below the level of the ground. The ash pit was three-fourths of a cubit in width 
and height, connected with a refuse pit, into which the ashes could be drawn. The 
fireplace was a circular pit, a cubit in diameter, and was connected with the ash pit, 
the distance from the surface of the ground to the bottom being 2 cubits. A screen 
or mud wall 5 feet high protected the bellows man from heat aud sparks. The 
bellows were (of the ordinary form, a conical leather sack with a ring at the top, 
through which the operator passed his arm. The crucibles, made of unbaked clay, 
were conical in form and of about 1 pint capacity. Into each a wedge of iron (made 
from iron sand, which alone was claimed to be fit for steel) and 3 rupees' weight of 
the stem of the Cassia anriculata, and two green leaves of a species of Convolvulus 
or Ipomcea were placed. The mouths of the crucibles were covered with round caps 
of unbaked clay, the junctures well luted, dried near the fire, and were then ready 
for the furnace. A row of crucibles was first laid around the sloping mouth of the 
furnace; within these another row was placed, and the center of the dome so formed 
was occupied by a single crucible, making 15 in all. The crucible opposite the bel 
lows was empty, so that it could be withdrawn in order to supply fuel below. The 
furnace being filled with charcoal, and the. crucibles covered with it, the bellows 
were plied for four hours after firing, when the operation was considered as com 
pleted. When the crucibles were opened the steel, was found melted into a button, 
showing that complete fusion had taken place. The buttons weighed about 24 rupees 
each. There were thirteen men to a furu.ace, a headman to make and fill the cruci 
bles, and four relays of three men each, one to attend the furnace and the remain 
ing two the belltfws. The total production of steel in the vicinity described was 
estimated to be 12 hundredweight per annum.

Between the years 1872 and 1875 there were, it is stated, 1,400 iron- 
ore mines or diggings in operation in the Province of Mysore.

In a description of the manufacture of crucible steel at a village— 
Kona Samundrum—Dr. Vosey states that the crucibles were made of a 
refractory clay derived from .decomposed granite, together with frag 
ments of old furnaces and broken crucibles, kneaded up with rice chaff 
and oil. Pieces of iron, with some fragments of glassy slag, were placed 
in, and cakes of steel, weighing on an average 1£ pounds, were taken 
from, each crucible. These cakes were covered with clay and annealed 
in the furnace for from 12 to 16 hours, and then cooled; and, if neces 
sary, the annealing was repeated until the requisite degree of mallea 
bility had been obtained. A Persian trader from Ispahan was in the 
habit of going backward and forward with the steel, personally super 
intending its manufacture. Malcomson remarks that the ore of this 
locality must be of exceptional quality, as otherwise it could not have 
maintained, in spite of its remote situation in an unsettled country, its 
reputation as the best rnaterinl for Damascus blades.
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In the Birbhum district, where native furnaces on a large scale were 
a distinguishing feature, it was estimated that the average output from 
each furnace was 34 tons of " kachcha " iron per annum, and as there 
were about seventy furnaces in the district, the total yearly output 
approximated 2,400 tons. In these furnaces the " kachcha " iron, unlike 
that produced in other parts of India, formed at the bottom of the fur 
nace in a molten condition, and resembled pig iron. The subsequent 
refining, a sort of puddling process, induced a pasty condition, admitting 
of the iron being drawn out and hammered until it became thoroughly 
malleable.

The following narrative from Ball's " Geology of India " is a typical 
illustration of the method employed in western Bengal, Orissa, and the 
adjoining districts of the central provinces in the manufacture of iron 
by the natives:

The furnaces of Agarias, built of mud, are about 3 to 4 feet high, tapering from a 
diameter of about 2£ feet at the base to 1£ fee* a* the top. The hearth is a rounded 
cavity about 10 inches in diameter, and the circular shaft above it is 6 inches in 
diameter. On a bed of charcoal, rammed down into the hearth, ignited charcoal 
is placed, and the shaft is then filled with charcoal. Blast is produced by a pair 
of kettledrum-like bellows, consisting of hollowed logs of wood with goatskins 
attached, and nozzles of bamboo. The skins are distended by tension or spring 
afforded by sticks (with cords attached) stuck into the ground. By throwing his 
weight alternately from one side to the other, the operator, who stands on the leather, 
overcomes the tension, his heels acting as stoppers to the valves which admit the air 
into the bellows. In case additional pressure is needed, the operators' wives stand 
with them on the bellows and aid in producing the blast. The bamboos which con 
vey the blast are luted into clay tuyeres, which are in turn luted into the front of 
the furnace. The Mast is maintained for six hours, the people engaged changing 
places from time to time. Powdered ore is sprinkled in alternate layers with char 
coal on top of the fuel iu the shaft as soon as the latter is fairly ignited. As slag 
forms it is tapped from holes which are pierced for the purpose in the side of the 
hearth at different levels as the smelting proceeds, and then closed with lumps of 
well-kneaded clay. Ten minutes before the conclnsion of the process the supply of 
ore and fuel fed into the top is shut off and the bellows are worked with extra vigor. 
The clay luting of the hearth is then broken down and a "giri," or ball of semi- 
molten iron, including slag and half-burnt charcoal, is taken out and immediately 
hammered, by which means a considerable portion of included slag still in a state of 
fusion is squeezed out, and the ball is then half cut in two to show the quality of the 
iron. In some cases, by several reheatings in open furnaces, and by hammering, the 
Agariasrefine this loupe into iron fit for the market, but in other instances they dispose 
of the "giri" to parties who work it into bars.

In the sixteenth and seventeenth centuries the Province of Assam 
was famous for the manufacture of iron cannon. The largest specimen 
known to Colonel Hannay was in Eangpur Fort. It measured Yl feet 
3J inches in length, and the metal was 7| inches thick. Frequent 
invasions of the Burmese and heavy royalties, however, led to the final 
abandonment of the industry.

A very interesting collection of the Indian exhibits shown at the 
Centennial Exposition in 1876, including skin bellows, a suite of speci 
mens of iron ore, "wootz" steel, etc., was retained, and can now be 
seen at Memorial Hall, Philadelphia.
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An ore largely used in native furnaces, in addition to those commonly 
known as magnetite, etc., was named by Dr. Buchauan "laterite," 
which appellation was probably derived from lateritis, a brick, as the 
material was cut into bricks for building. The term laterite has been 
applied generically to a group of Tertiary rocks which occupy an im 
portant position in the superficial geology of India. The common 
character which persists throughout all the varieties of laterite is the 
possession of a ferruginous element, which is in the form of brown 
hydrated peroxide on the surface, sometimes as black magnetic ore 
inside. The reddish-brown appearance, due to the presence of perox 
ide, explains the origin of the name. This ore was prepared for use in 
the furnace by washing in a trough.

The natives in India never employ iron ore in the massive form if it 
can be avoided, as this would involve the labor of mining, and the 
lumps of ore would require to be broken by hand into small pieces, the 
finer particles being carefully separated. They therefore generally 
select the weathered pieces of ore which are found on the surface of 
magnetic deposits, or use magnetic sands, etc.

Mr. Thomas Turner, in a paper entitled "The production of wrought 
iron in small blast furnaces in India," gives the following analysis, made 
by Mr. Harris, of a sample of iron ore obtained by crushing a number 
of small lumps of Rajdoha weathered magnetite:

Analysis of Rajdoha India weathered magnetite.

Silica...........................

Per cent.

69.65
19. 50
5 83
.22
.51

Per cent.

3.28

Mr. T. H. Holland, assistant superintendent of the Geological Survey 
of India, in an account of the manufacture of iron in the southern dis 
tricts of the Madras Presidency, states that the scarcity of fuel is the 
great drawback to the development of the iron-ore deposits of southern 
India, the only carbonaceous deposits hitherto discovered being beds 
of bituminous shale or small deposits of lignite. The fuel which the 
natives prefer, where it can be obtained, is charcoal made from the wood 
of the albizzia amara, a deciduous tree of moderate size, with mottled, 
hard heart wood and concentric, alternating light and dark bands. 
Where wood charcoal can not be obtained bamboo charcoal is employed, 
a sample of which analyzed by Mr. Harris gave 8 per cent of ash, 8.7 
per cent of moisture, and, by difference, 83.3 per cent of carbon. Mr.
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Harris also made the following analyses of crude iron and of cinder 
from'the Rajdoha furnaces:

Analysis of Rajdoha crude iron.

Per cent.

.005
Total......................

Per cent.

98.18]

Analysis of Rajdolia slag.

• Per cent.

70 QC

10.33
.23

1 OK

2,49 Total......................

Per cent.

1.07

.35
1.57

100. 00
58.08

Apart from the intermingled slag and charcoal, the iron is of excel 
lent quality, while it is evident that the slag must have derived the 
increased proportion of lime, magnesia, and phosphorus either from the 
ash of the fuel or from the walls of the furnace. The slag contains such 
a large percentage of iron as to demonstrate a most wasteful process.

Mr. Turner, in his paper mentioned above, says:
If the manufacture of iron in India is to be carried, on in the future on any con 

siderable scale, it must be done by the adoption of European methods or by the 
improvement and extension of native methods. The great obstacle is the absence 
of mineral fuel in the neighborhood of the ore regions. The cost of carriage of 
native fuel brought from the central provinces, Bengal, or the Nizam's dominions, or 
from Burmah, would also prevent its use in the central, western, and southern dis 
tricts, where the ore deposits occur. Considerable quantities of coal are met with 
in parts of India, and during the last two or three years the production has increased 
considerably. The coal is, however, remote from the ore deposits, aud there is no 
economical means of transit over the long intervening distances. For these reasons 
Mr. Holland is of the opinion that the future of iron smelting in India is a forest 
question, and thinks success is therefore much more likely to be obtained by a number 
of small works than by one large one. If the native industry were conducted under 
proper direction, instead of leading to the destruction of timber, as at present, it 
might mean the conversion of large areas of what is at present waste land into pro 
ductive forests.

Apart from the consideration of fuel, the climate of India is not suitable for the 
conduct of large iron aud steel works by European labor, nor is there a native popu 
lation with long training in works of great magnitude. The native industry, even 
when carefully fostered and encouraged, would utilize but a tithe of the resources 
of the Indian Empire. As pointed out by Mr. E. Windsor Richards, the supply of 
Spanish iron is within measurable distance of exhaustion, while the same may be 
said of many of our other sources of supply, aud it may yet be possible to bring 
these rich Indian iron ores to English shores.
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CHINESE EMPIRE.

Prof. John A. Church estimates the present annual production of cast 
and wrought iron made in the Chinese Empire directly from iron ore to 
exceed half a million metric tons, and reports the existence of impor 
tant deposits of magnetite and of red and brown hematite ores in the 
Provinces of Canton and Shansi, in the southeastern portion of the 
Empire. There is also an extensive deposit of titaniferous magnetite 
iu Mongolia, in the northern central section.

In the Canton Province the native ores are smelted in small furnaces, 
6 to 12 feet in height, blown by hand or foot bellows. In the Shansi 
Province iron is produced in clay crucibles, a number of which are 
placed in an open heap of anthracite coal, the contents of the crucibles 
being poured from them in a molten state or allowed to cool and the 
cruicible then broken off the metallic mass. Owing to the crude 
methods employed, it is doubtful if a ton of metal is produced from 
less than 2J tons of ore, and the iron ore output of China proper may 
be estimated at about 1,500,000 metric tons.

The Chinese Government has contracted for the erection .of two 
blast furnaces near Hanyang, and considerable work on this plant has 
already been completed.

Many extravagant stories concerning this Chinese iron and steel plant 
have been printed by newspaper correspondents, but in an article in 
the Engineering Eeview G-. J. Snelus says:

The works are situated on the Yangtze Kiang River at Hankow. There are two 
furnaces 65 feet high, with 55-foot Cowper stoves; also four calcining kilns. There 
is a Bessemer plant with two converters aud an open-hearth plant with four furnaces- 
A rail mill extends beyond the Bessemer works, and a pla.te and a har mill beyond 
the open-hearth furnaces. A bolt and nut shop and a small arms factory are com 
pleted. A gun and armor plant is being added.

Mr. J. T. Child, United States Consul at Hankow, China, in a report 
supplements the above by the following:

Rolling mills and arsenals are now approaching completion in Hanyang, a city 
opposite Hankow, on the Han side, erected under the auspices of the viceroy of 
Hupeh and Hunan. The plant covers about 70 acres, with a railroad 1-J miles in 
length from the Yangtze River to the works,'and thcuco to the Han River, with an 
incline from the top of the Yangtze bank to the water, where powerful machinery is 
located to draw the cars np a steep incliuo of about 300 feet to the level. The works 
were designed by an English engineer and modern and improved machinery has been 
imported, mainly from England. The buildings are, unfortunately, located in a 
valley liable to overflow, and their foundations have been raised 15 feet by the labor 
of thousands of coolies. The work was commenced in 1891. There are furnaces, 
steam hammers, and rolls with their appendages for manufacturing railroad iron, 
which is the main object for the erection of the plant. Large quantities of Chinese 
iron are now in the yard, with some English iron for blending purposes, and coke is 
being imported from Wales to be used temporarily as a test of what the foundry can 
do. The plant is estimated to have cost so far not less than $3,500,000, and it will 
cost at least $1,000,000 more to complete it.

The mines from which the ore is to be obtained are near Wang-Shih-King, about 
76 miles below Hankow, connecting with the river by a railroad and dock at a
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landing 3 miles below Wang-Shih-Kiug. Coal, both hard and soft, is mined in this 
neighborhood in the crudest manner, no effort being made to drain the mines of 
water, and, once flooded, they are abandoned and new ones opened. This coal has 
been pronounced unsuitable for smelting, containing too much sulphur, but it is 
thought that a good quality can be obtained from mines undeveloped. Mines of 
iron ore and coal are munerous in this section, and owing to the chea,p labor obtain 
able they can be worked economically.

Consul Child states that this is the most progressive movement so 
far made in China for the purpose of manufacturing- arms, steel rails, 
and machinery, as the plant is of a magnitude sufficient to require 
several hours to inspect it.

Mr. C. T. Gardner, British consul at Hankow, describes the deposit 
from which the Hanyang works will obtain their ore. He states that 
it is situated 17 miles inland from Bhih-hui-yao. At this place there 
is a hill of ore 3 miles long and 400 feet high. Three analyses of the 
ore showed 55.16, 62.80, and 67.30 per cent of metallic iron. There are 
said to be evidences of former workings in the vicinity. A railroad is 
being built to convey the ore to Hanyang.

KOREA.

In response to an inquiry for information, Mr. Augustine Heard, 
consul-general of the United States at Seoul, Korea, kindly furnished 
the following for the use of the United States Geological Survey:

With the exception of a small annual importation, amounting in 1890 to 533| tons 
and in 1891 to 659 tons, about two-thirds of which was old horseshoe iron, all the 
iron used in Korea for agricultural, household, and other purposes is of native pro 
duction; but, although the quantity must be largo, no statistics of it exist. It is 
not taxed, and the Government keeps no records. Iron ore is found in many parts of 
the peninsula iii great abundance. It is generally of good quality, but no report 
upon it has, so far as I am aware, ever been made public by foreign experts. Those 
who have' traveled in the country, and there have been very few, have kept their 
observations to themselves, and it may be doubted whether any thorough examina 
tion has ever been made of the iron deposits. The interest of prospectors has been 
confined to gold, and any knowledge regarding iron has been incidentally picked up. 
It may be that the fact that coal has not been found in proximity to the iron deposits 
has discouraged investigation. Neither iron nor coal has been systematically 
sought for.

Mines, such as they are—shallow holes in the ground—are scattered throughout 
the country; but they can not go deep. The natives do not understand ventilation 
or lighting, and they can not deal with the water which accumulates in the mines. 
They do not use explosives for blasting out the ore, and, as they work only what they 
find easy, the mines are soon abandoned.

A good deal of the ore is magnetic, and if it were not rich would not pay the 
natives to work. The ore is smelted in the old-fashioned Catalan furnace with char 
coal—a most expensive process. The cheapness and abundance of the metal prove 
the extent and richness of the ore deposits. Every traveler in the country alludes 
to them. In a native report of a journey the writer mentions having seen great 
numbers of iron mines, and speaks particularly of four—at Kang-hwa, Yongp'youg, 
Kim-hwa, and Hong-chhou—"which can be worked for 100 years." He says: "In 
the Kang-hwa prefecture, 011 tlie mountain Ko-eyo-sau, there is a loadstone mine 
of which the iron could be made into steel."
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Campbell, in his Journey to the North of Korea, says: "The only mines we saw'' 
(when on the road from Seoul to Wousau) "were three or four men digging ironstones 
ont of the bed of a stream near Ch'ang-to, and the only worker in metal noticeable 
outside the large towns is the blacksmith, whose tiny charcoal forge is rarely idle." 
He is seen everywhere in Korea.

Carles speaks of workings of iron said to lie in the hills a little to the east of 
Ch'hou-mal.

One of the largest foundries for casting the big iron kettles for boiling rice which 
are used in every Korean family may be seen on the high road about halfway be 
tween Seoul aud Pyeng, the metal coming from the mountains in the neighborhood.

JAPAN.

The most important ore of iron in Japan is magnetite, found liberally 
distributed in compact masses, and also as sand. At Heigori-Bickuchiu 
are iron seams (magnetite), the depth and breadth of which have not 
been ascertained, but they are reported to extend for a distance of sev 
eral miles. In Iwaki iron ore is found in considerable quantity, lying 
in broken granite, covered with a layer of talcose slate. On the west 
coast, below Niigata, iron ore occurs in the sea sand, which yields about 
13 per cent of iron. The magnetic iron ore when separated from the 
sand contains from 62 to 65 per cent of iron. The collection of min 
erals exhibited at the Columbian Exposition by the Imperial Geological 
Survey of Japan included magnetite, hematite, limonite, siderite, and 
pyrite, from numerous localities.

According to I3r. Geert, the following iron ores are found in Japan:
Brown iron ore, in different varieties, of which pea iron ore is one (a peculiar 

species of this ore, composed of round grains). The common brown iron ore is found 
in Idzumo, Mntsn, Hinga, Satsuma, Shinano, andBizen. Limonite occurs in Tosa,. 
Satsuma, Idzu, and in Totomi, the ore in the latter place being used in medicines. 
Red iron ore, containing ocher, is of soft quality, sometimes called bloodstone. The 
dirty ocher species, which also contains some clay, is very soft and powdery, being 
generally what would be called red ocher. The principal places whore this iron ore 
is found are Mino, Cwari, and in Totomi, etc. Clay .iron ore is very common in 
Yamato, Satsnma, Suwo, Hoki, andNoto. Cubical, dodecahedral, and knobby pyrites 
are found, but the latter kind is not smelted. Cubical pyrites arc found in Fujiyama, 
Sliinano, Dewa, Satsuma, Kii, Idzu, and many other places. The dodecahedral 
pyrites are divided by the Japanese into two sorts, the yellow (gold) and the white 
(silver) iron ore. Some of the yellow sorts contain a little gold, especially that won 
in Iwami Ginsan.

Prof. B. S. Lyman, in an interesting account of the primitive manner 
in which steel and pig iron is made in Japan, says:

They are produced from iron sand, which is obtained either by cutting down the gran 
ite and breaking it up by hand and washing it, or theriver sand is washed, or the ore 
is taken from alluvial ground. The ore from such alluvium is reddish and more fusi 
ble than the other kinds, owing no doubt to its longer exposure to weathering influ 
ences. The ore washed from the rock stands next in fusibility, aud that from the 
river sand is the least fusible, duo probably to the fact that the water has protected 
it from the air, or because the weathered surface has been worn off, and it may likely 
be due in part to the presence of titanium. Most of the ore used at the Amagawa 
Iron Works is brought ou horseback from various places over 2 leagues distant, but 
is washed again at the furnace and reduced to half its weight. Some ore, however, 
is washed on the hillside close to the furnace, in the winter half of the year, but the
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root in general is of inferior quality, although some parts are good. Mr. Lyman 
estimated that the amount of ore washed out of the rock is about one-half of one 
per cent of its eiitire weight. The ore is smelted in a primitive manner in clay fur 
naces, about one-half of the amount of metal obtained being called good steel, one- 
sixth poor steel, and the balance hard pig iron. The ore yields about 30 per cent of 
iron in the furuace, owing to the poor methods employed. <

Mr. T. Kitsunesaki, of the Ani copper mine, Aldtaken, Japan, makes 
the following statement in regard to the iron ores of that country:

Our iron ores were practically not explored until 1892, when the Government, in 
the expectation of establishing iron works, made an examination. At present four 
districts have been explored, viz:

1. Kamaishi, in the northern portion of the country, about 10 miles from the sea 
port of Kamaishi. In this district there are 10 different deposits of magnetic iron 
ores, and the estimated quantity of ore available is 14,000,000 tons. (This result is 
obtained by taking the superficial areas as exposed and multiplying them by the 
depth, which ranges from 40 to 70 feet). Some of these mines were worked from 
1878 for about three years, when the furnaces were abandoned on account of a defi 
ciency of fuel. At that time (1878) a blast furnace with Whitwell stoves was huilt 
at Kamaishi, and a railway was constructed for a distance of 15 miles connecting it 
with the mine, but these have all been destroyed. After this the deposit was profit 
ably worked by individuals on a small scale. This ore yields 50 ^per cent of iron in 
the furnace.

2. In the Senin district, also in the northeastern portion of Japan, but a consider 
able distance from the shore, are found five deposits of red hematite ore carrying 
about 45 to 48 per cent of iron, the beds being estimated to contain 841,700 tons 
of ore. These deposits are situated about 14 miles from the railway station of 
Kurosawajiri, and about the same distance from the Kitakamigawa River, which is 
navigable and flows into Sendai Bay on the Pacific side of'the island.

3. The Akataui district in the north is also distant from the seashore, but is situ 
ated only 5 miles from a navigable river. Here are found deposits of red hematite 
ore estimated as containing 374,000 tous and yielding from 50 to 60 per cent of iron.

4. In Hokkaido (Yezo Island) iron sand occurs in several places on the seashore, 
the estimated quantity being 400,000 tons. There are also iron sands in the southern 
portion of the island which have not yet been explored.

In a late publication by Wada Tsunashiro, director of the mining 
bureau, entitled The Mining Industry of Japan, 1867-1892, the opera 
tions carried on at the two iron sand mines of Neu, in Kiuo-giri, and 
Toshida, in Yoshida-mura, both of which have been wrought for cen 
turies, are described.

At the Yoshida mine the banks or hills of ore sands are washed at 
numerous places into a canal and rudely separated in sink holes, over 
9,000,000 pounds being obtained annually from 50 different workings, 
at a cost of $1.35 per long ton. The coarser ores, " masa," are employed 
for making steel; the finer, "makome," for producing cast iron. The 
figures of operations for one year are as follows:

Annual production of the Yoshida iron ore mine, Japan.

Pounds.

8, 827, 500

Pounds.

2, 700, 000

2, 237, 750
1, 500, 000
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Most of the Japanese iron works are hearths, but lately modern 

blast furnaces have been introduced; magnetic separators are also 
employed to beneficiate the iron-ore sands.

Production of iron in. Japan from 1881 to 1890.

Years.

1882..............
1883..............

1885..............

Tons.

14, 717
11, 766

Years.

1886..............

1888..............
1889......-.--....

Tons.

13, 050

18, 050
20, 995

Probably 60,000 long tons or more of iron ore were mined in 1890 for 
the purpose of making iron.

AFRICA.

EGYPT.

Authentic history concerning the manufacture of iron carries the 
investigator farther back in Egypt than in any other portion of the 
globe, although reference to the use of iron in Arabia antedates similar 
data for Egypt. The oldest known specimens of iron are credited to 
an era in advance of, or at least contemporaneous with, the erection of 
the pyramid of Cheops, in which iron tools have been discovered.

A specimen of iron found under the Egyptian Obelisk which was 
removed to America and now stands in Central Park, JSew York, con 
tained, according to the late A. L. Holley, the following percentages, 
viz: iron, 98.738; carbon, 0.521; phosphorus, 0.048; manganese, 0.116; 
copper, 0.102; slag, 0.15; and smaller percentages of sulphur, silicon, 
nickel, cobalt, calcium, magnesium, and aluminum. 1

Dr. Ludwig Beck, in his Die Geschichte des Eisens in seinen tech- 
nologischeu und culturhistorischen Beziehungen, says:

Iroii was known to the Egyptians from the earliest times. There are extensive 
iron-ore deposits in the country. In the neighborhood of the valley of Maghara 
numerous remains of iron works were found. In the whole of Wadi vast banks of 
hematite were found to have been worked. The mountains of Nuhia, Ethiopia, and 
Meroe were rich in iron ore. Ethiopia was the seat of the iron industry, and the 
illustrations found in burial chambers showing the methods in vogue for producing 
iron are identically the same as those prevailing there to-day.

In the northern part of Kordofan is the principal iron district of Egypt. Rich 
bog ore occnrs in abundance, and in almost every village use is made of this ore. 
It is found at a depth of 7 to 8 feet under the sand. A shaft 4 to 5 feet wide and 10 
feet deep is dug and the ore taken out until the hole caves in, when a new oue is 
dug a few feet from the old one. The ore is broken up to the size of beans and 
melted in conical pits of 12 to 14 inches in depth and diameter. The pit is tilled 
•with ore and charcoal and covered with a thick layer of coal. The end of the bel 
lows is inserted at an angle of about 45°, and blowing is begun after the tire is 
started. After an hour the mass settles down aud begins to sinter. More ore and

1 Transactions -American Institute Mining Engineers, Vol. VIII, p. 278.
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coal are added until in about ten hours the pit is pretty well filled with iron and 
slag. The result of this process is a mass of partly melted ore, which is laid aside 
for a second melting. The second melting is done in the same pit and lasts only a 
couple of hours, at tlie end of which a spongy ball of iron remains at the bottom of 
the pit, freely mixed with slag, while a heavy black slag, rich in iron, is found on 
top. This slag is used again in subsequent meltings. The spongy ball of iron is 
then laboriously broken up, freed as much as possible from slag, and sold to the 
smiths. The bellows used for this purpose are of the most primitive kind. A bowl- 
shaped vessel of clay, with a long pipe, is covered with skin. This skin has a hole 
iu its top, through which the "workman puts his finger and raises the skiu as much 
as he can and then pushes it down again, covering the hole with his hand, thus 
pressing the air through the pipe into the fire. The iron thus obtained is sold for 
about 6 cents per pound. Three men are engaged in this work—two to tend to the 
bellows and one to the pit.

Under favorable conditions 15 to 20 pounds of iron are produced in twelve to four 
teen hours. The iron obtained is of good quality and soft. The ores nsed contain 
from 60 to 70 per cent of iron, of which from 20 to 40 per cent is extracted.

MOROCCO.

While Morocco contains extensive deposits of iron ore and other 
minerals, the Moorish Government has opposed steps likely to lead to 
the exploitation of them. Jebel Hadid, as the name implies, is the dis 
trict most generally supposed to contain iron ores, where there is a series 
of hills commencing at the coast 15 miles north of Mogador and extend 
ing for a considerable distance inland. No mines have been worked 
in this range of hills within the memory of the oldest inhabitant, 
although it is stated that the Carthaginians once operated iron works 
there. The French have recently procured a concession from the Sul 
tan of Morocco granting permission to export minerals, but as land is 
not acqnirable by Europeans, and the Sultan's subjects would not be 
allowed to work a mine on their own property, the concession is simply 
nominal. All the iron consumed in the country is imported from 
Europe, and is principally Swedish wrought-iron bars, but old iron 
tires are also brought from Great Britain. The Survey is indebted to 
the courtesy of Mr. John Russi, United States consular agent of Sam, 
for most of the above data.

ALGERIA.

The most important ores of Algeria are those of iron, which occur in 
the form of magnetite, red and brown hematite, and siderite. In the 
department of Constantine the Mokta el Hadid Company owns the mines 
of Kharezas, Bou-hamra, and Ain Morkha, the mines being connected 
with the seaport of Bone, 20 miles distant, by .a railroad. The last- 
mentioned mine is commonly known by the name of Mokta el Hadid, 
and is an irregularly stratified deposit included in mica-schist which 
originally formed a cliff 400 feet in height, exposed upon a bend in the 
outcrop where the iron ore is unusually massive. The bed dips at an 
angle of about 30°, and its greatest thickness, measured horizontally,
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is reported to be more than 100 feet, but it gradually becomes flatter 
and diminishes in size, until where it is worked underground the thick 
ness does not exceed 28 feet. A second bed, 13 feet in thickness, has" 
been discovered between the schistose roof of the main deposit and an 
overlying bed of limestone. The ore is generally a bluish or blackish 
mixture of dense hematite and magnetite, containing from 58 to 66 per 
cent of metallic iron. A portion, however, is soft and brownish-red in 
color, and can be mined without the use of powder. The latter deposit 
is worked open quarry by a succession of terraces.

In the department of Alger spathic iron ores and hematites resulting 
from their decomposition and peroxidation are found iu veins inclosed 
in Cretaceous rocks. These are for the most part associated with ores 
of copper and lead, which are sometimes the prevailing minerals.

In the department of Oran another class of deposits is found, con 
sisting of hematites associated with limestones, probably of Liassic 
age. The ores, which vary considerably iu composition, are often mau- 
ganiferous, and in most cases are moderately hard. Another class of 
deposits occurring in the strata of the Miocene age is considered to 
have beeu derived from the waste of Jurassic ores. Mr. Charles T. 
Grellet, consul at Algiers, states that with the exception of Boukour- 
dau the Compagnie des Minerais de fer Magnetique de Mokta el Hadid 
has bought all the iron-ore beds of the Ouelhassas Cheragas ore dis 
trict, formerly a part of the territory of Tlemcen.

The iron-ore region of Ouelhassas contains 31 recognized beds of 
iron ore, forming 9 distinct groups, but topographically considered 
these may be reduced to 4, viz: (1) That of Beni-saf, including the 
beds of Das rih and of Bar el Baroud (powder grotto); (2) that of 
Ten Krcut; (3) that of Djeb el Haouraia (formerly the property of the 
English company of Cainerata); and (4) that of Sidi-safl. At present 
but one is being worked, that of Bar el Baroud. The ore is worked 
open cut at Beni-saf, the underground works being meant only for 
prospecting purposes and to facilitate the means of conveying the ore 
from the place of extraction to the port. The ore consists mostly of 
red hematite, containing more or less manganese, to which it owes its 
brownish-red and sometimes black color, and it is closely associated 
with compact and hard limestone. Its hardness is variable, often 
diminishing under cover and becoming powdery. The Mokta el Hadid 
Company guarantee their Tafna ore to carry 55 per cent of iron.

The port of Beni-saf is a private one, being conceded for ninety-nine 
years to the Mokta el Hadid Company, who built the varioiis works 
connected with the harbor.

Mr. Grellet gives the exports from Beni-saf for 1892 as 291.547 metric 
tons, valued at $562,684, and for 1893 as 203,338 tons, valued at $392,442. 
The bulk of the ore was shipped to England; the Netherlands, France, 
United States, and Belgium following, in the order named, as con 
sumers.
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During the years 1888-1893 the Wellmau Iron and Steel Company 
imported 36 cargoes (about 90,000 tons) of Mokta ore, part of which 
was red hematite and part specular ore. The average composition of 
this ore is shown by the following analyses, furnished by Mr. H. C. 
Babbitt, chemist of the company:

Analyses of SG cargoes of Mokla (Algeria) iron ores.

Dried at 212° :

Average.

Per cent. 
3.36

58.0(5 
.016 
.401 

1. 455 
2.955 
1.746 
.828

Highest.

Per cent. 
6.76

61.58 
.033 
.712 

2. 620 
6.58!) 
1.740 
.828

Lowest.

Per cent. 
0.750

54.93 
.012 
.050 
.38 
.85 
.383 

Trace.

The following table, showing the production of iron ore in Algeria, 
has been revised by Prof. S. Jordan, of Paris, Prance. It was compiled 
from official mineral statistics and from the report of the customs dis 
trict. There are no blast furnaces in Algeria, and the exports to for 
eign ports other than France began in 1864, when 1,500 kilos (included 
in the 30,500 kilos exported in that year) were shipped. Since 1884 the 
exports to foreign ports have always surpassed those for French ports: 
The production prior to 1870 closely approximates the exports.

Production and exportation of Algerian iron ores.

Years.

i860

1862............

1865............

1870............
1871 ............
1872............
1873............
1874.............

187«..... .......

Production.

Metric tons.

157, 000

445, 000

Exports.

Metric tons.
13, 000
18, 000

213, 000
212, 000

461, 000

Tears.

IfiTT

1883............
1884............
1885............

1887...-..--....

1800
1891-......---.-

Productiuii.

Metric tons.

567, 000

405, 000

Exports.

Metric tons.

488, 000

444,000

271, 004

TUNIS.

Prof. Haton de la Goupilliere, of Paris, France, states that the iron 
ores of Tunis are all found in the Kroumine, between Tabarca on one 
side and Cape Serrat on the other (in the country of the Neftas tribe) 
about 20 kilometers (12£ miles) from the sea. They are brown and red 
hematites, averaging about 50 per cent of iron, the extreme limits being 
from 41 to 60 per cent. M. Ad. Carnot, in his Minerals de Fer de la
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France, <le 1'Algerie, et de la Tunisie gives a number of analyses of 
Tunis iron ores which range from 32.62 to 66.26 per cent of iron. Some 
of these ores carry manganese.

These deposits have been the object of the concessions of Ras Radjd 
Bon lanagne, Dj Bellif and Ganara, belonging to the Mokta el Hadid 
Company; also of those of Ouea Beri Zenna, Bouichiba, and Rouinit 
tamera. These concessions are all situated near one another, and have 
not been worked. No iron ores had been exported up to 1893, and it is 
probable that, in the statements made as to the exports of iron ore 
from Tunis, they have been confounded with the zinc ores, which have 
been largely exploited at Knaujuet el taht (near Beja), and at Dj 
Ressas.

LIBERIA.

Mr. William D. McCay, United States minister resident and consul- 
general at Monrovia, Liberia, states that no iron ore is mined in Liberia. 
He says: ''There are deposits of ore in Monrovia, Grand Gape Mount, 
and in the Finley Mountains back of the Grand Bassa, but the richest 
deposits are in the vicinity of Carysburg, in the interior. What little 
iron is needed is imported in the shape of bars."

CENTRAL AFRICA.

Iron ores occur in many parts of the interior of Africa. On the 
banks of the Senegal, on the Congo, and in various other places tbe 
natives smelt iron, the ore used being chiefly rich ferruginous sandstone 
of modern formation.

Livingstone mentions iron works in Loanda, the ore for which was 
obtained near by, and states that the Hanyeti were skillful artisans in 
iron. In Angola and eastern Africa generally—indeed, all over the 
continent—iron ore is found of good qualities and iu abundant quanti 
ties. In Manganya. iron ore is dug out of the hills, and its manufacture 
is the staple trade of the southern highlands. Each village has its 
smelting house, its charcoal burners, and blacksmiths. They make 
good axes, spears, needles, arrowheads, etc.

Henry M. Stanley, in his work on The Congo and the Founding of 
its Free States, writes: "Iron is abundant. Yalulin'ia, Iboko, Irebu, 
and Ubangi are famous for their swordsmiths. The Yakusu and Basoko 
are preeminent for their spears. In the Museum of the Association of 
Brussels are spear blades G feet long and 4 inches wide, which I col 
lected among these tribes." He also mentions an abundance of dark- 
red ironstone at Mantumba Lake. At Uvira, on the northwestern side 
of the lake, are smelting works and manufactories of iron wire and 
ware.

MADAGASCAR.

Much iron ore is reported as existing in this island, especially in 
Imerina.

16 GEOL, PT 3———12
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NATAL.

Mr. J. P. Hamilton states that there is good iron ore in various parts 
of Natal, and on the Prestwick farm there is a deposit of magnetic iron 
ore 3 feet 3 inches in thickness, which can be traced for some distance. 
There is also red hematite ore in the Dundee district.

MASHONALAND.

Mr. E. M. W. Swan says that the quartz belts of this country contain 
iron ore and some manganese. In two places in the quartzite forma 
tion of the Doroba Mountains he found masses of magnetite and hem 
atite. On the top of Mount Nyaguzwe, near Fort Victoria, there is 
also magnetite. Along the right bank of the Sabi Biver are many 
native villages, whose one industry is iron smelting by crude methods, 
the ore being obtained from Mount Wedsa, which has great local renown 
in Kami-land as an iron-producing mountain.

SOUTH AFRICA.

Mr'. W. H. Furlonge, mining engineer, of Johannesburg, S. A. R., 
reports as follows:

Tjtiere is not 1 pound of iron ore mined or smelted iii the whole of South Africa, 
except by the natives; an inconsiderable amount is reduced by them in small rude 
clay furnaces, by means of charcoal and hand bellows. The iron they produce is of 
superior quality, and is made into assagais, knives, etc., but the total quaiiity is so 
suia'll that it need not be takeu into account; indeed now they find it cheaper to buy 
knives of European manufacture, and they make their other weapons from scrap 
iron picked up at different mines. The reason that no iron is made here is that, as 
there are no manufactories to use it, there is no demand for it; there is always a 
superabundance of scrap for the small castings made in the diiferent machine shops. 
An iron concession has been granted in the Transvaal, but the owners have not exer 
cised their option, partly for the above reasons, and partly from the fact that, as a 
duty of 8 cents per pound would then have to be levied on all imported articles 
manufactured of iron or steel, the concessionaires would either have to start the 
necessary manufactories or meet strenuous public opposition. The concession will 
soon expire.

The iron-ore denosits may be divided into three general classes: A. Hydratert ores 
of recent origin; B. Stratified deposits, including ferruginous sandstones, argillites, 
etc.; C. Massive deposits, mostly magnetites.

A. The hydrated ores cover immense areas, and are entirely superficial. They are 
generally the loose, earthy variety and have evidently been derived from the solu 
tion of iron contained in the neighboring rocks. Though these ores may in some 
cases form a valuable flux for smelting operations, they are of no value per se as a 
source of iron, being invariably mechanically mixed with sand, gravel, etc., which 
originally strewed the surfaces upon which they were deposited.

In order to give a clear idea of the second and third classes of iron ore I must enter 
slightly into the general geology of the High Veldt' country. It consists of beds of 
flat-lying sedimentary strata resting on granite, and everywhere traversed by green 
stone dikes. In many places these older strata are uncomfortably overlain liy co.il 
measures. The sedimentary strata consist of sandstone shales and conglomerates,

1 Transactions of the American Institute of Mining Engineers, Vol. XVIII, p. 334.
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as well as enormous areas of magnesian limestone; and although rarely lying hori 
zontally, as the coal measures do, they are nevertheless, as a rule, only slightly 
tilted. The main geological feature to be noted is the -wonderful persistence of these 
beds in both strike and dip. The escarpmeut of the High Veldt is not always fringed 
by the Do Kaap rocks, and where they are absent granitic and feldspathic rocks, 
such as porphyry, eurite, felsite, etc., are alone found, and the eruptive greenstone 
is still more common than on the High Veldt.

B. These ores of the stratified deposits occur among the flat-lying sandstones and 
shales of the High Veldt and the tilted shales, quartzites, etc., of the Low Veldt.

Throughout it is usual to find beds of sandstone or quartzite passing into others of 
nearly pnre magnetite over large distances and for great thicknesses; and others of 
shale are observed to pass into nearly pure hematite. There is always, however, some 
hematite with the magnetite, and also some limonite, though this is hero purely an 
alteration product. The hematite is generally soft and ocherous, though when it 
occurs alone in the sandstone beds, where its amount is always inconsiderable, it is 
usually as bright scales of specular iron. It is difficult to account for the origin of 
these deposits, unless we may suppose that in the case of the magnetite this iron ore 
resulted from the disintegration of preexisting granitic rocks, and was concentrated 
by the action of the sea, as on many sea beaches, where black sands have accumu 
lated over large areas. "What may give more color to this hypothesis is the fact that 
these beds of iron ore are distinctly banded or stratified in many places, and some 
times alternate with others of pure'sandstone. The hematite beds were perhaps 
originally a muddy sediment.

Upon the High Veldt there are enormous quantities of these ores that are not 
siliceous to auy great exteut, and as in many places they are found in the immediate 
neighborhood of the immense coal deposits of the country they may be utilized at 
some future time. There are also other deposits of magnetite in the shape of large 
fissnre veins traversing these High Veldt rocks, but of this I can not speak with any 
certainty, nor can I as to whether or not any deposits occur in the coal measures, 
though I believe they do. Tests of the ores show the iron content to be from 60 to 
66 per cent, with phosphorus from 0.02 to 0.04. Some of these ores gave reactions for 
titanium. Of course the samples were selected.

As may perhaps be inferred from the foregoing, there are also enormous amounts 
of clay-ironstone, such as is worked in England, to be found among the High Veldt 
strata.

C. The massive deposits are geologically the most interesting, and though observed 
only over a comparatively small area, it is certain that they occur very widely over 
the northern portion of the Transvaal.

The place where I saw these massive ore bodies was some 50 miles north of the 
High Veldt escarpment and as many miles away from coal. There are no stratified 
rocks in the district, whether tilted or otherwise. The country rock seemed to be 
a flesh-colored felsite, though from its sometimes containing well-defined orthoclase 
crystals, together with grains of quartz, it may perhaps be termed a granite. This 
felsite is only occasionally seen, owing to the enormous quantity of greenstone, 
which seems to have almost everywhere covered it. It is necessary to say that the 
country is only hilly or undulating. Rising from this moderately level land is a 
number of hills that are prominent from their perfectly conical shape. The largest 
of these I found by an aneroid barometer to be 625 feet high, while at the base the 
diameter is probably one-half mile At the bottom and for the first 100 feet of the 
ascent greenstone occasionally appeared "in place," but from that point nothing else 
was observed but massive magnetite, which was so frequently seen "in place" that I 
was enabled to assure my self that this was practically a hill of solid ore. Mostof it, 
too, exhibited polarity to such an extent that breaking the ore was not easy, owing 
to the smaller particles becoming attached to the hammer head. Besides magnetite 
small quantities of hematite and a little limonite were observed, but no traces of 
quartz or rock of any kind.
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The other hills, though smaller, were identical iu character, though they exhibited 
no greenstone at their bases. The snrface for some distance is strewn with frag 
ments of magnetite, which gave a little trouble by sticking to the tires of wagon 
wheels and to our horses' shoes. I may mention that the Boers complain of this in 
other parts of the northern section, but I have only seen it here.

I can form no theory us to the probable origin of these hills of magnetite, as they 
seem to occur without any sequence. It is possible that the iron may have occurred 
in the greenstone originally, which by decomposing (which it docs very rapidly 
here) left the ore standing above the surface, but I was never able to find any more 
magnetite in the large greenstone areas now exposed. It is true that this greenstone 
now contains fissures filled with a matrix composed of a hydrated oxide of iron and 
a little quartz. This vein matter contains free gold, malachite, azurite, bornite, 
chalcopyrite, and probably other copper ores; also suialtite and nieeolite, with per 
haps other ores of cobalt and nickel, and finally rnispickel and galena. All the 
above ores carry gold and silver. The locality has a special interest from the f:ict 
that most of these veins were worked by the "ancients," most probably for copper. 
Unfortunately no analyses of the magnetite were made, as for the present these 
immense masses have no commercial value.

The above data refer to the iron ores of the Transvaal only, as I am not familiar 
enough with Cape Colony, the Orange Free State, Basutoland, Natal, British 
Bechuanaland, etc., to give more definite information than that neither mining nor 
smelting of iron ore is carried on in any one of them, but from what I know of the 
geology of South Africa I am assured that deposits similar to those I have written 
of will be found throughout the entire extent of it. There are in this conntry prob 
ably many other deposits of iron ore of which nothing is known, and which may 
belong to a class other than those mentioned.

Mr. Charles M. Rolker, mining engineer, supplied the following infor 
mation in regard to the iron-ore deposits in the southern part of Africa, 
stating that he knows of none which are being actively worked by white 
men. There are large hematite deposits near Mount Wedza, northeast 
of Fort Victoria, in Mashonalaud, which are utilized by Mashonas in 
making assagais, arrows, hoes, and domestic tools. Numerous smaller 
deposits scattered about Salisbury, Hartley Hills, Lo Maghundis, etc., 
in Mashoualand, which are exploited for similar purposes by the natives. 
There is unquestionably iron ore in the Dutch Republic (Transvaal), 
but it is not worked.

Mr. Daniel Hahn,of Cape Town, Africa, writes that the natives in 
South Africa, i.e.,the country south of the Cauene arid Zambezi, do 
not work any iron ore, although excellent deposits of ore are found 
at various places.

American ministers or consuls in Gambia, Zanzibar, and the Straits 
Settlements report that no iron ore is either used or imported.

OCEANICA.
i

BORNEO.

Mr. John C. F. Randolph, mining engineer, of New York, furnished 
he followiug data iu regard to the iron industry of Borneo:

The smelting of iron ores almost ceased about the year 1870, through the cheap 
ness of English iron and steel, which is now passed from hand to hand by the 
traders, until it reaches the wildest tribes in the interior, being already fashioned
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into wood knives (parangs), hoes, (chankals), and axes (blevongs) of the shape 
they are accustomed to. The art of iron and steel making in this island is so old, 
however, that it is impossible to state whence it was derived, and some few small 
furnaces possibly still survive, but their product is far more costly, although much 
superior to the imported article. That the lost art of damascened or laminated 
steel, showing a water pattern, reached high development in Borneo is undoubted, 
and Mr. Randolph states that he has had in his hands blades of native workmanship 
from steel produced in native forges superior in temper and beauty to anything the 
European museums show of the manufacture of Toledo in the Middle Ages. The 
principal localities where iron smelting and steel fabrication in native furnaces and 
forges were flourishing prior to 1870 were:

(1) In south Borneo, at Sian Murong, Dusson-Ulv, and especially along the Montol- 
lat River, where at least 10 furnaces and forges were at work in 1840.

(2) In the western district of south Borneo, at Katingan and Kataringen. The 
latter had many furnaces in 1850, using the iron ores from Sarapa River and the 
Mautikel branch, flowing into it. Five thousand parangs are said to have been 
made in these districts in 1850.

(3) In west Borneo, at Kandawangan, on the Bakan River, and Matan and Sim- 
pang on the Sider River.

(4) In north Borneo, where many furnaces were working until 1870. employing 
from 300 to 400 Chinese and Malays.

Some of the tribes of Dyaks (head hunters) far in the interior are still said to 
work a few forges, and their steel is famous for quality and beauty.

All of this smelting was done in native cylindrical furnaces, 3 feet 4 inches high 
and 10 feet in circumference, the interior having the form of an inverted pyramid. 
The smelting zone was 25 inches long, 19 inches wide, and 9 inches high. These 
furnaces, built of well-selected yellow clay, were formed by first placing a wooden 
core, and outside of that a cylindrical wooden form, and tamping the clay carefully 
between the two. After a month's drying, during which further tamping is doue, 
the core and surrounding box are removed, and the stack bound with strong rattan. 
The drying is completed with a small fire, placed inside of the furnace. The cam 
paign of such a furnace lasted but a day, the ore used being ironstone from the Coal 
Measures. At first the bottom of the stack or crucible was packed with powdered 
charcoal two inches thick, with a cavity in the middle in which to assemble the iron. 
Two openings were made, the lower one for the metal aud the upper one for the 
slag. Three larger holes were made iu the back and sides for the blast. The 
tuyeres were of burnt clay 11 inches long, tapering toward and connected with the 
blast box by wooden tubes. Each blast box was operated by hand and contained a 
valve made air-tight by feathers. It supplied air to one tuyere, and was worked by 
one man. Glowing coals were first placed into the crucible, and acted on by the 
blast; then the furnace was two-thirds filled with charcoal, and on this a layer of 
ore was placed, the blast being increased so .as to make the first action on the ore 
one of roasting. As the charge descended, another layer of charcoal is added, and 
then one of ore, nut size, in regular succession.

The proportion of ore to coal was 1 to 10, the feeding being done from above, and 
the top heaped up. After a lapse of two and a half hours the charge usually sauk 
sufficiently for new ore and coal. Slag was drawn every twenty minutes, the blast 
being stopped by withdrawing the tuyeres for five or more minutes, the disadvantage 
being that the majority of the iron flowed out mixed in the slag. When all the coal 
was burned, the metal was tapped through the lower hole as a red, glowing, hardly 
flowing mass, which had to be helped out of the furnace with wooden poles to a level 
place, in front, strewn with fine slag. Here the mass was beaten with wooden mallets 
until it became shiny. Being still full of slag (to the extent of one-tenth) it had to 
be repeatedly heated red hot, and beaten with hammers, until it could be forged. 
The result of one day's work of four men was 45 pounds of iron. Forges are less
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rare to-day than smelting furnaces. The usual quantity of material fabricated in 
the forges at Negara, in south Borneo, is large, and the prod uct is famous in that part 
of the island. The " paraug" is shaped like a sword, or Mexican machete and serves 
both for use in the jungle and as a weapon in war. The parangs now in use are 
chiefly of English manufacture, similar to those circulating through the whole archi 
pelago, and very inferior in quality to those produced in Borneo.

What has been said of Borneo is equally true of the native Malay 
states, the islands of Java and Sumatra, and in fact of the rest of 
Malaysia. Some few furnaces like the one described in Borneo are 
occasionally seen.

NEW CALEDONIA.

According to a report issued by the French colonial office, this coun 
try has considerable quantities of iron ore, containing from 2 to 5 per 
cent of chromium.

Mr. J. C. H. Mingaye, of the New South Wales geological survey, 
gives analyses of nine specimens of New Caledonian iron ore, which 
he states contains from 0.75 to 2.86 per cent of chromic sesquioxide. 
The various elements in the ore varied as follows:

Analyses of Nen' Caledonian iron ore.

Silica ........................

Per cent.

1. 21 to 3. 53

64 56 to 78 08

.75 to 2.86

4. 11 to 10. 86

. 25 to .94

NEW SOUTH WALES.

Mr. Joseph B. Carne, geological surveyor, department of mines and 
agriculture, supplied most of the following data:

The existence of extensive deposits of rich iron ores at Wallerawang, Mittagong, 
near Picton, Berrima, Monnt Lambie, near Blayney, near Cowra, Lyndhursfc, Lue, 
Port Stephens, and in various other parts of the colony has been demonstrated, in 
many instances in the vicinity of coal and limestone in abundance, although bnt 
little has been done toward developing this important source of wealth.

In fact, with the exception of the Pitzroy works at Mittagong, which have been 
abandoned for some time, the only works in the colony are those of the Eskbank 
Iron Company, at Lithgow Valley, which were originated iii 1875. These works 
consist of furnace, foundry, and forge and rolling mills. Most of the plant, includ 
ing a 24-ton fly wheel, was made on the ground. The blast furnace is capable of 
producing 100 tons of gray or 115 tons .of mottled iron per week. During 1889 2,136 
tons 9 hundredweight of bar and rail iron were made, valued at £ 18,33010s. Smelt 
ing has been abandoned for some time, the works being at present employed for 
working up old iron.
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In 1890 considerable attention was given to the iron-ore deposits of New South 
Wales, owing to the visit of an English expert for the purpose of making a report 
on the iron ore, coal, and limestone deposits of the colony, with a view of establish 
ing iron smelting works.

Irregular masses and veins of magnetite, with garnet ironstone, and some lodes 
of brown hematite occur in the Devonian beds near Wallerawang, while interbedded 
with the Coal Measures, which extend from Wallerawang to Bowenfels, are several 
thin beds of rich clay-band iron ore—a variety of hematite.

According to analysis made by Professor Liversidge the magnetite ore averages 
40.87 per cent of metallic iron, the garnet ironstone 21 per cent of iron, both being 
inferior, the brown hematite yielding 37.84 to 51.52 per cent of iron, the clay bands 
49.28 to 56 per cent of iron of better grade.

The deposit of brown hematite at Mittagong is a spring deposit formed at junc 
tion of the Hawkesbury and Wianarnatta formations. Iron ore, consisting of red 
and brown hematite, occurs in the Hawkesbury rocks at Mount Clarence in consid 
erable quantity. A sample analyzed by the Government analyst contained 55 per 
cent of metallic iron. This ore is generally very siliceous.

At Browns Creek, near Blayney, several deposits of iron ore occur, which furnished 
the major portion of the ore used during smelting operations at Eskbank. Brown 
iron ore was also obtained from Newbridge. i

A few miles from Lyndhurst an outcrop of brown iron ore in limestone occurs. At 
Broiila, near Cowra, magnetic iron ore of good quality jg. reported-in quantity.

The quantity of iron ores available for smeltiug works in the Mittagong or Picton 
district is estimated approximately at 8,234,000 tons, containing1 3,684,000 tons of 
metallic iron; in the Wallerawang district, 2,484,000 tons of ore, yielding 1,212,000 
tons of metallic iron; and in the Rylstone district, 2,226,000 tons of ore, containing 
957,180 tons of metallic iron.

In framing the above estimate of the quantities of iron ore available in the dis 
tricts mentioned, only thojae deposits which are within reasonable distance of rail 
way carriage have been considered.

In the Columbian Exposition there were exhibited:
1. Iron ore and coal from the Mittagong district, limestone from 

Marulan, and pig iron, castings, etc., manufactured from the above iron 
ore. The iron-ore deposits of the Fitzroy, or Mittagong, and Berrima 
districts, from some of which the exhibit was taken, consist of brown 
hematite, limonite, and bog iron ore. They occur chiefly in ten different 
localities, nine of these being within 5 miles from the old Fitzroy Iron 
Smelting Works, and one about 4£ miles from the railway line at 
Moss Yale.

The Government geologist describes the deposit from which this 
exhibit was taken as having been ''formed from ferruginous springs, 
some of which are still flowing and depositing hydrous iron oxide. The 
ore varies from hard, compact brown hematite to soft, ocherous material, 
and yields on analysis from 47.2 to 61.4 per cent of metallic iron." 
The average of twenty analyses showed 48.40 per cent of metallic iron. 
Coal is worked at the Mittagong and Berrima mines, and the nearest 
limestone is at Marulan, 37 miles by rail from Mittagong. Other 
deposits of brown hematite occur in the Goulbourn district, distant 55 
miles by rail from Mittagong.

2. Iron ore and limestone from Port Stephens.
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At Ironstone Mountain, iu the Port Stephens district, occurs a 
bed of magnetic iron ore, from which the sample exhibited was taken. 
The geological surveyor states that the bed of ore is from 3 to 4 feet 
thick, and can be traced for over a quarter of a mile. The result of 
six analyses shows that the ore contains from 37.71 to 48.33 per cent 
of metallic iron; but they also indicate as much as 7.30 per cent of 
titanic acid, 18.70 per cent of silica, and 5.28 per cent of alumina.

3. A pile of about 2 tons of magnetic iron ore from Broula Kidge, 
270 miles west of Sydney, or about 90 miles from the nearest coal 
deposits at Wallerawang. The analysis shows 65.92 per cent of metal 
lic iron. . •

4. Another pile of 2 tons of brown hematite obtained 8 miles from 
Picton, which is 53 miles from Sydney. These brown hematite ores 
are described by the late Government geologist as similar in origin 
to those of Mittagong, having been formed at the surface by ferruginous 
springs. In the deposit from which the above exhibit was taken 
the same officer estimated that about 800,000 tons of ore are available. 
Analyses show, 49.39 per cent of metallic iron.

5. Some brown hemattte^from Newbridge, yielding 55.5 per cent of 
metallic iron, which was used during iron smelting at Lithgow.

6. Brown iron ore from the parish of Calvert, 'county of Bathurst, 
yielding 50.65 per cent of iron. This iron-ore deposit, which occurs in 
diorite, is lenticular in form, and probably owes its origin to a chalyb 
eate spring. Prospecting operations were confined to a few small open 
ings made in winning ore for smelting at Lithgow some years ago. The 
deposit is in close proximity to limestone.

7. Magnetic iron ore (56.85 per cent iron) from the parish of Errol, 
county of Bathurst. The deposit from which this ore was taken occurs 
iu diorite, and is closely associated with a chalcedonic quartz reef. A 
cutting made in obtaining ore for the Lithgow Iron Works revealed a 
face of ore about 30 feet by 15 feet; about 10 chains to the westward 
several smaller openings have been made in similar ore. The ore is 
strongly magnetic, and forms a natural loadstone.

8. Brown iron ore from a mine 164 miles west from Sydney, giving 
55.84 per cent of metallic iron, a considerable quantity of which was 
used during smelting operations at Lithgow. An opening about 2 
chains long by about 1 chain wide was made, revealing an irregular 
bunch of brown iron ore occurring in talcose schist. The workings 
had reached a depth of about 30 feet when smelting was discontinued.

9. Brown iron ore (58.06 per cent) from Cliefden, near Lyndhurst, 
about 188 miles by rail from Sydney. A large, unprospected outcrop 
extends for about one-half mile, with a width of from 2 to 3 chains, iu 
limestone.
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10. There was also exhibited a collection of iron, manganese, and 
cobalt ores from the minister for mines and agriculture, Sydney, which 
included the following iron ores:

.Iron ores from New Soulh Wales.

Character of ore,.

Do...................
Do
Do...................
Do...................
Do....-..--....-..--.
Do.......... .......

TDo.... .......... ...

Metallic 
iron.

Per cent. 
62. 6 
48.6 
59.18 
56.42 
47.86 
42.07 
49.82 
61.94 
66.34 
38.40

Locality.

Norwood, near Gonlbnrn. 
tToppa, near Gonlburn. 
Wmeroo Station, Lake George, near Gonlburn. 
Near Goulburn. 
1'itzroy mine, Mittagong. 
Westb'rook, Singleton. 
Kewbriilge, 8 miles from Blayney. 
Brake, !Now England. 
Young Cowra district. 
Near Clarence Town.

These analyses are evidently from samples dried at 212°.
Iron ore occurs near Lyndhurst, about 190 miles from Sydney, and 178 

miles from Granville, where extensive iron and machinery works are 
situated; also the Clyde Smelting Works, in which the Lyndhurst iron 
stone was used as a flux in the smelting of silver ores. In this mine are 
three lodes, 2 feet, 35 feet, and 40 feet wide, respectively, and though 
this deposit has been prospected to a depth of only a few feet yet a 
large quantity of ore is in sight. During the year 1893 there was raised 
in the Broken Bill district 1,051 tons of iron ore, valued at £1,198. 
The bulk of this came from Balaclava, about 8 miles from Broken 
Hill, the balance being taken by the proprietary company from the out 
crop of the lode. It is used as flux. All of the iron made in New South 
Wales, Australia, at present, as reported in the returns of the Geological 
Survey, is obtained from scrap at the Eshbank Iron Works, and not 
from iron ore.

SOUTH AUSTRALIA.

In South Australia magnetite and red and brown hematites occur, 
some of which are used as flux in the silver smelters. The only 
deposit which has as yet been worked for the purpose of iron manufac 
ture is the Mount Jagged iron mine, 9 miles southeast of Willunga 
and 11 miles north of Victor Harbor. A company was formed in 1873, 
which built a small furnace to smelt the magnetic ores with charcoal, 
but after a short blast the furnace was abandoned.

TASMANIA.

Tasmania has considerable iron ore, large deposits at Illfracombe, 8 
miles from the River Tamar, being described as yielding a good quality 
of brown hematite. Iron sands are also reported as occurring. None 
of the deposits are worked.
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NEW ZEALAND.

At Tarnaki, sand containing magnetic oxide of iron, often titaniferous, 
is found. It is believed to be the result of the destruction by the waves 
of masses of iron-bearing material. Similar iron sand bas been used 
in the manufacture of iron both in New Zealand and in Tasmania, 
where it also occurs. The report in 1890 on the mining industry of 
New Zealand states that 1J tons of hematite ore were exported, but no 
later reports are accessible.

Mr. John D. Connolly, consul of the United States at Auckland, New 
Zealand, has, through the courtesy of the Honorable R. Siddon, minis 
ter of mines, supplied statistics in regard to the amount of iron ore mmed 
and used in that country in 1892. He says:

Although there are large deposits of iron sand and iron ore in various parts of 
New Zealand, manufactured iron has not been produced to such an extent as to make 
it a marketable commodity. During 1892 the Onetunga Iron Works Company pro 
duced about 350 tons of iron, on which the Government paid a bouus of £300, but 
it remains to be seen whether that company will continue its operations.

This iron was made between June 3 and July 19,1892, from cinder 
and native ores, viz, Parapara and Whangarei ores and irou saud. 
The iron sands were made into the form of bricks in order to be more 
easily smelted. The ores yielded about 50 per cent of iron in the 
furnace, so that the total amount used approximated 700 tons.

Some years ago a magnetic separator was shipped from the United 
States to New Zealand for the purpose of treating the iron sands, which 
appear there in an unusually concentrated condition.

SANDWICH ISLANDS.

Theso islands are of volcanic formation, and the Honorable John L. 
Stevens says that no iron ore is produced or pig iron manufactured. 
In fact, he never heard of any minerals being found. The sharp tools 
used by the natives before the islands were discovered by Europeans 
were made from a peculiar kind of flint rock.
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THE PRODUCTION OF IRON ORES IN THE UNITED STATES IN
1894.

The record of iron-ore production in the year 1894, amounting to 
11,879,679 long tons, shows a slight advance (about 2£ per cent) over 
the quantity mined in 1893, but notwithstanding this the year 1894 can 
probably be recorded as the most unsatisfactory in the history of iron- 
ore mining in the United States.

The returns for 1893 indicated the smallest output from domestic 
iron-ore mines since statistics have been collected by the United States 
Geological Survey. This is shown by the following table, where, in 
addition to the total product, the relation which that of each year bore 
to the maximum output of 1892 is given:

Production of iron ores in the United States, 1889 to 1894.

Tears.

1890. ...... .......................

1892..............................
1893. .............................

Production.

Long tons. 
14,518,041

16, 290, 066

Percentage 
of maxi 
mum out-

89.53
100. 00

72.90

While the quantity of ore credited to 1894 is small, when compared 
with that of the other years mentioned, except 1893, it is much in 
excess of the amounts reported by the only other records accessible, 
viz, the censuses of 1860, 1870, and 1880. The reduced production, 
however, in connection with the prevailing low prices, made the year 
most unsatisfactory, because it affected an increased amount of capital 
and a larger number of employees, made necessary by the extension 
of the industry to meet the demands of preceding years.

The percentage borne to the maximum output of 1892 indicates the 
remarkably depressed state of business in 1894, but probably a more 
equitable comparison is to average the iron-ore production of the past 
two years and that of the four preceding years as follows:

Long tons.
Average annual production of iron ore for years 1889,1890,1891, and 1892. 15, 360, 482 
Average annual production of iron ore for years 1893 and 1894.......... 11, 733, 654

Average deficiency per year............................................ 3, 626, 828

The average annual output for 1893 and 1894 was 76.39 per cent of 
that of the four preceding years, and as during the periods of large 
production mining enterprises were extended, new developments made, 
additions to equipment secured, and augmented capita] invested, a 
reduction so great in the quantity of ore mined would of itself cripple
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numerous enterprises. But when such reduction was accompanied by 
an unprecedented decline iu prices the depressing influence was greatly 
intensified.

CHARACTER OF IRON ORE PRODUCED.

The changes in the country's output of the different varieties of iron 
ore are set forth in the folio wing statement, which shows the quantities 
of each class of iron ore in various years, and the proportion which 
they bore to the total output of the year. The division of the foreign 
iron ore is not attempted, but the major portion may be considered as 
of the red hematite variety:

Character of iron ore produced.

Kinds of ore.

-Brown hematite. . .

— -— --Total donies^ 
tic ore. .... 

Foreign ores ...... 
Fraiiklinite, resid-

1880.

I/any tons.
1, 918, 022 
2, 134, 276

7, 120, 36T 
493, 408

1889.

Long tons.

2, 523, 087

iT,~518, 041 
853, 573

1890.

Long tons.
2, 559, 938 
2 570 838

10, 036, 043 
1, 246, 830

1891.

Long tons.
9 "Jl)7 OQQ

2, 757, 564 
2 317 108

14, 591, 178 
912, 864

1802.

Long tons.
2, 485, 101

192, 981

18, 296, 666 
806, 585

31,573

1893.

Long tons. 
8 27^ 637
1, 8J9, 272
i yyo 886

134,834

11,587,629 
526, 951

37, 667

1894.

Lonq tons.
1, 472, 748 

172 219
87, 278

11, 879, 679 
167, 307

Percentages of different varieties of domestic iron ores for various years.

Kinds of ore. 1880.

Per cent.
26.95
29.97
11.56

1889.

Per cent.
17.38
17.26

1890.

Per cent.
15.96

2.36

1891.

Per cent.
fi'-t Q'>

15.88
1.30

1892.

Per cent. 
71.47
12.10
1.18

1893.

Per cent. 
71. 31)

11.49
1.16

1894.

Per cent. 
^fifi

8.18

These statements are graphically illustrated by PI. XI, on which 
columns and divisions of columns represent the relative quantities of 
each class of ore and the total iron ore mined in the census years 1880 
and 1889 and in the years 1890 to 1894, as reported to the Survey. On 
the same plate are indicated the relative quantities of foreign iron ores 
(not divided into classes) which were imported in the years named. A 
rapid and practically continuous increase in the proportion of red 
hematite ore produced, a decline in the relative quantity of brown hema- . 
tite, and a still more marked decrease in the proportion of magnetite 
are also demonstrated. The use of carbonate in late years is practically 
insignificant, the foreign iron ores imported being in greater quantity 
than the carbonates utilized; in fact, the amounts of cinder resulting 
from furnaces in which pig iron is puddled, or iron and steel heated, 
and which is used in blast furnaces as au ore, have been in excess of the 
quantities of carbonate ores mined in late years.



PRODUCTION OF IRON OKES. 189

OTHER MATERIALS USED AS ORE.

The extent to which mill cinder, roll and hammer scale, and other 
artificial products are employed in the pig-iron industry, is but imper 
fectly appreciated and can be definitely determined only by means of 
statistics collected from each blast furnace. Estimates can, however, 
be made from the reported quantities of rolled iron and steel produced 
in various years, and such estimates indicate that there were produced 
in the United States the following approximate amounts of mill cinder, 
scale, etc., a large proportion of which was fed to blast furnaces as ore:

Estimate of mill cinder, scale, clc., produced in ilia Untied Slates.

Years.

1889

1 flQl

Quantity.

Long tons.

800, 000

Tears.

1894..:........................

Quantity.

Long tons.
600, 000

The reduced quantity.is.d.ue,to..t,h.e increased use of steel, which in 
its manipulation produces less cinder and scale per ton of' product," 
and to the exhaustion of old stock piles of cinder. The quantities of 
such material which should be deducted from the natural iron-ore sup 
ply to determine the average yield are, however, partially offset by the 
consumption of iron ore as a fettling or lining for puddling and other 
furnaces, as a part of the charge of open hearth steel furnaces, as a 
flux for smelting silver ores, and in minor quantities for other purposes.

The amount of iron ore used in rolling mills and steel works may be 
considered as approximating 70 per cent of the quantity of cinder fed 
to blast furnaces.

The Franklinite residuum reported separately for 1892,1893, and 1894 
is a clinker containing iron and manganese, resulting from roasting this 
ore to obtain zinc oxide. This clinker, being fed to small blastfurnaces 
in Pennsylvania and New Jersey, produces spiegeleisen, an alloy of 
iron and manganese.

A considerable amount of " blue billy," or purple ore, which is the 
result of roasting iron pyrites to obtain sulphuric acid, is also fed to 
blast furnaces, but the tine state of comminution of this material gener 
ally produced in the United States, and the ingredients sometimes found 
in it make it unpopular.

The "blue billy" produced from Spanish pyrites, being freer from 
objectionable elements, and the lump residuum resulting from Nova 
Scotia pyrites, entered into the production of pig iron to the extent of 
about 24,000 tons in 1894.

A small amount of residuum from copper smelting, containing about 
one-half as much silica as iron, was utilized at some blast furnaces, and 
it is probable that larger quantities will be employed during 1895, as 
they supply a cheap but inferior ore.
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IRON ORES USED IN BLAST FURNACES.

As the principal use of iron ore is .for the production of pig iron 
iu blast furuaces, the quantity of pig iron produced and the number of 
blast furnaces iu operation are good indices of the consumption. The 
American Iron and Steel Association collects statistics and publishes 
the amount of pig iron made during each half year and the number of 
furnaces in blast at the end of each interval. These reports, summarized 
for the past three years, show the following:
Production of pig iron and number of furnaces in the United States in Matt, at intervals

of six months.

Half years onding —
Number 
of fur- 
naces iu 

blast.

256'

117

- • ,.185

Pig iron 
made.

Lony tons.

2 717 983

Total produc 
tion for the 

year.

Long tons.

An examination of this table, in connection with that of the iron-ore 
output, suggests that the production of pig iron in 1894 would require a 
greater increase in the amount of iron ore mined than the actual figures 
show. This apparent discrepancy is explained in part by the use of 
selected ores, and in part by the exhaustion of stocks of ores at blast 
furnaces. The reduced rates at which iron ore was sold, and the com 
petition for a restricted trade caused work to be suspended at many 
mines, those which did not supply material of a superior character 
being among the first to cease operations; and as blast-furnace man 
agers were forced to economize in every particular a careful selection 
of ores resulted. Consequently the yield of domestic iron ore for the 
United States in 1894 was above the average of the years which imme 
diately preceded it. A careful estimate shows that in 1894 the domes 
tic ores used yielded an approximate average of 55 per cent of iron.

As indicated above, a number of furuaces were put out of blast within 
the past two years, and in many of these the stock on hand was used 
up, while a declining market would not encourage the accumulation 
of supplies of ore at other furnaces. The annual reports of the Survey 
consider only the iron ore mined and the stocks of ore held at mines or 
in the hands of producers (see page 194), no attempt being made to 
collect or report stocks held by blast furuaces. Under ordinary cir 
cumstances the furnace stocks of ore for the entire country vary but 
slightly, although at individual plants and in districts there may be 
considerable fluctuation, but in the past two years the quantities of 
stock carried at blast furnaces have been below the average; conse 
quently considerable ore may have been utilized which would not 
appear in these reports.
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PRODUCTION OF IRON ORE BY STATES.

The production of iron ore in each State, divided into the four classes 
which are recognized in these reports, is shown by the table below.

CLASSIFICATION OF ORES.

The following classification of iron ores is the same as used in pre 
vious reports, and although it may be open to some technical criticism, 
it is believed to be the best arrangement, representing practically the 
commercial division generally adopted by sellers and purchasers:

1. Red hematite comprises those ores in which the iron occurs as an 
anhydrous oxide, giving a red streak on a porcelain plate, the color of 
the ore being generally a brownish-red or red, although sometimes a 
dark-gray, almost black. This class includes u red hematite," " fossil," 
or "Clinton" ores, "specular," "micaceous" ore, "slate" ore, etc., as 
well as some " martite," which is a pseudomorph after magnetite.

2. Brown hematite, which contains more water than the red hematite, 
is generally of a brown or yellow color, and when powdered shows a 
brown or brownish-yellow streak on the porcelain plate. The varieties 
are known as "limonite," "turgite," "pipe" ore, "bog" ore, " goethite," 
"oolitic" ore, etc.

3. Magnetite comprises those ores in which iron occurs as a magnetic 
oxide, generally black or blue-black, or occasionally steel-gray or green 
ish in color, and which when powdered give a black streak on a test 
plate, and are attracted by a magnet. In this class is included some 
"martite," which is mined with magnetite.

4. Carbonate includes those iron ores which contain an excess of 
carbonic acid. They are generally gray, yellow, or rather buff and 
brown in color, and are tested by the iise of hydrochloric acid. They 
comprise the "black band" ores, "clay ironstones," "spathic" ores, 
" siderite," etc.

From some mines brown and red hematite, or red hematite and mag 
netite, or carbonate and brown hematite ores are obtained out of the 
same workings, the extent to which ores are hydrated or weathered 
transferring them from one class to another; or different classes of ore 
are found intermixed or alternating in the same deposit. Wherever 
possible an attempt has been made in the statistical review to separate 
into classes the different ores coming from the same workings, but in 
some instances this was impracticable, and the nroduct is credited to 
the predominating character of ore won.
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Production of different varieties of iron ore in thv year 1894, by States.

States.

Alabama .......... ....
Virginiaand WestVir-

New York 
Georgia and North Caro-

Montana, New Mexico,

Connecticut and Maasa-

Tcxas

Hed 
hematite.

Long to'ns.

1, 182, 302

25, 324

2,815 

55, 583

1,742

9, 347, 434

Brown 
hematite.

Long tons.

310, 724

117 149'

9'-* '•'49
27, 400 

119. Ill

Magnetite,

Long tons.

2 2^6
380, 581

277 48°

106, 436

072, 219

Carbonate.

Long tons.

qo

700
. 16, 108

Total.

Lony tons.

347, 501
292 831

OKft 1(|Q

242, 759 

174, 694

44, 438

15, 361

11,879,679

This table shows that twenty-four States and Territories produced 
during the year 1894,11,879,679 long tons of iron ore, of which 9,347,434 
tons, or 78.68 per cent, was red hematite; 1,472,748 tons, or 12.40 per 
cent, was brown hematite; 972,219 tons, or 8.18 per cent, was magnet 
ite, and the balance, 0.74 per cent, was carbonate ore. Two or more 
States are grouped when separate amounts would disclose individual 
operations. This indicates an increase in the relative proportion of red 
hematite won from 71.39 per cent in 1893 to 78.C8 per cent in 1894, 
8,272,637tons of this variety of ore beingproduced in 1893, and9,347,434 
tons in 1894, an increase of 1,074,797 long tons, or 12.99 per cent. The 
brown hematite decreased from 1,849,272 tons in 1893 to 1,472,748 tons" 
in 1894, a loss of 376,524 tons, or 20.36 per cent. The magnetite also 
declined from a product of 1,330,886 long tons in 1893, to 972,219 tons 
in 1894, a decline of 358,667 tons, or 26.95 per cent. Similarly the car 
bonate output fell from 134,834 tons in 3893 to 87,278 long tons in 1894, 
a decrease of 47,556 tons, or 35.27 per cent. If, however, the production 
of all the various kinds of ore is considered, the 11,879,679 long tons 
mined shows an increase of 292,050 long tons, or 2.52 per cent, over the 
1893 output of 11,587,629 long tons.

All of this increased production, with but few exceptions, was in the 
Lake Snperior region, principally in Minnesota, where the Mesabi 
Bange, which was really developed in 1893, and made but a small 
shipment in that year, became an active competitor in the market, and 
the present low cost of mining on this range has been a prominent 
factor in its larger production. The other States in the Lake Superior 
district show decreased outputs, and this is also the casein most of the 
iron-ore producing States, being especially marked in Pennsylvania, 
Alabama, New York, New Jersey, Tennessee, etc. In Colorado the
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increased amount of pig iron which was produced from native ores 
augmented the State's output over that of 1893. Missouri, Kentucky, 
and the western group of Montana, New Mexico, Nevada, and Utah 
were the only other States which show an increased product, and this 
increase was small.

Pennsylvania, New York, and Colorado are the only States which 
reported mining the four classes of iron ore in 1894; Virginia and West 
Virginia, Kentucky, and the Western States furnished three kinds; 
Michigan, Alabama, Tennessee, Georgia, North Carolina, and Missouri, 
two kinds; the balance of the States are credited with one kind of ore 
only. In some cases admixtures of the ores above mentioned were 
wou, but not reported separately.

The lean character of a majority of carbonate ores, the small veins in 
which they usually are found, and the necessity for roasting prepara 
tory to charging into blast furnaces have discredited their use. Simi 
larly, the cost of mining and washing brown hematite ores, which seldom 
yield over 50 per cent of iron, has discouraged their employment when 
richer ores or ores freer from phosphorus are conveniently obtainable. 
The utilization of the richer magnetites has been influenced by dis 
tance from furnaces, while the beneficiating of lean ores of this class 
has been impracticable at the low prices prevailing. It is worthy of 
note, however, that experiments in cheapening magnetic concentration 
have progressed during the past year, and it is possible that concen 
trated ore will be a feature of the 1895 product. In 1894 there were 
produced 14,804 tons of magnetically concentrated ore, and 72,312 long 
tons of jigged and hand-sorted ore.

The prevalence of red hematite ores in the Lake Superior region with 
a high percentage of iron has permitted mining and conveying them 
long distances with the exceptional appliances in use, while an abun 
dance of less desirable red hematite close to fuel in Alabama and Ten 
nessee has assisted in keeping this class of ore in favor.

RELATIVE BANK OF VARIOUS STATES.

The reduced output of iron ore affected the mining industry in all of 
the States which in late years have held prominent positions as pro 
ducers, but this has been most pronounced in some which were formerly 
recognized as large contributors of this useful ^mineral. The rank of 
the various States is exhibited by the following table, which illustrates 
by number the relative position which each held by reason of the quan 
tity of iron ore produced in the various years for which reports were 
made. These positions arc determined from the quantities of iron ore 
reported for the Sixth, Seventh, Eighth, Ninth, Tenth, and Eleventh 
Censuses, and for the United States Geological Survey for the years 
1890,1891, 1892, 1893, and 1894. The absence of figures indicates that 
no ore was reported as mined by the State in that year. The largest 
producer in any year is indicated by 1, the next in rank by 2, 3, 4, etc. 

1C GEOL, PT 3—-13



194 MINERAL RESOURCES. 

Rank of various States as producers of iron ores.

States.

Illinois ..................

Ohio .....................

•Utah.....................

Total number of 
States and Terri 
tories reporting. ..

1850.

10

15

13
14
5

17

11
18

21

20

1

6

16

21

1860.

15

12

14
18

6

9

3

2

1

11

13

18

1870.

13

10
6

a

20
7

8

4
17

3

1
21

12

11

21

1880.

7

16
21

12
18

13
a

4

3
20

5

1

19

8

15

23

1889.

«
13
17
26

14

15
1
5
10
20

16
4
24
11

3

22

7
28
21
0

28

1890.

»
13
19

U
25

1
6

11
23

8

18
4

21
12

3

9
22

•24

7

20
5

25

1891.

a

19

1
5

22

9

17
4
21
13
20
3

S
15

<>

24
7

25

1892.

a

17

10

14

1
3

12

20
5

13
21
4

19
22

7

6

24

1893.

2
11
17

10

19
16
1

19
•IQ

6
21
13
20
4

8
15

5

7

25

1894.

»

11

14

20
16
1a

12
22
24

10
23
1 3

5

7
17

4

6

24

lu the census reports for 1850, 1860, and 1870 the statistics of the 
production of iron ore were obtained largely from reports made by 
various blast furnaces of the amount of iron ore consumed. These 
tables did not specify in what States the ore was produced, but merely 
gave the amounts reported as being used by blast furnaces. No reports 
for intervening years are accessible; hence no absolute deductions are 
made for the intervals between censuses, but from 1889 the figures of 
production are obtained from similar data. Wherever any State is 
reported to have exceeded an annual production of 500,000 tons of iron 
ore this is indicated by having the figures in full-faced type.

It will be noticed that Pennsylvania was the largest producer of iron 
ore reported until the census of 1889; that in the census of 1889 it 
ranked third, and that it continued to hold the same position until 1892, 
when it took fourth place, while in 1894 it dropped to fifth in rank. 
By reference to the diagram showing the production by States it will 
be seen that this is due to a decline in output, intensified by augmented 
production in other States.

Michigan was a comparatively unimportant producer until the cen 
sus of 1870, when it assumed second place, which it held until 1889 
when it outstripped all other States, and it has since continued to be>
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preeminent as an iron-ore producer. It probably assumed first place 
about 1881.

Alabama did not assume a prominent position in iron-ore statistics 
until 1889, when it produced slightly more iron ore than Pennsylvania. 
It occupied second position until 1894, when it fell to third in rank.

Minnesota has had a phenomenal and constantly augmenting product 
of iron ore. Its first iron ore was shipped in 1884, and in 1889 it occu 
pied fifth position. Although its output increased in 1890, it fell to 
sixth place, returning to fifth in 1891, and occupying third and second 
places in 1892 and in 1893 and 1894, respectively.

New York ranked eighth in 1850, rising to third .place in 1860 and 
fourth in 1870. It occupied the latter position, with but one exception, 
until 1892, when it fell to fifth in rank, subsequently declining to sixth 
place in 1893 and to tenth in 1894.

Ohio, which in 1850 and 1860 ranked second as an iron-ore producer, 
has declined greatly, and now occupies thirteenth position.

MICHIGAN".

Considering individual States in the order of their iron-ore produc 
tion, Michigan is found as retaining first rank, but with a decreased 
output. The amount produced in 1804 was 4,419,074 long tons, a 
decrease of 249,250 long tons, or 5.34 per cent, from the 1893 output of 
4,668,324 long tons. This State mined 37.20 per cent of the total iron- 
ore product of the United States in 1894. The bulk of the ore won (viz, 
4,375,971 long tons, or 99.02 per cent) was of the red hematite class, 
Michigan ranking first as a producer of this class of ore and contributing 
46.81 per cent of the country's total. The remainder of the ore mined, 
43,103 long tons, or 0.98 per cent of the product, was magnetite, the 
State taking fifth position in this class, with 4.43 per cent of the total 
of the United States.

While the Lake Superior district, as a whole, contributed in 1894 
more iron ore than in 1893, this increase did not come from the older 
ranges, viz, Marquette, Menominee, and Gogebic, nearly all the mines 
of which are found in Michigan, but from the new Mesabi Range in 
Minnesota.

Most of the iron ores of the Marquette Eange, and some of those of 
the Menominee Eauge, are generally of a high grade, and are classed 
as " hard " ores. Owing to this physical characteristic, and also to the 
great depths reached in some of the mines, the cost of mining these 
ores is greater than in the Mesabi Eange, where some new operations 
are carried on by stripping the surface and loading the iron ore on the 
railroad cars with steam shovels. In the Gogebic Eange the ores are 
not classed as " hard," but they are now more expensive to mine than 
those on the Mesabi Eange. The depressed condition1 of the iron trade, 
with but a limited demand for ore and a hand-to-mouth policy among 
the blast-furnace managers as to supplies of raw material, led to com-
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petition among the iron-ore miners for such contracts as were let, and the 
year 1894 saw the lowest prices for iron which have yet been reached 
by Lake Superior ores. Iii fact, high-grade Bessemer ore sold on the 
docks at Cleveland, Ohio, for a less amount per ton than was formerly 
paid in some years for transportation of the ores by vessel from the 
shipping ports on Lakes Superior and Michigan to receiving docks on 
Lake Erie.

MINNESOTA.

This State, which has each year since it commenced shipping iron ore 
shown an increased output, maintained its record in 1894 and assumed 
second place, with a product of 2,968,463 long tons, or 24.99 per cent of 
the country's total. All of this ore was of the red hematite variety, iii 
which class it occupied second place, being credited with 31.70 per cent 
of the total of this kind of ore won in the United States in 1894. The 
increase of 1,468,536 long tons over the amount produced in 1893, viz, 
1,499,927 long tons, represented a gain of 97.91 per cent, the most 
marked advance of the year.

The augmented amount of iron ore won in this State came almost 
entirely from the Mesabi Range, for notwithstanding that the commi 
nution of the Mesabi ores has subjected them to criticism from blast 
furnace managers, the comparative cheapness which at present charac 
terizes the mining at most of the deposits a.nd the satisfactory chemical 
composition of the ore have caused a rapid development of the new 
range, so that in its third year it has become a strong competitor with 
the older ranges.

The title to some of the lands in Minnesota containing or believed to 
contain iron ores has been in litigation, and this restricted operations 
to some extent. One case which was adjudicated during the past year 
is of special interest, as for six years during which the land has been 
in dispute the preemptor (whose claim has been declared worthless) 
lived on the disputed property, having several years ago refused a large 
sum of money offered as compensation for relinquishrnent of his sup 
posed rights. At the existing royalties, fully 500,000 tons of ore must 
be taken from this property before the expense of the litigation to 
establish the ownership will have been equated.

Mining by modern methods from deposits which are easily exploited 
and cheaply worked has permitted some remarkable evidences of large 
output. As one instance of quick work, it is stated that 3,300 long 
tons of ore were dug and raised 200 feet to the surface in twenty hours 
at one of the mines on the Mesabi Range.

The Vermillion Range also increased its output nearly 250,000 tons 
over the 1893 total.

ALABAMA.

This State, although endowed with iron ores located close to coal 
basins, has up to the present time made no Bessemer pig iron, the ores 
exploited being too high in phosphorus for this product. As the major
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portion of the pig iron produced in the United States is used in the 
manufacture of Bessemer steel, the market for the pig iron which the 
State makes is restricted to foundry and mill uses. In addition, the 
long hauls to points of consumption add to the market cost of the iron 
produced, and these influences restrict the output of iron and also of 
the iron ore from which it is manufactured. However, Alabama has 
shown a remarkable record, and notwithstanding the fact that Minne 
sota has stepped between Michigan and Alabama, the importance of the 
latter State must not be. underrated, and it still claims to be able to 
make pig iron at costs below those prevailing in other States.

In 1894 the total iron-ore product of Alabama was 1,493,086 long tons, 
giving it third place, with 12.57 per cent of the total for the United 
States. Of this 1,493,086 long tons, 79.19 per cent, or 1,182,362 tons, 
was red hematite, and 310,724 long tons, or 20.81 per cent, was brown 
hematite. This gave the State third position as a red hematite pro 
ducer and second position among those mining brown hematite ores, 
with 12.65 and 21.10 per cent, respectively, of the totals for the United 
States.

VIRGINIA AJCD WEST VIRGINIA.

While the States of Virginia and West Virginia are grouped together, 
in order not to reveal individual operations, but little of the iron ore 
came from the latter State, and the output may be practically credited 
to Virginia. While these States show a falling off of 16,403 long tons, 
or 2.66 per cent, from the 1893 total of 616,965 long tons, the amount 
produced, 600,562 long tons, was sufficiently large to claim fourth posi 
tion, with 5.06 per cent of the total for the United States, enabling the 
Virginias to pass Pennsylvania, which outranked them in 1893.

Three classes of ore were produced, but the bulk, 562,493 tons, or 
93.66 per cent, was of the brown hematite class, in which the State 
occupied first place, with 38.19 per cent of the total for the country. 
Of red hematite there were 35,843 tons, or 5.97 per cent of the State's 
total, which ranked the State ninth, with 0.38 per cent of the total for 
the United States. The remainder, 0.37 per cent, or 2,226 long tons, 
was magnetite, in which class it took seventh place, with 0.23 per cent of 
the entire output of the country.

Virginia in 1894 occupied a more important position relatively than 
in any other year for which reliable statistics are obtainable.

PENNSYLVANIA.

Pennsylvania produced 532,087 long tons of iron ore in 1894, or 4.48 
per cent of the total for the United States, taking fifth rank. Of this 
amount 389,581 long tons, or 73.22 per cent, was magnetite; 117,149 
tons, or 22.01 per cent, was brown hematite; 25,324 tons, or 4.7G per 
cent, was red hematite, and the balance, 0.01 per cent, or 33 tons, was 
carbonate ore.
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The State's respective rank as a producer of the different classes of 
ore was first among those supplying magnetite, with 40.07 per cent of 
the country's total; fifth among those from which brown hematite was 
won, with 7.95 per cent} tenth among the red hematite producers, with 
0.27 per cent, and sixth in order of States contributing carbonate, with 
0.04 per cent of the total. Although ranking first as a producer of 
magnetite, Pennsylvania supplied less of this class of ore in 1894 than 
in any year since statistics have been collected of the different classes 
of ore.- This is mainly owing to the reduced output from the Cornwall 
ore hills, which contributed but 371,710 long tons, whereas it has sup 
plied 769,020 long tons in a single year.

The decrease in the amonnts of the different classes of iron ore mined 
in the past two years is illustrated in the following table:

Comparison of various classes of iron ore produced in Pennsylvania in 1S9S and 1894.

Character of ore.

Total for the State ......

Production.

1893.

Long tons. 
480, 164 
158, 378 

57, 633 
1,812

897, 985

1894.

Ijong tons. 
389, 581 
117, 149 

25, 324 
33

532, 087

Decrease.

Long tons. 
90, 583 
41, 227 
32, 309 
1,779

165, 898

Percent 
age of 

decrease.

18,87 
28.03 
58. 06 
98.17

23.77

If, however, the production of 1894 is compared with that of 1892, a 
much greater decrease is shown, for while retaining its place as the 
greatest iron-manufacturing State, Pennsylvania must give place to 
others as iron-ore producers.

WISCONSIN.

Wisconsin stands sixth on the list, with a product of 347,501 long 
tons, or 2.93 per cent of the country's total, showing a decline from the 
1893 total of 439,429 long tons of 20.92 per cent, or 91,928 tons. All of 
this ore was of the red hematite variety, in which class the State ranked 
fonrth, with 3.72 per cent of the total; but the decreased output of 
Wisconsin was less, proportionately, than in other States, and conse 
quently its rank as a producer is the same as in 1889 and 1892.

TENNESSEE.

This State in 1894 produced 292,831 long tons, or 2.46 per cent of the 
total for the United States, giving it seventh position. This was a 
decline of 80,165 long tons, or 21.49 per cent, from the amount mined in 
1893, viz, 372,996 tons.

Two kinds of iron ore were mined, 164,236 long tons, or 56.09 per 
cent being red hematite, and the balance, 128,595 long tons, or 43.91 
per cent, brown hematite. The State ranked fifth as a red hematite pro 
ducer, with 1.76 per cent of the total, and third as a miner of brown 
hematite, with 8.73 per cent of the total output of this kind of ore.
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Tennessee has gained in rank, notwithstanding the reduced produc 
tion of iron, and the conditions which favored Alabama in making pig 
iron at low cost are also applicable to the active blast furnaces of Ten 
nessee; in fact, the position occupied by this State in 1894 is in advance 
of any preceding reports.

SEW JERSEY.

New Jersey stands eighth as a producer of iron ore, with a total to 
its credit of 277,483 long tons, all of the magnetic variety, in which 
class it ranked second, with 28.54 per cent. Its output of iron ore 
declined 78,667 tons, or 22.09 per cent, from the 1893 total of 356,150 
tons, but it advanced in relative rank to the position it held in 1890 and 
1892. It produced 2.34 per cent of the total for the United States.

COLORADO.

This State increased its 1893 output of 171,670 long tons of iron ore 
by 78,529 tons, or 45.74 per cent, making for 1894 a total of 250,199 long 
tons, or 2.11 per cent of the product of the United States, and giving 
the State ninth position. This was due entirely to the increased pro 
duction of pig iron, as the smelters, owing to the depreciation in the 
value of silver, did not require so much ore as a flux as in previous 
years.

Of the amount produced in 1894,111,000 long tons, or 44.36 per cent, 
was red hematite; 92,249 tons, or 30.87 per cent, brown hematite; 46,250 
tons, or 18.49 per cent, magnetite, and 700 tons, or 0.28 per cent, was 
carbonate ore. As a producer of red hematite ore the State ranked 
sixth, with 1.19 per cent of the total, and it held the same rank in 
regard to brown hematite, with 6.26 per cent of the total. Among 
those mining magnetite ores it occupied fourth place, contributing 
4.76 per cent of the total, and among those mining carbonate ore, fifth 
place, with 0.80 per cent of the total. Since the statistics of iron ore 
have been collected by the Geological Survey, Colorado has been gain 
ing in relative importance, and with a retiirn of general prosperity it 
will probably advance 'materially in this particular.

NEW YORK.

New York, formerly one of the most important of the iron-producing 
States, has, in the depressed state of the iron ore market, fallen to the 
lowest relative rank of which there is record, viz, tenth, contributing 
but 242,759 long tons, or 2.04 per cent of the total for the United 
States, being a decline of 291,303 long tons, or 54.55 per cent, from the 
1893 total of 534,122 long tons. Of the 242,759 long tons won in 1894, 
196,436, or 80.92 per cent, was of the magnetite variety; 27,400 tons, 
or 11.29 per cent, brown hematite; 16,108 tons, or 6.63 per cent, car 
bonate, and the balance, 2,815 tons, or 1.16 per cent, was red hematite. 
These amounts gave the State third position as a magnetite producer, 
with 20.20 per cent of the total; ninth rank as a miner of brown hematite 
with 1.86 per cent of the total; second rank in the production of carbon-
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ate ere, with 18.46 per cent of the total, and twelfth place among the red 
hematite producers, with 2,815 long tons, or 0.03 per cent of the total. 

The amounts of the various classes of ore produced in 1893 and 1894, 
together with the decrease and the percentages of such decrease, are 
shown in the following table:

Production of iron ore in Nviv York in 1S9S and 1894, by classes.

Classes of ore.

Total..-......--........---.....

Production.

18D3.

Long tons. 
440, 693

41, D47 
15, 890

534, 122

18D4.

Long tons. 
1D6, 436 

27, 400 
16, 108 

2, 815

242, 759

Decrease.

Long tons. 
244, 257 

8,192 
25, 83D 
13,075

291, 363

Percent 
age, of 

decrease.

55.43 
23.02 
61.60
82.28

54. 55

The above detailed statement of the production of New York, and 
also a similar table for Pennsylvania, given on page 184, are presented 
to indicate how these States, which have for many years been promi 
nent producers, are affected by the changed conditions of the present. 
In 1894 New York produced less iron ore than has been reported in 
any year since statistics have been collected by the United States 
Geological Survey.

The abundance of magnetite rich in iron in the Adirondack district 
will continue to exert an important influence on the industrial devel 
opment of the State of New York. The ores heretofore won may be 
divided into three general classes, (1) those approaching the theoretical 
limit of iron contents with phosphorus well within the requirements 
of the Bessemer steel trade, (2) those equally rich in iron but carrying 
a large percent of phosphorus, and (3) lean ores from which methods 
of concentration can eliminate much of the gangue, producing an ore of 
desirable quality.

In late years the demand for Lake Chainplain ores has been confined 
to those carrying high percentages of iron, and such as were low in 
phosphorus found a ready market for the production of Bessemer pig 
iron. The possibilities of the basic steel process have not as yet been 
forced upon this country, as they have been upon such European nations 
as Germany, where the supply of phosphoretic ores is abundant, but it 
is probable that there will be greater interest in this special manufacture 
in the near future, and the rich magnetites carrying considerable per 
centages of phosphorus will be sought for. Fortunately the supply is 
not limited, and late explorations have demonstrated that there are 
large bodies of ore available, in addition to the great reserves already 
made known by exploitation and investigation in the Lake Champlain 
district.

GEORGIA AND NORTH CAROLINA.

Like Virginia and West Virginia, these two States were grouped 
together to avoid disclosing individual operations, but the amount 
mined in North Carolina was small. These two States had a united
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output of 174,694 long tons, or 1.47 per cent of the total for the United 
States, giving them conjoined, eleventh position, and showing a decline 
from the 1893 product of 180,015 long tons of 11,321 long tons, or 0.09 
per cent. Of this amount, 119,111 long tons, or 68.18 per cent, was brown 
hematite, and 55,583 long tons, or 31.82 per cent, was red hematite. 
The relative ranks of both Georgia and North Carolina as iron ore 
producers are below those of any year since 1889.

OTHER STATES.

None of the remaining States produced over 100,000 tons of iron ore 
in 1894. Missouri slightly increased the output of 1893 without chang 
ing the rank which it has held for four years, the bulk of the ore mined 
in this State being red hematite, the balance brown hematite. All of 
Ohio's iron ore is of the carbonate variety, and the State ranks first as 
a producer of this class of ore, with 67.02 per cent of the relatively 
small total.

Most of the iron ore mined in the Western States was used as flux in 
smelting the precious metals, Montana, New Mexico, Utah, and Nevada 
contributing ore for this purpose, although Nevada, which this year 
made her initial shipment, forwarded the ore to the Pacific coast for 
use as a flux in the puddling and heating furnaces there, and New Mex 
ico shipped ore to the blast furnaces at South Pueblo, Colo.

Kentucky produced three varieties of ore, the greater portion being 
brown hematite, although some red hematite and carbonate were mined. 
Connecticut and Massachusetts, as well as Texas, contributed only 
brown hematite ore, while Maryland's product was all carbonate ore.

Oregon produced a small amount of pig iron in 1894, but reported no 
iron ore mined. It is probable that the stock of ore on hand at the 
blast furnace was used.

Wyoming also is said to have produced some iron ore, but no report 
has been made of the shipment.

VALUATION OP IRON ORES.

The total reported valuation of the 11,879,079 long tons of iron ore 
produced in the year 1894 was $13,577,325, or an average of $1.14 per 
long ton, showing a decrease of 52 cents from the low price of 1893 
($1.06 per ton), or 31.33 per cent.

Taking up individual States, the greatest falling off in price was 
apparently in those States embraced in the Lake Superior region, the 
iron ore mined in Michigan being stated to be worth on an average $1.32, 
that in Minnesota 73 cents, and that in Wisconsin 92 cents per ton in 
1894,,as against $1.84, $1.55, and $1.33 in 1893,-a decrease of 28.26 per 
cent, 52.90 per cent, and 30.83 per cent, respectively.

The decline in values of Minnesota ores is especially remarkable, the 
price at the mines being less than one-half of what was reported in 
1893. This is due to the cheap mining on the Mesabi Eauge, and to 
the fact that in order to obtain a foothold in the market it was thought
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•wise to sell these comparatively little known ores at lower prices than 
the standard ores. While the reported value of the Vermilion Eange 
iron ore of Minnesota is lower than in 1893, it is considerably higher 
than that won on the Mesabi Range in the same State.

In Alabama the average value of the iron ore in 1894 was slightly 
less than in 1893, being 83 cents per ton, against 86 cents in the pre 
vious year, a loss of but 3 cents, or 3.49 per cent. There is, however, 
more attention being paid to the grading of ore which is used in the 
furnaces, and it -is probable that the ores smelted in 1894 were better 
prepared than in previous years.

In the Middle States—New York, Pennsylvania, and New Jersey— 
there is also reported a great decrease in value. In the former State 
the ore which in 1893 commanded an average value of $2.29 per ton, ill 
1894 was quoted at $1.63 per ton, a decline of 66 cents per ton, or 28.82 
per cent. In fact, the price was so low that many of the mines were 
compelled to cease operations, as at prevailing rates the ore could 
be mined only at a loss.

The low price of Lake Superior iron ore in Pennsylvania, as well as 
of imported foreign iron ores, and the greater average richness in iron, 
requiring less fuel to smelt in the blast furnace and admitting of a 
greater output, reduced the demand for native Pennsylvania mines, and 
in consequence the value of the iron ore produced in 1894 averaged but 
$1.21 per ton at the mines, as against $1.97 in 1893, a decline of 76 
cents, or 38.58 per cent.

New Jersey iron ores also showed the effect of the competition of ores 
from the Lake Superior region and foreign countries, the average value 
per ton of the State's 1894 output being $2.05, as against $2.55 in 1893, 
a decline of 50 cents per ton or 19.61 per cent.

In Virginia some furnaces went out of blast, owing to the low prices 
of pig iron, and the average value of the iron ore produced in that 
State and in West Virginia declined from $1.70 per ton in 1893 to but 
$1.45 per ton in 1894, being 25 cents per ton, or 14.71 per cent.

All of the remaining States, with the exception of Maryland, show a 
decline in the value of the ore produced, and in Maryland but a small 
amount of carbonate ore was mined.

In order to illustrate the persistent decline in the value of iron ore 
the following table has been prepared, showing the total valuation and 
the calculated average value per ton of iron ore produced by the vari 
ous States in the years for which these data were collected, viz, 1889, 
1892,1893, and 1894. It is hardly probable that the average rate of 
$1.14 per ton for the iron ore produced in the United States will be 
maintained during the present year, the prices of iron ore at lower Lake 
ports having early in 1895 indicated a slight advance.

It will be interesting to note the constant rate of the decline in 
value per ton of iron ore.. Thus the fall from 1889 to 1892 was but 26 
cents per ton; from 1892 to 1893, 38 cents per ton; while from 1893 to 
1894 it was still greater, being 52 cents.
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Total valuation and average value per ton of iron ore produced in the United States In
1889, 1892, 1893, and, 1894.

States and Terri 
tories.

Virginia and "West

Georgia and North

Connecticut and 
Massachusetts. . . . 

Montana, New Mex 
ico, and Utah. ....

Texas

1889.

Total val 
uation.

4

$15, 800, 521 
1,511,611 
3, 063, 534 
3, 100, 210 
2, 478, 041 
1, 840, 908

935, 290 
606, 476 

1, 341, 543 
561, 041

334, 025 
532, 725 
487, 433

a 265, 901

b 269, 164 
135, 559 
/ 68, 240 

19, 750

33, 351, 978

Aver 
age per 

ton.

$2.70 
0.96 
1.96 
2.40 
2.87 
2.20

1.83 
1.28 
3.23 
2.11

1.20 
2.09 
4.47

3.01

3.12 
1.75 
2.32 
1.52

2.30

1892.

Total val 
uation.

$16, 587, 521 
2, 442, 575 
2, 197, 028 
2, 379, 267 
3, 090, 942 
1,428,921

1, 428, 801 
505, 359 

1, 388, 875 
. 237,827

262, 517 
148, 288 
587, 903

249, 198

c 97, 121 
63, 172 
88, 691 
20, 890

33, 204, 896

Aver- 
ageper 

ton.

$2.20 
1.06 
2.03 
2.67 
2.46 
1.81

1.91 
1.24 
2.98 
2.01

1.25 
2.01 
4.15

3.27

2.16 
1.25 
2.21 
0.91

2.04

1803.

Total val 
uation.

$8, 611, 102 
1, 490, 259 
1, 374, 313 
1, 222, 934 
2, 321, 204 

584, 094

1, 050, 977 
392, 771 
909, 458 
160, 532

203, 682 
104, 897 
514, 312

122, 475

d 103, 545 
47, 746 
25, 585 
25, 997

19, 265, 973

Aver 
age per 

ton.

$1.84 
0.80 
1.97 
2.29 
1.55 
1.33

1.70 
1.05 
2.55 
2.07

1.09 
1.54 
3.00

3.01

2.67 
1.30 
1.85 
1.01

1.66

1894.

Total val 
uation.

$5, 844, 995 
1, 240, 895 

643, 459 
396, 456 

2, 165, 802 
320, 518

873, 305 
288, 005 
508, 056 
105, 235

166, 228 
65, 792 

676, 141

71, 191

e 67, 538 
54, 379 
17, 809 
11, 521

13, 577, 325

Aver 
age per 

ton.

$1.32 
0.83 
1.21 
1.63 
0.73 
0.92

1.45 
0.98 
2.05 
1.28

0.95 
1.12 
2.70

2.35

1.52 
1.28 
2.25 
0.75

1.14

a Including Maine. d Including Oregon and Idaho. 
6 Including Oregon, "Washington, and Idaho. e Including Jvrevu.da. 
c Including Oregon. / Including Delaware.

BESSEMER AND NON-BESSEMER ORES.

The increasing production of steel has demanded of the blast fur 
naces liberal quantities of iron of suitable quality, and the furnaces 
have in turn called upon the mines to supply ore of composition adapta 
ble to the production of such metal. The generally accepted limit of 
ores classed as Bessemer is that they contain less than one part of phos 
phorus in one thousand parts of iron, but this limit is affected by local 
conditions, and also by other elements in the composition of the ore. 
As a consequence, mines from which what is termed "Bessemer ore" 
is obtained have been exploited liberally, while those which furnished 
ore with too much phosphorus to be accepted in the Bessemer class 
have been less in demand.

Bessemer ore has therefore commanded prices in advance of what ores 
outside of the Bessemer limit bring, and mines which produce the for 
mer, especially if rich in iron, find markets at a distance, while many 
mines near at hand which produce lean or non-Bessemer ores have been 
idle. Where non-Bessemer ore is rich in iron, however, or exists close 
to the blast furnaces, or where it can be cheaply mined, there is found 
a liberal demand for it.

While the development of the steel industry in the United States 
has been remarkable, other branches of iron metallurgy have also 
progressed, and increased quantities of pig iron for use in foundries 
and rolling mills have been required, to produce which non-Bessemer 
ores and the other materials used as ore, as above specified, are utilized.
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The quantity of domestic ores mined which are of Bessemer grade 
can not be definitely determined, but an appreciation of the relative 
quantities of Bessemer and non-Bessemer ores required may result 
from an examination of the amounts of different grades of pig iron and 
the quantities of rolled iron and steel made.

The American Iron and Steel Association has reported the produc 
tion of pig iron and of various manufactured forms of iron and steel 
for forty years, but the quantity of Bessemer pig iron has been segre 
gated only since 1887. The accompanying diagram, PI. XIII, graph 
ically illustrates the rapid growth and vicissitudes of the pig-iron indus 
try for the past fifteen years, and also the relation which the amount of 
rolled iron and steel bore to the pig-iron product, the proportion of the 
latter which was of Bessemer quality and particularly adapted for the 
production of steel, and also the relation which the amount of rolled 
iron bore to the total of rolled iron and steel. For a short time the 
amounts of rolled iron and steel were reported separately, but it was 
found difficult to secure correct data, as mills were constantly changing 
from iron to steel; therefore it is possible to show only the relative 
amounts of rolled iron and rolled steel and of Bessemer pig iron, with 
other grades of pig metal for a portion of the time under consideration.

Attention is invited to the following data which the diagram exhibits. 
The amount of Bessemer pig iron followed generally the annual pro 
duction of total pig iron from 1887 until 1894, but it did not reach one- 
half of the output of the latter in any one year until 1893. It also 
shows a close correspondence in variations with the outputs of rolled 
iron and steel up to last year. While the quantity of rolled iron and 
steel produced represents the consumption of a liberal proportion of 
the total pig iron output of the country, it also demonstrates that large 
amounts of pig iron are absorbed for foundries and other purposes. 
The amount of rolled iron may be considered as having been on the 
increase, notwithstanding the more rapid extension of steel manufac 
ture, but as this rolled iron was not reported separately its relative 
position with the amount of rolled steel can not be shown.

The output of Bessemer pig iron represented, in the last eight years 
for which it has been separately reported, the following percentages of 
all kinds of pig iron made in the United States:

Percentage of Bessemer pig iron to total pig iron made from 1887 to 1894.

Years.

1887..........................
1888-----------.---.-----.---.
1 QQQ

1890 ..........................

Percentage 
of total 

pig iron.

44.8

41.4

Yeurs.

1891 ..........................

1893 .........................

Percentage 
of total 

pig iron.

41 9

As much of the foreign iron ore brought to this country is of Besse 
mer grade, and as the employment of mill cinder and other substitutes
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for iron ore is practically confined to furnaces producing non-Bessemer 
pig iron, these would influence any determinations of quantities. 
Although some ores very low in phosphorus but comparatively lean in 
iron are liberally used, the majority of the ores of Bessemer grade sup 
plied to American blast furnaces are above the average richness. It is 
probable, therefore, that the proportion which Bessemer ores bore to the 
total iron-ore product in various years was somewhat below the figures 
in the above table, which represent the proportion which Bessemer pig 
iron bore to the total make of the United States.

The exact relation between the amounts of rolled iron and steel man 
ufactured and the production of pig iron can not be determined, for 
there is a loss in the conversion of pig metal to rolled iron and steel, 
varying in different processes, and on the other hand a considerable 
quantity of old material is cut up and used as scrap in the mills. 
Assuming for this discussion that the losses in conversion and manu 
facture offset the quantities of scrap used, the diagram will show the 
approximate consumption of pig iron which is transformed into rolled 
iron and steel, the balance being consumed principally in foundries. 
On this assumption the pig iron produced in nine years was utilized 
in the following proportions:

Proportions of total pig iron used for rolled iron anil steel and foundries.

Years.

188G
1887
1388..................
1889
1890..................

Dsed for 
rolled 

iron and 
steel.

Per cent. 
76. -I
81.6
71.1

65.4

Used for 
found 

ries, etc.

Per cent. 
23.8
18.4
28.9
31.]
34.6

Years.

1891...................
1892...................

1894...................

Used for 
rolled 

iron and 
steel.

Percent.

69.8
n o

Used for 
found 

ries, etc.

Per cent. 
34.9
32 7
30.2
98 1

The proportion of pig iron used in foundries as given above will 
include the metal of Bessemer grade utilized in producing steel castings.

IMPORTANT PRODUCING MINES.

Although the restricted operations of the year 1894 affected the more 
prominent iron-ore mines or mining operations, these were as a rule 
equipped with more improved machinery and labor-saving devices, and 
some of them commanded greater capital than the smaller mines; hence, 
mining was continued, although in some instances considerable ore was 
stocked. The statistics show that in 1894 forty-four mines produced 
9,177,900 long tons, or 77.26 per cent of the total iron-ore output of the 
entire country in 1894. This is a higher percentage than in any year 
reported, as will be seen by glancing at the following table showing 
the number of mines producing over 50,000 long tons of iron ore, the 
total amount which they mined, together with the total output for the 
United States and the percentage of such output contributed by the 
more important mines in 1889, 1892, 1893, and 1894:
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Total amount of iron ore produced by the more important mines compared with the total
for the United States.

Years.

]889....... ........................
189S..................... ..........
1893...............................
1894......... ....................

Number of 
mines pro- 

diicing 
over 50,000 
long tons.

65
71

Total output 
of these 
mines.

Long tons.

8, 302, 099

Total pro 
duction 

of United 
States.

Long tons.
16, 296, 666
11 587 629
11,879,679

Percentage 
of total.

71.58

77.26

Of the more prominent operations, two contributed over 600,000 long 
tons, two between 500,000 and 600,000 tons, one over 400,000 tons, six 
between 300,000 and 400,000 tons, five between 200,000 and 300,000 tons, 
fourteen between 100,000 and 200,000 tons, and fourteen between 50,000 
and 100,000 tons. Of these operations, twenty-one are found in Mich 
igan, eight in Minnesota, seven in Alabama, two in Wisconsin, and oue 
each in Colorado, New Jersey, New York, Pennsylvania, Tennessee, 
and Virginia. If these mines were divided according to classes it 
would be found that thirty-six produced ore of the red hematite variety, 
tour brown hematite, three magnetite, and one magnetite and red hema 
tite.

The following table gives production and names of those of the larger 
mining operations whose managers expressed no objection to such 
publication:

Production of the more prominent iron ore minis during 1894.

Thames of mines.

Metropolitan Iron and Land Com-

Meaaabi Mountain Mine, Minne-

Ishkoodaand Spalding, Alabama.. 
Lake Superior Iron Mining Corn-

Amount.

Tjong tons.

CF.Q 919

376, 469

3 71 71 n

804, 867

293 170
249, 650
206, 963

200, 523

197, 416

!N"amea of mines.

Penn Iron Mining Company, Mich-

Queen Iron Mining Company, Midi'

AVinthrop and Mitchell Mines, 
Michigan, including "Wiutlirop

Amount.

Long tons.

141 203

111,000

101, 329

90, 048

66, 987
65, 983

62, 228
61,519
58 7201
57, 435

828, 328
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The average output of the 44 operations was 208,589 tons per mine, 
which is a larger amount per operation than in any of the previous 
years, the average for 1880 being 159,809 long tons; for 1892,176,928 
tons, and for 1893, 153,743 long tons. This, however, is due to the fact 
that a large proportion of the total output of the country is distributed 
among a few mines, for although the average per mine was greater in 
the year 1894, there was in 1892 four operations, each producing from 
634,714 long tons to 1,002,963 long tons, and 67 other mines which con 
tributed over 50,000 long tons each. In 1893 the large producers, 
although more numerous than in 1894, supplied a smaller proportion of 
the country's total, and. no single operation reached 500,000 long tons.

By comparing the reports of 1892 and 1893 it will be noticed that 
some of the mines which then stood close to the head of the list as pro 
ducers occupy subordinate positions in 1894, or are entirely absent 
from it.

STOCKS OF IRON ORES.

As any statement' of production which omits to consider the stocks 
at the mines at the beginning and at the end of the year is incomplete, 
the following table, covering the five years for which such data were 
collected, has been prepared.. This table exhibits the quantities of iron 
ore at the mines in the various States at the close of each of the years 
named, which quantities represent the following percentages of the 
total product during the year:

On December 31,1889, the mine stocks represented 15.55 per cent of 
the iron ore mined during the year 1889.

On December 31,1891, the mine stocks represented 16.79 per cent of 
the iron ore mined during the year 1891.

On December 31, 1892, the mine stocks represented 17.87 per cent of 
the iron ore mined during the year 1892.

On December 31, 1893, the mine stocks represented 30.43 per cent of 
the iron ore mined during the year 1893.

On December 31, 1894, the mine stocks represented 27.24 per cent of 
the iron ore mined during the year 1894.

Theoretically, the stock on hand at the close of 1893, added to the 
production of 1894, represented the available supply. Deducting from 
this the stock on hand at the close of 1894, the quantity would appear 
to show the consumption of iron ore. But the most important pro 
ducing district of the United States is the Lake Superior region, from 
which the ore is sent forward by vessels during the seven or eight 
months when navigation is possible and is accumulated on great stock 
piles at lower Lake ports and at prominent blast furnace plants, to be 
distributed and used during the portion of the year when shipments 
can not be made. Therefore estimates of consumption must be prepared 
with a knowledge of the relative amounts of such stock piles at different
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periods, and as the calendar year closes shortly after the shipping season 
ends these stocks are generally heavy.

Stocks of iron ore on hand December SI, 1889, 1891, 1893, 1893, and 1894.

States. .

Virginia and West Vir-

Georgia and North Caro-

Montana, New Mexico, 
Nevada, and Utah ......

Connecticut and Massa-

Texas

Total...............

1889.

Long tons.
278, 936
104,462

46, 669
16, 844

7, 198
185, 890

32, 148
291, 790

07, 956

« 18, 723

14,476

1891.

Long tons. 
1, 153, 166

160, 084

31, 851
211, 869

64, 856
5,580

204, 199

266, 544

623.883 
500

8,500

1892.

Long tons. 
1, 520, 477

247, 053

92, 984
62, 124

251, 649

4, 200
244, 583

127, 546
60, 013

c 19, 529 
6,504

2,810
18,103
8,000

1893.

Long tons. 
1, 844, 370

60, 171

28, 880

455, 675
146, 027

80
246, 851

73,507

13, 562 
9, 725

1,892
25, 806
7,900

3, 526, 101

1894.

Ijong tons.
504, 861

27 295

394, 484

63 317

212, 859

(Z12, 280

3,847

a Including Idaho, Oregon, and Washington.
b Including Idaho and Oregon.
c Including Oregon.
d Only year in which Nevada ia represented.
e Including Maine.

IMPORTANCE OF THE LAKE SUPERIOR DISTRICT.

Before taking up the variations in stocks held at lower Lake ports, 
attention maybe directed to the magnitude of the Lake Superior iron-ore 
interest and its relation to the total supply of the United States. The 
history of this interesting district and statements concerning its vari 
ous ranges of mines which make up the district have appeared in 
former reports, and for the present only the ranges need be recapitu 
lated. They are given below in the chronological order of their devel 
opment: The Marquette Range in Michigan, the Menominee Range in 
Michigan and Wisconsin, the Gogebic Range in Michigan and Wis 
consin, the Vermilion Range in Minnesota, and the Mesabi Range in 
Minnesota. In 1894 these ranges, placed in the order of the quantity 
of iron ore produced, stood thus: Marquette, Mesabi, Gogebic, Menomi 
nee and Vermilion. <•
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The bulk of the ore was shipped by vessel, and this was loaded at 
the various ports as follows, similar data for 1892 and 1893 being inserted 
for the purpose of comparison:

Lake shipments of iron ore, 1893, 1893, and 1894.

Ports. 1894.

lioiuj tons. 
1 644 7'"0
1 74R 1Qfl

79 108'

1893. •

liong tons.
2 (]AQ QQT

1, 117, 520

902. 352

80, 273

1892.

Long tons.

1, 165, 070

8,545,313

The above table, taken from the Cleveland Iron Trade Review, shows 
that in 1894 Escanaba lost the lead which that port had so long held, 
Ashland taking first rank, followed by Escanaba, Marqnette, Two Har 
bors, Duluth, and Gladstone, in the order named. There was but a 
difference of a few cargoes between the season's shipments at Two 
Harbors and Duluth.

The importance of the Lake Superior region is illustrated on PL XIV, 
which by columns indicates the total quantities of iron ores produced in 
the United States in the years 1880,1889,1890,1891,1892, 1893, and 
1894, the columns being divided to show the relative proportion of ore 
which came from mines in the Lake Superior district and from mines in 
other portions of the United States. The quantities represented by 
these columns are also presented below,

Production of iron ore in the Lake Superior district and in the United States.

Production of Lake Sn-
Production uf other iron

Total production of 
thetJnitedStates.

1880.

Long 
torn. 

1, 077, 814

5, 442, 548

7, 120, 362

1889.

Long 
tons. 

7, 519, 014

6, 998, 427

14, 518, 041

1890.

Long 
tons. 

8, 944, 031

7, 092, 012

16,036,043

1891.

Lomj 
tons. 

7, 621, 465

6, 909, 713

14, 591, 178

1892.

Long 
tons. 

9, 564, 388
6, 732. 278

16, 296, 666

1893.

Long 
tons. 

6, 594, 618

4,89.3,011

11,587,629

1894.

Lmig 
tons. 

7, 692, 548

4. 187, 131

11,879,079

Represented by percentages of the total for the United States the 
Lake Superior district produced the following proportions:

Percentage of iron ore produced ty the Lake Superior district.

Tears.

1889 .........................
1890
1891

Percentage 
of total 

production.

55.8
52.2

Years.

1894 ..........................

Pcrcentnge 
of total 

production.

58.7

64.8

16 GKEOL, PT 3———14
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These percentages, however, do not represent the true importance of 
this district, for, owing to the prevailing superiority of theores obtained, 
they enter more largely into the manufacture of jiig iron than the 
quantities show in the absence of a knowledge of quality.

DISTRIBUTION OF LAKE SUPERIOR ORES.

The Lake Superior iron ores can not be followed to the points of con 
sumption, but omitting the all-rail shipments and. the stocks on hand 
at the mines, records permit of showing their distribution. The vessels 
leaving the various shipping ports above mentioned convey the iron ore 
to blast furnaces on Lake Michigan or to receiving docks on Lake Erie, 
and the iron ore brought to these docks is carefully reported. For the 
past three years the quantities received at the various lower Lake 
ports, and the stocks on hand December 1, on the receiving docks, were 
reported by the Cleveland Iron Trade Review as follows:
Receipts of iron ore at lower Lake ports in season of 189%, 1893, and 1894, and stouks on

hand-Devember 1.

Erie ..............

1894.

Lrw.g ton*.

1, 624, 573

a 395, 339

Receipts.

1893.

Long tons.

799 517

203, 207

1892.

Lonq tana.

1,950,224
866. 611

197 000
1,130

189J.

Lung tons.

94 239
] 99, 365

Stocks,

1893.

Long tons. 
1, 296, 431
1, 163, 930

91, 337

78, 439

1892.

Long tons.

610, 609
125 000

87, 500

alnulmles Tonawimda.

The difference between the total of these receipts and the total ship 
ments from upper Lake ports, 1,240,795 long tons, indicates the quan 
tity of ore sent to blast furnaces at Chicago, Milwaukee, and some char 
coal furnaces in Michigan.

The Lake Superior mines supply the bulk of the iron ore used in 
Illinois, Wisconsin, Michigan, Ohio, West Virginia, and western Penn 
sylvania, and are regularly used as mixtures with other local ores in 
middle and eastern Pennsylvania and northern Kentucky.

The general features of the movement of the product of the Lake 
Superior iron ore mines is shown graphically on PI. XV. The upper 
line indicates the total amount of iron ore reported as shipped from the 
mines, the data being obtained from the statement which has appeared 
annually in the Cleveland Iron Trade Eeview from 1885 to 1894. The 
next line indicates the total Lake shipments, similarly reported, for the 
years 1889 to 1894, the difference between the first and second lines 
representing the amount of iron ore used close to the mines and
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DIAGRAM SHOWING THE RELATIVE PRODUCTION OF IRON ORE IN THE LAKE SUPERIOR REGION TO THE TOTAL
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shipped by railroad. The third line shows the receipts of iron ore 
reported at the close of each shipping season as having arrived during 
the season at the various ports on Lake Erie. The intervals between 
lines two and three show the relative amount of iron ore which was 
sent forward by vessel to furnaces in Illinois, Wisconsin, and Michi 
gan. The fourth line represents the stocks of Lake Superior iron ore 
reported on hand at lower Lake ports on December 1 for each year 
from 1885 to 1894, which is practically the end of the shipping season; 
while the fifth line represents the stocks at the same ports which 
remained on hand on May 1 of the year following, the intervals between 
the fourth and fifth lines showing the extent to which these stocks 
were drawn upon to supply ore to blast furnaces during the suspension 
of navigation. As ore is seldom received before the middle of May, 
and as some of the ore held over may have been sold bnt not delivered, 
there would be in practice somewhat greater difference between the 
lines showing the stocks of ore December 1 and May 1 of the year 
following.

It must be remembered that PI. XV refers to shipments only, and 
not to production, statistics collected by the Survey being invariably 
the quantities of iron ore produced or in stocks at mines, while those 
reported in trade journals are for the shipments and the stocks held at 
lower Lake ports.

IMPORTATION OF FOREIGN IRON ORES.

The Bureau of Statistics of the Treasury Department has, as in pre 
vious years, furnished statistics giving the quantities and values of 
iron ores imported into the United States during the. year ending 
December 31,1894, by countries and also by customs districts, and to 
this similar data for the years 1889,1890,1891. 1892, and 1893, have 
been added.
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An examination of the table shows that in the past two years, when 
taken together, the importation of foreign iron ore has been affected 
relatively more than the production of domestic ores, notwithstanding 
the reduction of duty from 75 cents to 40 cents per ton which has been 
in force since August 28, 1894, and the importation of considerable 
foreign ore in expectation of the removal of all duty. In 1894 the 
amount of foreign iron ore imported was less than in any year since 
1878.

Such examination also shows a material decrease in the quantity of 
European ores received, the only contributors from that continent 
which sent as much as a cargo of iron ore in 1894 being Spain and 
England. In fact, in that year but little ore came from Europe, Cuba 
supplying 83.7 per cent of the total foreign iron ore brought to the 
United States, this circumstance probably being due more to the own 
ership of Cuban ore deposits by persons interested in iron works which 
are reached via the ports of Baltimore and Philadelphia than to their 
convenient location, for, as in other places, established transportation 
facilities, with cargoes in both directions, may offset shorter hauls.

The value of the iron ore imported does not represent the true value 
of the material at the mines, but merely the selling price at the port of 
shipment, to which must be added the ocean transportation, import 
duty, dock charges, commissions, etc. Some of these ores, while classed 
as iron ore, are used for other purposes.

The average value of the ores imported indicates a constant increase 
from 1889 to 1891, when it reached $2.69 per ton, then decreasing each 
year until in 1894 the average value was but $1.60 per ton. The fol 
lowing table shows the average value of the ore imported from 1889 to 
1894, inclusive, as determined by dividing the total value at port of 
shipment by the total amount of ore received:

Average value of imported iron ores.

.Tears.

1889.........................
1890.........................

Average 
valutf per 
long ton.

2.69

Years.
Average 
value per 
loujj ton.

$2.23
1.72

The relation which toreign iron ores imported in various years bore 
to the production of domestic iron ores is graphically shown on PI. XT.

If the importations are divided according to customs districts, it will 
be seen that, as in former years, Baltimore and Philadelphia were the 
prominent points of entry, increasing their joint percentage from 95 per 
cent of the total imports in 1891 and 1892 to 97.5 per cent in 1893 and 
99.1 per cent in 1894. The two cities liave in late years alternated in 
position, in one Baltimore being in advance, while in the next Phila-
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delphia received the greater amount of ore. In 1894 59.2 per cent of 
all the foreign iron ore imported into the United States came via the 
port of Philadelphia.

The ore imported at Puget Sound, Washington, viz, 960 tons from 
British. Columbia, was probably used as a flux in silver smelting. The 
major portion of the iron ores imported are red and brown hematites, 
although some magnetite and chromic and manganiferous iron ores are 
also brought to this country. As would naturally be supposed from 
an examination of the points of entry, most of the iron ore is used at 
or near the Atlantic Seaboard,- in fact, two iron and steel companies 
consumed the major portion of the ores at their furnaces.



PRODUCTION OP IRON ORES. 215

I

I

IS•S

•̂fe

s
J •c

••*§

3
CO

§
CO

7-1

T— i

s
*D

03
5"3

Quantity.

O)

£
a
<3
3

G?

Value.

Quantity.

3•a

Quantity.

03
3

"3

3 
&

3"3

Quantity.

I

Oi ;= •* • •

•3 :
co -*n o
S O OJ tO w co inp-a

* L— e-i <o M
£ t- m c-i co
0 I- CO 1.1 L-

1"""

j|i
£ 51 Ol CO OJ
O OJ CO tO •*)<

S ^ co

M tO ift f- 
Oi i— i 1— (t)
O O OJ O

S- 1"1

J <D ro t- Oi 
•^ t- T— i CO 
CO rO CO O

I3"""

1C C5 C5 CO

i— 1 tO ~H O 
Si— I O tO 

O ,-1

i'lsgg
|gasa

T— i CD i-- in co
•^ CO Oi t— CO 
T— i L-- (M O ?J

Iges

_O ^H 0 CO tO 

^M t> (M rH

1
§
CO

S <D O 
^H 10

t- CO L-a \\fn
•*£ II
to

OS 
(M

1

s

OS 
f£>
O

0

CM"

(M

o"

OS

CJ 
CO

OJ
o QC

s
T— i

§e-i

s
o
CO

I

S M

I""
CO-

tOCO (M

lO ^HCC 31

s 11
ro to
(M i-l

CM t- ia» , g&
(M Tf<

COCO <D CO COS 'ra ™ » §

oc to coo; ^
t- T— i O M

CO (M

(M

t>

co

1

CO

§
co"

i,

1C

i
2

CO

I-

Io"

8co"

... . . II II

1*

3

1

-:
,b
«

^H

is

CO r-i 
<O 0)
IQ ,-1

00

(M

CO 
CO
iO

CO 
CO

o 
£
CO*

ss
T— i

to

8~

to 

oi

CD

<.

§

i

s

— i 

o

g 
of

OJ 
CO«
1

I--
<£

a

0 [I
n II

rH

S

CO

2

1
1ft

£

CO

8

re

111

-t

<M

T— i

1

M

CO 

OJ
T— i
CO

i

i
B

£

s
i
s
to

ts.

O)t>.

.!» 
s
soo

ICMIs 
I

Is.
OO

^-i
OJ

CO

•rti" • 
tO 
CO
C-l"

is
I CO

i!
CO

1

i
00 

OD

: : : : : S : : : : : : : : 3 : :
. . r.-O ......ti^ . X (M

• ; ; • • £ .-tM ; - ? -35 ^ - 9 - 3

«;^; | ^ iij I ^^ 1 a S a
^•&s ^ tf« •§*§ -3 t°13 (5 M| 6 | .1
to-^fl 1 -§SSS^° 1 §||o 1 Irf 3 g 3 — S; oS" o -B° « . -w=,SSSMiS''3 o g o11^ § H H Ills H •?! H i H
^=*5 ^-Sro feSc.S^^S, «!3 a d d a Bfl^ffiSS ms^osSfl SK!§§ "fflU a
P4P3SP4P OP5UPOU AnPcccfi cfi?-( 3

-3 
So

1!-

I



216 MINERAL RESOURCES.

ACKNOWLEDGMENTS.

In the preparation of the foregoing report assistance has been 
obtained from many persons, and numerous publications have been 
studied. Acknowledgment to all who have rendered aid or reference 
to all sources of information can not be made, but the following should 
receive special recognition:

F. L. Bitler, Philadelphia, Pa., for collecting data, analyses, and figures of pro 
duction from various countries, and for the preparation of maps and graphic repre 
sentations.

E. K. Landis, Philadelphia, Pa., for general revision of analyses and for transla 
tions.

Dr. Alfred R, C. Selwyu, Ottawa, Canada, for a general revision of the article on 
British North America.

A. Blue, director of bureau of mines, Toronto, for table of production and exports 
of iron ore in Canada, etc. "

J. Obalski, M. E., Quebec, Canada, for figures of production of iron ore in the 
Province of Quebec.

Dr. George M. Dawson, director Canadian geological survey, Ottawa, Canada, for 
various reports on Canadian iron-ore deposits.

H. C. Babbitt, Thurlow, Pa., for analyses of Cuban, Spanish, Grecian, and Algerian 
iron ores.

Col. Thomas B. Nichols, Newark, N. J., for description of blast furnace and iron- 
ore deposits of United States of Colombia.

Senor Vicente Pazos y Sacio, Pachuca, Mexico, for description of Peruvian iron- 
ore deposits.

James R. Maxwell, C. E., Philadelphia, Pa., for revision of Peruvian article.
S. Norton, Hokendauqua, Pa., for description and analysis of Venezuelan iron ores.
Orville A. Derby, Commissiio Geographico e Geologico, SSo Paolo, Brazil, for 

description of the Brazilian iron-ore workings and blast furnaces.
Dr. William E. Curtis, Washington, D. C., for analysis of South American iron ores.
F. S. Witherbee, New York, N. Y., for partial revision of European and African 

descriptions.
Fred Lehman, New York, N. Y., for information concerning shipments of foreign 

iron ores.
H. Buueiman, London, England, for general revision of article on the iron ores 

of Great Kritain.
J. S. Jeans, secretary British Iron Trade Association, for statistics in regard to 

the production of iron ore and pig iron in Great Britain.
Bennett H. Brough, secretary British Iron and Steel Institute, London, England, 

for reports of English statistics.
Prof. S. Jordan, Paris, France, for data in relation to iron-ore deposits of France 

and statistics in regard to the production of iron ore in France and Algeria.
Max Duchanoy, Paris, France, for a partial revision of the French article.
M. Ad. Carnot, Paris, France, for analyses of French and Algerian iron ores.
Alexander Pourcel, Paris, France, for figures of production of iron ore in Spain.
Prof. Richard Akerman, Stockholm, Sweden, for Swedish mineral statistics and 

data in regard to same, and also for Norway.
Hjalmar Lundbohm, Stockholm, Sweden, for data and analyses in regard to 

Swedish iron ores, and for revision of text.
Olaf Wenstrcini, Sulitelma copper mine, Bodo, Norway, for revision of Swedish 

and Norwegian data.
N. Lilieuberg, New York, N. Y., for revision of Swedish article.



PRODUCTION OF IRON ORES. 217

Henrik V. Loss, Philadelphia, Pa., for Swedish translations.
M. Paul Trasenter, Liege, Belgium, for description, figures of production, and 

statistical reports in regard to the iron ores of Belgium.
Hon. Clark E. Carr, Copenhagen, Denmark, for remarks in regard to Denmark.
Dr. Herman Wedding, Berlin, Germany, for revision of report, data, and statistics 

in regard to German and Austrian iron ores.
Prof. E. de Gerard, Zurich, Switzerland, for paper on Swiss iron ores.
Prof. L. Tetmajer, Zurich, Switzerland, for statistics of production of iron ore 

and pig irou in Switzerland.
C. Kirchhoff, New York, N. Y., for figures of Italian iron-ore production.
George Kamensky, St. Petersburg, Russia, for figures of production of irou ore.
John Martin Crawford, St. Petersburg, Russia, for statistics of Russian iron ore 

and pig iron.
William Duff Brnce, London, England, for information concerning India and stat 

istics in regard to the production of iron ore hi that country.
Prof. John A. Church, New York, N. Y., for general description of the iron-ore 

industry of China.
G. J. Snelus, Friziugton, England, for short description of Chinese iron works.
Augustine Heard, consul-general of the United States at Seoul, Korea, for descrip 

tion of the iron industry of that country.
Eeiji Kanda, Tokio, Japan, for a general revision of the Japanese iron-ore article.
T. Kitsunesaki, Ani Copper Mine, Japan, for general statement in regard to the 

extent of the iron-ore deposits.
John Russi, United States consular agent at Sam, Morocco, for the data in regard 

to deposits of iron ore in Morocco.
Prof. Haton de la Goupilliere, Paris, France, for the description of Tunisian iron- 

ore deposits.
William D. McCay, United States minister resident and consul-general at Mon 

rovia, Liberia, for general description of deposits in that country.
W. H. Fnrlonge, M. E., Johannesburg, South African Republic, for general 

description of iron-ore deposits in the Transvaal.
Charles M. Rolker, New York, N. Y., for description of South African deposits.
Daniel Halm, Cape Town, Cape Colony, for short mention of iron ore south of 

Canene and Zambesi.
Johu C. F. Randolph, M. E., New York, N. Y., for general description of the iron 

industry of Borneo and Malaysia.
Joseph E. Carne, Sydney, New South Wales, for description and analyses of iron- 

ore industry of the Proviuce.
John D. Connolly, consul of the United States at Auckland, New Zealand, for data 

and pamphlets in regard to New Zealand's iron-ore deposits.
A number of American ministers and consuls at various places also supplied means 

for obtaining data in regard to the countries where they are located, and commis 
sioners of the World's Columbian Exposition representing Germany, France, Russia, 
Sweden, Cuba, Hayti, Argentine Republic, Japan, etc., extended courtesies or fur 
nished information.

BIBLIOGRAPHY.

Among the works examined in connection with this monograph, 
besides numerous reports upon individual deposits or specific locations, 
are the following:

Mineral Resources of the United States for a series of years.
United States Consular Reports.
Tenth Census. Volume XV, Mining Industry.
Eleventh Census. Mineral Industries.



218 MINERAL RESOURCES.

Transactions of the American Institute of Mining Engineers.
Journal of the United States Association of Charcoal Iron Workers.
Annual reports of the American Iron and Steel Association.
The Iron Age.
Eeports of the Division of Mineral Statistics and Mines, Canadian Geological 

Survey.
Notes on Iron and Iron Ores. T. Sterry Hunt.
Mineral Wealth of British Columbia. Dr. George N. Dawsoii.
Minerals of Nova Scotia. Edwin Gilpin.
Iron Ores of Nova Scotia. Edwin Gilpiu.
Canadian Mining Manual. B. T. A. Bell.
Mineral Eesources of Ontario.
Reports of Prof. James P. Kimball, E. V. d'lnvilliers, Rattle and Nye, and F. F. 

Chisolm, on the Cuban iron-ore deposits.
State of Para. Dr. Lauro Sodre.
Journal of the Iron and Steel Institute.
Special Volume of the Iron and Steel Institute.
The Iron Ores of Great Britain and Ireland. J. D. Keudall.
The Metallurgy of Iron. H. Bauerman.
Great Britain's Requirements and Available Supply of Bessemer Ore. Josiah T. 

Smith.
Annual Eeports of the Mineral Statistics of the United Kingdom of Great Britain 

and Ireland.
Minerals de Fer de la France, de l'Alge"rie, ex de la Tunisie. M. Ad. Carnot.
Philip's Ore Deposits.
La Side"rurgie en France et a 1'fitranger. M.' Cyriaque Helson.
Swedish Catalogue, World's Columbian Exposition, 11. Swedish Statistics. Dr. 

S. A. Lofstrihn.
Jern Kontoret's Annaler.
Reports Sveriges Offlciala Statistics.
Apatit forekomster i Norbottens Malmberg. Hjalmar Jlmndbohm.
Royaume do Su&de, L' Industrie Miniere de In. Suede. G. Nordeustrom
Stalil und Eisen.
Der Bergbau und Huttenbetrieb des Siegerlands.
Der Bergban und Huttenbetrieb der Lahn, Dill und Benauhbarton Reviere. 

Nassau. ' •
Industries of Enssia. Mining and Metallurgy. A. Keppen.
Annual Eeports, Statistique des Mines, Miniferes, Carriers, etc., of Belgium.
Eevue Universelle des Mines.
Die Geschichte desKisens in seinen technologischen und culturhistorischeu Bezie- 

hungen. Dr. Ludwig Beck.
Geology of India. V. Ball.
Eeports of Government of India. Returns of minerals and gems produced in each 

British Province and native State.
The Mining Industry of Japan during the last twenty-five years (1867-1892). Wada 

Tsuuashiro.
The Congo and the Founding of the Free State. Henry M. Stanley.
Life and Labors of Livingstone.
Catalogue of New South Wales Exhibit, Department E : Mines, Mining, and Metal 

Inrgy.
Annual Reports of Department of Mines and Agriculture, New South Wales.
Mines and Mineral Statistics of New South Wales. Hon. John Lucas.
Record of the Mines of South Australia. Henry Y. L. Brown.
Eeports of the New Zealand Colonial Industries Commission.



IRON AND STEEL AND ALLIED INDUSTRIES 
IN ALL COUNTRIES.

BY JAMES M. SWANK,
GENERAL MANAGER OF THE AMERICAN IRON AND STEEL ASSOCIATION.

I JSTTRODTJCTl O?sT .

In the present paper we shall deal with the statistical results accom 
plished by all leading iron-making aud coal-mining countries. Our 
inquiries will be carried back as far as authentic statistics have been 
recorded, discarding all statistics which are of doubtful authenticity. 
Official sources of information will be consulted wherever possible. 
The statistics for the United States will be giveu mainly upon the 
authority of the American Iron and Steel Association. The authorities 
relied upon for correct.statistics for other countries will be mentioned 
in their proper connection. As iron ore and coal are the raw materials 
in the manufacture of iron, except when charcoal is used instead of 
coal, we shall in each instance give the statistics of the production 
of these raw materials before giving the figures for iron and steel.

The leading countries of the world which produce iron and steel are 
the United States, Great Britain, Germany, France, Austria-Hungary, 
Kussia, Belgium, and Sweden, in the order in which they are men 
tioned. As we have heretofore remarked, it is only in northern lati 
tudes in both hemispheres that iron and steel are made in large or even 
in noticeable quantities. Spain is a large producer of iron ore, but not 
of iron or steel. The most of the iron ore it produces is exported. 
Algeria, Greece, Italy, and Cnba also produce considerable quantities 
of iron ore for exportation.

The leading coal-produciug countries of the world are Great Britain, 
the United States, Germany, Austria-Hungary, France, Belgium, Rus 
sia, Canada, New South Wales, Japan, and India, in the order in which 
they are named. Spain and New Zealand also produce coal in con 
siderable quantities. Italy produces chiefly lignite. In the list of 
coal-prodncing countries Great Britain comes first and the United 
States second, although it is not improbable that when the statistics 
of production for these two countries at the close of the present century 
are compiled it will be found that their positions have been reversed.

219
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The United States is usually first of all countries in the production of 
irou ore.

Other countries than those above mentioned produce small quantities 
of iron ore, coal, pig iron, and steel, and still other countries possess 
undeveloped resources of irou ore and coal.

THE UNITED STATES. 

IRON ORE.

The Census Office does not give exact statistics of the production of 
iron ore in the United States in any year prior to 1880. The statistics 
.which it gives for 1850,1860, and 1870 are only approximately correct, 
but for 1870 they are more nearly correct than for either of the other 
periods, and for the purposes of this paper they may be regarded as 
complete. We will begin our record, therefore, with 1870, premising 
that in 110 previous census year, and probably in no previous calendar 
year, was the production as large as in that year.

The production of iron ore in the United States in the census year 
1870 was 3,031,891 gross tons; in the census year 1880 it was 7,120,362 
tons; in the calendar year 1889 (census of 1890) it was 14,518,041 tons. 
From 1870 to 1880 the increase in production was over 134 per cent, 
and from 1880 to 1889 it was over 103 per cent. Our imports of iron 
ore, as will presently be shown, greatly increased after 1878.

The production of iron ore in the United States since 1889 has been 
ascertained and published by the division of mineral resources of the 
United States Geological Survey, the figures having been collected by 
Mr. John Birkinbiue. The production in 1890 was 16,036,043 gross 
tons; in 1891, 14,591,178 tons; in 1892, 16,296,666 tons; in 1893) 
11,587,629 tons; and in 1894,11,879,679 tons. It may be proper to add', 
for the information of the future statistician, that 1893 was the year of 
the greatest financial and industrial panic the United States has ever 
experienced, which will account for the great decline in the production 
of iron ore in that year and for other reductions to be noted hereafter.

In the last few years, beginning with the year 1889, but excepting 
1891, the Lake Superior iron-ore region has supplied more than one- 
half of the annual production of irou ore in the United States.

IMPORTS OP IRON ORE.

Prior to 1879 statistics showing the quantity of iron ore annually 
imported into the United States were not preserved by the Treasury 
Department. In that year we began for the first time to import iron 
ore largely from. Europe, and since then the statistics of the quantity 
of iron ore annually imported have been preserved. Prior to 1879 such 
iron ore as was imported came largely from Canada. This was notably 
the case in 1873, 1874, and 1875, in which years more than one-half of 
our iron-ore imports was received at lake ports from Canada. In no
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year before 1879, however, did our total imports of iron ore exceed 
100,000 tons. In that year they amounted to 284,141 tons.

The first shipment of iron ore from Cuba to the United States was 
made in August, 1884, by the Juragua Iron Company. In October, 
1892, the Sigua Iron Company also commenced to ship iron ore from 
Cuba to the United States, 7,830 gross tons being shipped by this com 
pany in 1892 and 14,022 tons in 1893.

COAL.
Like iron ore, authentic statistics of the production of all kinds of 

coal in the United States do not begin until the census year 1870, 
although the annual shipmen ts of anthracite coal alone from Pennsyl 
vania have been preserved since 1820, in which year this kind of coal 
may be said to have first become a commercial product.

The first shipments of coal and coke through the locks and pools of 
the Monongahela Navigation Company began in 1844, in which year the 
total shipments amounted to 737,150 bushels. For the first time the 
shipments exceeded 100,000,000 bushels in 1882. The total shipments 
for that year and succeeding years have been as follows, nearly all the 
shipments being of coal:
Shipments of coal and coke through the looks and pools of the Monongahela Navigation

Company since 188%.

Years.

1QQQ

1884.-.....-..
1885..........
1886..........

Bushels.

112 395 389
81, 706, 852

Years.

1887

1889...........
1890..........
1891...........

Busliels.

78 912 900

81, 162, 500

Tears.

1894...........

JiuBhels.

97 419 850
96 799 '(00

116', 545^ 313

IMPORTS AND EXPORTS OF COAL AND COKE.

The United States is neither a large importer nor a large exporter of 
coal. The imports are chiefly from Australia and British Columbia to 
San Francisco, from Great Britain to the Atlantic and Pacific coasts, 
and from Nova Scotia to Atlantic Coast ports. The exports are made 
principally by rail and by lake and sea to the Canadian provinces. 
Exports are also made by sea to the West Indies, to Central and South 
America, and elsewhere.

The United States imports and exports very little coke. In the 
fiscal year ended June 30,1894, the imports of coke amounted to 31,403 
gross tons, valued at $89,200, nearly all coming from England and 
most of the remainder from Belgium. Nearly all the coke imported 
in 1894 was received at Pacific Coast ports. In the same fiscal year 
the exports of coke amounted in value to $184,509. The destination of 
the coke exported was as follows: Mexico, $146,701; Canada, $12,790; 
Venezuela, $17,896; other countries, $7,122. For the above statistics 
we are indebted to the Bureau of Statistics of the Treasury Depart 
ment.
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PIG IRON.

There are no complete statistics of the production of pig iron in the 
colonial period of the United States. Small quantities of pig iron were 
annually exported from 1728 to the beginning of the Eevolution, chiefly 
to England, the largest quantity exported in any year being in 1770, 
when 6,017 tons were sent to England and other countries. The 
largest annual exports of colonial bar iron also appear to have been in 
1770, when we sent to all countries 2,463 tons. The furnaces of that 
day were largely used to produce castings directly from the melted 
metal in the furnace crucible, and much of the bar iron of the same 
period was made directly from the ore in bloomeries. We think it 
altogether probable that long before the .Revolution the total annual 
production of castings and bar iron in the colonies may have been the 
equivalent of 50,000 tons of pig iron if the present methods of making 
castings and bar iron had then been followed, but it is not probable 
that the actual production of pig iron in colonial times exceeded half 
of this quantity in any year.

At the beginning of the Eevolution there were more than 50 fur 
naces for castings or pig iron in the colonies and probably 100 forges 
and bloomeries. There were also a few steel works for the manufacture 
of blister steel. The manufacture of iron in the colonies had attained 
considerable proportions before the Eevolntion.

The first industrial census of the United States was published in 
1814, and was for the year 1810. For this year the number of long tons 
of "cast iron" made in this country was returned as 53,908, all of which 
may be regarded as pig iron, although much of it was in the form of 
castings. For the census years 1820 and 1830 the quantities of iron 
and steel made in the United States were not obtained, and we are 
dependent upon later estimates for the production of pig iron at these 
periods. At all subsequent census periods the production of pig iron 
has been ascertained. Since 1854 the annual production of pig iron has 
been obtained by the American Iron and Steel Association and its 
predecessor, the American Iron Association.

We give below a table showing the production of pig iron in the 
United States from 1810 to 1894, in long tons:

Production of pig iron in the United States from 1810 to 1S94.

Years.

law..
1820..
1830..
1840.-
1850..
1854..
1855..
1856. .
1857..
1858. .
1859..
I860..

Long tons.

53, 908
20, 000

165, 000
286, 903
503, 755
657, 337
700, 159
788, C15
7)2,640

" 629,548
750, 560
821, 223

Years.

1861.
1862.
1863.
1864.
1865.
1866.
1867.
1868.
1869.
1870.
1871.
]872.

.

_

Long toils.

653, 164
703, 270
846, 075

1, 014. 282
831,770

1, 205, 663
1, 305, 023
1, 431, 250
1,711,287
1, 665, 179
1,706,793
2, 548, 713

Years.

1873. .
1874. .
1875.
1876.
18T7.
1878.
1879.
1880.
1881.
1882.
1883.
1884.

Long tons.

2, 560, 963
2,401,262
2, 023, 783
1, 868, 961
2, 066, 594
2, 301, 215
2. 741, 853
3, 835, 191
4, 144, 254
4, 623, 323
4, 595, 510
4,097,868

Years.

1885.
1886.
1887.
1888.
1889.
1890.
1891.
1892.
18B8.
1894.

,
.
_
_

_

Long tons.

4, 044, 526
5, 683, 329
6, 417, 148
6, 489. 738
7, 603, 642
9, 202, 703
8, 279, 870
9, 157, 000
7, 124, 502
6, 657. 388
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In 1892, which was a year of normal conditions more than 1893 
or 1894, the production of pig iron, classified according to the fuels 
used, was as follows, in long tons: Bituminous, almost entirely coke, 
6,822,266 tons; mixed anthracite and bituminous, 1,568,093 tons; an 
thracite alone, 229,020 tons; charcoal, 537,621 tons; total, 9,157,000 
tons. Down to about 1840 all the pig iron manufactured in the United 
States was made with charcoal, which continued to be the leading blast 
furnace fuel until 1855.

The production of Bessemer pig iron alone in the United States since 
1887 has been as follows, in long tons:

Production of Bessemer pig iron since 1887.

Tears.

1887...- 
1888. . . .

Long tons.

2, 875, 462 
2, 637, 859

Tears.

1889..... 
1890.....

Long tons.

3, 151, 414 
4, 092, 343

Tears.

1891..... 
1892.....

Long tons.

3, 472, 190 
4, 444, 041

Tears.

1893..... 
1894.....

Long tons.

3, 568, 598 
0, 808, 567

The production of spiegeleisen and ferro-mangauese in the United 
States since 1872 has been as follows, in long tons. This production 
is included in that of pig iron, already given:

Production of spiegeleisen and ferro-manganese since 1872.

Tears

1872.
1873.
1874.
1875.
1876.
1877.

Long tons.

4,072
3,930
4,070
6,993
5,907
7,897

Tears.

1878.
1879.
1880.
1881-
1882.
1883.

Long tons.

9,530
12,438
17, 503
18, 827
19, 610
21, 941

Tears.

1884.
1885.
1886.
1887.
1888.
1889.

Long tons.

30, 262
30, 956
42,841
42, 498
48, 901
76, 628

Tears

1890..
1891..
1892..
1893..
1894..

.

Long tons.

133, 180
127, 76fi
179, 131
81, 118

120,' 180

IMPORTS OF PIG IRON.

In the following table we give the imports of pig iron into the United 
States in the calendar years from 1871 to 1894. The imports of spie 
geleisen, ferro-manganese, and ferro-silicon are included in the figures 
given. In recent years these articles have formed more than one-half 
of the total imports:

Imports of pig iron Tty calendar years since 1871.

Tears

1871.
1872.
1873.
1874.
1875.
1876.

Long tons.

219, 228
264, 266
138, 132
54,612
74, 939

. 74, 171

Tears.

1877.
1878.
1879.
1880.
1881.
1882.

Long tons.

59, 697
66, 504

304, 171
700, 864
465, 031
540, 159

Tears.

1883.
1884.
1885.
1886.
1887.
1888.

Long tons.

322, 648
184, 269
146, 740
361, 768
467, 522
197, 237

Tears.

1 1889...
1890...
1891...
1892...
1893...
1894...

Long tons.

148, 759
KU, 955

67, 179
70, 125
04, 394
15, 582
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STEEL.

The production of steel in the United States in the census year 1810 
is returned at 917 long tons, of which 531 tons were made in Pennsyl 
vania, the remainder being made in Massachusetts, Ehode Island, New 
Jersey, Virginia, and South Carolina. It was probably all blister 
steel. We have no further statistics of the production of steel in the 
United States until the census year 1860, when 11,838 long tons are 
reported to have been made at 13 establishments, of which Pennsyl 
vania made 9,890 tons at 9 establishments. The production of 1860 
was in part blister steel and in part crucible steel.

No additional statistics of the production of steel in the United 
States are on record until 1863, when the total production is estimated 
to have fallen to 8,075 tons. In 1864 the production is estimated to 
have been 9,258 tons; in 1865, 13,627 tons; and in 1866, 16,940 tons. 
From 1867 until 1894 the production of all kinds of steel is shown in 
the following table, in long tons:

Production of steel of all kinds since 18G7,

Years.

1860......................
1870..-....--..----.......
1871......................
1872......................
1873......................

1875......................
1876......................

1878......................
1879......................

1881. ......................
1882 ......................

IHRi

1887................ .....
1888.....-...---...-....-.

1890 ......................
1891............ .........
1892......................

1894......................

Bessemer 
ingots.

Long tons.

7, 589 
10, 714 
37, 500 
40, 179 

107, 239 
152, 368 
171,369 
335, 283 
469, 639 
500, 524 
653, 773 
829, 439 

1, 074, 2C2 
1, 374, 247 
1,514,687 
1, 477, 345 
1, 375, 531 
1, 519, 430 
2, 269, 190 
2, 936, 033 
2, 511, 161 
2, 930, 204 
3, 688, 871 
3,247,417 
4. 168, 435 
3. 215, 686 
3, 571, 313

Open- 
hearth 
ingots.

Long tons.

893 
1,339 
1,785 
2,679 
3,125 
6,250 
8,080 

19, 187 
22, 349 
32, 255 
50, 259 

100, 851 
131, 202 
143, 341 
119, 356 
117, 515 
133, 376 
218, 973 
322, 069 
3] 4, 318 
374, 543 
513, 232 
579, 753 
669, 889 
737, 890 
784, 936

Crucible 
ingots.

T-iona tons. 
16, 
19, 
19, 
29, 
31, 

26, 125 
31, 059 
32, 436 
35, 180 
35, 163 
36, 098 
38. 309 
50, 696 
64, 664 
80, 145 
75, 973 
71,835 
53, 270 
57, 599 
71, 973 
75, 375 
70, 279 
75, 865 
71, 175 
72, 586 
84,709 
63, 613 
51, 702

All other 
steel.

Long tons. 
964 
197 
J43 
911 
200 

6,911 
12, 244 
5,672 

11, 256 
9,202 

10,647 
7,840 
4,879 
7,558 
2,720 
2,691 
4,999 
4,563 
1,515 
2,367 
5,594 
3,682 
5,120 
3,793 
4,484 
4,548 
2,fi06 
4,081

Total.

Long tons. 
19, 643 
26, 786 
31, 250 
68, 750 
73, 214 

142,954 ' 
198, 796 
215, 727 
389, 799 
533, 191 
569, 618 
731,977 
935, 273 

1, 247, 335 
1,588,314 
1, 736, 692 
1, 673, 535 

'1, 550, 879 
1,711,920 
2, 562, 50S 
3, 339, 071 
2, 899, 440 
3, 385, 732 
4, 277, 071 
3, 904, 240 
4, 927, 581 
4, 019, 995 
4, 412, 032
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In the following table is given the production of Bessemer steel 

ingots by States from 1874 to 1894, in long tons:

Product of Bessemer steel, 1874 to 1894.

Years.

1875......................
1876......................

1880......................

1883......................

1887......................

1889......................
1890 ......................
1BQ1
1892......................
1893...'-..................
1894......................

Pennsyl 
vania.

Long tons. 
76, 451

2,')0, 761
293 392

574, 905
754, 019

932, 496
920 968

1, 346, 051

1 421 990
1, 762. 094
2, 253, 057

2, 397, 984

2 334 548

Illinois.

Long tons. 
55, 796

121, 746
153, 538

99 374

224, 089

335 503
354, 854
244, 040

478, 216

757,814
605, 921

Ohio.

Long tons.
37, 609
44, 355

57, 970

258, 560

333, 666

363, 974

Other 
States.

Long tons.

54, 748

127, 581

7Q Ifl^l

373, 181

2'1 593

259 500

426, 496

Total.

Long tons.
OOE 900

829 439

1 07 i oj7

2, 936, 033

3, 215, 686

The following table gives the production of open-hearth steel ingots 
by States irorn 1874 to 1894, in long tons :

Product of open-hearth steel ingots, 1874 to 1894.

Years.

1875
1876...........................
1R77
1878...........................
1879...........................

1883...........................

1887...........................
1888...........................

1890...........................
1891...........................

1893
1894

Eastern 
States.

Long tons* 
4,732

7 346
13, 089
9(1 7Q7

18 664
14,911

20 877
16, 466
12, 212

27, 635
32, 815

42, 350

Pennsyl 
vania.

Long tone. 
1,518
3,786

10 921
17, 478
42 860
56,' 574

61 904
79 7fiQ

241, 706
255, 123
312, 225
417, 512

West and 
South.

Long tons.

9,472

19, 692
37, 194

55, 164

29, 835

63 897

44, 981

74, 331

77, 400

Total.

Lonff tons. 
6, 250

1Q 1R7
22 349
32 255
50, 259

100, 851

1 d.H 14.1
119, 356
117, 515

218,973

374 543

669 889

16 GEOL, PT 3———15
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The following table gives the production of crucible steel ingots by 
States from 1874 to 1894, in long tons:

Product of crucible ingot steel, 1874 to 1894.

Years.

1875... ...
1876.......
1 H77
1878
1879
1880
1881.......
-IOQO

1884.......

Pennsyl 
vania.

Long 
tona.

23, 764
• 24, 985

50, 961

58, 160
56, 863
37, 764

Other 
States.

Long 
tons.

11, 113

17, 813

15, 506

Total.

Long 
tons.

35, 163

50, 696

80,145
75, 973
71, 835
53,270

Tears.

1885........
1886...:..-.
1887-.----..

1889
1890 ........
1891. ......
1892. .......
1893.--..-..

Pennsyl 
vania.

Long 
tons. 
40, 883
55, 172
co 71O
KO QfiA

56, 592
54, 009

51, 704
39, 257

Other 
States.

Long 
tons.

17 319

18,870
19,875

12,445

Total.

Long 
tons. 

57 599
71, 973

1(\ 97Q

75, 865
71, 175
72, 586

51, 702

IRON RAILS.

Down to 1844 only strap rails were made in the United States, 
although heavier rails had been imported for about twelve years. In 
1844 the manufacture of heavy rails was commenced at Mount Savage, 
Md. The following table gives the production of iron rails in the United 
States from 1847 to 1894:

Product of iron rails in the United States, 1847 to 1894.

Year?

1847.
1849.
1850.
1851.
1852.
1853.
1854.
1855.
1856.
1857.
1858.
1859.

.

m

Long tons.

40,966
21,712
39, 360
45, 181
55,784
78,450
96, 443

123, 816
160, 730
144, 570
146, 171
174, 513

Years.

1860.
1861.
1862.
1863.
1864.
1865.
1866.
1867.
1868.
1869-
1870. .
1871. -

Long tons.

183, 070
169, 480
190, 993
246. 221
299, 437
318,118
384, 623
410, 319
445,972
521, 372
523,214
008, 407

Years.

1872.
1873.
1874.
1875.
1876.
1877.
1878.
1879.
1880.
1881-
1882. .
1883. --

Long tons.

808, 866
679, 520
521, 848
447, 901
417, 1U
296, 911
288 295
3^5, 143
440, 859
436, 233
203. 459

57, 994

Years.

1884.
1885.
1886.
1887.
1888.
1889.
1890.
1891.
1892..
1893.
1894.

Long toils.

22, 821
13, 228
21, 142
20, 591
12, 725

9,159
13, 882

8,240
10,437
6,090
4,674

STEEL RAILS.

The manufacture of Bessemer steel rails in the United States as a 
commercial product dates from 1867, although they had been made 
experimentally in the two preceding years. The first Bessemer steel 
rails ever made in this country were rolled at the Chicago Boiling Mill 
on May 24,1865, from ingots made at the experimental steel works at 
Wyandotte, Mich. Several of these rails were laid in the track of one 
of the railroads running out of Chicago, and were still in use in 1875. 
The manufacture of open-hearth steel rails in the United States com 
menced in 1878, but it has never attained any commercial importance. 
It has of late been confined chiefly to California.
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ALL KINDS OF RAILS.

The following table gives the production of all kinds of rails in the 
United States from 1867 to 1894:

Prpduct of rails of all kinds, 1867 to 1894.

Yeara.

1867......................
1868......................
1870......................
1871 ......................
1872......................

1874......................
1875 ......................
1876......................
1877...................... 
1878......................

1880......................
1881 ......................
1883 ......................
1884......................
1885......................
1886......................

1889......................

1892......................
1893......................
1894......................

"Ressemcr 
steel rails.

Long tonii. 
2,277

30, 357

83 991

129 414

385, 865 
491, 427

1 1 87 77ft

1, 148, 709
996 983

1 186 277
1,510,057
1 867 837
1,293,063
1 =07 CQQ

Open-hearth 
steel raila.

.Long tons.

8 QQft

12, 157
22 515
20, 325

8, 202

4,279
4,692

2 988
3 CQCI

5,883
3 Qi n

968
1,085

Total 
steel rails.

Long tons.

8,610

83, 991
115,192

259 699
368, 209
385, 865 
499, 817

1, 210, 285

990 367

2,119,049

1, 871, 425

1,130,368

Iron rails.

Long tons.

808, 866
521, 848

296, 911 
288, 295

436, 233

22,821
13, 228

20, 591
12, 725

13, 882

Total iron 
and steel 

raila.

Long tons.

452, 423

692, 619
892, 857
794,712
G51, 262
707, 600

682, 776 
788, 112

1, 305, 212
1, C46, 518

1, 214, 905

2, 139, 640

1, 522, 204
1,885,307

1, 136, 458

Included in the rail statistics above given is the production of street 
and electric rails. The annual production of these rails from 1874 to 
1894 has been as follows, in long tons:

Product of street rails, 1874 to 1894.

Tears.

1874..
1875..
1876..
1877..
1878..
1870..

Long tons.

6,017
14, 589
11, 684
6,263
8,240
7,720

Tears.

1880... .
1881... .
1882... .
1883... .
1884... .
1885.....

Long tons.

15, 084
19, 245
19, 898
17, 357
27, 997
32, 134

Years.

1886.
1887.
1888.
1889.
1890.
1891.. .

Long tons.

42, 865
51,216
44, 951
70, 120
98, 529
81,302

Years.

1892,....
1893.....
1894.....

Long tons.

Ill, 580
133, 423
157, 457
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The following table gives the production of Bessemer steel rails by 
States from 1874 to 1894, in long tons:

Product of Bessemer steel rails, 1874 to 1894.

Tears.

1874...................................

1876.................... .. ...........
1877...................................

1879..................................
1 COO

1881.--................-.--..---.......
1882 ..................................
IfiRI
1 QO4

1 QQK

1886...................................
1 Rfi7

1890.......-......--.--.-.-...-........
1RQ1
1892
1893............---...-.--........-....
1894

Pennsyl 
vania.

Long tons.
100, 753

223, 688
275, 083

678, 146

681, 449

830, 482

901. 159
961,987

714, 935

Illinois.

Long tons. 
43, 107

119, 387

176, 680

300, 109
206 567

275, 216

436, 285

364, 725
450, 553

226, 306

Other 
States.

Long tons.

66 9U9
82, 249
87 964

179 608

305, 812

311, 394
119, 510

27, 169

167, 472

Total.

Long tons. 
129,414
259 699
QfiO O«Q

852 196
1 187 770

990 983
959 471

1, 574| 703

1, 386, 277
1, 510, 057

1,016,013

ANNUAL MILEAGE OF NEW RAILROADS.

The following table, compiled from Poor's Manual of Eailroads, gives 
tlie number of miles of new railroad actually constructed in the United 
States in each year from 1880 to 1894. The figures given denote only 
the length of the railroad lines upon which track has been laid, without 
regard to the number of tracks or miles of sidings:

New railroad construction, 1880 to 1894.

Years.

1880 .............
1881
1 QQO

1883 .............
1884 .............

Miles.

7,174

3,974

Tears.

1885 ..............
1 SQ~
1888 ..............

Miles.

7,066

Years.

1890 ..............
1891 ..............

1893 ..............

Miles.

5,657

4,648
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CONSUMPTION OF RAILS.

The consumption of rails in the United States is approximately ascer 
tained by adding the quantity imported to the total production. In 
the following table is given the approximate consumption, in long tons, 
of all kinds of rails from 1867 to 1894, no allowance being made for the 
very small quantity of rails which had been exported during these years:

Consumption of rails of all kinds from 1867 to 1894.

Tears.

1867.
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882

Produc 
tion.

Lonq tons.
412, 596
452, 423
529, 988
553, 571
692, 619
892, 857
794, 712
651, 262
707, 600
785, 383
682, 776
788,112
993, 993

1, 305, 212
1,646,518
1, 507, 851

Importa 
tion.

Long tons.
145, 580
223, 287
279, 609
356, 387
505, 537
473, 973
231, 046
86, 706
17, 364

256
31
9

39, 417
259, 543
344, 929
200, 113

Approximate 
consumption.

Long tons.
558, 176
675, 710
809, 597
909, 958

1, 198, 156
1, 366, 830
1, 025, 758

747, 968
724, 964
785, 639
682, 807
788, 121

1, 033, 410
1, 564, 755
1, 991, 447
1, 707, 964

— * ———— 
Tears.

1883 .
1884
1885
1886
1887
1888

1889
1890
1891
1892
1893
1894

Produc 
tion.

Long tons.
1, 214, 905
1, 022, 188

976, 978
1, 600, 537
2, 139, 640
1, 403, 700

1, 522, 204
1, 885, 307
1, 307, 176
1, 551, 844
1, 136, 458
1, 021, 772

Importa 
tion.

Long tons.
34,801
2,829
2,189

41, 587
137, 830
63,037

6,217
204
253
347

2,888
300

Approximate 
consumption.

Long tons.
1, 249, 706
1, 025, 017

979, 167
1, 642, 124
2, 277, 470
1, 466, 737

1, 528, 421
1, 885, 511
1, 307, 429
1, 552, 191
1, 139, 346
1,022,072

The year of largest consumption of rails was 1887, which was also 
the year of largest production. It was also the year of largest mileage 
of new railroad construction in the United States, 12,984 miles of new 
railroad having been built in that year. The decline in the production 
and consumption of rails in the United States in recent years is pri 
marily due to the great decline which has taken place in railroad 
construction. Only 2,828 miles of new railroad were built in 1893, and 
about 2,000 miles were built in 1894. In recent years more than one- 
half of the rails annually produced has been used for repairs and exten 
sions of the tracks of steam railroads and for street and electric lines.

The heavy decline in the imports of rails from 1873 to 1879 was 
caused by the panic of 1873 and the business depression which followed 
and continued until 1879. The almost complete cessation of the imports 
of rails since 1887 is due chiefly to the cheapening of the prices of 
domestic rails, which in turn has been due to the perfecting of facilities 
for their production, and to the cheapening of the cost of raw materials.

TIN PLATES. 
f

Tin plates .were not manufactured in the United States, except exper 
imentally, until about the time the McKinley tariff became a law, en 
October 1,1890. In the following table we give the production of tin 
plate and terneplates in the United States in the three years beginning 
with July 1, 1891, when the tin-plate duty of the McKinley tariff went
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into effect, and ending with June 30,1894. The authority for tliis table 
is Col. Ira Ayer, special agent of the Treasury Department:

Production of tin and terne plates in the United States, for three years.

Quarter ended —

March 31, 1893............. .. ....

Total for second year. ........

March 31, 1894.... .................

G rand total for three years . .

Tin plates.

Pounds. 
152, 489

3, 071, 534

6, 138, 739
15, 244, 574
20,748,427

45, 743, 107

26, 313, 561
Ofj 7KO QQfi

131,892,462

Terncplates.

Pounds. 
674, 433

2 1 (10 1HQ
5 129 217' '

13, 617, 752
14,321,825

54, 076, 095

12, 669, 196
11 946 850
W 7-10 OOQ

120, 796, 926

Total.

Pounds.
ooft Q99

1 409 82]
. 3. 209, 225

39 541 5871 <>, O«

99, 819, 202

38, 260, 411
46, 466, 335

252, 689, 388

In the three years covered by the above table the total production 
of tin plates and terneplates in the United States amounted to 112,808 
long tons.

IMPORTS OF TIN PLATES.

The following table, compiled from the publications of the Bureau of 
Statistics of the Treasury Department, shows the quantities of tin' 
plates imported into the United States in each calendar year from 1871 
to 1894, with their foreign values, Great Britain furnishing virtually 
all the tin plates imported during the whole period of twenty-four years:

Imports and foreign values of tin plates from 1871 to 1894.

Tears.

1872........
1873........
1874........
1875........
1876........
1877........
1878 .......
1879........
1880. .......
1881........
1882........

Long tons.

82, 969

7Q 77R
91, 054

112, 479
107, K61
154, 250

183, 005

Values.

$9, 946, 373

- 13,057,658
12, 098, 885

10, 679, 028
9, 069, 967

14, 880, 807
17, 975, 161

Tears.

-1 UUK

3887..---....
1 QSK
1 QQQ

1 QQ9

189'"i

1894

Long tons.

99-] OQQ

257 822

9QQ OQQ

329, 435
097 QQO

215, 068

Values.

AID -IKJt 77O

16, 991, 152
17, 504, 976

19, 762, 961

23 670 158

12, OS3, 167

The total quantity of tin plates imported in the twenty-four years 
from 1871 to 1894 was 4,687,416 long tons, the foreign value being 
$377,956,786.
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NAILS.

The production of iron and steel cut nails in the United States from 
1856 to 1894 has been as follows, in kegs of 100 pounds. In 1883 the 
production of steel cut nails in the United States in commercial quan 
tities was commenced, and in 1889 and 1890 about two-thirds of the 
total production of cut nails were made of steel. Since 1890 the use 
of steel in the manufacture of cut nails has still further displaced the 
use of iron:

Production of iron and steel cut nails, 1856 to 1894.

Tears.

1856.. ;
1872.. .
1873.. .
1874.. .
1875- . .
1876.. .

Kegs.

1, 824, 749
4, 065, 322
4, 024, 704
4, 912, 180
4, 726, 881
4, 157, 814

Years.

1877. ...
1878- ...
1879. ...
1880. ...
1881. ...
1882. ...

Kegs.

4, 828, 918
4, 396, 130
5, Oil, 021
5, 370, 512
5, 794, 206
6, 147, 097

Tears.

1883. ...
1884. ...
1885. ...
1886. ...
1887. ...
1888. ...

Kegs.

7, 762, 737
7,581,379
6, 698, 815
8, 160, 973
6, 908, 870
6,493,591

Tears.

1889. . .
1890. . .
1891. . .
1892. . .
1893. .
1894. . .

Kegs.

5, 810, 758
5. 640, 946
5, 002, 176
4, 507, 819
3, 048, 933
2, 425, 060

The production of wire nails in the United States from 1886 to 1894 
is given in the following table, in kegs of 100 pounds:

Product of wire nails, .1886 to 1894.

Tears.

1886 ...........

1888 ...........

Kegs. Tears.

1891............

Kega. Tears.

1893............

Kegs.

5 095 945
5, 681, 801

GREAT BRITAIN.

As we years ago explained in detail, the iron industry of Great 
Britain had a very slow growth until the last quarter of the last cen 
tury. For many years prior to this period the domestic production of 
pig iron especially had almost ceased, and other countries were called 
upon to supply her with this raw material. In 1740 the production of 
pig iron in Great Britain was only 17,350 gross tons, and as late as 
1788 it was only 68,300 tons. The British colonies in America, as has 
already been shown in this paper, exported pig iron to the mother 
country for many years before the Eevolution, and we have no doubt 
that in 1740 the colonies exceeded her production in that year.

The onward march of the iron industry of Great Britain, which began 
near the end of,the last century, has until recently left far in the rear 
the iron industry of every other country, but it is a curious fact that 
in the closing years of the present century it shows signs of again 
entering upon a period of serious reaction in many leading branches. 
Other progressive countries not only successfully contend with her for 
the supply of their own iron markets, but they are with equal success 
invading neutral markets which she has heretofore monopolized, and 
are even formidably confronting her in her own home markets.
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IRON ORE.

From the table of the production of iron ore in the United Kingdom 
of Great Britain and Ireland from 1855 to 1893 it will be observed that 
in 1882 the maximum production of iron ore in Great Britain was 
reached, and that there has since been a great decline in production, 
due in part to the increased use of steel, which has called for iron ores 
of a purer quality than are found in many of the iron-ore districts of 
the United Kingdom, and in part to the facility and cheapness with 
which steel-making ores can be obtained from Spain and other countries. 
Of the iron ore mined in 1893 Ireland produced 67,292 tons, England 
and Wales 10,288,778 tons, and Scotland 847,400 tons.

As the production of iron ore in Great Britain has declined, the 
importation of foreign iron ore has steadily increased, allowance being 
made for years of depression in the iron trade. These imports will be 
found on page 83.

COAL.

Thus far in her history Great Britain has not been dependent upon 
any other country for any part of her supply of mineral fuel; she is, 
indeed, an exporter of coal in large quantities. We subjoin the official 
statistics of the total annual production of coal in England, Scotland, 
Wales, and Ireland from 1854 to 1894, for which we are indebted to the 
courtesy of Mr. James B. Jordan, of the home department of Her 
Majesty's Government:

Coal product of the British Isles, 1854 to 189d.

Tears.

1854.
1855.
1856.
1857.
1858.
1859.
1860.
1861.
1862.
1863.
1864.

Long tons.

64, 661, 401
64, 453, 070
66, 645, 450
65, 394, 707
65, 008, 649
71, 979, 765
80, 042, 698
83,635,214
81, 638, 338
86, 292, 215
92, 787, 873

Tears.

1865.
1866.
1867.
1868.
1869.
1870.
1871.
1872.
1873.
1874.
1875. .

Long tons.

98, 150, 587
101, 630, 544
104, 500. 480
103, 1«; 157
107, 427, 557
110,431,192
117, 352, 028
123,497,316
128, 680, 131
126. 590, 108
133. 306, 485

Tears.

1876.
1877.
1878.
1879.
1880.
1881.
1882
1883.
1884.
1885.
1886.

Long tons.

134,125,166
134, 179, 968
132, 612. 063
133, 720, 393
146, 969, 409
154, 184, 300
156, 499, 977
163, 737, 327
160,757,779
159, 351. 418
157, 518: 482

Tears.

1887..
1888..
1889.
1890.
1891.
1892.
1893.
1894.

Long tons.

162,119,812
169, 935, 219
178, 916, 724
181, 614, 288
185, 479, 126
181,786,871
164, 325. 795
188, 277, 525

During the whole period covered by the above table, with the excep 
tion of one year, Ireland produced annually over 100,000 tons but less 
than 200,000 tons. Details of the production of coal in the United 
Kingdom in 1893 are as follows : England, 113,685,352 tons; Scot 
land, 25,482,918 tons; Wales, 25,051,847 tons; Ireland, 105,678 tons; 
total, 164,325,795 tons.

EXPORTS OF COAL.

Great Britain exports her coal and coke to all parts of the world, her 
best customer being France, which took 4,709,050 tons of coal and 
coke in 1893; Italy took 3,793,484 tons in the same year; Germany, 
3,720,581 tons; Sweden and Norway, 2,449,613 tons; Russia, 1,659,868
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tons; Denmark, 1,451,042 tons; Egypt, 1,432,998 tons. Other countries 
increased the aggregate to 29,031,955 tons, and in addition 8,126,372 
tons were shipped for the use of steamers engaged in foreign trade.

PIG IRON.

In the following table we give the official statistics of the production 
of pig iron in the United Kingdom from 1740 to 1894. A few years 
before the year first mentioned, in the reign of George II, the iron 
industry of Ireland came to an end in consequence of the scarcity of 
timber, the competition of English iron, and the unsettled condition 
of the country, so that the figures contained in the table relate solely 
to the production of pig iron by England, Scotland, and Wales. This 
table has also been verified by Mr. Jordan :

Pig-iron product of England, Scotland, and Wales, 1740 to 1894.

Tears

1740.
1788.
1796.
1806.
1818.
1820.
1823.
1825.
1827.
1828.
1830.
1833.
1836.
1839.
1840.
1842.

Long tons.

17, 350
68, 300
125.079
243, 851
325, 000

. 400, 000
455, 166
581, 367
690, 000
703, 184
677, 417
700, 000

1, 000, 000
1, 248, 781
1, 396, 400
], 099, 138

Tears,

1843.
1844.
1845.
1847.
1852.
1854.
1855.
1856.
1857.
1858.
1859.
1860.
1861.
1862.
1863.
1864.

Long tons.

1, 215, 350
1, 999, 608
1, 512, 500
1, 999, 508
2, 701, 000
3, 069, 838
3, 218, 154
3, 586, 377
3, 659, 447
3, 456, 064
3,712,904
3, 826, 752
3, 712, 390
3, 943, 469
4, 510, 040
4, 767, 951

Tears.

1865. .
1866.
1867.
1868.
1869.
1870.
1871.
1872.
1873.
1874.
1875.
1876.
1877.
1878.
1879.
18KO.

Long tons.

4, 825, 254
4, 523, 897
4, 761, 023
4, 970, 206
5. 445, 757
5, 963, 515
6,627,179
6, 741, 929
6, 566, 451
6, 991, 408
6, 365, 462
6, 555, 997
6, 608, 664
6, 381, 051
5, 995, 337
7, 749, 233

Tears.

1881.
1882.
1883.
1884.
1885.
1886.
1887.
1888.
1889.
1890.
1891.
1892.
1893.
1894.

Long tons.

8, 144, 449
8, 586, 680
8, 529, 300
7,811,727
7, 415, 469
7, 009, 754
7, 559, 518
7, 998, 969
8, 322, 824
7, 904, 214
7, 406, 064
6, 709, 255
6, 976, 990

a7, 364, 745

a British Iron Trade Association.

The production of pig iron in the United Kingdom in 1893 was divided 
as follows: England and Wales, 6,183,935 tons; Scotland, 793,055 tons; 
total, 6,976,990 tons. Great Britain's maximum production of pig iron 
was reached in 1882.

STEEL.

It is a common saying that the invention in the decade between 1850 
and 1860 of the Bessemer process for making steel wrought a complete 
revolution in the world's iron and steel industries. Originating in 
England, it speedily increased the, total annual production of steel in 
Great Britain, accomplishing this result during the decade beginning 
with 1860, but more notably and rapidly after 1870. During the same 
decade between 1860 and 1870 the Siemens-Martin or open-hearth proc 
ess of making steel was perfected in Eugland and Prance, and in the 
following decade steel made by this process also greatly increased the 
total quantity of steel produced in Great Britain. Authentic statistics 
of the production of steel in Great Britain by these processes do not go 
back to the early years of their use in that country. We are indebted
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to Mr. J. S. Jeans, secretary of the British Iron Trade Association, for 
the statistics we shall now present of the production of Bessemer and 
open-hearth steel in Great Britain.

The production of Bessemer steel ingots in Great Britain from 1868 
to 1893 has been as follows, in long tons of 2,240 pounds:

Great Britain's product of Bessemer steel ingots, 18G8 to 1893.

Y"tmrs.

1868..
1889.
1870.
1871.
1872.
1878.
1874.

Long tons.

110, 000
160, 000
215, 000
329, 000
410, 000
498, 000
540, 000

Tears.

i875.
1876.
1877.
1878.
1879.
1880.
1881.

Long tons.

620, 000
700, 000
750, 000
807, 527
834, 511

1, 044, 382
1, 441, 719

Years.

1882.
1883.
1884.
1885.
1888.
3887..
1888..

Long tons.

1, 673, 649
1, 553, 880
1, 299, 676
1, 304, 127
1, 570, 520
2, 089, 403
2, 032, 794

Tears

1889.
1890.
1891.
1892.
1893.

. Long tons.

2, 140, 791
2,014,843
1, 642, 005
1,500,810
1, 493, 354

The production of open-hearth steel ingots in Great Britain-from 
1873 to 1893 has been as follows, in long tons:

Product of open-hearth steel ingots in Great Britain, 1873 to 1893.

Tears.

1878. .
1874. .
1875. .
1876. .
1877. -
1878. .

Long tons.

77, 500
90, 500
88, 000

128, 000
137, 000
175, 500

Tears.

1879. .
1880. .
1881. .
1882. .
1883. .
1884. .

Long tons.

175, 000
251, 000
838, 000
431), 000
455, 500
475. 250

Tears.

1885...
1886...
1887...
1888...
1889...
1890...

Long tons.

583, 918
694, 150
981, 104

1, 292, 742
1,429,11)9
1,064,200

Tears.

1891.....
1892.....
1893.....

Long tons.

1, 514, 538
1,418,830
1, 458, 309

The following table gives the total production of steel in Great Brit 
ain from. 1873 to 1893, the estimated production of crucible and other 
steel being added to that of Bessemer and open-hearth steel:

Product of all'lcinds of ateel in Great Britain, 1873 to 1893.

Tears.

1873.. .
1874.. .
1875.. .
1871).. .
1877.. .
1878.. .

Long tons.

853, 500
710, 500
788, 000
908, 000
91)7, 000

1, 063, 027

Tears.

1879. ..
1880. ..
1881. ..
1882. ..
1883. ..
1884. ...

Long tons.

1, 086, 511
1, 375, 382
1, 859, 719
2, 189, 649
2, 088, 880
1.854,926

Tears.

1885. .
1886.
1887. .
1888. .
1889. .
1890. .

Long tons.

1, 968, 045
2, 344, 670
3, 150, 507
3, 405, 536
3, 869, 91)0
3, 679, 043

Tears.

1891.....
1892.....
1893.....

Long tons.

3, 256, 543
3,019,640
3, 049, 663

STEEL RAILS.

Mr. Jeans gives the production of Bessemer steel rails in Great 
Britain from 1876 to 1893 as follows, in' long tons:

Great Britain's product of Bessemer steel rails, 1876 to 189S.

Tears.

1876.. .
1877.- .
1878. . .
1879.. .
1880.. .

Long tons.

400, 000
508, 400
622, 390
520, 231
732, 910

Tears.

1881. .
1882. .
1883. .
1884.
1885. .

Long tons.

1, 023, 740
1, 235, 785
1, 007, 174

784, 968
706, 583

Tears.

1886.
1887.
1888.
1889.
1890.

Long tons.

730, 343
1,021,847

979, 083
943, 048

1, 019, 1)06

Tears.

1891.....
1892.....
1893.....

Long tons.

662, 676
535, 836
079, 386
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SUMMARY.

Great Britain was the largest producer of pig iron until 1890, when 
its place was taken by the United States. In 1879 the production of 
Bessemer steel rails in the United States exceeded the production of 
Great Britain, and one year later the production of Bessemer steel 
ingots in the United States exceeded that of the mother country. After 
three years of restored British preeminence the United States again 
took the lead in 1884 in the production of Bessemer steel ingots, and 
this position she has ever since retained. But Great Britain still pro 
duces more open-hearth steel than the United States, although in the 
production of all kinds of steel the United States has been uniformly 
in advance of its rival since 1890. It was also first as a steel producer 
in 1886 and 1887. It has been first as a producer of steel rails since 
1879. In the production of pig iron the position of first place, which 
the United States secured in 1890 and maintained in. 1891, 1892, and 
1893, was restored to its rival in 1894.

GERMANY.

. Germany has rapidly developed all her industries since the adoption 
by tlie Eeichstag, on July 12,1879, under the leadership of Prince Bis 
marck, of a protective tariff', which is still in force.

Statistics of the iron and steel and mining industries of Germany 
always include the production of the Grand Duchy of Luxemburg, 
which forms a part of the German Zollverein. Germany ranks next to 
the United States and Great Britain in the production of coal, pig iron, 
and steel, and is abreast of both countries in the production of iron 
ore. We are indebted to Dr. H. Rentzsch, the statistician of the Asso 
ciation of German Iron and Steel Manufacturers, for the official statis 
tics of the production of iron ore, pig iron, and steel in Germany, 
including Luxemburg, in recent years, and to Dr. Hermann Wedding, 
of Berlin, for statistics of the production of coal and lignite. All Ger 
man statistics are in metric tons of 2,204 pounds.

IRON ORE.

In.Joh.ann Pechar's admirable and unequaled volume on Coal and 
Iron in All Countries, prepared for the Paris Universal Exposition of 
1878, we find the following figures of the production of iron ore in Ger 
many and Luxemburg at various periods prior to 18G9. We quote as 
follows: 1848, 693,725 metric tons; 1853, 903,236 tons; 1857, 1,962,054 
tons; 1862, 2,216,021 tons; 1866, 2,996,021 tons; 1867, 3,264,464 tons; 
1868, 3,634,369 tons. The production of iron ore in Germany and Lux 
emburg from 1834 to 1893 is given on page 139.

The imports of iron ore into Germany and Luxemburg in 1894 
amounted to 2,093,007 tons, and the exports to 2,558,729 tons.
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COAL.

The following table, for which we are chiefly indebted to Dr. Wed 
ding, gives the aggregate production of coal and lignite in Germany and 
Luxemburg from 1848 to 1894, in metric tons:

Product of coal and lignite in the German Empire, 1848 to 1894.

Years.

1848.
1853.
1857.
1860.
1861.
1862.
1863.
1864.
1865.
1866.

Metric tons.

5, 800, 985
10, 714, 556
14, 867, 121
10, 730, 492
18, 755, 361
20, 660, 677
22, 366, 203
25, 612, 899
28, 552, 762
28, 162, 805

Tears.

1867.
1868.
1869.
1870.
1871.
1872.
1873.
1874.
1875.
1876..

Metric tons.

30, 802, 889
32, 879, 123
34, 343, 913
34, 003, 004
37, 856, 110
42, 324, 467
46, 145, 194
46, 658, 145
47, 804, 054
49, 550, 461

Tears.

1877...
1878...
1879...
1880...
1881...
1882...
1883...
1884...
1885...
1886...

Metric tons.

48, 229, 882
50, 519, 899
53, 470, 71G
59, 118, 035
61, 540, 485
65, 378, 211
70, 442, 648
72, 113, 820
73, 675, 515
73, 682, 584

Tears.

1887.
1888.
1889.
1890.
1891.
1892.
1893.
1894.

Metric tons.

76,232,618
81, 960, 083
84, 788, 609
89, 051, 527
94, 252, 278
92, 544, 030
95, 426, 153
98, 876, 105

Of the total production of coal and lignite in 1893 there were 
21,573,823 tons of brown coal, or lignite, and of the total production in 
1894 there were 22,103,446 tons of brown coal. Germany is both an 
importer and exporter of coal.

PIG IRON.

The production of pig iron in Germany and Luxemburg in 1844 is said 
by Dr. Wedding to have amounted to only 171,000 metric tons, and 
Herr Pechar says that in 1848 it amounted to 205,342 tons. It was 
not until 1866 that the production reached 1,000,000 tons, in which 
year it is said by Dr. Wedding to have amounted to 1,046,954 tons. 
Since 1869 it has been as follows, in metric tons, according to Dr. 
Bentzsch:

Germany's product of pig iron, 1869 to 1894.

Tears.

1869.
1870.
1871.
1872.
1873.
1874.
1875.
1876.
1877.
1878.
1879.
1880 .
1881.

Germany.

1, 288, 990
1, 261, 683
1, 420, 830
1, 807, 845
1, 983, 163
1, 660, 208
1, 759, 052
1, 614, 687
1, 717, 359
1, 899, 264
1, 965, 351
2, 468, 372
2, 620, 394

Luxem- . 
burg.

120, 439
129, 441
142, 852
180, 549
257, 411
246, 054
270, 337
231, 658
215, 366
248, 377
261. 236
260, 666
293, 615

Total.

1, 409, 429
1, 391, 124
1, 563, 682
1, 988, 394
2, 240, 574
1, 806, 262
2, 029, 389
1, 846, 345
1, 932, 725
2, 147, 641
2, 226, 587
2, 729, 038
2, 914, 009

Tears.

1882 . .
1883 . .
1884 . .
1885..
1886..
1887 . .
1888 .
1889 .
1890 .
1891 -
1892 .
1893.
1894.

Germany.

3, 004, 218
3, 135, 031
3, 234, 614
3, 267, 823
3, 128, 016
3, 531, 914
3, 813, 345
3, 962, 824
4,099,037
4, 096, 223
4, 350, 945
4, 427, 714
4, 736, 183

Luxem 
burg.

376, 587
334, 688
365, 998
419,611
400, 641
492,039
523, 776
561, 734
558, 913
544, 994
586, 516
558, 289
679, 817

Total.

3, 380, 805
3, 469, 719
3, 600, 612
3, 687, 434
3, 528, 657
4, 023, 953
4, 337, 121
4,- 524, 558
4, 658, 450
4, 641, 217
4 937,461
4, 986, 003
5, 416, 000



IRON AND STEEL AND ALLIED INDUSTRIES. 237

STEEL.

The following table gives in metric tons the production of finished 
steel of all kinds in Germany from 18G6 to 1894:

Product of all kinds of finished steel in Germany, 1866 to 1894,

Years.

1866.
1867.
1868.
1869.
1870..
1371.
1872.
1873.

Metric 
tons.

83, 737
88, 589
92, 696

109, 753
125,814
143, 305
285, 582
310,425 '

Years.

1874.
1875.
1876.
1877.
1878.
1879.
1880.
1881.

Metric 
tons.

361, 047
347, 337
377, 910
391, 110
489, 151
500, 000
660, 591
897, 425

Tears.

1882.
1883.
1884.
3885.
1886.
1887.
1888.
1889.

Metric 
tons.

1, 074, 806
1,060,592
1,138,499
1, 202, 090
1, 376, 356
1, 738, 404
1, 862, 676
2, 095, 479

Teai

1890.
1891.
1892.
1893.
1894.

3. Metric 
tons.

2, 232, 090
2, 562, 549
2, 756, 217
3, 163, 442
3, 621, 000

STEEL RAILS.

Dr. Rentzsch gives the production of steel rails in Germany from 1871 
to 1893 as follows, in metric tons, presumably all made of Bessemer 
steel; certainly nearly all:

Product of steel rails in Germany, 1871 to 189S.

Years.

1871.
1872.
1873.
1874.
1875.
1876. .

Metric 
toils.

128, 406
179,092
186,643
237, 894
241, 505
253, 746

Tears.

1877. ..
1878. --
1879. ..
1880. ..
1881. ..
1882. ..

Metric 
tons.

204, 831
374, 762
335, 828
407,731
504, 132
505, 133

Tears.

1883...
1884..
1885..
1886. .
1887..
1888..

Metric 
tons.

473, 560
400, 248
422, 349
391,635
456, 219
435, 189

Tears.

1889. ..
1890. ..
1891. ..
1802. ..
1893. ..

Metric 
tons.

427, 899
559, 748
596, 209
535, 494
483, 228

FRANCE.

All the statistical tables for this country which we shall present have 
been specially compiled by H. Pinget, of Paris, secretary of the Comite 
des Forges de Prance.

IRON ORE.

The production of iron ore in France is given on page 89 not includ 
ing Algeria.

The production of iron ore in Algeria, which is now regarded as a 
part of the French Republic, is reported to have been 393,921 metric 
tons in 1893. The shipments of iron ore in the same year amounted to 
223,880 tons. The production in 1882 is reported to have amounted 
to 567,119 tons, which was the largest ever attained. All the Algerian 
iron ore that is mined is exported, chiefly to France. France also 
imports iron ore from Spain, Germany, and other countries, and she is 
also an exporter of iron ore in small quantities to neighboring countries.
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COAL.

The production of coal and lignite in France from 1787 to 1894 has 
been as follows, in metric tons, about 1 ton in 50 of her total production 
being lignite:

Production of coal and lignite in France, 1187 to 1894.

Years.

1787..
1802..
1812..
1820..
1830..
1840..
I860,.
I860..
186/>_.
1866..

Metric tons.

215, 000
844, 180
835, 523

1, 093, 658
1, 802, 605
3, 003, 382
4, 433, 5U7
8, 309, 622

11, 652, 755
12, 234, 455

Years.

1867.
1808.
1869.
1870.
1871.
1872.
1873.
1874'
1875.
1876.

Metric tona.

12, 533, 335
13, 330, 826
13, 509, 745
13, 179, 788
13,240,135
16, 100, 773
17, 479, 341
16, 907, 913
16, 956, 840
17, 10], 448

Tears.

1877.
1878.
1879.
1880.
1881.
1882.
1883.
1884.
1885.
1886.

Metric tolls.

16, 804, 529
16,960,910
17, 110, 979
19, 361, 504
19, 765, 983
20, 603, 704
21, 333, 884
20, 023, 514
19,510,030
19, 909, 984

Years.

1887.
1888.
1889.
1890.
1891.
1892.
18!)3.
1894. .

Metric tons.

21, 287,,589
22, 002, 894
24, 303, 509
26, 083, 118
28, 024, 893
26, 178, 701
25, 650, 981
27, 459, 137

France annually imports from Great Britain, Germany, Belgium, and 
other countries about two-fifths as much coal and coke as she produces. 
Her exports of coaland coke amount to about 1,000,000 tons annually.

PIG IRON.

The production of pig iron in France from 1819 to 1894 has been as 
follows, in metric tons:

Product of pig iron in France, 1819 to 1894.

Year&

1819.
1830.
1840.
1850.
1855.
1859.
1860.
1861.
1862.
1863.
1864.

.

.

Metric 
tons.

112, 500
266, 361
347, 773
405, 653
849, 296
856, 152
898, 353
966, 894

1, 090, 837
1,156,875
1, 212, 750

Years.

1865.
1866.
1807.
1868-
1869-
1870.
1871.
1872-
1873.
1874. .
1875..

Metric 
tons.

1, 203, 710
1, 260, 348
1, 229, 044
1, 235, 308
1, 380, 965
1, 178, 114

859, 841
1, 217, 838
1, 381, 026
1,415,81)7
1, 448, 272

Years

1876.
1877-
1878.
1879.
1880.
1881.
1882.
1883.
1884.
1885.
1886.

Metric 
tons.

1,435,212
1, 506, 827
1, 521, 274
1, 400, 286
1, 725, 293
1, 886, 350
2, 039, 007
2, 069, 430
1, 871, 537
1.630.648
1, 510, 574

Y

188
188
188
189
189
189
189
189

rears.

87.
88-
89.
10.
91.
92.
93.
94.

Metric 
Tons.

1,567,022
1,683,349
1, 733, 904
1,902,196
1, 897, 387
2, 057 258
2, 003, 096
2, 077, 647

STEEL.

Mr. Pinget informs us that complete statistics of the production of 
Bessemer, open-hearth, and other steel in ingots are not of record, and 
that only the statistics of finished steel, including castings, are obtain 
able. The following table gives the production of all kinds of finished 
steel in France from 1860 to 1894:

Product of all kinds of finished steel in France, I860 to 1894.

Years. '

1800...
1861...
1862...
1863. . .
1804...
1865...
1800...
1867...
1868...

Metric 
tons.

29, 848
37, 777
47, 096
37, 583
41,559
40, 574
37, 764
46, 477
80 564

Years.

1869.
1870.
1871.
1872.
1873.
1874.
1875.
1876.
1877.

Metric 
tons.

110, 224
94, 387
86, 126

141, 705
150, 529
208, 787
256, 393

. 241, 842
209, 181

Years.

1878.
1879.
1880.
1881.
1882.
1883.
1884.
1885.
1886-

Mctric
tou3.

312, 921
333, 265
388, 894
422, 416
458, 238
521, 820
502, 908
553, 839
427, 589

Years.

1887. .
1888. .
1889.
1890.
1891.
1892.
1893.
1894.

Metric 
tons.

493, 294
517, 294
529, 302
581,998
038, 530
682, 527
664, 032
663, 264
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Separate statistics of steel rails in France for a long period are limited 

to the rails consumed by the leading railroad lines. We omit the figures 
of consumption. All the rails annually produced are, however, included 
in the above table of finished steel.

BELGIUM.

This country is rich in coal, but poor in iron ore, obtaining the greater 
part of its supply of the latter from other countries.

.The statistics of the mining and metallurgical industries of Belgium 
which we shall present are official Government statistics, obtained di 
rectly from the Belgian minister of the interior and of public instruc 
tion.

IRON ORE

The production of iron ore in Belgium from 1840 to 1893, in metric 
tons, is given on page 130.

The imports of iron ore in 1892 amounted to 1,679,485 metric tons. 
The exports in the same year amounted to 228,8(14 tons.

COAL.

The production of coal in Belgium from 1830 to 1894 has been as fol 
lows, in metric tons:

Belgium's coal product, 1830 to 1894.

Tears.

1830.
1840.
1845.
1850.
1855.
1860.
1865.
1866.
1867.

Metric tons.

2, 508, 054
3, 929, 962
4, 919, 257
5, 820, 588
8, 409, 330
9, 610, 895

11, 840, 703
12, 774, 602
12, 755, 822

Tears.

1808.
1869.
1870.
1871.
1872.
1873.
1874.
1875.
1876.

Metric tons.

12, 298, 589
12, 943, 994
13, 697, 118
13, 733, 176
15, 658, 948
15, 778, 401
14, 669, 029
15, Oil, 831
14, 329, 578

Tears.

1877.
1878.
1879.
1880.
1881.
1882.
1883.
18S4.
1885.

Metric tons.

13, 669, 077
14, 899, 175
15, 447, 292
16, 886, 698
16, 873, 951
17, 590, 989
18, 177, 754
18, 051, 499
17, 437, 603

Tears.

1886.
1887.
1888.
1889.
1890.
1891.
1892.
1893.
1894.

Metric 'Urns.

17, 285, 543
18, 378, 624
19, 218, 481
19, 869, 980
20, 365, 960
19, 675, 644
19, 583, 173
19, 410, 519
20, 458, 827

Belgium imports over a million tons of coal and coke annually and 
exports a much larger quantity of both coal and coke. The exports of 
coal and coke from Belgium in 1892 amounted to 5,530,000 metric tons, 
in 1893 to 5,780,900 tons, and in 1894 to 5,416,254 tons. The imports of 
coal and coke into Belgium in 1892 amounted to 1,682,808 metric tons.

PIG IRON.
The production of pig iron in Belgium from 1845 to 1894 has been as 

follows, in metric tons:
Belgium's pig iron product, 1845 to 1894.

Tears

1845.
1850.
1855.
1860.
1861.
1862.
1863.
1864.
1865.
1866.

Metric 
tons.

. 134, 563
144, 452
294, 270
319,943
311,838
356, 550
392, 078
449, 875
470, 767
482, 404

Tears.

1867.
1868.
1869.
1870.
1871.
1872.
1873.
1874.
1875.
1876.

Metric 
tons.

423, 069
435, 754
534, 319
563, 408
609, 230
655, 565
607, 373
532, 790
541, 805
490, 508

Tears.

1877.
1878.
1879.
1880.
1881.
1882.
1883.
1884.
1885.
18S6.

Metric 
tons.

470, 488
518,046
389, 330
608, 084
624, 736
726, 946
783, 433
750, 812
712, 876
701, 677

Tears.

1887.
1888.
1889.
1890.
1801.
1892.
1893.
1894.

Metric 
tons.

755, 781
826, 850
832, 226
787,836
684, 126
753, 268
745, 264
810, 940
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STEEL.

Belgian statistics of steel in ingots are incomplete, as are those of 
Germany and France, aud we consequently give the production of fin 
ished steel only, which will be fonud in the following table, from 1865 
to 1894, in. metric tons. Steel rails are included:

Product of finished, steel in Belgium, 1865 to 1894.

Tears.

1865.
1866.
1867.
1868.
1869.
1870.
1871.
1872.

Metric 
tons.

645
930

1,420
1,857
2,826
4,062
6,622

12, 389

Years.

1873.
1874.
1876.
1876.
1877.
1878.
1879.
1880.

Metric 
tons.

18, 533
30, 932
45, 636
64, 643
90, 616

102, 259
88, 952

102, 772

Tear

1881.
1882.
1883.
1884.
1886.
188fi-
1887.
1888.

a. Metric 
tons.

119, 237
161, 291
166, 301
153, 999
125, 461
137, 771
191,445
185, 417

| 
Teara

1889..
1890..
1891..
1892..
1893..
1894. .

.

Metric 
tons.

214,661 '
201,817
206. 305
208, 281
224, 922
Hi, 776

STEEL RAILS.

The production of steel rails alone iii Belgium from 1881 to 1893 has 
been as follows, in metric tons:

Product of steel rails in Belgium, 1881 to 1893.

Tears.

1881 ...........
1882 ...........
1 flfil

1885 ...........

Metric 
tons. .

109, 809
118 1 38

76,744.

Tears.

1887 ............

1890 ............

Metric 
tons.

108, 184
139, 356

Tears.

1891 ............
1893

Metric 
tons.

131, 601
125 648
104, 496

SWEDEN.

We are indebted to the courtesy of Prof. Richard Akerman, general 
director of the School of Mines, Stockholm, for the following table of 
the production of iron ore, pig iron, and crude steel (Bessemer, open- 
hearth, and crucible ingots and blister steel) in Sweden from 1860 to 
1893, in metric tons:

Comparison of the product of iron ore, pig iron, and steel in Sweden, 1860 to 1S9S.
[Metric tons.]

Tears.

1860. . 
1865'. .
1870. .
1Q71
1872
1873 . .
1874. .
1876. .
1877 . . 
1878 . . - 
1879 . . .
1HHII

Iron ore.

417, 337

630, 739

832, 857
92ti, 825 
822 290
796, 957
738, 803 
677, 348 
645, 365 
775, 344

Pig iron.

185, 134 
226, 720
300. 470

339, 559
327, 997
352, 622
344, 636 
340. 857 
342, 547

Crude 
steel.

12. 185

22. 958

22, 252 
26, 918 

• 28, 582 
39 281

Tears.

1881 ....... 
1882 .......
1883 .......

1885 .......
1886 .......
1887 ....... 
•1888 .......

1890 ....... 
1891 ...... 
1892 .......

Iron ore.

826, 137

909, 553
873. 362

903. 186

941,241 
987, 405 

1, 293, 583 
1,483,762

Pig iron.

435, 428

430, 534
46t, 737

460, 625 
457, 052
420, 665
450, 102 
490,913 
485, 664 
453, 421

Crude 
steel.

52, 227

69, 505
74,241

111,585 
114, 537

169, 286 
172, 774 
160, 471 
167, 509
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IRON ORE.

It will be noticed that there was a great increase in the production 
of iron ore in Sweden in 1892 and 1893, which is attributable to the 
opening up of a new and very important 'iron-ore field in the province 
of Norrbotten, in the northeastern part of the Kingdom, which is known 
as tlie Gellivara district. The prodnction of this new district in 1891 
is reported to have amounted to only 200 tons ;• in 1892 it was 178,181 
tons, and in 1893 it was 306,594 tons. The Gellivara ore is of Besse 
mer quality and is very rich in iron. The ore of this district is mostly 
shipped to Westphalia and Silesia, in Germany, but a considerable 
quantity goes also to Great Britain. Shipments are made from the 
port of Lulea, on the Gulf of Bothnia, which is connected with the 
mines by a railroad over 100 miles long.

COAL.

The coal deposits of Sweden which have been developed are all sit 
uated in the extreme southern part of the Kingdom. The production 
is .small, never having exceeded 200,000 metric tons in any year. The 
production of 1893 is the largest yet recorded, amounting to 199,933 
metric tons.

EXPORTS.

Sweden exports a large part of her iron and steel products, which 
trade she owes chiefly to their superior quality.

RUSSIA.

Eussian statistics of production are given in poods, each of which the 
Treasury Department of the United States Government regards as the 
equivalent of 36.112 pounds. The reduction to metric tons which we 
have made in the following tables have been made on this basis.

The tables herewith presented have been compiled in part from data 
furnished us in 1890 by Mr. George Kamensky^of the imperial mint at St. 
Petersburg, and in part from an official publication printed in English 
at St. Petersburg in 1893 by the Eussian Government for use in connec 
tion with the Eussian mining and metallurgical exhibits at the World's 
Columbian Exposition at Chicago in that year, and prepared by Mr. A. 
Keppen, mining engineer. The statistics of Finland are included in 
the statistics we shall present. It is to be regretted that statistics of 
the production of iron ore, coal, pig iron, and steel in Eussia can not be 
presented in a more satisfactory form.

IRON ORE.

The production of iron ore in Enssia from 1886 to 1890 was as follows, 
in metric tons: 1880,1,061,242 tons; 1887,1,355,912 tons; 1888,1,433,930 
tons; 1889, 1,640,242'tons; 1890, 1,796,130 tons. These figures are 

16 GEOL, PT 3——16
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derived from Mr. Keppeu's book. The production in 1892 is reported 
to have been 1,577,015 tons.

COAL.

The production of all kinds of coal in Russia, nearly all of which is 
of good quality, was as follows from 1870 to 1890, the figures from 1878 
to 1887, inclusive, being Mr. Karnensky's, and the others being reduc 
tions from Mr. Keppen's statistics:

Coal product of Russia, 1870 to 1890.

Tears.

1870....
1875. . . .
1878....
1870....

Metric 
tons.

696, 673
1,709,718
2, 483, 575
2, 874, 790

Years.

1880.....
1881.....
1882.....
1883.....

Metric 
tons.

3, 238, 470
3, 439, 787
3, 672, 782
3, 916, 105

Years.

1884.....
1885.....
]88«.....
1887.....

Metric 
tons.

3, 869, 689
4, 207, 905
4, 506, 027
4, 464, 174

Yeara,

1888.....
1889.....
1890.....

Metric 
tons.

5, 187, 312
6,215,577
6, 016, 525

The production of coal of all kinds in Russia in 1891 is said to have 
been 0,233,020 metric tons, and in 1892, 6,816,323 tons.

PIG IRON.

The production of pig iron in Russia from 1878 to 1890 was as follows, 
iu metric tons, the figures from 1878 to 1887, inclusive, being Mr. Kainen- 
sky's, and the others being reductions from Mr. Keppen's statistics:

Production of pig iron in Russia, 1878 to 1890. .

Years.

1878 ...........
1879 ...........

1881 ...........
1882 ...........

Metric 
tons.

426, 511

471,580

Years.

1883 ............
1884 ............
1885 .........---
1886 ............
1887 ............

Metric 
tons.

474, 359

523, 958

Years.

1889 ............
1890 ............

Metric 
tons.

667,116

The production of pig iron in Russia in 1892 is reported to have 
amounted to 1,014,252 metric tons, and in 1893 to 1,159,704 tons.

STEEL.

The production of crude steel of all kinds in Russia from 1881 to 1890 
was as follows, in metric tons, which we have reduced from Mr. Kep 
pen's figures:

Russia's product of crude steel, 1881 to 1890.

Years.

1881 ...........
1882 ...........
1884 ...........

Metric 
ton a.

247, 741
221, 948

Years.

1885 ............

1887 ............
1888 ............

Metric 
tons.

241, 861
225, 545

Years.

1890 ............

•

Metric 
tons.

258, 810
378, 534
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The production of steel in Russia in 1892 is reported to have amounted 
to 365,484 metric tons, and. in 1893 to 488,124 tons.

STEEL RAILS.

The production of steel rails in Russia from 1881 to 1890 was as fol 
lows, in metric tons, reduced from Mr. Keppen's figures. This branch 
of the Russian iron industry has made no progress since 1881:

Jivssla's product of steel rails, 1881 to 1890,

Years.

1SR1

1RRQ

IRRd

Metric 
tons.

128, 700

Tears.

1886 ............
1887 .......... .-
1888 ............

iletric 
tons.

86, 998

Tears.

1889 ............
1890 ............

Metric 
tous.

Russia imports considerable quantities of coal and it exports small 
quantities. It also imports much larger quantities of iron and steel 
than it exports.

AUSTRIA AND HUNGARY.

Our statistics for the Austro-Huugarian Monarchy are chiefly derived 
from correspondence .with Herr Pechar, of Prague, Bohemia, and with 
Herr J. Pizzala and Herr V. Wolff, both of Vienna.

IRON ORE.

Iron ore is found in all parts of the Austria-Hungarian Empire, and 
owing to this fact and to the extreme richness of the ores that are mined 
but little ore is imported. The exports of iron ore from the Empire are 
also very small.

COAL.

In both Austria aud Hungary the larger part of the coal that is 
mined is brown coal, or lignite. We give below, in metric tons, the 
quantity of each kiud of fuel that has been annually produced in these 
countries from 1887 to 1893:

•

Product of coal in Austria and Hungary, 1887 to 1893.

1888..............
1889..............

1891 ..............

Aue

Brown coal.

Metric tons.

13, 845, 863
15,329,057

16,815,955

tria.

Black coal.

Metric tons.

8, 274, 461
8 592 876

9, 192, 885

Hun

Brown coal.

Metric tons. 
1, 723, 440
1,874,201
-i 059 226

2 CC4 9fl£

2 917 900

Sary-
Black coal.

Metric tons.

937, 452

1, 052, 214
982 708

Metric tons.
91 87Q 179

nc 090 dl7
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PIG IRON.

The production of pig iron in Austria and Hungary from 1887 to 1893 
has been as follows, in metric tons:

I'rodnot of pig iron in Austria and Hungary, 1887 to 1893. 

[Metric tons.]

Years.

1887......
1888......
]889......
1890......

Austria.

586, 121
017, 012

Hungary.

192, 753
204, 106

Total.

704, 530
790 227

Years.

1892.......
1883 .......

Austria.

617, 145

663, 345

Hungary. Total.

Both Austria and Hungary import and export coal. The imports 
come principally from Germany; some coke is also imported. Both 
Austria and Hungary import small quantities of pig iron.

STEEL.

The Bessemer process received early recognition in Austria, the erec 
tion of the first Bessemer works in that country having been commenced 
in 1862 at Turrach, in Upper Styria. The production of Bessemer and 
open-hearth steel in Austria-Hungary amounted to 499,600 metric tons 
in 1890. The production of puddled and other kinds of steel in 1890 
is reported to have amounted to 58,995 metric tons. The production of 
steel rails in Austria and Hungary in 1890 was 144,046 metric tons; in 
1891 it was 112,839 tons; and in 1892 it was 102,808 tons.

SPAIK.

We subjoin sucli statistical information concerning the coal, iron, and 
steel industries of this country as appears to be trustworthy. The 
official statistics for 1891 are for the fiscal year.

IRON ORE.
•

The total production of iron ore1 in Spain in 1890 is reported to have 
been 5,788,743 metric tons; in 1891 it is reported officially to have been 
5,679,600 tons; in 1892 it is reported to have been 5,405,170 tons; and 
in 1893 it is reported to have been 5,497,540 tons. The i>rovince of 
Biscay, in which is situated the important port of Bilbao, annually pro 
duces over five-sixths of the total iron-ore production of Spain. Of the 
total production of the country more than five-sixths is exported. Of 
the iron ore produced in Spain in 1892 there were exported 4,773,827 
tons, of which there were shipped from Bilbao 3,918,544 tons, Great 
Britain taking 2,650,753 tons; Germany, 766,302 tons; France, 390,319 
tons; Belgium, 75,249 tons; the United States, 34,164 tons, and other 
countries, 1,757 tons.
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COAL.

The production of bituminous coal in Spain in 1892 is reported to 
have been 1,424,185 metric tons, aud the production of lignite is given 
as 37,011 tons; total of coal and lignite, 1,461,196 tons. Spain also 
produces a very small quantity of anthracite coal. The production of 
all kinds of coal in 1891 is officially given as 1,287,988 tons. Spain is 
a large importer of coal, chiefly from Great Britain.

PIG IRON.

The production of pig iron in Spain in 1890 appears to have been 
179,433 metric tons; in 1892, 247,329 tons; and in 1893, 260,450 tons.

STEEL.

The production of Bessemer and other steel in Spain in 1890 is said 
to have been 63,011 metric tons, and in 1891 it is officially stated to have 
amounted to 78,413 tons.

The recent progress in the development of the iron and steel indus 
tries of Spain is largely due to the aid of English capital.

ITALY.

We are indebted to the minister of agriculture, industry, and com 
merce of the Kingdom of Italy for statistics of the mining and metal 
lurgical industries of that country for 1893, from which we compile the 
following information:

In 1881 the Government restricted to 200,000 tons the quantity of 
Blban ore to be mined each year, and in 1885 it further limited the 
annual production to 180,000 tons. These quantities have respectively 
been mined each year, but, while the quantity annually mined has been 
a fixed number, the quantity annually shipped has fluctuated.

The production of iron ore in the whole of Italy in 1893 was 191,305 
metric tons; the production of all kinds of mineral fuel, or coal, was 
317,249 tons; the production of pig iron was 8,038 tons; and the pro- 
dnction of steel was 71,380 tons. Italy imports most of the pig iron 
used in its iron and steel works, and it also imports large quantities of 
coal, chiefly from Great Britain.

We have received from Mr. Herbert Seott, chemist at the royal 
mines of Elba and iron works of Polloiiica, a detailed account of the 
exportation of the iron ores of Elba to various countries from July 1, 
1851, to June 30,1894. The total exports in these years are given on 
page 149 in metric tons, the exports to the mainland of Italy being 
included.

We regret that lack of space prevents the incorporation in this paper 
of all the interesting statistics sent to us by Mr. Scott. The exports to 
America are all the details which we can give. These exports appear
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to have commenced in the fiscal year 1881-82, when 19,856 tons were 
exported. The quantities since annually exported to America have 
been as follows, in metric tons:

Exports of Italian iron ores to America, 188% to 189d.

Tears.

1884-85........

Metric 
tons.

121, 612

Years .

1887-88 .........
1888 89 .........

Metric 
tons.

61, 875

Tears.

1890 91
1801 09
1892—93
1893-94 .........

Metric 
tons.

19, 836
9 939"'"

GREECE.

The production of iron ore in Greece, practically all that is mined 
being exported, was as follows from 1888 to 1892, in metric tons, accord 
ing to a report by the Greek ministry of finance: 1888,123,441 tons; 
1889,134,340 tons; 1890,207,509 tons; 1891,180,245 tons; 1892,244,405 
tons. Greece also produces annually a few thousand tons of lignite. 
In 1890 it produced 3,500 tons.

DOMINION OF CANADA.

Statistical details of the coal and iron industries of the Dominion of 
Canada are derived from the Statistical Yearbook and from other Ca 
nadian authorities.

IRON ORE.

The production of iron ore in Canada in 1890 was 76,511 short tons; 
in 1891 it was 68,979 tons, and in 1892 it was 103,248 tons. The pro 
duction of iron ore in Nova Scotia alone was 57,311 short tons in 1891, 
75,000 short tons in 1892, and 89,000 long tons in 1893.

COAL.

The production of coal in Nova Scotia in 1892 was 1,942,780 long 
tons, and in 1893 it was 2,223,033 tons. The production of coal in 
British Columbia in 1891 was 1,152,588 short tons, in 1892 it was 925,495 
short tons, and in 1893 it was 1.095,689 short tons. In the Northwest 
Territories there were produced 213,015 short tons of coal in 1893, of 
which 65,000 tons were classed as anthracite. New Brunswick pro 
duced 8,400 short tons of coal in 1893. The total production of coal 
in the Dominion of Canada in 1893 was 3,806,901 short tons.

PIG IRON.

The production of pig iron in Canada in 1890 was 21,772 short tons; 
in 1891, 23,891 short tons; in 1892, 42,443 short tons; in 1893,55,947 
short tons; and in 1894, 50,166 short tons.
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STEEL.

Steel is produced in Canada by only oiie company, the Nova Scotia 
Steel and Forge Company, Limited, of New G-lasgow, Nova Scotia. In 
1894 this company produced 25,685 long tons of open-hearth steel.

OTHEK COUNTRIES.

Coal is mined in Turkey on the Asiatic coast of the Black Sea. The 
only record of production which we regard as trustworthy is that for 
1880, in which year 33,000 metric tons were mined. Servia is credited 
with the production of 87,650 metric tons of coal in 1891, the authority 
being Mr. A. Levesou-Gower, of Belgrade, in a report to the British 
foreign office. Portugal produces but little coal. In 1872 only 12,387 
metric tons were mined, and the production has not since greatly 
increased.

The production of coal in New South Wales in 1890 was 3,060,876 
long tons; in 1891, 4,037,929 tons; in 1892, 3,780,968 tons, and in 1893, 
3,278,328 tons. The production of coal in New Zealand in 1890 was 
637,397 long tons; in 1891 it was 668,794 tons; in 1892, 673,315 tons, 
and in 1893, 691,548 tons. The production of coal in Tasmania in 1890 
was 53,812 long tons; in 1891 it was 45,524 tons, and in 1892 it was 
35,669 tons. In Queensland in 1890 it was 338,344 long tons; in 1891 
it was 271,603 tons; in 1892 it was 265,086 tons, and in 1893 it was 
264,403 tons. In Victoria in 1892. it was 23,363 tons, and in 1893 it 
was 91,726 tons. The production of brown coal, or lignite, in Victoria 
in 1892 was 6,600 tons. The total coal and lignite production in 1892 in 
the Australasian countries mentioned was 4,785,001 tons.

The production of coal in India in 1891 was 2,328,577 long tons; 
in 1892 it was 2,537,696 tons, and in 1893 it was 2,529,855 tons. The 
production of coal in China is always an unknown quantity. It has 
been variously estimated at from 100.000 to 3,000,000 tons annually. 
The production of coal in Japan in the fiscal year 1891 amounted to 
3,147,930 long tons and that of lignite amounted to 14,878 tons. The 
exports of coal by Japan in 1893 are said to have amounted to 1,505,413 
tons.

The production of iron ore in India in 1890 was 17,853 long tons; in 
1891 it was 33,335 tons, and in 1892 it was 23,161 tons. About 10,000 
tons of pig iron are annually made in India. The production of iron 
ore in Japan in 1891 was 18,231 long tons. The annual production of 
pig iron is probably less than 10,000 tons.

In the fiscal year 1893 Natal produced 129,255 long tons of coal, and 
in 1892 Cape of Good Hope produced 41,717 tons.

Mexico produces but little iron and coal. In South America the 
only coal producer worthy of mention is Chile, which annually mines 
about 500,000 tons. In all South America the production of iron is 
only nominal.
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SUMMARY.

The following table gives the production of iron ore, coal, pig iron, 
arid steel in all countries in the latest years for which complete statistics 
are available. Tons of 2,240 pounds are used in giving the production 
of the United States, Great Britain, Canada, and "other countries," 
and metric tons of 2,204 pounds are used for all the continental coun 
tries of Europe:

Summary statement of the product of iron ore, coal, pig iron, and steel.

Countries.

United States..-.. 
Great Britain. 
Germ any and Lux-

Austria and Hun 
gary............

Italy..............

Other countries- . .

Total ....... 
Percentage of the

Iron ore.

Tears.

1894 
1893

1894 
1893 
1893

1893 
1892 
1893 
1893 
1893 
1892 
1894

Tons.

11, 879, 67!) 
11, 203, 476

12, 403, 758 
3, 517, 438 

238, 783

2, 082, 583 
1, 577, 015 
1, 483, 762 
5, 497, 540 

191, 305 
92, 180 

1, 000, 000

51, 167, 525 

23.2

Coal.

Years.

1893 
1894

1804 
1894 
1894

1893 
1892 
1893 
1892 
1893 
1893 
1894

.......

Tons.

162, 814, 977 
188, 277, 525

98, 876, 105 
27, 459, 137 
20, 458, 827

30, 449, 304 
ti, 816, 323 

199, 933 
1,461,196 

317, 249 
3,399,019 

12, 120, 000

552, 649, 595 

29.4

Pig iron.

Years.

1894 
1894

1894 
1891 
1894

1893 
1893 
1893 
1893 
1893 
1894 
1894

Tons.

6, 657, 388 
7, 364, 745

5, 416, 000 
2, 077, 647 

810, 940

982, 707 
1, 159, 704 

453, 421 
260, 450 

8,038 
44, 791 
80, 000

.25,315,831 

26.2

Steel.

Years.

1894 
1893

1894 
1894 
1894

1890 
1893 
1893 
1891 
1893 
1894 
1894

TOES.

4,412,032 
3, 049, 663

3, 621, 000 
063, 264 
344, 776

558, 595 
488, 124 
167, 509 
78,413 
71,380 
25, 685 

5, 0110

13, 485, 441 

32.7

The percentage of iron ore produced by the United States is seen by 
this table to have been 23.2; of coal, 29.4; of pig iron, 26.2, and of 
steel, 32.7.

PRODUCTION OF PIG IRON IN THE UNITED STATES IN 
THE FIRST HALF OF 1895 AND IN THE LAST FOUR 
TEAKS.

The total production of pig iron in the United States in the first 
half of 1895 was 4,087,558 long tons, against 2,717,983 tons in the first 
half of 1894 and 3,939,405 tons in the second half of 1894. Large as 
was the gain of 1,369,575 tons in the first half of 1895 over the first 
half of 1894, the gain over the second half was only 148,153 tons. In 
the twelve months from June 30, 1894, to June 30, 1895, we made 
8,026,963 tons of pig iron. In the last six months of 1895 we shall 
probably make about 5,000,000 tons, which will bring our total pro 
duction for 1895 up to 9,000,000 tons. Our maximum production was 
in 1890, when we made 9,202,703 tons. Our next largest production 
was in 1892, when we made 9,157,000 tons. In 1893 our production 
fell to 7,124,502 tons, and in 1894 it fell to 6,657,388 tons.

The production of Bessemer pig iron in the first half of 1895 was 
2,402,023 long tons, or over 58 per cent of the total production.

The quantity of spiegeleisen and ferro-manganese produced in the 
first half of 1894 was 50,955 long tons; in the second half, 69,225 tons; 
total, 120,180 tons. In the first half of 1895 the quantity of spiegeleiseu 
and forro-manganese produced amounted to 73,011 tons.
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The number of furnaces which were in blast on June 30,1894, was 108. 

On December 31, 1894, the number in blast had increased to 185. On 
June 30,1895, the number in blast was 186, while 314 were out of blast.

•The statistics of unsold stocks of pig iron on June 30, 1895, are 
exceedingly favorable for the producers. The stocks of pig iron which 
were unsold in the hands of manufacturers or their agents at that 
date, and which were not intended for their own consumption, amounted 
to 439,290 long tons, a decrease of 158,398 tons since December 31, 
1894. These figures do not include pig iron sold and not removed from 
the furnace bank, nor pig iron manufactured by rolling-mill proprietors 
for their own use. The largest decrease in the six months just ended 
was, of course, in coke pig iron, but there was also a large decrease in 
charcoal stocks, from 250,183 tons to 200,687 tons. On June 30 charcoal 
stocks still constituted, however, nearly one-half of the unsold stocks.

Included in the 439,290 tons of unsold pig iron on June 30 last were 
40,900 tons in the yards of the American Pig Iron Storage Warrant 
Company which were yet under the control of the makers, the part in 
these yards not under their control amounting to 81,300 tons, which, 
added to the 439,290 tons above mentioned, makes a total of 520,590 
long tons of unsold pig iron which was on the market at that date, 
against a total of 661,328 tons ou December 31, 1894.

The total quantity of stocks in the above-named warrant yards on 
June 30 was the largest yet recorded, amounting to 122,200 tons.

The following table gives the production of pig iron in the United 
States, by States, during the last three half years, and also the number 
of furnaces in each State:

Number of furnaces in Mast, and product, in first half of 1S95.

States.

New York ».

Ohio.....................

Total..............

lilast furnaces.

In blast 
Dec. 31, 

1894.

1 
2 
4 
4 

80

9

1 
15 

1 
2 
2 
8 

36

10 
5 
3

1 
1

185

Juno 80, 1895.

In.

1 
1 
3 
4 

80

10

2 
20 

1 
2 
3 
7 

33

11 
3 
3

1 
1

186

Out.

3 
6 

22 
9 

109 
9 

22 
2 
3 

32 
3 
2 
6 

15 
32 

2 
6 

17 
6 
1 
3 
2 
1 
1

814

Total.

4 
7 

25 
13 

189 
9 

32 
2 
5 

52 
4 
4 
9 

22 
65 

2 
17 
20 

9 
1 
4 
3 
1 
1

500

Production (includes apiegeleisen) .

First half 
of 1894.

Long tons.

3,369 
91, Oil 
36, 878 

1, 350, 466 
3,974 

146,215

22, 540 
255, 950 

2,223 
23, 032 
19,630 

100, 223 
332, 804

216, 121 
46, 309 
38, 372

892 
25, 4C5 
1,000

2,717,983

Second half 
of 1894.

Long tons. 
150 

4. 047 • 
83, 574 
26, 395 

2, 019, 686 
1,626 

151,871

17,728 
336, 442 

2,448 
56, 849 
14, 215 

112, 550 
567, 225

388, 674 
48, 862 
53, 223

B, 630 
48, 204

3, 939, 405

"First half 
of 1895.

Long tnns. 
2,194 
2,438 

88, 369 
28, 112 

2, 087, 381

142. 580

11,535 
390, 553 

2,502 
62, 567 
19, 285 

114,160 
632, 571

376, 401 
45. 868 
53,750

2,267 
25, 016

4, 087, 558
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The following table gives the production of pig iron in the United 
States during the past four years, by States:

Product of pig iron for four years, by States,

States.

Ohio....................................
niinaia .................................

1891.

Long tons. 
8 990

123, 398
205 292

3,217
49, 858

44, 844

1, 035, 01.1
7 7^9

669, 202
213, 145

29, 220
1,220

9 295'

1892.

Long tons. 
7,946

17, 107

87 QT\

99,131

2,908
9,950

915 206

154 793

1,221,913

184, 421

57, 020
14, 071

7,628

1893.

Long tons. 
7,853

191,115

2, 843

6, 257

47, 501

405, 261

131, 772

1894.

Lonn long.
. Ff,

7,416

3 ^70 152
5,600

CQO oQO

80, 781

604, 7S5

91, 595

73, 669
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GOLD FIELDS OF THE SOUTHERN APPALACHIANS.

BY GEORGE F. BECKEK.

PREFATORY.

Iii August, 1894, the Director ordered ine to make a recouuaissance 
of the gold deposits of the Southern Appalachians, and the months of 
September, October, and November were spent iu performing this 
duty. The field work was far from satisfactory, for scarcely half a 
dozen mines were iu active operation, and in most cases old trenches 
and dumps only were accessible.

In the earlier portion of this report the gold-bearing region of the 
Carolinas and Georgia has been dealt with as a whole, and the attempt 
has been made to muster the more important available facts derived 
either from field work in 1894 or from previously published descrip 
tions. In treating the material iu this way, many details are neces 
sarily omitted, and no very clear idea is conveyed of any one district 
or mine. Many readers will be satisfied with a general impression 
of the region, but others, more nearly interested, will expect to find 
local descriptions. Such are therefore presented in the concluding 
portion at the cost of some repetition, which, however, has been cou- 
fiued to the lowest limit compatible with the object in view. The 
material is mainly derived from my own notes, but references are given 
to other papers on the localities described.

At the close of the paper will be found a digest of the geology of the 
gold deposits of the Maritime Provinces of British America and the 
Green Mountains. This digest is merely a compilation, and its interest 
here consists in the fact that, as reported, these deposits resemble those 
of the Southern Appalachians in the most striking manner. With this 
additiou this report may be regarded as a sketch of the gold deposits 
of the Atlantic slope.

Throughout the field and office work I have had the assistance of Mr. 
0. W. Puringtou. It happened that Mr. H. B. C. Nitze, of the North 
Carolina survey, was engaged in studying the South Mountain area at 
the time of my visit. He was kind enough to give me much information
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which I might otherwise have missed. Later he joined me in the more 
easterly auriferous region of North Carolina, and we visited many prop 
erties together, much to my advantage. Mr. Nitze's report will appear 
aboiit the same time as this, in the Second Biennial Eeport of the North 
Carolina Geological Survey. I am also indebted to Prof. George B. 
Hanna, of Charlotte, N. G., for much valuable information, and other 
acknowledgments will be made in the course of the report.

GEOGRAPHY OF THE GOLD DEPOSITS.

Gold occurs along the Atlantic slope of North America from New 
foundland to Alabama. Northward of Washington it is found in com 
mercially important quantities only in Nova Scotia, but some gold 
has been obtained to the eastward of the Green Mountains, both 
in Quebec and in Vermont. From near Washington southward the 
auriferous deposits are numerous, assuming their most important 
development in the Carolinas and Georgia.

In the Southern States the deposits may be divided into three groups, 
which bear interesting relations to the structure and the geographical 
features <jf the region. The first of these may be called the Georgian 
belt. It has been traced southward to the neighborhood of Mont 
gomery in Alabama, and extends thence in a northeasterly direction 
through northern Georgia, passing near Canton and through the min 
ing town of Dahlonega. It can hardly be said to reach northward 
beyond the boundary of North Carolina, but in that State a single 
vein has been worked which lies about on the strike of this belt. It is 
called the Boilston, and is about 17 miles west of south from Asheville.

The Georgian belt strikes substantially with the cleavage of the crys 
talline schists, or iu the same direction as the folds and ridges of the 
main Appalachian ranges and the principal axes of folding which have 
marked the successive uplifts of that remarkable chain, but it lies to 
the southeast of these axes.

A second interesting area marked by gold deposits is the neighbor 
hood of the South Mountains, in the heart of North Carolina. This 
isolated group of mountains does not conform to the ordinary Appa 
lachian trend or configuration, a fact intimately connected with its 
geological structure. Though it is mainly composed of gneisses and 
schists, the principal cleavages strike to the west of north in this area, 
instead of to the east of north, as is the rule elsewhere. The relation 
of the quartz veins to the schistosity is also different from that char 
acteristic of the two other regions, indicating some profound and quasi- 
permanent irregularity in the resistance of this part of the earth's 
external shell.

A third auriferous region lies parallel to the Appalachians, but far 
to the east. It is wider and less defined than the Georgian belt and is 
capable of subdivision. It is sufficient for the purposes of this paper 
to regard it as one belt, with Charlotte, N. C., near the center, extend-
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ing to the southwest into South Carolina and, toward the northeast, 
two-thirds of the distance across North Carolina. It may be called 
the Carolinian belt. The deposits of Virginia lie substantially in the 
strike of this zone.

There are no mountains in the Carolinian belt, though some small 
hills have received from the population of the plains the name of the 
Uharie Range. There is a strong probability, however, that the topog 
raphy was once varied by a range of volcanoes extending along this 
belt aiid reaching far to the northward.

The broad features sketched above can be followed on any topo 
graphical map of the United States. Sketch maps showing the position 
of the more important deposits visited, on a scale of 20 miles to the 
inch, will be found in the later portion of this paper. It would be 
desirable to display geological maps of the region, but the age of the 
rocks is at present too uncertain to justify the attempt. The immediate 
walls of those gold veins which have been mined are all, so far as 
known, pre-Cambrian; but the evidence on this subject is mainly 
negative.

Besides the three areas noted above there are other localities in which 
gold has been found. In Cherokee County, If. C., along the Valley 
River, a good many men have made wages in washing gravels, and other 
localities are noted in Messrs. Kerr and Hanna's Ores of North Caro 
lina, but none of these are supposed to have yielded important quan 
tities of the precious metal.

HISTORY AND STATISTICS.

The early European visitors to Florida and Georgia seem to have 
been impelled by the desire to acquire gold while saving souls. There 
is nothing remarkable, therefore, in the fact that the early narratives 
report the presence of gold in almost all regions—for example in New 
England. It is thus questionable whether some of .the earliest reports 
of gold in the South were founded on observation or on hope. The first 
mention of the metal in this region is to the effect that on June 4,1513, 
while Ponce de Leon lay near the southern end of the peninsula of 
Florida, he was informed that a cacique in the neighborhood had a 
quantity of gold. 1 No further mention is made of the matter in this 
narrative. In 151C, however, Diego Miruelo obtained a little gold from 
the natives^ and in 1519 Piueda, who coasted along the western side of 
the peninsula 3 and along the Texan coast, reported that many of the 
rivers contained gold, and that the natives wore golden jewels.

The first definite information as to the occurrence of gold seems clue
xto Pamphilo de Narvaez, who landed at Tampa Bay in 1527. Here he
saw traces of gold, probably ornaments, and was informed by the

1 Herrera, Dec. 1, Book IX, chap. 5.
2 Barcia, Ensaio Cronologico Afio MDXVI, fol. 2.
» Kavurrette, vol. 3, pp. 147-153.
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natives that great quantities of it were found in a province called Apa- 
laclie. 1 Hernando de Soto landed at Tampa Bay in 1539. He certainly 
made somewhat extensive explorations, but does not appear to have 
met gold in any abundance.2 Soto is sometimes credited with having 
undertaken regular mining operations in the Nacoochee Valley and else 
where; but the narrative of his expedition shows that he was too busily 
occupied with obtaining supplies and his favorite "sport of killing 
Indians" to undertake any serious mining operations.3

Somewhat more information appears in Lemoyne's Brevis Narratio 
of the journey made by Laudonniere in 1564. 4 The passages are curi 
ous enough to be worth extracting. Describing matters near the mouth 
of the river Mai (which is probably the Altamaha, though it has been 
thought to be the St. Johns5 ), he says: "Plenty of gold and silver is 
found among them, and they use them in internal commerce. As I 
learned from themselves, these metals were obtained from the wrecks 
of ships which had been thrown on the coast, and I am readily per 
suaded that this is true, for in the neighborhood of the Promontory 
[Florida] silver is more plentiful than to the northward. They assert, 
however, that in the Appalachian Mountains there are veins of copper 
(aes)."

Again he says: " That chief sent me a sheet of copper dug from those 
mountains, from the base of which flows a torrent rich in gold, or, as the 
Indians think, in copper: for from this stream they draw up sand in a 
hollow cane-like reed until it is full, then by shaking and jarring it 
they find grains of silver and copper mingled with sand. Hence they 
conjecture that there is a vein of this metal [sic] in those mountains."

1 Relation rl'Alvar Nunez Cabe9a de Vaca; Teruaux-Compaiis, Chap. IV, p. 29.
2 Narrative of the gentleman of Elvas in Hakhryt.
3 Winsor quotes Oviedo as remarking the Governor's fondness for this sport. Narr. and Crit. Hist., 

vol. 2, 1886, p. 246.
I owe most of the foregoing notes to the kindness of Mr. AVoodbury Lowery.
4 This is a famous "work, of which De Bry was publisher, issued in 1591. The illustrations are by 

Lemoyne, who as artist accompanied Laudonniere's expedition.
6 Parkman regarded it as the St. Johns (Pioneers of France in the New World. 1883, p. 32), but 

Lemoyne's map shows it as the largest river of the South, its main branch extending to the northwest 
into thoMontcs Apalatci, and placed much farther north than one would expect to find the St. Johns. 
Laudonniere also speaks of the Mai as one of three great rivers rising in the Appalachian Mountains 
and as being navigable for small boats from these mountains to the sea. This would answer to the 
Altamaha but not to the St. Johns. The other rivers of the triad are, I suppose, the Savannah and the 
Santee. On this map it has a southerly branch ending in a lake. On Delisle's map, which was originally 
issued in Paris before 1707. according to Mr. Justin Winsor (Narr. and Crit. Hist, of Am., vol. 2, 1886, p. 
294), the river appears without the southerly branch and is called the Caouctas or May. This map is 
wonderfully accurate, considering the time at which it was prepared, as may be seen by comparison 
with modern maps, and the mouth of the May is shown at a distance north of St. Augustine almost 
exactly corresponding to the real position ofthfi Altamalia. The copy in the library of the Geological 
Survey was issued in 1739. On Ottens's map, issncd in 1755, the Altamaha bears the alternative title of 
the George Eiver. The Survey library contains also a map entitled "A new and accurate map of the 
province of Georgia in North America." It is without date or author and appears to have been a 
folded sheet in some book. Tt now forms a. portion of a*oollection of American maps made in England. 
The collector assigned to this sheet Xo. 92"the date 1760. On it the river in question is labeled "Form 
erly river May, now Alatamaha or St. George's River."

This river seems to have borne a somewhat evil fame in the last century, if one may judge by Gold 
smith's Deserted Village, in which a gruesome description begins:

"Through torrid tracts with fainting steps they go 
Where wild Altama murmurs to their woe."
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The process thus described is illustrated by a drawing, 1 seemingly 
evolved from the description, upon which it throws no light. The 
legend of the drawing reads thus: "Manner of gathering gold in the 
rivers flowing from the Apalatcy Mountains. Far from the locality 
where our fort was built [the mouth of the Mai] there are great moun 
tains, called Apalatcy in the Indian tongue, in which, as may be seen on 
the topographic map, rise three great rivers sweeping down sand with 
which is mixed much gold, silver, and copper. On this account the 
inhabitants of the region dig pits in the river so that the sand swept 
along by the water may fall into them by gravity. This, diligently 
extracted, is carried to a certain spot, and after some time, having 
removed the sand which had again fallen into the pits, they collect it 
and convey it in boats down the great river, called by us the Mai, which 
empties into the sea. oSTow, the Spaniards know how to convert to their 
own use the treasures thence obtained."

These passages need, and perhaps deserve, comment. It is remark 
able that Laudonniere discriminates so imperfectly the three metals 
which he mentions. As for silver, it seems to me substantially cer 
tain that if the Indians possessed any it must have come from Mexico, 
possibly by hand to hand barter, but perhaps through the wreck of 
early Spanish ships. As for copper, there is little doubt that the 
French saw this metal in the possession of the Indians. There is no 
indication, however, that the natives ever mined copper in the Appa 
lachians, although some native copper is to be found there, for ex 
ample, in Alleghany and Ashe comities, N. C. Mr. E. L. Packard 
has discussed copper mining by the Indians, 2 and gives good reasons 
for believing that the only source of this metal in the United States 
was at Lake Superior. The Indians of Georgia no doubt possessed 
ornaments of this metal, received in barter, and highly valued by them. 
Indeed, early voyagers have stated explicitly that the Indians prized 
copper as highly as they did gold. When the French inquired whence 
the copper came, the reply would be, from the northwest, the same 
direction as that to which the gold was referred. There can be no 
doubt that the Indians also possessed gold. It was actually tested on 
the spot during Laudonniere's expedition,3 and the locality from which 
the Indians said it came, as shown on Lemoyne's map, is the neighbor 
hood of Dahlonega. Even within the last two years handsome nuggets 
of from fifty to a hundred pennyweights have been found in this region, 
and they must have been fairly abundant after rains in the sixteenth 
century. Mr. Packard suggests that a part of the confusion which 
arose as to aboriginal riches was dne to the fact that mica was also a

'This curious plate is substantially reproduced in Bruckmann's "Magnolia Dei in locis snbterraueis, 
Braunschweig, 1727, Tab. XJJ; where, however, the picture id reversed and some unimportant addi' 
tions are maile to the landscape.

'American Antiquarian, vol. 15, 1893, pp. 67 and 152.
3Hakluyt's translation of Laudonuiere.
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treasure among the Indians. Tt seeins certain that they actually mined 
this mineral.

The French certainly did not see the washing of gold in canes. It 
is possible, as Mr. Packard thinks, that the description of the process 
is a distorted account of panning as practiced by or learned from the 
Spaniards. It is conceivable, however, that separation of gold dust 
should have been carried on in tubes instead of dishes. While panning 
is a process known throughout the Eastern Hemisphere, with minor 
modifications, and is no doubt of prehistoric origin, I have met with 
no clear and authoritative statement of the means originally employed 
by the American Indians in gathering gold from sands. 1

As for the supposed ancient workings in the Nacoochee Valley, they 
are described as almost too modern in character even for the Spaniards 
to have made.2 Dr. D. Gr. Brinton thinks the Indians are to be credited 
with some mining development.3 Mr. C. E. Jones refers these work 
ings to Tristan de Luna, remarking, however, that J. Lederer reported 
that the Spaniards were at work at mines as late as 1669 or 1670.4

During the eighteenth century little attention seems to have been 
paid to gold in the Appalachians. The earliest reference with which I 
have met is by Thomas Jefferson in 1782. He describes a lump of ore 
of about 4 pounds weight from the north side of the Rappahannock, in 
Virginia. It was found about 4 miles below the falls, and yielded 17 
pennyweight of gold. He heard of no other indication of gold in the 
neighborhood.5 A large nugget of gold was discovered at the Reed 
Mine, Carbarrus County, N. C., in 1799, but for some years its nature 
was not known. When this was ascertained further search was made 
and many more lumps were found. One of them weighed 28 pounds.

The history of gold mining in the Appalachians from the discovery 
of gold on the Reed property up to the year 1853 has been given by 
Prof. J. D. Whitney in a work so accessible 6 that the details need not 
be repeated here. From 1804 to 1827 all the gold produced in the 
United States came from North Carolina, aiid the total amount, so far 
as the records go, was only $110,000. Up to 1825 all the gold of that 
State came from washings; in that year Mathias Barringer made a suc 
cessful excavation in Montgomery County, and soon afterwards good 
quartz veins were found in Mecklenburg County.

South Carolina first sent gold to the mint in 1829, but during the 
next year deposits were worked in Chesterfield and Lancaster counties.

'I have been told that winnowing gold sands in half a gale of wind was practiced by the Indians 
in Arizona, and that the whites learned to work dry diggings from them ; but I doubt these Indians 
going to so much trouble, aud the report needs confirmation from early explorers.

'Hernando de Soto, by Charles E. Joiies, jr. Savannah, 1880.
'Notes iin the Ifloridian Peninsula, 1850.
4 An abstract of Lederer's travels is given ill Harris's Collection of Voyages and Travels, vol. 2, 

1705, Appendix, p. 19, including references to the Spanish mines.
'Notes on Virginia. This work was completed in 1782 and a few copies were printed. The first 

English edition was issued in 1787.
0 The Metallic Wealth of the United States, 1854.
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In 1830 and 1831 from 100 to 200 hands are reported at work on the 
Brewer mine, in the first-named county.

The first discovery of gold in Georgia is said to have taken place in 
1829 in Habersham County. A rush to the region took place, and as 
many as 6,000 or 7,000 persons were soon employed in gold washing 
in Northern Georgia. This excitement, however, soon abated.

After the date of Jefferson's note referred to above the first discov 
ery of gold in Virginia is said to have taken place in 1831. 1 In 1836 
there was considerable activity in gold mining in that State, as appears 
from the elder Silliman's report in 1837.2 From the rediscovery to 1850 
the product of Virginia is said to have been pretty steady, the annual 
value .being between $50,000 and $100,000. In the early fifties an 
increased activity was manifested.

As for Alabama, there seem to be almost no recorded data. The 
discovery probably dates from the time of the gold fever in Georgia, 
1830. " Of the yield of gold th'ere is no record, or indeed of anything 
in connection with the matter, except that at such and such localities 
large numbers of men were engaged in the work and that at certain 
places it was said to be profitable." 3

The civil war, of coarse, pat an almost complete stop to mining 
operations in the South. The history of the mines of North Carolina 
from the close of the war to ihe end of 1886 has been very fully given 
by Messrs. Kerr and Hanna in a work to which I am greatly indebted.4 
No similar report has been published for the other gold-bearing States 
of the South.

The statistics of the gold production in the South have been col 
lected by Mr. Stuart W. Cramer, and published in the production 
report of the Director of the Mint for 1892, and Ms table is reproduced 
below, with the addition of the Mint estimates for later years. These 
figures represent as the product of the respective States, not merely 
the gold actually deposited at the United States assay offices and the 
Mint, but a reasonable estimate of the remaining product.5

A curious bit of history affecting the accuracy of the statistics is the 
coinage of gold by one Bechtler, in North Carolina, about 1833 and for 
many years afterwards. It is said that for some time these coins and 
Mexican silver constituted the chief currency of large districts. To 
insure their reception the Bechtler coins were made slightly over 
weight, which of course led to their rapid disappearance.

'According to Mr. Thomas Pollard, Commissioner of Agriculture, in a paper prepared for A. G. 
Lock's work, Gold, 1882, p. 187.

5Am. Jour. Sci., vol. 32, 1837, p. 98.
3 W. B. Phillips, Geol. Surv. of Alabama, Bull. 3,1892, p. 10.
' Ores of North Carolina, being Chap. II of vol. 2 of the Geol. of North Carolina, Raleigh, 1803.
£ This is not explicitly stated, but according to Mr. George B.- Hanna, op. cit., page 233, the official 

records of the United States to the end of 1880 give for North Carolina a little over eleven millions, 
-while taking into consideration the gold used by local jewelers and the direct export from mines, 
owned by foreign companies, Mr. Hanna estimates the real product at twenty-two millions. In Mr. 
Cramer's table the product for "N"orth Carolina to the end of 1886 is nearly twenty.one millions.

16 GEOL, PT 3———17
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Estimate of the production of gold and silver in the Southern States from 1799-1S79, and
annually since.

Years.

1799-1879... 
1880........
1881 ........ 
1882........
1883........
1884........
1885........

1887........
1888. .......
]889........
1890': .......
]891. .......

1893........
1894........

Total...

Mary- 
land.

$2, 500

500 
1,000

500
2,000

16 962
11.264
1,000

114
978

46, 068

Virginia.

$3, 091, 700

10, 000

7,000

3,500

14, 600
7,500

6,699
5,002

7, 648

3, 203, 443

North 
Carolina.

$19, 659, 600

115, 000 
215, 000

] 55, 000 
178, 000

70, 505
52, 927

21,709,276

South 
Carolina.

$2, 587, 900

40, 000 
25, 000

43, 000 
38, 000

39, 200

100, 294

123, 88]
127, 991

3, 581, 263

Georgia.

$14,180,500

125,000 
250, 000

136, 000 
158, 500

104, 500

101,818
80, 622
95, 251

100, 375
99, 095

16, 101, 730

Ala 
bama,

$865, 800

1,000

6,000

5,600
5,639

2,245
2,419
6,362

419, 827

Tennes 
see.

$155, 300 
1,500
1,750 

250
aci-i

Ojlfl

300 
500

1,100

519

829

166, 105

Total.

S40, 042, 800

298, 250 
509, 750
441, 250

845, 800 
379, 000

332, 975
818, 755

268, 827

45, 227. 712

An encouraging item for the production of 1895 is a nugget weigh 
ing 8 pounds 5 ounces troy, found at the Crawford mine, Stanly 
County, S". C., on April 8.

The fineness of gold with reference to its geographical distribution is 
a matter of interest in some auriferous regions, for example in Austra 
lia, where the gold grows finer with increasing latitude. I can not 
discover any regularity in the distribution of fineness in the Southern 
Appalachians. Throughout Georgia the fineness is great and averages 
something like 0.950, excepting at the Loud mine, where it was 0.880 
in 1858, according to Prof. W. P. Blake, while at the time of my visit 
it was reported as only 0.800. No cause for this exception is apparent. 
In the South Mountain area the gold was 0.825 fine, according to 
Genth, writing in 1875.

In the Carolinian belt the fineness is reported at or above 0.900 at 
many localities in the following counties: Orange, in Virginia; Cabar- 
rus, Gaston, Mecklenburg, Polk, Eowan, and Rutherford, iu North 
Carolina; Chesterfield, York, and Lancaster, in South Carolina. It is 
reported as below 0.900 in McDowell, Moore, and Union counties, in 
.North Carolina. In the Davis mine, in Union County, N. 0., it has 
even been as low as 0.450 when mingled with galena, and indeed, in 
Professor Hanna's opinion, it is the presence of galena which usually 
carries down the tenor of the bullion.1 In Union County, S. C., also, 
the Harman mine had bullion of about the same grade as the Davis, 
according to Tuomey.2 While I am not prepared to contest Professor 
Hanna's opinion of the cause of low-grade bullion, it seems certain that 
some gold not found in contact with galena or in deposits containing 
any extraordinary quantity of lead sulphide is low grade, while some 
mines in which the amount of galena is considerable yield high-grade 
gold.

1 Eng. and ilin. Jour., vol. 42,1886, p. 201. See also Orea of North Carolina, 1887, p. 284.
2 Geol. Soutli Carolina, 1848.
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THB ROCKS.

In outlining the general geology of the Southern gold fields it seems 
expedient to begiu by rapidly reviewing the distribution of formations 
and then to proceed to descriptions of the several rocks.

To the northwestward of the Georgian belt a large area is occupied 
by the Ocoee formation, concerning the age of which different views 
are taken. Mr. Hayes informs me that in Tennessee the Ocoee unques 
tionably rests upon the Cambrian, but whether by deposition or by 
overthrust is not finally determined. It is doubtful therefore whether 
it is Paleozoic or Algonkian. The gold-bearing region near Mnrphy, 
in Cherokee County, N. C., is largely occupied by the Ocoee. Along 
the Valley River there are limestones 1 referred to this period and 
gneisses believed to be Archean. Between them are schists carrying 
gold in small quartz stringers; they underlie alluvium,and are so ill- 
exposed that it was not possible for nie to ascertain to which series 
they belonged. To the east of Murphy, however, there are many quartz 
seams in the sedimentary rocks. They are probably to some extent 
auriferous, but I am not aware that they have been tested.

There is limestone near the Boilstou mine in Henderson County, 
N. C., but the mine itself is in gneissic schists.2 In Georgia the Ocoee 
does not appear to reach within several miles of the gold belt, and, 
excepting recent deposits, I saw nothing on this belt which seemed of 
sedimentary origin. The rocks are gneisses and crystalline schists 
probably of Archaean age, sometimes intersected by granite dikes which 
I suppose to be Algonkian.

So far as is known the rocks of the South Mountain area are of the 
same age as and lithologically similar to those in the Georgian belt.

Conditions in the Carolinian belt are much more complex. Hero a 
belt of rocks which are in large part of sedimentary origin is bounded 
on the northwest by a plutonic area (the pyrocrystalline of B. Emrnons 
and the Lower Laurentian of Kerr) and on the southeast for the most 
part by the Munroe beds and the Newark system. This belt is from 8 
to 40 miles in width. From the character of the contact between it and 
the pyrocrystalliiie masses to the northwestward Mr. Mtze believes the 
granitic rocks to be intrusive masses of later date. This belt seems 
largely composed of metamorphosed sedimentary rocks of great age, 
chiefly clay slate, which occasionally shows bedding not concordant 
with the slaty cleavage. To this metamorphic series belongs also the 
limestone of the Kings Mountain mine in Gastou County.

These sedimentary rocks are nowhere known to contain fossils. They 
are far more metamorphosed than the Cambrian of more northerly por 
tions of the Atlantic slope, and they contain a great amount of volcanic

'Small quantities of galena are found with the limestones, as well aa gossans, such as overlie pyr- 
rhotite deposits.

"Mr, Nitze found on the eastern aide of Boilston Creek, nearly opposite the mine, contorted schists 
overlying the limestone. In the schiats there are a few small quartz stringers which au asaay proved 
slightly auriferous. The schists are probahly Ocoeo.
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material which does not appear in the known Cambrian rocks of that 
slope. In the present state of knowledge they can only be referred to 
the Algonkiau.

The voleanics occupy irregular patches in this slate belt. They are 
so sheared and decomposed as to have been taken for sedimentary 
material. Effusive lavas were first observed by the late George H. 
Williams. 1 They resemble the ancient eruptives of the South Mountain 
of Pennsylvania and Maryland. These are pre-Cambriau, and Mr. 
Keith has found fragments of them abundant in the Cambrian beds.2 
It seems to have been in these volcanic rocks that E. Emmons found the 
structures which he supposed to be organic and named Paleotroehis. 
Spherulites in the same rocks have apparently been mistaken for con- 
glomeritie pebbles.

Near Monroe, in Union County, N. C., there are shales and slates far 
less modified than the Algonkian schists described. This series can be 
followed along the railroad from Mouroe eastward to Polkton, a dis 
tance of some 20 miles. They appear at Albemarle, in Stanly County, 
and near the Sam Christian mine, Montgomery County. The Monroe 
beds were noticed by Prof. J. A. Holmes, who has not yet published 
his observations, and independently of him by Mr. Nitze and myself 
working in company. Professor Holmes observed them dipping beneath 
the Newark beds near Polkton. This series has not yet been studied 
and may prove fossiliferous. The prevalent degree of metamorphism 
is about the same as in the least-altered portions of the Ocoee.

The Newark system of the Carolinas is regarded as Triassic by Dana 
in tlie last edition of his Manual of Geology. Prof. I. C. Russell thinks 
it corresponds with the upper portion of the Trias and the lower por 
tion of the Jura. 3 Messrs. Cope and Leidy have described vertebrate 
remains from this system in North Carolina, and many plants have been 
described by E. Emmons and others. In a quarry of red sandstone 
near Moncure, Moore County, N. C., I found a fragment of bone which 
Mr. F. A. Lucas reports as probably dinosaurian.

All the rocks of the Caroliniau belt carry gold deposits. The main 
ore body of the Kings Mountain mine is in limestone; a long list can 
be made of the deposits in metamorphic slate; while eruptive or intru 
sive masses appear as wall rocks in the Hoover Hill, Parish, Jones, 
Silver Hill, Russell, Moratock, Sam Christian, Phoenix, Pioneer Mills, 
Ferris, Da vis, Haile, and Brewer.

The Monroe beds are cut by a few stringers which have been worked 
for gold, though with small success. As compared with the older slates, 
this series seems to carry very little quartz. In a solitary instance it 
is reported that an auriferous quartz seam in the slates penetrates 
upward through the Newark sandstones. This case is reported by

'Jour, of Geol., TO!. 2, 1894, p. 28. 
'Fourteenth Ann. Kept. U. S. Geol. Survey, p. 302.
3 Bull. U. K. Geol. Survey No. 85,1892, j>. 130. For a summary of tli« life records in Korrli Carolina 

and elsewhere, see the same publication, i>. 54.
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Lieber from the Brewer and Edgeworth mine in Chesterfield County, 
S. C. He gives a figure showing the vein, but his description amounts 
only to a few words, from which it is not certain whether or not he saw 
the vein himself. He mentions it as "entirely worked out," which may 
mean that he saw only a trench through the sandstone to the underlying 
slates.'

Transported gold certainly occurs in the Newark sandstones. The 
only published note on this subject known to me is by Mr. Julcs Mar- 
cou, who, in 1862, stated that the red sandstone of North Carolina con 
tained gold washed into it during its formation.2 Near Moncure, in 
that State, I washed out some allothigenetic gold from Newark beds, 
as will be mentioned in describing the ore deposits.

The greater part of the gold I believe to have been deposited at the 
close of the great volcanic era, or during the Algonkiau. In the Garo- 
liniau belt this conclusion seems inevitable, and I know of no good 
ground for supposing the ore and the granitic dikes of the South 
Mountain area and of Northern Georgia to be younger. Gold depo 
sition was seemingly renewed with diminished activity after the Ocoee 
and after the Mouroe beds were laid down. Perhaps there were veins 
formed after the Newark system, but the evidence of this is too 
meager to be satisfactory. A similar report comes from Nova Scotia, 
but is not credited by geologists familiar with the locality.

Much the most abundant rock in the gold-bearing regions of Georgia 
and the Carolinas is gneiss, or schist immediately recognizable as 
derived from gneiss. Such is the greater part of the Georgian belt 
and almost all of the South Mountain area. In the Carolinian belt 
gneiss is abundant, but so also are other rocks. The composition of 
the gneiss is variable, even in small areas. Some of it contains ortho- 
clase and microcline, but in much of it, and seemingly in the greater 
part, the predominant feldspars belong to the albite-anorthite series. 
The quartz is fairly abundant as a rule, but sometimes present in very 
small quantities. Biotite and muscovite prevail in some portions, while 
hornblende characterizes much of the mass, and augite is not infre 
quent. Of the rare minerals so abundant in the South Mountain area, 
Mr. Nitze has found monazite in the gneiss.

in this area there are many of the dark, globular blebs so abundant 
in various granitic regions, but none such were observed in the Georgian 
and Carolinian belts. Near Brindletowu these blebs retain their coher 
ence after the gneiss is completely rotten. These masses are almost 
•wholly made up of augite or hornblende, or both, and in one case 
hypersthene was found to be abundant. There is apparently an ill- 
defined concentric structure in the blebs, which is developed by weath 
ering, but it is not sufficiently marked to be clearly seen in hand 
specimens. In two cases observed the augite is about half decomposed 
to serpentine, and in one case hornblende is changed to talc.

1 Survey of South Carolina, First Aim, Kept., 1856, p. 51. 
= rroc. Boston Soc. Nat. Hist., vol. 9, 1862, p. 47.
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In the Georgian belt the banding of the gneisses is exceedingly sharp, 
and it is manifest that the mineralogical character of the mass often 
changes within a millimeter from highly ferromagnesian to highly feld- 
spathic. This is a phenomenon common in all gneissic areas. Messrs. 
Geikic and Teall have studied such banding or sheeting of rocks in 
Tertiary gabbros. They conclude that it arises from the intrusion of 
magmas which were already heterogeneous before they reached their 
present position. 1 This conclusion seems to me inevitable. I feel 
inclined to go a step farther. If the heterogeneous mass was fluid, it 
was certainly composed of iniscible fluids, for the minerals composing 
the different bands are as a rule substantially the same, the relative 
quantities only being different. All prevalent ideas of the history of 
granitic magmas would also lead one to believe that these fluid masses 
must have been in contact for a very long time, probably for many years.. 
]S"ow if two iniscible fluids are placed in contact with each other the pro 
cess of mixture begins of itself, and diffusion continues until a uniform, 
state of mixture is attained.2 Either then the gneisses were fluid for a 
very short time relatively to the rate of diffusion of the fluids, which is 
hard to believe, or the magma was not really a fluid at all. This also 
appears at first difficult of belief; but a mass having the physical prop 
erties of tallow at ordinary temperatures might apparently be intruded, 
under great pressure, as well as the granitic magmas, and tallow is a true 
solid. The hypothesis of a substantially solid magma, perhaps mois 
tened throughout with a small amount of a real fluid, would also explain 
thoroughly granular structure; for in a mixture of fluids capable of 
diffusion minerals would separate out successively, and not almost 
simultaneously, as must be the case to produce granular structure. In 
a magma such as that suggested the chemical composition would vary 
from point to point, and so would the chemico-physical reaction which 
involved the most rapid evolution of heat or the maximum dissipativity.

The gneisses are sometimes nearly devoid of structure, but truly 
structureless granitic rocks are somewhat rare in the gold fields. Some 
granite proper is reported to exist upon Yonah Peak, near Nacoochee, 
Ga.; at Duun's Mountain, in Eowan County, IT. C., there is a granite 
quarry, and there is a large amount of this rock between the Haile and 
Brewer mines. Granite dikes occur in the South Mountain area, and 
they are abundant near Nacoochee, as well as in the vicinity of the 
Franklin mine. In almost all these cases the dike rock contains much 
microcliue. The rock is often very light in color and much coarser 
toward the center of the dike than at the edges. There are also very 
fine-grained granite dikes, however, near Brindletowu, at Nacoochee, 
and on Setting Down Creek in the neighborhood of the Franklin mine. 
These do not seem to differ in any definable respect from the coarser 
granites excepting in grain and in the amount of mica they contain.

1 Quart. Jour. Geol. Soc. London, vol. 50, 1894, p. 652.
2 See for example Clerk Maxwell'on Diffusion, Eneye. Brit., 9th ed.
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Some of them are much wider than some of the coarse or peginatitie 
dikes occurring within a few yards of them, and why they should have 
failed to develop large crystals it is hard to imagine.

In the Georgian belt there are bodies of dark amphibolite schist, such 
as are often produced by dynamometamorphic processes from basic 
massive rocks. No such nnsheared masses, however, were observed at 
the mines visited; but Mr. Hayes has found in Cobb County, to the 
sonthwest of the Franklin mines, areas of dark diorite some miles in 
diameter which pass over into schists similar to those at Dahlonega 
and elsewhere.

The porphyries of the Carolinian belt are so decomposed in the neigh 
borhood of the mines that little can be made of them. They seem to 
belong in great part to the acid series and to be allied in the closest 
manner to those in the Sonth Mountain of Pennsylvania, as has already 
been mentioned. They show flow structure in some cases and were 
probably in part glassy and tuft'aceous rocks, yet they were most likely 
deeply buried at the time of the formation of the deposits.

In some instances the ores occur in close association with dioritic 
and diabasitic rocks which do not appear to be mere dikes. Thus, at the 
Phranix mine the dumps show great quantities of a plagioclase por 
phyry carrying hornblende, augite, and biotite. This porphyrite con 
tains many stringers of ore, and it was reported to niethat most of the 
ore in the mine occurred in it. The workings were entirely inacces 
sible. At the Reed, Pioneer Mills, and Hoover mines similar porphy- 
rites appeared from the damps to be wall rocks, but no exposures could 
be seen.

There are dike rocks in the Carolinian belt which seem clearly con 
nected with the deposition of ore. Much the clearest case is that of 
the Haile mine. Here the dikes are diabase, which is fresh, excepting 
where the ore bodies lie along it. At the Silver Hill also, a dike rock 
which seems to be a decomposed diabase lay in contact with ore, as 
appears from masses on the dump, and at the Gold Hill, a diabase dike 
passes through the ore-bearing ground. Near Charlotte, at the Ferris 
mine, a granite dike lies in contact with ore. In the neighborhood of the 
same town there are great numbers of dikes and also many ore deposits, 
but as scarcely any of the mines are open it was impossible to study 
the relations of the intrusives to the auriferous material.

Besides such dikes there are later ones which cut the Triassic sand 
stones of North Carolina, for instance near Moncure. It is lithologic- 
ally an ophitic olivine basalt. A dike rock entirely similar to this was 
found near the Howie, and is probably of the same age. It is needless 
to say that it may sometimes be difficult to distinguish between dike 
rocks of different ages in the Caroliniau gold belt.

When the gneisses are reduced to schists by dynamometamorphic 
action, the feldspars appear to be resolved into quartz, niuscovite, and 
calcite. Many of the schists have a composition answering to the com-
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plete resolution of the feldspars and the removal of the calcite; in other 
words, they consist of quartz, biotite, and muscovite. This muscovite 
seems to correspond to the variety sericite. It is conceivable, however, 
that more or less vormiculite should be mingled with the mica, though 
in the studies made for this paper none has been detected. When the 
muscovite is present only in very .small scales, the schists look as if 
they might be talcose. lu most descriptions of the Southern gold fields 
talcose schists are frequently referred to. Attention was long ago 
called to the fact that this term is in many cases a misnomer, 1 and in 
no case have I met a trne talcose schist. Talc indeed occurs in the 
South Mountain district as a decomposition product of the ampliibole- 
pyroxene blebs in the gneiss, and where such masses are reduced to 
schist of course these may be talcose. It is safe to say, however, that 
the great mass of the supposed talcos'e schists of the region are musco 
vite schists, containing much mica in small scales.

Quartzites have been reported from the region of Dahlonega. I 
observed no rocks in that region which seemed recognizable as sedi 
mentary, but there are fine-grained, highly quartzose schists similar 
to the so-called talcose schists excepting that they carry less mica. 
These may have been called quartzite.

In the Carolinian belt, at many of the points where ancient volcanic 
rocks have been detected, there are flinty masses which have been 
called quartz rock, chert, etc. They pass over .into highly siliceous 
schists. Tinder the microscope they show small interlocking grains of 
quartz looking very much like vein quartz and giving no evidence of 
growth from fragments, but always mingled with minute scales of 
muscovite. There seems strong reason to suppose these masses due 
to decomposition and recrystallization of the acid volcanics.

The simple quartz-mica schists are more abundant than any other 
schistose rocks. Chloritic schists often carrying epidote are also com 
mon, however, and appear to answer to the amphibolic and pyroxeuic 
gneisses and the diorite. Amphibole schists are less abundant and 
seem to originate in the dioritic rocks mentioned above. At the Frank 
lin mine zoisitemakes its appearance in some of the schists; also near 
the Sixes mine, Cherokee County, Ga., and the same mineral was recog 
nized in the slate of the Bonny Bell mine, Union County, H". C.

In view of the fact that some of the garnets of the region arc aurif 
erous, the localities in which garnet-bearing schists have been noticed 
are of interest. Some of the schistose rocks of the South Mountain 
area are garnetiferous. At the Lumsden property, near Nacoochee, the 
schist contains many disseminated garnets, as well as numerous string 
ers of auriferous quartz. With Mr. Lumsden I gathered many garnets 
from the rotten schists. These crystals were carefully cleansed, then 
crushed and panned. They showed an amount of gold answering to

1 See C. H. Hitchcock, Proc. Am. Asaoc. Adv. Sci., 1859, p. 321. Daiia states that most of the so-called 
talcose schist is sericite schist: Manual, 1895, p. 89.
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many dollars per ton. The schists at the Findley mine, Dahlonega, 
and at the Hedwig, near Auraria, are garnetiferous, aud at the latter 
locality they are also auriferous. Garnets are extraordinarily abun 
dant at the Battle Branch mine, Auraria. Professor Creduer mentions 
garnetiferous schist on the Ohestatee Eiver. There is garnet in the 
wall rock of the Franklin mine and at the Sixes. Credner found this 
kind of schist at the Burnt Hickory mine, 12 miles southwest of Ack- 
worth. In Alabama it is reported from Silver Hill, Tallapoosa County.

Near the town of Ellijay, Ga., Mr. Arthur Keith lias found ottrelite 
schist closely associated with garnet-bearing schists, and it is very 
probable that some such may occur near some of the gold mines.

It is very manifest, both macroscopically and microscopically, that 
the garnets (and the ottrelites) liave crystallized in the schists after the 
schistose structure was fully developed. The energy of crystallization 
was sufficient to push apart the schistose laminaj and make space for 
the new growth. This seems to imply that a portion of the constitu 
ents of the mineral must have been derived from solutions, and the 
fact that garnet also appears in quartz veins at Dahlonega shows that 
all of the constituents may have existed in solution. It is very diffi 
cult for me to understand how garnets, pyrite, and other minerals 
can attain good cry stall ographic development in solid, tough rocks. 
In view of this fact, is good idiomorphism an infallible sign of the early 
genesis of crystals in igneous rocks'?

STRUCTURE.

Iii the southeastern States almost the entire mass of the older rocks 
is schistose, the strike of the planes of cleavage in- most cases being 
that of the Appalachian range, or K, 30° to 50° E. Where sedimen 
tary strata occur, they too usually strike in approximately this direction 
in consequence of the folding which lias built up the range; and as a 
consequence of this fact the cleavage of the schists has very often been 
mistaken for bedding.

In the Georgian belt the schists (and the banded gneisses as well) 
strike in the usual direction, the prevailing dip being to the southeast 
ward at angles ranging from 40°, or somewhat less, upward. To this 
general rule there are some exceptions. At Kacoochce the western 
portion of the area shows schists with a westerly dip. Mr. Keith informs 
me that this change is local, but that in the Blue Ridge, to the west 
ward of Nacoochee, there is what may be called an anticlinal axis of 
schistosity. By a similar analogy the change at Nacoochee may be 
likened to an undulation. In other parts of this belt there are abnor 
mal dips, but they prevail over areas so small that they must be regarded 
merely as local irregularities. Such are particularly noticeable at 
Dahlonega, where, for example, in the Lockhart and Preacher mines, 
the schists dip and strike in various directions. In spite of such 
divergences the representative strikes and dips at Dahlonega are
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northeasterly and southeasterly, respectively, and this is true of the 
entire belt from Nacoochee to the Sixes mine, below Canton, and beyond.

The structure of the South Mountain area is peculiar. The strikes 
of the schists are more irregular than in most parts of North Carolina, 
but over an area of at least 400 square miles the representative strike 
is N. 20° W., and the schists dip to the northeastward. To the north 
and south of this region the strikes and dips resume their normal direc 
tions, so that if one considers an area stretching entirely across the 
Carolinas the strike undergoes a deflection in the South Mountain area, 
the schistose surfaces being bent to the westward, but recovering their 
ordinary position after this area is passed.

This deflection must be caused by some inequality in the resistance 
of the earth's outer shell, and I was anxious to ascertain -whether the 
irregularity in structure was purely local or extended into the main 
range. On inquiry of Mr. Keith, he informs me that the area in ques 
tion is on the direct prolongation of a zone of shear or warping, traced 
by himself through Tennessee and into North Carolina. "The zone is 
marked by a motion of the northern masses past the southern ones so 
as to produce an abnormal strike. It is attended by other structural 
irregularities."

In the Caroliniau gold belt the strike of the schists is usually nearly 
the same as in the Georgian belt, but the prevailing dip of the schists 
is northwesterly, and there are very few exceptions. The average dip 
is about 60°, notably steeper than in the Georgian belt. At the Jones 
inine,Bandolph County, a steep southeasterly dip was noted by Emmons, 
but I saw only steep northwesterly dips, and at the Russell some of 
the schists strike northwestward, dipping northeast, but this is a mere 
local twist, less extensive than the mine workings. At the Means mine, 
near Charlotte, the dip is easterly. At the Brewer mine, in South 
Carolina, opposite dips appear within a few yards of one another, and 
near the West and the Thompson mines the dip is southeasterly, though 
in these mines it is northwesterly. Lieber's description of the Mud 
Vein, in the same region, seems to indicate a southeastery dip of the 
schists at that point.

Near the Virginia boundary of North Carolina, at the Portis and 
Mann-Arrington mines, the dip is southeasterly, and throughout the 
auriferous region of Virginia this appears to be the rule.

To the eastward and to the westward of the Carolinian belt, as well 
as to the northward, the prevailing dip is southeasterly. Thus this 
belt is marked structurally by an axis of schistosity which dies out to 
the northward. 1

In the foregoing remarks the surfaces of schistose cleavage have 
been referred to as if they were wholly uncomplicated by other allied 
structures. It would have been more accurate to describe them as

1 Much of the schist in the country to the eastward is concealed by the Newark system, but there 
are exposed patches, and Kerr has recorded the dips in the Eeports of the Geological Survey of North 
Carolina, vol. 1,1875, p. 131.
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the more prominent surfaces of schistose cleavage, In almost any 
exposure of a few yards in' area it can be shown that there are schistose 
partings at a large angle to the most pronounced surfaces, and very 
frequently spots occur in which two schistosities are about equally 
developed, the intersection of the two being more or less nearly hori 
zontal, so that the strikes of each are approximately the same. Occa 
sionally, but much more rarely, there are other schistose cleavages 
striking at something like a right angle to the predominant cleavage; 
these, however, play a small part in the structure. When there is no 
second schistose cleavage its place is often taken by joints which form 
under conditio'ns sometimes indistinguishable from those which pro 
duce cleavage.1

When two slaty cleavages are distinctly developed, or when a regular 
system of joints clearly replaces a second cleavage, the "amount of 
shear" to which the mass has been subjected can be determined with 
an approach to accuracy. In the strain called a shear there is oue 
direction in which there is a maximum elongation, so that a line origi 
nally of unit length attains a length a, the elongation being a—1. In 
a plane at right angles to this direction there is a direction of maximum 
contraction, and here the line of unit length is reduced to I/a, so that 
the contraction is 1—I/a. Now, what is called "the amount of shear" 
is the sum of the elongation and the contraction, or «—l-f(l—!/«•) = 
a — I/a. Where the sole deformation of the rock is such as to produce 
two systems of schistose partings (which do not need to be equally 
well developed) the mass will split into prisms with rhombic cross 
sections. If 8 is the acute angle of this rhomb the " amount of shear" 
is 2 cot 9. Thus, if 0=84°, the amount of shear is 0.21. It is also true 
that l/a=tan (6/2), so that when 6»r=84°, 1/«=0.9.

I have measured very many such prisms in the Southern gold fields 
and found more of them in which the angle in question exceeds 84° than 
in which it sinks below this value. Sometimes the prisms are nearly 
square. In supposing that the angles of the prism assign a value to the 
amount cf shear the deformation is exaggerated. Where schistosity 
is produced by a simple direct pressure acting against uniform resist 
ances, as in Daubree's beautiful experiments,2 there are two shears, the 
contractile axes of which coincide, while the axes of elongation are at 
right angles to each other. Even in the simplest cases to be fouud in 
the field such a second shear has probably contributed in some degree 
to the deformation, rendering the acute angle of the prisms more acute 
than they would otherwise have been.3 For this reason I am led to the 
conclusion that as a rule the amount of shear is less than two-tenths, or

I have discussed these structures and their relations at length in Bull. Geol. Soc. Amer., vol. 4,1893, 
pp. 66 and 86.

: Geol. Exp., 1879, p. 319.
•'If the ratio of the second shear is 0, the unit length in the direction of greatest contraction becomes 

l/o0. If this second shear escapes recognition, the amount of shear estimated will be a—l/a£, and 
since both £ and a exceed unity this is greater than the triie' amount, or a— I/a.
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the greatest linear compression less than one-tenth, in the schists of 
these gold fields. Such distortions would seein to a physicist enormous; 
to a geologist they appear extremely moderate, and although they accord 
well with Daubree's experiments I was much surprised to find that such 
perfect cleavage could be induced with so little deformation.

The shearing is of course orogenically equivalent to faulting; that is 
to say, the same amount of warping or uplift might be accomplished 
either by one or more faults with a given total throw or by shearing of 
the same total amount unaccompanied by rupture. In the second case 
the movement is distributed over aii infinite number of surfaces and 
does not reach the rupturing strain on any one.

When the amount of shear does not exceed two-tenths and the cleav 
age is prismatic it should be possible to determine within narrow limits 
the local direction of the force producing the schistosity. This force 
was in a plane cutting the axes of the prisms at right angles, and it 
very nearly bisected the obtuse angles of the rhombic cross sections. 
In an area like the Southern Appalachians, where (according to the 
results of Messrs. Willis, Hayes, Campbell, and Keith) overthrust faults 
and shears are far more numerous than normal deformations, the lines 
bisecting the obtuse angles of the prismatic cleavage prims should 
be nearly horizontal. No doubt in tbe country at large they will be 
found to be so. Mines are usually at points or on lines of more or less 
unusual character and do not fairly test general structure by them 
selves. I must, however, record the fact that in several cases I observed 
subordinate cleavage intersecting main cleavage in such a manner that 
a force bisecting the obtuse angle would have produced normal fault 
ing or shearing on the main cleavage surfaces. Such instances were 
found at the Franklin mine, at the Boilston, and at several points in 
the Oarolinian belt.

In the Caroliuiau belt, as has been mentioned, the dips are rather 
steep and toward the northwest. One might suppose the abnormal 
dips of this region to be independent of or only remotely connected 
with those of the surrounding country. Indeed, on the theory that 
slaty cleavage is due to forces at right angles to the cleavage planes, 
the local forces in the Carolinian belt would need to be nearly at right 
angles to those in the adjoining regions. I have shown that this theory 
is untenable, being founded substantially on the misinterpretation of 
Tyndall's very striking experiments. 1 Daubree's experiments, referred 
to above, and my own, together with the mechanics of viscous solids, 
show that there should be a tendency to two cleavages at nearly 45° to 
the line of force, of which one will often be more pronounced than the 
other. It would take too much space to discuss here the circumstances 
determining which cleavage will be the better developed. It is suf 
ficient to say that a relatively small irregularity in resistance would 
suffice to bring out one of, the two associated sets of cleavage in a cer 
tain strip of country and the o^her set in an adjoining strip. This 1

1 Bull. Geol. Soc. Anujr., vol. 4, 1893, p. 86.
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believe to be the case in the Garolinian belt, but, while it accords with 
the information at my command, a special examination, such as I had 
no time for, would be needed to put the matter beyond question. 1

When a rock is converted into slate there is an elongation in the 
direction of the " grain " of the slate and a contraction at right angles 
to the grain in the cleavage plane. If the pressure continues after the 
cleavage planes are developed, these planes will be thrown into undu 
lations by further contraction and elongation. Sometimes this pucker 
ing is very close and flue, and I have taken specimens in slate quarries 
the surfaces of which resembled crape. More usually the undulations 
are on a larger scale, from an inch or two to 2 or 3 feet across. Like 
the ripples made by a breeze on the water, or like the ripple-marks on 
sand, the undulations are rarely continuous waves, and usually die out 
rapidly in trend, being replaced by similar mounds a little behind or in 
front. Such a surface may be termed a carunculated one.

When the rock converted into schist is not very uniform in its prop 
erties some portions of it will acquire schistose structure at an earlier 
period in the process of deformation than other portions. If the strain 
is carried far enough the resulting schist will show bauds or sheets 
marked by carunculatioii associated with sheets in which the cleavage 
is flat. It seems to be in such unevenly deformed ground that fissures 
have opened most readily, as might be expected, and that veins are 
most abundant as well as widest. Garunculated surfaces are therefore 
properly regarded as favorable indications by the miners. At the 
Franklin mine such surfaces are said to be most abundant in the hang 
ing wall; at the Kin Mori, in the foot wall; but these appear to be 
merely local rules.

The opening of the fissures now occupied by ore, or which afforded 
the ore-bearing solutions access to the spaces now occupied by impreg 
nations, took place later than the movements which rendered the 
country schistose. The fact that angular fragments of schist are often 
inclosed in the quartz is all-sufficient proof of this statement, though 
by no means all that is available. While in the Georgian belt and the 
South Mountain area the connection between the ore deposits and the 
dikes is not a very close one, they appear to me to be coeval on struc 
tural grounds. Neither the ore deposits nor the dikes have been 
greatly disturbed since their formation. They are here and there 
cracked by subsequent slight movements, but not crushed, or slicken- 
sided, or faulted to any notable extent. In short, there is no sign that

ated that detailed observations at some of the mines indicate normal shearing which is
-

belt, undertaken with a special view to this feature.



270 MINERAL RESOURCES.

disturbances so violent as must have accompanied the opening of the 
ore fissures or the opening of the dike fissures have followed the filling 
of either. In the Carolinian belt the connection between ores and 
intrusive rocks is very close and is sufficiently described, elsewhere.

In a vast number of cases throughout eastern North America the 
fissures follow the schistose partings somewhat closely, though not 
accurately. This shows that there must have been a certain degree of 
correspondence between the forces which produced the schistosity and 
those which opened the fissures. Nevertheless, it can be shown that 
the movements were not in general identical in direction. On the 
schistose partings the movement which produced schistosity was at 
right angles to the grain of the slate or to the long axis of the undula 
tions or of the caruncles. It is often possible to detect grooves incised 
during the dislocation of the schists which accompanied the opening 
of the fissures, and these grooves are not, as a rule, at right angles to 
the grain of the schists. Of course, the occurrence of veins at various 
angles to the schistose surfaces also demonstrates the lack of harmony 
between the two movements.

There are a few small faults on the veins. Several such were 
observed at Brindletown and at the Brackett mine. There arc a con 
siderable number at Dahlonega, and in the Caroliniau belt one was 
noted at the Rocky Biver mine. These faults did not appear to me to 
have occurred after the deposition of ore, but before it, and they seem 
to indicate the direction of the movements accompanying thefissuring. 
They are all 'normal.

There is another set of phenomena which appears to indicate the direc 
tion of motion during tissuring. Where the rocks are schistose and the 
main ore bodies are intercalated, stringers almost always cut into the 
walls, and these are divisible into two classes, one steeper than the 
schists and the other flatter. As a rule these stringers are not straight, 
but sinuous, and it then appears quite practicable to ascertain whether 
they have been formed by normal or by reverse faulting. If the stringer 
is on the whole flatter than the schists, reverse faulting on the schis 
tose plane would open up those portions of the stringer which are flat 
test and the walls would not undergo great disturbance by mutual 
opposition. On the other hand, normal faulting would bring shoulders 
of the fissure into opposition, and faulting could take place only by 
breaking up of the walls. If the average pitch of the stringer is greater 
than that of the schist, normal faulting may take place without disin 
tegration of the walls, while reverse faulting can not. Furthermore, 
since there is greater resistance to movement in one case than in the 
other, steep stringers will be more abundant in connection with fissure 
systems opened by normal faulting, and flat stringers in those opened 
by reverse faulting.

Such relations as those described are illustrated in the accompanying 
diagram. The figure a shows merely a crack steeper than the schists.
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In b this crack is opened by a normal fault, while c shows the sort of 
result to be expected from a reverse fault.

1 have observed great numbers of these stringers with care and 
made inquiries of the miners concerning them. In both the Georgian 
and the Carolinian belt I found the steep stringers much more common 
than those which dipped at a lower average angle than the schist. 
These steep stringers were also opened as in b of the diagram. In 
some cases I found flat stringers with marks of great disturbance of 
the walls, analogous to those shown in v. The information I received 
from miners was to the same effect, and it appears to me clear that as 
a rule normal faulting has been the means of opening the vein fissures 
in those deposits which I have had an opportunity of inspecting. If, 
then, the general tendency in the Southern Appalachians is to over- 
thrust movements, it was a temporary reversal of this tendency which 
opened the fissure system of the region.

FIG. 1.—Faulting in schists.

It is frequently objected to any purely mechanical theory of the open 
ing of ore chambers that these sometimes exceed in size any which 
seem likely to be self-sustaining. Certain it is that many large cham 
bers can not be exploited without a vast amount of artificial support. 
There are, however, two or three considerations to be advanced on the 
opposite side of this argument. When openings are formed, rock 
masses .from the walls almost invariably fall into them, and not infre 
quently they wedge in such positions as to be equivalent to timbering. 
If such an opening fills with ore and is then mined ont, these supports 
(perhaps already rotten) are commonly cut away. Again, at points 
beneath water level the immersion of the rocks in water deprives them 
of more than a third of their weight, which they regain when a mine is 
sunk and drained. These facts, however, only help to explain great 
ore chambers on a mechanical theory of openings. The most impor 
tant consideration seems to me to be that large ore bodies are highly 
exceptional. If one supposes a country fissured by mechanical action, 
he would expect to find, perhaps, one in a hundred of the subterranean 
cavities so produced of unusual if not of astonishing dimensions, these 
cases being due to the accidental arching of rock masses. Now, the 
profitable ore deposits are perhaps no more than one in a hundred of 
those which have been discovered. Within a few miles of the famous 
Almaden quicksilver mine 77 points are known at which cinnabar has 
been found, but only a single one of these has afforded any great supply 
of quicksilver. So, too, in almost any region where copper and iron
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sulphurets are successfully mined, there are scores, if not hundreds, of 
deposits too small to pay.

In regions where the ore deposits are recent, the veins ramify near 
the surface, as is the case, for example, at the Com stock lode. This is 
clearly because the surface rock is not supported by masses of over 
lying rock, so that relatively little work is performed in such disloca 
tion. On the other hand, at considerable depths the pressure on the 
walls would be such as to crush fragments of rock or other obstacles 
to the closure of a fissure, although these might suffice to keep it open 
near the surface. At still greater depths the rock would flow, like the 
shales of some coal mines. Apparently, therefore, far from the original 
surface, veins should grow narrower; yet, if the ore was Krought up 
from remote depths in solution, the veins must be traceable to tliat 
source.

THE GANGUE MINERALS.

The subject of the mineral association of gold is of interest, not merely 
because of the indications of the presence of the precious metal afforded 
by its habitual companions, but also because it supplies the most evident 
means of reaching a valid theory of the genesis of gold deposits. 1 it is 
clear that all the minerals which are truly nudecomposed gangue min 
erals have been deposited from the same bodies of gas, vapor or solu 
tion as the gold itself. It is not to be forgotten, indeed, that such 
gases or solutions may be either mixtures or homogeneous compounds, 
but on the other hand this is one of the questions regarding composition 
which can be settled only by a study of the vein material.

With a view to contributing to this subject, the data as to gangue 
minerals in the Southern Appalachians have been compiled from 
various sources and are tabulated below. No occurrence is supposed 
to be included in this table excepting that of true gangue minerals. 
There are, however, two sources of uncertainty in this respect; an 
observer may either err in determination or he may so describe an 
occurrence as to leave it doubtful whether or no the minerals which he 
mentions form a part of the gangue. Thus, an excellent authority 
states that at a certain mine the presence of tourmaline is considered 
as a favorable indication, but whether this tourmaline is found in the 
auriferous quartz, or in barren proximate veins, or elsewhere, he does 
not mention. The intention has been to exclude all such uncertain 
cases.

Ordinary products of decomposition have been altogether omitted 
from the list. It is a matter of no interest whatever to know that 
limonite, malachite, and azurite are found near the croppings of veins

1 The direct association of gold and diamond anywhere in the world is known in only one instance, 
and this has never before been described in prin t. Professor Arzruni showed me the specimen exhibit 
ing it some years ago, and now gives me permission to make it known. In 1887 the Eoyal Polytechnic 
High School, at Aachen, acquired from Mr. Ernst Winter, a diamond dealer in JTamburg-Eimsbuttel, a, 
gray, opaque, flawed, Kimberly diamond, which shows at two points inclusions of native gold in grains. 
It seems that this native gold must be considered as a constituent of the basic eruptive rock in which 
the Kimberly diamonds occur.
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containing pyrite and chalcopyrite. A few decomposition products 
have been included on account of their rarity or their importance from 
an economic point of view. Some minerals, which in rocks are ordi 
narily secondary, are primary constituents of veins. Chlorite is in 
rocks almost always a decomposition product, but it seems to be an 
original part of the filling of certain fissures. In some cases it is 
questionable whether or no a mineral is primary. Analogy seems to 
me to indicate that stolzite is an oxidation product, but I am not aware 
of observations which prove such an origin for it. Where such a doubt 
exists the mineral is tabulated as primary.

The class of gold-quartz veins must be somewhat arbitrarily limited. 
Deposits which would ordinarily be classed as silver mines have not 
been included in the tabulation. Thus the McMakin mine in Cabarrus 
County, N. C., is said to have contained proustite, and it is in general 
evident that the entire list of silver ores may be regarded as companions 
of gold. The auriferous silver deposits are not included in the table. 
On the other hand, the Silver Hill, Silver Valley, and Emmons mines, 
which were auriferous, yet contained some silver and much lead, have 
been included. No absolute line can be drawn between gold mines con 
taining a little galena and those which contain much.

The table is arranged alphabetically so far as minerals, mines, and 
counties are concerned. The States are arranged in the geographical 
order: Virginia, Korth Carolina, South Carolina, Georgia, and Ala 
bama. The information was derived from various writers, whose names 
and papers are given in a footnote, 1 and from the field work done for

'The following is a list of the publications used in compiling the table of gangue minerals:
Adelberg ami Raymond, Report on O'Neil property, Georgia, 5866.
W. R.Balch, Mines of the United States, 1882.
Booth and Garratt, Prospectus of Gold Mining Company in Uortli Carolina. ISlili.
T. M. Chatard, oral communication, 3895.
T. G. Clemson, Transactions of the Geological Society of Pennsylvania, 3835, p.;)i7.
Herman Cretlner, Neues Jahrbueh der Miueralogie, 1867, p. 442.

American Journal of Mining, passim. 1868 and ]8GO. 
,T. n. Dana, System of Mineralogy, 1892.
W. Darlington, superintendent of the Rocky River mine, oral statement tr» the writer. 
W. B. Devereaux, Engineering and Mining Jourual, vol. 31, 3881, p. 39. 
M. W. Dickesou, Report of Phoenix Miniug Company, I860.

Report of Brown and Edwards property, 1860. 
Report of the Rhea mine, 3860.

E. Emmons, Geology of the Midland Counties of North Carolina, 385G. 
F. A. Genth, American Journal of Science, vol. 19,1855, p, 38. 

American Journal of Science, vol. 28,1859, p. 246.
Report of the Geological Survey of North Carolina, vol. 3,3875, appendix. 
Bulletin of the United States Geological Survey No. 74,1893. 

C. T. Jackson, Report on McCullock Mining Company, 1853.
Report on Lincoln Gold Mining Company, 3854.

W. C. Kerr, Report of the Geological Survey of North Carolina, vol. 3,1875. 
Kerr and Hanna, Ores of North Carolina, 3887.
O. M. Lieber, Reports on the Geological Survey of South Carolina fur 1850 and 3857. 
George Little, Report on the Geological Survey of Georgia, 1874. 
M. J7. Maury, American Journal of Science, vol. 32,3837, p. 325. 
Orange Grove Mining Company's Report, 1847.
W. B. I'hilUps, Bulletin of the Geological Survey of Alabama, 1892. 
C. U. Shepard, Report on Mines at Gold Hill, 1853.

American Journal of Science, vol. 27,1859, p. 39. 
M. Tuomey, Geology of South Carolina, 3848. 
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this reconnaissance. The authorities cited in the table, with the list 
of publications just mentioned, will enable the reader to pursue the 
subject. The alphabetical arrangement makes it easy to pick out the 
various minerals identified at any mine in the list, which includes most 
of the mines of considerable reputation. • The most profitable gold mine 
of the region, however, does not appear. This is the Haile, in Lan 
caster County, S. C., which is opened on a deposit consisting substan 
tially of an impregnation of country rock with gold, pyrite, and quartz.

Table of gangme minerals, excepting quartz and pyrite, ro the gold veins of the Southern
Appalachians.

(Secondary minerals are italicized.)

Mine. County. State. Authority. 
ACTINOLITE ........Parish ...........Randolph ...... N. C....Thi» report.
ALBITE. ............ Steele ............Montgomery ... Do. ..Genth, 1859.
AI.I.AXITE ...... .... Chestatee River .. Lumpkiii....... Ga ..... Shepard, 1859.
ALTAITE ............ King's Mountain . Gaston ......... N. C.... Genth, 1875.
Anglesite ....... ....Silver Hill .... ...Davidson....... Do . ..Genth, 1875.
APATITE ........... Chestatee River .. Lumpkiii....... Ga ..... Shepard, 1859.
AKUK'NTITE ..... ....Silver Hill .......Davidsoii ....... N. C.... Genth, 1875.

Reynolds......--- Montgomery ... Do ... Emmons, 1856.
BARITE ...... ...... Phoenix .......... Cabarrus....... Do ... Ktnmous, 1856.

Rocky River ..... Do ......... DO ... Darlington, 1894.
Tucker........... Do......... Do . ..Kerr and H anna/, 1887.
Flowe......... ...Mccklouburg ... Do . ..Genth, 1859.
Lincoln ..........Lincoln .... ....Ga .... .Jackson, 1854.

BARNHARI>ITI: ...... Pioneer Mills....-Cabarrus-...... N. C.. ..Genth, 1875.
Phnmix .......... Do......... Do .. .Dana, 1892.
McGinu ..........Mecklenburg... Do ... Genth, 1875.
Wilson........... Do ........ Do...Genth, 1875.

BIOTITE ........ ....Valley River .... .Cherokee....... Do .. .This report.
King's Mountain.. Gaston ......... Do .. .This report.
Franklin .........Cherokee.......Ga . ....This report.

Hismite ............. Asbury...... ..... Gaston .... .... N. C.... Genth, 1891.
King's Mountain.. Do ......... Do .. .Geuth, 1875.
Brower........... Chesterfield .... S. C ... .Tuomey, 1848.

BISMUTH ...... .... .Brewer........... Chesterfield . ...S. C .. ..Tuomey, 1848.
BISMUTHINITE...... Gold Hill..... ....Rowan..... ....N. C.. ..Genth, 1875.
BISMUTITE .........Asbury. ..........Gastou ......... Do .. .Geuth, 1891.
CALCITK............Barringer ........Cabarrus....... Do .. .Dana, 1892.

Rocky River...... Do-.......- Do .. .This report.
Hoover Hill...... Davidson ...... Do ... Genth, 1891.
King's Mountain-.Gaston ......... Do .. .Devereaux, 1881.
Flowe ............ Mecklenburg ... Do ... Booth and Garratt,

1866.
Steele ............ Montgomery ... Do ... Genth, 1891.
Davis ............ Union.......... Do .. .This report.
Moore............ Do..------- Do .. .This report.
Franklin.........Cherokee....... Ga. ....This report.
Findley ...... . ...Lumpkin....... Do ...This report.
Field ............ Do......... Do .. .Shepard, 1859.

CASSITKRITE ....... Brewer........... Chesterfield .... S. C .... Chatard, 1895.
Cerussiie...... ......Silver Hill ....... Davidsoii ...... N. C.... Genth, 1891.
CHALCOPYRiTE-.-.-Fr.... ....ank .Fliiiauquier.......Va. ....Creduer, 1869.

Snead............Fluvanna ...... Do ...Credner, 1869.
Walton .......... Louisa ......... Do .. .Credner, 1869.
United States ....Spottsylvania .. Do.. .Maury, 1837.
J. C. Mills........Burke'...... ....N.C....This report.
Bangle. ...... ....Cabarrus....... Do .. .Genth, 1859.
Pioneer Mills..... Do......... Do .. .Emmons, 1856.
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Table of ganyne minei-nls, exceptituj quartz and pyrite, etc.—Continued.

Mine. County. Slate. Authority. 
CHALCOPYRITE ..... Phoenix ......--.- C.ibarms....--. N. C.... This report.

Bocky Kiver ..... Do....-.-.. Do .--This report.
Tucker........... Do.......... Do -.Kerrand Haima, 1887.
Conrad Hill.. ....Davidsou....... Do ...Genth,1891.
Emmons ......... Do ......... Do ..-Genth, 1891.
Headrick......... Do......... Do .. -Emmons, 1856.
Silver Hill ....... Do......... Do .. .Eininons, 185(5.
Silver Valley..... Do......... Do .. -This report.
King's Mountain.. Gaston ......... Do . -. Emiuous, 185G.
Gardner.......... Guilibrd ....... Do ..-Emmons, 1856.
McCullock ....... Do......... Do....TacksoTi; 1853.
Vein Mt.. .... .- . -McDowell...... Do .. .Tliis report.
Brackett......... Do...-..--- Do ..-This report.
Baltimore & N. C.Mecklenburg... Do .. -KerrnndHanna,1887.
Capps.---........ Do.--...--- Do .. .Kerraudllanna,]887.
Dunu ............ Do......... Do ..-KerrandHauua,1887.
Ferris... ..... Do......... Do .. .Kerrand Hanna,1887.
Flowe............ . Do......... Do... Genth, 1859.
Means............ ' Do......... Do ..-This report.
Ehea............. Do ......... Do .. .Diekeson, 1860.
Kudisill.......... Do..---...- Do .. .Emmons, 1856.
Steele .-..-.-.-... Montgomery ... Do ... Genth, 1859.
Caglo ...... ...... Moore.......... Do .. .Kerr and Hanna, 1887.
Clegg ............ Do......--- Do.. .KerrandHauna,1887.
Brown &. E d- TCandolph ...... Do ... Dickeson, 1860.

wards.
Dunn's Mountaiu.Eowan ......... Do .. .KerraudHauna,1887.
GoldHiU......... Do......... Do... Emmons, 1856.
Keimer........... Do. ....... Do .. .KerrandIIanna,1887.
Idler .............Entherford..... Do ...This report.
.Lemmond .... ....Union.......... Do . ..Kerr, 1875.
Long............. Do-.....-.. Do .--This report.
Moore...-....--.. Do _........ Do .. .This report.
Stewart.......... Do......... Do .- .This report.
Brewer & Edge- Chesterfield ....S. C--.-Lieber, 1856. 

worth.
Hagin............ Lancaster...... Do ... Lieber, 1856.
Potts ..-.-..--... Do......... Do ...Lieber, 1856.
Darwin ..........Union.......... Do .. .Lieber, 1857.
Wilson...... .....York........... Do.-.Lieuer, 1856.
McDonald....... .Cherokee ......Ga . ....This report.
Kin Mori .... ..... Dawson........ Do ... This report.
Lookhart .... ....Lumpkiu ...... Do .- .This report.
Yahoola...... .... Do......... Do .. .This report.
Moore Girls ......Eabuu ......... Do .. .This report.

CHLORITE .......... Valley Eiver ..... Cherokee ...... N. C.... This report.
Emmons ......... Daviflson ...... Do ... This report.
Steele............ Montgomery ... Do - -. Genth, 1859.

. Mann-Arrington.. Nash........... Do .--This report.
Gold Hill......... Eowan......... Do ... Shepard, 1853.
McDonald.... -...Cherokee ...... Ga.....This report.
Field...... .......Lnmpkin ...... Do .. -Shepard, 1859.
Lockhart......... Do......... Do .. .This report.

Chrysocolla ......... Pioneer Mills..... Cabarrus....... N. C .--Genth, 1891.
Gardner Hill..... Guilford ....... Do ... Geiith, 1891.

COPPEK (NATIVE)... Orange Grove .... Orange........ .Va. ....Kept. Orange Grove
M. Co., 1847. 

COPPEK-GLANCE ....Pioneer Mills. ....Cabarrns.......N. C ...Genth, 1891.
Silver Hill....... Davidsou....... Do ..-Gentb, 1891.
Phcenix .--....... Guilford ....... Do ... Diekeson, 1860.

Covellite ............ Brewer........... Chesterfield .... S. C... - This report.
Cuprite....... ......McGinn ..........Mecklenburg .. .N. C . ..Gentli, 1891.

Hodge's Hill..--..Eowan ......... Do .. -Emuions, 1856.
ENARGITE .......... Brewer........... Chesterfield .... S. C.... Lieber, 1856.
EPIDOTE ...........Valley Eiver ..... Cherokee...... -N. C . ..This report.

Moore............Union .....;.... Do ... This report.
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Table of gangtte minerals, excepting quartz and pyrite, etc,—Continued.

Mine. County. State. Authority. 
FLUORITE .......... King's Mountain.. G aston .........N.C.--. Devereaux, 1881.
GALENA ............ Snead............ Fluvanna ......Va .... .Creduer, 1869.

Walton ..........Louisa ......... Do -. -Credner, 1869.
United States .... Spottsylvania .. Do .. .Maury, 1837.
Eagle .............Stafford........ Do .. .Credner, 1868.
Rappahannock ... Do......... Do ..-Clemson, 1835.
Rocky River .....Cabarrus----..-N. C-.-.This report.
Emmons .........Davidsou....... Do .. .This report.
Silver Hill ....... Do......... Do .. .Centh, 1875.
Silver Valley..... Do......... Do ... This report.
Cansler £, Shu- Gastou ......... Do ... Genth, 1891.

ford.
King's Mountain.. Do......... Do .. .Einmons, 1856.
Boilston.......... Henderson ..... Do ... This report.
Brackett....... ..McDowell...... Do ...This report.
Vein Mountain ... Do......... Do ..-This report.
Steele ............Montgomery ... Do .. -Genth, 1859.
Conrad Hill .... ..Rowan ..... .... Do .. .Balch, 1882.
Davis ............Union .......... Do .. .KerrandHanna,1887.
Hemby........... Do......... Do ..-Kerrandllanna,1887.
Lemmoud ........ Do......... Do ..-Kerr, 1875.
Lewis............ Do......... Do .. .Kerr and Hanna, 1887.
Long............. Do..--.---. Do..-Genth, 1891.
Moore............ Do......... Do ... Genth, 1891.
Phifer............ Do......... Do .. .Genth, 1891.
Smart....--.-.... Do......... Do ... Genth, 1891.
Stewart.......... Do ......... Do .. .Genth, 1891.
Dome.......... ..Abbeville ......S. C ....Dana, 189'^.
Parson's Moun- Do......... Do ... Tuomey, 1848.

tain.
Brewer & Edge- Chesterfield---. Do .. -Lieber, 1856. 

worth.
Potts.............Lancaster ...... Do .. .Lieber, 1856.
O'Neil............Cobb...........Ga. ...'.Adelberg and Ray 

mond, 1866.
Fiudley ..........Limipkin....... Do .. .This report.

GARNET ............Findley .......... Do ......... Do .. .This report.
Field....... ...... Do--....... Do ... Credner, 1867.
Lockhart....... .. Do......... Do .. .This report.
Hedwig .......... Do......... Do .. .This report.
Lumsden.........White.......... Do . ..This report.

Hematite ........... Dnnn ............ Mecklenburg ... N. C.... Emmons, 1856.
ILMKNITE .......... Fisher Hill. ...... Gnilford ....... Do ... Genth, 1891.

Field .-..-..---.. Lumpkin....... Ga. .... Shepard, 1859.
LEUCOPYRITIS ......Asbury. ..........Gaston .........N. C.... Genth, 1875.
Magnetite....... ....Gold Hill..... ....Rowan......... Do. ..Shepard, 1853.
MAKCASITE. .... ....Fisher Hill....... Do......... Do...Emmons, 1856.
Melaconite .......... Silver Hill....... Davidson ...... Do ... Genth, 1875.

McGinn ..........Mecklenburg... Do..-Genth, 1875.
Gold Hill.........Rowan..... .... Do .. .Shepard, 1853.

MISPICKEI. ----- ....Melville..........Spottsylvania ..Va .....Credner, 1868.
Barringer .... ....Cabarrus....... N. C... .Geuth, 1875.
Alien ............Davidson........ Do ... Dana, 1892.
GoldHill......... Do......... Do... Geuth, 1875.
Asbury.......... .Gaston ......... Do .. .Genth, 1875.
King's Mountain.. Do ......... Do ... Devereaux, 1881.
Long Creek ...... Stanley ........ Do ... Emmous, 1856.
Lemmond.... ....Union ...... .... Do .. .Genth, 1875.
Stewart.......... Do......... Do .. .Genth, 1875.
Dr. Charles....... Cherokee....... Ga ..... This report.
Sixes............. Do.--...... Do... Credner, 1867.
Kin Mori ......... Dawson ........ Do .. .This report.
Findley ..........Lumpkin....... Ga ..... This report.
Jones's Pit ....... Tallapoosa ..... Ala .... Phill ips, 1892.

MOLYBDENITE ..... .Pioneer Mills .... .Mecklenburg .. .N, C.... Genth, 1875.
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Table of gangue minerals; excepting quartz and pyrlte, etc.—Coiitiinied.

Mine. County. State. Authority. 
MUSCOVITE ......... Krackett......... McDo well...... N. C.... This report.

Franklin ......... Cherokee....... G-a ..... This report.
Kin Mori......... Dawsou ........ Do ... This report.
Barlow........... Lumpkin. ...... Do ... This report.
Battle Branch .... Do......... Do ... This report.
Field............. Do......... Do...Credner, 1867.

NAGYAOITE ........ King's Mountain.. Gaston ......... N. C.... Devereanx, 1881.
Carter ........... Montgomery ... Do -. .Emmous, 1856,

ORTHOCLASE ....... Silver Hill ....... Davidson ...... Do ... Geuth, 1875.
Steelc ............ Montgomery ... Do ... Genth, 1859.

Pyrolusite ...... ....Beck.............Gaston......... Do.. -Genth, 1891.
Hodge's Hill ..... Rowan ......... Do .. .Emmons, 1856.
Johnson.... ...... Lancaster ...... S. C ....Lieber, 1856.

PYROMORPHITK ..... Snead ........... Fin vanna ...... Va ..... Credner, 1869.
United States..... Spottsylvania .. Do .. -Maury, 1837.
Silver Hill........Davidsou ......N. C-... Genth, 1875.
Silver Valley ..... Do......... Do .. .Genth, 1875.
Vein Mountain ... McDowell.-.-.. Do ... This report.
Stewart .......... Union.......... Do .. -Genth, 1875.
Dome........ ....Abbeville ...... S. C...-Dan a, 1892.
Parson's Mountain Do......... Do ...Tnomey, 1848.

PYRRHOTITE .......Asbnry...........Gaston ..... ....N. C.---Genth, 1875.
King's Mountain.. Do......... Do .. .Devereaux, 1881.
Reiiner........... Rowan ......... Do .. -KerrandHanna, 1887.
Field..............Lumpkin....... Ga . ....Shepard, 1859.

RHODOCHROSITK . ..Flowe...... ......Mecklenburg. ..N. C... .Booth and Garratt,
1866. 

Scorodite ........... Lud wick ..... ....Cabarrus....... Do .. .Dana, 1892.
Seheelite...... ......Bangle....... .... Do..... .... Do .. .Genth, 1859.

Ciillen ............ Do....--... Do .. .Dana, 1892.
Flowe............ Mecklenburg ... Do ... Genth, 1859.
Gold Hill ........ Ko wan ......... Do ... Shepard, 1853.

SIDERITE. ..........Phcouix ...... ....Cabarrus....... Do ...This report.
Conrad Hill...... Davidson ...... Do .. .Genth, 1891.
Silver Valley..... Do......... Do ..-This report.
Flowe...... ......Mecklenburg. .. Do .. .Geiitli, 1859.
Rudisill.......... Do......... Do .. .This report.
Hodge's Hill . ....Rowan ......... Do .. .Emmons, 1856.
Moore............ Union.......... Do .. -This report.
Barlow ...... ....Lumpkin.......Ga . ....This report.
Field ............ Do......... Do .. .Credner, 1867.

SILVER (NATIVE) ...Silver Hill.... ....Davidson .... ..N. C.... Geuth, 1875.
SPHENE ............Stecle ...--.-.....Montgomery ... Do .. .Genth, 1859.
STOLZITE ........... Silver Hill........ Davidson ...... Do ... Genth, 1891.
SYLVANITE ......... Reynolds......... Montgomery ... Do... Emmons, 1856.
TELLURIUM ........ Tellurium ........ Flu vanna ...... Va ..... Credner, 1868.
TETRADYMITE ......Tellurium........ Do......... Do .. .Genth, 1859.

Boger ............ Cabarrus......-N. C.... Genth, 1875.
Cullen ........... Do ......... Do ... Genth, 1875.
Phcenix .......... Do......... Do .. .Genth, 1875.
.I.C. Mills..--....Burke.......... Do..-Genth, 1875.
Alien ...... ......Davidson ...... Do .. .Genth, 1891.
Beck............. Do......... Do... Genth, 1875.
Asbury...----... .Gaston ......... Do .. .Geuth, 1891.
Kirksey ...... ....McDowell...... Do..-Genth, 1875.
GoldHill.........Rowan......... Do ... Shepard, 1853.
Field ............ Lnmpkin.......Ga .... .Shepard, 1859.
Drake............ Polk ........... Do .. .Little, 1874.

TETRAHEDRITK .....Eldridge ......... Buckingham ... Va .... .Genth, 1855.
Ludwick ......... Cabarrus....... N. C.... Dana, 1892.
King's Mountain.. Gastou ......... Do ... Deveresmx, 1881.

TOURMALINE .......United States..... Spottsylvania .. Va ..... Manry, 1837.
Calhonn...... . ...Pickeus .... ....S. C .... Tnomey, 1848.
Hedwig ..........Lnmpkin.......Ga . ....This report.
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Table of yatigue minerals, excepting quartz and pyrite, etc.—Continued.

Mine. County. State. Authority. 
VANADINITK ........ United States .... Spottsylvania .. Va ..... Maury, 1837.
Wavellile ........... Silver Hill....... Davidson-......N. C.... Genth, 1875.
Wolfram ........... Plowe ........... Mecklenburg. . Do ... Genth, 1859.
ZiNC-iiLBSDE....... Walton .... ...... Louisa ..... ....Va. ....Credner, 1869.

United States .... Spottsylvania .. Do ... Maury, 1837.
Rocky River . ....Cabarrus..... ..N. C... .This report.
Emmons ......... Davidson ...... Do ... This report.
Silver Hill....... Do......... Do .. .Genth, 1891.
Silver Valley..... Do......... Do ... Genth, 1891.
King's M ountain . Gastou ......... JJo .. . Devereaux, 1881.
Brackett........ .McDowell.. .... Do .. .This report.
Vein Mountain... Do ......... Do ... This report.
Steele............ Montgomery ... Do .. .Genth, 1859.
Lennnoud ........ Union .......... Do ... Kerr, 1875.
Long ............ Do ..---.... Do ... Genth, 1891.
Moore............ Do......... Do . ..Genth, 1891.
Smart............ Do......... Do . ..Genth, 1891.
Stewart.......... Do .......... Do ... Genth, 1891.

The tabulated data require some slight comment. A mass of a 
fibrous mineral carrying free gold was shown me by Mr. Richard 
Eames, Jr., in Salisbury. This, as he assured me, came from the 
Parish mine. When I visited the mine almost nothing was to be seen 
on the grass-grown dumps, and I could find none of this peculiar ore. 
A slide from a specimen given me by Mr. Eames shows much beautiful 
fresh actinolite in a grouudmass of a fibrous material which suggests 
anthophyllite. There is also a small amount of epidote in the slide. 
This strange ore may be compared with some of the ores at Ducktowu, 
Tenn. There chalcopyrite, pyrite, pyrrhotite, and garnet occur crys 
tallized with actinolite, but the Ducktown ores are reported as show 
ing a mere trace of gold. Albite carrying gold from the Winter's vein, 
Calaveras County, Cal, is noted by G-enth in the same paper quoted in 
the table. Mr. H. W. Turner has also described this association from 
the Shaw lode, 4 miles southwest of Placerville, Eldorado County, 
Cal., 1 and there can be no question of the reality of this association.

Allanite and apatite have been observed in auriferous quartz, so far 
as 1 know, only by Shepard. His statement is most distinct, and he 
remarks on the rarity of apatite. I can not rid myself of the belief that 
these minerals were really fragments from the gneiss walls of the quartz 
vein in which they were found.—Barite has been found associated with 
gold in California as well as in North Carolina. At the Phoenix mine, 
North Carolina, heavy spar often forms a very large part of the ore.— 
Biotite of a greenish tinge is not uncommon in the ore of the Franklin 
mine. It is very possible that some of the colorless micas or micaceous 
minerals found in ores are colorless biotite or bleached biotite. Of this 
more will be said under the head of muscovite.—Bismuth compounds 
have been detected at four mines. Bismuthinite is also found in 
some of the Bolivian mines.—Calcite is noted in no less than eleven 
of the Southern gold mines. It is usually very subordinate to quartz

1 Amer. Jour. Sci., vol. 47, 1894, p. 470.
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and is generally less intimately associated with gold. In the King's 
Mountain mine the country rock is mainly limestone, and calcite is 
extremely abundant. Even there, however, there are stringers of 
auriferous quartz iii the calcareous mass. Galcite is kuowii as a 
gangue mineral accompanying gold in Nova Scotia and in Califor 
nia.—Mr. Chatard, who, was at one time superintendent of the Brewer, 
informs me that cassiterite was most intimately associated with the 
gold iu portions of the mine.—Pyrophyllite was also found in the mine- 
but not, as I understand, in immediate contact with gold.—Ohalcopy, 
rite is, next to pyrite, the most frequent metallic gaiigue mineral. Its 
decomposition yields the sulphate of copper; for example, at the King's 
Mountain mine, covellite (Brewer mine), chrysocolla (Pioneer Mills), 
malacoiiite (Silver Hill), and other products.—Copper glance is natu 
rally more rare than chalcopyrite, since all the mines contain in abun 
dance iron sulphide, with which copper sulphide usually unites.—Covel 
lite has not, I believe, been hitherto reported from the Brewer. A 
chemical examination was made to ascertain that the mineral was a sul 
phide of copper without arsenic.—Bnargite may be regarded roughly 
as a mispickel without iron, and, like copper-glance, is rare, because 
iron is so plentiful.—Epidote as a vein mineral is unimportant, and is 
probably derived from the decomposition of the wall rocks during the 
deposition of the ores.—Fluorite is rare in gold veins proper, but com 
mon enough in lead and copper mines. In the Southern gold mines it 
is found only at the Kings Mountain, which is an exceptional locality 
for minerals. 1

Galena occurs in the South about half as frequently as chalcopyrite, 
and is more often met with than mispickel or /inc blende. Anglesite 
and cerussite are for the most part decomposition products of galena. 
Galena sometimes alters to pyromorphite, but pyromorphite sometimes 
changes to galena. I suspect that in the cases in which pyromorphite 
is noted in this paper galena was the original mineral.

The occurrence of garnet as an auriferous gangue mineral near 
Dahlonega and Nacoochee seems to me of some importance and much 
interest. It was first noted by Credner at a locality which I suppose 
to be identical with the Field mine, on the Chestatee Biver, 2J miles 
easterly from Dahlonega. In two of the cases tabulated the garnets 
are auriferous but are not found iu veins. Further notes on the sub 
ject will be found iu this report in the description of the region in 
question. It is suggestive that ore deposition and ordinary meta- 
morphism are both sometimes attended by the formation of garnets.

Magnetite is reported at only one mine. There is also one instance 
of hematite and two of ilmenite. I am not prepared to admit that 
hematite and magnetite are primary gangue minerals in auriferous 
quartz veins. On the contrary, as Mr. Liiidgren has pointed out to me, 
one of the usual effects of ore-bearing solutions on the wall rocks is to

'Mr. K. A. F. Penrose informs nie that iiuorite occurs abundantly as a gangue miup.ral iu tlie aurif 
erous quartz veins of Clippie Creek, Colorado.
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destroy the magnetite. It is also well known that hematite and mag 
netite are ordinary secondary products. Solfataric action also causes 
the disappearance of ilmenite, but as ihuenite has not to my knowledge 
been recognized as a secondary mineral it is left in the list, with much 
doubt, as primary.—Marcasite has been identified at only one of the 
Southern mines. It occurs at a gold vein near Grass Valley, in Cali 
fornia, and the marcasite from the Baker quicksilver mine in that State 
is auriferous. 1 Secondary marcasite is common in the auriferous grav 
els of California, yet the circumstances under which it forms must be 
peculiar, for it has not been reproduced artificially. It is certainly an 
unusual companion of gold in veins. Mispickel is about as common in 
the veins as is zinc blende. The occurrences are widely scattered and 
seem to present nothing particularly noteworthy.

Colorless inica has been observed in. the ores at a number of points. 
In the ore of the Franklin mine and of the Barlow mine some of the 
mica exhibits the wide divergence of the optical axes characteristic of 
muscovite; and that of the Brackett mine, as seen in slides, seems to 
have the optical properties of muscovite. It is possible that some 
cases of white mica in the ores represent bleached or colorless biotite.

The tellurides, nagyagite and tetradymite, and native tellurium have 
a wide distribution, but fortunately are nowhere present in important 
quantities.

Manganese ores are uncommon in the fresh vein material, but in the 
decomposed zone above water level black stains, which are seemingly 
psilomelane or wad, are extremely common. They sometimes assume a 
dendritic character. The carbonate, rhodochrosite. is reported from 
only a single locality.—Pyrrhotite is a mineral of some interest, because 
it appears to form a link between the gold veins and the copper- 
sulphur mines, such as those of Ducktown. In the Annenius mine, in 
Virginia, where pyrrhotite forms a large part of the sulphur ore, there 
are stringers of auriferous quartz.—Siderite is not rare as a gangue 
mineral, and is peculiarly abundant at the Phcenix mine. I have seen 
a large mass of siderite ore said to have come from the Silver Valley.

Tetrahedrite is rare in the Southern gold mines. Genth believes it 
to exist in the ores of Silver Hill, a.s these sometimes give a reaction 
for antimony. No other autimonial mineral has been recorded from the 
Southern gold mines, while in Australia and the Transvaal stibnite 
is often found with gold.—Tourmaline is noted in a few cases only. 
Oral reports have reached me that the tourmaline-bearing quartz 
veins at the tin mine on King's Mountain are auriferous.—Zinc blende 
is a fairly common mineral, excepting in the north Georgian mines, 
from which it has not been reported.

The gold ores of the South are quartzose deposits with very subor 
dinate' admixtures of carbonates in which pyrite is always present, 
while chalcopyrite is common, and galena, mispickel, and zinc blende

'Mem. U. S. Geol. Survey, Vol. XIII, 1888, p. 368.
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are by no means rare. The long list of other minerals found iu the 
veins is unimportant, excepting in so far as ifc assists in elucidating the 
genesis of the ores. I am unable to see that the accompanying min 
erals, with the one exception of pyrite, serve in any way'as an indica 
tion of the value or extent of the ore bodies.

Precisely these statements would apply to almost any of the great 
gold regions of the world, so far as I know them; and it may therefore 
be asserted that the gold ores of the South are of a thoroughly typical 
character.

THE VEIN'S AND IMPREGNATIONS.

A very large part of the auriferous quartz deposits of eastern North 
America exhibits at least approximate conformity to the structure of 
the wall rooks. This fact has received different explanations from 
observers. In 1835 Messrs. T. G-. Clemson and B. C. Taylor pronounced 
these quartz masses in the Virginia gold regions contemporaneous with 
the formations in which they occur. 1 In 1836 W. B. Eogers pointed 
out that, although in the main the dip and strike of the veins conform 
with those of the inclosing strata, the correspondence is far from being 
exact, and he classed them as true veins of injection.2 In 1837 Silliman 
dissented from Eogers and pronounced those auriferous quartz deposits 
in Virginia which he had examined beds.3 In 1854 Prof. J. D. Whitney 
classed the deposits of North Carolina as veins, but seemingly as "seg 
regated" veins, and this kind of deposit he esteemed as originating iu 
the gradual elimination of the component particles from the surround 
ing formation.4 In his later works, however, this geologist regarded 
the similar deposits of "California as what Eogers would have called 
veins of .injection.5 E. Emmous, in 1850, supposed the gold of the 
impregnated slates a sediment, and contemporaneous with the rock, 
but he perceived that the quartz masses are only in approximate con 
formity with the slates, and that they are real veins.6 O. M. Lieber, 
in 1859, announced that the gold is contemporaneous with the rocks, 
but that its segregation took place at a later time.7 Prof. Herman 
Credner, in 1867, called the deposits in question " beds " and " primary 
deposits," " true veins," he thought, being foreign to the schists of the 
Southern Appalachians." In 1875 W. C. Kerr wrote: "Many of these 
quartz veins are in reality beds, as they coincide in dip and strike with 
the stratification, whilst an equally great number run in every con 
ceivable direction and dip just as irregularly." 9 In 1884 J. A. Phillips 
referred to these deposits as segregated veins, but he uses this term

i Trans. Geo). Soc. Feun., vol. 1, 1835, p. 310. 
2 Kept. Geol. Recoil. Va., 1836. 
3 Anier. Jour. Sci., vol. 32, 1837, p. 100. 
"Met. Wealth TJ. S., 1854, pp. 129, 83, 45.
5 Auriferous Gravels, 1880, p. 330.
6 Geol. Midland Counties of IT. C., 1856, p]>. 130, 142. 
'Proc. Amer. Assoc. Adv. Sci., vol. 12, 1859, p. 229. 
s JSTeues Jahrbuch der Min., 3867, p. 442. 
oGeol. K". C., vol. 1, 1875, p. 285.
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as equivalent to bedded veins, and doubts there being any difference 
excepting that of position between these and so-called " true" veins. 1

The veins of Nova Scotia have been similarly interpreted. Sterry 
Hunt and Professor Hind thought them sediments, while Messrs. 
Campbell, Selwyn, and Poole took the opposite view, as will appear 
later in this report.

Eogers and Campbell appear to me to have been perfectly correct in 
their views, and it is difficult to understand that when the evidence 
they offered was once known any different opinion could have been 
adopted by subsequent observers. It is true that a quartz seam will 
sometimes follow a schistose parting or a slaty cleavage quite accu 
rately for a few feet, or even for some yards,- but I have met with no 
reasonably large exposure in which it did not appear that the quartz 
breaks across at least from one cleavage to a parallel surface, and 
usually such evidences are abundant. Furthermore, stringers diverg 
ing from the main quartz bodies into the walls are frequent, and angular 
fragments of schist can generally be found completely embedded in the 
quartz, showing beyond a question that rupture of the country rock 
preceded the deposition of ore. Occasionally also comb structure is 
visible in conformable veins, and, where the veins pinch, as these veins 
do with remarkable frequency, the walls are often scored by the motion 
which resulted in the -formation of the openings now filled with quartz.

The structure with which the quartz veins under discussion are ap 
proximately conformable is not stratification, but schistose cleavage. 
In n\ost cases the rocks are of igneous origin, and although there are 
instances in which the material is sedimentary^ it is none the less an 
accident when the bedding and the cleavage coincide. There is cer 
tainly nothing remarkable in the fact that a schist subjected to orogenic 
dislocation should very often split along its cleavage surfaces. It is 
this very property which gives the rock its name.

The wall rocks in the Southern Appalachians were for the most part 
rendered schistose by forces antedating the fissure-forming- disturb 
ances and wholly independent of them. The pressures which opened 
the vein fissures did not in general coincide in direction with those 
which had previously produced schistosity. In the Georgian belt the 
effect of the later disturbance was usually to split the slaty rocks along 
their main cleavage and to dislocate the walls. The cleavage surfaces of 
the rocks were not planes, but surfaces crossed by undulations of more 
than one system, and the result of the dislocation was to produce lens- 
like openings, or pipes with lens-shaped cross sections. In such open 
ings the quartz was deposited, and the mass is often corrugated like 
the "barrel quartz" of K"ova Scotia.

It rarely happens in any mineral region that isolated fissures are 
formed. In the Georgian belt the tendency to the distribution of 
motion over various surfaces is very marked, and, as a rule, a mine

1 Ore Deposits, 1884, p. 90. On p. 61 he refers to his own observations in tlie Carolinas.
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opening displays many associated small fissures, each bearing lenticular 
quartz masses, the whole system forming what may conveniently be 
called a stringer lead. Such leads are known in Georgia as veins, the 
use of this term being to a slight extent excusable because the entire 
lead is mined and treated as ore. 1 The undulatory character of the 
cleavage is so strongly marked a feature of the rock structure as to 
impress itself on an entire deposit or any small portion of it. One may 
collect hand specimens of ore showing the lenticular structure. The 
mine stopes show at a glance the same lenticular shape on a larger 
scale, and sometimes it seems that the entire workable ground of a 
mine is also a lens.

Very often the lenticular stringers are discontinuous. One such 
stringer dwindles to a thread or disappears and is replaced by another, 
or by others, in the foot or hanging. In many instances it can be seen 
that diagonal seams connect such shingling (or more scientifically, 
imbricating) stringers. Often no such connection is visible in the sec 
tion which happens to be exposed, bnt it does not follow that a different 
exposure would not show a connecting seam. Indeed, the fact that they 
are often visible, together with simple considerations on the origin of the 
fractures, points to the conclusion that all the stringers were once united 
by cracks sufficiently large to permit the passage of solutions. I have 
formerly employed the term " linked veins " to designate similarly con 
nected groups of veins.2

Besides the stringer leads, coinciding on the whole but not in detail 
with the chief schistose cleavage of the country, there are in the 
Georgian gold belt many relatively small cross fissures. These answer 
to joints in the country rock, originally formed as a part of the dynamic 
effects, among which schistose cleavage is the most prominent. In 
many cases these joints gaped when the schists were split to receive 
the ore. In a few cases it seems to me that the joints have yawned in 
response to later movements of the country, and have then received a 
somewhat different filling, usually calcite. I have not been able to 
ascertain that there is any characteristic difference in the tenor of the 
main deposits and the cross stringers when both are filled with quartz. 
In the Franklin mine there are cross stringers filled with calcite, 
carrying, I was informed, a mere trace of metal.

Throughout the South the veins are very frequently attended by 
impregnations of the country rock, the gold, accompanied by pyrite, 
permeating the walls to a depth of from a few inches to a few feet. 
Such impregnations occur also with veins of tin ore.3 When the walls 
are rich enough, of course the rock is mined, and sometimes the walls 
are worth more than the vein.

lljead is a variant of lode, and means a deposit which, though not a stratum, is hounded by more or 
less definite walls. It is in use to some extent in Nova Scotia to denote zones of auriferous quartz 
scams. I understand that in Australia it is applied to a pay streak iu gravel. It seems the only 
word indefinite enough to be applied to these groups of stringers. Belt would be available did it not 
suggest a wide zone of country, such as the gold belt of California.

"Mpn. U. S. 'Geol. Survey, Vol. XIII, 1888, p. 409.
3J. A. Phillips, Ore Deposits, 1884, p. 9B.
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In the South Mountain area the veins are of an altogether different 
type from those of the Georgian belt. Their strike is more easterly by 
30° or 40°, ranging about N. 50° E. to N. 70° E. The strike of the 
schistosity in this area is very irregular, but is usually to the west of 
north. Thus the South Mountain veins cut across the schists. They 
form a system of parallel fractures which is absolutely astonishing iii 
its regularity when the heterogeneity of the country is considered. 
The variations in lithological character and in structure of the country 
seem without any sensible effect whatever on these sharply-defined 
fissures. The dip of the schistose surfaces is to the northeastward, 
while the veins dip northwestward at about 80°. Most of the veins in 
this area are very thin, though not so tenuous as some of the seams in 
the stringer belts of Georgia. Veius only half an inch in thickness are 
common, and, small as they are, it seems possible to follow them as far 
as may be worth while. Oftentimes several small veins are found within 
a horizontal distance of a few feet and can be worked in the soft super 
ficial layer at the same time; more usually, however, veins thick 
enough to pay even the expense of trenching in the saprolite1 are a rod 
or two apart.

There seems to be a tendency to regularity in the distribution of the 
larger veins. Thus some 5 miles north of Rutherfordtou there is a 
group of veins of 1 or 2 feet in thickness, including those of the Idler 
property. To the northward of this group is another, including those 
of the Vein Mountain mining property, at a distance of several miles 
from that first mentioned. After another interval of a few miles is a 
third group of similar lodes, including the Neighbor's vein. Between 
these groups there seem to be literally innumerable veins of small size 
parallel to the larger ones, and equally persistent. Such relations are 
well worth noting for practical purposes, as well as for their theoretical 
bearing, but it must not be inferred that groups of larger veins will be 
distributed at equal distances. If there is, as I suspect, a rhythm in 
the distribution of the larger veins, it probably follows a complex law, 
like that of ocean billows.

The veins of the South Mountain region, being clean-cut fissures, are 
very free from horse matter, which, however, is sometimes met with. 
They are substantially quartz veins, with a little calcite, carrying, 
besides gold and pyrite, chalcopyrite, galena, and zinc blende in small 
quantities. There seems no reason why the larger veins should not 
pay if they carry over $3 per ton. The small veins can not be worked 
below water level unless fouiid in groups so close as to permit of simul 
taneous exposure.

In this same region there are some irregular streaks of glassy quartz, 
coinciding in strike and dip with the schistose rocks. So far as I kuow, 
they are of small thickness and soon fade out iu strike. They seem to 
be mere local segregations of silica and are not known to be auriferous.

'Saprolite is used in this paper to signify thoroughly decomposed rock iu place. The word is more 
fully explained in the section oil Placers, p. 43.
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No miner would think of testing this unpromising material for.gold.. 
They seem in no way related to the auriferous quartz veins or stringer 
belts intercalated in the schists of the other gold-bearing regions. In 
all the Southern gold regions there are many quartz veins which carry 
little or no gold, and the wide, solidly filled transverse veins are par 
ticularly apt to be barren. In almost all cases the quartz of these 
veins looks unpromising, being either glassy or milky. It is very 
possible that these veins are of a different age from those which carry 
gold, but they have not been carefully studied as yet.

In the Carolinian belt stringer leads entirely like those of Georgia 
are by no means uncommon. This area, however, possesses deposits of 
another kind which bear much resemblance to the fahlbands of Nor 
way.1 Extensive lens-shaped masses of rock conformable to the gen 
eral schistose structure of the country are charged with disseminated 
pyrite and gold. In and close to these ore bodies there are quartz 
stringers grouped as in the stringer leads of Georgia, but these form a 
relatively unimportant portion of the ore. The auriferous schists also 
show effects of dislocation, such as grooving. At the Haile mine well- 
developed quartz veins appear close to the enriched rock masses, but 
these veins are barren. The mineralization of the auriferous masses is 
curiously irregular. Sometimes the gold and pyrite are accompanied 
by so little silica that the impregnated schists are easily cut with a 
knife, and occasionally gold spangles appear on cleavage planes without 
any visible qnartz. I have not been able to satisfy myself, however, 
that any of the deposits are absolutely devoid of gangue quartz. 
This mineral is to be found iu almost all cases within a few millime 
ters of any gold particle, even when not in contact with it, and the 
microscope shows a very curious association of pyrite with fibrous 
silica in the slate ores. Oftentimes these deposits are highly silicified, 
and the ore is then a hornstone-likc mass. There seems to be no,rela 
tion between the intensity of silicification and the value of the ore.

It seems to me that these deposits are impregnations dependpnt in 
great part upon the lithological character of the rock for their exist 
ence. The frequent occurrence in them of stringer-lead structure and 
evidences of dislocation indicates that the whole mass has been shaken 
up and its texture loosened. If in such a mass the rock itself is porous 
or peculiarly susceptible to chemical change, it is evident that ore- 
bearing solutions might easily impregnate the whole body. 'Now, along 
the Carolinian belt there are unquestionably great quantities of volcanic 
material, and such material, through its heterogeneity, would tend to 
irregular rupture. Fragmental eruptives are also commonly porous 
and of no great chemical stability.

In some instances it seems certain that the impregnated rock is 
eruptive. This is the case at the Brewer and the Haile, in South

'Compare M. KJAruirs account of fahlbands as reported iu 3?uchs and DeLannay, G-ites miiiereaux, 
vol. 2, 1893, p. 759.
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Carolina, and at tlie Hoover Hill, hi North Carolina. At the Davis 
and the Russell mines, in the latter State, it seems probable that the 
impregnated mass is eruptive. There are other cases in which only 
prolonged and detailed study of the localities could decide the origin 
of the rock.

A peculiar case is the Moratock. There is no question that the rock 
upon which this mine is opened is eruptive. It is a spherulitic mass 
showing flow structure and containing phenocrysts of quartz, labra- 
dorite, and biotite. Portions of the rock are plainly breccia, It is not 
greatly decomposed, but contains scattered pyrite crystals, sometimes 
lining minute geodes. The attempt to work this rock as ore was a 
failure, though I was informed that it carried a very little gold. This 
was probably in the pyrite. Whether the pyrite was secondary or 
primary I am not sure; but I could perceive no evidence that it had 
been introduced into the mass after solidification.

• The dependence of ore deposition upon intrusive rocks is not clear 
or satisfactory in the Georgian belt. There are numerous granitic dikes 
near Nacoochee, and they appear at the Loud mine. At no great dis 
tance from the Franklin mine, also, such dikes are abundant. In the 
neighborhood of Dahlonega it is curiously difficult to decide whether 
or no there are dikes. The gneiss is there remarkably well banded, 
and there are places in which one suspects dikes among the bands, but 
I could not find any single case of a clearly marked intrusion. Afc 
the Boilston mine, in North Carolina, on the other hand, a granite 
dike accompanies the veins and appears closely connected with, ore 
deposition.

The age of the dikes mentioned can hardly be greater than that of 
the ore bodies, for the disturbance of the country preceding the depo 
sition of ore would have affected the dikes, and there is no evidence of 
their having been thus disturbed. The ore bodies, however, have not 
been considerably faulted; and in short there seems no evidence of 
any .profound dislocation since the time to which both ore and dikes 
are referable. Nevertheless, only experience got in other regions justi 
fies the hypothesis that a genetic relation exists between the ores and 
the granite dikes of the Georgian belt, excepting in the case of the 
Boilston mine.

In the South Mountain region there are also granite dikes, but tney 
are few in number. They do not strike with the veins, and in one case 
(the Brackett mine) a dike is said to fault the vein.

In the Carolinian belt, on the other hand, the connection between 
volcanic phenomena and ore deposition is very clear at some points. 
At the Haile mine, for example, a system of 'heavy diabase dikes inter 
sects the country. These dikes are somewhat decomposed in contact 
with the ore, but themselves carry little or no gold. The ore bodies 
are found along the dikes and are richest close to them. At the Howie 
there are both diabase and diorite dikes, but the mine being closed the
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exact relations to ore can not be determined. In the Ferris mine a 
granitic dike exists in contact with the ore. At the Eeed and the 
Phoenix there are large quantities of porphyrite, and there is a dike at 
Hoover Hill in the mine workings.

Many instances of the association of dikes with gold deposits are 
also mentioned in the reports of Tuomey, Lieber, and Emmons as 
occurring in Alabama, South Carolina, and North Carolina. In consid 
ering the connection between dikes and deposits it should be remem 
bered that (as stated in the description of rocks in this report) there 
were Mesozoic intrusions as well as earlier ones. The later dikes are 
probably far younger than the ore, and of course without influence on 
its genesis.

The whole subject of the relation of intrusive or eruptive rocks to 
ores is in a very unsatisfactory condition. Most mining geologists 
believe in a direct or indirect connection between vulcanism and ore 
deposition, but the nature of this connection has not been elucidated. 
I am inclined to suppose the intrusion of lava and the formation of 
ore-bearing solutions two distinct effects of vulcanism, which may be 
associated or dissociated.

A special effort was made during the reconnaissance described in this 
report to gather any evidence which might exist of the substitution of 
ore for country rock. So far as the veins were' concerned, this effort 
was a total failure. One of the chief physical indications of replace 
ment is the rounding of the edges and corners of unchanged kernels of 
the material which undergoes replacement when the process is incom 
plete. This is in consequence of the fact that edges and corners expose 
a greater surface per unit volume of the mass than do flat surfaces. It 
follows that fissures will be irregularly enlarged and that replacement 
will take place in cuspoid forms along joints intersecting main fissures. 
Nothing of the kind was met with in the veins, and the total absence 
of such phenomena is valid evidence that the auriferous veins occupy 
spaces opened by purely mechanical action.

With respect to the impregnations, it is more difficult to judge what 
has happened. That profound alteration lias taken place there is no 
doubt. Pyrite crystals have grown to most perfect development, as if 
in a fluid, in spite of the pressure of the rock mass, and have even 
bent adjacent lamina? of slates; quartz grains, too, have developed. 
Whether, however, rock constituents have been dissolved as a condi 
tion of the precipitation of quartz and pyrite accompanied by gold, is 
uncertain. I suspect not.

The association of minerals in the veins, among them carbonates 
and clilorite, indicates that the ore was deposited from solutions and 
not from gases or vapors. It is true that there is a very close analogy 
between the chemical behavior of gases and dilute solutions, but the 
physical state of the unprecipitated ore is a matter of importance.
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The character of the solutions from which the ore was deposited 
is still a matter of doubt. I showed in 1887 that silica, gold, pyrite, 
and the sulphides of arsenic, antimony, copper, zinc, and iron are 
soluble in a menstruum common in nature, viz, waters containing car 
bonates and sulphides of the alkalies. That is a satisfactory result 
so far as it goes, but this solvent will not dissolve galena under any 
conditions known to me, while galena is a common mineral in gold 
veins. Either, then, lead sulphide is soluble in this menstruum under 
conditions still unknown, or the right natural solvent has not been ex 
perimented with. The recent deposits of Steamboat Springs, Nevada, 
contain lead as well as copper, gold, etc., and the water flowing from 
the springs contains carbonates and sulpho-salts of the alkalies, chlo 
rides of the alkalies, borax, and sodium silicate. 1 It would seem, there 
fore, that my solvent must have been closely analogous to that which 
comes in play at Steamboat. Galena has, indeed, been formed arti 
ficially in several ways from lead compounds, but the mere generation 
of crystals of the sulphides from other compounds in place implies only 
an infinitesimal solubility. To explain ore deposits one must find a 
probable menstruum which will hold in solution sensible quantities of 
lead sulphide and from which it can be precipitated under known 
conditions.

To discuss the origin of the gold in the South it would be needful 
to make very laborious analyses of large quantities of. the freshest 
gniesses of the region. This has not been done. Should they prove 
auriferous, it would be reasonable to infer that the gneissic rocks are 
the source of the gold. The indications of the'occurrences do not seem 
favorable to the hypothesis of such an origin, for there is no such 
prevalence, of solfataric decomposition of the wall rocks below water 
line as would probably accompany a gathering together into the veins 
of small quantities of gold from great masses of rock.

The question of the persistency of the veins in depth is one which, in 
my opinion, need cause no uneasiness. For reasons stated elsewhere 
in this report, it is believed that the veins date chiefly from a pre-Cain- 
briau period, and if so, the present croppiugs are far below the original 
ones. If mining could be carried to an unlimited depth, it is proba 
ble that the fissures would be found to grow smaller, for the greater 
the pressure of the superincumbent mass the greater must have been 
the tendency to close openings formed under catastrophic conditions; 
but the total depth of fissures measured from the original surface is 
most likely of the same order as their length, several miles in many 
cases, while no mine has ever yet reached a depth of one mile. In 
sinking, it should not be forgotten that veins may imbricate in a vertical 
as well as in a horizontal direction, and that crosscutting is, therefore, 
a very essential feature of development.

1 Am. Jour. Soi., vol. 33, 1887, p. 199, and Mon. TT. S. Geol. Survey, Vol. XIII. 1888, pp. 344,349,433.
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It has beeu held that the precipitation of gold took place mostly near 
the original surface, 1 but if the veins of the Southern Appalachians are, 
as they seem to me, of pre-Oambriau age, this can uot be strictly true, 
nor does it seem to me that the mining- operations of the last thirty 
years point to sueh a conclusion. Doubtless some veins grow poorer in 
depth, while some grow richer. These variations within accessible 
limits of depth are probably controlled for the most part by circum 
stances similar to those which bring about variations in tenor from 
point to point on the strike of veins.

An idea is very prevalent among mine owners that veins may be 
expected as a rule to grow stronger and richer with depth. This is an 
hypothesis based on hope and with no justification in general experience.

PLACERS.

Gold is found in loose material of two very distinct kinds in the 
Southern Appalachians. True stream gravels carrying gold are not 
wanting, but much more common are auriferous accumulations of rotten 
rock in place. As is well known, decomposition of the bedrock in 
the unglaciated South often extends to a depth of from 50 to 100 feet 
from the surface. Where the mass was originally intersected by gold- 
quartz seams, perhaps accompanied by impregnation of the wall rock, 
the decay of the mass to soft earth takes place without sensible loss of 
the precious metal. Such deposits can be worked with pick and shovel 
or, when they are rich enough, by the hydraulic process. In such 
deposits, as a rule, the original structure of the rock is perceptible to 
within-a couple of feet of the surface. The rock in decomposing- may 
have undergone some change of volume and a trifling amount of move 
ment, but the material is substantially in place.

There is no term in general use to designate this decomposed rock in 
place, although it is found almost universally in unglaciated regions, 
even within the arctic circle. It is by no means often possible to name 
a given occurrence of this kind from the original rock, because, when 
there are no exposures of unchanged material, it is usually doubtful 
which of several allied rock species is really present. The word " Geest" 
was long ago proposed as a general term for such material. This is a 
provincial German word meaning dry land as distinguished from marshy 
land. The name does not seem aptly chosen and has not beeu adopted 
by many writers. The German term "Grass" has sometimes been 
made to serve, but this word denotes a mass consisting of angular 
fragments, as distinguished from the rounded pebbles of gravel, and it 
is constantly in use for transported material, as for example " Gruss- 
kohle," equivalent to slack-coal.

I propose the term saprolite'' as a general name for thoroughly decom 
posed, earthy, but untransported rock. When the exact character of
, ' Murchison, Siluria, 4th ed., 1867, p. 459.

a From ffan-pos, rotten. The term laterite, as used in India, where ifc originated, has a lifchologieal 
signification and applies in part to transported material.

16 GEOL, PT 3———19
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the original rock is known it is easy to qualify this term and to speak 
of "granitic saprolite," and the like.

The deposits referred to above, then, are gold-bearing saprolites. In 
these the original quartz veins are usually but little decomposed, and 
can be followed at small expense. Near Briudletown the hills are scored 
with deep trenches thus excavated. In the Dahlouega region a system 
often adopted is to hydraulic the saprolite, the fine earth usually being 
allowed to escape after passing through sluices, while the fragments of 
vein quartz are thrown out by grizzlies, or equivalent devices, and 
passed through the stamp mill. The losses in this process, however, are 
very great, owing, it would seem, to the inclosure of the gold particles 
by films of iron oxides or other substances which prevent amalgamation.

Geologically the saprolites are of course identical with the more solid 
masses beneath them, yet they sometimes permit the observation of rela 
tions less well seen elsewhere. Thus in some saprolites an almost end 
less number of the thinnest possible quartz seams and the most perfect 
quartz lenses are accessible not merely in section but in three dimen 
sions. At the Kin Mori mine one can pull out of the saprolite pieces 
of vein of several square inches area and scarcely thicker than writing 
paper. But this is not always the case; some auriferous saprolites 
show almost no quartz. There are instances in which the observer can 
scarcely believe the results of assays from carefully taken samples, so 
little indication is there of any gold. Now, the investigations of late 
years make it certain that quartz is often attacked and dissolved, or is 
replaced by mica, iron oxides, etc. It seems to me probable that the 
deceptively rich saprolites are those in which the quartz has been thus 
removed.

The gold found in the saprolite deposits is naturally very rough, and 
in some cases, as at the Loud mine, north of Dahlonega, masses of wire 
gold are met with. If anyone still doubts the origin of the gold in 
stream gravels he may readily convince himself in the South that the 
origin of the metal is in veins, for gold can be seen there in all stages 
from the roughest to the smoothest as the saprolites are followed into 
the waterworn gravels. 1

It was stated above that the saprolites often extend to within a couple 
of feet of the surface. Above that level the soil has usually been 
worked over by plant roots, if by no other agency, and has thus lost the 
characteristic rock structure. In some cases, particularly on steep 
slopes, the disturbance extends to a greater depth and seems due to a 
different cause. The soil within a few feet of the surface is exposed to 
the expansive action of daily sunshine and frequent winter frost. In 
contracting again after expansion, it tends to settle as far down hill as 
possible, and this tendency is promoted by the fact that fine particles 
are apt to fall into any crevices which may form in the mass. Hun-

i See a paper by Prof. A. Liversidgo on the origin of gold nuggets, Proc. E. S. New South Wales,' 
•vol. 27.
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dreds or thousands of such expansions followed by contractions are 
nearly equivalent to a slow flow when the mass is soft, as in the case 
of saprolite. By such means this material is often fed into the head 
waters of streams, and but for this, action the saprolites might be much 
thicker than they are. Substantially this explanation is given by Kerr, 
who, however, refers the expansion to the cold of the glacial epoch, 1 a 
reference with which I wholly disagree. He also points out that this 
settling process frequently affects schistose rocks when they come uear 
the surface, and I have observed cases in which the laminae were flexed 
down hill to a depth of 6 or 8 feet.2

Much gold has been obtained in the South from modern rivulet or 
"branch" gravels, and it is evident that in saprolite areas such gravels 
must almost inevitably be rich. The earth is removed with ease by 
heavy rains, while the gold and the larger pieces of quartz remain in 
the stream bed.

The presence of saprolite also favors the concentration of those rock- 
forming minerals, which offer relatively great resistance to decomposi 
tion, particularly if they happen to be denser than the average mass. 
Thus near Brindletown the list of rare minerals found iu the sands3 is 
immense, and nearly all of them no doubt came from the granitic and 
dioritic gneisses, or from pegmatitic lenses in these rocks.

Of these rare minerals monazite has a commercial value, selling for 
from 5 to 10 cents a pound, and considerable quantities of it are obtained 
by panning, a process in which the men, women, and children of the 
region are thoroughly expert, The density of monazite being about o, 
this mineral is easily freed from quartz and feldspar. The magnet 
might be used to extract magnetite from the concentrates.

About a dozen diamonds have been found in North C.arolina, always 
in gravels, and according to Genth, in every instance associated with 
gold and zircons. In no case, however, was a diamond found adhering 
to gold, or containing gold like the Kimberly specimen, a description 
of which is given at the beginning of the section on Gangue Minerals. 
It is difficult to guess the origin of the diamonds in a region like the 
South Mountains, where the rocks are acid or neutral, unless they 
come from the amphibole-pyroxene blebs in the prevalent country 
rock.

There are ancient as well as modern auriferous stream gravels in the 
South, and some of these have yielded much gold. In such cases the 
well-worn gravel is commonly covered wholly or in part by blue clay 
containing fragments of more or less lignitic wood. The most exten 
sive gravel bed of this kind which I have seen is on Dukes Creek,

"Trails. Am. lust. Min. Eng., vol. 10, 1882, p. 475.
!Seo description of the Bell mine, Moore County, N. C., in the notes on the Carolinian belt.
'Genth mentions among others tetradyniite, montanito, brookite, anatase, rutile, zircon, malacou, 

cyrtolite, moDazite, xeuotime, samarsMte, colurabite. fergusonite, chromite, titanite, cyanite, corun 
dum, enstatite, tourmaline, garnet, beryl, allanite, thorite, diamond. Bull. U. S. Geol. Survey No. 
74, 1891, p. 89.
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near Nacoochee. There is a similar ileposit on Yahoolah Creek at 
Dahlonega, and a small one near Brindletowu. Mr. F. EC. Knowltou 
has examined specimens of wood which I collected on Yahoolah Creek, 
and pronounces them Pleistocene. The conditions indicate either a 
period during which the streams were dammed back or one during 
which the slope of the stream beds was temporarily diminished. There 
is 110 evidence of temporary damming, and it would seem that the 
Columbia subsidence must be called upon to explain the phenomena. 1

The deformation of the peneplains studied by Messrs. Hayes and 
Campbell 2 and their consequent dissection by streams is a matter of 
practical consequence. Had the country not been upheaved and dis 
torted the streams would not have cut back into the country, the gold 
would not have been concentrated in the "branches," and there would 
have been, no outlet for tailings from the areas of auriferous saprolite.

In the Southern Appalachians, as in every region where gold is 
obtained from streams, it is well known that, other things being equal, 
gold dust is purer or of higher grade than coarse gold, and that the 
exterior of waterworu nuggets is purer than the interior. Even Pliny 
seems to have been aware of this fact and to have had an inkling- of 
its cause, for when speaking of the gold dust obtained from rivers he 
wrote: "Nor is any gold more pure, inasmuch as it is refined by the 
flow of the stream itself and by the attrition."3 Oviodo, Columbus's 
companion, is much more explicit on this subject, and some of his 
remarks are so sound as to be worth literal translation, if only to cor 
rect a tendency to overestimate modern discoveries in such directions. 
"It may be considered certain," he says, "(judging from the results), 
that the greater part of the gold is born in the summits and higher 
portions of the mountains, but that it is created and engendered in. 
the entrails of the earth; and so as the earth brings it forth or expels 
it, and because of the abundance of the material in the mountain tops, 
the storm waters transport it little by little and in time carry it down 
into the gulches and the ravines of those streams which rise in the 
mountains; notwithstanding which, gold is often found in the plains 
far from the mountains." Subsequently he remarks: " I say that when 
any bank of a river or of a ravine or the river itself is worked within 
the 'mother ranges' [madres] (as people say), it is always those miners 
who get the gold at a lower level (I say down stream) who find it purest; 
so that in proportion as some washers are lower down than others, the 
gold will be of more carats or of greater value and fineness, because the 
more the gold travels, the higher and finer the alloy. But those who

'Tuomey reports auriferous deposits of rounded gravel near the summit of the Blue Kidge iii such 
positions as to preclude the possibility of the pebbles being rouuded and transported by any aqueous 
force that could have existed since the region received its present form. (Geol. Eept. on South Caro 
lina, 1848, p. 86.) I have not visited any so far from the existiiig drainage. Liebor mentions gold in 
connection with Tertiary pebbles. (Geol. Eept. on South Carolina, 1856, p. 77.)

"Nat. Geog. Mag., vol. 6.1894, p. 63.
3 "Nec ullum absolutius aurum est, ut cursu ipso trituque porpolittun." Hist. Nat. Lib. XXVIII, 

chap. 21=ohap. 4 of some editions.
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extract it at a greater elevation, higher up the river, go closer to the 
birthplace of the gold, and obtain it more often iu abundance. Hence 
it may be inferred that the distance which it moves takes much time, 
many years, so as to effect the increase of carat and of purity." Again 
he asserts that: "On the contrary, the nearer gold is found to its vein 
or birthplace, once it has reached the river, the more crinkled and rough 
is it and of lower carat and value than it would have been if it had 
traveled." *

Oviedo seems clearly to have understood that the less valuable silver 
or other admixture was partially removed from the gold grains by the 
action of the water, and that this process was more complete as the 
gold grains grew smaller through attrition. The most explicit state 
ment of this action with which I have met is by Mr. Boss E. Brown, 
who says that the silver and baser constituents of the nuggets when 
exposed to air and water are partially oxidized and dissolved, so that 
the surface film undergoes partial purification.2 It seems probable that 
the alkaline chlorides present in almost all natural waters must play a 
part in this superficial refining, which is analogous to the process of 
" pickling coin blanks " practiced in the mint.

DESCRIPTIVE NOTES O2ST THE GEORGIAN BELT.

The Georgian gold belt lies in the Piedmont region of northern 
Georgia and eastern Alabama, receding from the mountains to the 
southward. This area was baseleveled both in the Cretaceous and in 
the Tertiary, but the two levels do not appear distinctly separated in 
all cases. Above them project some monadnocks, and they have been 
moderately dissected. The country is well watered, sufficiently tim 
bered, and much of it is extremely picturesque.

While a great number of mining properties which have produced 
more or less gold are scattered along this belt, from near Montgomery, 
in Alabama, to near Clayton, in north Georgia, there are several points 
which may be regarded as centers of interest. Such are Oreighton, 
about 14 miles northwest of Canton, at which lies the Franklin mine, 
Auraria and Dahlonega (two towns only 5 miles apart), and Nacoochee.

The most instructive mine of all those on the belt is the Franklin, for 
it appears to be thoroughly typical. The workings extend below the 
400-foot level, and the mine is in active operation. It affords the only 
opportunity of making a satisfactory study of the ore bodies in solid rock. 
At the time of my visit the mine was producing about $100 a day in gold.

The rocks at the Franklin mine are gneissoid mica-schists for the 
most part, the gneissic structure sometimes being very distinctly pre 
served. A hornblende-zoisite-schist also makes its appearance here, 
but does not seem to represent a different series of rocks. No dikes were 
found directly at the mine, though within a mile of it there are many of

1 Hist. Gen. y Nat. de las Indies, published 1535, edition of 1851, Lib. VI, Chap. VIII, sections 0 and 7. 
2Eng. andMin. Jonr.,Peb. 2, 1895.
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them, all granite, but some gray and fine-grained, while others are 
nearly white, with relatively coarse structure along the median surface.

The wall rocks are chiefly undulating schists, and the vein fissures 
have been opened by a movement such as to produce a series of pipes 
with lenticular section, closely analogous to the barrel quartz of Nova 
Scotia, though less regular. The dislocation is marked by sharply 
incised grooves on the swales of the schist. The ore-bearing schists 
strike in an average direction N". 50° B. and dip at 41° to the southeast 
ward. In this plane the corrugations and the pipes make an angle of 
about 56° with the strike of the walls, pitching northeastward. The 
incised grooves also pitch northeastward at an angle of about 27° less 
than the pipes, the angle between them being measured in the plane 
representing the average sehistosity. Such grooves would be produced 
by a dislocating force in a plane at right angles to the plane of sehis 
tosity, and so oriented that the intersection of the two planes coincides 
with the grooves. The direction of the force would be at an angle of 
about 45° to the movement it produced. There are two such direc 
tions. A force in one of them would cause normal faulting, while a 
force in the other would cause abnormal faulting. If the faulting was 
normal the. force producing it was in a vertical plane striking nearly 
E". 40° E. and pitched to the northeastward at about 50°. This force 
would bring about a motion the horizontal component of which is about 
twice the vertical component, so that the hanging wall would be shifted 
to the northeastward relatively to the foot wall by a distance twice as 
great as the slip downward to the southeast.

The dislocation which opened the ore chambers at the Franklin was 
a normal movement, as is shown by the fact that there are numerous 
stringers which show smooth walls and dip more steeply than the slate. 
This subject has been discussed in the section dealing with Structure.

The gangue minerals at the Franklin are quartz, with occasional cal- 
cite, a little muscovite, much pyrite, and some chalcopyrite. The pyrite 
is usually most abundant where, the quartz is richest, and at such points, 
as a rule, the adjoining slates also carry numerous large, well-developed, 
auriferous pyrite crystals, resembling in all respects the pyrite in the 
quartz. Such rock is of course ore, and its occurrence in this inauner 
throws light on the distribution of gold in saprolites.

The ore bodies are composed of innumerable quartz stringers, each a 
flat lens or pipe petering to a feather edge, but replaced by other simi 
lar bodies. There seems at this mine no indication of a regular shin 
gling (or imbrication), so that a fresh stringer is as likely to appear in 
the foot as in the hanging. Such a body of ore is not, as a whole, a vein, 
and I have suggested the name "stringer lead" to describe it. The 
larger features of the deposits, as well as the minor details, exhibit the 
tendency to lenticular structure.

There can be no question that the ore in the Franklin is a deposit 
from aqueous solutions in interstitial spaces due to mechanical rupture.
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The ore carries fragments of a thoroughly schistose wall rock, and there 
is not a trace of rounding or other phenomena of solvent action.

The ore of the Franklin carries about $6 per ton. About half of 
this gold is saved on the battery plates. The clean sulphurets assay 
about $56, and the concentrates, which contain about 50 per cent of 
snlphurets, are treated by the wet chloridation process as modified by 
Mr. Adolph Thies.

The proportion of gold obtained by direct amalgamation at this mine 
is actually much greater than in the saprolite mines of the belt, where 
the sulphurets are almost totally oxidized. This is an extremely 
remarkable fact, and one highly encouraging to deep mining in Georgia. 
It also shows, I think, that in the saprolite mines much gold once free 
has become " rusty," or coated with films of substances which prevent 
amalgamation.

A second vein accompanies the Franklin at a distance of about 150 
feet. It is called the McDonald, and has been prospected by shafts 
which are now inaccessible. The rock and the ores as seen on the 
dumps of the shafts appear to be nearly the same as at the Franklin, 
but more gueissic. »

The Sixes mine, some 8 miles in a southwesterly direction from Can 
ton, shows a mass of granite which has been reduced to schist only iu 
part. The composition of this rock is normal. Near by in a rivulet a 
black schist, probably of dioritic origin, crops out. It carries actinolite 
and zoisite. It is said that crystallized gold has been washed out iu 
the streams at this locality. The Sixes mine has long been abandoned 
and nothing is to be seen of ore or of its geological relations. At the 
Wilkiuson and Cherokee properties, about a mile southeast of the Sixes, 
the wall rocks are the usual gueissoid schists of the Georgian belt with 
the usual strike and dip, and the ore appears to have occurred in stringer 
leads. The same may be said of the Strickland mine, about 4 miles a 
little east of south from the Franklin. At the Dr. Charles mine, which 
is near the junction of Dawson, Forsyth, and Cherokee counties, mis- 
pickel is abundant, and the deposits are stringer leads.

At this property, in the saprolite and in the partially decomposed 
rock, there are numerous slickensided surfaces stained black with man 
ganese, probably in the form of wad. Such slickeusides iu such posi 
tions are abundant throughout the belt, but I have looked in vaiu for 
anything of the sort below the water level. It would seem that the 
slickeusiding is due only to the changes in volume attending decompo 
sition, of which also the manganese stains are a result.

The Kin Mori and McGuire properties adjoin each other and lie in 
Dawson County, about 4 miles southwest of Dawsonville. No work 
has been done on them for years. Large cuts have been made in the 
saprolite and some tunneling has been done on stringer leads. The 
more solid exposures of rock are gneissic schists and the darker schists 
which I suppose of dioritic origin. The strike is S". 50° E. and the dip
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is 50° to 65° to the southeast. Some of the schists contain garnets. 
A part of the rock shows undulous and carunculated cleavage surfaces, 
and my guide informed me that the stringer leads are best developed 
where one wall shows such structure and the other is characterized by 
flat cleavage. At one point on the Kin Mori property, near the mill, a 
vein is exposed which shows A feet of solid quartz. This is very prob 
ably on the same fissure as a heavy cropping about 8 feet in width to 
the southwest and on the other side of the Etowah River. Both expo 
sures carry sulphurets, but appear to be very low grade, as are many 
of the thicker quartz veins of the belt.

In portions of the saprolite of the Kin Mori there are great numbers 
of tiny quartz veins, scarcely thicker than writing paper. At one 
point twenty such were counted in a mass only an inch thick. On the 
McGuire there is a very largo amount of white float quartz full of 
tourmaline needles. This must come from a vein near by, but none of 
the rock could be found in place. Tourmaline-bearing quartz is not 
known to occur with the ore at this property.

Dahlonega and Auraria (formerly Knucklesville) are surrounded by 
mining properties forming one continuous district geologically and 
technologically. In this district work has been confined almost en 
tirely to the saprolite, and exposures of rock in place are to be found 
only where natural erosion or hydraulic washing have laid it bare.

The rocks are hornblendic schists, gneisses, and gneissic schists. In 
one or two cases fragments of the darker schists or of a similar rock 
appeared to be included in the gneiss. The gneisses are for the most 
part dynamometamorphosed and schistose, but in limited areas they 
show only gneissic banding, and this is occasionally almost insensible, 
so that the rock approaches simple granite. Such a-n exposure appears 
in the bed of Yahoolah Creek below the Murray mine. Ordinarily the 
gneissic sheets are extremely distinct and are parallel to the schistose 
cleavage of the country, but in a few cases the schistosity cuts the 
gneissic structure. Sometimes the schists pass over into true slates.

No unquestionable dikes were found in place in this district; in some 
cases, however, bad exposures left it uncertain whether unusually well- 
marked sheets in gneiss might not be intrusions. Instances of this 
kind were seen near the Hand mill. Notwithstanding my failure to 
find well-marked dikes, I find it impossible to believe that there are 
none. On the dump of the Wells mine near Auraria there is a slightly 
schistose quartz-diorite, which probably came from a dike.

In spite of the schistose structure of the rock, weathering in some 
cases has produced rounded forms which are analogous to the domes of 
the Sierra Nevada, although on a very small scale. Instances of such 
rounding occur in the Yahoolah and the Barlow mines, and seem to 
indicate that schistose deformation was locally unaccompanied by even 
blind joints. Had it been otherwise the rock could not have behaved 
to the weather like a homogeneous mass.
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The average strike of the schists is about N. 30° E. and the average 
dip about 40° eastward. In the Auraria end of the district the strike 
and dip are pretty constant, or vary slowly, but at Dahlonega the varia 
tion is great and sudden, so that it is difficult to arrive at any proper 
mean values.

The gangue minerals in the gold qnartz are usually pyrite and more 
rarely chalcopyrite. In the Findley minemispickel, galena, and calcite 
make their appearance. Muscovite is sometimes to be seen in the ore, 
for example at the Barlow, where also there is siderite in the veins. 
Shepard in 1859 first described a remarkable mineral locality on the 
Chestatee River under the name of the Field mine, which, so nearly as 
I can ascertain, is the same place on that river referred to by Prof. H. 
Credner in 1867, thongh he gives no name to the property. I was not 
aware of the existence of this deposit at the time of my visit to the 
region. The authorities referred to found in the gold-bearing quartz 
allanite, apatite, chlorite, garnet, ilmenite, pyrrhotite, and tetradymite.

In the Lockhart mine a considerable amount of garnet exists in the 
quartz veins. Some of this, which seemed quite free from qnartz, was 
kindly assayed for me by Mr. Arthur Weld, superintendent of the 
Hand and Barlow properties. It carried no less than $10.74 per ton. 
On the Whim Hill property near Auraria the schist contains much 
garnet in well-developed crystals. Some of these of the size of nuts 
were also assayed by Mr. Weld, and they too were found to be aurifer- 
ous, although no quartz seams appeared near them in the schist. Gold- 
bearing garnets have long been known in the district, though the fact 
has not been published, so far as I can ascertain. Professor Hauna, 
of Charlotte, N. C., and Mr. Adolph Thies, of the Haile mine, pos 
sess specimens of garnets from this district showing free gold. It 
appears, therefore, that when garnet-bearing schists are found near 
gold veins it is worth while to assay them.

In the Singleton mine, near the quartz veins, there is a vein of milky 
quartz carrying tourmaline. It is said to be barren. On the Whim 
Hill property there is also similar tourmaline-bearing quartz, which Mr. 
Weld found gold-bearing by assay.

The original deposits in this district are almost without exception 
stringer leads, for the most part conformable to the schistose cleav 
ages, but not following them accurately. Spurs of quartz diverging 
into the country rock are frequent, and included fragments of schist 
are not uncommon. They are of precisely the same type as those studied 
at the Franklin. The wall rocks also, as at the Franklin, are often 
rich for a few inches from the quartz stringers.

On manuscript maps of the district belts of ore-bearing ground are 
sometimes shown at tolerably regular distances apart and extending 
for miles through the country. Assertions are also made that these 
belts can be identified by the character of the ores. I could see no 
evidence of such remarkable continuity. On the contrary, it seemed
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to me that this part of the Georgian gold belt may be likened to a mag 
nified stringer lead, an aggregation of lenticular, ore-bearing masses, 
which, considered singly, die out in strike and are replaced to the east 
or west by other similar bodies. Nevertheless, it seemed to me probable 
that two lines across the strike and a mile from each other would inter 
cept about the same number of auriferous masses.

The ore seems to occur more plentifully in the gneisses than in the 
dark dioritic schists, which also appear to be tougher than the gneiss 
and less subject to flssuriug.

A considerable number of small faults are to be seen on the stringers 
in the district, and all of those observed were normal. They do not 
appear to have taken place after the deposition, but during 'the pre 
liminary dislocation of the rock. The quartz has been deposited in 
interstitial spaces or in the more or less porous wall rock, and no trace 
of substitution was found.

The saprolites are of variable depths, reaching, it would seem, at least 
100 feet in the Preacher mine. One portion of the rotten rock is distin 
guished as " brickbat," from its red color, and this is usually found to be 
barren. It appears to answer to the dark ferromagnesiau schist. The 
saprolites show numerous quartz veins, mostly not over 2 or 3 inches in 
thickness. In some cases there is little or no quartz; for example, at 
the Hedwig property, near Auraria, although the mass assays over $2 
per ton. As remarked elsewhere, I suppose in such cases that the 
quartz veins were minute and that they have been resolved into other 
minerals by solutions. It is now well known that limouite may be sub 
stituted for quartz and that large bodies of that iron ore may be formed 
in this way.

At the Singleton mine there are stream-bed gravels overlain by blue 
clay containing fragments of wood and cones. The slack water indi 
cated by the clay deposits, judging from these plant remains, is refer 
able to the last well-marked subsidence of the coast, answering to the 
Columbia formation.

On the Chestatee River is the Chestatee claim, where, at the time of 
my visit, preparations were being made to turn the channel and work 
the river bed. At this property are often found pebbles of a heavy 
mineral which the miners call " hovas," a word of origin unknown to 
me. This material is an impure corundum and should be worth saving. 
Being of great density, it is naturally found with gold in the gravels.

About 5 miles east of Dahlonega, on the Chestatee Eiver, is a newly 
opened pyrite mine. The ore carries some chalcopyrite and, it is said, 
a trace of gold. I was informed that within a few hundred feet of this 
deposit there are intercalated stringers from which some hundreds of 
dollars' worth of gold have been obtained. Pyrite is reported .to have 
been found on the strike of this body at intervals for some miles. The 
ore bodies are most likely flat lenses. The gneissoid schists at this 
mine strike K 47° E., in fair accord with the whole region, but they dip
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to the northwestward at about 65°. I have discussed such anomalies 
under the head of Structure.

A vast amount of the saprolite ores remains to be worked in this dis 
trict. This material can be handled very cheaply by hydraulicking the 
mass, sluicing to the mill, and crushing the quartz fragments. The 
coarse free gold is recovered from the sluices and a large part of the 
gold in the quartz is caught on the battery plates, but in the ordinary 
practice an immense proportion of the entire contents passes off with 
the tailings. Careful investigations by Mr. Arthur Weld show that 
this method saves only about 25 per cent of the gold, or even less. This 
gentleman is engaged in intelligent efforts to improve the method and 
has met with considerable success. It would appear that the rustiness 
of the gold must be overcome either by more friction, as, for example, 
in amalgamation pans, or by chemical means. Unless means can be 
devised of getting at least half the gold, surface mining in this region 
must, in my opinion, remain an unimportant industry, but I do not 
believe the problems involved at all beyond the reach of good metal 
lurgical engineers.

The Loud mine, about 14 miles northwest of Dahlonega, is noted for 
its coarse gold, which is of unusually low grade, running about eight 
hundred thousandths fine. While some of the gold obtained here is 
smooth and waterworn, other specimens are very rough, and several 
masses of. wire gold have been found. The deposit consists in part of 
stream gravel and in part of saprolites, which explains the various 
forms of the gold. The schists here are of the usual character, strike, 
and dip. The quartz stringers also bear the usual relations to the rock. 
Several light-colored, coarse granite dikes of unmistakable nature are 
to be seen in the open cuts.

Near the beautiful Nacoochee Valley the rocks are gneisses, mica- 
schists, and hornblendic schists, with numerous granitic dikes, a few 
fine-grained and gray, but for the most part light-colored and coarse. 
The schists in which gold has been found strike about N. 30° E., and 
dip steeply to the northwest, but to the, eastward of Yonah Peak, a 
gneissic monadnock, they dip easterly. Work on a small scale was in 
progress on two properties at the time of my visit. At the Lumsden 
tributers were following up small veins in the saprolite. The exposures 
showed the usual stringer leads of the Georgian belt, but not developed 
iu great force. Much of the scViist carries garnet, and the garnets are 
auriferous, as I was informed by Mr. Lumsden. I cleaned; crushed, and 
panned a few ounces of these garnets and obtained many small grains 
of gold.

The property of the Yonah Land and Mining Company lies along 
Dukes Creek. It contains many acres of stream gravel lying about due 
north of Yonah Peak. The lower portion of this deposit consists of 
water-worn gravel, which is in part covered by blue clay. In this are 
found numerous semicarbonized fragments of wood and cones similar to
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those noted at the Singleton mine in Dahlouega. Thematerial overlying 
the clay is the ordinary angular and subangular detrital gravel of the 
region. In past times much gold has been obtained from this deposit, and 
it is known that care was taken to work the richest ground. Whether 
much of the remainder will pay a considerable profit can be determined 
only by experiment. The same company has exposed a number of veins 
by cross-cut trenches at points on the south side of Dukes Creek, 2 to 
3 miles in an air line from Kacoochee. Some of these veins are 18 or 20 
inches in thickness; some of them are intercalated in the schist, while 
others cut it at low angles. There is no question in my mind that all 
of them are of the same origin and age, it being a mere accident whether 
the fissures follow or cut across the schistose planes of the rock. These 
larger veins were not sufficiently exposed to enable one to pronounce 
upon their continuity, but in the same rock were many lenticular 
stringers. This and the characteristics of the whole Georgian belt lead 
me to believe that the individual seams will be found to be flat lenses 
grouped in stringer leads. The assays are encouraging, being from 
about $4 to $20 per ton. With good management and the Thies proc 
ess it would seem that some of this ground should pay fairly well.

Two miles south of Ifacoochee an asbestus-like mineral is being mined. 
This, on chemical examination, proves to be fibrous serpentine, or 
chrysotile. The exposure was not such as to make it possible to deter 
mine the origin of this serpentine; it may have been a pyroxeuic bleb, 
such as has been described in the South Mountain district of North 
Carolina.

Close to Burton is a property called Smith's mine. There are several 
quartz veins on it from 18 inches to 4 feet in width. They seem to 
strike between 30° and 40° east of north and to dip very steeply to the 
northwest in conformity with the schistose surfaces. They are so 
slightly exposed as barely to be visible. It is asserted that some fifty 
years ago a vein was followed in the saprolite and much gold found. 
There are certainly remnants of an old tunnel. Considerable cuts have 
been excavated in the saprolite, which shows the usual stringers of 
quartz. The Moore Girls' mine, 12 miles northwest of Clayton, on Per 
simmon Creek, is a trifling excavation exposing heavy blocks of quartz 
so slightly that it is not even certain whether they are in place. The 
quartz sometimes shows pyrite and chalcopyrite, and a little gold is 
said to have been obtained.

The Boilston mine, in Heuderson County, N". C., .is on the strike of 
the Georgian belt, far to the northward of the others. It lies in the 
easterly flank of a ridge to the west of Boilston Creek, and about 10 
miles northeast of Brevard. Several veins are reported to exist ou 
this ridge, of which one only has been worked to any extent. The 
country rocks on the Boilston claim are micaceous and hornblendic 
schists, which strike about 2ST. 30° B. and dip to the eastward. There 
is also a heavy dike of granite ruuning nearly parallel with the veins
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at a short distance from them. It is some yards in width, and is trace 
able for several thousand feet. The Boilston property shows two 
veins, one of which reaches 20 feet in width at certain points. It is on 
this vein that most of the work has been doue, hut iii spite of the 
great amount of quartz, mining was unprofitable, the pay streak in the 
vein being narrow. This vein strikes nearly with the country rock, 
but dips steeply to the westward, cutting the slates. The quartz has 
taken a mold of the fractured edges of the slate and at first sight looks 
schistose, but more careful examination shows that it is fairly solid and 
includes thoroughly schistose masses of the country rock. Some open 
ings have been made on the second vein, which gradually approaches 
the first toward the northeast. The granite dike referred to above lies 
between the two veins and comes almost in contact with the lower one 
at what is known as the Baring shaft. It can hardly be doubted in 
this case that the dike and tlie veins are genetically connected.

The gneiss here is probably Archaean, but there are also sedimentary 
rocks in the district, some of them carrying auriferous quartz stringers, 
as is mentioned in the section on rocks.

Considering the Georgian belt from an economical standpoint, it 
appears to me probable that the stringer leads below water level may 
be worked at Dahlonega and Nacoochee as well as at, Creighton at a 
fair profit, provided that operations are conducted under vigorous and 
economical management; but I see no prospects of sensational returns. 
The present method of working the saprolites is very wasteful and 
yields insignificant returns. If means can be found to save the rusty 
gold much money may be made.

DESCRIPTIVE NOTES ON THE SOUTH MOUNTAIN MINING 
DISTRICT, NORTH CAROLINA.

This district extends from near Morganton to near Butherfordton, 
and from the South Mountains to the west-northwest, a distance of 10 
or 12 miles.

The area is peneplained, the average elevation of the surface being 
approximately 1,300 feet, but its height increases from the northeast 
toward the southwest. This peneplain seems to answer to the Tertiary 
baselevel of Messrs. Hayes and Gainpbell. 1 It is somewhat dissected 
in consequence of its elevation and contortion, but not sufficiently to 
afford good facilities for hydraulic mining on a large scale; in other 
words, there is a lack of fall and dumping ground. It is possible that 
there is a second peneplain some 500 or GOO feet above that mentioned. 
The contour map of the region gives some indications of such an one, 
but none was observed, and indeed could hardly have been detected 
from the level of the mines.

The region is undulating and covered with timber, mostly of second

'Nat. Geog. ilag., vol. 6, 1894, p..G3.
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growth. It is fairly well watered, though there are few points at which 
a supply sufficient for hydraulic mining can be obtained.

The surface rocks are decomposed, and almost everywhere to a con 
siderable depth, perhaps 50 feet would be a fair estimate of the 
thickness of the rotten layer, for which I have suggested the name 
saprolite, and it is only occasionally that local erosion has laid bare 
fresh rocks fit for microscopical study.

Gold was discovered in the district in the bed of Briudle Creek in 
1828, and the search for it has been prosecuted with more or less energy 
and success ever since. It is said to be impossible to estimate the prod 
uct with any approach. to accuracy. Much gold was coined into 
Bechtler dollars l and much is supposed to have been exported in crude 
form.

So far as«I can ascertain, only the placer deposits have been worked 
with much system or energy. There has been much work done in a 
small way on little veins in the saprolite, but since the war chiefly by 
men and women working singly or in small gangs, the pan being the 
main means of separation. Occasionally these people strike a small 
pocket with from $5 to $100 in it. For the rest they subsist on trifling 
quantities of gold and great hopes. It is said that an average of from 
60 to 70 cents per day could be made by an industrious and skillful 
independent miner. The women, beginning in childhood, develop 
great acumen in selecting ore, and become very expert in panning it. 
Mining on the larger veins has been attempted to some extent, and a 
good many shafts have been sunk to about 100 feet. The ore from 
some of these mines looks good, and is said to assay extremely well, $15 
or $20 being often asserted as an average, and much higher values 
being sometimes given. I am not able to verify these statements. 
None of the mines were producing anything worth mention at the 
time of my visit, and the ore in place was almost altogether inaccessible, 
so that no representative samples could be obtained. It would have 
been of no use to sample the specimens or trifling ore dumps which were 
to be seen. There is no question at all that flue specimens are found, 
and assays at the United States assay office at Charlotte show ores run 
ning above $60 per ton. On the other hand, the ores could be mined 
and reduced for $3 per ton, or thereabout, and it seems incredible that 
veins of 18 inches or more in width, averaging $10 or over, should be 
allowed to remain idle. Prom an economic standpoint it seems to me 
that the veins should be prospected with local capital. If reasonable 
quantities of ore with an average content of $10 can be put "in sight," 
i. e., exposed on three or four sides, there can be no doubt that capital 
from commercial centers will be forthcoming.

The main country rock of the district consists of schistose gneiss, in 
part micaceous and in part hornblendic; it often contains augite, and 
plagioclase frequently predominates over potash feldspars. Microcline

1 This curious coinage is referred to early in this report in treating of the statistics of the region.
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is abundant in some specimens. In the more hornblendic varieties 
quartz is sometimes nearly or quite absent. At many points in the 
region, for example, on the elevation a mile easterly from Capt. J. C. 
Mills's (whose house is indicated 011 the Morganton sheet), near the 
Marion Bullion mine, and elsewhere there are dark blebs in the gneiss. 
These are often flattened iu the direction of the schistosity. It is evi 
dent that they offered greater resistance to dynamic action than the 
mass of the rock, and the schistose laminae are often curved at the con 
tact, more or less like the grain of wood near a knot. These blebs are 
in some cases highly and in some exclusively pyroxenic, and in other 
instances hornbleudic. They seem altogether similar to the blebs com 
mon in most granite regions Similar or analogous blebs occur also in 
andesites. The largest bleb seen is about half a mile easterlyfrom the 
Mailon Bullion or Brackett mine. It is about 100 feet in diameter. 
They resist decomposition somewhat better than the gneiss, and when 
found in the saprolite are considered " bowlders" by the mining popu 
lation. They do decompose, however, in some cases to serpentine and in 
others to talc. There appears to be true lenticular pegmatite of local 
origin in the region, and Captain Mills has found tourmaline and beryl 
in them. There are also coarse dikes of granite, such as are often 
called pegmatite, the margins being much finer grained than the cen 
tral portion. Such a dike, cutting one of the veins which has been 
worked on the Marion Bullion property, strikes north and south, and 
is said to throw the eastern portion of the vein 4 feet southward. 
At the Yein Mountain mine also a series of such dikes is observable in 
the saprolite. They strike N". 50° W. and dip easterly about 70°. Two 
of them occur a couple of feet apart and have faulted the gneiss nor 
mally, one throw being a foot and the other 9 inches. In the same 
neighborhood there is still another similar dike, striking N.- 20° E- 
One dike of gray fine grained granite was also observed crossing the 
road about half a mile south of Captain Mills's house. It strikes N. 23° 
W. and dips 80° KB. The connection of the dikes with the ore deposits 
is not direct or close; nevertheless, for reasons stated under the head 
of Structure, it is believed that their intrusion was coeval with the ore 
deposition and a result of the same general set of causes.

A very remarkable feature of this region is the fact that the ore- 
bearing veins, large and small, an almost countless number, are par 
allel, and strike IS". 60° to 70° E., dipping to the northwest at angles of 
70 or 80 degrees. According to Mr. Mtze, who has studied this dis 
trict in much more detail than I have done, this rule prevails through 
out, and among the many veins which I have seen no exceptions are 
found. This regularity is the more remarkable inasmuch as the fissures 
were produced in a region which had already acquired pronounced 
schistosity during some earlier era of disturbance. The cleavage of 
the gneissoid schists is much less regular than at most points in the 
Southern States. In the region surrounding the South Mountain dis-
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trict the usual strike is that of the Appalachain chain, and the dip is 
easterly. Oil the flanks of the South Mountain the schistose cleavages 
strike on the average 1ST. 20° W., dipping at various angles to the north 
east, and there appears to be some local cause of confusion. In the 
western portion of the district the strike is more nearly northeast, with 
a southeasterly dip, but the dip of the surfaces varies greatly and is 
often nearly flat. Thus the forces which opened the fissures now filled 
witli ore acted upon a highly eolotropic mass. In this connection the 
reader may be reminded of the conglomerates which have been sliced 
up by joints; for example, the Carboniferous pudding stones of Newport 
Island.

As most of the veins are exposed only in the saprolite, it is impossible 
to study the faulting on them satisfactorily. One small vein on the Mills 
property was noticed, with a normal fault of an inch, and two of the 
small veins at the Marion Bullion arc faulted, one 3 inches and one 
one-half inch, both normal. Since the veins manifestly form a system, 
and since on any system of parallel fissures the direction of faulting is 
uniform, these three cases may be taken as indicative of the movement 
of the entire district.

Faults -such as these would be produced by a force acting in a verti 
cal plane which strikes N". 20° W. and directed southward at an angle 
of about 50° to the horizon.

In the South Mountain district there appear to be no real veins inter 
calated in the slate, though there are some local segregations of glassy 
quartz in this position. The term ''segregated vein" is sometimes 
applied to veins coinciding in direction with the structure of the coun 
try (whether this structure is bedding or schistosity); "true" vein 
being reserved for veins which cross the structure. It makes little 
difference what things are called, provided that the names given are 
not misleading, as they are in this case. Local segregations of ore-bear 
ing gaugue minerals really exist, although, in my experience, they are 
neither common nor important. If the term "segregated vein" is to be 
employed at all it should be confined to those. A true vein should be 
understood to be filling of a true fissure, i. e., a crack or split made in 
rock previously continuous. Whether this crack follows or crosses the 
structure is of little moment.

In the distribution of the veins in the South Mountain region there 
seems, from such information as I possess, to be a certain rhythm, 
which is suggestive and may prove of some importance. Veins of rel 
atively large size usually occur at considerable horizontal intervals, 
while between the larger veins small ones are interspersed, often in very 
close proximity to one another. The most northerly of the large veins 
of which I have notes is on what is known as the ISTeighbor's property, 
on the waters of Muddy Greek, some 5 miles slightly west of north from 
Dysortville. At this locality there are three veins. The most north 
erly is sometimes called the Forney vein and is 18 inches wide, the
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strike being normal as far as known. Further south, at a distance of 
1,200 feet, is the Neighbor's vein, 20 inches wide; its strike is N. 65° 
E., and the dip is 75° NW. Again to the south 500 feet is a smaller 
vein, 8 inches to 10 inches wide. Some miles further southwest the 
veins of the Vein Mountain Mining Company occur. The principal 
deposit hero is called the Mcho'ls vein. It strikes N. 70° E., and varies 
somewhat in width from 5 inches up to 3 feet, according to the state 
ments made by the superintendent, and in part verified by observation. 
The average is said to be about 18 inches. Nearly on the strike of 
this vein is oue of about the same width, one-third of a mile south of 
Brindletown post-office. Five or 6 miles farther south occur the veins 
of the Idler mine, the principal one of which is about 17 or 18 inches 
wide, and not far off are the veins of the Ellwood property of a similar 
width. Thus there appear to be three groups of strong veins at dis 
tances of several miles apart. The multiplicity of small veins is very 
great. For instance, on the Vein Mountain property 33 small veins 
have been counted in a strip of country only a quarter of a mile wide, 
and there is reason to believe that this large number falls short of the 
fact. On the Mills property, too, small veins often occur at intervals 
of 20 feet or less. It is to be presumed^,' I think, that the larger veins 
have in general been more thrown than the smaller ones; for if a fis 
sure were faulted only an inch it is altogether improbable that protu 
berances would be brought in contact in such a way as to wedge the 
crack open afoot. Hence it is probable that in the rupture of the 
country there was a fluctuation in the intensity of the dislocating 
forces, which is marked by the larger veins. It is evidently much more 
probable that this fluctuation is rhythmical than that it is wholly 
without rule. In the flexure of rocks recurrent maxima may often be 
observed, and such cases are visible in the South Mountain district.

The filling of the veins of the district seems to present nothing 
unusual. The quartz is sometimes glassy, sometimes milky, and often 
of that intermediate appearance known among Western miners as 
"lively." It is in this last variety that gold is most abundant. The 
quartz is often saccharoidal, a mass of loosely adherent, imperfect crys 
tals, and such quartz is frequently more than usually rich. In a great 
majority of cases auriferous quartz is streaked with sulphurets or their 
decomposition products, and of course the oxydized ores yield their 
gold more readily than those in which the sulphides are fresh* The 
.accompanying minerals are usually pyrite and chalcopyrite, with occa 
sional manganese oxide. Galena and zinc blende are also met with in 
some of the deposits. Above water level the sulphides are rarely fresh, 
and the good quartz is there rusty and cellular. I looked in vain for 
any evidence or replacement of country rock by ore. There seem to be 
no rounded angles or enlarged fissures, and in one case, at the Marion 
Bullion mine, a small "horse" in the vein was observed, which retained 
its angularity most perfectly. It was evident that if the quartz had 
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been removed the walls and the horse could have been brought together 
so as to fill the space completely.

The placer deposits are of two varieties. In a majority of cases the 
ground washed is simply saprolite intersected by small, more or less 
disintegrated quartz seams, and capped by 3 or 4 feet of stony soil 
which has lost the rock structure by the action of vegetation and frost. 
Doubtless this surface layer commonly represents the residuum of a 
thicker layer of rock, the more soluble portions having been removed 
by rain and vegetable assimilation. Such placers are very conveniently 
worked when water can be brought to them. At a. lower level, along 
the rivulets—or "branches" as they are called in this part of the 
world—there are also true secondary gravel deposits, which have been 
worked wherever practicable. Even in these cases the material has 
not been moved to any great distance, and most of the fragments are 
subangular. The richest portions, as is usual in alluvial deposits, are 
in the lower parts of the coarser streaks of gravel. Many of the placers 
would undoubtedly pay well if it were practicable to "pipe" them on a 
moderately large scale. It is said that on the Vein Mountain property 
the opportunity for the application of the hydraulic process is good.

The sands of the South Mountain district contain many rare min 
erals, whose detection is due largely to Mr. W. E. Hidden. The more 
important of them have been enumerated in the systematic discussion 
of placers.

The preceding notes are extremely unsatisfactory. The only mines 
in the district at which any. work is being done are the Hancock placer 
and the Marion Bullion, and little is to be seen at either. The Golden 
Valley is a placer which has produced gold, but is not now being worked, 
and I was told 011 good authority that there is nothing of interest to be 
seen there. There are many other points at which gold has been 
obtaiued in the region, but the localities mentioned are believed to be 
the only ones at which there has been any notable production.

More information on this district >vill appear in a paper by Mr. Nitze, 
in the Second Biennial Report of the Survey of North Carolina.

DESCRIPTIVE NOTES ON THE CARO-LINIAN BELT.

Much the most important mine on the Carolinian belt is the Haile, 
in Lancaster County, S. C. It is extensively developed; it represents 
a geological type unknown in the other areas dealt with in this paper, 
and it is the only mine in the South which has for a considerable num 
ber of years past paid dividends. The characteristic ore of this deposit 
is impregnated rock, a fact which lends additional interest to the fissure 
system through which the impregnation has taken place.

The country rock at the Haile is for the most part more or less 
siliceous nmscovite-schist (ordinarily spoken of as talcose schist), the 
scliistosity striking on the average N. 50° E. and dipping 70° to the 
northwest. The mass of schists is intersected by a number of diabase
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dikes striking and dipping at various angles. At least a portion of 
the country rock is of volcanic origin, containing original crystals 
of Jabradorite and quartz grains now showing uudulous extinctions in 
polarized light. Flow structure is still visible in the ground mass, 
and one of the quartzes contains an inclusion which seems to be glass. 
The slides show a large amount of muscovite in minute scales. These 
characteristics are visible in spite of the schistosity of the mass, and 
it is manifest that the eruptions antedate the period at which the 
country was converted into schist. This fact, together with the fre 
quent recurrence of similar rocks from here to the South Mountain of 
Pennsylvania, where they arc known to be pre-Cambrian, points to 
the Algoukian as the age of the Haile schists.

The "amount of shear" in these rocks is small, for when prismatic 
cleavage is found the cross sections of the prisms are very nearly rec 
tangular. The development of schistosity was attended by the corruga 
tion of the schists, the corrugations pitching downward steeply to the 
northeastward. Such is also the pitch of the ore bodies. The schists 
have been dislocated, this dislocation being marked by incised grooves 
on the schistose swales or corrugations. These grooves are finely shown 
in a stope between the 160 and the 200 foot level at the Cross work 
ings. The grooves dip at an angle of only 15° and the slope down 
ward to the southwest They indicate a dislocation with a very large 
horizontal component tending to bring into opposition the corrugations 
of the schist and to form open spaces.

The foregoing notes on structure are similar to those made at the 
Franklin mine in the Georgian belt, yet the results are very different. 
While at the Georgian mine the ore is substantially confined to the 
fissures, only a few inches of wall rock being impregnated, at the Haile 
the great mass of the ore is impregnated rock, and one might almost 
overlook the quartz stringers. Nevertheless, the latter exist, and 
indeed in lenticular form and in stringer leads though these are poorly 
defined. These relations make it substantially certain to my mind that 
impregnation has gone on in the Haile through a fissure system anal 
ogous to the fissure system of the Franklin, but that in the Caroliuian 
mine the nature of the wall rock lent itself to more complete impregna 
tion. It might be asked whether the composition of the ore-bearing 
solutions was not the determining cause of impregnation, but the 
character of the actual ore seems opposed to this hypothesis. The ore 
consists of quartz, pyrite, and gold, almost without other minerals, and 
the solution would seem to have beeu unusually simple. At other 
mines of the same type in the Caroliuian belt there is chalcopyrite, 
indicating solutions indistinguishable from those which deposited ore 
at the Franklin. On the other hand, glassy volcanic rocks are often 
porous and always chemically unstable, so that there is good reason to 
believe that they would lend themselves to impregnation with more 
ease than gneissic schists.
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The impregnation of the rock was attended by deposition of pyrite, 
usually with quartz, which often forms fibrous fringes attached to the 
cubes of. pyrite. Some of the ores are converted into "hornstone," 
which, in this case, is quartz recrystallized in fine interlocking parti 
cles. Between these grains tiny scales of muscovite are visible with 
high magnifying powers.

While the ore bodies follow the dip of the schists and the pitch of 
the corrugations, they are also dependent on the diabase dikes, lying 
directly against them and being richest close to them. The dikes are 
decomposed at the contact with the ore, and I observed a little pyrite 
in the dike rock, but this rock is not appreciably auriferous.

The Haile includes two distinct workings at a distance of about 1,500 
feet from each other, known as the Cross mine and the Bequelin mine. 
The ore is low grade, averaging only about $4.50 per ton, but the mine 
is worked with energy and economy, and ore sufficient to last several 
years is kept "in sight." Approximately a third of the output is said 
to be clear profit. About one-third of the gold is obtained by direct 
amalgamation; the remainder is extracted by the chloridation process 
as modified by the superintendent, Mr. Adolph Thies.

The Brewer mine in Chesterfield County, like the Haile, was worked 
very soon after the discovery of gold in South Carolina, and, as has 
been mentioned before, 100 or 200 men were employed there in 1830 
to 1831. At the time of my visit, however, it had recently been shut 
down and there was no one on the ground from whom any valuable 
information was to be obtained. The property showed an old shallow 
placer of no special interest excepting that it afforded an opportunity 
to take the dip and strike of the somewhat confused schists, and an 
enormous pit something like 150 feet in depth, the walls of'which are 
composed of highly silicified rocks. Some of this disintegrates to 
excessively fine white sand. A portion of the rock near the bottom of 
the pit is evidently brecciated. Under the microscope it appears that 
porphyries were present and that the hornstone is identical with that 
of the Haile mine. There seem also to be recent secretions of hydrous 
silica, such as are often observed in volcanic masses, and decomposi 
tion, possibly solfataric, extends to the bottom of the great pit. Mr. 
Thies informs me that near the pit there is a diabase dike.

The Brewer is famous for rare minerals, the list of which may easily 
be compiled from the table of gangue minerals presented earlier in this 
paper. The association of cassiterite with gold in this mine is peculiarly 
noteworthy, and may indicate the presence of now unrecognizable 
greisen.

The West and the Thompson mines are close together, some 3 miles 
in a southerly direction from Glen. Springs, Union County, S. C. The 
rocks are micaceous and hornblendic schists similar to those of the 
Georgian belt, but the dip of the cleavage is steep northwesterly. 
Between the mines and Glen Springs, however, southeasterly dips
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appear. In the cuts it is evident that the quartz is deposited in what 
are called in this report stringer leads, in all respects analogous to 
those of the Georgian belt. The Thompson was being worked on a small 
scale at the time of iny visit, the system employed being the so-called 
Dahlonega method of combined hydraulicldng and milling.

The Kings Mountain mine, Gaston County, N. C., is a very peculiar 
deposit. It is said by Mr. Hanna to have yielded some $900,000, and 
at the time of my visit it was just being reopened under the superin 
tendence of Mr. John A. Church. The country rock of the lower part 
of this mine is limestone. This seems to be a lens embedded, to some 
extent at least, in schists. Toward the surface it is wholly covered in 
by micaceous schists striking about N". 50° E. and dipping 70° to the 
northwest. It is said by the old miners that a granite dike occurs in 
an inaccessible portion of the mine, but I was not able to verify the 
report. A couple of miles from this mine there is a tin deposit in 
granitic rocks, so that-the existence of such a dike would be anything 
but surprising.

The greater part of the gold was obtained in the upper portion of 
the mine where the walls were schist. There are no tolerable expos 
ures of such ore remaining, but in recent trenches enough can be seen 
to show that the quartz was intercalated in stringers. The brown ore 
of the upper workings was probably saprolite filled with decomposed 
auriferous pyrite, forming selvedges to the quartz stringers. The mass 
at the contact with the limestone was extremely rich. The ore bodies 
in the limestone, which is schistose, are very noteworthy. They form 
lenses within the rock, striking at an angle of only 30° east of north,, 
with a pitch to the northeast, and three such lenses are known to exist. 
They are mixtures of limestone, in part silicified, and quartz stringers. 
Graphite also makes its appearance at some points on the hanging wall. 
The ore contains free gold, in part in the limestone, some fluorite, bio- 
tite, pyrite, and pyrrhotite, chalcopyrite, niispickel, galena, zinc blende, 
tetrahedrite, and the rare minerals nagyagite, bismite, and bismutite. 
In such an association one might expect to find the gold heavily 
alloyed, but this is not the case, the fineness being reported at 0.929 
by Devereaux in 1881. As a curiosity it may be noted that at one 
point in the mine a blue, jelly-like slime pours slowly down the walls, 
the blue color being due to copper sulphate. Chrysocolla occurs at an 
old shaft a few hundred feet from the main shaft.

I have little doubt that the peculiarities in structure are chiefly due 
to the presence of the limestone. But for this mass the deposit would 
probably have been a mere stringer lead and perhaps fewer minerals 
would have been precipitated. The mine will be well worthy of 
extended study when it is thoroughly reopened.

In the neighborhood of Charlotte, N". 0., there are many points at
which gold has been found, and from the prevalence of dikes in this

. district it is probable that there have been very interesting exposures.
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With one or two exceptions, however, the mines (or prospects) are 
abandoned and there is no opportunity to make inspections. So far as 
could be ascertained from specimens and from dump heaps, all the 
deposits, such as the Means, Arlington, and Wilson, are stringer leads. 
At, the Ferris mine, 5 miles northeast of Charlotte, a little work was 
going on. This deposit is a stringer lead striking ]ST. 25° B. and dipping 
70° to the northwest. The rocks are gneissoid schists and a granite 
dike, which cuts off the lead. This dike contains fragments of schist 
and is penetrated by stringers of quartz. The ore contains pyrite and 
a little chalcopyrite. The development is as yet very slight.

In the neighborhood of Monroe, JST. 0., there is a group of mines at 
no great distance from the Haile and Brewer and sharing some of their 
peculiarities. The Davis, Phifer, Lewis, and Hemby mines are on one 
belt of rocks 0 miles northwest of Monroe and 2i miles west of south 
from Indian Trail. A map showing them is given in Messrs. Kerr and 
Hanna's Ores of North Carolina. They are all closed. The country 
rock is mica-schist, striking N". 20° to 40° E. and dipping westward 
almost vertically. The ores show pyrite, and Kerr and Hanna report 
some galena. The gold at the Davis is of remarkably low grade and 
has been known to run as low as 450 thousandths in the presence of 
galena. The interest of these deposits consists in the fact that they 
show a commingling of stringer leads and impregnations. So far as 
the open cuts and dumps enabled me to judge, it seemed to depend 
upon the character of the rock which form the deposits took, the fissure 
system being the same in either case. £fo dikes were seen, but in a 
field near the Phifer there are numerous large and small fragments of 
diabase, probably from some dike in the immediate vicinity.

The Bonny Bell and Howie mines are 9 miles west-southwest 
from Monroe. A portion of the rocks here are sedimentary slates, the 
schistosity cutting the bedding. There is also some gneissoid rock at 
the Bonny Bell, and some of the schist is garnetiferous. The schists 
strike about N. 55° B. and dip 80° or 85° to the northwest. There are 
dike rocks on the dumps of each mine, and at the Howie both diorite 
and ophitie diabase are thus found. It is reported that several such 
dikes were encountered in the underground workings, now inaccessi 
ble, and that they cut the schists. The ores are in part stringer belts 
and in part.impregnations with a variable quantity of silica. In some 
specimens from these mines flakes of gold appear on the cleavage sur 
faces of the slate without visible quartz, and the slate is so soft as to 
be easily cut with a knife. Other ores are completely silicified, like 
the hornstone ores of the Haile mine. Careful inquiries were made to 
ascertain whether the siliceous ores were richer or poorer than those 
in which the siliciflcation was insensible, but the men who had worked 
the mines were unaware of any difference. As miners are very keen 
in detecting indications which assist them in selecting ore, it may be 
assumed that the silicification and the impregnation with gold at these
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deposits are quasi independent. The ores seen are simple, pyrifce being 
the only sulphide present in sensible quantities; there is some caleite 
in stringers which may be of later origin than the quartz.

At the Howie there are said to be eight leads within a width of 400 
or 500 feet, and the ore is much richer than that at the Haile, large 
quantities milling on the average $15. The fineness of the gold is 
reported by Kerr and Hanna as low, between 0.700 and 0.800. Why 
the Howie is allowed to remain idle I can not say. At.the Bonny Bell 
a small prospecting shaft was being sunk, and a testing mill was in 
operation.

Near Monroe, as has been mentioned before, a little gold has been 
obtained from a few weak stringers cutting the Monroe beds. This 
occurrence is of geological interest, but of no economical importance.

To the northeastward of Indian Trail there are several abandoned 
mines. Of these the Stuart is of the same type as the Davis and Phifer. 
The ore at the Moore mine is very peculiar, being characterized by seams, 
the walls of which are coated with well-crystallized quartz, while the 
central portion is filled with ealcite containing some specks of what is 
probably siderite. In such veins pyrite and chalcopyrite were observed 
both in the ealcite and in the quartz. The ores also show galena and 
zinc blende. It was said at this property that the gold obtained came 
chiefly from the ealcite, but no specimens of gold in ealcite were to be 
seen. There are highly decomposed eruptive rocks in the region of these 
mines.

The Eeed, Phoenix, and Eocky Bivcr mines lie close together in 
Cabarrus County. The lieed is famous as the point at which the dis 
covery of gold was made in -the South and for the many large nuggets 
which it has yielded, including the largest found in the United States. 
This weighed 28 pounds. The Phoenix was for a long time a very pros 
perous mine mid has a peculiar ore. The liocky Eiver was being worked 
on a small scale at the time of my visit, but the others have long been 
closed. At the Eeed the roeks are argillaceous slates of westerly dip 
and a porphyrite. A very large amonntof propylitic rock is supposed 
to belong to this porphyrite, and it is in this decomposed material that 
most of the quartz stringers seen are embedded. As nearly as could 
be judged, the contact of the porphyrite and the schist conformed to the 
schistose surfaces. The stringers in the porphyrite have the same 
general direction. Many details of this mine in earlier days are to be 
found in the literature. At the Phoenix not even the strike of the schists 
could be ascertained at the time of my visit. Most of tbe conn try rock 
on the dumps is a porphyrite containing both hornblende and augite. 
I was told that nearly all of the ore occurred in this igneous rock. The 
ore consists of quartz associated with a great deal of barite, siderite, and 
ealcite, carrying iron and copper pyrites. Three or four hundred yards 
to the eastward of the main shaft there is a highly cupriferous vein, 
said to be very rich in gold, which has not been worked on account of
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the metallurgical difficulties involved. At the Eocky Eiver mine the 
rocks exposed are muscovite-schists striking K". 20° to 30° E., and dip 
ping 80° to tke northwest. A slide of the rock seems to indicate 
derivation from a porphyrite. The deposits are stringer leads, and 
those stringers which do not conform to the schistosity almost all pitch 
more steeply than the cleavages. These also show regular walls. One 
flat stringer was found showing greatly broken walls, and these rela 
tions point to normal faulting, as explained in the section on Structure. 
The quartzose ore carries iron and copper pyrite and a good deal of 
galena and some calcite. Barite was reported by the superintendent, 
but not identified by me. An abandoned shaft called the Buffalo is 
near the Eocky Itiver and appears similar to it in character.

The dumps of the Pioneer Mills mine, Gabarrus County, which has 
not been worked since the war, are mainly interesting because they are 
almost wholly composed of porphyrite, in part, propylitic. This rock 
varies rapidly in texture from coarse to aphanitic. Close by a somewhat 
schistose, fine-grained, microclinic granite is exposed by the roadside.

The Shuford mine, Catawba County, is more than 30 miles west of 
Salisbury and might be considered as altogether outside of the Caro- 
linian belt. It is in saprolitc and is said to have yielded as much as 
$100,000. When worked with the pan, by following up pay streaks, it 
yielded a profit. The attempt to work it by the hydraulic process was 
a failure, mainly, it seems, because the water had to be pumped—in 
fact, the mine is at the highest point in the neighborhood. The deposits 
are small veins which strike about N. 70° E., while the schists, though 
very irregular, trend on the average at about S. 35° E. Both schists 
and veins are nearly vertical. There is s*>me intercalated quartz in 
the schists, but this is said to carry no gold. The veins here are too 
small to be worked on a considerable scale excepting by the hydraulic 
process.

The Eeimer mine, C miles southeast of Salisbury, is open. The rock 
varies greatly in texture and is much decomposed. It appears under 
the microscope that the quartzes are in some cases penetrated by 
muscovite, as if undergoing resolution into silicates. The vein is of 
variable width, said to average 3J feet, striking K. 75° W. It is 
nearly solid quartz, but contains some horse matter. There are also 
stringers of quartz in the walls. The quartz carries iron and copper 
sulphurets and is said to average $7 per ton, the clean sulphurets run 
ning up to $35 or $40. At the time of my visit preparations were 
making to treat the ore by the Thies chloridatioji process.

The Gold Hill mine is at the town of Gold Hill, and is not in opera 
tion. The wall rocks are argillaceous slate, not impregnated, so far as 
could be told from the dumps. The deposits appear to have been 
stringer leads in this material. The leads strike H". 30° E. and dip 70° 
to the northwest. Ore chimneys in them are said to pitch about 45° 
to the southwest. There are three principal leads, 18 inches to 3 feet
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in width, at intervals of 300 and 400 feet apart. They are crossed by 
a diabase dike some 15 feet in width striking to the west of north. The 
ore contains copper, but no lead or zinc, it is said, and about half of the 
gold is free. This mine has been more extensively developed than any 
other iu North Carolina.

The Sam Christian is 12 miles east of Albeuiarle. The property is a 
large one, but the principal workings are at the "big cut" and at "dry 
hollow." These are in saprolite. In the big cut, however, a shaft has 
been sunk on a small quartz vein which strikes 70° W. of N". and dips 
60° NE. Evidently such a vein cuts the schistose structure of the 
country at a large angle. The schists close to the shaft strike N. 20°E., 
and dip 30° to the 3STW. The dip is not constant in this region, 
however, and between the mine and Albemarle the schists were ob 
served dipping alternately eastward and westward. Much of the rock 
at the mine is clearly sedimentary and shows well-marked bedding, 
with which the schistose cleavage coincides only in places. These 
bedded rocks are believed on lithological grounds to belong to the 
Monroe slates. The shaft, however, is sunk in a somewhat brecciated 
mass of ancient porphyrite containing quartz and labradorite. This 
rock is considerably dynamometamorphosed and the ferromagnesian 
silicates are gone. A part of this material is reduced to hornstone. 
At the time of my visit I was unfortunately unaware that there is a 
locality of Emmons's paleotrochis on this property.

The Moratock is an open quarry in volcanic rock 6 miles north of the 
Sam Christian. It has been sufficiently described in the section on 
veins and impregnations. This mine, together with the Sam Christian 
and the Russell, lies along a range of low hills called the Uharie Moun 
tains, and the Hoover Hill lies in the northerly continuation of the 
same range. It is probable that ancient volcanics enter largely into 
the composition of these hills, which have not been studied in detail, 
and which may represent a very ancient range of mountains.

The Russell shows two large open cuts in slate which is in part 
distinctly bedded and undoubtedly sedimentary. The ore consists of 
impregnations, with no well-defined fissure system exposed, although 
stringers of quartz are sometimes visible and calcite accompanies the 
pyrite in some cases. Under the microscope it is seen that the pyrite 
is often accompanied by fringes of fibrous quartz microlites, such as 
were observed at the Haile. The groundmass is mad e up chiefly of very 
fine quartz grains, probably accompanied by some feldspar. There 
are diabase dikes within a mile of the workings, but I saw none at the 
mine itself.

The Hoover Hill mine, in Randolph County, is 15 miles due north of 
the Russell. From the dumps it would seem that the quartz formed 
reticulations in a shattered mass of porphyry. Messrs. Kerr and 
Hanna describe the deposits as persistent belts of rock abounding in 
seams of quartz, the distribution of rich ore in the belts being some-
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what pockety. The rock is a quartz-porphyrite, seemingly in part tuf- 
faceous; the ferromagnesian silicates have disappeared, excepting some 
muscovite. At a distance of 200 or 300 yards southeast of the main 
shaft, at another working, a pyroxene-porphyrite occurs, probably as a 
dike. It seems to me that the form of this deposit depends largely on 
the physical condition of the rock, which is not thoroughly schistose. 
Had it been so, the deposits would have been developed as the stringer 
leads, so frequent in the State. Some horn stone occurs here, and 
pyrite, the only sulphuret observed, is found to some extent in the rock, 
as well as in the quartz.

There is a group of mines in Davidson County, a few miles west of 
Hoover Hill, where similar rocks appear. At 'the Jones the rock is 
very schistose, and the exposures show it in a decomposed state. It 
seems, however, to have been the same porphyrite met at Hoover Hill. 
The schists dip deeply to the northwest, so far as I saw them, but 
E. Einrnous mentions them as dipping steeply to the southeast. The 
rock is charged with sulphurets, and it is said to carry about $2 per ton. 
Under the favorable topographic conditions of the deposit Siuch ore 
should pay. The sulphurets themselves are said to go as high as $22.

At the Parish mine there is nothing to be seen. The remarkable 
actinolite ore has been commented upon, in the section on Gangue 
Minerals.

The Silver Hill, Silver Valley, and Emmons mines, in Davidson 
County, might be classed as gold, silver, lead, or zinc mines, but as the 
ores carried up to $10 per ton in gold they are included in this report. 
The Silver Hill has been more extensively worked than any other 
mine in the State, excepting the G-old Hill, and many particulars are 
given in Messrs. Kerr and Hanna's Ores of North Carolinai. At the 
time of my visit all of these mines were abandoned. So far as could 
be ascertained on the. ground, the deposits couforui to the general 
structure of the country, striking to the east ot north some 30° and 
dipping westerly at about 45°. The country rocks are slates, accom 
panied by eruptivcs similar to those of Hoover Hill. The eruptive 
material is highly decomposed and in part schistose, but appears to 
have been a porphyrite. It is associated with hornstone, such as has 
so often been mentioned in the description of the Caroliuian belt, and 
at the Silver Hill by a considerable amount of actinolite, such as was 
found at the Parish, but no gold was seen in this fibrous hornblende. 
The eruptive rock and the slate both show sulphurets, and quartzose 
ore was found iu direct contact with the porphyry. At the Silver Val 
ley there is a considerable amount of hornstoue, and in it snlphurets 
are distributed on seams which look like shrinkage cracks. The depos 
its appear to have been closely analogous to stringer leads, but less 
regularly lenticular than such leads in thoroughly schistose masses. 
The most abundant sulphuret in these ores was zinc blende, followed 
in quantity by galena, and the well-known difficulty of treating this
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mixture is partly responsible for the closure of the mine. Besides the 
sulphurets, the stringers carry nearly black chlorite in masses as large 
as a nut. Mention of other minerals •will be found in the table of 
gangue minerals. Excepting argeutite, they are all minerals which 
might occur in ordinary gold veins carrying trifling quantities of galena 
and zinc blende.

Why so much lead and zinc should have been deposited at this 
group of mines is a very important question, to which no answer can 
now be given. One is accustomed to expect these sulphides in aurif 
erous regions where limestone makes its appearance, but only as a 
matter of experience for which no distinct reason can be assigned. In 
this locality, however, there is no known occurrence of limestone. 
Mining geology is still for the most part in the descriptive stage, and 
there are few of its phenomena for which sound reasons can be given.

The Burns, Cagle, and Bell mines form a small group in Moore County, 
well to the east of the Uliarie Range and a few miles northwest of 
Carthage. The Burns shows only open cuts on a belt of auriferous 
muscovite-schist, which is sometimes much injected with quartz string 
ers and sometimes not. Sulphurets appear only in portions of the 
gold-bearing ground, and specimens were seen in which the gold 
appeared isolated in the schist. The ore is said to contain tellurides, 
but I saw none. The schists strike JST. 20° E. and dip 55° to the north 
west. The Cagle is an abandoned mine opened on schists similar to 
those at the Burns. The deposit was evidently a stringer lead, and a 
small amount of hornstone was found on the dumps. The Bell mine 
also is abandoned, and it was difficult to ascertain even the nature of 
the ore. The material in the ore bin was garnet-schist, whieh looks like 
a metamorphosed igneous rock and shows plagioclase under the micro 
scope. .According to Messrs. Kerr and Hanna, the ore was a belt of 
schist silicifled and enriched along seams of from one-eighth of an inch 
to 4 inches in width, forming together a body 4 feet wide and assaying 
over $12 per ton on the average. At a shaft on this mine the flexure 
of schists by surface expansion is finely shown. The dip of the schists 
at the surface is about 45° to the southeastward, or uphill, while at 
a depth of about 8 feet the dip is 75° to the northwest. The curved 
laminae are continuous from the surface of the rock, and the maximum 
curvature is at about 1 foot beneath the top of the slates. The slates 
at this point are covered only by a few inches of soil.

The Wornble lies about 3 miles northwest of Moncure, in Chatham 
County. The interest of this excavation lies in the fact that it is in 
unmistakable Newark (or Juratrias) conglomerate, and that the matrix 
of this conglomerate is auriferous. The rock forms a portion of an 
extensive belt of the Newark, which is usually a red sandstone, but at 
this point contains pebbles as large as a mau's head. The pebbles are 
quartz, granite, schists, and porphyrite; but, excepting the quartz, all 
of them are decomposed. The pit may measure 100 cubic yards, and
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offers irreproachable exposures on its sides. I took material from below 
overhanging banks and from between the large pebbles, and on panning 
it I found grains of gold. Of course, this result shows that gold depo 
sition preceded the Juratrias. Just to the north of the Womble there 
is a mass of porphyrite similar to that of Hoover Hill.

The Portis mine is at Eansom's Bridge, 18 miles east-northeast of 
Louisburg, and the Mann-Arrington is some 5 miles farther eastward. 
They are both in an Archean area surrounded by Tertiary deposits 
and scarcely belong to the Oarolinian belt. The schists here strike 
N. 50° to 60° E., but they dip to the southeastward at angles of 25° 
to 40°, instead of westward, as is the case with most of the schists on 
the Carolinian belt. Both mines are idle. The Mann-Arrington dumps 
show masses of diorite or dioritic gneiss and schists, and the deposit 
appears to have been a stringer lead of the ordinary type. Both the 
quartz and the wall rock showed sulphurets. The Portis mine, now 
called the Sturgis, is a saprolite working, and many nuggets have been 
found there. Most of the work has been done with nozzles. There 
seem to be two reticulated veins here. One of them strikes nearly east 
and west, dipping 25° to the southward. The other is nearly flat and is 
said to be very extensive. I have met with nothing resembling these 
reticulated veins elsewhere in the Southern Appalachians, and can only 
regret that the exposures were too small for satisfactory study. There 
is a float diabase at this mine, but no dikes were found in place.

In the Carolinian belt the impregnations seem on the whole more 
valuable than the stringer leads, for they are of greater width. They 
will be found in all probability along the areas of ancient volcanic 
rocks, which should therefore be mapped in detail. These impregna 
tions can be cheaply mined, because they are large, and there is little 
doubt that with prudent management some of them would pay fair 
returns on invested capital.
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KEVIEW OF THE GOLD FIELDS OF THE BRITISH MARI 
TIME PROVINCES AND THE GREEN MOUNTAINS.

The analogies between the geology of the northern Atlantic Coast 
and that of the southern Atlantic States are very close. These anal 
ogies extend to the gold deposits, and for that reason a digest is here 
presented of the published investigations on the occurrence of gold in 
the eastern British possessions. Much the most important of these are 
in Nova Scotia, but gold has been detected in Newfoundland, New 
Brunswick, and Quebec, and to a small extent in the northern New 
England States.

In reading discussions of the age of the older rocks of the maritime 
provinces it is necessary to bear in mind that the term "Cambrian" is 
used in different senses by geologists. The United States Geological 
Survey has adopted the lowest Olenellus beds as the base of the Cam 
brian, and includes the precedent clastic series in the Algoukian. The 
Canadian geologists, as 'a rule, include in the Cambrian two groups 
lying below the Olenellus beds—the Animikie and the Keweenawan. 
Thus the lowest Cambrian of the Canadian survey is often Algonkian 
in the nomenclature of this Survey. In Europe, also, the usage of 
Cambrian has varied greatly, but in the third edition of his Geology 
Sir Archibald Geikie adopts the delimitation employed in the United 
States.

Gold was discovered in Newfoundland near Brigns, on Conception 
Bay, in 1880, in a group of rocks regarded by Dr. A. Murray as next 
beneath the St. Johns slates. 1 These latter are supposed to represent 
the close of the Algonkian, and the gold-bearing series isfincluded in 
the same division by Professor Van Hise.2 The rocks are " greenish, fine 
grained felsite slates" of which the cleavage coincides with the bedding. 
The strike of the beds is almost exactly north and south (true), with a 
westerly dip at 45°. Joints intersect the beds, striking about northeast. 
This is also the strike of the belt of quartz deposits, although a large 
part of the veins, taken singly, follow the bedding. Smaller veins 
cross the beds in every direction. The pre-Cambrian rocks of the 
Avalon peninsula are cut in the most intricate manner by both acid and 
basic eruptives. It is a noteworthy fact that these eruptives do not 
seem to j>enetrate the Cambrian of the same region, for the fossiliferous 
Cambrian beds throughout the Atlantic Coast are remarkably free from 
contemporaneous intrusions.

Chlorite is frequent in the auriferous veins of Newfoundland, which 
also show pyrite, galena, and copper, probably as chalcopyrite. 3

There has been no gold production in Newfoundland, and the above 
notes arc set down only to illustrate the geological occurrence of the

'Geol. Surv. of Newf., 1880.
'Bull. U. S. Geol. Surv. No. 86, 1892, p. 251.
8 The report says small crystals of sulphate of copper. The word sulphate is doubtless a misprint.
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metal to the north before entering upon tlie discussion of the more 
interesting mines of Nova Scotia.

The Nova Scotia gold mines are distributed over an area extending 
along the southeast coast of the peninsula for about 40 miles southwest 
of Halifax, and about 100 miles to the northeast of that town. This 
area attains a maximum width of somewliat>over 30 miles measured to 
the northwestward from the coast.1 The zone thus indicated is purely 
geographical, the lines of structure running east and west, as will be 
noted below.

The main gold-bearing series of Nova Scotia was regarded as prob 
ably Lower Silurian by most writers up to 1870,2 when L)r. A. E. C. 
Selwyn called attention to the resemblance between them and the 
Cambrian of Great Britain.^ Since that time most writers have agreed 
in referring these rocks provisionally to the Cambrian.4 Dr. Alexander 
Murray, however, compared them to the auriferous rocks of Newfound 
land which underlie the Algonkian-Cambriaii unconformability, and 
also underlie the Aspidella or St. Johns slates, 3 which appear to close 
the Algonkiau. This resemblance is denied by Sir William Dawson,6 
but is regarded with approval by Mr. Walcott.

Almost the only trace of life in these rocks consists in obscure 
markings discovered by Dr. Selwyn and determined as Eophyton.7 
These objects are considered inorganic by Mr. Faribault,8 but Sir 
William Dawson9 thought them>tr,ails of animals, and Professor Van 
Hise regards them as evidences-of'life. 10

So far as direct evidence goes," it. appears that the gold-bearing rocks 
of Nova Scotia might be anywhere between the base of the Algonkiau 
and the top of the Lower Silurian. The general facies of the rocks, 
however, is not such as to suggest the Silurian. Mr. Walcott has 
pointed out to me that if. they are -Cambrian the absence of fossils is 
remarkable, since in Newfoundland and New England the Cambrian is

1 The positions of tlie moreimportant mines are given on the map accompanying Sir William Dawson's 
Acadian Geology, 2d ed., 1868. In the supplement to this work, 1878, some corrections are made. 
The blue tint indicating Upper Silurian is to he interpreted as including "Lower Silurian, and the 
purple tint used for Lower Silurian is to bo interpreted as Cambrian.

The gold product of Nova Scotia is given by districts in the annual report of the Geological Survey 
of Canada, 1890-91, paper ss., p. 137, from the discovery to 1891, inclusive. The total product is over 
$10,000,000 and the average yield of the ore per ton of 2,000 pounds has been $14.

2Dr. J. W. (Sir William) Dawson, Acadian Geology, 2d edition, 1868, p. 614. Prof. H. Y. Hind, on 
a gneissoid serier, underlying the gold-bearing rocks, of Novia Scotia, Halifax, 1870, p. 8. Dr. T. S. 
Hunt, in Geol, itat. Hist. Surv. Canada, Iteport on the gold region of Novia Scotia, 1868, p. 7, etc.

3Geol. If at. Hist. Surv. Canada, Report of Progress 1870-71, p. 2C9.
4Sir William Dawson, Supplement to Acadian Geolog-y, 1870, p. 81, and Quart. Jour. Geol. Soc. Lon 

don, vol. 44, 1888, p. 804.
Prof. H. Y. Hind, Eept. on the Kenfrew gold-mining district, Halifax, 1872, p. 127.
Prof. D. Honeyman, Proc. Nova Scotia Inat. Nat. Sci., vol. 6, 1883. p. 57.
E. n. Faribault, Geol. Nat. Hist. Surv. Canada, Ann. Kept. vol. 2, 1880, paper 1>, p. 129.
"Guol. Surv. of Newfoundland, Eept. for 1880.
6 Qnart. Jour. Geol. Soc., London, vol. 44, 1888, p. 805.
r Gool. Nat. Hist. Surv. Canada., Ann. Eept., 1870-71, p. 2(i9.
c Loc. oit., p. 144.
'• Suppl. to Acadian Geology, 1878, p. 82.
IO Loc. cit., p. 503.
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well supplied with organic remains, even when not apparently better 
suited to the preservation of organic forms than the beds in question. 
He has suggested their reference to the Algonkian, 1 and this classifica 
tion is held to be more probable than any other by Professor Van Hise, 
who, in his map, has colored the area in which these rocks occur 
"Algonkian?".

Besides the main series of quartzites and slates which are noted above 
there is a very interesting and important occurrence of auriferous eon- 
glomerate of Lower Carboniferous age at Corbitt's Mills, 4 miles north 
of Gay's Eiver, Colchester County. If this is a "fossil"placer deposit, 
it shows of course that the gold of the country, or at least apart of it, 
is older than the Carboniferous. It is reported by Sir William Dawson 
that in this locality the slates belong to the "gold-bearing formation, 
and contain small but rich auriferous quartz veins. The conglomerate 
is formed of the debris of these older rocks, and gold occurs in it 
exactly as in modern auriferous gravels, being found iu the lower part 
of the conglomerate, and also in hollows and crevices of the underlying 
slate." 8 This deposit has been worked, and,, "as in most gravels, the 
richest part of the deposit seems to be near the bed rock." 3 Mr. H. S. 
Poole reports that " the gold is not very fine aud pieces of over a pen 
nyweight are only occasionally found." "In the 'runs' or hollows of 
the slate the bed rock is removed to a depth of 3 or 4 feet for the gold 
contained in the backs or crevices of the slate." 4 In view of these 
statements there seems no reason to surmise that the gold is younger 
than the conglomerate.

In Cape Breton, also, gold is reported as existing in a Carboniferous 
conglomerate, but the occurrence has not, I believe, been described in 
detail.5

The Acadian series of Dawson, which carries most of the gold veins, 
is divided into a lower quartzitic group 11,000 feet thick, and an upper 
graphitic group 4,000 feet thick. The quartzitic rock is called "whin" 
by the miners, and some authors speak of it as sandstone. It is generally 
micaceous, and is said sometimes to become gneissic in the vicinity of 
granite. Slate bands are frequently intercalated in it, and these bauds 
are more numerous near the middle of the group than elsewhere! The 
black slate is separated from, the quartzite by a few layers of greenish 
slate. This group shows andalusite, staurolite, and garnet near granite 
contacts. 0 Mr. Fletcher describes the slates of the auriferous series as 
greenish aud light gray, ehloritic and micaceous, pearly and soapy, 
.striped.7 Hunt commented on the great rarity of calcareous rocks or 
minerals in the gold region.8

1 Bull. U. S. Geol. Surv. Xo. 81, 1891, p. 262.
"Acadian Geologj' 2d ed., 1868, p. 277.
3 Supplement to the same, 1878, p. 96.
•"Quart. Jour. Geol. Soc., London, vol. 36, 1880, p. 313.
C H. Y. Hind, Kept, on the Sherbrooke Gold District, etu., Haliftix, 1870, p. 50.
6 Faribault, loo. cit., p. 146.
'Geol. Sat,. Hist. Surv. Canada, Auu. Kept. 1890-91, p. 97 P.
8 Gold Eegiou of Nova Scotia, 1868, p. 9.
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Ancient igneous rocks of acid and basic types are abundant in Nova 
Scotia, but the ages of those which arc of special interest here are 
not definitely determined. Eruptive material is particularly abundant 
in the Cobequid group, which adjoins the gold fields. This group is 
regarded as Lower Silurian by Sir William Dawson,1 as Cambro- 
Silurian by Mr. Fletcher,2 and as pre-Cambrian by Professor Van 
Hise.3 During this period the area of Nova Scotia, says Sir William, 
" was the theater of extensive and long-continued volcanic ejections 
producing a series of rocks * * * in some respects resembling 
* * * those of the regions of Quebec and the United States lying 
east of the great Appalachian line of disturbance." Mr. Fletcher also 
describes dikes cutting the Devonian and the Carboniferous, and some 
of these are perhaps contemporaneous with the strata which they cut, 
but it appears that there was no repetition of the extreme volcanic 
activity of the earlier period. In the Triassic, however, great masses 
of diabase were poured out—for example, at Cape Blomidon.4

The iutrusives more immediately associated with the gold deposits are 
described as chiefly granite, diorite, and intrusive gneisses. Massifs 
of granite with aureoles of metamorphism are also frequent. It is re 
ported that toward the center of the masses the granite often assumes 
a porphyritic texture. Small dikes.are apt to be finely crystalline, 
while wide dikes are coarse aud irregular, "the feldspar often attain 
ing 2 feet in diameter, while the mica is in large scales forming perfect 
hexagonal crystals." Hornblende granites are often found. 5

In connection with the granites of Nova Scotia, I find descriptions 
of phenomena with which I have never met and which seem to require 
a detailed investigation. Dr. Selwyn, in comparing the relations of 
the quartz veins to the granite iu Nova Scotia and Australia, says: " In 
one instance an auriferous quartz vein, which had been worked close 
up to the boundary of a large granite area, was found to pass gradually, 
by the addition of feldspar and mica, into granite, losing its auriferous 
character and becoming a vein of ordinary gray granite exactly resem 
bling the rock of the neighboring granite mass, into which it eventu 
ally merged." 6 This strange occurrence was probably in Australia. 
Mr. Faribault has been good enough to inform me that he knows of no 
single instance in Nova Scotia to which this description would apply. 
At Country Harbor and at Cochrau's Hill, the only places known to 
him at which gold veins have been worked close up to the granite, all 
the evidence tends to prove that the granite cuts off the veins. Mr. 
Paribault, however, has described pegmatites, or coarse granite dikes, 
spurs from which, in thinning out, pass over into quartz veins by

'Quart. Jour. Geol. Soc. London, vol. 44, 1888, p. 813. 
"Geol. Nat. Hiat. Surv. Canada, Ann. Kept. 1886, paper P, p. 18. 
"Bull. 0. S. Geol. Surv., No. 86, 1892, PI. V. 
'Acadian Geology, p. 93.
s Tlie granites are described by Mr. E. E. Faribanlt, Geol. Nat. Hist. Surv. Canada, vol. 2, 188G, 

p. 131 P. 
6 Geol. Nat. Hiat. Surv. Canada, Kept, for 1870-71, p. 265.
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the suppression of mica and feldspar.' It would be interesting to 
know whether in slides of such dikes the mica and feldspar would not 
reappear under the microscope.

G-old-beariug veins are occasionally found in the dikes of crystalline 
rocks in Nova Scotia.2 On the other hand, a quartz lead near the west 
shore of Moose Lake is capped by granite and pierced by small tongues 
of granite, seeming to indicate that this vein is older than this granite.3 
Sir William Dawson, after reviewing such relations, reaches the con 
clusion that the granite and the gold veins are "roughly contempora 
neous." 4

Mr. P. S. Hamilton in 1866, being then chief commissioner of mines, 
reported that " auriferous quartz has been discovered and to a slight 
extent mined in the trappeau headlands of Partridge Island and Cape 
d'Or." 5 I have not succeeded in finding any other reference to these 
occurrences, which, if well established, would be of much interest. Dr. 
Hind and Professor Kennedy, who are intimately acquainted with these 
traps, are of the opinion that Mr. Hamilton was mistaken and that no 
gold has ever been found in this diabase."

Prof. O. C. Marsh noted in the auriferous quartz at Tangier pyrite, 
mispickel often showing free gold, chalcopyrite, galena, magnetite, and 
hematite. He found the gold 0.9813 fine at this point and 0.9204 at 
Lunenburg.7 The younger Silliman found at Tangier, besides the 
above, marcasite, zinc blende, native copper, malachite, calcite, in part 
ferriferous, and arseniosiderite. He sought in vain for bismuth or 
antimony. The gold is most intimately associated with mispickel and 
zinc blende, often inclosing or penetrating .them. The pyrite also is 
auriferous. Free gold occurs in the adjoining slates as well as in 
the vein. The slate also carries auriferous mispickel. 11 A specimen 
from the Britannic mine shows a magnesian and ferruginous calc-spar 
holding gold.9

Prof. Henry Howe notes that argentiferous"copper sulphide is some 
times observed in the Nova Scotia gold mines; he mentions native cop 
per at Oldham and elsewhere, and sulphur and chlorite at TJniacke. 
The sulphide of molybdenum occurs in a quartz vein at G-abarus, Cape 
Breton, and albite is said to be found in auriferous quartz at Waverly. 10 
Stibnite and rarely bismuth are mentioned by Dr. Selwyn, who enu 
merates also bitter spar and barite as gangue minerals. 11 Mr. H. S. 
Poole mentions mica and feldspar as ga.ngue minerals, and remarks

1 Loc. cit., p. 134.
2 Selwyn, loc. cit., p. 254.
•TI. S. Poole, Quart. Jour. Geol. Soo. Lcmdou, vol. 36, 1880, p. 312. 
"Suppl. to Acad. Geol.. 1878, p. 85.
•Treus. Nova Scotia lust., vol. 1, 1866, part 4. p. 44.
G Communicated to me in a letter from Mr. Hugh Fletcher in Jan., 1895.
'Am. Jour. Sci., vol. 32, 1861, p. 397.
8 .Report on New York and Nova Scotia Gold Milling Company, 1864, p. 26.
"Acadian Geology, 1868, p. 630.

10 Mineralogy of Nova Scotia, 1808, pp. 39, 61.
11 Geol. Nat. Hist. Surv. Canada, Report for 1870-71, p. 255.
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that gold is sometimes so abundant in the slate that more slate than 
quartz goes to the mills. 1 Of these minerals stibnite is not known to 
occur in the gold mines of the Southern States, and inispickel is much 
more abundant than in the mines of the South.

It has been recognized from the first that quartz veins occur in. 
Nova Scotia cutting across the lamination of the slate, but such veins, 
although they have proved rich in some cases, are usually barren or too 
poor to repay working. Mr. P. S. Hamilton in 1866 mentioned cases of 
rich "crossleads" at the Ovens near Lunenburg Harbor and at Old: 
haui,2 and Mr. H. Y. Hind states that some of them are very rich though 
narrow, while others which are broad are poor, though perhaps not too 
poor to be worked.3 Nevertheless, it is apparently true that most of 
the Nova Scotia gold has come from bedded leads.4

The character of the qoartzose masses which are found between 
strata, has been somewhat discussed. Hunt5 and Hind^ held these 
quartz deposits to be at least in part true sediments contemporaneous 
with the inclosing rock. Mr. J. Campbell,7 however, described them 
as veins following "the planes of bedding iu both their strike and dip, 
except when passing from one plane of bedding to another, which often 
occurs." Dr. Selwyn reexamined the question in 1870 and came to the 
conclusion that all of the deposits had been formed since the deposition 
and consolidation of the adjoining rocks. 8 In 1880 Mr. H. S. Poole 
again took the subject up and described cases at Tangier in which 
angular fragments of wall rock are inclosed in the quartz of the bedded 
leads.9 Such observations seein to leave no room for doubt.

It has sometimes been-maintained that the bed veins were formed 
at an earlier date than the cross courses. This is Campbell's opinion, 
founded on the observation that the cross courses sometimes fault the 
bedded veins. 10 Many of the veins are attended by impregnations in 
the adjoining walls, 11 consisting of auriferous mispickel and pyrite and 
scales of free gold, found particularly along the planes of slaty cleav 
age of the slate.

A frequent form of the deposit is that called " belts of veins " by Dr. 
Selwyn and "intercalated lodes" by Hind. In these Selwyn says the 
slate "is often so intimately associated and interlaininated with the

'Quart. Jour. Geol. Soc. London, vol. 30,1880, p. 310.
"Trims. Nova Scotia Inst., vol. 1, 1866, part 4, p. 48.
"Kept, on Sherbrooke Gold District, Halifax, 1870, pp. vi ami 23.
4 H. S. Poole, Quart. Jour. Geol. Soc. London, vol. 36, 1880, p. 309.
'Geel. Nat. Hist. Surv. Canada, Kept, on Gold Kegion of Nova Scotia, 1868, p. 9.
'Loo. cit.
'Kept, of 1862, quoted in A. Heatherington's Guide to the Gold Fields of Nova Scotia, 1808, p. 74. I 

have not seen the original report, which is rare.
•Loo. cit., p. 260.
r Quart. JOHT. Geol. Soc. London, vol. 36, 1880, p. 310.
'"Kept, of 1803, p. 7. This observation seems to me insufficient to prove the relative age. The 

joints may very probably have opened and faulted at the same time with the formation of the vein 
fissures. k

11 Silliman, Kept, on New York and Nova Scotia Gold Mining Company, 1864, p. 13. 3'. S. Hamilton, 
Trans. Nova Scotia Inst., vol. 1, 1866, part 4, p. 51. Selwyn, loc. cit., p. 267. H. S. Poole, loc. cit., 
p. 310.
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bands, layers, and strings of quartz that the whole body of the rock, 
often for 20 feet in width, is taken out and milled; the gold frequently 
occurring in films between the slaty laminae, as well as in the quartz 
and mispickel." Such belts, he remarks, occur also in Australia. They 
are found in"California, too, and are very abundant in the Southern 
Appalachians. Selwyn notes that where these belts occur the planes 
of cleavage and of bedding usually coincide very nearly both in strike 
and dip and the rocks afford undoubted evidences of great pressure 
and of motion of one plane upon another, producing fractures and 
openings. The layers of quartz in these belts are generally thin, from 
a mere thread to a couple of feet, but probably do not average 12 
inches. "They'are more or less lenticular, and are sometimes seen to 
pass obliquely from one plane to another, in such a manner as to pre 
clude the possibility of their having been deposited contemporaneously 
with the slate." 1 These are the deposits which have been termed 
stringer leads in the earlier portion of this report, Selwyn's "belt of 
veins" being rejected as applicable rather to a zone of country, such 
as the Georgian belt, than to a deposit a few feet in width; while the 
term "vein" is usually employed for something larger than the elemen 
tary seams of a stringer lead.

The corrugated quartz known as "barrel quartz" in Nova Scotia has 
often been described. The instance most frequently referred to is at 
Waverlcy, but in almost all the mining districts modifications of this 
structure have been discovered.2 Mr. J. A. Phillips compared the 
exposures to a corduroy road and to a series of small casks placed side 
by side and end to end. 3 Mr. Campbell calls it fluted quartz. Silliman 
says the cross-sections of the veins resemble a chain of long links and 
that the surface is undulating.4 Mr. Hind says that the surface offceu 
resembles ripple marks.5 According to Dr. Selwyn the distance 
between the corrugations, as well as their size, is very irregular.6 
That the barrel quartz is vein quartz is certain from Mr. Poole's 
observation that at Waverley it includes angular fragments of slate, 
and sends offshoots and tongues of quartz into the -superjacent strata.7 
But though the quartz is younger than the rock the characteristic cor 
rugations or ripple marks are found, according to Hind, in the over 
lying rock and in the slates remote from the leads.

At Waverley the barrel quartz is found at the summit of an anti 
clinal and is nearly flat, but at Oldham, according to Hind, a barrel 
vein dips north at an angle of 60°. The direction of the axes of the

1 Loc: cit., p. 261.
2 H. T. Hind, Kept, on Wayerley Gold District, Halifax, 1869, p. 30.
3 Quoted by Silliman, Am. Jour. Sci., vol. 38, 1864, p. 304.
4 Kept, on Lake Loon Gold Mining.Company, 1864, p. 31. 
6 Loc. cit., p. 23. ,
6 Loo. cit., p. 266.
7 Loe. eit.,-p. 308.



GOLD FIELDS OF THE SOUTHERN APPALACHIANS. 327

corrugations seems to coincide with that of the anticlinal axes and of 
the "grain" of the slate.1

The nature of the barrel quartz has been discussed by Dr. Sehvyu. 
He considers the corrugation of the quartz intimately connected with 
and dependent on the operation of the forces which produced the 
slaty cleavage, to which he also ascribes the openings between the 
beds now filled with quartz and the great parallel foldings of the 
strata. The sharply corrugated veins, he finds, lie in highly cleaved, 
soft slates. The slaty laminae in proximity to the quartz conform more 
or less to the convolutions of the latter, and the beds in which the 
veins lie afford abundant evidence of great pressure and of motion of 
one plane on another. The cleavage intersects the stratification at 
all angles, but is invariably at a higher angle than the bedding.2

Mr. J. Campbell was the first to point out some extremely significant 
features of the .occurrence of auriferous veins in Nova Scotia. He 
perceived that the veins are distributed along east-and-west anticlinal 
axes, of which he recognized six. The number has since been increased 
by Mr. Faribault to eleven. Campbell found that the fiber or grain of 
the slate coincides in direction with that of the anticlinal axes, and 
that the corrugations in the slate and veins also have this direction. 
He ascribed the origin of the slaty cleavage to the folding force acting 
on a plastic mass. He recognized that the veins often pass from one 
plane of the rock to another, even where there is a general coincidence. 
These views are substantially those adopted later by Dr. Selwyn.

The descriptions of the veins cited above show that they include 
fragments of slaty rock and that the veins intersect the schistose cleav 
age at all angles from 0° to 90°. These facts seem to me wholly in 
compatible with the hypothesis that the fissures were opened by the 
same system of forces which produced the schistosity. In the case of 
well-developed barrel quartz the dislocation which opened the fissures 
must apparently have been either in the same direction as the move 
ment which produced the cleavage or in a direction exactly opposite to 
it, but only a portion of the quartz is found in this form. The ordinary 
irregularly lenticular deposits point to a dislocating force not at right 
angles to the grain of the slate, and therefore not in the direction of 
the force to which the cleavage is due.

Unimportant quantities of placer gold have been found at several 
points in New Brunswick. It has also been met with in veins near 
St. Stephen, near Woodstock, and 17 miles south of Bathurst.. At 
Nauwigewauk the Lower Carboniferous conglomerates are found to be 
slightly auriferous.3

] Selwyn says that tho axes of the corrugations coincide with the strike of the cleavage (1. c., p. 266). 
This is no doubt the case where the grain of the slate ia horizontal, but Campbell's discussion seems 
to show that the grain and the anticlinal axes dip to some extent. (Kept, of 1863, p. 2.) In Sillirnan's 
description of the Montague lode it appears that the axes of the corrugations must dip at about 45°.

»Loc. cit.,p. 266.
»Geol. Nat. Hist. Surv. Canada, Ann. Kept. 1890-91, p. 146 ss. '
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The geology of southern New Brunswick, like that of New England, 
is extremely difficult and complex, and little that is definite seems to 
have been disentangled. The veins along the St. Croix Eiver on both 
sides appear to be crystalline schists of great but uncertain age. The 
gold is found in them in quartz veins very similar to those at other 
points in the eastern part of the continent. At St. Stephen, on the 
New Brunswick side of the river, the wall rock of the auriferous veins 
is graphitic slate. At Baileyville, on the Maine side, the gold-bearing 
quartz is found in pyritous mica-schist. 1 There are rumors of other 
occurrences in Maine and New Brunswick, but such as I have met with 
are so vague as to be of no determinable value.

There are two districts in eastern Quebec known to be auriferous, 
and both are close to the United States frontier. One of these is the 
valley of the Ohaudiere, close to the Maine line and lying along the 
northerly continuation of the White Mountains. The other is the 
Little Ditton field, near the northern end of Lake Meinphreinagog, 
lying in the northern continuation of the G-reeu Mountains. The rocks 
of both areas are regarded by the Canadian geologists as Lower Cam 
brian, and their likeness to those of the auriferous region of Nova 
Scotia is striking. Mr. Paribault has recently visited Little Ditton 
for the purpose of comparing the rocks with those of Nova Scotia. He 
reports that, like all who have examined both localities, he has no 
doubt that the auriferous rocks are of the same age. They are also 
lithologically similar, and at Ditton, as in Nova Scotia, tlie quartz veins 
accompany the sharp anticlinal axes along which the rocks have been 
folded.3 The quartz-bearing rocks were first clearly pronounced Cam 
brian by Mr. R. W. Ells in 1886.3 They are not fossiliferous, but are 
lower than beds determined as Cambro-Siluriau, and rest unconforma- 
bly upon highly metamorphic schists. They consist largely of volcanic 
agglomerates. This intermixture of volcanic material is not k.nown to 
exist elsewhere in the Cambrian beds of the Appalachians, and for this 
reason Mr. Walcott thinks the rocks may be pre-Cambrian.4 Professor 
Van Hise also thinks them probably Algonkian.6 This is in part a 
matter of nomenclature, as indicated on an earlier page.

The likeness between the auriferous areas of the eastern townships 
of Quebec and Nova Scotia extends to the quartz veins, which usually, 
follow the bedding, but sometimes cut it.

Very little work has been done on the veins of the region, develop 
ment being chiefly confined to the gravels. It is interesting to note 
that a part of these gravels occur in old river channels beneath the 
present drainage system. The gold is largely coarse, and many nug 
gets worth from $50 to $200 have been found. One nugget from the 
Chaudicre is reported to have weighed no less than 52 ounces 11

1 Holmes and Hitchcock, 2d Ann. Kept. Geol. Maine, 1802, p. 423.
2 Geol. Nat. Hist. Surv. Canada, Summary Report for 1891, p. 55.
3 Gool. Nat. Hist. Surv. Canada, Ann. Eept., part J.
• Bull. TJ. S. Geol. Surv. No. 81, 1891, p. 310.
* Bull. U. S. Geol. Surv. No. 80,1892, p. 501.
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pennyweights, and must have been worth about $1,000.' A specimen 
from this river was found to be 0.866 fine. At Leeds, in the Chaudiere 
Valley, to the west of the river, masses of gold of several penny 
weights, with copper glance and specular iron, have been found in a 
vein of bitter spar. 2 ,A remarkable rock, apparently homogeneous 
and composed in great part of a white lime-alamina garnet, is found at 
St. Francis. Its density is about 3.4. Grains of native gold have 
been observed in it.3 At St. Francis, on the Chaudiere, gold has also 
been found in a quartz vein with galena, blende, pyrite, and mispickel.4 
The product of the Chaudiere region has been very imperfectly re 
corded. The greatest amount reported to the mining inspector of the 
district was $56,661 in the year 1881.5

Gold has been found all along the Green Mountains in.Vermont, 
mostly to the eastward of the crest and in a belt 10 to 20 miles wide. 
In nearly all cases the discoveries are of float gold, but they seem to 
indicate that the rocks of the rauge are to some extent auriferous at 
many points.6 As has been mentioned, the Little Ditton gold field in 
Quebec is on the northerly continuation of the Greeu Mountains. 
Gold has been found in place on this belt in the two neighboring towns 
of Plymouth and Bridgewater. A second belt extends along the Con 
necticut Eiver, passing to the westward of the White Mountains, and 
seems to be in the line of strike of the Chaudiere region of Quebec.

The details as to occurrence in the official reports are very meager. 
At Plymouth gold traverses slate in feathery veins, crossing the laminae 
at various angles. At some points not specified it is found in small 
flattened masses between the laminae of slate. It is usually found in 
quartz.7 Besides the occurrences in talcose schist, gold is found in 
gneiss at Bridgewater and Danby Mountain.8 At Bridgewater there 
are also gold-bearing quartz veins in talcose schist. The veins vary 
from a few inches to several feet in thickness, and in them are also 
found sulphides of copper, lead, and zinc, as well as zinc gahnite. The 
gold of Plymouth ic one case was found to be 0.969 fine, 9 and gold 
amalgam is reported from this locality.30 Prof. E. Hitchcock also found 
gold in the porous quartz of a limonite deposit in Somerset.11

Prof. C. H. Hitchcock has described as the Ammonoosuc gold field 
the territory occupied by auriferous slates and schists along the Con 
necticut Eiver, lying mostly in New Hampshire, but partly in Vermont.

"E. W. Ells. Geol. Nat. Hist. Surv. Canada, Aim. Kept. 1888-89, p. 65K. 
2 Geol. of Canada, 1863, p. 519. 
3 Ibid., p. 496. 
'Ibid., p. 739.
6 Geol. Nat. Hist. Surv. Canada, Ann. Eopt. 1886, p. 33 s.
6 Geol. Surv. oj Vermont., vol. 1.1861, p. 525. The towna here enumerated form-the belt mentioned 

in the text.
7 A. D. Hager, Econ. Geol. of Vermont, 1862, p. 120. 
8 Geol. of Vermont, vol. 1,1861, p. 530.
9 Ibid., vol. 2,1861, pp. 844, 845.

10 Geol. Nat. Hist. Surv. Canada, Kept, of Vrog. 1863, p. 518. 
1 ' Am. Jour. Sci., vol. 22,1832, p. 64.
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He considers that this region extends into Maine, and may be connected 
with the Chaudiere region.

The schistose rocks are supposed to belong to the Huroiiian and Cam 
brian systems, and are believed to be of the same age as the talcose 
schist and gold-bearing formations just east of the Green Mountains. 
So far as I can see, the reference to the Cambrian of any of the rocks 
of this district is entirely provisional and rests on vague resemblances.

The Dodge vein in the eastern part of Lyman, 3S". H., is said to have 
yielded $50,000 up to the end of 1877. It is a vein of a nearly constant 
thickness of 16 feet, dipping northeast, with chimneys of pay ore pitch 
ing to the northwest. The vein mass consists of quartz, slate frag 
ments, and ankerite, carrying pyrite, galena, and free gold. The pyrite 
is almost barren. The gold is'0.917 fine. The ore runs from $3 to $19 
per ton.

At the Lisbon, near the Dodge, there is also a gold-bearing quartz 
vein carrying pyrrhotite to the extent of 5 per cent, with some chalcopy- 
rite and mispickel. At the Cook and Brown mine, a mile or more north 
of these deposits, a quartz vein 10 inches wide shows free gold and a 
great deal of auriferous mispickel. The wall rock for several feet was 
found to be auriferous. This vein is reported to have been lost at 30 
feet from the surface.1

Gold has been fonnd even in New York State, in Dutchess County,2 
and on Manhattan Island. Mr. N. H. Darton informs me that quartz 
which he assayed from Wassaic, Dutchess County, carried over $2 per 
ton, and quartz from the northern end of Manhattan Island over $4. 
The rocks in both cases were mica-schists, supposed to be post-Archean.

The age of the gold deposits of the maritime provinces and the Green 
Mountains is not definitely determined, but the known facts seem to 
point to one conclusion. All observers are agreed that the quartz 
veins bear an intimate genetic relation to the intrusives which accom 
pany them both iu Nova Scotia and in Quebec, and that the age of the 
inclosing rocks is the same in both areas, although no fossils have 
been found in either. In Sova Scotia it is known that the gold, or 
most of it, is older than the Carboniferous, so that the choice lies 
between the earlier Paleozoic eras and the Algonkian or Archean.

~Now, the whole of the Paleozoic was a very quiet period over the 
greater part of the Atlantic slope, the elevation of the Green Moun 
tains at the end of the Lower Silurian being the principal exception, 
and even at the time of this uplift "no volcanoes were made, and little 
took place in the way of eruption through fissures." 3 The upheavals 
of the Paleozoic were of a relatively gentle character, whereas the ore- 
bearing fissures were formed during a disturbance which shattered 
the country. ^No disturbance of equal violence has taken place since

1 Ammonoosuc Gold Field, Geol. of New Hampshire, part 5, 1878, p. 7.
2 Dr. Pohle describes an auriferous quartz yein from the township of Khinebeek In Aiuer. Jour. 

Mining, vol. 6, 1868, p. 370.
3 Dano's Kanual, 1895, p. 326.
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the veins were formed, for although renewed movements have in some 
eases extended joints across the veins, the amount of dislocation they 
display is trifling compared with that which opened the spaces they 
occupy.

The Paleozoic is also abundantly siipplied with fossils in every con 
siderable known area on the Atlantic slope. Hence, if the Green Moun 
tain gold-bearing district is Paleozoic, it is of a highly exceptional 
character in three respects, viz, in the presence of volcanic material, 
in the absence of fossils, and in the occurrence of auriferous quartz 
veins. On the other hand, the first two of these characteristics are 
usual in Algonkian areas, and the ascription of the gold-bearing series 
to this system accords with the phenomena in Newfoundland as well 
as in the Southern Appalachians. While it seems to me most reason 
able, in the present condition of knowledge, to regard these deposits as 
in the main Algonkian, nothing would be less surprising than the dis 
covery of some minor deposits in the fossiliferous Paleozoic. Indeed, if 
there is any relation between intrusives and gold deposition, it is hard 
to understand how a renewal of volcanic activity in a gold-bearing 
region can fail to be attended by fresh deposits of auriferous quartz.



COPPER.

BY CHAKI/ES KIBCHHOFF.

GENERAL TRADE CONDITIONS.

. In common with every branch of industry, copper mining suffered 
from the general business depression of 1894. The most serious effect 
upon the industry was indirect rather than direct, since it was the 
result of the lessening in the demand for copper products. The elec 
trical industry received a sharp check in its rapid expansion, and the 
brass and allied trades were dull throughout the year. Still, consump 
tion was in advance of 1893, but an enlarged production could only be 
forced upon domestic and foreign markets through low prices. On the 
whole it may be stated that the copper-mining industry resisted the 
tension of the year better than other branches of the base and precious 
metal trades. The export of copper was not as large as it had been in 
1893, but it was almost entirely in the form of refined metal, the 
American producers having finally attained the aim of working at 
home all the furnace material of domestic origin.

There have been no notable discoveries of new deposits in 1894, and 
no indications of a sudden addition of consequence to producing capac 
ity. There has been a steady development in spite of adverse circum 
stances, and unless the output is artificially restricted or is reduced by 
accidents to leading mines, the production of 1895 promises to record 
a further advance, under more favorable auspices commercially.

PRODUCTION.

The following table shows the production of copper in the United 
States from its first rise to the dignity of an industry. For the earlier 
years the best available sources have been drawn upon for the esti 
mates given. Since 1882 the figures are those collected by this office: 

332
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Production of copper in ffce United States from 1845 to 1S34. 
[Long tons,]

Tears,

1845. . . .
1846.... 
1847
1848
1849. . . .
1QS-1

1852....
1853....
1854. . . .

1856....
1857.... 
1888....
-1 QCQ

1882....
1863...-

1865....
1866....
1887....

Total 
produc 

tion.

150

700
650
900

2,000
2,250 
3,000

4,800 
5,500

7,500
9,000

8,000
8, 500

10,000

Lake 
Superior.

12
26

461
672
572
779
792

1,297
1,819 
2,593
3,666
4,255 
4,088
3,985

6,713
6,065

7,824

Calumet 
and 

Hecla.

603

5,497

Percent 
age of 

Lake Su 
perior of 

total 
product.

12
17.3

96
88

72

80.8

88.6 
74.3
63.3
74 8

08. 2

75.4
69
78.2

95.1

Tears.

1870.....
1871.....

1875.....
1878.....

1878.....
187!).....

1881.....
1882..... 
1883.....

1880-....

1889.....

1WV2.....

1894.....
1

Total 
produc 

tion.

12, 600
13, 000

18 000

21, 500
23, 000

32, 000
40, 407

81, 017

101,239
115, 966

154,018 
147,033

Lake 
Superior.

JO 992
11, 942 
10, 961
13, 433
15, 327

17, 422

19, 129
22, 204

25, 439

32, 209

33, 941
38, 604

45,273

54, 099 
50. 270

Calumet 
and 

Hecla.

6,277
7,242 
7,215
8 414

9,586
9 683

10, 075
11, 272
11, 728 
14, 140

14, 300 
U7ufl

21, 093

20 543
22, 453

26,727

Percent- 
age of 

Lake Su 
perior of 

total 
product.

87.2
91.9
87 7
86.7
87 G
89 4
OQ n

Oft

82.4
83.2 
82.2
76.1
62.9

43.5
51.3

38.7

35.7

32.3

In detail, the production of copper, territorially distributed, has been 
as follows since 1883:

Total coffer production in the United States, 1SS3 to 1S87.

Sources.

Utah ............................

Maine and New Hampshire. ....

Total domestic copper. .... 
From imported pyrites and ores .

Total (including copper 
from imported pyrites) . .

1883.

Potinds.

24, 664, S46

280, 306
212,124

395,175
84, 400

115, 526, 053 
1, 625, 742

117, 151, 795

1884.

Pounds,

230, 000
249, 018;

317, 711

144, 946, 653 
2, 858, 754

147, 805, 407

1885.

Pounds.

67, 797, 864
79, 839

126, 199

8,871

21), 602

910, 144

165, 875, 483 
5, 086, 841

170, 962. 324

1886.

Pounds. 
80,918,460

57,611,621
558, 385

315, 719
29,811

1, 282, 496

157, 763, 043 
4, 500, 000

162, 263, 043

1887.

Pounds.

78, 699, 677

2, 012, 027

200, ODO

181,477,331 
3, 750, 000

185, 227, 331
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Since 1888 tlie production has been as follows, in detail: 

Total copper production in the United States, 1888 to 1894.

Sources.

Utah......................................
Colorado, including copper smelters (a) ...

Middle States. ............................

Total (including copper from im-

1888.

Pounds, 
86, 472, 034 
81, 797, 300 
97, 897, 968 

1, 631, 271 
1, 570, 021 
2, 131, 047 
1, 621, 100 

232, 819 
50, 000 
50, 000

^ 271, 631 
18, 201

2, 618, 074

226, 8(31, 466 
4, 909, 158

231, 270. 622

Sources.

Middle States ...........................................

Total (including copper from imported pyrites). . .

1889.

Pounds. 
88, 175, 675 
31, 588, 185 
98, 222, 444 

3, 688, 137 
151, 505 
65,467 

1, 170, 053 
100, 000 

28, 420 
156, 490

72, 000\ 
18, 144^

3, 345, 442

226, 775, 962 
5, 190, 252

231, 986, 214

1892.

Pounds. 
123, 198, 480 

38, 436, 099 
16!!, 206, 128 

1,188,796 
2, 980, 944 
2, 209, 428 
7, 593, 674

228, 000

> 467, 448 

5, 491, 702

344, 998, 679 
8, 277, 063

353, 275, 742

1890.

Pounds. 
101,410,277 

34, 798, 689 
112, 980, 898 

850, 034 
23, 347 

1, 008, 836 
' 3.585,691

87, 243

378, 840 

4, 648, 439

259, 763, 092 
6, 017, 041

265, 780, 133

.1893.

Pounds. 
112, 805, 078 
43, 902, 824 

155, 209, 133 
280,742 
239, 682 

1,135,330 
7, 695, 826

20, 000 
36, 367 
39, 785

732, 793 

7, 456, 838

329, 354, 398 
7, 723, 387

337, 077, 785

1891.

Tonnds. 
114, 222, 709 
39, 873, 279 

112, 083, 320 
1, 233, 197 

• 3, 397, 405 
1, 582, 098 
6, 836, 878

146, 825

296, 463 

4, 989, 590

284, 121, 764 
11,690,312

295, 812, 076

1894.

Pounds. 
114, 308, 870 
44, 514, 894 

183, 072, 756 
31,884 

120, 000 
1,147,570 
6, 481, 413

2, 374, 514 

2, 138, 478

354, 188, 374 
8, 655, 844

380, 844, 218

a Copper smelters in Colorado, purchasing argentiferous copper ores and mattes in the open market, 
n. The quantity of Montana matte whicn. goes to one of these works haa "been 

deducted.
sources not known.

.
6 For 1894 the quantity stated covers only that part of the incidental copper product the source of 

which could not be ascertained.
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The available supply of copper for the domestic markets may be 

computed as follows:
N

Supply of copper 1891, 1892, 1893, and 1894.

Imports of pigs, bars, ingots, and old cop-

Export S:

Estimated fine copper contents of

Reexports copper in foreign ore ...... 
Keexports foreign pig bars and old

Total........... ....................

1891.

Pounds. 
284, 121, 764 

11, 690, 812

3, 154, 557

298, 966, 633

69, 279, 024

50, 000, 000 
2, 082, 708

534, 949

121, 896, 681

177, 069, 952

1892, '

Pounds. 
344, 998, 679 

8, 277, 068

1, 552, 515

854, 828, 257

80, 515, 786

66, 000, 000 
707, 739

1, 274, 410

9&,iW,g85

256, 380, 872

1893.

Pounds. 
829, 354, 398 

7, 728, B87

5, 536, 690

842, 614, 475

138, 984, 128 

50, 000, 000 

> 2, 019, 821

191, 003, 949

151, 610, 526

1894.

Pounds. 
354, 188, 874 

6, 655, 844

8, 446, 724

864, 290, 942

162, 393, 000 

5, 750, 000 

1,186,676

169, 829, 676

194,961,266

This statement leaves out of account stocks of copper in first and 
second hands. No authoritative figures on this point are available 
because the leading producers refuse to give any information relating 
to stocks.

Since July, 1892, Mr. John Stanton, of New York, has collected 
monthly, from sworn returns, figures showing the production of the 
leading mines of Lake Superior, Montana, and Arizona. The estimate 
of outside sources is drawn, particularly recently, from official returns 
of the principal smaller mines.

American product of copper. 
[Long tons.]

Years niul months.

1892. 
July ............
August ......... 
September ...... 
October .........

' December ....... 

Total...... 

1893.

January.... .... 
February ....... 
March ..........
April............ 
May............. 
June ............ 
July ............
August ......... 
September ...... 
October ......... 
November... 
December .......

Total......

Keport- 
ing 

mines.

9,294
10; 807 
9,710 
9,668 
9,888 
9,872

59, 239

9,187 
3, -13 
9,065 

11,775 
12, 706 
11, 524 
11, 049 
11, 745 
11,750 
11, 503 
10, 705 
10, 538

129, 760

Outside 
sources.

924 
870 
994 

1,289 
1,036 
1,174

6,287

989 
1,042 
1,321 
1,042 
1,042 
1,042 
1,042 
1,042 
1,042 
],042 
1,042 
1,042

12, 730

Total.

10, 218 
11,677 
10, 704 
10, 957 
10, 924 
11, 046

65, 526

10,176 
9,245 

10, 386 
12, 817 
13, 748 
12, 566 
12, 091 
12, 787 
12, 792 
12, 545 
11, 747 
11, 580

142, 480

Years and months.

1894.

March ........... 
April.. . ..........
May.............. 
June .............
July ............. 
August ..........
September .......

November........ 
December ........

Total.......

1895.

March. ........... 
April ... ........ 
ilav... ........... 
J'une .............

First half 1895 .

Iteport- 
ing 

mines.

10, 832 
10, 245 
13, 759 
12, 475 
12,668 
13,972 
12, 639 
11, 815 
11,257 
12, 692 
11,044 
9,145

142 543

10, 094 
11, 120 
12, 538 
11, 944 
13, 260 
1 1,641

70, 612

Outside 
sources.

1,340 
1,840 
1,340 
1,840 
1,840 
1,840 
1,340 
1,500 
1,500 
1,500 
1,600 
1,600

17, 080

1,600 
1,600 
1,600 
1,600 
1,600 
1,100

9,100

Total.

12, 172 
11, 585 
15, OKO 
13,815 
14,008 
15,812 
18, 979 
13, 315 
12, 757 
14, 192 
12,644 
10, 745

159 623

11, 694 
12, 720 
14, 153 
13, 544 
14, 860 
12, 741

79, 712
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The product of the foreign reporting mines was as follows:
Foreign reporting mines.

Years and months.

1892.
Jnly.............:.— ..... 
August. ................... 
September. ................

^November ................. 
December .................

Total................

1893.

April......................
May.......................

Long tons.

6,358 
6,888 
5,478

0,789 
7,666

39, 655

5,736

6,913
6,806

8,095
7,057

7,081
6,953
7,248

Years and months.

1894. 
January ..................... 
February ................... 
March . .\ ................... 
April .......................
May........................ 
June... ..................... 
July ........................ 
August. ........'............

October.. ..... ..............

April.. .............. ....
May ........................

Long tons.

8,145 
7,217 
6,922 
7,385
8,013 
7,611 
6,960 
7,367

7, 231 
6 994

6,737

7 219

These include the principal mines of the Peninsula-, the Cape, Austra 
lia, Germany, and Mexico.

According to the compilations by Mr. John Stanton, the exports of 
flue copper from the United States were as follows:

United States exports.

Tears and months.

1892. 
July.......................

January ...................
February ..................

June. ......................
July .......................

Total first six months. 
Total last six months .

Long tons.

3,450

1 458

4,486

17, 980

3,171
1,815 
2,334

4,482
5,109

16,131
11, 478
7,821
8,293

20, 301 
60, 031

Years imd months.

1894.

April........................

July................... ....

November. ..................

Total first six months.
Total last six months.

1895.

April............ ..........

• Long tons.

7,717
5,590
7,137
0,209
6,140
6,970
7,622
6,408
7,093
5,057
4, 785
6,793

39, 769
37, 758

77, 527

7,144
3,450
3,914
5,677

The figures lire based largely on the direct returns of exporting 
mines and exporting merchants.
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THE LAKE SUPERIOR MINES.

The following is, in detail, the output of the Lake Superior mines, as 
reported by the companies, from 1884 to 1890:

Production of Lake Superior copper mines, 1884 to 1890.

Mines.

Calumet and Hecla.

Kidee.. ............
Cliff.. ..............

Sheldon and Colum-

Sundry companies —

Total..........

1884.

Pounds. 
40, 473, 585

227 834.

255, 860

481, 396
891,168
631 004

1, 927, 060

28, 225

23, 867

1,144
1 3ll R^i!

9,828
4, 333

1,106

951
1,517

69, 353, 202

1885.

Pounds. 
47, 247, 990 

5, 848, 530
] Qj e OAQ

2, 170, 476
3, 582, 633

344, 355
2, 271, 163

162, 252

4,000

12, 000

1,500

34, 000

72, 147, 889

1886.

Pounds. 
50, 518, 222

4, 264, 297

2, 512, 886

1, 378, 679

150, 000

3,125

7,300

3 646 517' '

1,000

50, 000

80, 818, 460

1887.

Pounds. 
46, 016, 123 

5, 603, 691

885, 010
3, 641. 865

2, 199, 133

11, 000

1, 881, 760
84, 902

2,300

25, 187

21, 237

76, 028, 697

1888.

Pounds. 
50, 295, 720

4, 134, 320
3, 655, 751

6, 974, 877

50, 924

829, 185

86, 472, 034

1889.

Pound*. 
48, 668, 296

4, 534, 127

3, 698, 837

28, 000

454, 134

692
736, 507

1, 018, 849
21, 580

88, 175, 675

1890.

Pounds. 
59, 868, 106

5, 294, 792
5, 638, 112
1, 407, 828

1, 413, 391

1, 736, 777
21, 569

15, 485
1, 108, 660

10, 106, 741

1, 598, 525

101,410,277

The permission to publish the report of the Calumet and Hecla Com 
pany since 1891 has not been given. The following table, therefore, 
records only the output of the other leading producers in that district:

Production of Lake Superior coffer mines in 1891, 1892, 1893, and 1894.

Mines. 1891.

Pounds. 
16, 161, 312

4, 319, 840

1, 727, 390

1, 257, 059

531, 983

1892.

Pounds.

11, 103, 926
7, 098, 656
3, 769, 605
3, 703, 875
1,467,758

973 217
1, 350, 000

546 530
1, 625, 982

1893.

Pounds. 
15, 085, 113

6, 715, 870
3, 504, 244

1, 627, 030
1, 610, 259

562, 776

1894.

Pounds. 
15, 375, 281

6, 918, 502
3, 556, 487
4, 437, 609

584, 590

1, 665, 255

16 GEOL, PT 3- -22
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The management of the Atlantic Mining Company succeeded in 
effecting a further lowering of running cost, as is shown in the fol 
lowing table:

Cost of copper at the Alantic mine per ton of rock treated.

Items of cost.

Mining, selecting, breaking, 
and all surface expenses, in-

Freight, smelting, marketing, 
and New York expenses- - - - -

Total working expenses. 
Total expenditures, in 

cluding construction. . .

1887.

Cents. 87 '•'U
3.80

27.31

23.07

141. 41 

145. 22

30.53
0.712

1888.

Cents. 
83 73
3.47

26.89

21.42

135. 51 

142.82

0.667

1889.

Cents.
87 87

3.88
27.78

20.22

139. 75 

153. 27

6.23
O.CC3

1890.

Cents.

27.78

20.37

155. 75 

166. 70

27.71
O.C50

1891.

Cents. 
95 29

18.47

143. 44 

154. 51

0.615

1892.

Cents. 
83 98

o qo

25.09

17.67

130. 07 

133. 51

0.015

1893.

Cents.

24.95

18.22

120. 94 

160. 24

1894.

Cents.
W IS

90 «m

17.71

119.22 

1C5. 07
——————

6.703

There was stamped during the year 315,626 tons of rock, which pro 
duced 5,687,665 pounds of mineral yielding 4,437,609 pounds of refined 
copper. The yield was better than in recent years, being 219 pounds 
of refined copper per cubic fathom of ground broken and 0.703 per 
cent of copper for the rock treated. The copper realized about 9.51 
cents per pound, and this, with interest receipts, carried the total 
income up to $425,066.90. The working expenses at the mine were 
$320,402.19, and smelting and freight was $55,901.76, leaving a gross 
profit of $48,762?95. The company,- however, spent during the year 
$5,334.74 for construction at the mine, $90,984.88 on the new mill and 
site, $27,989.30 for new railroad and equipment, and $20,395.93 for the 
construction of the dam, a total of $144,704.85, thereby reducing the 
surplus to $155,694.12. There are being put into the new mill two 
18-inch Ball stamps and fifty-four Collum jigs, which will begin work 
early in the summer, when the stamps in the old mill will be gradually 
transferred without curtailing production. With the new equipment 
the mine will have an enlarged capacity.

The Central mine stopped work in August, 1894, and has since con 
tinued simply the work of exploration, without very encouraging results 
thus far.

The report for the Wolverine Copper Mining Company covers the 
fiscal year ending June 30,1895, during which period there were hoisted 
from the mine 108,220 tons of rock. Of this quantity 27,890 tons were 
discarded as too poor, leaving 90,195 tons to go to the stamp mill, which 
yielded 1,992,940 pounds of mineral and afforded 1,744,070 pounds of 
refined copper. The yield of the rock treated was, therefore, 0 9668 per 
cent. The cost per pound of refined copper at the mine was 7.23 
cents. Adding 1.22 cents for cost of smelting, freight, and marketing 
expenses brought the total up to 8.45 cents, sold, at New York. The 
total mining profit for the year was $24,308.67. Early in 1895 the com 
pany purchased for $60,000 a tract of 120 acres of land, the greater
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part of which lies west of the outcrop of the lode, and adding to the 
minable territory.

The Franklin mine increased its product slightly in 1894. The mine 
produced 4,264,653 pounds of mineral yielding 3,556,487 pounds of 
refined copper from 138,163 tons of rock sent to the stamp mill. The 
mine expenses were $264,566.93, and the cost of smelting, freight, 
etc., was $44,286.74. For construction and exploring the outlay was 
$23,542.93. The total income was $347,262.19, leaving a mining profit 
of $14,865.59. In November, 1894, the Franklin .Company purchased 
for $45,000 the property of the Peninsula Copper Company and formed 
the Franklin, Jr. The newly acquired property consists of 1,359 acres 
of land, giving a length of vein of over 7,000 feet, and including in its 
limits the Kearsarge, Osceola, and Pewabic amygdaloids and the 
Allouez and Calumet conglomerates, none of which have been worked 
to any extent except the Allouez conglomerate. Explorations in depth 
in the Calumet conglomerate are aimed at as the first step.

The Kearsarge mine produced 1,998,710 pounds of copper from 
2,376,025 pounds of mineral obtained by stamping 64,287 tons of rock, 
which yielded 1.55 per cent of refined copper, 18,649 tons of rock 
hoisted being discarded. In 1893 the yield was 1.08 per cent in 75,450 
tons of stamp rock, 16,423 tons being discarded. The total income in 
1894 was $194,645.74, while the costs were $176,448.32, leaving a min^ 
ing profit of $18,197,42, which carried the surplus up to $173,218.74. 
The cost of producing copper at the Kearsarge for a number of years 
has been as follows:

Cost of flue copper at the Kearsarge mine from 1889 to 1894.

Cost per pound, smelting, freight, etc .
Total, excluding construction . .

1889.

Cents.
1.94
9.21

9.52

1890.

Cents. 
8.84
1.83

10.47 
.21

1891.

Cents. 
8 84
1.85

10.49 
1 03

1892.

Cents. 
9.50
1.95

11.45 
.77

12.22

1893.

Cents. 
9.32
1.81

11.13

11.13

1894.

Cents. 
7.13
1.70
8.83

8.83

Out of 290,521 tons of rock hoisted to surface, the Osceola stamped 
264,050 tons of rock, which yielded 7,457,670 pounds of mineral. The 
product of mass and barrel copper was 710,085 pounds, making a total 
of 8,167,765 pounds of mineral, which, at 84.71 per cent, gave 6,918,502 
pounds of ingot copper. The total income was $661,534.08, while the 
total costs were $602,116.71, leaving a net income of $59,417.37, out of 
which a dividend of $50,000 was paid. The cost in 1894 compared as 
follows with previous years:
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Cost of refined copper at the Osceola mine from 1890 to 1894.

Cost of smelting, transportation, and hancl-

1890.

1.51
1.42

11 24

18M.

$2 I'-J

1.64
84

1892.

$2.07
7.20

1.54
00

1893.

4,9 (\a

1.55

9 48

1894.

<S1 7Q

6.8*

1. CO
.26

8.70

The fiscal year of the Tamarack Company ends on June 30. For the 
year 1893-94 the gross receipts from copper sales were $1,509,514.52, and 
the interest receipts were $5,658.55. From this must be deducted 
$862,046.02, the running expenses at the mine, and $250,461.79 for. 
smelting, transportation, and handling copper, leaving a mining1 profit 
of $402,165.26, out of which dividends aggregating $400,000 were paid. 
The construction account on shafts iNbs. 3 and 4 footed up to $176,365.68, 
No. 3 having reached the lode at a depth of 4,185 feet on August 6. 
The report does not give any details relative to quantity of rock treated 
or the yield.

In 1894, the Quincy produced 18,864,754 pounds of mineral, which 
yielded 15,484,014 pounds of fine copper, for which there was realized 
the gross sum of $1,467,190.60, to which was added $3,081.86 for the 
sale of silver and $4,647.37 for interest on loans. The running expenses 
were $691,514.41, the building and construction account $1,813.46, and 
the smelting and transportation expenses $186,888.67, leaving a profit 
of $594,703.29, out of which was expended on the Hancock addition 
$2,116,,52, making the income $592,586.77. Dividends of $400,000 
were paid during the year. The mine produced 477,278 tons of rock, 
of which 463,926 tons were hoisted and 454,783 tons were stamped. 
The yield from the stamp mill was 13,623,085 pounds of mineral, and 
from the rock houses 5,241,669 pounds of mineral.

The following table shows the operations of the Quincy mine for a 
series of years. It illustrates well the steady increase in production, 
the fluctuations in the yield, the heavy decliue in the price of copper, 
the crowding down of cost through improvements, in spite of increasing 
depth, and the remarkable uniformity of wages paid. It should be 
stated that the average price realized is calculated from'the gross 
income and the product, the reports failing to show the quantity of
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copper on hand at the beginning of each fiscal year, and the values at 
which it was put in:

Operations of the Quincy mine.

Years.

1864... . ..............

1866. .................
1807
-1 QflQ

1870..................
1871(0) ..............

1874..................
1 (37 r*

1 877
1878
1879
iftsn
-1J3Q-1

1 RfiT
1884..................
1885..................
IRSfi
IfifiT
1888..................
1 fiRQ
1890..................
1891
1892
1893..................
1894

Product.

Pounds.
2, 720, 980

1 417 941

2, 409, 501
2, 2G9, 104

2, 798, 281

2, 991, 050

5, 702, 606

5, 888, 517

8, 064, 253

14, 398, 477

Fine, per 
fathom.

Pounds.
501
451

447
446

441

577
485

467
395

5G3
767

850

G90

574
584

Price 
obtained.

Cents. 
44 8

31.3
22.7

21.5
22.8

26.5
21.9
22.7

16.3

18.7
17.1
13.7

15.9

9.5

Coat per 
pound.

Cents. 
26 7

18.9
23.1

15.2

18.6
15.1

15.7
15.1
14

11.8
10
9.5
8 9
8.6
7.5
C. 8

8.2

Number 
ofminers 

on con 
tract.

212
227
167

181
104

234
217

192
212
152
165

145
14C

259

Average 
montbly 
contract 
wages.

$65. 50
57 53

50.83
50.44

46.09
47.08

62.42
43.38
46 74
47 13
43 79
41 50
38.76

48.83

49.60

52.60

50.70

Introduction of ateam drills.

MONTANA.

The Boston and Montana Company during 1894 had gross receipts 
for copper, silver, and gold, of $3,630,526.96. The running expenses at 
Butte and at Great Palls were $2,019,205.29, and the expenses of han 
dling copper were $623,876.25, leaving the gross profit "at $987,445.42. 
The interest on the bonded debt and premiums on bonds redeemed 
aggregated $122,781.66, while the sinking fund received $150,000. Out 
of this net profit $300,000 was paid in dividends and $232,401.69 
was. expended for mining property purchased, leaving a balance of 
$182,262.07, which was carried over. It is estimated that the ore and 
copper in course of treatment contained about 7,000,000 pounds, which 
would show a net profit of $407,000. At the close of 1894 the bonded 
indebtedness of the concern was $1,363,000, drawing 7 per cent interest.

The annual report does not give any statement of the quantity of 
copper produced or sold, so that no deduction can be drawn as to the 
cost or as to the average price obtained for copper and silver. The ore 
reserves are reported to have been increased, being equivalent to five 
years' working. The reduction plant at Great Falls has been made 
more efficient by adding electric machinery, concentrating machinery,
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blast furnaces, a reverberatory furnace, and a refining furnace. The 
capacity of the refinery has grown to 1,800,000 pounds of copper 
monthly. An interesting statement is that recent developments in the 
Belt coal field indicate that good blast-furnace coke cau be made from 
the coal.

The necessity of providing cheap water power for electrolytic work 
has led the Parrot Company to begin the building of a large new plant 
at Point of Books, which will considerably increase the capacity for 
production of that company.

The Anaconda Company has been developing mining property on 
Camp Creek, Montana, and preparations are being made to construct 
a branch line from Melrose to the mines. At the Anaconda works the 
principal improvement has been the enlarging of the electrolytic plant 
and the converting works.

The Montana Ore Purchasing Company purchased the Barus mine 
during 1894. The concentrating plant was increased in capacity by 
100 tons per day. The equipment of the smelting plant was improved 
by the building of two reverberatory roasting furnaces, and by the 
building of eight Herreshoff calcining furnaces of the turret type. 
The capacity of the plant is now 1,800,000 pounds of copper per month.

Some interesting statements as to the financial results of the opera 
tions of some of the Montana companies were brought out through the 
returns made to the county assessor. The Anaconda Mining Company 
reported that for the year ending June 30, 1894, the gross receipts 
were $11,131,731. The expenses are given as $5,161,066 for working in 
Montana, $879,762 for new properties and constructions, and $2,262,814 
for general and other expenses, leaving a taxable balance of $2,828,089. 
The Boston and Montana Company reported a profit of $217,310, and 
the Colorado Company a loss of $75,403, the receipts being $173,463 
and the expenses $248,867.

Montana's proportion of the copper product.

Years.

1883.............................
1884.............................

1887................ ............

1889
1890. ............................
1891......--.....--......-..--...
1892
1893.............................

United States.

Pounds. 
90, 646, 232 

115, 526, 053 
144, 946, 653 
165, 875, 483 
157, 763, 043 
181, 477, 331 
226,361,466 
226, 775, 962 
259, 763, 092 
284,121,764 
344, 998, 679 
329, 354, 398 
354, 188, 374

Montana.

Pounds. 
9. 058, 284 

24, 664, 346 
43, 093, 054 
67, 797, 864 
57, 611, 621 
78, 699, 677 
97, 897, 968 
98, 222, 444 

112, 980, 896 
112, 063, 320 
163, 20G, 128 
155, 209, 133 
183, 072, 756

Per cent. 
10 
21.4 
29.7 
40.9 
36.7 
43.4 
43.3 
43.3 
43.5 
39.4 
47.3 
47.1 
51.6

Lake 
Superior.

Per cent. 
62.9 
51.6 
47.8 
43.5 
51.6 
41.9 
38.2 
38.9 
39 
40.2 
35.7 
34.2 
32.3

\
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ARIZONA.

No developments of special interest have taken place in Arizona, the 
leading producers maintaining their output, which increased slightly 
in the aggregate. No special additions to capacity are expected during 
the year.

The United Verde Copper Company has completed the United Verde 
and Pacific Eailway, a narrow-gauge road, 26 miles long, in order to 
lessen the cost of hauling product and supplies. It will also tend to 
greater regularity in the delivery of copper, the wagon roads in former 
years having practically caused suspension of shipments in certain 
seasons. The Old Dominion mine at Globe has been sold to interests 
which are largely identified with the Tamarack and Boston and Montana 
groups of mines.

IDAHO.

During 1894 developments have been made by the Lost River Mining 
Company at Houston, Idaho, and a smelting plant has been erected 
which shipped a small amount of copper, but was idle during the 
winter. It is probable that some addition to the supply will come from 
that source in the future. The controlling interest is held by Mr. W. A.
Clark, of Butte, Mont.

UTAH.

A smelting plant was erected during 1894 at Leamington, Utah, on 
the Sevier River, to treat the ores of the Ibex mine in the Detroit 
mining district, but work was not carried on for any long period, it 
having been found that the siliceous ores were too low in copper, which 
was to be a carrier for the precious metals.

TENNESSEE.

In Tennessee the Ducktown Copper and Sulphur Company has been 
the only producer.

NEW REDUCTION WORKS.
A new electrolytic plant is approaching completion at Perth Amboy, 

N. J., owned by M. Guggenheim's Sons. It is estimated that it will 
have a capacity of 40,000 pounds of copper per day. The supply of 
blister will be drawn partly from the works affiliated with the firm. 
At Pueblo, Oolo., the Philadelphia Smelting Company has a copper 
plant treating cupriferous lead mattes and i>urchased copper ores 
which produce from 14,000 to 16,000 pounds of copper per day. The 
same interest owns promising mines in Sonora, Mexico, and have a 
copper smelting and converting plant at Nacosario producing about 
100,000 pounds of copper per month. Finally, there is under develop 
ment at Aguas Calientes, Mexico, mining property, and there is being 
built a copper smelting and converting works capable of producing 
20,000 pounds of copper per day.

IMPORTS.
The imports of fine copper contained in ores, and of regulus and 

black copper, and of ingot copper, old copper, plates not rolled, rolled
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plates, sheathing metal, and manufactures not otherwise specified, and 
of brass, are given in the following tables:
Fine copper contained in ores, and regtiltis and black copper imported and entered for con 

sumption in the United States, 1867 to 1894, inclusive.

Tears ending —

1869.............

1872.............
1873.............
1874
1875 ............
1876.............
1877.............
1878. ............
1879.............

1881.............
1882.............

1885.............
Dec. 81, 1886.............

1888.............
1889..-...:......
1890.............
1891.............

1894.............

1'ine copper contained 
in ores.

Quantity.

Pounds.
3, 490, 994 

24, 960, 604 
1, 936, 875 

•411,815 
584, 878 
702, 086 
606, 266 

1,337,104 
538, 972 

76, 637 
87, 089 
51, 959 

1, 165, 288 
1, 077, 217 
1, 473, 109 
1, 115, 386 
2, 204, 070 
3, 665, 789 
4, 503, 400 
8, 886, 192 
4, 859, 812 
3, 772, 888 
8, 448, 237 
8,931,554 
7, 669, 978 
7,256,015 
8, 154, 915

Value.

$986, 271 
197, 203 
448, 487 
134, 786 
42, 458 
69, 017 
80,182 
70, 688 

161, 903 
68, 922 
9,756 

11,785 
6,199 

173, 712 
124, 477 
147, 416 
118, 849 
219, 957 
348, 798 
841, 558 
194, 785 
381, 477 
274, 649 
241, 732 
774, 057 
453, 474 
435, 448 
600, 709

Kegulus and black 
copper, (a)

Quantity.

, Pounds.

499 
4,247 

1, 444, 289 
28,880 
12, 518 
8,584 
1,874

2,201,894 
402, 640 
224, 052

2,086 
285, 322 

1,960 
27, 650 
4,971 

60, 525 
221, 888 

2, 403, 919 
803, 087 

3, 175, 559 
6, 492, 504

Value.

$60 
1,088 

279, 631 
5,897 
2,076 
1,618 

200

387, 168 
51,638 
30, 018

204 
20, 807 

98 
1,366 

824 
4,244 

15, 688 
214, 877 

17, 390 
202, 197 
184, 131

Total 
value.

$936, 271 
197,203 
448, 487 
134, 736 
42, 5)3 
70, 100 

359, 7«3 
70, 030 

163, 979 
70, 585 
10,016 
11, 785 
6,199 

510, 875 
176, 110 
177, 429 
113,349 
220, 161 
364, 600 
841, 656 
196, 151 
381,801 ' 
278, 893 
257, 420 
988, 934 
470, 864 
687, 645 
784, 840

a Not enumerated until 1871,

Copper imported and entered for consumption in the United States, 1867 to 1894, inclusive.

Tears ending —

1869.......
18711
1871
1 Q79

1875....... 
1876....... 
1877
1878.-.---.

1880
1881-....-.
1882-......
1QQO

1885.......

1887-.--... 
1888-..---.
1889....... 
1890...... .
1891....... 
1892.......
J893

Bars, ingots, and 
pigs.

Quantity.

Pounds. 
1, 635, 953 

61, 894 
18, 212 
5,157 
3,316 

2, 688, 589 
9, 697, 608 

'713, 935 
58, 475 

5,281 
230 

1 
2,515 

1, 242, 103 
219, 802 

6,200

6542 
914 
276 
212 

1,787 
8,160 
5,189 

•2, 556 
22, 097 

554, 848 
006, 415

Value.

$287, 831 
6,985 
2,143 

418 
491 

578, 965 
1, 984, 122 

184, 326 
10, 741 

788 
80 

1 
352 

206, 121 
86, 168 

830

io?
172 
87 
22 

299 
522 
859 
389 

2,588 
58, 480 
42, 688

Old, fit only for 
rem anuf acifcure ,

Quantity.

Pounds. 
569, 732 
818, 705 
290, 780 
255, 386 
369, 684 

1, 144, 142 
1, 413, 040 

738, 326 
896, 320 
239, 987 
219, 443 
198, 749 
112, 642 
695, 255 
541, 074 
508, 901 
830, 495 
149, 701 
81,312- 
37, 149 
39, 957 
37, 620 
19,912 

284, 789 
184, 407 

71, 485 
59, 375 

160, 592

Value.

$81, 930 
42, 652 
84, 820 
81,931 
45, 672 

178, 536 
255, 711 
137, 087 

55, 564 
85, 545 
28, 608 
25, 585 
11,997 
91, 284 
68, 883 
59, 629 
36, 166 
12, 099 
6,658 
2,407 
2,374 
2,535 
1.176 

26, 473 
9,685 
0,114 
6,945 

15,726

Old, taken 
from bottoms of 

American 
ships abroad, (a)

Quantity.

Pounds.

32, 307 
9,500 

11,636 
10, 804 
41, 482

11, 000

14, 680 
16,075 
9,415

Value.

$4, 913 
930 

1,124 
1,981 
5,136 
6,004 
1,107

1,504 
1,629 

666

1,160
584, 
129

1,143

Plates not rolled.

Quantity.

Pounds.

430 
148, 192 
550, 481

8 
5,467

27, 074 
120 

20

Value.

$129 
88, 770 
97, 888

4 
600

4,496 
11 

3

numerated until 1873. 6 Includes "plates not rolled" since 1884.
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Copper imported and entered for consumption in the United States, etc.—Continued.

Years ending —

1868................

1870................
, 1871................

1873................
1874................
1875................
1876................
1877................

1879................
1880................

1883................

Dec. 31,1886................
1887................

1889................

1891................
1892................

1894................

Plates rolled, sheets, 
pipes, etc.

Quantity.

Pounds.

5,855 
2,842 
6,529 

470 
3,770 

37, 925 
5,208 

13, 848 
4,209 

122, 219 
1,788 
7,056 

12, 681

Value.

$1, 101 
1 

39 
2,039 
'7, 487 

18, 895 
4,514

27 
617 
326 
203 

1,201 
786 

4,134 
82 

1,551 
379 

2,330 
120 
339 

5,493 
737 

2.082 
917 

23, 291 
600 

1,065 
1,821

Sheathing metal, in 
part copper, (a)

Quantity.

Pounds. 
220, 889 
101, 488 
43, 660

282, 406 
136, 055 

18, 014 
110 
647 
300 

6,044 
39, 520

6,791 
19. 637 
86, 619 
21, 573 
18, 189 
23, 622 
23, 520 
37, 458 

228, 486 
417, 134 

1.670 
8,422

Value.

$37| 717 
18, 852 
6,592

50, 174 
23, 650 
2,903 

22 
55 
20 

693 
4,669

1,047 
926 

9,894 
1,917 
1,867 
2,696 
2,572 
4,467 

29,112 
51, 380 

167 
1,470

Manufac 
tures not 
otherwise 
specified.

Value.

$15, 986 
21,492 
43, 212 

485, 220 
668, 894 

1, 007, 744 
869, 281 
125, 708 

35, 572 
29, 806 
41,762 
35, 473 
39, 277 

130, 329 
284, 509 

77, 727 
40, 343 
55, 274 
61,023 
31, 871 
37, 289 
14, 567 
13, 430 
24, 752 
12, 926 
49, 764 
16, 106 
3,851

Total value.

$424, 565 
89, 932 
86, 806 

519, 608 
722, 673 

1, 817, 910 
3,216,429 

448, 252 
127, 272 
71, 949 
75, 761 
68, 319 
58, 035 

432, 522 
390, 318 
141, 372 

78, 601 
.71,290 
79, 027 
37, 155 
47, 174 
20, 834 
19, 782 
57, 468 
75, 403 

110, 446 
89, 149 
66, 699

a Does not include copper sheathing in 1867,1868, and 1869.

The source of the imports of fine copper in ore into the United States 
during 1893 and 1894 is shown in the following table:

Imports of fine copper in ore in 1S93 and 1894.

Dominion of Canada:

Newfoundland and Labrador. ....

Total...........................

18

Quantity.

Pounds.

1,344
4 795 704

7,790
1,788,261

257, 112

7. 723, 387

93.

Value.

48

778
91, 099 
41, 201
12, 570

467, 988

18

Quantity.

Pounds.

4, 599, 505
78, 380

2, 028, 261

236, 750

94.

Value.

*OXO 7Ofl

113, 931 
18, 356

408

a, All from Peru.

For the year 1893 the above table includes 467,372 pounds which were 
either reexported or entered in bonded warehouses and not withdrawn 
during 1893, so that the actual amount of imported fine copper con 
tained in ores consumed in the United States in 1893 was 7,250,015 
pounds, as given in the table on page 344.
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The imports of copper in ore and in the form of pigs, bars, and old, 
monthly are presented in the following table:

Imports of copper in ore and as pigs and bars, monthly, in 1893 and 1S94.

Months. '

July........... .......-----..-......

Fine, in ore.

1894.

Pounds. 
690, 633 
330, 673 
628, 267 
395, 236 
441, 541 
225, 538 
549, 200 
583, 662 

f a 38 
\ 15, 342 
f 10, 677 
i a 75 

a 877 
0,1,877

3, 870, 769 
a 2, 867

1893.

Pounds. 
611, 548 
462, 659 
530, 864 
733, 007 
191,861 
654,119 
620, 746 
646, 294

1, 157, 942

736, 691
876, 420 
501, 176

7, 723, 387

Piga, bars, ingots, and 
old.

1894.

Pounds. 
673, 200 
129, 765 

95, 225 
42, 326 

132, 902 
302, 269 
170, 575 
743, 062
174, 354

521, 006
275, 530 
185,910

2, 289, 324 
1, 157, 400

1893.

Pounds. 
965, 539 
198, 009 
262, 206 

1,581,453 
801, 336 

32, 628 
114, 610 
193, 470

1, 112, 794

85, 241
234,710 
454, 694

5, 536, 690

a Tons.

EXPORTS.
The exports of copper in the form of ore (including matte), ingot cop 

per, and manuiactured copper for a series of years have been as follows:
Copper and copper ore of domestic production exported from the United States, 1S64 to 1894. 

[Cwts. are long hundredweights of 112 pounds.]

Tears finding —

June 30, 1864......
1865.....
1866.....
1867.----
1868.-.-.
1869.---.
1870.....
1871.---.
1872.....
1873...-.
1874.-...
1875.....
1876..--.
1877.....
1878.--..
1879.-...
1880.-..-
1881.-...
1882...--
1883..-.-
1884.....
188R..-..

Dec. 31,1886.....
1887..--.
1888.....
1889.--.-
1890.....
1891.--.-
1892.....
1893...-.
1894.....

Ore and matte.

Quantity.

Owts.
109, 581
225, 197
215, 080
87,731
92, 612

121,418
a 19, 198
a 54, 445

35, 564
45, 252
13, 326

a 51, 305
15, 304
21,432
32, 947
23, 070
21, 623
9,958

25, 936
112, 923
386, 140
432, 300
417, 520
501, 280
794, 960
818, 500
431,411
672, 120

6943,040
835, 040

87, 040

Value.

$181, 298
553, 124
792, 450
817, 791
442, 921
237, 424
537, 505
727, 213
101, 752
170, 365
110, 450
729, 578
84,471

109, 451
169, 020
102, 152
55, 763
51, 499
89, 515

943, 771
2, 930, 895
4, 739, 601
2,341,164
2, 774, 464
6, 779, 294
8, 226, 206
4,413,067
6,565,620
6, 479, 758
4, 257, 128

440, 139

Pigs, bars sheets, and 
old.

Quantity.

Pounds.
102, 831

1, 572, 382
123, 444

a 4, 687, 867
1, 350, 896
1, 134, 380
2, 214, 658

581, 650
267, 868

38, 958
503, 160

5,123,470
14, 304, 160
13,461,553
11, 297, 876
17, 200, 739
4, 206, 258
4, 865, 407
3, 340, 531
8, 221, 363

17, 044, 760
44, 731, 858
19, 553, 421
12,471,393
31, 706, 527
16, 813, 410
10, 971, 899
69, 279, 024
30, 515, 736

138, 984, 128
162, 393, 000

Value.

$43, 229
709, 100

33, 553
303, 048
327, 287
233, 932
385, 815
133, 020
64, 844
10, 423

123, 457
1, 042, 536
3, 098, 395
2, 718, 213
2, 102, 455
2, 751, 153

667, 242
786, 860
565, 295

1, 293, 947
2, 527, 829
5, 339, 887
1. 968, 772
1, 247, 928
4, 906, 805
1, 896, 752
1,365,379
8, 844, 304
3, 438, 048

14, 213, 378
15, 324, 925

Manufac 
tured.

Value.

$208, 043
282, 640
110,208
171, 062
152, 201
121, 342
118,926
55, 198

121, 139
78, 288

233, 301
43, 152

343, 544
195, 730
217, 446

79, 900
126, 213
38, 036
93, 640

110, 286
137, 135
107,536

76, 386
92, 064

211, 141
86,764

139, 949
293, 619
245, 064
464, 991

Total value.

$432, 570
1, 544, 870

936,211
791, 901
922, 409
592, 698

1, 042, 246
915, 431
287, 735
259, 076
467, 208

1, 815, 266
3, 526, 410
3, 023, 394
2, 488, 921
2, 933, 205

849, 218
876, 395
748, 456

2, 348, 004
5, 595, 859

10, 187, 024
4, 386, 322
4.114,456

11, 397, 240
10, 209 722
5,918.395

15, 703, 543
10. 162, 870
18, 935, 497

378, 040 16, 143, 094

a Evidently errors in quantities. & Corrected, figures.
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Since the United States has become one of the most important 
contributors to the world's markets of copper, the following table is 
presented showing the monthly shipment of bars and ingots to the 
leading countries. The Bureau of Statistics does not, unfortunately, 
attempt a further subdivision of the large quantity reported under the 
heading "Other countries in Europe." A large part of this copper, 
however, goes to Russia:

Destination of exports of copper liars and ingots in 1894.

Months.

April...... ......
May .............

July.. ...........

October..........

Total, 1894..

Total, 1893......

United 
Kingdom.

Pounds.
4, 504, 682
8, 102, 038
5, 443, 357
6, 714, 265

6, 947, 997
4, 664, 920
5, 846, 497

3, 807. 555
5 444 936' '

67, 621, 830

42, 649, 832

Germany.

Pounds.

1 771 324
1, 232, 516
2, 236, 468

2, 641, 849
2, 697, 425

700, 641
644 729'

20, 359, 114

17, 677, 887

France.

Pounds.
1,301,980
1, 632, 824

868, 033
1, 108, 673

1,085,965
2, 337, 596
2, 694, 783

1, 257, 704
2, 913, 586

20, 419, 969

27, 960, 646

Other 
countries m 

Europe.

Pounds.
3 899 963
5, 364, 288
3, 460, 934
3, 000, 038

4, 207, 739
5, 693, 641
4, 696, 942

3 387 5991 '
53, 447, 119

49, 914, 487

Other 
countries.

Pounds.
54, 567
78, 515
30, 335
41, 072

40, 759
6,420

108 748
41, 987
48, 037

544, 963

781, 276

Total.

Pounds. 
14, 652, 758
11, 859, 339
16, 948, 989
11, 035, 175
13, 100, 506

13, 892, 863

8, 634, 763
12, 438, 887

162, 393, 000

138, 984, 128

Practically the export of copper in the form of matte has ceased. In 
1894 the total quantity exported was 4,352 long tons, and of that the 
greater part was matte carried in stock for many years as a legacy of 
the days of the French syndicate. Shipment of it was begun in 
November.
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THE COPPER MARKETS.

The following table summarizes the highest and lowest prices ob 
tained for Lake copper monthly in the New York markets from 1860 
to 1894, both inclusive:

Highest and lowest prices of Lake Superior ingot copper, by months, from I860 to 1894.

Tears!

[Cents per pound.]

January. February. March. April. May.

| 

I

Juno.

1860..
1861..
1862..
1863..
1864.
1865..
1866..
1867..
1868.
1869..
1870.
1871..
1872.
1873..
1874..
1875..
1876..
1877..
1878.
1879..
1880. 
1883.. 
1882'.
1883..
1884.
1885.
1886.
1887.
1888.
1889.
1890.
1891.
1892.
1893.
1894.

24
20
28
35
411
50J
42
29i
23J
22*

22{
28*
35
25
23J

19* 
174 
16 
25

20*. 
184 
15 
114

12 
"A
*?

15
11
124

19
25
35
41J
44
354
274
224
26
20J
2-1 {
28i
34

22
19
"
15J
24
19*
19
17J
HJ
10f
Hi
10J 
16
164 
14J

12
111

2o
30
43
30
29
24
24
231
19
21|
36
32
241
22|
21
18
16i
16
18
18J
18

10

i6,i
12

12} 
12 
11 
9i
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Highest and lowest prices of Lake Superior ingot copper, etc.—Continued.

Tears.

1860..........
1861..........
1862...------.
1863.......-.-
1864.-.-......
1865.......--.
1866..........
1867..........
1868.---...--.
1869..........
1870..........
1871..--.-.--.
1872..........
1873----...-..
1874...... ....
1875..--...-:.
1876..........
1877-.-.-..--.
1878......----
1879..-.-...'..
1880....-..--.
1881..........

1883..
1884.. 
1835.. 
18IS6--
1887..
1888..

1890...........
1891..........
1892..........
1893..........
1894..-......-'

July.

Ml
5

214
174
22i
29
49
28
31
24
231

20 
22|
194
19
16
16
184
16
184
15
135
10J
10
104
16J3
12
164
12J
Hi

August.

214
17J
24
29
50
304
30
25|
24
21{
204
22J
324
27
19
23

16
16
19
168

i?
13J 

10
log
16j 
12 
17 
12

September.

175

HA

October.

214
20
27
32i
47
32J
30J
22J
23
22
214 
23J 
31i
24 
21J
25

154
18
18J
18
18
154
12J
10*
Hi
10A

November.

20J 
20J 
304
344
.47
33
264
22»
224
22
215
23J
30J
21
22J
23
20

21
18J
181
18
141
124
10*
11J
Hi*
17i
Hi
16i
II
III

December

204
27
314
381
50
45i
29
23
244
22
22f
27
324
25
23i
238
20
17|
16
214
191
208
18
15
124
114
124
17|
"144
16H4 124 104
10
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The prices actually realized differ, of course, from the averages of 
these quotations. For a number of years they are recorded in the 
following table, the quantities sold being added:

Prices realizes for Lake copper from 1888 to 1894.

Mines.

Allonez.......
Franklin .....
Atlantic......
Central.......
Huron........
Osceola.......
Quincy.......
Kearsarge....
Tamarack (a).

1888.

Sales.

Pounds.
314,198 

3, 655, 751 
3, 974,972
1. 817, 023
2. 414,169
4,134, 320
6, 367,809

829,185
11. 036, 469

Average 
price.

Cents. 
13.71 
15.07 
14.78 
14.80 
14.92 
15.03 
15.93 
16. 60 
12.90

1889.

Sales.

Pounds. 
1,762,816 
1,300, 667 
3, 698, 837 
1, 270, 592 
1, 900, 081 
4, 534,127 
6, 405, 686 
1,918,849 
8, 928, 249

Average 
price.

Oente. 
12.08 
12.05 
12.09 
12.57 
12.83 
11.94 
11.96 
12.58 
11.99

1890.

Sales.

Pounds. 
1,407, 828 
2,529, 542 
2, 821, 616 
1,413, 391 
1,375, 000 
B, 294, 792 
8, 064, 253 
1, 598, 525

H, 076, 957

Average 
price.

Cents. 
14.73 
14.80 
15.21 
14.94 
14.86 
15. 51 
15.36 
15.08 
14.01

Mines.

Allouez.-...-- 
Franklin .....
Atlantic......
Central.......
Huron........
Osceola.......
Quincy .......
Kearsarge ....
Tamarack (a) -

1891.

Sales.

Pounde. 
1, 241, 423 
1, 862, 081 
3,180,135 
1, 313,197

6, 543, 358
10, 542, 519

1, 727, 390
16,805,360

price.

Cents. 
12.06 
12.61 
12.86 
12.02

12.51
12.84
12.38
11.35

1892.

Pounds.
546, 530 

3, 769, 605 
3, 703, 875 
1, 625, 982

7, 098, 656
11,103, 926

1, 467,758
16, 061,106

Aver 
age 

price.

Cents. 
11.45 
11.75 
11.69 
11.95

11. 69
11.27
11.39
11.53

1893.

Pounds.
3. 504,244
4. 221,933
1,180, 040

6, 715, 870
14, 398, 477

1, 627, 030

Aver 
age 

price.

Cents.
9.91

10.63
10.42

10.95
10.48
10.87

1894.

Sales.

Pounds.
3, 556, 487
4,437, 009

6, 918, 502
15,484, 014

1, 998, 710

Aver 
age 

price:

Cents.

a Fiscal years ending June 30, 1889, 1890, 1891, 1892, 1893, and 1894. .

The early part of 1894 was a period of almost constant decline in the 
price of copper, with a continued pressure on the part of American pro 
ducers to market metal abroad. There was a temporary spurt of activ 
ity toward the end of February, and some good buying of electrolytic 
copper in March. In April the strike on the Great Northern Rail 
road system seemed to threaten for a time the delivery of ore to smelt 
ers and the shipment of product. Weakness was the predominating 
feature in May, which finally culminated early in June in large sales to 
consumers of Lake copper by the leading companies at 9 cents. The 
total quantity involved was up ward of 20,000,000 pounds, the Lake pro 
ducers having recaptured a good deal of trade which had been lost to 
the makers of electrolytic copper. Some displacement even of casting 
brands was effected. July was uneventful, but in August a livelier 
movement developed in England. A sale of about 20,000,000 pounds 
by a leading Lake producer to domestic consumers at 9 cents was also 
reported. A movement was again on foot to reach an agreement 
between American and European producers to restrict production, but 
the negotiations eventually fell through. A better feeling developed 
on both sides of the Atlantic in September, and in this country, under 
a moderate business, prices advanced quite sharply. The quiet of the
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market in October was somewhat disturbed by resales on the part of 
consumers who had contracted at 9 cents, and temporary interest was 
aroused by reports of negotiations for large quantities for delivery 
during the first quarter of 1895.

In November the scarcity of furnace material led to the sale of 6,200 
tons of Montana matte, in store in New York, a legacy of the days of 
the French syndicate. Of this quantity 4,500 tons was taken by Eng 
lish, smelters at 8s. 3d., the balance going to American works. Toward 
the end of the month a report gained currency that the Anaconda and 
Calumet and Hecla companies had concluded an agreement by which 
the Anaconda Company reduced its production to the rate of about 
6,500,000 pounds monthly. A sharp turn took place in December 
which even purchases of American copper in England for shipment to 
this country did not materially influence adversely. The year closed 
with large sales by the leading Lake company to home consumers at 
10 cents.

The following table shows the fluctuations in prices in the English 
market:

Average values of copper in England.

Tears.

1880.................................
1881.......-.--.-...-...-.....-......
1 SSO

1 Sfll
1SS.1
•1OOK

1887 .................................
1QOQ

IflftQ

1891.................................
-loan
•1OQO

Chile "bars 
orG. 0. B.

Long ton. 
& «. d. 
62 10 0

66 17 0
63 5 10
54 9 1

79 19 44
49 10 5
54 5 5
51 9 8J
45 1 2 Sir

Ore, 25 per 
cent.

Per unit, 
s. d. 
12 9
12 6
13 61
12 H
10 54

8 4
7 9
8 6

14 3i
9 6J

10 7

8 7
8 5
7 6£

Precipitate.

Per unit, 
s. d. 

12 H
1 *t RJL
13 10&
12 10TV
11 1

9 OJ
8 3&
8 11J

16 3

In detail, the fluctuations, monthly, of good merchant copper in the 
English market were as follows in 1892, 1893, and 1894:

Fluctuations in good merchant copper in Unr/land in 189%, 1893, and 1394.

Months.

April ..............................
May ................................

July.............-.......-.. — .-..

1892.

* «. d.

44 1 5J

46 10 4
45 19 9
44 19 5J
44 12 2Jt
44 5 2

46 13 lOJ
47 4 IOJ

1893.

* s. d. 
46 1 8
At. I q Ol
AK i I 73

43 15 1?

42 17 4

42 13 2J

43 8 2|

1894.

£ *. d. 
42 1 6i
41 6 8-

40 10 10;
H9 10 5;
QQ 1 0 Q3.

41 ' 1 0
41 2 104

40 16 54
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THE WORLD'S PRODUCTION.

Henry E. Merton & Co., of London, have compiled the following state 
ment of the world's production, the figures being modified by this oifice 
where official statistics are available:

The copper production of the world, 1SS7 to 1S94, inclusive. 
[Long tons.]

Countries.

EUROPE.

Spain and Portugal : 
Rio Tinto. .........

Mason and Barry.. 
Sevilla. ............

Poderosaand others 
Germany :

Other German .....

Italy...................

Total Europe ....

NORTH AMERICA.

Mexico :

Other Mexican. ....

Total North

SOUTH AMERICA.

Bolivia:

Venezuela- : 
New Quebrada. .... 

Argentine Republic...

Total South

AFRICA.

Cape of Good Hope : 
Cape Company ....

Total Africa.....

ASIA.

Total Asia *

AUSTRALIA.

1894.

11,000
a, 4, 200

205
a 4, 600 

14, 990
2,210

310

5,000

81. 741

158,120

1,400

175, 290

2,300

2,500 
230

5,000

6,500

a 20, 050

20, 050

1893.

425

11, 000
a 4, 400 

1,270
625

0,5, COO

2,000

210
535

2,500
5,000

82, 744

2,040

7,980
900

181, 573

21, 350

2,500

2,850 
160

5,200

6,090

a 18, 000

1892.

31 , 539
11, 258

a 4, 400

a 6, 800

1,935 
1,100

00 K

735

84, 979

2,390

6,415
900

2,860

3,100 
200

29, 015

5,670

C, 120

1891.

720

on 007

a 4, 150 
875
son

a 5, 500

1,900 
965
•JQt\

1 247
9 OfW)

81,364

3,500
2,040

4,175
1,025

137 579'

19, 875

2,150

6,500 
210

5,100

6,120

1890.

935

a 5, 600

565
a 4, 225

1,825 
1,210

830

2,200
4,800

80. 790

115, 966

1,735

3,450
875

125, 076

26, 120

150

. 5,640 
150

5,000

6,570

17, 972

7,500

1889.

29 500
all, 000
a 5, 250

a 6, 500 

15, 506
a 1,850

830

4,070

83,813

101, 239

2,615

3,280
500

110,134

24, 250

275

6,068 
190

160

I a, 7, 700

7,860

16, 125

16, 125

8,300

1888.

a 7, 000

1,250
a 7, 000 

13, 380
a 1, 850

858
1,036

4,700

89, 854

2,050

2,566
200

108, 120

31, 240

1,450
250

4,000 
150

37, 090

50

7,500

7,550

13, 054

7,550

1887.

389

a 7, 000

4,060 

13 025
a 1, 850

531
905

2,500

78, 402

1,400
1,180

100

85,647

29, 150

50

2,900 
170

7,250

7,400

7,700

a Estimated.
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The copper production of Hie world, 1887 1o 1894, inclusive—Continued. 

RECAPITULATION*. . . 
[Long tons.]

Countries.

Asia...................

Total ............

1894.

81 741

9,000

1893.

161,573

18, 000
7 500'

1892.

84 979

29 015
6,120

19, 000
0,500

1891.

187, 579
29 015

6,120
18, 500

1890.

80 790

33, 960

17 972
7 r Af|

271, 868

1889.

83 813
110, 131
ot Qg3

16, 125
8 300'

258, 215

1888.

89 854
108, 120

37 090
7,550

13, 054
7 550'

1887.

78, 402
85, 647

7,400

THE ENGLISH COPPER TRADE.

Since England is one of the leading copper markets of the world, the 
following tables, showing the import and export movement, are of great 
interest:

British, imports anil exports of coppr.r. . .

Years.

1860......................

1871 ......................

1871
1874
1875
1876 ......................

1880 ......................
1881

1885 ......................

1887 ......................
1888 ......................

1890 ......................
1891 ......................
1 QQ2

1893 ......................
1894 ......................

Imports of —

Bars, cakes, 
and ingots.

Long tons. 
13, 142 
23, 137 
30, 724 
33, 228 
49, 000 
35, 840 
39, 906 
41, 931 
39, 145 
39, 743 
39, 360 
46, 670 
36, 509 
32, 170 
35, 509 
35, 658 
39, 767 
41, 938 
42, 969 
29, 198 
44, 603 

6 38, 576 
c 4fl, 461 

44, 2)3 
d 35, 015 

41, 829 
56, 158

Copper in 
ores and 
furnace 
products.

Long tons. 
13,715 
23, 922 
27, 025 
23, 671 
21, 702 
26, 756 
27, 894 
29, 483 
36, 191 
53. 582 
48, 212 
50, 481 
56. 225 
54, 057 
58, 366 
63. 493 
69, 623 
81,616 
65, 046 
73, 891 
90, 867 

101, 407 
91, 788 
94, 403 
99, 356 
88, 003 
68, 851

Total im 
ports.

Long tons. 
26, 857 
47, 059 
57, 749 
56. 899 
70, 702 
62, 596 
67, 800 
71, 411 
75, 336 
93, 325 
87. 572 
97, 091 
92, 734 
86, 227 
93, 875 
99, 146 

109, 390 
123, 549 
108, 015 
103, 089 
135, 470 
139, 983 
141, 249 
138, 616 
134, 871 
129, 832 
125,009

Exports.

Long tons. 
26, 117 
41, 398 
53,006 
56, 633 
53, 195 
55,716 
59, 742 
51, 870 
52, 468 
54, 088 
55, 001 
62, 412 
59, 482 
61, 689 
55, 683 
59, 350 
64, 691 
62 080 
60, 511 
69, 458 

a 72, 066 
75, 627 
89, 747 
76, 05S 
82, 542 
70. 986 
54; 689

Apparent 
English 
con sump- 

tion.

Long tons.

30, 774 
32, 879 
31, 607 
42, 877 
40, 469 
51, 263 
54, 323 
41,158 
53, 096 
42, 562 
65, 759 
66, 170 
59, 223 

e 48, 367 
66, 817 
61, 330

alncliiding 22,557 tons of Chile bars transferred to France, 
b Including 1,166 tons of Chile bars transferred from France to England.
c Including 3,501 tons of Chile bars transferred from France to England. . ' 
d Including 3,585 tons of Chile bars transferred from Trance to England.
e Add 4,001 tons fcr comparison with former years, the diiference arising from the new method of 

making up stock.

The English export trade in copper has fallen off heavily, having 
been in 1894 11,556 tons less than iu 1893, and 27,853 tons less than in 
1892, because American copper now goes direct to France, Germany, 
and other countries 011 the Continent which formerly was smelted and 
handled in England.

16 GEOL, PT 3——23
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The following figures from the board of trade returns, supplemented 
by James Lewis & Son, of Liverpool, for the past nine years show in 
detail the form iu which the copper is brought into Great Britain and 
in what form it is exported:

Imports of copper Into Great Britain from 1SS6 to 1894, inclusive,. 

[Long tons.1 ;

Character.

Pure in precipitate. . -

Vure in regulua ......

1888.

13,905
19. 323

18, 069

108, 015

1887.

14, 940
21,819 
15, 148
21, 984

1888.

15, 448
26, 366

29, 601 
44, 603

1889.

10, 097
25, 110 
22, 219
37, 981

1890.

16, 422
25, 563

31, 803

1891.

15, 406
29, 326 
14, 172
35, 499 
44, 213

1892.

15, 110
28, 4i4 
13, 585
42,217 
35, 015

134 371

1893.

15, 320
24, 988 
11, 701
35, 994 
41, 829

1°9 83°

1894.

15,401
24,878
12, 804
15, 767
56,158

125. 008

The following table gives the details relating to the British imports 
of precipitate and regulus:

Imports of precipitate and reyulus into Great Britain from 1SS6 to 1894, inclusive.

[Long tons.]

Countries.

Chile...........
United States.. 
Other countries .

1886.

(i, 657
38, 666
1,637

16, 105 
5,240

Fine 
cop 
per.

737
10, 853 

1,770

1887.

UO, 758
}37, 893

1.595
24, 229 
5,366

Fine 
cop 
per.

718
15,039 
2,292

1888. 
Fine
COJ>'
per.

734
20, 752 

4, 362

1889. 
Fine 
cop 
per.

1,919
26, 581 
6,434

63, 091

1890. 
Fine 
cop 
per.

28, 018
2,122

18, 897 
8, 329

57, 866

1891. 
Fine 
cop 
per.

Oi, ^ttjO

595
19, 109 
12, 696

64, 825

1892. 
Fine 
cop 
per.

24, 668 
11,444

1893. 
Fine 
cop 
per.

2,714
20, 700 
8,209

1894. 
Fine 

copper.

626
2,133 
9, 2«

The most striking fact in this table is the practical cessation of ship 
ments of copper in the form of matte from this country, that source of 
revenue to English smelters having been cut off through the develop 
ment of the electrolytic plants in the United States.

Messrs. James Lewis & Son, of Liverpool, estimate as follows the 
imports of copper produce into Liverpool, London, and Swansea during 
the years from 1886 to 1894, which represent the total imports, with the 
exception of precipitate, into Newcastle and Cardiff, reliable returns 
of which can not be obtained, but which is estimated to vary from 
8,000 to 10,000 tons fine per annum in former years, and as high as 
25,000 tons lately:
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Imports of copper product into Liverpool, Swansea, and Lnnclon. 

.[Long tons.]

Co tin tries.

Chile..................

Spain and Portugal. . . . 
Spain and Portugal

Spain an d Poi tugal

Cape of Good Hope. . . .

Italy ..................

Total tuns fine. . .

1886.

97 1Q1

5,721

10, 096
7,073 
3,055

8

243
68

179
1,049

!)7, 461

1887.

0 A flflQ

5,178

14, 940

8,271

61
18

167
1,074

89, 304

1888.

25, 730
5,915 

15, 568

8,829 
3 574

545
156

202

4,054

117,531'

1889.

22, 070
OA 79Q

5, 189'

16, 097

11, 507

2,523

234
181

3,938
271

1,389

123, 782

1890.

99 QflQ
20, 171
5,202 

18,430

16, 422
6,561
9,927 
5,245

80

3,325

143
225

122,337

1891.

14, 378

4,784

6,285
7,452 
5,017
7,852

30

279
211
236

111,490

1892.

5,372

5 547
8,092

4,989

yg

869

1, 245

109, 772

189;!.

15, 875

5,674

6 393
5,472 
1,434
2,370

50

462
160

1 944'

105, 638

. 1894.

4,674 

10,642

6,481
6,112
2 097

3 299
763
30

1,279
1', 408

•113
229
QSC

101,514

The United States, it will be observed, continues to be the heaviest 
contributor to the English market.

The quantities of copper in different forms which were imported from 
the United States to Great Britain and France are given in the follow 
ing table. The figures for the receipts in Germany and Russia, very 
important in recent years, are, unfortunately, not available:

Imports of copper from the United States in England and 1'rance.
[Long tons.]

England : 
Ore

Baru and ingots .....

Total .........

United States into End- 
land and France. .... .

Chile into England and

1385.

1,875

3,375

24, 145

33, 380

35, 342

1886.

420
10, 853
2,210

13, 483

17, 6bO

1887.

15, 039
1,469

16, 534 
3 9101

20, 444

29 019

1888.

298
20, 752
4,680

25, 730

82, 226

32 947'

1889.

349
26, 581
3,799

30, 729 
1,058

31,787

99 ftOfl

1890.

1,269

20, 171 
1 7331

21, 904

1891.

4

7,007

26, 120 
8 329

34, 449

18 SOP

1892.

18

1,427

26, 113 
4,340

80,453

19, 840

1893.

23
20, 700
14, 924

35,647

48, 130

1894.

28, 357

30, 495

39, 743
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The exports of copper from Great Britain, estimating the fine eon- 
tents of alloys, were as follows:

Exports of copper from Great Britain from 1886 to 1894, inclusive. 
[Long tons.]

F Character.

English, wrought and

Yellow metal, at 60 per
Brass, at 70 per cent .....

Total...............

Total...............

1888.

17, 927J

3, 001
51, 922

60 511

1887.

40, 700

3,146

69, 453

1888.

4,518
2,650

72, 066

1889.

48, 188

9,195
3,778

14, 470
75, 627

1880.

8, 721

72, 806

1881.

8,547
8,992

64,804

76, 056

J882.

58,518

8,853
8,788

71,154
11,388

1893.

8,745
4,019

58. 143

70, 986

1884.

34,874 '

8,888 .

6,498

a Including 22,557 tons Chile bars transferred to "France.

The falling oif is, of course, due principally to the loss in continental 
business to direct shippers from this country, already alluded to.

IMPORTS INTO FRAMCE.

The direct imports of copper from different countries into France 
were as follows, for a series of years:

Direct imports into France from 1886 to 1894, inclusive. 
[Long tons.]

Countries.

Chile............
"Onitbd States . . .
Other countries .

1886.

4,167

1, 800

1887.

a, 810
1,048

1888.

6,496

6,905

1889.

2,470
1,058

1,715

1890.

2, 808
1,788

975

5,511

1881.

4,442
8,329

2, 118

14, 889

1892.

2,221
4.340 
2,515
2,208

11, 284

1883.

8,842
12, 483 
7,320
2,908

28, 858

1894.

8,812
a, 248
6,289
1,588

20, 947
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THE TjEADIjSfG FOREIGN PRODUCERS.

The Rio Tinto Company iu 1894 extracted 1,387,095 tons of ore," 
498,540 tons being for shipment, and 888,555 tons for local treatment. 
The following table shows the production of the company for a series 
of years:

Pyrites and copper statistics at liio Tinto, Spain.

Tears.

1876.......... '.
1 ft77
1878
1879............
1880 ....... i .. 
1881 ........... 
1882 ...........

1885 ...........
1886 ...........

1888 ...........
1889 ...........
1890 ...........
1891 ...........

1893 ...........

1894...........

Pyrites extracted.

For 
shipment.

Tone. 
189, 962 
251, 360 
218,818 
243, 211 
277, 590 
24!,, 098 
259, 924 
313,291 
312,028 
106,772 
336, 548 
362, 796 
431,316 
389, 913 
396, 349
464, 027 

406, 912 

477, 656 

498, 510

For local 
treatment.

Tons. 
159, 196 
520, 391 
652, 289 
663, 359 
637, 567 
713, 949 
688, 307 
786, 682 

1,057,890 
944, 694 

1,041,833 
819, 642 
969, 317 
824, 380 
865, 405
972, 000 

095, 151 

851, 340 

888, 555

Total.

Tons. 
349, 158 
771,751 
871, 107 
906, 600 
915, 157 
993, 017 
918,231 

1, 099, 973 
1, 369, 918 
1, 351, 166 
1, 378, 381 
1, 182, 438 
1,403,633 
1, 214, 323 
1, 201, 754 
1, 436, 087

1, 402, 063 

1, 332, 002 

1,387,095

Average 
copper 

contents.

Per cent. 
1.5 
2.375 
2.78 
2.78 
2.865 
2.75 
2.805 
2.956 
3.234 
3.102 
3.046 
3.017 
2.949 
2. 854 
2.883
2.619 

2.819 

2.996 

S. 027

Pyrites consumed. 
Average copper 

contents.

Tons. 
158,597 
211, 187 
211, 403 
236, 819 
274, 210 
25«, 827 
272, 826 
288, 104 
311. 751 
354, 501 
347, 024 
385, 842 
393, 149 
395, 081 
397, 875
432, 532 

435,758 

169, 339 

485, 441

Per cent. 
1.5 
2 
2.18 
2.45 
2.481 
2. 347 
2.401 
2.387 
2.241 
2.2TO 
2. 306 
2. 283 
2.208 
2. 595 
2. 5S5 

( 2.650 
J 1. 309} 
< 2. 569 
i 1. 465 
C 2.659 
) 1.544 
( 2. 594 
i .988

Copper 
produced 
at mines.

Tons. 
946 

2,495 
4,184, 
7,179 
8, 559 
9,46(i 
9,740 

12, 295 
12, 668 
14, 593 
15, 863 
17, 813 
18, 522 
18, 708 
19, 183
21, 227 

'20,017 

20,887 

20, 600

There was brought to market in 1894 20,425 long tons of refined 
copper, and 10,630 tons of copper in pyrites, a total of 31,061 tons.

The company has a capital stock of £3,250,000, and has outstanding 
three series of 5 per cent bonds, aggregating £3,437,060, there having 
been retired since the issue of the first series in 1880 £862,940. In 
1894 the profit on sale of produce was £459,406; rents added £11,131, 
and the adjustment of exchange £86,547. The interest on bonds 
amounted to £174,765; income tax, French dues on stock and bonds, 
and taxes in Spain was £29,147; interest aud commissions was £3,654; 
the expenses of administration in London was £18,864, and in Spain, 
£50,521. There was written off on plant £23,933, and there was paid 
for the redemption of mortgage debt, £97,300. A dividend of £130,000 
was paid,1-and £75,000 was carried to the reserve fund. The manage 
ment abandoned the method of manganese and salt chlorination.

The profit of the Tharsis Company was reduced from £170,852 in 
1893 to £120,346 in 1894. Dividends aggregating £125,000 were paid. 
The gross mining profit was £203,836, from which there was deducted 
£21,964 for general expenses and taxes and £56,526 for interest, de 
preciation, and fire reserve. From the Tharsis and Calanas mines there 
was extracted 588,427 tons of ore in 1894, against 610,822 tons in 1893
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aud 504,706 tons in 1892. The export shipments of pyrites were 209,240, 
250,250, and 235,162, respectively, Avhile the output of copper precipi 
tate was 7,386 tons, against 7,330 tons in 1893 and 7,686 tons in 1892.

The third large company of the peninsula is Mason & Barry, which, 
in 1894, broke 196,922 tons of ore, as compared with 209,814 tons in 1893, 
and in that year shipped 242,386 tons, as compared with 172,376 tons in 
1893. After writing off £10,763 for depreciation there remained a net 
profit of £12,283, to which were added dividends on the Sabina mine 
of £9,755 and £7,456 revenue from sundry sources, making a total of 
£29,494, out of which a dividend of 2s. 6d. was paid.

The great Mansfeld Company in Germany, one of the large pro 
ducers of the world, suffered a heavy loss in 1894. It amounted to 
4,054,328 marks, as compared with a loss of 1,972,731 marks in 1893. 
The company as an important silver producer was affected not alone 
by the low prices of copper, but also by the decline in silver.

The Cape Copper Company for the fiscal year ending August 31, 
1894, sold ore and copper for £188,046, the ore averaging 19| per cent. 
The profit was £76,904, out of which £43,125 was paid in dividends.

The copper imports of Austria in 1893 were 11,823 metric tons. In 
1894 the quantity rose to 13,383 metric tons, of which 2,635 metric tons 
are returned as having come from the United States.

The only one of the large companies in the world which materially 
increased its product in 1894 was the Boleo, in Lower California, Mexico, 
controlled by the Eothschilds of Paris. The amount of copper pro 
duced rose from 8,107 metric tons in 1893 to 10,837 metric tons in 1894. 
It is understood that the development of the present plans, with the 
equipment available, aims at a product of about 12,000 tons annually. 
The Boleo Company worked at a loss until the last year, the aggregate 
being 2,499,413 francs. In 1894 the sales of copper yielded 6,448,302 
francs, the average selling price being 775 francs. There was an increase 
in stocks of metal and ore of 1,720,354 francs, making a total of 
8,168,656 francs. The expenses were 5,649,926 francs, including 
1,277,918 francs for development and new plant, thus leaviug a gross 
profit of 2,518,730 francs. There were mined in 1894 132,860 tons of 
ore, yielding an average of 7.93 per cent, against 115,115 tons and 7.04 
per cent, respectively, in 1893. The company has a capital stock of 

'12,000,000 francs, and an issue of 6,000,000 francs of bonds has been 
authorized to pay off a floating debt of 4,560,000 francs and provide a 
fair working capital.



BY CHARLES

INTRODUCTION.

The year 1893 was one of exceptionally low prices for lead, to which 
the uncertainties of the tariff and the financial situation largely con 
tributed. The lead mining and smelting industry shared in the general 
depression of business, and showed a further decline. Even with the 
light demand, it was necessary to draw more liberally upon foreign 
sources to supplement the deficiencies in the domestic supply. There 
has been some shifting in the latter. The lead regions of the Mis 
sissippi Valley are growing quite rapidly in importance, while the 
quantities of the metal derived from the Eocky Mountain States and 
Territories have fallen off.

There have been no sensational developments of new camps which 
promise to repeat the sudden additions to the supply which followed 
.the discovery of the Eureka, Leadville, Cosur d'Alene, and other dis 
tricts in the past.

PRODUCTION.

The following table presents the figures of the total gross production 
of lead in the United States from 1825. Up to the year 1882 the figures 
have been compiled from the best data available. Since 1882 the sta 
tistics are those collected by this office, with the exception of the year 
1889, when they were gathered by the Census Office:

Production of refined lead in the United States from 1835 to 7894, toth inclusive.

Years.

1825 ......................

1831 .............:.....
1832......................
1833 ..................

1834 ......................
1835 ..................
1836......................
1837......................
1838......:...............

Total 
produc 

tion.

Short tons. 
1,500
7,500

10, 000
11,000

13, 000

15, 000

Desilver 
ized lead.

Short tone.

Soft lead.

Short tons.

From for 
eign ores 
aud base 
bullion.

Short tons.

Net 
American 
product.

Short tons.

359
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Production of refined lead in Ilie United States from 1SS5 to 1894, loth inclusive—Cont'd.

Years.
.

1840

1846......................
1847

1850.....................
1851......................

1854 .......................
18 r>5
1856......................

1859

18(53...... ................

1865 ......................

1867 ......................
18(58...... ................

1869 ......................
1870.-.. .........-...-.--.

1872 ......................
1 fi7*l

1874 ......................
3875

1877
1878

1879
1880......................
1 fiBI

1883 ......................

1884...........----......-
1885

1888 ......................

1880......................
i SQn

1892......................
] QQO

Total 
produc 

tion.

Short tons.

28, 000

23, 500

16, 700

16, 500

15, 800

16, 400

15, 300

16, 100

20,000

42, 540

92, 780

139,897

c 20 9 406

Desilver 
ized lead.

Short tons.

34 909

64,290

64. 650
70, 135

119, 9C5

171 009
181, 584
1Q6 820
181, 404

Soft lead, a

Short tons.

99 1ST

29,015
21, 800

20 800
25, 148

31,397

37, 686

iVom for 
eign ores 
and base 
bullion.

Short tons.

. . ........

26, 570

23, 852
39, 957
65, 351

Net 
American 
product.

Short tonn.

b 130, 629

178, 554

163 98°

a Including a small quantity of lead produced in tlie Southern States.
b Estimated.
c Including 4,043 tons antimonial lead.
<Z Including 5,039 tons of antimonial lead.
e Including 5,013 tons of antimonial lead.
/ Arrived at from direct returns from smelters.
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The following table of production snows the comparison of naif- 
yearly periods:

Comparison of lialf-yearly periods.

Total production refined lead ...

From American base bullion. . . . 
Contents of Mexican and Canadian

1S95.

First 
half.

Short tone.

105. 970

88, 512

180

Second 
half.

Short tone.
22, 076

116, 708 
17 2431

9i), 405 

11 338

^.
First 
half.

Short tons.

15, 610

102,382

80, 890 

9,786

"189

Second 
half.

Short tons.

15,037

116,230 
22, 770

93, 460

3.

First 
half.

Short tons.

Ill, 926 
12, 230

99, 696

The supply of lead for the markets of the United States is drawn 
from four principal sources. First and foremost is the quantity of the 
metal obtained through, mining operations in our own country, usually 
divided into two groups, which formerly were based on commercial dis 
tinctions of some weight. One of these groups is the mining industry 
of the Mississippi Valley, yielding galena, practically free from silver 
and producing metal known as "soft or virgin lead." The other covers 
the operations in the Rocky Mountain States an d Territories. The lead, 
always argentiferous, is employed besides as a carrier for the precious 
metals through the intermediate processes of extraction. The line is 
not as sharply drawn as it was, since silver-lead smelters purchase 
increasing quantities of the ores from Missouri and Kansas.

The second source of lead are the foreign lead-silver ores, the greater 
quantity thereof coming from Mexico, and only small amounts from 
British Columbia.

The third source of supply is the foreign base bullion (argentiferous 
lead) produced by smelters in Mexico and shipped to this country for • 
desilverizing and refining in bond. For a considerable period in 1894, 
the American desilverizers were allowed full drawback for duties paid 
on 110 tons of base bullion imported on exporting 100 tons of refined 
lead. Since the metallurgical loss usually amounts to 2 to 3 per cent, 
a certain quantity of foreign lead could be retained for consumption in 
this country without the payment of duty. This is what is known as 
" exempt lead." A new ruling promulgated during 1894 reduced the 
allowance to the usual metallurgical loss.

Finally there is imported into this country foreign refined lead. A 
part, of it is reexported under drawback in the form of manufactured 
products.

In this manner the movement of lead has become very complicated 
statistically, and has rendered it impossible to arrive at the quantity of 
lead -obtained from American sources through the method pursued for 
years as the only one available short of a complete c.ensus of the mines 
of the country. That method consisted in deducting from the total 
product of refined lead reported by the smelters and refiners, first, the



362 MINERAL RESOURCES.

lead contents of the ores imported, and second, the quantity of foreign 
base bullion refined in bond.

In the absence of any marked changes in the quantity of imports of 
foreign ores this method yielded fairly close estimates.

Another method has been adopted which labors under the disadvan 
tage that an allowance must be made for loss in smelting and refining, 
but which, on the other hand, possesses the advantage that it permits 
of a territorial distribution of the product. In the absence, in former 
years, of direct returns from the smelters, such a distribution was 
abandoned when the practice became general of shipping large quan 
tities of ore from one State to another for treatment.

In the belief that some authoritative statement of the source, terri 
torially, from which the lead produced from ores mined in the United 
States should be made, the smelters and refiners were appealed to to 
furnish a report showing from what States and Territories the lead con 
tents of the ores smelted by them were drawn. Complete returns yield 
the following figures, the table giving the source of lead in American 
ores smelted by silver-lead smelters and refiners.

Source of lead in American ores smelted 1>y silver-lead smelters and refiners.

States or Territories. Short tons.

33, 308
23, 190
9,637
2,254
2 973
1,480

States or Territories.

Total....................

Short tona.

150

8,614

It will be observed that the smelters of silver-lead ores are drawing 
considerable quantities of metal from Kansas, Missouri, and Wisconsin. 

•A small quantity also came from Tennessee. Of course an allowance 
must be made, in order to arrive at the final product of lead, for waste 
and loss in smelting and refining. An allowance of 5 per cent would 
make it 126,000 tons, while 6 per cent would reduce it to 124,700 tons, 
to which must be added the soft-lead product, to reach the lead obtained 
from domestic sources. Assuming 125,000 tons, the result is reached 
that in 1894 American mines produced 162,686 tons of lead.

By the former method a product of 159,331 tons would have been 
reached in the following manner:

Short tons.

219, 090

59, 759

159, 331
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Through the courtesy of the Bureau of Statistics of the Treasury 
Department the following table of the imports of lead in all forms—in 
pigs, bars, ore, and base bullion—is presented, arranged by customs 
districts:

Imports of lead in 1S94.

Customs district. "Pounds.

2, 455, 329

84,264,861

Customs district. Pounds. (

2, 466, 124
1, 003, 245

The lead contents of the silver-lead ores imported into the United 
States from Mexico and Canada for smelting amounted, therefore, to 
42,248,776 pounds in 1894, as compared with 60,753,033 pounds in 1893.

All the Mexican base bullion which is imported into New York goes 
immediately to Newark, K J., for refining. The Bureau of Statistics 
has compiled the following table to show this movement:

Lead entered, withdrawn from, and remaining in warehouse at Newark, N. J., from Jan- 
, vary, 1894, to April, 1895, inclusive.

Months.

1891.

April ..............
May- ---------------

July ...............

1895.

Keiuaiuiug 
in ware 
house on 

first day of 
each month.

Pounds.

4,646,540
4, 278, 335
7 207 515
8, 005, 311
9 923 820

13,' 482! 060
7,951,860

6, 898, 775

10, 569, 875

11,092,510

Entered 
warehouse.

Pounds. 
4 592 990
3J 481^975

8, 190, 940

7 ISO 115

9 741 690' '

8 231 Q6 1}
' '

Withdrawn 
for 

export.

Pounds.

5, 687, 755
5, 760, 625
5 588 950

5,311,544

2 QOQ -I r.fj

3 777 121

3, 542, 033

56, 279, 106

Withdrawn 
for 

consump 
tion.

Pounds. 
71, 960

152, 905

100 0('2

1, 351, 623

IK 546 0041 ^*"i w^

5, 149, 195

5, 756, 063

Deductions 
from pre 

vious entries 
by liquida 

tion.

Pounds.

746. 531
736, 464

685, 465

524, 934
KQQ f)0(i

6, 988. 945

OKK 9-1 a

a Two thousand two hundred and forty-nine pounds added to previous entries by liquidation.

. Before March, 1894, there was no requirement to give lead contents 
in pounds in the monthly import, foreign export, and warehouse state 
ments, and the rule calling for these figures was not in full operation 
until July of that year.. For that reason the quantities given are esti 
mated to some extent. Figures obtained from importers indicate that 
the total importations of foreign base bullion were at least 45,750 net 
tons, which would indicate a slightly greater quantity than that offi 
cially reported.
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Duty was paid during 1894 on 72,087,761 pounds of lead in base bul 
lion, refined lead, and in ore. That quantity, plus the amount of "exempt 
lead" (being the difference between the allowance for loss in refining 
base bullion and the actual metallurgical loss), represents the total con 
tributions of foreign lead to our markets.

The imports of refined lead, which are not separated in the official 
returns, but which apparently figure up to 6,043 net tons, have proba 
bly been somewhat larger. They are estimated by good authority at 
about 8,200 tons. .

The estimate of the exports made by the Bureau of Statistics is 
30.000 net tons. Outside returns indicate about 29,000 net tons.

CONSUMPTION.

Based on these data the following estimate of consumption of lead in 
1894 is presented, the stocks of domestic lead being based upon partial 
direct returns from producers:

Estimate of United States consumption in 1894.

Supply :

Soft lead...............................................................

Deduct:

Total............................ ....................................

Short tons.

8,200

8,588

192, 371

Another method of arriving at the consumption which yields approx 
imately the same result is the following:

Estimate of consumption in the United, States in 1894,

From foreign sources. ................ ., .. ... .......................

Total.......................... .... ..--...- ......................

Short tons.

1C2, 688
35, 000

8,580

195, <j«
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In spite of the fact that consumption was restricted by the general 
depression in business throughout the country, the United States 
needed a considerable quantity of foreign lead in order to cover its 
requirements. An estimate may be reached in the following manner: 
Duty was paid on 36,044 tons, and the amount of "exempt lead" was 
not short of 2,500 tons. Deducting from this about 950 tons of lead 
reexported under drawback, in the form of manufactured product, we 
have a net contribution to our consumption requirements in 1894, mak 
ing allowance for loss in smelting foreign ores, of 35,000 to 36,000 short 
tons.

Unless an advance in prices of lead and of silver stimulates produc 
tion in the Rocky Mountain States and Territories we must import a 
considerable quantity of foreign lead, even in periods of very slack 
demand like the year 1894. A revival of business must primarily have 
the effect of adding to imports, since many mines in this country which 
have been forced into idleness are not likely to resume very quickly. 
The imports must take either the form of ore, which may be stimulated 
by active competition among smelters, or the form of lead refined by 
American works from Mexican and Canadian base bullion, or finally 
the form of refined lead produced in European countries.

The Desloge Consolidated Lead£ompany increased its capacity from 
10 to 15 per cent in 1894, and it is expected that further expansion will 
take place during the current year. A number of parties have been 
prospecting in the same district but have temporarily stopped work.

In the Plat River section the Flat River Lead Company, formerly the 
Taylor Mining Company, have not yet enlarged their plant, but are 
making arrangements for handling the water as a preliminary to sink 
ing to greater depth. The Derby Lead Company, in the same district, 
contemplate the construction of a plant capable of handling 800 tons of 
material per day.

During 1894 there was in operation the Smelters' Clearing House, an 
organization including all the important smelters in Colorado. Its 
object was to distribute equitably the tonnage of ore in the territory 
tributary to the works. During the year ending February 15, 1895, 
when the association was dissolved, the members of the clearing house 
received a total of 68,285 tons of metallic lead in their ore. While this 
does not represent the actual total lead received by the works, because 
in certain districts certain tonnage was excluded, it does very closely 
show the lead contents of the lead ore originating iu Colorado, Utah, 
and Idaho, which was smelted by the members of the clearing house.

Since the dissolution of the organization, in February, prices for the 
treatment of ore have seriously declined, rates having been cut from $3 
to $8 per ton. The average cut in the cost of treatment for high-grade 
lead ores is placed at about $3 per ton, while the higher figure repre 
sents the lowering in the charges of siliceous dry ores, on which there 
was formerly the greatest margin and which are now being worked
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at a loss. While it is conceded that the natural tendency of an organ 
ization like the clearing house might have been to raise prices, it 
is argued that it would have been suicidal to do so, since the mining 
industry was in so disorganized a condition that any slight additional 
discouragement to the miner would have resulted in a very sharp falling 
off in the product.

The production of Leadville continued on a liberal scale in 1894, and 
there is some promise of new supplies of silver-lead ores. The Lead 
ville Evening Chronicle has compiled statistics according to which there 
were smelted, in local and in valley smelters, 347,143 net tons of ore 
which yielded 22,367 tons of lead. For the first time an effort has been 
made to present an exhibit of the ore produced by the Leadville mines 
classified according to the character of the ore. According to this 
compilation there were produced in Leadville 69,703 tons of carbonate 
ore, 88,543 tons of iron, 133,605 tons of sulphide, and 71,056 tons of 
siliceous ore, a total of 362,907 tons. The leading producers of car 
bonate ore were the Maid of Erin 26,454 tons, Orion 4,591 tons, and 
Gray Eagle 4,036 tons. The latter produced also 24,493 tons of iron, 
the Big Chief following with 15,000 tons. The A. G-. and Minnie lead 
with 24,000 tons of sulphuret ore, the Boreel having mined 17,549, the 
Mahala 15,260, and the Wolfetone IQ.,426.

The balance of the lead product of Colorado is scattered over many 
districts, none of which has revealed a tendency to largely increase 
the supply of the base metal in the near future.

M. Guggenheim & Sons have built a lead refining and desilverizing 
plant at Perth Ainboy, 1ST. J., which was started in May, 1895. It con 
sists of two batteries of 60-ton kettles, and has a capacity of 100 tons 
per day. t It is intended primarily to work Mexican base bullion, the 
Gran Fundicion Nacional Mexicana, of Monterey, being an allied con 
cern. The same interests control the Philadelphia Smelting Works at 
Pueblo, Oolo.

In the fall facilities will probably be added at the Perth Amboy 
works to smelt ores.

THE LEAD MARKET.

The year 1894 opened with a moderate business, and a fair volume of 
buying was only induced when the price was lowered to 3.20 ceuts. 
Early in February a firmer tendency developed, the market advancing 
to 3.35 cents, which was followed, however, by lower prices. The 
approach of the spring trade brought more business, and under some 
what heavy sales the market advanced until 3.50 cents was reached. 
Another spurt of buying came early in April, induced partly by the 
destruction of the works of the Horn Silver mine in Utah. Toward 
the end of the month the market quieted down, and May, under freer 
offerings and some liquidation, witnessed a declining and weak market. 
Juue was more active, and some heavy sales were made. The proposed



LEAD. 367

lowering of duties brought down prices to 3.25 cents. A. reaction 
slightly raised values; but the market was dull in July and was dom 
inated by the uncertainties of the tariff situation. During this period 
a leading consumer purchased about 6,000 tons of foreign lead, in antici 
pation of a possible reduction in the duty, a large part of the lead being 
available for importation for supplying manufacturing requirements for 
export shipments of white lead under drawback. When in August 
the lower duties were passed prices dropped to 3.20 cents. Early in 
September the market weakened further under offerings of foreign lead 
at 3.20 cents ex ship. A decline of domestic lead to 3.10 cents, led to 
quite heavy buying and temporarily stiffened prices. After a quiet 
spell there was renewed buying toward the middle of October, followed 
by a dull market and a weakening tendency. November opened with 
a shade better, but throughout the mouth the market was quiet and 
remained dull, until in December a drop in prices to 3.02£ cents led to 
heavy sales for 1895 delivery.

PRICTSS.

The following table gives the highest and lowest prices monthly for 
a series of years, compiled from market quotations:

Highest and loivest pr'mes of lead at New York City, monthly, from 1870 to 1894, inelwnve.
[Cents per pound.]

Tears.

1870.
1871.
1872.
1873.
1874.
1875.
1876.
1877.
1878.
1879.
1880.
J881.
1882.
1883.
1884.
1885.
1886.
1887.
1888.
1880.
1890.
1891. .
1892. .
1893.....
1894. . . .

January.

High-
est.

«6. 30
a 6. 30
a6
a 6. 37
a6
a 6. 20
a6
66.15

4.35
4.50
6.10
5
5.15
4.70
4.50
3.70
4.70
4.45
4.90
3.90
3.85
4.50
4.30
3.90
3.25

Low 
est.

6.20
6.15
5.90
6.25
5.90
6
5.87
6.12
4
4
5.50
4.30
4.95
4.60
3.75
3.55
4.50
4.15
4.50
3.75
3.80
4.05
4.10
3.85
3.15

February.

High 
est.

6.25
6.25
6
6.50
6.25
5.90
6.37
6.40
3.87
4.50
6
5.10
5.20
4.60
4.10
3.70
4.90
4.50
5.15
3.75
3.85
4.50
4.25
3.95
3.35

Low 
est.

6.17
6.20
5.87
6.40
6
5.85
6
6.20
3.65
4.50
5.87
4.80
5
4.50
3.75
3.60
4.60
4.25
4.60
3.60
3.75
4.25
4.05
3.90
3.20

March.

High- 
eat.

6.20
6.20
6
6.50
6.25
5.75
6.50
6.75
3.87
4.50
5.95
4.85
5.12
4.65
4.15
3.70
4.95
4.45
5.25'
3.75
a. 95
4.37J
4.22J
4.05
3.45

Low 
est.

6.10
6.15
5.87
6.25
6.12
5.62
6.40
6.50
3.62
3.25
5.30
4.62
4.85
4.50
4.10
3.02*
4.85
4.25
5
3.65
3.85
4.25
4.10
3.85
3.25

April.

High.
est.

6.25
6.20
6.12
6.50
6.25
5.87
6.40
6.50
3.75
3.25
5.75
4.85
5
4.62
4.05
3.70
4.90
4.32J
5.05
3. 67J
4.07J
4. 32J
4.30
4.05
3.45

Low* 
est.

6.15
6.10
5.90
6.25
5.90
5.80
6.12
6.25
3.50
2.87
5.40
4.37
4.90
4.40
3. 62^
3. 62J
4.65
4.20
4.55
3.-60
3.85
4.10
4.20
4.15
3.37i

May.

High-
est.

6.25
6.18
6.62
6.62
6
5.95
6.50
6
3.50
3.12
5.25
4.70
4.85
4.55
3.75
3.75
4.75
4.70
4.62J
3.87J
4.35
4.37J
4.25
4
3.40

Low 
est.

6.20
6.10
6.25
6.35
5.75
5.90
6.10
5.55
3.25
2.87
4.40
4.25
4.60
4.40
3.53*
3.60
4.65
4.30
4
3.60
4
4.20
4.20
3.75
3.30

June.

High 
est.

6.25
6.15
6.62
6.55
6
5.90
6.50
5.70
3.50
3.80
4.75
4.50
4.90
4.45
3.65
3.85
4.90
4.70
4.10
4.05
4.50
4.50
4.20
3.90

Low 
est.

6.20
6.12
6.40
6.12
5.62
5.75
6.25
5.60
3.12
3.12
4.50
4.25
•4.55
4.40
3.57i
3.62i
4.65
4.50
3.65
3.90
4.25
4.35
4.05
3.45

3. 37J 3. 25
1

a Gold. b Currency.
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Highest and lowest prices of lead at New York City, monthly, etc.—Continued.

[Centa per pound.] •

Teara.

1870...
1871...
1872...
1873...
1874...
1875. . .
1876...
1877. . .
1878. - .
1879. . .
1880....
1881....
1882....
1883....
1884....
1885...
1886. . .
1887....
1888. . . .
1889....
1890. . . .
1891....
1892....
1893... .
1894....

July.

High 
est.

6.30
6.15
6.62
6.12
5.80
6
6.35
5.60
3.62
4.10
4.75
4.90
5.15
4.40
3.70
4.15
4.90
4.67J
4.07J
4.05
4.50
4.45
4.25
3.60
3.65

Low 
est.

6.20
6.10
6.40
6
5.62
5.95
6.20
5.37
3.25
3.90
4.25
4.50
4.90
4.30
3.55
3. 87J
4.75
4.40
3.85
3.80
4.40
4.30
4
3.30
3.37i

August.

High 
est.

6.37
6.12
6.50
6.25
5.80
5.95
6.37
5.12
3.50
4.05
5
4.95
5.10
4.30
3.70
4.25
4.80
4.621
4.97J
3.95
4.72*
4.55
4.15
3.75
3.70

Low 
est.

6.32
6
6.40
6
5.65
5.87
6.25
4.90
3.20
4.60
4.30
4.75
4.95
4.20
3.52J
4.12
4.75
4.55
4.15
3.75
4.35
4.40
4
3.25
3.30

September.

High 
est.

6.37
6.10
6.50
6.62
6.10
5.87
6.25
4.85
3.45
4
4.90
5.37
5.15
4.32
3.75
4.25
4.70
4.55
5. 12J
4
5
4.55
4.15
3.95
3.30

Low 
est.

6.30
6
0. 30
6.37
5.65
5.70
6
4.75
3.25
3.75
4.80
4.95
4.95
4.30
3.55
4
4.45
4.25
4.90
3.85
4.67J
4.40
4
3.75
3.10

October.

High 
est.

6.37
6
6.62
6.75
6.35
5.65
8
4.85
3.60
5.50
4.87
5.25
5.15
4.32
3.75
4.25
4.30
4.40
5.12J
3.90
5.25
4.55
3.95
3.75
3.15

Low 
est.

6.25
5.87
6.40
6.25
6.10
5. GO
5.80
4.25
3.37
4
4.65
4.87
4.85
4.12
3.60
4
4
4.20
3. 62i
3.75
5
4.10
3.85
3.25
3.05

November.

High, 
est.

B. 35
6
6.60
6.50
6.50
5.87
5.80
4.75
3.95
5.62
4.85
5.25
4.90
4.05
3.55
4.60
4.40
4.75
3.82J
3.90
5.25
4.35
3.85
3. 37J
3. 12J

Low 
est.

6.25
5.90
6.50
6
6.25
5.65
5.70
4.50
3.80
5
4.75
4.90
4.50
3.65
3.37J
4
4.10
4.25
3.60
3.75
4.60
4.10
3.70
3. 30
3.10

December.

High- 
est.

6.35
6
6.60
6.12
6.40
5.95
5.70
4.60
4
5.60
4.75
5.25
4.75
3.75
3.75
4.67J
4.35
5.15
a. 82J
3.90
4.60
4.25
3.85
3.30
3.12J

Low 
est.

6.25
5.75
6.42
6
6.12
5.87
5.65
4.50
3.90
5.50
4.25
5
4.50
3.60
3.50
4.50
4.25
4.90
3.60
3.75
4.05
4.25
3.70
3.20
3. 02J

The following table, prepared from the annual reports of the daily 
price of lead, compiled by Mr. E. A. Caswell, of New York, shows the 
monthly average of official prices from 1884 to December, 1894, inclusive:

Average monthly prices of common pig lead in New York City. 
[Cents per pound.]

Months.

May...............
June- ..............

October ............

Yearly average.

1884.

3.64
3.62 
3.58
3.58

3.69

3.73J

1885.

3.65
3.65

3.63
3.67
3.73 
4.06
4.25
4.26
4.10 
4.12
4.57

3.94J

1888.

4.57
4.75
4.87
4.77
4.72
4.77 
4.88
4.75
4.63
4.23 
4.32
4.32

4.63

1887.

4.27
4.43
4.35
4.29
4.49
4.62 
4.50
4.55
4.44
4.30 
4.35
5

4.46J

1888.

4.80
4.92
5.14
4.72|
4.24
3.88 
3.96
4.43
4.99
4.45 
3.67£
3.73

4.41

1889.

3.82J
3.68
3.69
3. 64i
3.79J
3.97J 
3.88
3.82i
3.92£
3. 82j 
3.79
3.82

3.80J

1890.

3. 82£
3.79J
3.91J
3.871
4.13
4.37 
4.43
4.51
4.86
5.21J 
4.90
4.19

4.33J

1891.

4.34J
4.28J

4.201
4.25J
4.41 
4.39
4.44
4.50
4.34
4.17
4

4.32J

1892.

4.17'
4.11
4.16
4.22
4.21
4.12 
4.10
4.02
4.07
3.90 
3.78
3.74

4.05

1893.

3.80
3.89
3.91
4.02
3.82
3.61 
3.40
3.27
3.72
3.40 
3.29
3.21

3.61

1894.

3.18

3.21
3.19
3.10 
3.10
3.17
3.07
3.02 
3
3

3.12
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The following table, compiled by Mr. E. A. Caswell, shows the daily 

official prices in 1894:
Daily prices of common pig lead in New York City in lS9i. 

[Cents per i>oimd.]

Days.

1.. .......
2.........

5.........
Ij. ........ 
7.. .......

9.........

12......... 
13.........

16.........
17......... 
18.........
19......... 
20......... 
21.. ....... 
22.........
23
24.........

26.........

28......... 
29.........
30......... 
31.........

Jan.

H.
3.20 
3 yn

3.10 
S.

3.10

3.10 
3.10 

S.
3.10

3.10

3.10 
3.10 
S.

3.10

3.10

S.

3.20 
3.20

Feb.

3.35 
3.25

S.
3.25
3.25

3.25

S.
3.20 
3.20

3.15 
S.

3.10 
». 10 
3.10 
H.

3.10
S.

3.10
3.10

......

Mar.

3.10

S.

3.10

3.10
3.10 
3.25

S.
3.20 
3.20

3.20

3.20 
S.

3.20 
3.20 
3.45 
3.40

S.

3.40
3.40 
3.30
3.30 
3.30

Apr.

S.
3.30

3.20
3.20

S.
3.20

3.20
3.20 
3.20

S.
3.20
3.20 
3.20
3.20 
3.20 
3.20 

S.
3.20
3.20
3.20
3.20
3.20
3.20 
S.

3.20

May.

3.20 
3.20

S.

3.20
3.20

3.20 
S.

3.20
3.20 
3.20
3.20 
S. 

3.20 
3.20

3.20
3.20

S.
3.20

H.
3.10

June.

3.10 
S.

3.10 
3.10
3.10
3.10 

S.
3.10
3.10 
3.10

3.10
S. 

3.10
3.10 
3.10 
3.10 
3.10

S.
3.10
3.10

3.10

3.10

July.

S.
3.10

n.
3.10
3.10

s
3.10 
3.10
3.10
3.10 
3.10

S.
3.10
3.10

3.10 
3.10 
3.10

R,

3.10

3.10
3.10 

S.
3.10 
8.10

Aug.

3.10

3.10
S.

3.10 
3.25
3.25
3.25 
3.25
3.25
S. 

3.25 
3.25
3.15
3. W
3.15 
3.15
S. 

3.15 
3.15 
3.15
3.15
3.15
3.15

S.
3.15
3.15

3.15 
3.15

Sept.

3.15
S. 
H.

3.15

S. 
3.05
3.05
3.05 
3.05

S.
3.05

3.05 
3.05 
3.05

S.

3.05

3.05 
3.05
S.

Oct.

3.05
3.05

3.05 
S.

3.05

3.05
3.05 
3.05 

S.
3

3 
3
3 
3 
S.

3

3
3

S. 
3
3
3

Mov

3
3
3

S.
3

H.

3
3

S.
3
3 
3
3
3

S.

3 
3 
3 
3

S.

3
3 

H.
3

D»c.

3
S. 
3
3

3 
3
3

S. 
3
3
3 
3 
3
3

S.
3

3 
3 
3 
3

S.

H.
3
3
3 
3

S. 
3

IMPORTS AND EXPORTS.
The following tables show the imports and exports of lead and its 

manufactures for a series of years:
Lead imported and entered for consumption in the United States, 1S67 to 1S94.

Tears end 
ing-

June 30— 
1867..... 
1868 ....

1870..... 
1871..... 
1872.....

1874..... 
1875..... 
1876.....
1877.....

1879.....
1880.....
1881..... 
1882..... 
1883..... 
1884...-- 
1885..... 
1886..... 

Dec. SI- 
1887. .... 
1888-.... 
1889..... 
1890-.... 
1891 ..... 
1892..... 
1893..... 
1894-....

Ore and dross.

Quan 
tity.

Lbs. 
611 

6,945

5,973 
316 

32, 231

13, 206

1,000

5,981 
21, 698 

600 
419 

4,218 
715, 588

153, 731 
88, 870 

328,315 
493, 463 
105, 898 
127, 873 

12, 686 
33, 020, 250

Value.

$25 
239

176 
10 

1,425

320

20

97 
500 

17 
13 
57 

9,699

21, 487 
2,468 
7,468 

12, 947 
6,721 
9, 932 

354 
437, 999

Pigs and bars.

Quantity.

Lbs. 
65, 322, 923 
63, 254, 677 
87, 865, 471 
85, 895, 724 
91, 496, 715 
73, 086, 657 
72, 423, 641 
46, 205, 154 
32,770,712 
14, 329, 366 
14, 583, 845 

6, 717, 052 
1, 216, 500 
6, 723, 706 
4, 322, 068 
6, 079, 304 
4, 037, 867 
3, 072, 738 
5, 862, 474 

17, 582, 298

7, 716, 783 
2, 582, 236 
2, 773, 622 

19, 336, 233 
3, 392. 562 
1, 549, 771 
3, 959, 781 

39. 108, 529

Value.

$2, 812, 668 
2, 668, 915 
3, 653, 481 
3, 530, 837 
3, 721, 096 
2, 929, 623 
3, 233, Oil 
2, 231, 817 
1, 559, 017 

682, 132 
671, 482 
294, 233 
42, 983 

246, 015 
159, 129 
202, 603 
130, 108 

85, 395 
143, 103 
491, 310

219, 770 
69, 891 
76, 243 

593, 671 
104. 184 
110, 953 
163, 484 
895, 496

Sheets, pipe, 
and shot.

Quan 
tity.

Lbs. 
185,825 
142, 137 
307, 424 
141, 681 
86, 712 
15, 518 

105

15, 040 
971,951 

27, 357

27, 941 
23, 103 
35, 859 
68, 314 

334, 179 
90, 135 
59, 798 
44,080

Value.

$9, 560 
7,229 

15, 531 
6,879 
4,209 

859 
12

630 
22. 217 
1,218

1,280 
1,202 
1,417 
3,338 

12, 406 
6,207 
2,955 
2,050

Shot.

Quan 
tity.

Lbs.

420 
30, 219 

58 
20, 007 
16, 502 
15, 829 

3,748 
1, 120 

900 
1,469 
1,510

Value.

$50 
1,349 

4 
1,204 
1,242 

963 
209 

54 
65 
99 
79

....... .......

Not 
other 
wise 

speci 
fied.

$6, 222 
6,604 

18, 885 
10, 444 
8,730 

20, 191 
21, 503 
36, 484 
25, 774 
27, 106 
1,041 

113 
930 
371 

1,443 
2,449 
8,030 
1,992 
1,372 

964

302 
977 

1,297 
1,133 

604 
2,063 
1,691 

534

Total 
value.

$2, 828, 475 
2, 682,'987 
3, 687, 897 
3, 548, 336 
3, 734, 045 
2, 952, 098 
3, 254, 576 
2, 269, 650 
1, 585, 115 

710, 442 
673, 785 
295, 309 
44,122 

246, 440 
160, 734 
205, 651 
138, 234 
88,030 

166, 749 
503, 191

242, 845 
74, 538 
86, 425 

611, 039 
123, 915 
129, 155 
168, 484 

1, 336, 079

16 GEOL,
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Old and scrap lead imported and entered for consumption in the United States, 1867 to
1889, inclusive.

Years ending —

June 30, 1867.......
1868.......
1869.......
1870.......
1871
1872.......

1875

Quantity.

Pounds. 
1, 255, 233
2, 465, 575
2, 883, 272

3 KAK OQS

395 516
382] 150

Value.

$53, 202
101, 586

150, 379
94, 467

151, 756
13, 897

Tears ending —

1881........
1882........

1885........
Dec. 31,1886........

1888........
1889........
1890........

Quantity.

Poundti.
9| n nKQ

1,094,133
160 350

4,866

(a)

Value.

2 729
5 949

31^724

106
SB 9

904
1,494
(a)

a Included in pigs and bars after 1889. 

Lead and manufactures of lead, of domestic production, exported from the United States.

Years ending —

1803 (barrels). 
1804

1808...........

1810-..--.-....
| 01 1

1S1 3
ISId
1815...........
1816..---......
1B17
1818...........
I 01 Q

•JQOQ

1821...........
1822

1824...........
1825...........
1826...........
1827... ........
1828..---......

1831...........
1832

1834...........
1835...........

1837...........

1 Sd1

June 30, 1843 (9 months) 
1844...........
1845...........

1847...........
1848...........
1849...........
1850...........
1 OS'1

1853...........
1854...........

Manufactures of —

Lead.

Quantity.

Pounds. 
13, 440 

900 
19, 804
8,000 

40, 583 
126, 537 
172, 323
65, 497
74, 875 

276, 940 
43, 600

111,034 
281, 168 

94, 362 
25, 699 
56, 192 
66,316 
51, 549 
18, 604 

189,930 
47, 337 
50,161) 
76, 882 

179, 952 
128, 417 
152, 578 

72, 439 
119,407 
13, 480 
50,418 
34, 600 

297, 488 
375, 231 

81, 377 
882, 620 

2, 177, 164 
14, 552, 357 
15,366,918 
18,420,407 
10,188,024 
16, 823, 766 
3,326,028 
1, 994, 704 

680, 249 
261, 123

"Value.

$810

9,993 
22, 493 
7,549 
1,799 
3,512 
4,244 
3,0fl8 
1,356 

12, 697 
3,347 
3, 761 
4,184 
8,417 
4,831 
7,068 
4,483 
5,085 

805 
2,741 
2,218 

17, 015 
21, 747 
6,003 

89, 687 
96. 748 

523, 428 
492, 765 
595, 238 
342, 646 
614,518 
124,981 
84, 278 
30, 198 
12, 7!)7

Pewter 
and lead.

"Value.

$1, 820 
6, 183 
5,545 
5, 185 
4,172 
6,422 

983 
2,010 
2,224 

433 
4,777 
3,132 
6, 401 

12, 637 
15, 296 
20, 540 
16, 789 
7,121 

10,018 
14, 404 
10, 278 
13, 694 
7,739 

13, 196 
22, 682 
16, 426 
18, 469 
14,064 
16, 478

Pigs bars and old.

Quantity.

Pounds.

..........

..........

229, 448 
747, 930 
100, 778 
404. 247

Yalue.

Total 
value.

$810

......... ...........

$11,774 
32, 735 
5,540 

26, 874

9,993 
22, 493 
7,549 
1,799 
3,512 
4,244 
3,098 
1,356 

12,697 
5,167 
9.944 
», 729 

13,602

13,490 
• 5, 466 

7,695 
3,029 
3,174 
6,995 

20, 147 
28, 208 
18, 640 
54, 983 

117,294 
540,217 
499, 886 
605, 256 
357, 050 
624, 796 
138, 675 

2, 017 
43, 394 
35, 479 
28, 200 
51, 194 
19, 604 
43, 352
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Lead, and, manufactures of lead, of domestic production, etc.—Continued.

Years ending —

2855...........
1856...........
1857
1 Q*\fi
-tjJEQ

1862...........
1863...........
1864
1805...........

1867...........
1868...........
1869...........

1871
1U79

187'J
1874...........

1877
1878...........
•1(37(1

1880...........
1881...........
1882-..........
1883...........
1884...........
1885...........

1887...........
1888...........
1889...........
1890...........

1892...........
1893...........
1894

Manufactures of —

Lead.

Quantity.

Pounds.

Value.

$28, 315 
79, 880 
48, 132 
13, 392

302, 044

102, 726 
49, 835 

314, 904 
280, 771 

49, 899

123, 400 
136, 666 
140, 065
194,216 
161, C14

173, 887 
154, 375 
508, 000 
456, 682

Pewter 
aud lead.

Value.

$5, 233 
5,628 
4,818 

27, 327 
28, 782 
56, 081 
30,534 
28, 832 
30, 609 
30,411 
29, 271 
44, 483 
27, 559 
37,111 
17,249

Pigs bars and old.

Quantity.

Pounds. 
165, 533 
810, 029 
870, 544 
900, 607 
313, 988 
903, 468 
109, 023 

79, 231 
237, 239 
223. 752 
852, 895 

25, 278 
99, 158 

438, 040

Value.

$14, 298 
27, 512 
58, 624 
48,119 
28, 575 
50, 446 
6,241 
7,334 

22, 634 
18, 718 

132, 666 
2,323 
5,300 

34,218

041,311

Total 
value.

$19, 531 
33, 140 
63, 442 
75, 446 
57, 357 

106, 527 
36, 775 
36, 100 
53, 243 
49, 129 

161, 937 
46, 806 
32, 859 
71,329 
17, 249 
2S, 315 
79, 880 
48, 132 
13, 392 

30'2, 044 
429, 302 
102, 726 

19, 835 
314,904 
280. 771 

49, 899 
39, 710 

178, 779 
43, 108 

135, 156 
123, 466 
136, 686 
140, 065 
194, '216 
161,614 
181, 030 
173, 887 
154, 375 
508, 090 
497, 993

a Not enumerated between 1868 and July 1,1894.

THE FOREIGN PRODUCERS.

For many countries direct statistical returns of production are not 
available. The Metallgesellscliaft, of Frankfurt on the Main, has at 
tempted the compilation of the world's production of lead, presented 
in the following table. For some countries, like Spain, Australia, 
Mexico, and Greece, the export statistics have been taken as the basis, 
or the figures have been compiled from the import statistics from the 
countries in question into the leading markets. In these cases the 
small domestic consumption has been neglected, and in the. case of 
Australia no account has been taken of the export to India and to 
China. The whole undertaking is beset by difficulties, because ore and. 
base bullion are shipped to distant countries for smelting and refining 
so that the danger of duplication is great. Spain sends out a good 
deal of base bullion, aud some goes from Greece to France and from 
Australia to England, as it is shipped from Mexico and Canada to this
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country. It is evident that in one case, at least, the lead has not been 
traced back to its source, since Belgium is credited with a considerable 
production of lead, when, as a matter of fact, very little ore is raised 
in that country, although a considerable refining and desilverizing 
business is done at Hoboken, near Antwerp.

WORLD'S PRODUCTION.

The following table gives the world's production of lead during the 
years 1886 to 1893, inclusive:

The world's production of lead during the years 1886 to 1893, inclusive. 
[Metric tons.]

Countries.

Italy ................

Other European

Other countries ......

Total ..........

1886.

19 000

a 2, 000

a 5, 000
a 1,000

1887.

7 800
1,800

a 19, 000

12 500

a 1,000

1888.

129, 200

1 7 nnn
11 000

6 500
14, 500

a 1,000

1889.

9 400

13 500

a 1,000

548, 752

1800.

49, 800

1,200

9 600

14, 200

a 1,000

542, 772

1891.

18, 500

a 1,000

1892.

8,800
14, 400

,, 2 500

47, 500

a 1,000

622, 187

1893.

154 200

6 900 '
«2, 300
19 900

58, 000
a 1,000

625 827

a Estimated.

For the United States the figures collected by this office have been 
accepted.

GREAT BRITAIN.

The lead-mining industry of Great Britain has declined almost unin 
terruptedly for many years. The official statistics show that the mines 
produced the following quantities of dressed ores since 1880:
Production of dressed lead ore in Great Britain during the years 1S80 to 1894, inclusive.

Tears.

1881 ...........
1882 ...........
1883 ...........
1884...........

Longtons.

54, 485

Years.

1QQK

1886 ............
1887. ...........
1888............
1889............

Long tons.

51, 259

Years.

1891 ............
1892 ............
1893. ...........
1894 ............

Long tons.

45,651

i.
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It is estimated that the lead "obtainable by smelting" from the ores 
mined amounted to 29,540 tons in 1892 and to 29,698 tons in 1893.

According to the board of trade returns the exports of English lead 
in recent years have been as follows:

Exports of English lead during tlte years 1S9S and 1S9S.

Ore .........------.................--.-.....--...---.-....----.

1892.

Long tons.
30 178
18 984

1893.

Long tons. 
29

29, 535
19, 336

The principal countries to which this metal was shipped were the 
following:

Destination of English lead exports in 1S93.

Countries.

Holland .........

Britisli East In-

Pig lead.

Long tons.
2,470
1,053

574

»££.
Long tons.

309
15

Countries.

China............
J c- p.

Pig lead.

Lonq tons.
1,706

264

t^eTlead.

Long tony.

1,939

The exports of foreign lead were as follows :
English exports of foreign lead in 1892 and 1S93.

Ore

1892.

Long tons. 
2,586

15, 613

1893.

Long tons. 
2,348

The principal quantities were shipped to the following countries:

Countries.

Holland ......................

1893.

Long tons.
1,626

850

Countries. 1893.

Long tons. 
8 210
3,697

England handles a large quantity of foreign lead ore and pig lead. 
The imports were as follows :

Imports of leaH into England in 1892 and 1S9S.

\ 1892.

Long tons.
189 7ft9

1803.

Long tons.
188 249
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The principal sources of supply were the following:

Source of English imports of pig lead.

Countries. 1893.

Long tons. 
948

789
2, ]53

Countries. 1893.

Long tons. 
2G7

19,550
2 311
2,165

32, 458

A part of this is base bullion going to English desilverizing plants 
for refining, and a part of it is refined lead. The lead credited to the 
United States is Mexican product, refined in bond, on the Atlantic 
seaboard.

The home consumption of lead in England is estimated as follows:
English home consumption of lead in 1892 and 1893.

British and foreign exports and contents of ore. .......

1892.

Long tons. 
29, 540197, asi;
75, 846 

151, 050

1893.

Dvng tons, 
29, 698 

196, 135 
69, 607 

156, 226

GERMANY.

Germany has steadily increased her imports of le^d during a series 
of years, while her exports have declined. The following table pre 
sents the figures since 1888:

German imports and exports of lead during the years 1888 to 189d, inclusive.

Years.

1890............
1891............

Imports.

Metric tons. 
7,358
9 527

Exports.

Metric tons.
32, 793
32, 115
24, 973

Years.

1893.............
1894...... .......

Imports.

Metric tons. 
17, 500
23, 856
24, 280

Exports.

Metric tons. 
25, 657

24, 354

During the year 1894, 7,485 tons were from the United States, this of 
course being Mexican bullion refined in bond in this country.

It may be noted that in 1894 the imports of litharge were 1,388 
metric tons, while the exports were 2,732 tons. The imports of white 
lead amounted in 1894 to 646 metric tons, while the exports were 13,990 
tons.
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According to official statistics, the production of lead in Germany 

has been as follows:
Production of lead in Germany during the years 1884 to 1893, inclusive.

Tears.

1886 ........................
1887 ........................
1888

Metric tons.

94, 809
93, 134
09 520
94 9^1
96 995

Tears.

1889 .........................
1890 .........................
1891 .........................

1893

Metric tons.

101, 781

94, 659

The Mecheruich Company in Germany, nt one time the largest pro 
ducer of lead in the world, was keenly affected by the decline in the 
price of lead and of silver. In 1893 the company made a profit of 
86,817 marks. In 1894 it suffered a working loss of 1,014,600 marks, 
which was swelled to a book loss of 1,452,885 marks by writing off for 
depreciation. The product, which was 20,232 metric tons of lead and 
14,666 kilograms of silver in 1893, dropped to 16,002 tons of lead and 
6,449 kilograms of silver in 1894.

SPAIN.

S. D. Ramon Oriol, of Madrid, reports that the decline in the price of 
lead and in exchange has caused the abandonment of a large number 
of mines and the total suspension of prospecting. The districts of Ma- 
zarron in Murcia, of Aznaga in Badajoz, and of San Quintin in Cindad 
Real have resisted the crisis on account of the large scale 011 which 
work is done, and owing to the existence of the smelting works Santa 
Elisa at Puerto de Mazarron and Penaroya in the province of Cordova, 
which draw upon the ores of the districts named. The Horcajo mines 
survive because they are rich in silver, and those of La Yeredilla 
because the ore is high in grade. The yield of the mines of the province 
of Murcia is estimated at 128,000 metric tons of ore in 1894, of which 
73,000 tons were mined during the first half of the year. No statistics 
are available for Linares, Almeria, or Ciudad Real. The principal 
smelting works have approximately made as much lead in 1894 as in 
1893. Santa Elisa at Mazarron produced about 25,000 metric tons of 
lead and 33,000 kilograms of silver, La Cruz at Linares made 15,000 tons 
and 6,000 kilograms respectively, and Penaroya produced about 15,500 
tons of lead and 11,500 kilograms of silver. Figures are not available 
for the others.
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E. Oriol, however, makes the following estimate: 

Production of lead in Spain.

Provinces. 1893.

Metric tons. 
100 500
40| 000

5,500
2 5001

188 000

1894.

Metric tons. 
80, 000
35 000
15, 000

151, 000

Mr. Oriol presents these figures, in spite of the fact that the export 
Statistics for 1894 show higher figures.

The official statistics for the year ending July 1, 1893, report the 
lead ore product as 338,662 metric tons, the product of refined lead as 
69.146 tons, and of argentiferous lead 82,567 metric tons.

ITALY.

The official statistics published in the Eivista del Servizio Minerario 
nel 1893 show that the total production of lead ore in 1893 was 
29,004 tons, of which 27,897 tons came from the Iglesias district. The 
Pertusola Smelting Works, in the district of Genoa, produced 19,898 
metric tons of lead, of which 12,695 tons were obtained from Italian 
ores, while 7,253 tons were derived from imported ore. The works 
treated 21,747 tons of ore from Sardinia, 7,176 tons from Greece, 1,718 
tons from Spain, 1,466 tons from South America, and 847 tons from 
Australia.

MEXICO.

An effort has been made to obtain statistics of the production of lead 
in Mexico. Figures were received from some of the leading companies 
which could not possibly be published without revealing, indirectly, 
data relating to individual concerns. It may be stated imj, general 
way that the production of the Sierra de Mojada district shows signs 
of declining, and will probably fall off gradually. It is reported, how 
ever, that promising developments are being made in the Sierra del 
Carmen.

AUSTRALIA.

The most famous lead producer of the last decade has been the 
Broken Hill Proprietary, Australia, which from 1885 to November 30, 
1894, produced 2,114,026 tons of ore, which yielded an aggregate of 
258,537 long tons of lead and 65,382,472 ounces of silver, having in 
that time paid £5,264,000 in dividends, placed £125,000 aside for a 
reserve fund, written off £375,107 for depreciation, and paid out 
£642,095 for construction. The following table shows the magnitude
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of the operations during recent years, the work having been disturbed 
during the second half of 1892 by a protracted strike:

Production of Broken Hill Proprietary Company.

Half year end 
ing—

Mav 31,1800.
Nov. 30,1890.
May 31, 1891.
Nov. 80,1801.
May 31,1892.
Nov. 30,1892.
May 31,1893.
Nov. 30,1803.
May 31,1894.
Nov. 30,1894.

Ore 
treated.

Long tons.
103,912
103, 912
138, 045
147, 473
180, 852
73, 973

230, 463
260, 047
269, 245
325, 949

Product of 
silver.

Ounces.
3, 855, 381
3, 872, 548
4', 918, 124
5, 028, 944
5, 754, 940
2, 310, 208
5, 972, 194
0, 533, 232

. 7,287,337
0. 767, 056

Product of 
lead.

Long tons.
15, 399
14, 938
24, 222
17, 465
20, 843

0, 653
21, 734
25, 609
'25, 638
23, 955

Value of 
oreperton.

£. i. d.
889
977
839
7 18 1
8 11 11
5 12 9
4 16 0
489
420
348

Cost per 
ton.

£. s. d.
3 15 9
452
3 18 7
i) 12 2
3 14 1
3 14 10
2 8 10
2 13 10
2 12 6
237

Profit per 
ton.

£. s. d.
4 12 4
5 1 10
452
4 5 11
2 17 10
1 17 11
1 17 2
1 14 11
1 9 6
11 1

The decline in the quality of the ore is clearly shown. The upper 
levels furnished large quantities of oxidized ores, but below the zone the 
ore is a close mixture of sulphides, which are poorer and have proved 
difficult to work. "It is estimated that the company has still a reserve 
of about 1,000,000 tons of oxidized ore which will yield a profit to draw 
upon. During the second half of the fiscal year 1894 the company 
made a profit of £343,217 and paid dividends aggregating £288,000. 
The fifteen furnaces of the company treated 146,225 tons of ore during 
the first half of the last fiscal year and 174,506 tons during the second 
half, at a cost of £1 8s. 2d. and £1 Is. 6Jd., respectively. The leased 
furnaces treated 41,666 tons during the first half and 43,777 tons dur 
ing the second half of the year, at a cost, respectively, of £1. 3s. IJd. 
and 18s. fid. For a number of years the refinery of the company pro 
duced the following quantities:

Product of refinery of the Broken Hill Proprietary Company.

Half year ending —

May 31 1893............. .............

Lead.

Long tons. 
3,98»
2,196
7 969
3,725

11, 309
10, 117

• 11, 070

Silver.

Ounces. 
642, 604

1, 884, 210

3,154,283
3, 083, 014
3, 687, 555

Gold.

Ounces. 
365
440

1,352
473

1,341
2,737

Cost.

S, i. d. 
o 09
2 14 7J
1 14 5i
1 19 3
182*
1 12 ij
1 9 3i
1 8 8J
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PRODUCTION.

The check which the steady and rapid advance in the development 
of the zinc industry suffered in 1893 was extended into 1894. The 
decline in the consumption of galvanized iron, the sharp falling off in 
the demand for brass goods, rolled and cast, and the stagnation in the 
building trades all contributed to a fall in prices which caused a partial 
or total suspension of work in many metallurgical establishments.

For a series of years the production of spelter has been as follows :

Production of spelter in the United States.

Tears.

1873............,............:
1875..........................

q-i k

1882 ..........................
1883 ..........................

1886 ..........................

Short tons.

33, 765
36, 872

42, 641

Tears.

1887...........................

1890 ...........................

1894......................... .

Short tons.

KC (jnQ

78, 832

For a series of years the production has been as follows: 

Production, of spelter in the United States by States.

Tears.

1882......................
1884......................
1886 ......................

1889...... ................
1890......................
1891.....................J

1892... .......... ........^

1893......-.......------.]

1894....... .............. |

Eastern 
aud 

Southern 
States.

Short tons. 
5,698

9 561
10, 265

8,945
4, 2.17 
9, 582

8,802

7,400

Illinois.

Short tons.

16, 792
17, 594

99 970

^ 28, 711

Kansas.

Short tons. 
' 7,366

7.859
8,502

11, 955

22, 815

25, 588

Missouri.

Short tons. 
2 500
5, 730

4,677
5,870

11,077

16, 667

13 737

Total.

Short tons.

36, 872

40, 688
42,641

55 903
58, 860

80, 873

87, 260

78, 832

378
aliiclinirng Indiana.
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The larger number of works in the Eastern and Southern States has 
made it possible to separate the figures formerly presented in one group 
without revealing individual returns. In the above table the upper 
larger figures in 1891,1892,1893, and 1894 relate to the Eastern States.

STOCKS.

A partial statement of stocks shows the following changes:

OTtllcS.
1893.

Short tons.

12
483

4,160

January 1—

1894.

Short tons. 
( 1,587

590

4,569

1895.

Short tons.

665
205

Zinc oxide.—Estimating the product of two smaller works which 
decline to furnish information, the product of ziuc oxide in 1894 was 
21,442 short tons, as compared with 21,684 short tons in 1893. Of the 
1894 product 5,433 tons were made by Western works and 16,009 tons 
by Eastern establishments, the latter total including the two works 
referred to.

IMPORTS AKD EXPORTS.

Zincimported and entered for consumption in the United States, 1S67 to 1894, inclusive.

Years ending —

June 30, 1807. 
1868. 
]86S. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 

Dec. 31,1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894.

Blocks or pigs.

Quantity.

Pounds. 
5, 752, 611 
9, 327, 968 

13, 2] 1,575 
9,221,121 

11,159,040 
11, 802, 247 
6. 839, 897 
3, 593, 570 
2, 034, 252 

947, 322 
1, 206, 894 
1, 270, 184 
1, 419, 791 
8, 092, 620 
2, 859, 216 

18, 408, 391 
17,067,21] 

5, 869, 738 
3,515,840 
4, 300, 830 
8, 387, 647 
3, 825, 947 
2, 052, 559 
1, 997, 524 

808, 084 
297, 969 
425,183 
387, 788

Value.

$256, 366 
417, 273 
590, 332 
415, 497 
508, 355 
522, 524 
331, 399 
203, 479 
101, 766 
56, 082 
63, 250 
57, 753 
53, 294 

371, 920 
125, 457 
736, 964 
655, 503 
208, 852 
113, 268 
136, 138 
276, 122 
146, J56 
77, 845 

101, 335 
41, 199 
16, 520 
22, 790 
13, 788

Sheets.

Quantity.

Pounds. 
5, 142, 417 
3, 557, 448 
8, 306. 723 
9, 542, 687 
7, 646, 821 

10, 704, 944 
11, 122, 143 

6, 016, 835 
7, 320, 713 
4, 611, 360 
1, 341, 333 
1, 255, 620 
1, 111, 225 
4, 069, 310 
2, 727, 324 
4, 413, 042 
3, 309, 239 

952, 253 
1, 839, 860 
1, 092, 400 

926,150 
295, 287 

1,014,873 
781, 366 
21, 948 
27, 272 
28, 913 
39, 947

Value.

$311, 767 
203, 883 
478, 646 
509, 860 
409, 243 
593, 886 
715, 706 
424, 504 
444, 539 
298, 308 
81, 815 
69, 381 
53, 050 

210, 230 
129, 158 
207, 032 
141,823 
36, 120 
64, 781 
40, 320 
32,526 
12,558 
43, 356 
43, 495 
1,460 
2,216 
1,985 
2,061

Old.

Quantity.

Pounds.

115,293 
265 

27, 754

Value.

........

$6, 550 
21 

530

Value of man 
ufac 
tures.

$1,835 
1,623 
2,083 

21, 096 
26, 366 
58, 668 
56, 813 
48, 304 
26, 330 
18,427 
2,496 
4,892 
3,374 
3,571 
7,603 
4,940 
5,606 
4,795 
2,054 
8,162 

11, 329 
12, 080 
19, 580 

9, 741)

20, 677 
16, 479 
11, 816

Total 
value.

$568, 968 
622, 779 

1,071,061 
947, 063 
943, 964 

1, 175, 077 
1, 103, 918 

676, 287 
572, 635 
372, 8]7 
147, 561 
132, 026 
109, 718 
585, 721 
262,218 
948, 936 
802, 932 
249, 767 
180, 103 
185, 620 
319, 977 
170, 794 
140, 781 
154. 570 
42, 659 
45, 969 
41, 275 
28, 195
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Imports of zinc oxide from 1885 to 1894, inclusive.

Tears ending-

June 30, 1885 .
Dec. 31, 1886.

1887.
1888. 
1889-

Dry.

Pounds. 
2, 233, 128
3, 52(i, 289

1, 401, 342 
2, 686, 861

In oil.

Pounds.

79, 788

51, 985 
66,240

Years ending —

1891.......

1893....... 
1894.......

Dry.

Pounds.

2, 839, 351
2, 442, 014
3, 900, 749

In oil.

Pounds.
1 AO OQO

128, 140

254, 807 
59, 291

Exports of zinc and zinc ore of domestic production, 1864 to 1894. inclusive.

Years ending —

June 30, 1864.........

1866.........

1868.........
1869.........

1871.........
1872
1873.........

1875.........
1876.........

1878
1879.........

1881.........
1882.........

1RR4
1885.........

1888.........

1890.........

1892.........
1893.........
1894

Ore or oxide.

Quantity.

Owt. 
• 14,810 

99, 371 
4,485 
3,676 
8,344

15, 286 
9,621 
3,686 

234 
2,550 
3,083 

10, 178 
6,428 

16, 050 
10, 660 
13, 024 
11, 390 
10, 904 
3,045 
4,780 
6,840 

26, 620 
4,700 
4,560 

26, 760 
77, 360 

115, 820 
18, 380 

980

Value.

$116,431 
114, 149 
25, 091 
32, 041 
74, 706 
65, 411 
81, 487 
48, 292 
20, 880 
2,304 

20, 037 
20, 659 
66, 259 
34, 468 
83, 831 
40, 399 
42, 036 
16, 405 
13, 736 
11, 509 
16, 685 
22, 324 
49, 455 
17, 286 
18, 034 
73, 802 

195, 113 
149, 435 
41, 186 

1,271

Plates, sheets, pigs, 
or bars.

Quantity.

Pounds. 
95, 738 

184,183 
140, 798 
312, 227 

1, 022, 699

- 110,157 
76, 380 
62, 919 
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 

852, 333 
126, 043 
101, 685 
917,229 
136, 670 
62, 234 

879, 785 
3, 295, 584 
4, 294, 656 

12, 494, 335 
7, 446, 934 
3, 607, 050

Value.

$12, 269 
22, 740 
13, 290 
30, 587 
68. 214

10, 672 
7,823 
5,726 
4,656 
3,«12 
4, 245 

11, 651 
1)5,122 
216, 580 
170,654 
119, 204 
132, 805 
124, 638 
70, 981 
9,576 
7,270 

75, 192 
9,017 
4,270 

44, 049 
126, 291 
278, 182 
669, 549 
413, 673 
144, 074

Value of 
manufac 

tures.

$1, 000 
4,333 
1,118 

567

168

734 
4,666 
4,991 

13, 526 
16, 789 
19, 098 
35, 732 
23, 587 
38, 921 

168, 794 
224, 787 

99, 406

Total 
value.

$128, 700 
136, 889 
38, 381 
62, 628 

142, 920 
65, 411 
92,159 
56, 115 
26, 606 
6,960 

23, 649 
25, 904 
82, 243 

150, 708 
300, 978 
211, 053 
161, 300 
149, 378 
138, 374 

83, 224 
30, 927 
35, 085 

138, 173 
43, 092 
41, 402 

153, 583 
344, 991 
466, 538 
877, 529 
639, 731 
243. 480

THE SPELTER MARKET.

Low prices and a weak market continued during January, and it was 
not until February that a somewhat livelier buying movement set in, 
induced by reports of a combination among Western producers. The 
negotiations were repeatedly brought close to a consummation, but 
ultimately collapsed utterly. The price, which had worked up to 4 
cents in New York, declined steadily, until 3.5 cents was reached toward 
the close of April. May, June, July, and August fluctuated between 
periods of weakness and slight recovery. High prices for ore and a 
curtailment of production led to a stiftening market in September, but 
weakness developed in October and a quiet market was characteristic 
of November and December, the year closing with the price down to 
3.25 cents.
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PRICES OF
The following table summarizes the prices of spelter since 1875:

Prices of common Western spelter in New York City, 1875 to 1894, inclusive. 
[Cents per pound; figures iii parentheses are combination prices.]

Years.

1875.........
1877
1878.........
1879.........
1880..-.--...

1882.........

1885.........
1886.........
1887.........
1888.........
1889
1890
1891.........
1892
1893
1894.........

Years.

1875........
1877.-...-...
1878........
1879........ 
1880........

1882........
1883.....--.
1884........
1885........
1886........
1887....:...
1889........
1890........
1891......... 
1892........

' 1894........

January.

High- 
est.

6.75
(7. 60) 
6.50 
5.75 
4.50 
6.50 
5.25 
6 
4.62 
4.37 
4.50 
4.50 
4.60 
5.37 
5 
5.45 
6 
4.70 
4.35 
3.60

Low 
est.

6.37 
7.40 
6.25 
5.50 
4.25 
5.87 
4.87 
5.75 
4.50 
4.20 
4.12 
4.30 
4.50 
5.20 
5 
5.35 
5.25 
4.60 
4.30 
3.50.

July.

High- 
est.

(7. 35) 
7.25 
5.87 
4.75 
4.75 
5 
5 
5.37 
4.50 
4.55 
4.40 
4.40 
4.50 
4.55 
5.10 
5.60 
5.10 
4.85 
4.15 
3.50

Low- 
est.

7.25 
7.12 
5.62 
4.60 
4.37 
4.87 
4.75 
5.12 
4.30 
4.45 
4.10 
4.30 
4.50 
4.50 
5 
5.40 
5.05 
4.70 
3.90 
3.45

February.

High 
est.

6.67 
(7. 75) 
6.62 
5.62 
4.02 
6.75 
5.25 
5.75 
4.62 
4.40 
4.30 
4.55 
4.60 
5.35 
5 
5.35 
5.25 
4.60 
4.30 
4

Low 
est.

6.25 
7.50 
6.50 
5.25 
4.40 
6.37 
5.12 
5.62 
4.50 
4.25 
4.25 
4.30 
4.40 
5.25 
4.90 
4.20 
5 
4.55 
4.25 
3.60

August.

High 
est.

(7. 25) 
7.25 
5.90 
4.87 
5.62 
5.25 
5.12 
5.50 
4.40 
4.62 
4.60 
4.40 
4.60 
4.87 
5.20 
5.55 
5.10 
4.70 
'3.90 
3.45

Low 
est.

7.10 
7 
5.80 
4.50 
4.80 
4.87 
5 
5.12 
4.30 
4.52 
4.40 
4.30 
4.55 
4.50 
5.15 
5.40 
5 
4.65 
3.55 
3.40

March.

High
cst.

6.50 
(7. 75) 
6.50 
5.62 
4.62 
6.75 
5 
5.62 
4.75 
4.60 
4.30 
4.60 
4.60 
5.25 
4.87 
5.20 
5.10 
4.60 
4.25 
3.85

Low 
est.

6.20 
7.62 
6.37 
5.25 
4.37 
6.50 
4.87 
5.37 
4.62 
4.40 
4.12 
4.50 
4.40 
4.87 
4.70 
5 
5 
4.50 
4.20 
3.80

September.

High 
est.

(7. 25) 
7.12 
5.87 
4.87 
6 
5.12 
5.25 
5.37 
4.50 
4.62 
4.62 
4.40 
4.65 
5.12 
5.15 
5.65 
5 
4.65 
3.75 
3.50

Low 
est.

7.10 
6.80 
5.75 
4.75 
5.62 
4.75 
5 
5.12 
4.40 
4.50 
4.50 
4.25 
4.60 
4.75 
5.10 
5.50 
4.85 
4.50 
3.65 
3.40

April.

High 
est.

(7) 
(8) 
6.37 
5.25 
4.75 
6.50 
5.12 
5.50 
4.75 
4.65 
4.30 
4.60 
4.65 
4.87 
4.65 
5 
5.10 
4.80 
4.50 
3.75

Low 
est.

6.50 
7.60 
6.25 
5 
4.25 
6.12 
4.75 
5.25 
4.60 
4.50 
4.12 
4.50 
4.45 
4.60 
4.65 
4.90 
4.90 
4.60 
4.30 
3.50

October.

High 
est.

(7. 40) 
6.75 
5.90 
4.82 
6.37
0
5.37 
5.87 
4.45 
4.55 
4.62 
4.30 
•4.65 
5.12 
5.15 
6 
5.15 
4.50 
3.70 
3.50

Low 
est.

7.15 
6.62 
5.70 
4.50 
6 
4.87 
5.25 
5.12 
4.35 
4.40 
4.50 
4.25 
4.50 
4.87 
5.10 
5.65 
4.95 
4.35 
3.55 
3.37

May.

High- 
eat.

(7. 25) 
(8) 
6.25 
5 
4.50 
6 
5 
5.62 
4.75 
4.60 
4.25 
4.60 
4.65 
4.65 
4.85 
5.45 
4.90 
4.90 
4.40 
3.55

Low" 
est.

7.15 
7.75 
fi 
4.62 
4.25 
5.62 
4.87 
5.25 
4.50 
4.45 
4.10 
4.40 
4.45 
4.60 
4.62 
5 
4.85 
4.80 
4.20 
3.45

November.

High 
est.

(7.40) 
6.62 
5.87 
4.75 
6.25 
4.90 
5.87 
5.12 
4.40 
4.40 
4.60 
4.30 
4.80 
5.12 
5.25 
6.10 
4.90 
4.40 
3.85 
3.40

Low 
est.

7.15 
6.37 
5.62 
4.50 
5.87 
4.65 
5.50 
4.87 
4.37 
4.30 
4.45 
4.25 
4.52 
4.87 
5.05 
5.90 
4.75 
4.35 
3.60 
3.35

June.

High 
est.

(7. 25)
(8) 
6.12 
4.62 
4.37 
5.50 
5 
5.37 
4.62 
4.60 
4.10 
4.40 
4.65 
4.60 
5 
5.60 
5.10 
4.90 
4.25 
3.50

Low 
est.

7.15 
7.25 
5.87 
4.25 
4.12 
5.12 
4.75 
5.25 
4.37 
4.45 
4 
4.35 
4.50 
4.50 
5 
5.35 
4.90 
4.80 
4.15 
3.40

December.

High 
est.

(7. 40) 
6.50 
5.75 
4.37 
6.25 
4.75 
6 
4.87 
4.37 
4.25 
4.60 
4.50 
5.87 
5.12 
5.35 
6 
4.75 
4.40 
3.80 
3.35

Low 
est.

7.15 
6.37 
5.50 
4.25 
6 
4.65 
5.87 
•4.50 
4.35 
4 
4.45 
4.35 
5 
4.87 
5.30 
5.90 
4.65 
4.35 
3.70 
3.25
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FOREIGN SPELTER PRODUCTION.

EUROPE.

Messrs. Henry B. Merton & Co., of London, make the following report 
on the spelter production of Europe:

Estimate of the production of zinc in Europe. 
[Long tons.]

Countries.

Khine district and Bel-

Total..... ...........

Countries.

Rhine district and Bel-

Silesia. ....................

Poland....................

1894.

5,015

1887.

1.10, 995
81, 375 
19, 839

5,338
3,580

1893.

149, 750
90, 310
28 375

7,560

301, 110

1886.

129, 020
81, 630

15, 305

1892.

143, 305
87, 760
30, 310
18, 662

1885.

120, 7B4
79, 623 
94 onq
14, 847

5,019

1891.

139, 695
87, 080
29 410

3,760

1884.

76, 116

6,170
4,164

1890.

137, 630

29 145
18, 240
7,135
3,620

1883.

TO, 405

0,267

247, 628

1880.

8,026

1882.

68, 811

6,709

1888.

4,977

1881.

66, 497 
24, 419

a Estimated.
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The output of the works in the different districts was as follows:

Productions of zinc by principal foreign producers. 
[Long tons.]

Districts.

Khine district and Belgium :

Grille. ..... ................
Hark, Westf., Bergw.,Ver.

Eschger Ghesquiere & Co. .

Zinkmaatshappy in Lim-

Total.... ................

Silesia i 
Schlesische Actien-Gesell-

G. vou Giesche'a Erben ....

Graf H, Henckel voii Don

Graf G. Henckel von Don-

. H.Koth...... ..............

Vereinigte Koiiigs & Lau-

Baron v. Horschitz'schc 
Krben ...................

Total....................

Great Britain :

English Crown Spelter Co.,

Swansea Vale Spelter Co ..

Pascoe, Grenfell &Sous... 
Nenthead & TynedaleCo.. 
John Lysaght, Limited. . . .

Dyncvor Co. and sundries 

Total....................

France and Spain :

Total...................

Aus trill :

Cilli- .....................

1894.

54, 030 
15, 170 
9.895 
9,415 
8,165 
7,080 
5,750 
5,715 
5,705 
5,290 
5,350 
4,375 
4,110 
7,065

a 700 
a 2, 810

'<!, 430

25, 230 
19, 385 
17, 265

12, 005 
6,940

4,185 
1,805 
1, 1)80

1,270

935 
145

91, 145

8,005

5,515 
4,870 
2,380 
2,300 
1,455 
1,870 
2,915

505 
1,750 

500

32, 065

18. 605 
2,550

21, 245

1,225 
2,580 
4,420 

355

8,580

5,015

1893.

54, 305 
15, 135 
9,855 
8,680 
8,205 
6,920 
5,775 
5,625 
5,620 
5,290 
5,345 
4,370 
4,250 
7,110

a 2, 000 
a 700 

565

25, 255 
18, 920 
17, 210

11, 695 
6,885

4,215 
1,775 
2,075

1,170

960 
150

90, 310

7,060

5, 380 
3,450 
2,105 
2,050 
1,260 
1,855 
2,780

500 
1.495 

460

28, 375

18, 695 
1,890

20, 585

1,360 
2,510 
3,690

7,560

4,530

1892.

53, 770 
14, 950 
9,720 
8,675 
8,040 
6,845 
6, 070 
5,550 
5,540 
5,240 
5,290 
4,100 
4,085 
5,430

143, 305

24, 915 
18, 295 
17, 085

11, 115 
6,070

4,070 
1,845 
2,120

1,230

875 
140

87, 760

7,791

5,527 
3,759 
2,063 
1,920 
1,080 
1,600 
3,000

1,350 
500 

1,720

30, 310

18, 462 
200

18, 662

1,475 
1,710 
3,550

6.735

4,270

1891.

53, 820 
15, 040 
9,425 
8, 370 
8,075 
6,810 
5,770 
5,390 
5,600 
5,550 
5,155 
3,840 
4,130 
2,720

139, 695

25, 245 
18, 700 
16, 795

11,230 
5,310

3,905 
1,730 
1,920

1,180

850 
215

87, 080

7,235

5,180 
3,580 
1,840 
2,125 
1,060 
1,440 
4,185

2,265 
500

29, 410

18, 360

18, 360

1,280 
1,810 
3,350

6,440

3,760

1890.

52, 865 
14, 855 
9,250 
8,350 
7,960 
6,760 
5,630 
5,490 
5,485 
5,350 
5,175 
4,065 
4,100 
2,295

137, 630

24, 840 
18, 550 
16, 355

11. 670 
6,265

4,090 
1,750 
1,880

1,020

830 
225

87, 475

6,605

4,945 
3,930 
1,615 
1,890 
1,160 
1,530 
4,450 

350 
2, 170 

500

29, 145

18, 240

18, 240

1,430 
1,880 
3,825

7, .135

3,620

1889.

52,016 
14, 634 
9,245 
8,863 
7,470 
6,693 
5,560 
5,353 
5,805 
5,090 
4,910 
4,303 
3 956 
a 750

134, 648

23, 675 
18, 206 
16, 202

11, 392 
6,405

3,943 
1,660 
1,907

1,130

963 
170

85, 653

6,842

4,981 
4,540 
2.161 
2,180 
1,272 
1,507 
5,113 
1,100 

610 
500

30, 806

16, 785

1888.

51, 670 
14, 036 
9,140 
8,759 
7,586 
6,597 
4,930 
5,299 
5,537 
5,032 
4,818 
4,137 
3,908 
1,798

133, 245

22, 917 
17, 594 
15, 456

11,193 
6,402

4,114 
1,555 
1,906

1,166

935 
137

83, 375

6,510

4.980 
3,904 
2,150 
1,993 
1,330 
1,516 
3,750 

150

500

26, 783

16, 140

16, 785

1,210 
1,670 
3,'l50

6,330

3,026

16, 140

1,087 
1,240 
2,650

4,977

a 3, 785

1887.

51, 517 
14, 070 
9,280 
8,368 
7,588 
6,745 
4,925 
5,100 
5,553 
4,975 
4,890 
4,079 
3,905

130, 995

22, 680 
17, 600 
15, 835

11, 565 
6,430

1,565 
1,070 
1,885

1,065

910 
170

81, 375

4,840

4,007 
2, 843 
1,798 
1,810 
1,124 
1,317 
1,000

500

19, 839

16,028

16, 028

866 
1,272 
3,200

5,338

3,580

a Estimated.
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The principal event in the zinc industry abroad was the failure to 
renew the spelter pool, which was first formed in 1886. % Until September 
16,1892, the pool fixed prices, and until the close of 1894 controlled the 
production of the leading works. Demands for an increase in product 
on the part of some works and the danger growing out of the starting 
of new works led to the final rupture in November, 1894.

BELGIUM.

The annual report of the Vieille Montagne Company possesses special 
interest because it refers to the operations of the largest producer of 
the world. In 1894 the company produced 54,839 metric tons of spelter, 
rolled 54,515 metric tons of sheet zinc, and made 7,669 metric tons of 
oxide. The average price of spelter declined from 422.30 francs per 
ton in 1893 to 374.42 francs in 1894, and yet the profit was reduced by 
only 985,000 francs. The gross profit of the year 1894 was 4,859,718.37 
francs, from which are deducted for general expenses 305,502.92 francs, 
for royalties 90,588.97 francs, and for interest, exchange, etc., 269,172.98 
francs, leaving a net profit of 4,194,453.50 francs. There was written 
off for depreciation 1,078,411.48 francs, for reserve according to law, 
533,208.40 francs, paid to the administration 266,604.20, to the directors 
56,651.05, and in dividends 2,250,000 francs. Since its formation in 
1837 the company has cancelled 1,800,000 francs of stock, leaving out 
standing 9,000,000 francs, and lias paid off entirely 14,800,000 francs 
in stock. During the same time there has been written off on account 
of plant and mining property 49,395,981.72 francs, so that the whole 
possessions of the concern, with its great producing capacity, stand on 
the books at 10,521,417.87 francs, or about $2,100,000. The company 
has a sayings fnnd for its workmen of 2,607,370.88 francs, has a life 
insurance and pension fund of 549,912.34 francs, a special fund at 
Vieille Montagne of 1,566,284.90, a marine and fire insurance fund of 
1,078,095.04 francs, a special reserve of 1,000,000, a legal reserve of 
4,829,793.05 francs, and an emergency fund, created in 1887, of 1,585,000 
francs.

The Austro-Belge Company, whose works are at Corphalie, earned a 
profit of 616,923.86 francs in the fiscal year 1893-94, qf which 572,670 
fraucs were distributed to stockholders and the balance to the admin 
istration and the directors. The company has a capital of 2,545,000 
francs, has a depreciation fund of 1,502,524.69 francs, and a reserve of 
400,000 francs. The plants and mining property, which are on the 
books at 1,067,777.69 francs, are valued at three times that sum.
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SILESIA.

Paul Speier, of Breslau, has kindly furnished a series of figures 
relating to the zinc industry of Silesia, covering a series of years. The 
production of the mines was as follows:

Production of zinc -mines of Silesia.

Years.

1889.........................................
ISQfl
1891
1892.........................................
1893.........................................

Calamine.

Metric tons.

325 705

391 891
QKO Olft

348, 654

Blende.

Metric tons.

246 955
oc-i 091

271, 277
OO1 fil7

Total.

Metric tons.

672, 660

649 847

During 1893 the number of zinc mines in operation was 38. 
equipment of the zinc smelting works has been as follows:

Equipment of Silesian nine works.

The

Years.

1888......................
18S^> ......................

1891
1892......................
1893

Furnaces.

Ordinary.

116 
119 
114 
104 
188 

74

Siemens.

374 
396 
390 
392 
316 
416

Muffles.

Ordinary.

3,061 
2,804 
4,060 
3,076 
6,152 
2,768

Siemens.

14, 656 
15, 389 
14, 064 
14, 604 
11, 808 
15, 738

Consump 
tion of 

muffles.

150, 824 
149, 385 
149, 665 
159, 285 
156,147 
170, 350

The number of persons employed and the average wages paid to them 
are stated in the following table:

Persons employed in Silesian zinc works and tlieir wages.

Years.

1889...................

1892...................
1893...........---..-..
1894...................

Male.

4,765 
4,863 
4,871 
5,177 
5,420 
5,618 
5,627

Female.

1,689 
1,774 
1,891 
1,906 
1,748 
1,758 
1,687

Average annual wages.

Men.

Marks. 
682.15 
737. 61 
831.58 
841.18 
832. 19 
804. 53 
806.97

Boys.

Marks. 
229. 90 
286. 87 
249. 00 
270. 84 
287. 77 
301. 97 
285. 06

Women.

Marks. 
269. 77 
291.74 
326. 66 
302. 50 
315. 64 
308. 00 
314. 07

Total wages.

Marks. 
3, 654, 992 
4, 046, 873 
4, 584, 095 
4,808,166 
4, 931, 537 
4, 961. 828 
4, 983, 997

According to the details submitted for 1893 there were employed 
5,418 men and 200 boys under 16 years of age and 1,637 women and 121 
girls under 16 years of age, the total wages paid during the year to the 
different classes being 4,358,933 marks to the men, 60,382 marks to the 
boys, and 542,513 marks to the females. The percentage of female and 
child labor seems exceptionally high in this industry. 

16 GEOL, PT 3——25
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The consumption of raw materials is summarized in the following 
table:

Consumption of materials in Silesian zinc works.

Years.

1888
1889
1890
1 SQ1
1BQ9

Calamine.

Metric tons.

402, 817

287, 990
294, 910

Zinc blende.

Metric tons. 
166, 606

180 915
186, 698
•j gg ggg

Scrap, oxide, 
etc.

Metric tons.

13 387
11 572
12 500

9,320

Total.

Metric tons.
555, 235
KJA OQO

582 577'

The consumption of fuel in 1893 was 1,028,973 metric tons, and 
1,015,442 tons in 1894, while the requirements of refractory material 
were 33,549 metric tons in 1893 and 28,719 tons in 1894.

The production of the works was as follows, cadmium and argentifer 
ous lead being by-products:

Metal production of Silesian zinc works.

Tears.

1 BflS
1889
1890
1891...... ...................................
189'^
1893 .........................................
1 SOd

Spelter.

Metric tons. 
84 777

88, 699

92, 546

Cadmium.

Metric ton*.

5,138
4,158
2 849

5,285
5,952

Lead.

Metric tons. 
701
815
836
779
716

The money value of these products was:
Value of metal products of Silesian zinc ivorks.

Years.

1flS8
1889
1890
1891
1892 ............................
1QQQ

1894

Spelter.

Marks.

39, 193, 369
39, 178, 479

29, 779, 113

Cad 
mium.

Maries. 
22, 855

10, 067
21, 844

Lead.

Marks.

217, 723
179, 351

142, 174

Total.

Maries.

39, 367, 900
34, 735, 141

Average.

Marks.

440. 13
386. 40

283. 55

In 1894 there were 5 sheet-zinc rolling mills working in Silesia, with 
8 single and 10 double trains of rolls, driven by 18 engines with 1,598 
horsepower in the aggregate, and 375 horsepower waterpower. They 
employed the following number of persons, the total including from 9 
to 14 women:

Persons employed and wages paid in Silesian sheet-zinc rolling mills.

Tears.

1888 ...............................................
1889 ...............................................
1890...............................................
1891
1892 ..................................... . . ......
1893 ...............................................

Persona 
employed.

466
567

649
633
616

Annual 
wages of 

men.

Marks.

744. 91
797 24

857. 97
863. 41

Total 
>vages.

Marks.

415, 086
493, 319

487, 405
469, 718
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The consumption of spelter and the product was as follows:

Production of Silesian rolling mills.

Years.

1888...........................

1800...........................
1891...........................

1893...........................

Consumption 
of spelter.

Metric tons, 
26, 674
33, 378

36, 318
35, 680

Sheet zinc.

Metric tons.

32 547

33,266
35, 186

Lead.

Metric tons. 
509
609
721
821

746
759

Zinc dust 
and other 

by-prodnots.

Metric tons. 
282

466
367
393

The total value of these products, the value of the sheet zinc, and 
the average price obtained for sheet zinc are summarized in the follow 
ing table:

Value of products of Silesian rolling mills.

Tears.

1888.........................................
1889.........................................

1892.........................................

1894.........................................

Total value 
of products.

Marks.
12, 468, 105

17, 211, 765

Value of 
sheet zinc.

Marks.

14, 644, 415

11, 946, 546

Average 
value of sheet 
zinc per met 

ric ton.

Marks.
377. 26

402. 18

The peculiarity of the zinc industry of Silesia is that the running of 
the works is little affected by the fluctuations in prices. Owing to 
the decline in value since 1801, the profits have been very seriously 
curtailed, and yet the works and the mines bear the loss, wages have 
not been reduced, nor has the work been lessened. This is due to the 
fact that those works which are not controlled by the mine owners 
purchase their ores on long time sliding scales, which assure them a 
profit even during a period of low prices. Another fact which accounts 
for it is that the number of mines in Silesia is small, so that the large 
mining companies bear the loss of revenue patiently in bad times and 
do not modify their methods of working. ,

The profits of the Silesian companies declined considerably in 1894. 
The report of the Schlesische Zink-Hiitten-Gesellschaft shows a profit 
of 4,381,409 marks in 1894, out of which a dividend of 12 per cent was 
paid, as compared with 5,310,095 marks in 1893, and a distribution of 
15 per cent. The return for 1894 of the Schlesische Actieu-Gesellschaft 
fur Berg- und Zink-Hiitten-Betrieb, Lipiue, was 3,423,218 marks, against 
4,160,110 marks in 1893. The dividends were reduced from 14 per cent 
in 1893 to 12 per cent in 1894.

In the Ehine district, the company which has succeeded Grillo at 
Oberhausen reported a profit of 300,072 marks and gave its share 
holders 9 per cent in 1894.
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It may be interesting to note that the Sicilia und Siegena Company 
is building works at Duisburg, Germany, to extract by an electrolytic 
method zinc direct from ore without previous concentration.

SPAIN.

The Real Compania Asturiana mined in 1894 31,200 tons of calamine 
in the province of Santander. The Posadas mines in Cordova raised 
3,000 tons of blende, and 9,000 tons of zinc ore were obtained in the prov 
ince of Murcia. The Eestauracion mine at Linares produced 653 tons 
of calamine. The Asturiana company worked 13,500 tons of ore at the 
Arnao works, producing 5,700 tons of spelter.

The official statistics for the year ending July 1,1893, give the prod 
uct of zinc ore as 62,963 metric tons and the yield of spelter by Spanish 
works as 5,972 metric tons.

ITALY.

Italy furnishes a considerable part of the ore supply for the zinc 
works of other countries in Europe, Sardinia notably being famous for its 
zinc mines. In 1893 the product of the district of Iglesias was 115,904 
metric tons. The district of Milan contributed 13,272 metric tons and 
that of Vicenza 3,041 tons to the grand total of 132,767 metric tons 
valued at 10,467,074 lire.

SWEDEN.

The principal zinc mines of Sweden, those of Amnieberg, belong to 
the Vieille Montague Company. In 1893 Sweden produced 45,046 
metric tons of ore, all of it being exported, since no spelter is produced 
in the country. In 1892 the production was 54,981 tons.

GREAT BEITAIN.

The English works depend chiefly upon supplies of foreign ores, the 
production of native ore having been only 21,676 long tons in 1894.



MANGANESE,

BY JOSEPH E>. WEEKS.

[The ton used in this report is the long toil of 2,240 pounds, if not otherwise designated.]

THE ORBS OF MANGANESE.

The ores of manganese mined in the United States are, with rare 
exceptions, oxides. Indeed, as a rule, the commercial ores of this metal 
are either one or the other of the three well-known oxides, or mixtures 
of two or more of them. Carbonate of manganese is mined in Merioneth 
shire, Wales, and at Chevron, Belgium, and possibly at one other local 
ity, and deposits of carbonate are reported in the United States. Some 
so-called silicates of manganese also have been mined, the deposit at 
Blue Hill, Me., being described as such. The carbonates and silicates, 
however, are of but little value commercially, the manganese ores that 
are almost exclusively mined the world over being psilomelane, pyro- 
lusite, braunite, and wad, and these are all oxides, most of them con 
taining more or less water of hydration.

These oxides are rarely fonnd pnre, but are nsually intimately asso 
ciated with other metallic oxides, as those of iron and zinc, and with 
the carbonate ores of silver, so much so that it is difficult at times to 
decide whether the mineral shall be classed as a manganese ore or as 
an iron, silver, or zinc ore. This mixture of the ores of other inetals 
with manganese has given rise to the classification of manganese-bearing 
ores herein noted.

There are three oxides of manganese of commercial importance:
Protoxide (MnO), known also as monoxide. Multiplying the amount 

of the protoxide (MnO) in any ore by 0.7746 will give the contents of 
metallic manganese in the ore.

Sesquioxide (Mn2O3 ), brown oxide, known also as manganic oxide. 
This oxide occurs in nature as braunite, and in the state of hydrate 
as manganite (Mn2O3 , H2O). Multiplying the amount of sesquioxide 
(Mn2O3 ) in an ore by 0,6392 will give the amount of metallic manganese ' 
in the ore.

Peroxide (MnOj). Multiplying the amount of peroxide (MnO2 ) in an 
ore by 0.63218 will give the amount of metallic manganese in the ore.

389
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These oxides, either separately or in combination with each other, form 
the common ores of manganese. These common ores are as follows:

Hausmannite is a form of the brown or sesquioxide, containing theo 
retically 72.1 per cent of metallic manganese.

Pyrolusite or binoxide, the black or peroxide of manganese, is the 
best of the common ores of manganese used commercially. Pyrolusite 
is the name properly applied to the iron-black or shining dark steel- 
gray crystals of manganese. It generally occurs in minute crystals, 
grouped together and radiating from a common center. It is this 
variety that is chiefly used by glass makers, as in its crystallized form 
manganese ore contains the least iron.

Psilomelane, an impure peroxide or black oxide allied to wad by con 
taining water, is one of the most generally diffused of the ores of man 
ganese. It is compact and fibrous, and has a dark steel-gray color 
and submetallic luster. It generally occurs in botryoidal or grape-like 
masses.

Braunite is the brown or sesquioxide. It occurs massive and also 
crystallized. It is distinguished by its brownish color. It is one of 
the most common ores in the United States.

Wad is a hydrate peroxide or black oxide. It is not used at all in 
the United States. It sometimes occurs as a hard and compact ore, 
though usually in brownish-black masses loosely agglomerated.

There is a most intimate connection between the ores of iron and 
those of manganese. The distribution of manganese in the United 
States is almost coextensive with that of brown hematite. In nearly 
all of these hematite iron ores manganese occurs as a constituent, while 
there are few samples of manganese which do not show by analysis 
more or less iron. Indeed, manganese and iron displace each other in 
most of the ores which are classed as manganese ores, and wherever 
manganese is present in an ore the other chief metallic constituent is 
usually iron. When manganese and iron are the chief constituents 
and manganese predominates the ore is called a manganese ore; when 
the iron contained exceeds that of manganese and the latter is present 
in appreciable quantity—say not less, on the average, than 4 to 5 per 
ceut—the ore is termed a manganiferous iron ore. Sometimes, how 
ever, a mangauiferous iron ore approaches the lower limits of the 
manganese ores in its content of manganese, and is sold as such; it is 
then classed as a manganese ore.

In close proximity to certain silver ores of the West, especially the 
carbonates of Leadville, iron and manganese ores carrying a percent 
age of silver are found. These ores, which we have termed " manga 
niferous silver ores," when found in Colorado, are chiefly from the upper 
workings of LeadviUe, and carry manganese in varying quantities with 
silver, lead, and iron. They are also found in connection with the 
silver deposits of other States.

The zinc ores of Sussex County, !N". J., which are mined for zinc, 
contain considerable manganese. These zinc ores are a mixture of
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willemite, franklinite, ziucite, and calcite. The residuum from work 
ing these ores for zinc, wtiich may be termed manganiferous zinc ores, 
is used in blast furnaces in New Jersey and in eastern Pennsylvania 
for the manufacture of spiegeleisen.

The ores of manganese, or those carrying manganese, will therefore 
be divided into four general classes: First, manganese ores; second, 
manganiferous iron ores; third, manganiferous silver ores, and, fourth, 
manganiferous zinc ores. The dividing line between the first two 
grades is taken at 70 per cent biuoxide of manganese, equal to 44.25 
per cent metallic manganese; this being the standard of shipments to 
English chemical works. All ores containing at least this amount of 
manganese are classed as manganese ores; those containing a less per 
centage of manganese, and containing also more or less iron, are classed 
as manganiferous iron ore. In the third class are included the man 
ganiferous silver ores of Colorado and Montana, which are utilized 
chiefly for the silver they contain. They have an added value, however, 
by reason of the fluxing qualities imparted to them by the presence of 
manganese and iron. In the fourth class is placed the manganiferous 
residuum or clinker from the zinc ores of New Jersey.

ORIGIN AND OCCURRENCE OF MANGANESE.

From the close association in which iron and manganese are usually 
found it is probable that they have the same origin. In many parts of 
the United States the manganese nodules, which form the bulk of the 
ore, were originally embedded in ferriferous shales. The' tenacious 
clay in which the manganese at present mined is found embedded was 
evidently formed by the decomposition of these shales. A nodular ore 
of manganese is even now found in Arkansas embedded in an undecom- 
posed shale.

Many of the masses of manganese found in the deposits worked at 
present are evidently concretionary in their origin. These masses are 
not only incased in clay, as noted above, but they often inclose clay. 
Near Lyndhurst, Va., on the Shenaiidoah Valley branch of the Nor 
folk and Western liailroad, manganese in the process of formation 
into these concretionary lumps has been observed. The ore is chiefly 
psilomelane, with some pyrolusite and mangauite, the softer material 
being found in cavities of the lump or forming seams in the harder 
ore. Lumps and crusts of manganese may be seen embedded in the 
clay, and are plainly now in process of formation. The manganese 
seems to be freely diffused through a dark-brown umber, and to be 
gradually concentrated out of the clay into lumps and crusts. In some 
cases crusts of manganese may be seen inclosing the clay, while the 
nodules often show inclosed clay.

In the United States manganese is usually, if not always, found in 
pockets, like its cousin-germaii brown hematite iron. It is usually
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embedded iu clay or loam, and requires washing, even when it is found 
in large lumps, in order to remove the clay, which is exceedingly tena 
cious, clinging to the lumps of ore so closely as to require a large 
amount of water, sometimes under pressure, to remove it. When the 
ore occurs as shot ore, sparsely distributed through the inclosing clay 
or loam, washing also has to be resorted to, more for the purpose of 
separating the ore from the gangue of dirt than for washing the clay 
from the ore. For these reasons it is usually essential that there be 
au abundant supply of water near a manganese mine. There are 
deposits of manganese ore in the United States of fairly good quality 
that can not at present be made available to commerce from the lack 
of water for washing in the near vicinity of the mine.

Manganese ore' occurs as shot ore, iu nodules, lumps, and masses, 
from the size of a pin head to masses weighing tons. "Sheets" of ore 
are sometimes formed by the union of masses that lie in a uniform 
direction. These masses are evidently concretionary in their origin.

MINING .LOCALITIES IN THE UNITED STATES.

By far the larger proportion of the manganese ores produced iu the 
United States is mined in three localities, the Valley of Virginia, Car- 
tersville, Ga., and Batesville, Ark. Tennessee has also recently become 
au important producer. Manganese is found, however, in many places 
in the United States. Indeed, as we have already indicated, its occur 
rence is almost coextensive with that of brown hematite iron ores. It 
is found all aloug the western slope of the eastern ridge of the Appa 
lachian range of mountains from Maine to Georgia. Considerable 
manganese ore is found associated with the hematite ores of the Lake 
Superior region, and in Arkansas, southwest from Batesville. The 
indications are that there are large deposits in the Eocky Mountain 
regions, and oil the California coast very large deposits of manganese 
ore have been observed. In many cases, however, the ore is so far 
from railroads and from the points of consumption as to make it impos 
sible to mine it profitably, while in other eases it is too high in phos 
phorus to make it largely available for steel manufacture.

Outside of the three districts named above, with few exceptions, 
the deposits are small and the indications not such as to justify the 
expenditure of large amounts of money in mining and washing plants, 
which are usually necessary to the economical production of manga 
nese. It is not to be understood that there are no localities outside of 
those named in which manganese can be profitably mined. The min 
ing of manganese ore, however, is one of the most uncertain undertak 
ings in mining. The amount of manganese produced in the country is 
much smaller than is generally believed; its mining, as a rule, is not 
profitable, and the risks, by reason of the pockety character of the 
deposits, are very great.
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The largest proportion of the manganiferous iron ores produced in 
the United States is from the Lake Superior region, where it is found 
associated with the iron ores of that section. These, as a rule, carry 
very lo\\r percentages of manganese, and in most cases have but little 
added value because of their manganese coptents. In Virginia ore of 
this character is also mined, though oftentimes in so small quantities 
as not to justify its separation from the other manganese produced in 
that State, and therefore the whole product is reported as manganese 
ores. In Colorado manganiferous iron ore is. found associated or in 
close proximity to the manganiferous silver ore, which is the chief 
manganese product of that State. This ore is used chiefly at Pueblo, 
and occasionally at Chicago, in the manufacture of spiegeleisen. All of 
the Colorado ore is from the Leadville district.

Mauganiferous silver ores are of quite frequent occurrence in the 
silver regions of the West, though, as it is usually classed as a silver 
ore, no attempt is made to ascertain the amount produced except in 
the Leadville district of Colorado and in Montana. But small amounts 
are produced in Montana at present, though the indications justify the 
belief that manganiferous silver ore will be produced in this State in 
increasing quantities.

All of the manganiferous zinc ores arc from Sussex County, N. J.

THE USE OF MANGANESE.

The earliest known use of manganese was as coloring matter in the 
manufacture of pottery and glass. The violets, browns, and blacks of 
pottery are usually produced with oxide of manganese, the depth of 
coloring depending upon the quantity used and the heat applied. 
Excess of manganese gives a jet black. Basalt or black Egyptian 
bodies require at times as high as one-sixth of the weight of the mass 
of manganese. Doorknobs are colored black by an excess of manga 
nese. Various shades of brown result from varying proportions, while 
a slight amount will give a violet or purplish tinge to the ware. Man 
ganese may be used either in the body of the ware itself, in the glaze, 
or in the decorations.

Manganese, always as pyrolusitc in its purest state, is used in glass- 
making for two purposes: First, to color violets, purples, browns, and 
blacks; and secondly, as a decolorizer to remove the greenish tinge due 
to the presence of iron in the glass sand. It is to the latter use that it 
owes its name "savon de verriers" (glass makers' soap).

One of the chief uses of manganese, indeed its chief one for many 
years was in the manufacture of chlorine gas used in the production 
of bleaching powder (chloride of lime). Little or no manganese is used 
in the United States for this purpose.

A small amount of manganese is used in the United States in the 
manufacture of bromine, a process somewhat analogous to chlorine 
production.
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Manganese is also used in a small way 'as a paint, as a coloring mat 
ter and mordant in dyeing and calico printing, in the manufacture of 
oxygen, as a material in the manufacture of disinfectants, in electrical 
batteries, and alloyed with copper, iron, bronze, and other metals for 
various uses, especially for journal bearings.

For all these purposes, however, the amount of manganese used in 
the United States is very small. It is probable that the total consump 
tion in pottery and glass manufacture does not exceed 500 tons a year, 
of which about two-thirds is used in glass making. The amount used 
in bromine manufacture and the other uses enumerated probably 
amounts to another 500 tons. The remainder is used in connection 
with iron and steel manufacture, chiefly in the production of steel and 
of a pig iron rich in manganese for use in cast-iron car wheels. In the 
crucible process of steel manufacture manganese is charged into the 
pots either as an ore at the time of charging the pots or it is added as 
spiegeleisen or ferro-manganese at the time of charging or during the 
melting, usually toward the close of the melting, so as to prevent too 
great a loss of manganese by oxidation. In the Bessemer and open- 
hearth process the manganese is added as spiegeleisen or ferro-manga- 
nese at or near the close of the process, just before the casting of the 
metal into ingots. A manganese ore low in silica is also used to great 
advantage in the basic open-hearth steel process.

It has been.found in recent years that a chilled cast-iron car wheel 
containing a percentage of manganese is much tougher, stronger, and 
wears better than when manganese is absent. Fox. this reason large 
amounts of manganiferous iron ores are used in the manufacture of 
Lake Superior charcoal pig iron intended for casting into chilled cast- 
iron car wheels.

PRODUCTION OF MANGANESE ORES IN 1894.

The production of manganese ores proper in the United States in 
1894 shows a reduction from the previous year, the product being 6,308 
tons in 1894, as compared with 7,718 tons in 1893. The production of 
1894 is the smallest of any year since 1884. The production of Arkan 
sas in 1894 was about the same as in 1893; California shows a reduc 
tion of 122 tons, Virginia a reduction of about 2,300 tons, while Georgia 
shows an increase of 553 tons, Tennessee an increase of 440 tons, and 
West Virginia, which does not appear at all in previous years, shows a 
production of 100 tons.

The total value of the 6,308 tons produced in 1894 was $53,635, or 
$8.50 a ton, as compared with a total value in 1893 of $66,614 and an 
average value of $8.63. .
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The amount and value of the manganese ore produced in the United 
States in 1893 and 1894 is shown in the following table:

Amount and value of manganese ores produced in the United States in 1893 and 1S94.

States.
Product.

Long tons.
400

1893.

Total 
value.

30, 802

66, 014

Value 
por ton.

5.00
7.00

7.53

a 8. 63

Product.

Lonq tons.
278

1,277

100

6,308

1894.

Total 
value.

$19, 564
1,800

5,993

Value 
per ton.

$10. 13
0.47
6.74
6.50

10.00

a Average.

A comparison of this table with that of previous years shows the 
uncertainty accompanying the production of manganese ores. Togo 
back only to 1891: In this year eight States were producers of manga 
nese, the total production being 23,416 tons. In 1892 but three States 
produced, but still the total was 13,613 tons. In 1893 five States pro 
duced manganese, but the total production fell to 7,718 tons; and though 
in 1894 six States produced manganese, the total production had fallen 
off, as compared with 1893, 1,410 tons, and as compared with 1891 
17,108 tons.

A comparison of the production of the different States in 1891 with 
1894 will show this change even in a more marked degree. In 1891 
Virginia produced 10,248 tons; in 1894 only about one-ninth of that 
amount; that is, 1,797 tons. In 1891 Georgia produced 3,575 tons; in 
1894 but 1,277 tons, a, little more than one-third. In 1892 Arkansas 
produced 0,708 tons; in 1894 but 1,934 tons, less than one-third.

The decrease iu production of manganese occurs chiefly from the 
apparent exhaustion of the Orimora deposit in Virginia and to the 
exhaustion of the pockets that have been worked in Georgia and 
Arkansas. The depression in the steel industry and the low prices 
at which manganese ruled for a while discouraged further search and 
development. It is by no means certain or even probable that the 
manganese deposits in Virginia, Oartersville, and Batesville districts 
are exhausted. New pockets will undoubtedly be found in all three 
districts, but we may always look for great fluctuation in the produc 
tion of manganese in the different States.

There will also be a fluctuation in the value of the ores mined, due 
not only to changes'in the price growing out of supply and demand, 
but also out of the increased or decreased richness of the ore. As a 
rule the ore mined at the beginning and close of working a pocket is 
somewhat leaner than that produced when the pocket is yielding large 
returns of ore; that is, around the edges of the pocket the ore is apt 
to be leaner than in the center.
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Iii the following table is shown the production of manganese ores in 
the United States from 1880 to 1894, the output of the three chief pro 
ducing States being reported separately, "while the production of the 
other States, -which vary greatly, is consolidated:

Production of manganese ores from 1880 to 1S94.

Years.

1880..........
1881..........

1884..........
1885..........

1888..........
1S8!).... ......
1890
1891
184*'*

Total . .

Virginia.

Long tons. 
3, 661
3,295
2,982
5,355

18, 745
20, 567
19, 835
17, 640
14, 616

16, 248
6,079
4,092

156,597

Arkansas.

Long tons.
iiio
175
400

1,483
3,316
5,651
4,312
2,528

1,650
6,708
2,020
1,934

36, 416

Georgia.

Long torn. 
1,800
1,200

2,580
6,041
9,024
5,568
5,208

3,575
826
724

1,277

39, 572

Other 
States.

Long tans. 
300
375

400
450
269
14

1,672
1,345

882
1,300

17, 047

Total.

Long tons.
4,895

6.155

23, 258
30, 193
34,524

24, 197
OK fiQd.

23, 416
13,613
7,718

249, 632

Total 
value.

73, 425
«7, 080
92 325

277, 636
.133, 844

240, 550
91 o o^fi
239, 129
129, 586
66,014
53, 635

2,472,210

PRODUCTION OF MANGANIFEROUS IRON ORBS.

No attempt has been made to collect the statistics of manganese- 
bearing iron ores except in cases where the manganese has added 
somewhat to their value. We have been able in 1894 to distinguish 
between manganese and manganiferous iron ores only in two districts, 
namely, the State of Colorado and the Lake Superior region. In 1893 
five States or districts produced manganiferous iron ores, namely, 
Colorado, the Lake Superior region, Arkansas, North Carolina, and 
Virginia.

The following table shows the production of manganiferous iron ores 
in the United States in 1894:

Production of inanfjaniferous iron ores in the United States in 1894.

Localities.

Total.............................

Product.

Long tons. 
7,022

108, 466

205, 488

Per cent of 
manganese.

. 25
3. 07 to 18

3. 07 to 25

Value 
per ton.

$3.82
1.92

1.09

Total 
value.

$26, 822
381,775

408, 597

The total production of manganiferous iron ores in 1.893 was 117,782 
tons, ranging in contents from 4.67 to 30 per cent of manganese, and 
valued at $2.40 a ton. It will be seen, therefore, that while there was 
in 1894 a considerable increase in production, the percentage of man 
ganese in the ores and the value per ton were very much less.
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In the following table is shown the total production of mangauifer- 
ous iron ores in the United States, and the value of the same for each 
year from 1889 to 3894:

Total production of manganiferous iron ores in, tlie United States from 1889 to 1894.

Years.

1889.................................... ..............
1890
1891 ............... ...................................

1804...................................................

Total prod- 
act.

Long tons.

132, 511
153, 373

Total 
value.

354, 664

Value 
per ton.

$3.26
3.74
-<!.37

2.40

PRODUCTION OF MANGANIFEROUS SILVER ORES.

The manganiferous silver ores produced in the United States in 1894 
were chiefly from the Leadville district of Colorado, with some small 
amounts from Montana.

The total production in 1894 of this class of ores of which we have 
a record was 31,687 tons, valued at $148,292, or $4.93 a ton. Of this 
ore 30,187 tons were produced in Colorado and 1,500 tons in Montana. 
In the value given no account is taken of the Montana ore, as it is 
regarded as a silver ore. Of the 31,687 tons 12,460 tons contained 20 
per cent and over of manganese, and the remain der, 19,227 tons, less 
than 20 per cent. The Montana ores carried about 7 per cent.

The total production of manganiferous silver ore in the United States, 
with the content of manganese and the value per ton for each year 
from 1889 to 1894, for which returns have been received is given in 
the following table, the entire production being from Colorado, except 
as noted:

Production of manganiferous silver ores in the United States from 1889 to 1894.

Tears.

1880......................
1890......................

1892 ......................

Containing 
20 per 

cent and 
over.

Long tons. 
q 987
7,826

17, 047

Containing 
less than 20 pel- 

cent.

Long tons.

a 43, 320

Total.

Long tons. 
64 987

70,511

a 55, 962
a31,687

Total 
value.

$227, 455
397, 555

258 695
148', 292

Average 
vulno pel- 

ton.

$3.50
8 50
s.oo
4.75
4,91

a Including 1,500 tons from Montana for which no value is given.

PRODUCTION OF MANGANIF.EROUS ZINC ORES.

As has been explained, by manganiferous zinc ores is meant the 
residuum or clinker left from working the zinc ores at Franklin, N. J. 
The total production, or rather the consumption, in the blast furnaces 
of this class of ores in 1894 was 26,981 tons, valued at $20,464, or 76
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cents a ton. It is difficult to fix a price for this residuum. In some 
cases it is charged on the furnace books—the furnace being owned by 
the zinc producers—at the cost of handling and freight to the furnace, 
the clinker itself being regarded as of no value. In other cases a cer 
tain value is arbitrarily placed upon the ore. The price fixed in 1894 
is, as stated, 76 cents a ton, but in view of the facts above given it can 
not be claimed that this is an accurate value.

In the following table will be found a statement of the product of 
the manganiferous zinc ores in the United States and the value of the 
same for each year from 1889 to 1894:

Product of manganiferous zinc ores in the United States from 1889 to 1894.

Years.

1889
1890..............................................................
1891..............................................................

1893....................'..........................................
1894..............................................................

Quantity.

Long tons.
48, 560
38, 228

26, 981

Value.

$54 560

57, 432
25, 937
30, 535
20, 464

PRODUCTION OF ATjL CLASSES OF MANGANESE ORE.

On the basis of the classification heretofore given, the total produc 
tion of manganese and manganiferous ores in the United States in 
1894 was as follows:

Production of manganese and manganifermts ores in the United States in 189i.

Ores. Quantity.

Long tons. 
6,308 

205, 488 
31, 687 
26, 981

270, 464

Total 
value.

$53, 635 
408, 597 
148, 292 

20, 461

630, 988

Value 
per ton.

$8.50 
1.99 
4.91 
.76

$2.33

IMPORTS OF MANGANESE.

The following table shows the amount of manganese, including both 
that classed as manganese ore and oxide of mangauese, imported and 
entered for consumption into the United States in the years 1889 to 
1894, these imports being for calendar year:

Manganese imported and entered for consumption into the United States, 1889-1894.

Years.

1 OOQ

1890..-..-.--.---....-....-...-..........-.
1891.......................................
1892.......................................
1893.......................................
1894.......................................

Ore.

Quantity.

Long tons. 
4,135 

33,998 
28, 624 
58, 364 
67, 717 

a 44, 655

Value.

$72, 391 
509, 704 
371, 594 
830, 006 
860, 832 
432, 561

Oxide of.

Quantity.

Lonq tons. 
151 
156 
201 
208 
396

Value.

$6, 000 
7,196 
9,024 

10, 805 
19, 406

a Classified as ore and oxide.
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PRICES OF MANGANESE AND MANGANIFEROUS ORES.

In connection with the statements of production in the several States 
we have given the price free on board at the mines at which the various 
classes of manganese-bearing ores have been sold. The prices paid, 
however, by the Carnegie Steel Company, Limited, are of considerable 
importance, as they practically control the price paid for all manganese 
ores produced in the United States. A memorandum of prices paid 
by this company is as follows:

Prices are based on ores containing not more than 8 per cent silica 
and not more than 0.10 per cent phosphorus, and are subject to deduc 
tions as follows: For each 1 per cent of silica in excess of 8 per cent, 
15 cents per ton; for each 0.02 per cent phosphorus in excess of 0.1 per 
cent, 1 cent per unit of manganese.

Prices paid for manganese ores delivered at Bessemer, Pa.

Manganese.
Prices •

Iron.

Cents. 
6
6

°

>er unit.

Man 
ganese.

Gents, 
28
27

25

Settlements are based on analyses made on samples dried at 212°, 
the percentage of moisture in samples as taken being deducted from 
the weight.

These prices are subject to change without notice, unless otherwise 
specially agreed npon.

The unit of manganese or iron is 1 per cent of either of these metals 
in the metallic state contained in the ore dried at 212° F. For instance, 
if an ore contain 49 per cent manganese and 5 per cent of iron there 
would be 49 units of manganese and 5 units of iron. The price of such 
an ore, according to the above table, would be C cents a unit for the 
iron and 28 cents a unit of manganese, provided the silica and phos 
phorus were within the limits named. This would make the iron in the 
ore worth 30 cents and the manganese $13.72,- the total value of the 
ore being therefore $14.02 delivered at Bessemer, which is practically 
a Pittsburg delivery.

The prices given in the above table practically govern the price of 
all the manganese ore produced in the United States. The price at 
the mine would be the price obtained for the ore at Bessemer less the 
transportation charges. Prices for ore delivered at either Chicago or 
Johnstown would be practically based on these same rates, Avith allow 
ances for difference in location, freight charges, etc.



400 MINERAL RESOURCES.

THE INDUSTRY IN THE UNITED STATES.

ALABAMA.

So far as lias been ascertained, no manganese ore proper has ever 
been produced in a commercial way in Alabama, though at times the 
brown hematite iron ores of this State carry a considerable percentage 
of manganese, thin streaks of rich crystalline manganese ore being occa 
sionally found. As early as 1875 these manganiferous iron ores were 
utilized in the blast furnaces of the Woodstock Iron Company at Annis- 
ton, Calhoun County, in the manufacture or spiegeleisen, the ores carry 
ing at that time about 20 per cent of manganese. Recent analyses do 
not give so large a percentage, 12 per cent being a better average. The 
manganiferous ores occurred in connection with the iron ores of the 
neighborhood, sometimes as veins and crusts from 1 to 3 feet in thick 
ness, resting on the iron ore, in other cases in chimneys or pockets in the 
main ore belt or vein. The use of these ores at the Woodstock furnaces 
was the first attempt in the United States to manufacture spiegeleisen 
and ferro-manganese from manganese ores, the only spiegeleisen made 
in the country prior to this having been made by the New Jersey Zinc 
Company from the residuum from zinc ores. The total amount of spie 
geleisen made by the Woodstock Company was about 1,000 tons, con 
taining, usually, from 8 to 20 per cent of manganese, though some ferro 
with as much as 60 per cent of manganese was produced. Some recent 
analyses of these ores are as follows:

Analyses of manganiferous iron ores from Woudstock, Ala.

Constituents.

*

No. 1.

Per cent. 
38.50
11.44

No. 2.

Per cent.

.55

In a paper on the geology of Alabama, read before the American 
Institute of Mining Engineers, by Mr. E. J. Schmitz, of New York, the 
following analyses of manganese are given, but there is no information 
about the deposits from which the samples were taken:

Analyses of manganese ores from Alabama.

Nos'.

1 
2
3

Varieties.

Pyrolusito ......----
Pailomelane ......--.
.....do...............

Formations.

Metaniorpliio ......... 
Silurian. ..............
Metamorphic .........

Counties.

Chilton ....... 
Talladega.....
Randolph .....

Peroxide 
man- 

ganese.

Per cent.
71.22 
62.73
63.25

Specific 
gravity.

"3.712
3.988
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It seems hardly possible that these ores can exist in any quantity in 
Alabama, or certainly some use would have been made of them in the 
years that have elapsed since attention was called to them.

The only ore shipped from this State of which we have any record 
was late in 1886, from Stocks Mills, in Gherokee County. The opera 
tions showed the existence of a series of small pockets yielding an ore 
low in phosphorus, analyzing about 45 per cent of manganese, 0.8 per 
cent phosphorus,, 5 per cent iron, and 8 per cent silica. The total, 
amonnt mined was only about 75 tons.

The recent report of Dr. E. A. Smith, State geologist of Alabama, 
on the geology, minerals, etc., of Murphrees Valley ̂ discusses at some 
length the manganese ores of that section. These ores, he states, are 
50 to 150 feet above the black shale, in what is termed the " Lower 
Siliceous group." Occasionally traces of them are found as high up as 
the La Grange sandstone. Quite a number of places a.re described in 
this Murphrees Valley where manganese has been found. The first 
prominent exposure of the ores is a little southwest of where the 
Locust Fork of the Warrior crosses the valley, and on the northwest 
side of Bed Mountain. At this point great bowlders of chert and 
quartz cemented together with intermingled manganese, as well as a 
great bod of "pulverulent black oxide of manganese, about 4 feet thick 
and covering about an acre .of ground," are found. This " curious 
black stuif" had been opened up with pits and holes, and showed 
"numerous small chunks of pyrolusite and manganite," " seldom more 
than 2 or 3 pounds weight, well rounded and smooth on the surface, 
lying principally in seams and layers 5" " near the bottom of the deposit 
the ore chunks are more numerous." Mr. Smith suggests that " with 
out washing" this deposit "would not give a high enough percentage 
of dioxide of manganese to be marketable." Southwest of this, out 
crops of pyrolusite were found, and just beyond a deposit of soft 
manganiferous iron ore of a dark blue color, carrying, it was estimated, 
20 per cent of manganese. The best exposure of pyrolusite is at 
Dabb's bed, in section 21. The bed seemed to vary from 2£ to 4 feet 
in thickness; the ore was found in small masses, carrying, it is stated, 
50 to 75 per cent of dioxide of manganese.

Quite a number of other localities that give promise of being com 
mercial deposits of manganese are noted. Mr. Smith states, as the 
result of his investigations, that the great bulk of the ores will be 
found in the Sand Valley and on the northwest side of Red Mountain, 
and that the discoveries so far made are in the main accidental, and 
that probably the larger portion of the deposits that exist are as yet 
undiscovered.

ARKANSAS.

There are two localities in Arkansas in which manganese has been 
found in considerable quantities; one the Batesville region, lying chiefly 
in Independence and Izard counties, in the northeastern part of the 

16 GEGL, PT 3——26
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State; the other in the southwestern part of the State, extending from 
Pulaski County on the east to Polk County and the Indian Territory 
on the west. The work done in this latter district, which may be termed 
the "southwestern," has been principally in the way of development. 
The Batesville or northeastern district has furnished all the ore pro 
duced commercially in Arkansas.

The manganese belt at Batesville is somewhat elliptical in shape, has 
a length east and west of about 16 miles, with an average breadth of 
about three miles, though the manganese deposits are by no means 
continuous over this area, there being frequent interruptions and many 
places from which it is absent. It is probable that 7 or 8 square miles 
would cover the ascertained extent of the deposit.

In this Batesville district the ore occurs in two horizons under two 
distinct conditions: (1) As a drift ore in the northwestern portion of 
the region, and (2) in a regular stratified bed in the eastern portion 
of the belt.

The drift manganese ore is found under the tops of the hills in pieces 
from the size of a pea to bowlders 2, 3, and even 4 tons in weight. 
The drift carrying the ore is from 5 to 25 feet in thickness, with an 
average of 9 feet, and rests upon a floor of limestone, a brown clay ot 
varying thickness, however, being interposed between the ore bed 
and the limestone. The drift yields from 12 to 30 per cent of ore. 
Above the manganese drift is an earthy wash from 3 to 30 feet in 
thickness, interspersed with fragments of chert. At the Southern 
Mine the stripping is from 2 to 25 feet thick and the drift in which the 
manganese is found 20 feet thick; at other pits the stripping is 10 feet 
and the ore drifts from 5 to 11 feet. The ores from the two horizons 
mentioned above, which are black oxides, do not differ materially in 
character, the drift Ore, if anything, being the better. The percentage 
of manganese in the ore varies from 40 to 60 per cent, averaging from 
50 to 52 per cent. The ore has a bright luster, is submetallic in char 
acter, crystalline, brittle, and with a fracture like that of iron. An 
analysis of the drift ore is as follows:

\
Analysis of Balesville, Ark., drift manganese ore.

Per cent.

55.95
.17

1.27
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The following is an analysis of an average of seven shipments of 
the Batesville ore:

Average of seven analyses of Batesville, Ark., manganese ore.

Per cent.

50.43
3.66
.16

2.28

Analyses of ore from three separate pits in the Batesville region 
give the following:

Analyses of Batesville, Ark., manganese ore.

Pit No. 1.

Per cent. 
56.92

.10

Pit No. 2.

Per cent. 
54.33
1.34

Pit No. 3.

Per cent. 
56.88

.18

.72

The latest analysis of this ore from the Keystone mine, covering a 
shipment made in November, 1894, of about 400 tons, was as follows:

Analysis of Batesville, Ark., manganese ore, 1894.

Per cent.

57. 308
1. 750

.118

Another analysis, reported to be a sample of this ore from the Martin 
mine, is as follows*

Analysis of Batesville manganese ore from the Martin mine.

Per cent.

fin *\nn

.167

.027

The existence of manganese in this region has been known for forty- 
five years, small quantities having been shipped as early as 1840. The 
total amount produced up to 1808, however, was but a few hundred 
tons. In this year a shipment of 10 tons was made to Pittsburg, where 
it was sold at $30 a ton. From 1868 to 1881 but little ore was mined. 
In the latter year, however, mining began ou a commercial scale and 
has been continuous ever since. In October, 1885, the Keystone Iron
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and Manganese Company, of Pennsylvania, acquired large tracts of 
land and have since been the largest shippers of ore from Arkansas.

The production of manganese in 1894 was 1,934 tons, carrying on an 
average from 50 to 52 per cent of manganese, though at times the ore 
carried several per cent more of manganese than this. The shipments 
from theBatesville region in 1894 were considerably in excess of this, as 
they included most of the ore mined in 1893, but little of the ore mined 
in this year being shipped until 1894, owing to the depression in the 
steel business and the impossibility of securing a remunerative price 
for the ore. The production of the region in 1894 was 1,934; the ship 
ments nearly 4,000 tons.

There is some question as to what is a fair valuation of this ore on 
the cars at the mines. The price reported in some cases is evidently 
the price for the ore delivered at some point at a distance from the 
mines. From the best information received it is believed that $8 a ton 
at the mines would cover the value of the ore. The production of 1893 
was stated to be worth $12 a tori, which was probably excessive. At 
$8 a ton the value of the production of 1894 would be $15,472.

The production of manganese in Arkansas since the beginning of 
shipments in 1850, as far as can be ascertained, is shown in the following 
table. The authorities are given in each instance. The shipments from 
1885 to 1894 have been verified by statements kindly furnished by offi 
cers of the St. Louis, Irou Mountain and Southern Eailway Company:

Production of manganese in the Ratesullle district of Arkansas to December 31,1894

Years.

1850 to 1867 ................ 
1808........................
1881
1882........................
1883........................

1885........................

1887........................
1888........................
1889........................
1890........................

1892. ...... .................
1893........................

Authorities.

Estimated .................................... 
.....do ........................................

.....do ........................................

.....do ........................................

.....do ........................................

..:.. do ........................................

.....do ........................................

.....do ........................................

.....do ........................................

.....do ........................................

.....do .......................................

.....do ........................................

Long tons.

400 
10

175

800

3,316

4,312
2,528

a 2, 180
1,934

a One hundred and sixty tons manganiferous iron ore.

No ore was produced in the Southwestern manganese districts of 
Arkansas in 1894. Indeed very little has ever been produced in this 
district, probably not to exceed 50 tons, most of this having been taken 
out by the Arkansas Development Company in Polk County. To the 
lack of transportation facilities is usually ascribed the failure to pro 
duce manganese ore in this district on a commercial scale. But Dr. 
E. A. F. Penrose, jr., in his report on the Manganese Deposits of 
Arkansas, says:
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This lack of transportation facilities may in some cases have prevented further 
attempts than have been made to mine the ore, but, even if there were better facil 
ities, the peculiar mode of occurrence of the ore would always prevent the develop 
ment of the deposits on a commercially important scale.

He further says:
The aggregate amount of manganese in the region is undoubtedly large, but it is 

distributed over an extensive area, and in almost all places it is hopelessly scattered 
through'the rock in small nests and seams. If these nests and seams were insuffi 
cient quantities, the rock might be crushed aud the ore concentrated by washing, 
but the pockets containing them are too small to permit the expense of machinery. 
In southwestern Arkansas, that is, in the .region from Pulaski County on the east 
to Montgomery and Polk counties on the west, no extensive manganese mining can 
be carried on at a profit. There are no large bodies of ore anywhere on the surface, 
and the nature of the deposit is such as to make it utterly useless to search for more 
extensive bodies at a depth.

CALIFORNIA.

Quite a numbed of manganese deposits have been noted in California, 
but with one or two exceptions either the ore has been found in small 
quantities or its distance from market precluded its utilization. There 
is also such a small demand for manganese on the Pacific Slope that it 
does not pay to mine it except under very favorable circumstances.

Most of the deposits in California have been found in the Coast 
Range, where some have been worked to a limited extent, and in the 
Sierra Nevada, where the deposits have not been worked at all.

The only mine that has had any history as a producing property is 
the one known as " Old Ladd " or " Corral Hollow," situated in San 
Joaquin County, in a canyon known as " Corral Hollow," 12 miles south 
of the Southern Pacific Railroad at Tracy and about 50 miles southeast 
of San Francisco. The first manganese mining in California is said to 
have been done at this mine in 18G7 by Mr. A. S. Ladd, though at 
about the same time a deposit at Eed Rock, a small island situated in 
the northern part of the Bay of San Francisco, was also-worked. 
Most of the ore from both places was sent to England and used in 
chemical manufacture. Ladd continued to operate his mine until 1874, 
during which time he is said to have shipped about 5,000 tons of ore, 
when the introduction of Spanish, manganese into English and other 
foreign markets compelled the cessation of operations. In 1874 Mr. 
Ladd sold the property to Mr. Justinian Caire, of San Francisco, who 
has since then mined limited quantities of the ore.

At this mine the manganese occurs in a lenticular bed interstratified 
with red, yellow, and gray jasper. The ore when first mined is massive, 
hard, and black, with a conchoidal fracture. On exposure it becomes 
soft and breaks up into fine black powder. The ore bed seems to be 
made up of a series of regular or somewhat abrupt lenticular bodies, 
widening and contracting at irregular intervals, expanding in some 
places to 7 feet in thickness and in others thinning out altogether. 
Fine small bodies of ore are found in the jasper on either side of the
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main deposit. There seems to be quite a quantity of ore in this deposit. 
Considerable mining has been done on the property. A tunnel about 
500 feet loug has been run into the hill and numerous small pits have 
been worked. 

The following is an analysis of ore from this mine:
Analysis of manganese ore from Corral Hollow, California.

\Va,tcr
Silica.........................................................................

Per cent.

75.26
6.94
3.20

.56
19

.58

1(10. 33

The Ked Rock deposit is on a small island some 3 or 4 acres in extent, 
situated in the northern part of the Bay of San Francisco. The manga 
nese here, as at Corral Hollow, is found in association with red jasper, 
occasionally laminated.. The red varieties, where soft and decomposed, 
have been used as a basis for paint. Manganese was mined on this 
island in 1867, and a quantity shipped to England, the exact amount 
of which is not known, but it is stated that at least one schooner load, 
and probably more, was mined. Operations are said to havQ been 
stopped at an early date by the Government, who wished to preserve 
the island for harbor purposes.

The following is an analysis of the Eed Rock manganese:

Analysis of manganese ore from Eed Boek; California.

*

Silica........................................................................

Percent.

44.21
7.31
5.32
1.44

35.32

This is au exceedingly impure ore, and if it represents the mine it is 
not at all strange that mining was stopped.

In 1882 some ore was mined at Saucelito, which is in the southern 
part of the chain of mountains which separates the northern part of the 
Bay of San Francisco from the Pacilic Ocean. The ore was used as a 
flux. The ore is massive, sometimes porous, frequently stained with 
iron, usually found in thin films, which occasionally widen into nests 
and pockets of from 1 to 3 or more feet in diameter.

Considerable ore is also mined in Livermore, Alameda County. I 
have no details of the occurrence of .this ore.
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But two mines in this State produced any ore in 1894, the total quan 
tity mined, being 278 tons carrying from 62 to 72 per cent of binoxide 
of manganese and worth $1,800.

Until quite recently but little exact information has been available 
regarding the production of manganese in California. It is used in a 
small way in the manufacture of chlorine for gold-smelting purposes. 
It is estimated that the total amount produced up to the close of 1890 
was between 5,000 and 6,500 tons. This estimate is made on the basis 
that 5,000 tons were mined for shipment to England from 1867 to 1874. 
After 1874 but small amounts were produced each year, none being 
produced in 1892. In 1893 the production was 400 tons, and in 1894 but 
278 tons. As nearly as can be ascertained, the following table repre 
sents the production of manganese in California from the beginning of 
mining until the close of 1894:

Total production of manganese in California to December SI, 1894.

Tears.

1874 to 1888.....................

Tons.

53

705

Tears.

1893 ............................
1894............................

Total.....................

Tons.

278

COLORADO.

Colorado produces two classes of manganese-bearing ores—manga- 
niferous iron ores used to some extent in the- production of spicgel- 
eisen, and manganiferous silver ores used as a flux in the smelting of 
silver-lead ores. Both classes of ores are from the upper workings of 
the Leadville silver deposits, and carry manganese in varying quanti 
ties, from 5 to 25 per cent and occasionally as much as from 30 to 35 
per cent of manganese with 0 to 20 ounces of silver, 0 to 4 per cent of 
lead, 4 to 18 per cent of silica, and from 11 to 50 per cent of iron. In 
most of the silver mines in the Leadville district more or less iron and 
manganese are found.

The manganiferous iron ores are a mixture of manganic and ferric 
oxides with silica, etc., and carry as a "rule but little silver, though 
some of the slags from the blast furnaces of the Colorado Fuel and 
Iron Company at Pueblo, where most of these manganiferous iron ores 
are used in the manufacture of spiegeleisen, are so high in silver as to 
make it profitable to rework them for its recovery. Occasionally some 
of the manganiferous iron ores are sent as far east as Chicago, but 
these contain practically no silver. It is rather a singular fact in con 
nection with the oxidized iron ores of the Leadville district containing 
25 per cent of manganese or over that they are almost invariably low 
in silver. The probability is that the average silver content of the
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ores shipped in 1894 as rnanganiferous iron ores was not more than 
from 1£ to 2 ounces of silver per ton.

The inangariiferous ore bodies are found in blanket or horizontal 
veins the same as the carbonate deposits which have made Leadville 
snch a silver center. In fact carbonate deposits often occur alongside 
or in the midst of the manganese bodies. While it is difficult to give 
an idea of the average size of the manganiferous deposits, it may be 
said that those low in manganese are quite large, running oftentimes 
as high as 50 to 60 feet in thickness, while the deposits containing 30 
per cent of manganese or more are found in small bodies, say from 6 to 
8 feet in thickness. The statement applies to the manganiferous silver 
ores as well as to the maganiferous iron ores. The manganiferous iron 
ore which is used for the production of spiegeleisen should not contain 
more than 7 per cent of silica. If it does there is a deduction of 9 or 
10 cents per unit over each unit of silica in excess of 7 per cent. The 
phosphorus must also be low.

The manganiferous silver ores should be classed really as silver ores, 
though they have an added value because of their contents of manga 
nese and irou as a flux in smelting the silver-lead ores. The value of 
the manganiferous silver ore depends upon its contents of silver and 
of silica as compared with its content of iron and manganese. These 
ores are usually bought by the smelters according to their so-called 
"silica excess;" that is, the excess of iron and manganese combined 
over the silica. Suppose this "silica excess'? to be placed at 40 per 
cent—that is, there must be an excess of 40 per cent of manganese and 
iron combined over the silica in the ore—then all ore containing what is 
termed 40 per cent "silica excess" is accepted and paid for not accord 
ing to the manganese and iron contents, but its silver. When the ex 
cess of iron and manganese over silica is above 40 per cent, the excess 
may be paid for, say, at 10 cents a unit in addition to the price paid 
for the silver. Thus an ore with the following composition, metallic 
manganese 25 per cent, metallic iron 30 per cent, silica 2.5 per cent, and 
silver 5 ounces, would contain 55 per cent of iron and manganese, and 
as there was 2.5 per cent of silica, this would give an excess of iron 
and manganese over silica of 52.5 per cent, or of 12.5 above the 40 
per cent minimum excess. Suppose the price of this excess to be 10 
cents a unit, then this ore would be worth for its silica excess $1.25; 
the 5 ounces of silver, say at 40 cents an ounce, would be worth $2, 
and .the ore would be worth $3.25.

The ores that were sold as manganiferous iron ores .in 1894, as nearly 
as can be ascertained, carried on an average some 25 per cent of man 
ganese and were worth at the mine an average of $3.82 a ton, this 
including an allowance for both the iron and manganese. But little 
manganiferous iron ore was shipped in 1894 until October, the condi 
tion of the steel industry being such as not to justify the operation 
of the spiegel furnaces at Pueblo. It is estimated that during the
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three months of October, November, and December, 1894, 7,022 tons 
of manganiferous iron ore were shipped, valued, as stated above, at 
$3.82 a ton, making the total value of this ore $26,824.

In the following table will be found analyses of the manganiferous
iron ores in Colorado, the analyses being made prior to 1894: i

Analyses of manganiferous iron ores in Colorado.

Component parts.

"Water

Catulpa.

Per cent. 
34.90 

6.90 
21.30 

4 15
.34
.07
.06 
.04

Crescent 
No. 1.

Per cent. 
17.80 
6.30 

34

.027 

.050

Crescent 
No. 2.

Per cent. 
21.15

7 
31

Hull.

Per cent. 
35 

3.83 
19.30 

2 
.46 
.45

.03
1.85
9.36
2.96

Emmett Mining 
Company,

Per cent. 
11 
8.06 

35.36 
2.37 
1.23 
1.36 
.33
.111

18.06

Per cent. 
11.45 
5.02 

38.22

.073

Prom a gentleman well versed in this class of ores I have the follow 
ing analysis, which is stated to be a fair average of the better grade of 
manganiferous iron ore as shipped. The analysis is regarded as an 
average of the ore shipped in 1894:

Analysis of Colorado manganiferous iron ore.

r •

Percent.

30.98
23 30
5.71
.038

1.26

57
.068

The ore from the All Bight and Niles Augusta mines is reported to 
contain 25 per cent manganese, 30 per cent iron, 5 per cent silica, and 
0.5 per cent of phosphorus. All the ores from this mine were shipped 
to the Colorado Fuel and Iron Company. The deposit, seems to be a 
large one, varying from a foot to 50 feet in thickness and from 10 feet 
to 100 feet in width. In some sections the width is even as much as 
300 feet.

The manganiferous silver ores vary so greatly in their composition 
that it is almost impossible to give an analysis that will indicate their 
average content of the different minerals. The average analysis of the 
ores from the Small Hopes Consolidated Mining Company, which may 
be regarded as a typical Leadville manganiferous silver ore, showed as 
the result of an entire year's shipment recently 42.5 per cent iron, 8.5 
per cent manganese, 12.5 per cent silica, with about 9 ounces of silver.
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This deposit is a contact vein of about 30 inches in thickness, of great 
extent and quite regular. The ore would be classified as a liinonite 
iron ore.

The inanganiferous silver ores mined by the Chrysolite Silver Mining 
Company carried 11.5 per cent of manganese, that shipped as manga- 
niferons iron ore carrying 20 per cent.

The production of inanganiferous silver ores in Colorado in 1894 was 
very much reduced by reason of the depressed condition of the silver 
market. We have received returns of a production of 30,187 tons of 
this character of ore, of which 12,460 tons carried above 20 per cent 
manganese and 17,727 tons less than 20 per cent. This ore ranged in 
value from $2.60 a ton to $7.29, the average being $4.93.

I desire to express my great indebtedness to Mr. Franklin Ballou 
for assistance iu collecting the statistics of the production of mauga- 
niferous silver ores iu Colorado, not only for 1894 but also for previous 
years.

The statistics of the production of manganese-bearing ore in Colorado 
from 1889 to 1894 are as follows:

Production of manyaniferoHS ores in Colorado from 1889 io 1894. 
[Long tons.]

ilanganiferous iron ores used for

Manganiferous silver oroa, with 20 
per cent and over of manganese. 

Manganiferoussilverores withless 
than 20 per cent of manganese, . .

1889.

2,075

9,987 

55,000

1890.

7,826 

44, 014

51,840

1891.

904

19,560 

59, 951

1892.

17, 047 

45, 262

1893.

5,766

12, 642 

41, 820

60, 228

1894.

7, 022

12, 400

17, 727

GEORGIA.

While manganese has been found at quite a number of points in 
Georgia, the chief deposits and those from which has come most of the 
ore which has been placed upon the market areincludediii the Carters- 
ville district, which is located in the northwestern part of the State, in 
Bartow County, extending into Cherokee County. The other deposits 
that give any promise of producing ores in merchantable quantities are 
in the extreme northwestern part of the State, in what is known as the 
Cave Spring district. Some ore has been mined iu this latter district 
in previous years, but none was produced in 1894, though the ore seems 
to be a fairly good one.

The deposits of manganese in this State resemble each other in being 
associated with brown hematite and in their general character. The 
topography of the Cartersville district is broken and knobby, the ele 
vations, however, rarely exceeding 200 feet above drainage level. The 
belt in which the manganese is found is some 12 miles long by 3 miles 
wide, though the explorations do not justify any definite conclusions as
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to the extent of the deposit. The ore occurs embedded in the drift 
usually covering the hilltops and outcropping, but at times at a depth 
of from 3 to 30 and even 100 feet below the surface. These depositsare 
at times bedded quite regularly, but at others scattered without the 
least regularity. There are frequently " leads" running from .one 
deposit to another. The drift in which the ore is embedded varies 
greatly, being sometimes ocher, at others a blue dirt, soft and without 
grit, and at still others the ore is said to be found in sand rock. These 
deposits have as their base the Silurian rocks, usually the Potsdam, 
and lie near the metamorphic rocks of the State. They are associated 
with limonite deposits of a similar character, the limonite usually occur 
ring to the west of the mauganese.

The ores of the Oartersville region, which is the oldest of the manga 
nese ore regions of the United States, occur in massive, crystallized, 
aud needle forms, and are found in grains from the size of a mustard 
seed to that of a pea and even a walnut, and also in much larger 
masses. The ore varies greatly, not only in percentage of ore to gangue, 
but also in its richness. In the same mines some ore will run as high 
as CO per cent metallic manganese, in exceptional cases even higher, 
while on the other hand pieces containing as low as 38 per cent are 
found.

The oldest mine operated in this district, and the one which has pro 
duced most ore, and is still producing, is what is known as the Dob 
bins mine. The ore is quite good, as will be seen from the following 
analyses:

Analyses of manganese ore from the Dobbins mine, Cartersmlle, Go,.

Component, parts. No. 1.

Per cent. 
52. 726

.188

No. 2.

Per cent. 
48. 832
5.400

The largest producer of manganese in this district in recent years, 
though none was produced from it in 1894, has been the Dade mine. 
The ore from this deposit shows the usual characteristics of the Oa"r- 
tersville manganese ore. It varies greatly in its composition, and the 
pockets in which the ore has been found as greatly in production. 
Some years the mine has produced but 100 tons, when it produced any
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ore; in others the production has reached 4,000 tons. A series of 
analyses from this mine is given in the following table:

Analyses of manganese ore from the Dade mine, Bartow County, Ga. (a)

Analyses.

No. 1.. .......................................
No. 2.........................................
No. 3.........................................
No. 4.........................................
No. 8.......................... ..............
No. 7..........---.--..--..........--.-.-.....
No. 8.........................................
No. 9......--.....---.-.-...-........-........
No. 10......... .................................
No. 11.........--....-..............----..--...

Silica.

Per cent. 
6.370
7.560
7.520

11. 370
9.450

12. 800
17 370
20. 151
14. 100
18. 450

Iron.

Per cent.

3.288
11. 055
10 956
25.250
4.218
8.292

10. 341
4.287

L£an- 
ganese.

Per cent.
36. 489
40.354
36.950
27.711

41.655
39. 228
43. 457

Phos 
phorus.

Per cent.

.167

.109

.134
179
103

a All samples dried at 212°; some ores run as low as 5 per cent manganese and 48 per cent iron.

The method of mining varies with the locality. There is no definite 
system. Sometimes the pockets of ore are worked by open cuts, some 
times by tunneling. The method of washing in general'use is to rotate 
the ore in a horizontal cylinder into which water is admitted. These 
cylinders are made either with boiler-iron jackets and lined with cast 
iron, or else with iron slats running longitudinally with sixteenth-inch 
interstices between them.

Manganese mining was begun in the Gartersville district as early as 
1866, 550 tons being mined and sold in that year. The production of 
manganese in the State, most of which is from the Oartersville district, 
has fluctuated greatly since 1879, owing chiefly to the exhaustion, from 
time to time, of the pockets and the delay in finding others. The pro 
duction in 1883 and 1884 was nothing; in '1893 it was the lowest since 
1879 in any of the years when manganese was produced, being but 724 
tons. The highest point of production was 1887, when 9,024 tons were 
mined. The production in 1894 was 1?277 tons, containing an average of 
about 46 per cent of manganese, valued at $8,620, or $6.75 a ton.

The following table shows the production of manganese mined in 
Georgia since 1866: '

Production of manganese ore in Georgia from 1866 to 1894, inclusive.

Tears.

1866..........................
1868..........................
1869..........................

1872 ..........................
1873..........................

1876..........................
1877.... ......................
1878 ..........................
1879
1880..........................

Quantity.

Long tons. 550'

5,000

2,400

2,400'

Years.

1881 ...........................
1883...........................
1884...........................
1885...........................
1887...........................
1888...........................
1889...........-...--..-,......-
1SQO
1891
1892...........................iso'-i
IfiQd

Quantity.

Long tons. 
1,200

5 981
9^024

749
3,575

1,277
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INDIAN TERRITORY.

Quite large deposits of manganese ore have been discovered in Indian 
Territory about 15 miles west of Lehigh, although as yet but little ore has 
been produced on a commercial scale, 206 tons only having been mined 
in 1892, 93 tons in 1893, and none in 1894. The difficulty seems to be 
the lack of suitable transportation facilities to bring the ore to market. 

.Mr. F. W. Huuton, who is interested in these deposits, informs the 
writer that the ores near Lehigh are found both as black oxide and 
carbonate, both varieties existing together in the same bed or pockets, 
averaging, say, 20 per cent black oxide and 80 per cent carbonates. 
The deposits lie apparently on the Lower Silurian limestone and.have 
been covered by the Middle Silurian limestone. The black oxides are 
found mostly in the uppermost parts of the pockets, but they are also 
found at the bottom and under the carbonates. The carbonates are 
red, brown, and gray.

Three openings were made in this deposit about a mile from each 
other, out of which 17 carloads were shipped to the Illinois Steel Com 
pany, which gave the following analyses: 

^
Analyses of manganese ores from near Lehigh, fnd. T.

Weight, less moisture.

Pounds. 
44, 003 
53, 226 
49, 807 
45,810 

150,738 
93, 910

Iron.

Per ct. 
0 
0.15 
5.72 
6.76 
8 
8.09

Silicon.

Per cent. 
1.40 
1.45 
1.70 
1.20 
1.50

Phos 
phorus.

Per cent. 
0.055 

.006 

.060 

.053 

.050

Man 
ganese.

Per cent. 
39.66 
39.67 
43.18 
38.54 
40.50 
35. 78

Mois 
ture.

Per cent. 
4.05 
4.75 
3.25 
4.05 
3.70 
5

Price, 
per ton.

$10.32 
10.31 
12.09 
10.02 
10.93 
8.95

The prices in the above table were for ore delivered at Chicago. 
Analyses of other samples of ore from these same deposits, made also 
by the Illinois Steel Company, give the following:

Analyses of manganese ores from Lehigh, Ind. T.

Iron.

Per cent.
2.40
3.07
4.92
1.23
1.84
5.53

Silicon.

Per cent.
0.30
.75
.85

1.30
2
.60

Phosphorus.

Per cent.
0.053
.026
.046
.036
.053
.050
.050

Manganese.

Per cent.
51.78
59.55
40.28
43.18
49.34
53.35
42.71
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All the above analyses were of the black oxides. Analyses of the 
carbonate ores made by Messrs. Rattle & Nye, of Cleveland, Ohio, 
showed the following:

Analyses of carbonate of manganese from Indian Territory.

Man 
ganese.

Per cent. 
27,25 
4.42 

24.71

Phos 
phorus.

Per cent. 
0.032 
.110

Man 
ganese.

Per cent. 
22.48 
25.99 
28.68

Phos 
phorus.

Per cent. 
0.073 
.061

Man 
ganese.

Per cent. 
19.15 
13.25

Phos 
phorus.

Per cent. 
0.040 
.116

All the work done on these deposits has been in the nature of devel 
opment and chiefly for testing the extent of the deposits and character 
of the ore.

LAKE SUPERIOR REGION.

Strictly speaking, there are no manganese mines in the Lake Superior 
district, but a number of iron mines produce an ore sufficiently high in 
manganese to justify its grading usually into three classes; sometimes 
into two only, one grade being the iron ore proper, and the other grades 
those containing 4 per cent or more of manganese. At times thin 
streaks of high-grade ore are found in the iron-ore beds, but it is rarely 
that they are of sufficient extent to justify the separation of this high- 
grade ore from the ordinary iron ore. The ores are found in connection 
with the hematites of the district in pockets of greater or less extent. 
When the amount of manganese is small it is ignored; when it reaches 
4 per cent or more it is usually mined and sold separately. By reason 
of the pockety character of the ores, however, it frequently happens that 
a mine will report a production of manganiferous ores one year and none 
the next.

The following are analyses of 147,431 tons of manganiferous iron ores 
shipped from the Lake Superior region in 1892:
Average analyses of manganese in ores shipped from the Lake Superior region in 1892

Amount 
shipped.

Long tons. 
7,500 
4,478 

22, 254
8,272
6,710

Metallic 
iron.

Per cent. 
44.47 
50

52.62
57

Metallic 
manganese.

Per cent. 
8 
5
9 998
5
4.893

Silica.

Per cent. 
9.42 
7.50

Phospho 
rus.

Per cent. 
0.100 
.115

.063

.0546

Moisture.

Per cent. 
5.60 
7

9.96
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The following is a very thorough analysis of manganiferous iron ore 

containing a little less than 11 per cent of manganese, found in the 
McComber mine at Negaunee. Some of the pockets of the ore met 
with in this mine are occasionally 25 feet across and of a fairly good 
quality:

Analyses of McComber, Hick., manganese ores

Component parts. Per cent.

17. 250
2.200
.073

5.320
1.604

100. 000

.084

The total production of manganiferous iron ore in the Lake Superior 
region in 1894 was 198,466 tons, containing from 3.07 to 18 per cent of 
manganese, valued at $381,775, or $1.92 a ton. This value is on the 
cars at the mines.

The production of manganiferous iron ore in the'Lake Superior 
region, so far as it has been ascertained, is as follows:

Production of manganiferous iron ore in the La\e Superior region from 1886 to 1894.

Years.

Total ....

1887.. ........ .|

Total ....

1888. .......... |

Total ....

1889 ........... \t-

Total ....

1890--.... ......

f
1SB1. ..-.......<

Total ....

Product.

Ions, 
100, 000
157, 000

257, 000

210. 000

189, 574
11, 502

201; 13ft
50, 018
31,341

, 81,359

lil. 863

13, 711 
11,015
9,213 

' 98,572

132, 511

Average 
per cent of 
manganese.

2

10

4

6.74
a~r

4 68-17.96

5.38

Tears.

1 fl(19 i

1893............

Total ....

1894. ...........I

Product.

Tons. 
6,710

102, 695

8. 272 
22 254' .

27, 353
55, 009 
15,102

7 yV\

300

110. 648

57, 872 
6,264

61,817 
14,610
7,140

1(18, 466

Average 
per cent of 
manganese.

4.893
' 5

0

9.9fl8

4.67

7.77

14
22

3.07
3.55

7.26
7 rjf

18

Of the ore produced in 1894, 140,594 tons were mined in Michigan, 
and 57,872 in Wisconsin.
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MAINE.
4

At Blue Hill, in Hancock County, Me., there has occasionally been 
mined what is termed a silicate of manganese. It occurs in a vein 15 
feet wide. The hill is a mass of contorted gneiss rock, the manganese 
running through it east-northeast by west-south west. Its chief use has 
been as a flux at the furnace of the Katahdin Iron Works.

As this ore is of some interest as being a silicate of manganese, the 
following analyses are given:

Analyses of manganese ores from Blue Hill, Me.

Component parts. So. 1.

Per cent.

35.13
7.45

35.84
1.02

No. 2.

Per cent. 
24.91
29.72
3.04
5.02

35.70

No. 3.

Per cent.
19
15

39

MARYLAND.

Manganese ore was at oue time mined to some extent in Maryland 
from a deposit near Brookeville, in Montgomery County, and also from 
a deposit on the north side of the Potomac Eiver opposite Harpers 
Ferry. ISTo manganese has been produced in this State for a number 
of years.

MASSACHUSETTS.

Pyrolusite is frequently found in connection with the limonite ores in 
the western part of Massachusetts, as it is also frequently found in con 
nection with the same ores all through the Appalachian region. It has 
rarely, if ever, been found in sufficient quantities in recent years to 
justify its separation for sale as manganese ore.

MISSOURI.

Considerable quantities of both manganese ores and manganiferous 
iron ores have been mined in Missouri for use in the St. Louis furnaces 
in the manufacture of spiegeleisen. These ores have been derived 
chiefly, if not entirely, from what Professor Pumpelly has termed the 
" porphyritic" region of Pilot Knob and vicinity, and are usually found 
associated more or less intimately with iron ore. In 1881 some 2,000 
tons of this ore were taken from one mine in this section, but since 
that year none has been mined on a commercial scale.
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The 2,000 tons referred to were from the property of the Arcadia 

Mining Company, near Arcadia, Mo. The analyses were as follows: .
Analyses of manganese from Arcadia, Mo.

Component parts. Mo. 1.

Per cent. 
64.98

2 89
.04

2.82

No. 2.

Per cent. 
58.02

3 35
.03

This ore was used in the furnaces of the Missouri Furnace Company 
at St. Louis in such quantities as to give 0.75 per cent of manganese in 
the iron. The analyses above given were of exceptionally rich speci 
mens of the ore.

MONTANA.

Manganiferous silver ores similar in character to those of Colorado 
are found in Montana, at Neihart, Meagher County. They occur in 
the form of black and brown oxides covering the sulphide ores of sil 
ver. The ore is associated with sulphate of baryta.

But little account is taken of the manganese, it being shipped to 
Great Falls to assist in smelting the silver ores. At Castle, Meagher 
County, are some very large veins of black oxide of a purer quality 
thaii that at Neihart. These carry small amounts of lead, but at pres 
ent they are not worked.

So far as has been ascertained these are the only deposits of man- 
ganiferous silver ores in north Montana.

Through the courtesy of Mr. Frank M. Smith, superintendent of the 
United Smelting and Eeflning Company's smelter, Montana, we have 
the following statement regarding the shipments of silver-bearing 
manganiferous ores from Meagher County, Mont.

The shipments were practically from one camp, Neihart, and the greater bulk from 
one mine, the Gait. This ore was all shipped to the United smelter, so that its 
receipts really represent the total output. The manganese contents are quite 
small, usually running from 5 to 7 percent. In lead smelting, manganese is of value 

• to the smelter as a flux and in practice is treated the same as iron. It is also of 
value to the miner in this way. Smaller prices are charged for treatment according 
as the percentages of iron and manganese are higher and that of silica lower. In 
other words, the treatment charges increase with the excess of silica, and therefore 
the manganese contents are of importance in determining this excess. 

16 GEOL, PT 3———27
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The following are a few average analyses ofmanganiferous silver ore 
from the Gait mine:

Analyses of manganiferous silver ores from the Gait mine, Montana.

Silica.................................

Silver. .......... .....ounces per ton..

4 cars, 
Apr. , 1893.

Per cent. 
18.8
5.5
6 9
5
6.9

8.7
128.7

5 cars, 
Juno, 1893.

Per cent. 
23.2

4.2

5.6
72

5 cars, 
Oct., 1893.

Per cent.
5.8
6.7
R

25.2

77.4

6 cars. 
Dec., 1893.

Per cent. 
26.7
5.3
5 q

105.6

In 1893 the Gait Mining Company shipped to the United Smelting 
and Refining Company's smelter 1,254.7 tons of inanganiferous ore 
carrying on an average about 7 per cent of manganese. The receipt 
of ores from other mines brought the total production in 1893 up to 
1,500 tons.

The total production in 1894 from the mines of the Gait Mining 
Company was 1,048.6 tons, an average analysis of the ore being as 
follows:

Analysis of inanganiferous silver ore shipped from Hie Gait mine, Montana, in 1S94.

Silica ........................................................................

Per cent.

5.90
20.50

7.70
4.50
4.60

54.30

The following statement is made regarding this ore:
The ore is mined solely for its lead ami silver contents. The value of the man 

ganese content is not a fixed one, liut the miner derives a benefit from it because of 
the fact that the smelter can afford to give a little lower smelting rate, the man 
ganese being of value as a flux in smelting. In this particular ore, however, this 
is of but little value.

Here, as in Colorado, the depression in the price of silver has 
resulted in the cessation of operations at a number of mines.

NEW HAMPSHIRE.

Some manganese has been found associated with iron ores that were 
worked in this State many years ago, but manganese as a separate ore 
has never been produced. Some pyrolusite is said to have been found 
in connection with silicate of manganese in Cheshire County.
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NEW JERSEY.

The only manganese-bearing ore s produced in New Jersey are the zinc 
ores of Sussex County, w hich we have termed " manganiferous zinc 
ores," being the residuum obtained from working these ores for zinc. 
The principal deposits of this ore are at Franklin, where there are two 
mines, theTaylor and the Sterling Hill. The ore is a mixture of frank- 
linite and willetnite, with varying qnantitie s of zincite and calcite. The 
larger part of the manganese in the ore is associated with the franklinite, 
which contains from 9 to 20 per cent of this mineral. Willemite con 
tains from 2 to 7 per cent. Two silicates of manganese, rhodonite with 
42 per cent and tephroite with 54 per cent, while present in the ore at 
times, are rarely in sufficient quantities to add to the value of the ore-

In the following table are given analyses of large lots of the ore from
Franklin:

Analyses of Franklin, N. J., manganese ores.

SiO 2 .....................
Fe,0....... ..............
MiiO... .......... ........
ZnO .....................
AM),....................
CaO......................
MgO... ..................

So. 1.

Per cent.

31 41
15.84
oo 83

.21

No. 2. .

Per cent. 
11.08
27 54
17.63
qc QQ

2.01
.77

So. 3.

Per cent.

30.36
15.95
26.34

7.15
1 09

No. 4.

Per cent.

30.33

No. 5.

Per cent. 
5.15

27.62

23 38
.64

14.37

No. 6.

Per cent. 
11.77

oc 71

2 01

-D9

In the above table Nos. 1 and 2 are selected ores from the Taylor 
mine; No. 3, a lean ore from the same mine; Nos. 4 and 5, Sterling Hill 
ore; No. 6, ore from the north end of Mine Hill, leaner than the average.

This zinc ore is first treated by the Wetherill process for making 
zinc oxide, the resulting clinker or residuum alone being used in the 
blast furnace for the manufacture of spiegeleiseu. The clinker is in 
pieces varying from flat cakes a foot in diameter and 2 inches thick to 
fine dust, and is all charged in the blast furnace. Below are analyses 
of the cinder used:

Analyses of manganiferous zinc clinkers.

SiO,.. ..............................
Al»03 .............. ...............
ZnO.... ............................
FeO. ......... ......................
MnO ...............................
CaO....... .........................
MgO-.... .........................

No.l.

Per cen t.

11.67

9.51

No. 2.

Per cent.

13.06
2.85

30.58
7.54

9D. 70

No. 3.

Per cent. 
37.12
11.72

2.27

8.84

No. 4.

Per cent.

10.61
.71

1 85
8.35

32.80
11.47

98. 38

No. 5.

Per cent. 
30.51
12.12

.82

6 1-1
32.02
13.31

Nos. 1, 2, and 3 are from the New Jersey furnaces; No. 1 is a normal 
cinder; No. 2 uuusnally basic, and No. 3 unusually acid, both contain 
ing too much manganese. No. 4 is cinder made at the Passaic furnace. 
No. 5 was made at the same furnace, and is rather remarkable for the 
high iron with low manganese.
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The first spiegeleisen produced in the United States as a commercial 
product was from these mauganiferous zinc ores, and they are still used 
for the purpose.

The total production of the manganiferous zinc ores in 1894, by which 
is meant the amount of clinker used in the furnaces, was 26,981 tons, 
carrying on an average from 11 to 11.25 per cent of manganese and 
valued at $20,464, or 76 cents a ton.

NORTH CAROLINA.

Deposits of manganese are reported as existing in North Carolina, 
but so far as has been ascertained the only amounts mined have been 
from 1886 to 1890 for development purposes. So far as can be leurned 
regarding the deposits of manganese in this S<;ate they arc of the usual 
pockety character of this ore. The only manganese mine of which we 
have any returns is shown in the following table:

Production of manganese in North Carolina from 1886 to 1894.

Tears.

1886 ............................
1887............................

1889............................

Long 
tons.

14

47
14

Years.

1893.............................

Long 
tons.

20

The 20 tons mined in 1893 was from an outcrop near the surface and 
contained but 20 per cent of manganese with 6 per cent of iron and 
3.6 per cent of silica. The ore had no valne.

PENNSYLVANIA.

Manganese ore is of quite frequent occurrence in Pennsylvania, 
although but few deposits have yet been discovered that have been 
worked. Perhaps the largest mines worked in the State were two at 
Ironton, in Lehigh County, in connection with iron ore. In the iron 
mines of the Irontou Company, the Balliet Brothers, and the Balliet 
heirs, which formed one excavation, manganese ore has been twice met 
with in local beds in considerable quantities. One deposit overlaid a 
portion of the brown hematite, and the other was just above the lime 
stone under the brown hematite and separated from it by a red clay. 
Several tons were taken from these beds. The following analyses are 
by Mr. A. S. McCreath (1) and Henry Pemberton, jr. (2):

Analyses of manganese ores from Lehigh County, Pa.

No. 1.

Per cent. 
52. 631
2.562

No. 2.

Percent. 
56.58
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Another sample from the Ironton Company's mine gave: 

Analysis of manganese from the Ironlon Company's mine.

421

Ver cent.

17. 648
26. 400

.095.

In this district the brown hematites often contain some manganese, 
0.5 per cent to 3 per cent not being uncommon.

In addition to its occurrence in these Lehigh mines, it has been 
noticed in many of the mines of Northampton and Berks; in Blair, 
Center, and Huntingdon, and at various localities on Broad Mountain. 
In the No. XI red shale and the Ground Hog Valley in Broad Top, 
there is a lead of manganese ore 2 to 3 feet thick, carrying 50 per cent 
metallic manganese and 0.4 per cent phosphorus.

At an iron ore bank in York County, near Myers Mills, leased by the 
Ashland Iron Company, of Maryland, is a manganiferous iron ore 
(limonite) that gives the following analysis (McCreatli):

Analysis of manganese ore from York County, Pa.

Per cent.

.651

.027

In 1894 a deposit of iron ore was opened in Cumberland County, on 
the northern base of South Mountain, some 23 miles from Harrisburg, 
and on the line of the Philadelphia and Beading Eailroad. Thirty-five 
tons were shipped from this mine in 1894, which, though high in phos 
phorus—as will be seen from the analyses given below—was yet so 
high in manganese and low in silica that it has been used to some 
extent in the manufacture of basic steel by the open-hearth process. 
Mr. John Fnlton, the well-known mining engineer, who has examined 
this property, says of it: .

It lies in the southern horder of the Trenton limestone formation, the Potsdam 
sandstone flanking the property on the south. It is situated in the brown hematite 
iron-ore region, a number of iron-ore pits being found on the property. The original 
deposits of iron ore have been changed and gathered into pits and pockets consisting 
of lumps of ore of various sizes, commingled with clay termed wash ores.

Mr. Pulton further says:
It is evident that the oxide of mangauese has been leeched from thq original 

deposits of brown hematite ore during the old-time dissolution and erosion of por 
tions of the iron-ore deposits. What is left of these mangauese ores is found in a 
manner similar to the deposition of the iron ores; that is, in lumps intermingled 
with clay.
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The ore is the black oxide of manganese.
Explorations on the western section have been made by shafts at 

several points on this property. These shafts showed the ore to be from 
6 to 10 feet thick, the 10-foot ore body being estimated to yield from 20 
to 25 per cent of clean manganese ore, the ore being found in lumps.

In the upper section, where two shafts have been sunk to a depth of 
30 feet, 10 feet of clay were first found and then a 20-foot manganese 
ore body which it is estimated will yield from 10 to 15 per cent of clean 
ore. Other shafts showed the vein to have characteristics similar to 
those named and will yield about the same amount of manganese.

Mr. Fulton estimates that the portion of the property examined 
would yield about 2,000 tons per acre of clean ore, and intimates, that 
he has underestimated rather than overestimated the richness of the 
ore.

Some of the most recent analyses of this ore are as follows:
Analyses of manganese ore from Cumberland County, Pa.

No. 1.

Per cent. 
47.49

2.70
2.54
.605

No. 2.

Per cent. 
59.40
3.54

No. 3.

Per cent. 
42

593

Quite a number of other analyses show that the ore runs from 49 to 
50 per cent of manganese, with about 2.5 per cent of silica and about 
six-tenths of 1 per cent of phosphorus. While this is too high in phos 
phorus to be used under present conditions for the manufacture of 
spiegeleiseu and ferro-mangauese, it is stated that it is giving quite 
good results in the basic open-hearth furnace.

SOUTH CAROLINA.

There are quite extensive deposits of manganese and manganiferous 
iron ore in South Carolina, and in the past some mining 011 a commercial 
scale has been done. These deposits are either so inconveniently located 
with regard to transportation or the content of manganese is so low as 
not to justify the working of the mines. No manganese has been pro 
duced in this State since 1889. The total production smce 1885, so far 
as we have received returns, has been as follows:

production of manganese ore in South Carolina.

Years.

J887 ............................

Tons.

300

Tears.

188 1)

Tons.

50
124
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SOUTH DAKOTA.

Considerable manganese, varying in richness from 30 to 92 per cent 
biuoxide and from 0.05 to 0.40 of phosphorus, is found in Ouster 
County, S. Dak. There is little use for it in the neighborhood of the 
mines, and the cost of transportation to market is too great to justify 
the shipping of any but the highest grade. A small amount, some 19 
tons, was produced in 1891. An analysis of the ore was as follows:

Analysis of South Dakota manganese ore.

Percent.

46.05

.05
8

TENNESSEE.

Manganese and manganiferous iron ores are of frequeut occurrence 
in various parts of Tennessee, chiefly in the eastern part in associa 
tion with the iron ores of the different sections. They usually occur as 
lumps or small masses, being rarely found in beds or deposits worthy 
of special notice. These deposits are found at intervals at the foot 
of the extreme eastern mountains, the Onakas, all the way from Vir 
ginia to Georgia. They are also met with in nearly all the low, cherty 
regions of the valley of East Tennessee, and they are found all down 
the Chilhowee Mountain range, but in pockets and too far from any 
railroad to justify their transportation.

In Greene County, in the center of the State, a brown hematite or 
limonite ore with a large percentage of manganese was at one time 
mined and used as a mixture with other iron ores in a blast furnace, 
but no recent attempts to use the ores m the manufacture of iron have 
been reported.

The first manganese ore mined in the United States of which we 
have any record was produced near Whitfield, in Hickman County, in 
the extreme western part of the State. It was first worked in 1837 
and used for coloring earthenware. The ore outcrops along the banks 
of a little stream, but the deposit was of little value.

Up to 1893 the total production of manganese ore in Tennessee, with 
the exception of that produced in Hickman County, of which but a few 
hundred pounds were mined each year, was only 96 tons. In 1893, 
however, Tennessee appears for the first time as a shipper of man 
ganese in any quantities, 482 tons, valued at $4,504, having been pro 
duced in that year. The total production in 1894, whicn was from the 
same sections as that produced in 1893, was 922 tons, valued on an aver 
age of $6.50 a, ton at the mine, making a total value of the production 
of manganese in this State in 1894 of $5,993.
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The ore shipped in 1893 and 1894 was from two distinct sections, the 
larger amount being shipped from near Sweetwater, in Monroe County, 
and the smaller amount from TJnicoi County. There are two mines 
operated in Monroe County, the larger of which produced in 1894 550 
tons, the ore from which gives the following analysis:

Analysis of manganese ore from Monroe County, Tenn.

Per cent.

45. 00 to 55. 00
3 00 8 00

12 15

The average analysis of the ore shipped in 1893 was 52.393 per cent 
of manganese.

Regarding the ore from TJnicoi County, Mr. A. C. Klotnan writes that 
" the manganese is in pockets which are too far apart to make the 
mining of the mineral profitable at present." The average per cent of 
manganese in the ore shipped by Mr. Kloman was 46.726, the phos 
phorus averaging about 0.212 per cent. At another point in TJnicoi 
Couuty quite a large development of manganese has been made, con 
siderable ore produced, jigs erected, etc. Should the ore prove to be 
of a character suitable for steel making a large production is expected.

The total production of manganese ore from 1886 to 1894, so far as 
the same has been ascertained, with the exception of that produced for 
coloring earthenware, is as follows:

Production of manganese in Tennessee from 1886 to 1894.

Tears.

1886..........................

1888

Production.

Tone. 
50

0
16
30

Tears.

1890......... ..................

1893

Production.

Tons. 
0
0

482

VERMONT.

One of the early sources to which the English chemical manufac 
turers looked for a supply of manganese for chemical purposes was the 
iron mines of Vermont. Many years ago quite large quantities for that 
time were shipped from this State to England, especially from Brandon 
and Chittenden. We have, however, no reliable reports regarding the 
production or the character of the ores at that time, though we know 
that the manganese occurred as pockets in iron mines. In 1888, how 
ever, somewhere about a thousand tons of manganese was produced 
from the mines of Messrs. Bradley & Lyons, located at the foot of the 
Green Mountain range near the town of South Wallingford, Rutland 
County. These deposits were worked to some extent from seventy to
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seventy-five years ago for iron ore. The quantity of manganese they 
carried was such that in the condition of iron smelting at that time it 
could not be utilized, and the ore went to waste. Some forty years ago 
the ore was mined and worked in a Catalan forge near by, producing 
sleigh shoes, bar, butchers' knives, etc. The mine was abandoned, those 
working it' believing that they had won all the ore. It is now known, 
however, that they had only worked the top of the deposit. Some 
twenty years since a few hundred tons were mined, when the mine was 
again abandoned. In 1886 Messrs. Bradley & Lyons began operations 
at the mine, and by driving a tunnel some 900 feet encountered a large 
body of excellent manganese ore. The ore was found between siliceous 
limestone on the west and broken massive quartz on the east, the walls 
being 150 feet apart. Beneath the drift that covered these walls were 
found ochers, clays, kaolin, and manganese ore. In the mine all grades 
of iron and manganese ores, from the ordinary brown hematite to the 
highest grade of manganese, are found. Much of the hematite was of 
a beautiful stalactic formation. Cubical and needle.crystals also were 
found. The manganese ore is usually found in the shape of.geodes 
weighing from 1 pound to 300 pounds. The inside of the geodes is 
usually filled with water; sometimes they also inclose a little ocher or 
kaolin, the geodes themselves being thickly sown in an inclosing ocher. 

Analyses of this ore are as follows:

Analyses of shipments of manganese from South Wallingford, Vt., for the winter of1887-88,
shipped as mined, unwashed.

Silica

Per cent.
a 9. 520

a 10
a 7. 480

b 12. 500

Iron.

Per cent.
33. 383
26. 104
32. 128
14. 650

Manganese.

Percent.
20. 141
2ti. 182
20.602
34. 393

Phosphorus.

Per cent.
0.088

.064

.073
11. 151

a This ore was taken from only 30 to 50 feet below surface.
6 Analysis of shipments fur winter 1888-89, ores at BO to 60 feet deeper than specified above. Samples 

for analysis were from car loads of unwashed ore from vein some 100 feet south.

Analysis of washed ore from vein BOO feet north of ore specified' in first table, at 27 feet 
from surface, made June, 188S.

Silica.

Per cent.
9.230
3.100
7.900

Iron, (a)

Per cent.
7.180

25
4.970

Manga 
nese, (b)

Per cent.
44.107
35
48. 778

Phosphorus.

Per cent.
Wot given.

0. 061
.111

a Samples from face of drift, January 5, 1889, as near as could average; selection, ore 40 to 50 feefc 
under that given in first table. 

6 From vein 100 feet south of above, average as near as possible. December 3, 1888.

This mine continued to produce manganese, and in 1888 and 1889 
considerable quantities were mined. None has been produced since 
the latter year except a small amount in 1891. The product of man 
ganese in this State, therefore, from 1888 to 1891. the only years in
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which manganese was produced for which we have figures, was as 
follows:

Production of manganese in Vermont from 1888 to 1894.

Years.

1888........................................................................
1889 ........................................................................
1890........................................................................
1891

Long tons.

1,000

0

VIRGINIA.

The history, conditions of occurrence, the chief deposits, and the char 
acter of the manganese mined in Virginia are so thoroughly described 
in the report on manganese in Mineral Besources of the United States, 
1885, that they need not be repeated in detail here, though a brief 
re'sum^ of the facts there stated may be given.

There are more known deposits of this mineral in Virginia, they 
are spread over a greater extent of territory, more localities have been 
worked, and more manganese has been raised there than in any other 
State. The chief production, however, has been in the Shenandoah 
Valley, principally from the Grimora mine, which is in Augusta, County, 
and which has been the most important producing mine in the United 
States, though no ore was mined at this point in 1894.

Maj. Jed Hotohkiss states that there are at least eight groups of 
geological formations in Virginia that are ferriferous, and that each 
of these contains more or less manganese. These iron ores are found iu 
belts or bands, generally extending across the State in a northeastern 
and southwestern direction. Many of the deposits opened in Virginia 
exhibit in a marked degree the uncertainties and risk in manganese 
mining, as well as the misleading character of indications. Deposits 
that have promised remarkable results, as well as large returns to their 
owners, have proved in many cases to be pockets of small extent, pro 
ducing at most before exhaustion but a few hundred tons of ore and 
baffling all attempts to discover additional ore in their vicinity. In 
other deposits the ore will prove high in phosphorus or low in manga 
nese, or so irregular in its content as to make selection difficult and 
uncertain and to forbid the giving of guarantees of richness, and, for 
some uses, of purity, which purchasers require. Even the most impor 
tant deposit of manganese in this State, the Crimora, during the last 
years of operations gave an ore not at all up to the standard of the ore 
produced from 1885 to 1890, and operations have been practically sus 
pended at this mine for the last two years, though there is no doubt that 
considerable quantities of manganese are still in the deposit.

There are usually recognized seven natural divisions in Virginia. 
These are (1) Tide-water; (2) Midland; (3) Piedmont; (4) the Blue 
Eidge; (5) the Valley;,(6) Appalaohia, and (7) Trans-Appalacliia.
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We give a brief resume of the manganese deposits in these several 
sections.

Tlde-icater.—Some manganese has been found in pockets of small 
extent in the Tide-water section of Virginia. One deposit near City 
Point yielded before exhaustion some hundreds of tons of ore, and it 
is reported that others have been worked. The age of these deposits 
is much later than that of those found resting on the Potsdam in the 
Valley.

Midland.—As we go west from Tide-water into Midland, deposits of 
manganese become more abundant. Considerable manganese has been 
produced, chiefly for export, in 1885 and previous years, from the Mid 
land district. The ore that has been mined was found chiefly in Camp 
bell, Nelson, and Pittsylvania counties, though there are deposits in 
Spottsylvauia, Louisa, Appomattox, and other couiitits. The deposits 
in this Midland district are found in the extreme western part of the 
section, well up to the base of the mountains that form the dividing 
line between it and Piedmont. Some of the best ore found in the 
United States is mined in this Piedmont section. In Campbell County 
are located the Mount Athos, Leets, and Bishop mines, which have the 
reputation of producing a high-grade ore, that from the Leets mine 
being especially good. In Pittsylvania, Appomattox, and Amherst 
counties quite a number of deposits have been found, but none of them 
have yielded any large amounts of ore. In Nelson County, however, 
several deposits have been worked quite extensively in past years. 
From what is known as the Cabell mine, near Warminster, something- 
over 5,000 tons of manganese were taken in 1868 and 1869. An analysis 
of this ore showed 82.25 per cent of manganese peroxide. Another 
deposit near the Cabell mine, known as the Bagley mine, which was 
worked about the same time that the Cabell mine was, yielded some 
2,000 tons of ore. At Midland Mills there is a deposit which was 
worked in 1882 which yielded 1,200 tons of ore. From the Da,vis mine 
in Nelson County some 1,000 tons of ore have been taken out. An 
analysis of a picked specimen from this mine showed the following 
results:

Analysts of manganese ore from Nelson Comity, Pa.

Silica ......................................................................

Water .......................................................................

Per cent.

on 19

1 99

1.12
.43

1 25
57.10
1.56 .

1 88

It is from the Midland district of Virginia and from the Valley of Vir 
ginia that all of the ore produced in 1894 was taken.
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Piedmont and the Blue Ridge.—We have no details concerning the 
occurrence of manganese in the Piedmont and Blue Eidge districts.

The Valley.—The chief sources of the manganese produced in Virginia 
have been the mines of the Valley of Virginia, or, as it is sometimes 
called, the Shenandoah Valley. The manganese belt in this valley lies 
along the western base of the Blue Eidge, on the eastern side of the 
Valley. It is asserted that this belt extends 300 miles and that work 
able beds of manganese ore have been found in everyone of the twelve 
Valley counties that abut on the western edge of the Blue Eidge.

It is along this belt that the remarkable body of iron ore accompany 
ing the Potsdam or No. I of Eogers is found, arid with this iron the 
manganese ores are associated.

It is impossible iu the space of the present report to describe the 
deposits of manganese ore which have been mined in this valley. They 
will be found described at some length in the 1885 volume of Mineral 
Eesources of the United States. A brief description, however, of the 
Crimora mine, which is, as has been stated several times, the most 
important deposit of manganese in the United States, may not be with 
out some interest.

The ore deposit, which is most peculiar in its location and accumu 
lation, occurs in an elliptical basin about 500 feet broad on its trans 
verse axis and 800 to 900 feet long. This basin is cut out of the Potsdam 
.sandstone, which is hard rock at this place. Opposite to the basin and 
at right angles to its longer axis is a deep ravine, Turks Gap, sharply 
cut into the flanks of the mountain, through which a stream flows. 
Nearly opposite to this ravine is a ridge that served as a bulwark to 
the action of the forces at work in this section. Evidently this basin 
is the work of old-time eroding agencies, acting just as water now acts 
below a river dam, excavating a deep curved section. The formation 
and location of this basin, as well as the deposits it contains, is exceed 
ingly interesting and peculiar.

The basin is filled with wash and manganese ore lumps. The gen 
eral body mixture, the mud, sand, and clay, with the lumps of manga 
nese ore, were carried to place by agencies more recent than those which 
excavated the basin, just as the iron-ore pits in the limestone valleys 
of Pennsylvania were filled in.

There are two, possibly three, special layers of yellow clay, which are 
rich in lumps and masses of ore, the lower about 30 feet, the upper 
abont 25 feet, in thickness. A layer of clay 20 feet thick, almost barren 
of manganese ore, separates these two ore-bearing layers.

The ore is found in lumps and masses from the size of a small pebble 
to lumps weighing a quarter of a ton or more. One mass was found 
which was 115 feet by 60 feet and 50 feet high. These lumps are found 
scattered throngh the basin, as above indicated, and cover an area of 
abont 6 acres. The basin at the shaft is 117 feet deep. Some "sheets" 
of ore formed by the union of masses that lie in a pretty uniform direc 
tion are also found. The larger masses are blasted in the mine.
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For many years, indeed up to 1892, when the lease of the property 
expired, the mine was operated by the American Manganese Company, 
Limited. As the method adopted by this company for sinking shafts 
and washing the ore was very elaborate, more so than that adopted at 
any other manganese mine in the United States, a brief description is 
given of the methods used. It should be noted that previous to sink 
ing the shafts a number of test holes were drilled in various portions of 
the property to give an idea of the extent and locality of the ore 
pockets.

The shafts were sunk through the clay to below the bottom of the ore 
and at a distance from it, so that their stability would not be interfered 
with by the mining operations. The main tunnel was also driven out. 
side of and below the ore for a similar reason.

From the main tunnel chutes run out in all directions to the ore 
pockets, where headings are driven out on the level in various direc 
tions. The excavation of the ore proceeds at several levels at once in 
the same pocket by stopping with timber, secondary chutes being pro 
vided, into which the material, from the various levels is dumped, 
which finds its way to the main chute, and so to the cars. All of the 
mining is done by hand. Where the material is hard, hand drills and 
dynamite are used.

The water in the workings is conveyed in wooden troughs to the 
chutes, where it passes down with the material and partly washes it.

About 300 tons of material were mined in a day of twelve hoars, 
which, after crushing, washing, and separating, leaves about 50 or 60 
tons of ore.

The material having no regular formation, but being heavy and 
loose, necessitates strong timbering of the headings, and the timber is 
in some places subjected to such a great strain that it has to be 
renewed about every thirty days. The large quantity needed may be 
gathered from the fact that about 1,500,000 feet are used in the Cri- 
mora mine in a year.

The main tunnel is 7 feet square, inside measurement, having tim 
bers 12 by 12 inches 3 feet apart, which are framed to fit into each other, 
to make a framework, and have planking or slabs 12 by 12 inches at 
top and sides to resist the outside pressure.

All material as it comes from the mine is dumped into the chute 
above the crusher and fed through it. It falls directly into the "log" 
washer, which consists simply of two shafts about l&inches in diame 
ter and 24 feet long, on which are bolted spiral-shaped teeth, running 
in a box or frame 24 feet long, 5£ feet wide, and 3 feet deep, filled with 
water. From this, material in a semi washed state passes into the Brad 
ford washer, which is a cylinder 13 feet long and 4£ in diameter, with 
teeth about 7 inches long on the inner circumference. From this it 
goes into the classifying screen (conical shape) with a f-inch mesh. All 
that passes over the screen runs out on the conveyor, and while it is



430 MINERAL RESOURCES.

being conveyed into the cars the flint and other refuse matter is picked 
out. What passes through the §-inch mesh in the classifying screen 
runs by a chute into an elevator, and is then dropped into a jig, where 
all foreign matter is removed, the refuse passing off at the top, and the 
cleaned ore at the bottom runs into settling tanks and is raised by 
another elevator and dropped by chute into cars. All machinery works 
automatically, and the material is not handled after it is put into the 
crusher.

An analysis of the best quality of ore from this mine by Mr. A. S. 
McOreath shows the following:

Analysis of manganese ore from Crimora.

Per cent.

f.n on-)

373
.075

In the following table is given an analysis of what may be regarded 
as average shipments of ore from the Crimora mine during the years 
1887 and 1888, when it was worked by the American Manganese Com 
pany, Limited, and will probably represent the average analysis of 
50,000 tons of the product of this mine.

As is indicated by the analysis, the quality of the ore, at least in its 
percentage of manganese, deteriorated greatly in the closing years when 
it was operated by the American Manganese Company, Limited:

Analyses of Crimora, Va., manganese ores.

1887.

1888.

Silica.

Percent.

14

Iron.

Per cent. 
1 985

4.568

Manganese.

Per cent.

48. 162

Phos 
phorus.

Per cent.

(a)

a "N"ot determined.

The largest amount of ore produced in Virginia in 1894 was from 
the mines of Messrs. Keiidall & Flick, near Elkton, in Buckingham 
County. These mines produced 1,190 tons, containing an average of 
from 48 to 49 per cent of metallic manganese. The ore from this point 
was inside of the phosphorus limit, but contained a small excess of 
silica. The mines were operated only nine mouths, from April 1 to 
December 31,1894, though production has been continued in 1895. The
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company has a year's ore in sight. An average analysis would be as 
follows:

Average analysis of manganese ore from Kendall $• Flick's mine.

Silica ..........................................................................

Per cent.

10.50

Production of manganese.—The total production of mauganiferons 
ores in Virginia in 1894 was 1,929 tons, of which 132 tons was manga- 
niferous iron ores valued at $2.50 a ton and 1,797 tons manganese ores 
valued at $9.27 a ton.

The production of the Crimora mine and the adjoining mine, the Old 
Dominion, which were worked as one from 1886, to 1890, and from which 
the larger proportion of the manganese ore mined in Virginia was 
taken, has been as follows:

Product of the Crimora mine, Virginia.

Tears.

1881 .............................
1882.............................
J883 .............................
1884.............................

Tons.

5,684

2,326
1,602

1,652
5,186
8,804

18, 212

Tears.

1886......................

1889......................
1890......................

1892......................
1893......................

j Tons.

12 974
11 332

........ 2, 597

........ 0

The total production of manganese in Virginia from 1880 to 1894,. 
inclusive, is shown in the following table:
Production of manganese ore and manganiferous iron ore in Virginia from 18SO to 1894.

Tears.

1880..............
1881..............
1882..............

1884..............

1886..............

Manga-

Toris.
3,661
3,295
2,982

8,980
IS, 745
20, 567
19, 835

Manganif 
erous iron

Tons.
............
....--•--....

Tears.

1888..............
1889..............
1890..............
189°
189H. .............
1894..............

Manga-

Tons.
17,646
14, 616
12, 699

4,092
1,797

Manjranif- 
erons iron

Tons.

1,188
132

Thus it will be noted that the production of manganese in Virginia 
in 1894 was nearly 1,200 tons less than the production of any year 
since 1880.

From Col. John S. Apperson, secretary and treasurer of the Staley's 
Creek Manganese and Iron Company, we have the folio wing description 
of the manganese deposits near Marion, in Smyth County. Though
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but little ore was mined in this district in 18&4, the description is valua 
ble as showing the possibilities of the district:

Manganese ores, especially psilomelane and pyrolusite, are found scattered over 
nearly one-half of Smyth County, mainly in its southern and southeastern portions. 
Here, as is usually the case elsewhere in the State, it is more or less associated with 
brown iron ore, but nowhere has it been found except in pockets. The mining done 
on these deposits has been superficial and unsystematic.

On the north side of Pond Mountain, within 2 miles of the town of Marion, is a 
deposit which is 8 feet in thickness at the point where it has been cut through. It 
dips uuder a heavy ledge of brown iron ore. An analysis of a selected specimen of 
ore from this deposit gave a trace of iron and 61.15 per cent of manganese. This 
deposit seems to be a shapeless mass varying in compactness and with seams of clay 
disseminated through it.

South of this, across Pond Mountain, at the foot of Rich Mountain, on Dean's 
Branch, is a deposit from which some seven or eight car loads have been taken. 
Three car loads, shipped in 1892, gave an average analysis by Carnegie Brothers 
the purchasers, as follows:

Analysis of manganese ore from Smyt/i County, Va.

Silica .......
Iron.........
Manganese.. 
Phosphorus.

Per cent.

2.36
4.52

52.55
.18

The openings in this deposit are on the side of the mountain about 150 feet above 
the creek. The ore is wash and lump, the latter sometimes weighing half a ton or 
more, but as a rule from 1 to 15 or 20 pounds in weight, and is found embedded in a 
tough clay, yellow or whitish in color. The accompanying rock is a sandstone con 
taining lime. Higher up the hill the ore is found interstratifled with this sandstone. 
There is a perpendicular wall, some 18 or 20 feet in height, showing strata of ore of 
variable thicknesses and lengths, from a mere line, curved or straight, to 10 or 12 
inches in thickness, or starting with a " pinch out" and increasing until this dimen 
sion is reached, then thinning again, until it is lost, like mortar, between the super 
imposed layers of stone.

From this point along the north side of Rich Mountain and over its foothills to 
Wolf Pen Ridge, and from this to the corresponding side of Brushy Mountain and 
its foothills, the "float" is abundant.

On the west prong of Staley's Creek, in Currin Valley, which lies between Pond 
Mountain and Wolf Pen Ridge, is a bench or terrace of land, apparently the result 
of erosion from Pond Mountain. In this several excavations have been made, and a 
considerable quantity of manganese and manganiferous iron ore has been taken out. 
A car load or two of the manganese has been shipped, but the analyses have been lost. 
An analysis of the manganiferous iron ore, however, is as follows:

Analysis of manganiferous iron ore from Smyth County, Va.

Per cent.

17.28
.230
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Both of these ores are here found in red clay. The maugauiferous iron ore is gen 
erally in different sized nodules, and when broken open, show eresceutic layers of 
iron, with clay or manganese in the center. The hill above the bench of land abounds 
in raauganiferous sand and ocherous clays.

Farther east, a mile or two, on the lauds of Mr. Joseph Atkins, a deposit of man 
ganese, has been opened and some 50 or 60 tons shipped. This seems to lie in a bed 
of yellow clay, with sandstone above and a mass of earth, white and very compact, 
below. The ore here is lump and wash. The lumps vary in size from that of a 
nail keg to wash ore. A pit about 20 feet in depth has been made here. An analysis 
of this ore by the car load is as follows:

Analysis of manganese ore from Smyth County, Va.

Silica

Per. cent.

G.40
.085

Southeast of this place, some 2 miles or more, is a deposit on the Tate land. From 
this place several car loads have been shipped within seven or eight years, but no 
analyses are obtainable. The mining here, as in other places, has been near the 
surface.

Leaving Brushy Monutain and crossing the Eye Valley to the north side of Iron 
Mountain, or one of the foothills, is the Umbarger laud, some 3 miles southeast of 
the Tate land. The ore here seems to be in a ledge, or iu very large bowlders, and 
for the most part requires a good deal of blasting to diseugage it. Hugging this 
mass or these bowlders tightly is a tongh red clay. A pit some 20 feet in depth 
reaches the water level of au adjacent creek. Two car loads taken from this pit in 
1894 gave the following average aualysis:

Analysis of manganese ore from Smyth County, Va.

Percent.

5.40
91 Q

7 40

The deposit apparently is a large one, aud except for the high perceutage of phos 
phorus and the distance from railroad—8 miles—it would undoubtedly be valuable.

As before stated, the mining in this section so far has been done at odd times and 
by men who have very little knowledge of mining operations. Some of these ores 
have been mined and hauled by farmers between seasous, and when the general dis 
tribution of this ore is taken into consideration, it is not unreasonable to predict 
that at some future time a great deal of mauganeso will find its way to market 
through mining the ore hy farmers aud others who will gather it in the future.

In the adjoining county of Tazewell, and on the north side of Washington, and in 
Johnson Connty, Tenn., are found other deposits of more or less importance, but I 
have not seen them.

AppalacMa.—In that portion of Virginia known as "Appalachia,"
which includes the broken mountainous country between the Valley
and West Virginia, quite a number of deposits of manganese ore, some
quite high in manganese, are known to exist. Many of these are so

16 GEOL, PT 3——28
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situated, however, with reference to transportation routes that they are 
not available at present, while other deposits, though rich in man 
ganese, are so high in phosphorus as to be above the limit that can be 
used in the manufacture of spiegeleisen for steel. The manganese ores 
of this portion of Virginia are, as a rule, of a later geological age than 
those of the Valley, being generally found in the Hudson Eiver No. Ill 
and Clinton No. V, and especially in the Oriskauy No. VII. In all 
cases the manganese is associated with iron ores, usually brown hema 
tite, sometimes as a manganiferous portion of an iron ore, at others as 
a manganese ore. Probably the most promising mines in this section 
are those at Powell's Fort, in Shenandoah County, on the northeast of 
Massanutton Mountain, which have been worked at times, and the 
deposits in Craig County, at the base of the Rich Patch and adjoining 
mountains. No ore is being mined at either of these deposits at pres 
ent, and therefore no description need be given here. Those interested 
in these deposits can find descriptions of them in previous volumes of 
Mineral Resources of the United States.

WEST VIRGINIA.

For the first time since the publication of these reports West Vir 
ginia appears as a producer of manganese, some 100 tons of ore, con 
taining on an average about 50 per cent of manganese, being pro 
duced in 1894 at Grlenmore, in Greenbrier County, some 7 miles north 
of White Sulphur Springs. But little information has been obtained 
regarding this deposit. It is stated that the ore is found embedded in 
clay, and, while it occurs in pockets, these pockets seem to be quite 
persistent. As is usual in such deposits, the lumps vary greatly in 
size, the statement being made that they are from the size of an egg 
to pieces weighing 600 to 800 pounds. They are mixed with a large 
amount of fine ore.

Some 67 tons of lump ore was sent to the Carnegie Steel Company, 
Limited, Pittsburg, in 1894, and some 40 tons remained as fine ore on 
the dump. An analysis of the ore is as follows:

Analysis of Glenmore, W. Va,, manganese ore.

Silica................................... .....................................

Per cent.

50.18
.20

2.90
.084

This was said to be the analysis of the last car load shipped in 1894 
and sold at $14.05 delivered at Pittsburg, making the value of the ore 
at the mines probably some $10 a tou.
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FOREIGN COUNTRIES.

CANADA.

Most of the manganese mined in Canada is from the deposits of Nova 
Scotia and ISew Brunswick, described below. Some small amounts are 
from time to time mined in Quebec, but the deposits in this province are 
of comparatively little importance.

According to the reports on the mineral production of Canada, pub 
lished by the geological survey department of Canada, the total pro 
duction of manganese ore in the Dominion and the value of the same 
from 1886 to 1894 are as follows:

Production and value of Canadian manganese ore, 1886 to 1894..

Tear.

1886..............

1888..............
1889..............
1890..............

Product.

Tons. 
1,789

1,328

Value.

$41, 499

32, 737
32, 550

"V ear.

1891...............
1S92. ...............
1893...............
1894...............

Product.

Ions. 
255
115
228

74

Value.

$6, 694

4,180

NEW BRUNSWICK.

Two classes of manganese ore are mined in the province, one known 
locally as "gray ore" or "needle ore," which is pyrolusite, and the 
other the brown ore known as " blast-furnace ore." Throughout the 
southern part of New Brunswick and in the areas underlaid with Car 
boniferous limestone are very extensive deposits of manganese, which 
have afforded considerable quantities of high-class ore. The most im 
portant of these deposits is that at Markhamville, near the town of 
Sussex, Kings County, at which place manganese was discovered in 
1862. This mine has produced some of the highest grades of manga 
nese found in the world. It is largely used in the United States in the 
manufacture of glass, which use requires an ore high in manganese 
and as low as possible in iron. The ore occurs throughout the Carbon 
iferous limestone in beds and pockets, attaining in places large dimen 
sions, as much as 4,000 tons having been produced from one pocket.

No regular system of mining is attempted, nor is it possible, though 
until quite recently the workings, owing to the location of the deposits, 
have taken the form of drifts and open cuts. In 1890 explorations 
with a diamond drill located two large bodies of ore to which shafts 
are sunk.
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In the following table are given analyses of this ore:
Analyses of high-class manganese ore from MarTchamville, New Brunswiclc.

SiUoa.............. .....................................

Water

Eo. 1.

Per cent.

.55

.75

100. 00

No. 2.

Per cent.

.85
95

Trace

:NO. a.

Per cent. 
96.62

.78
85

Trace.
1.75

This ore is granulated or powdered and packed in old petroleum 
barrels containing upward of 1,000 pounds each. As so packed for 
shipment it is worth 5 cents per pound. It is sold by analysis, 50 per 
cent being the standard. But little ore has been produced in this 
district outside of that produced at these mines.

At Jordan Mountain, also near Sussex, is a deposit of manganese 
similar in character to that at Markhamville, which was discovered in 
1882, and from which some 400 tons of ore have been taken.

On a promontory extending into the Bay of Fundy opposite St. Mar 
tins, and known locally as " Quaco Head," is a calcareous shale charged 
with manganese, which has been worked for years in a desultory man 
ner. It is stated that the present owners purpose systematic operations. 
This ore shows 57.15 to 58.20 per cent metallic manganese, with but 0.02 
to 0.04 per cent phosphorus.
• At Goodland Mountain is a recently opened mine that furnishes the 
only case in New Brunswick of a manganese deposit in appreciable 
quantity outside of the Carboniferous areas.

Other deposits exist, but they are of such a character, or have been 
so little developed, as to have little or no importance.

The only statements of production are exports, which are regarded 
as showing the total product. On this basis the production of manga 
nese in New Brunswick since 1868 is as follows:

Production of manganese ores in New Brunswiek, 18G8 to 1893, and value of same.

Tears.

1868..............
1870..............
1871... ...........
-1070

1873
1874

1877
1878..............
1879...-...--.....
1 RSfl

Product.

Long tons. 
861

1,075
1,031

194 •
391

1,732

"Value.

$19 019

3 580
8,180

20, 192
10, 901

7,316
12,210

31, 707

Years.

1881
1882
1883

1885
1880...............
1887.....-.--......
1888
1889
1890

1893...............

Product.

Long tons.

771
1,013

1,094
1,377

233

io

Value.

$22, 532
14, 227

20, 572

34, 248
0,131

iia
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NOVA SCOTIA.

The manganese mines of Nova Scotia exhibit the usual variations 
common to this mineral in the United States which are described in 
previous parts of this report. Considerable wad is found. The brown 
hematites in various parts of the province carry considerable manganese 
peroxide, at times as high as 14 per cent. Pyrolusite, however, is the 
only ore that has been mined to any extent in Nova Scotia. Between 
Halifax and Windsor, near Mount Uniacke, it is found in small pockets 
and veins penetrating granite and in the quartzites of the auriferous 
Lower Cambrian of the Nova Scotia Atlantic Coast. It occurs in vein- 
lets in the granite of Musquodoboit, and as small, irregular seams in 
the granite of Ship Harbor. In the hills south of WoltVille, in Kings 
County, the same ore is found in quartzites and slates, presumably of 
Upper Silurian age. In the Trias of the same county the ore is met in 
a bedded form near Cornwallis and Wolfville, and in the Triassic trap 
it is said to occur lining cavities, in association with zeolites, etc.

These ores are found, however, most abundantly in the Lower Car 
boniferous marine limestone formation. This horizon forms one of the 
widest spread and most strongly marked of the divisions of the Car 
boniferous age. It is met in Kings County, in Hants, Cumberland, 
Colchester, Pictou, and Antigonish, and in the four counties of the 
island of Cape Breton.

In the northern part of Hants County, the Carboniferous marine lime 
stones and the underlying Lower Coal Measures are found in a series of 
east and west folds, shifted and broken by transverse subordinate flex 
ures. The presence of manganese in the upper of these divisions is 
first observable at the mouth of the Shubena'cadieEiver, where a dark- 
colored limestone underlies the gypsum, and is associated, a short dis 
tance east of the river, with red shales, carrying veins of red hematite, 
with manganese oxides and calcspar. The westward continuation of 
this horizon is noticeable again at Teny Cape, where a series of these 
measures, extending to Walton and Gheverie, a distance of about 15 
miles, contains several beds of limestone, which apparently underlie 
the gypsum, and may be called manganiferous. These measures carry 
ing manganese reappear again south of Windsor, and at Douglas, 15 
miles south of Teny Cape, near the line of their junction with the pre- 
Carboniferous rocks. In this range of measures the manganese of 
Teny Cape appears to be principally connected with a compact red and 
gray limestone, which, from the analysis already given, may be called a 
" dolomite." At the western end of the district it occurs as veins in 
conglomerates and sandstones, and also in limestones in places decidedly 
magnesian.

The Teny Cape manganese ores were discovered about the year 1862, 
and have been worked intermittently since that date. The limestone 
band to which they seem to be principally confined is about 300 feet
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thick. The ore occurs in irregular nests, and in seams eroded on the 
bedding planes and cross fractures. It thus occurs that large masses 
almost entirely isolated have been met; also seams with occasional 
pockets, sometimes connected, bnt in no case, so far as ascertained, fol 
lowing any regular order of position or extent. The largest mass yet 
found was estimated to contain 180 tons of ore. Apparently the ore 
has been deposited at irregular intervals of time, with the associated 
minerals, in the openings worn by the action of water on the limestones. 
Specimens may be obtained showing pyrolusite cementing waterworn 
pieces of limestone and surrounding nodules of the bed rock which 
have resisted erosion. The ore is chiefly a fibrous pyrolusite, with 
splendent luster, based on a compact or granular ore consisting of 
pyrolusite, psilomelane, and manganite, the latter mineral, however, not 
being present in large quantity. The quality of these ores, even after 
the slight hand dressing they receive at the mines, is very high, and in 
some years they bring $125 a ton at* the mine. They are prized by 
glass makers for their freedom from impurities, especially of iron. This 
high grade of the pyrolusite from the Teny Gape district will appear 
when, from numerous assays, it has been found to yield from 88 to 95 
per cent of available oxide. The following analyses show the general 
character of these ores:

Analyses of manganese ores from Teny Cape district.

\ Douglas.

Per cent. 
1.660

.603 
7.035

.724 
1.728

84. 620

100. 000

Cheverie.

Per cent. 
2.05

2.55

1.12 
2.80 
1.029

00. 15 
Trace..

99.699

The production of manganese in Nova Scotia since 1861, so far as 
figures have been ascertained, is given in the following table:

Production of manganese in Nova Scotia from 1861 to 1894.

Tears.

1873..............
1874
] 875

1877
1S7R

1881
1KS9

Product.

Tons.

7
21
97

283
231

Value.

1,400

12

5 336
6,505
7,170

11, 520

Years.

1883.......... ....

1886...............
1887 ..............
1888...............
1BQQ

1890

1891- . ------ .......

1894-.-.-........-.

Product.

Tons. 
150
302

465

200
112

19.11

Value.

13, 849

6,460

8,691

4,875
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It will be noticed that the value given of the 65 tons produced in Nova 
Scotia is in excess of the value of the 74 tons produced in. Canada^ 
as given by the Canadian geological snrvey. We do not attempt to 
explain the discrepancy.

CUBA.

The principal Cnban deposits of manganese are located in the Prov 
ince of Santiago de Cuba. The topography of that part of the coun 
try is somewhat1 broken. The range of inonntaius called the Sierra 
Macstra, with its highest peak towering 7,670 feet above sea level, 
skirts the southern coast. This great range is broken into rnncli 
smaller and lower ranges of mountains or foothills, at the summit or 
on the flanks of which the manganese deposits are usually found. The 
most abundant ores are pyrolnsite of a highly crystalline variety and 
psilomelane. Wad is also found to a large extent at some of the mines.

The mode of occurrence does not differ from that observed in other 
deposits. The ore is found in pockets usually embedded in clay. 
Sometimes these pockets contain several hundred tons of ore, forming 
a more or less compact mass almost entirely free from impurities. At 
other times the ore is found in Inmps of varions sizes, and more or less 
mixed up with clay and fragments of jasper. The large Inmps can be 
picked out by hand, but the small ones have to be wasted unless wash 
ing is resorted to. The ore in the varions deposits carries from 48 to 
56 per cent of metallic manganese, and is low in silica and phosphorns. 
Qnite a thorough description of these deposits will be found in Mineral 
Resources of the United States, 1892, page 212, to which the reader is 
referred.

The exportation of manganese from the mines near Santiago, since 
1888, is as follows:

Exportation of manf/anusu ores from Santiago district, Cuba, front 1SS8 to 1S93.

1888 .....................
1889 .....................
1890 .....................
1891 .....................
1802 .....................
1803 (first six months)...

Total.

Tons.

1,942
704

21,810
21. 987
18, 751
10,640

75. 834

CHILE.

Geological researches undertaken some years since by the Chilean 
Government developed the existence of immense deposits of manganese 
ores, especially in the northern provinces of the Republic. In most 
cases, however, these deposits are too far from the coast to be profitably 
worked and sent to market under present conditions, as in addition to 
the cost of transportation to the coast by most expensive methods of
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carriage, the ore must also bear the cost of transportation to England 
and the United States, where it finds market, there being no local 
demand.

There are in Chile two manganese mining districts, known as the 
"Coquiinbo" and the "Carrizal." The latter is sometimes known as 
the "Buasco." The Coquirnbo district takes its name from the prov 
ince in which the mines are situated, the port of shipment also being 
Coquiinbo. Both of the names of the second district are from the ports 
of shipment, which are 35 to 40 miles distant from the mines. The 
mining district is known as Chauar Quemada, and is in the Province of 
Atacama. Production in the latter district began in 1886; in Coquimbo, 
some years prior to that date.

The first attempts at mining manganese ores in Chile were made in 
1881, when a bed in the Province of Santiago was opened, the ore being 
taken to Valparaiso for shipment to England. The cost of conveying 
the ore to this port, however, proved an insuperable obstacle to the 
success of the undertaking, and it was abandoned.

After the abandonment of the Santiago mines a deposit in the Prov 
ince of Coquimbo was opened, and, in 1885, 4,106,045 kilograms, equal 
to 4,041 long tons, were exported to England, the average content of 
manganese being 45 to 55 per cent, averaging 52 per cent. The beds 
of manganese worked in the Province of Coquimbo are chiefly surface 
deposits, requiring no expensive or scientific mining. The cost, there 
fore, of producing the ore is trifling; the ore runs in ridges, the tops 
of which are visible, the ore being extracted chiefly by crowbar and 
sledge. The great expense, however, is the cost of transportation, 
which, though the beds are worked in close proximity to the railroad, 
and though the ore is conveyed to a port of shipment on very liberal 
terms, makes it cost $5 to $7.50 (American money) per ton by the time 
it is placed alongside a vessel at Coquimbo. The ore from this district 
contains considerable peroxide, and is softer than that from the Car 
rizal district.

The second, and at present the only other producing district, is that 
known as the Carrizal, and sometimes as the Carrizal and Huasco, from 
the ports of shipment. The manganese mines of this district were 
discovered in 1886, and at the end of that year a small lot was sent to 
the coast to be shipped. The lode had been often assayed before this, 
but as it was neither copper nor silver it was not considered of any 
value.

The mines are situated from 35 to 40 miles from the port of Carrizal, 
and about the same distance from Huasco, but for most of the mines 
Carrizal is the shortest road to the sea.

Carrizal is situated in south latitude 28° 4' and west longitude 71° 11', 
and is connected with the manganese mines by a railway which goes 
in to the conchas of the principal mine; the other mines have cart roads, 
and are from 2 to 3 miles distant from the railway.
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Though there is yet no indication of the exhaustion of the mines, 
still the production is somewhat irregular. The mines are getting 
deeper and the production of the ore will be more difficult and expen 
sive every year. The low range of hills which contains these mines 
rises some 500 feet above the inland plain, which plain is 1,200 feet 
above sea level and 25 miles distant from the sea in a straight line to a 
point about halfway between Oarrizal and Huasco. The hill and lode 
run due north and south for a distance of about 7 miles. The principal 
mines are situated within 3 miles of the north end; then, after a barren 
piece of about 3 miles, where no manganese crops out, there is over a 
mile of outcropping mines, with good ore, but capricious and much 
broken-up lodes. This is the south end of the mineral and is not 
worked at present.

The manganese ore is found in nearly vertical lodes of from a few 
inches to about 10 feet wide, or more, but the commoner width is about 
3 feet. There were heavy outcrops on the surface, forming walls or 
dikes 10 or more feet high. These were worked as open quarries, and 
many open quarries yet exist, but now the ore is usually worked under 
ground as mines. The walls of the lode are not well formed, nor is 
there any natural cleavage between the ore and the walls, nor is the 
manganese regularly continuous for any great distance; there are sud 
den "faults" or disappearance of the manganese, it having been pushed 
to one side or the other, making it difficult to find the lode again.

The ore averages 50 per cent of metallic manganese, is hard aud 
brittle, with a glassy fracture, and has 110 soft powder-like deposit as 
some of the Ooquimbo manganese. Every pound of it must be taken 
out by blasting.

No other lode of manganese rich enough to work has been discovered 
in north Chile.

The production of Ooquimbo since 1885 and Oarrizal since 1886, and 
the total production of Chile since 1885, in tons of 2,240 pounds, is as 
follows :

Production of Chilean manganese, 1885 to 189S.

1885

1887.................................. ............
1888 ...............................................
1889...............................................

1891 ..............................................
1892...............................................
1893............. .................................

Coquimbo.

Lonq tons.
23, 701
•JO OOX

9,145

22, 535

Carrizal.

Long tons.
227

9 287
6,581

19, 538
24, 577

25, 359

Total Chile.

Long tons.
23, 928
47 521
18, 713
28,683

34, 462
47,894

No statistics of production prior to 1885 have been obtained. 
The imports of manganese ore from Chile into Great Britain in 1892 

were 27,195 tons, as compared with 34,331 tons in 1891.
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The following analyses of Chilean manganese are from a paper by 
Messrs. John and H. N. Pattinson. They are made from samples taken 
from cargoes of about 1,000 tons each, and may be regarded as repre 
senting the nature of the Chilean ores heretofore imported:

Analyses of Chilean manganese.

Oxide of lead.. ..........................................

Total........................... ..................

I.

Per cent. 
69 23
11 92
1.67

09
. .15

4.21

1.13
.24

.08
4.17

.05

(?)

99.02

.02

II.

Per cent.

23.05
4.71

' 2 80

233
.56
.46

7.30
.18

13

.05

III.

Per cent.

10.39
1 50

5 qj;

.15

4.75
2.53

.05

.63

.02

The analyses were made on samples dried at 100° C., at which tem 
perature they lost, respectively, 2.47 per cent, 1.08 per cent, 0.98 per 
cent of hygroscopic moisture.

No. I comes from the neighborhood of Santiago; Nos. II and III are 
from the vicinity of Coquimbo and Carrizal. Nos. I and II are very 
hard, compact, amorphous ores, of a bluish-black color, and often exhibit 
a conchoidal fracture; No. Ill, which contains more peroxide than the 
others, is softer and of rather a darker color. Crystals of calcium car 
bonate are frequently disseminated through it.

A characteristic of Chilean manganese ores is the large percentage 
of protoxide of manganese they contain. In Caucasian and Spanish 
ores there is not often more than from 1 to 2 per cent of protoxide. It 
is known that manganese dioxide acts the part of the feeble acid, and 
when precipitated carries down with it as manganites protoxide of 
manganese, baryta, lime, potash, and other bases with which it was in 
solution, and it is probable that in these ores the protoxide of manga 
nese, the potash, and portions of the baryta, lime, and other bases 
shown in the above analyses have been precipitated in combination 
with the peroxide in the form of manganites.

Baryta is frequently found in other manganese ores. Some Cauca 
sian ore contains as much as 2.04 per cent. Potash also is found in 
other ores, though not often in such quantities as in No. I. "We have, 
however," state the Messrs. Pattinson, " met with one specimen, not 
Chilean, which contained as much as 4.15 per cent. The silica in 
Chilean ore occurs sometimes as quartz and sometimes as silicate of 
manganese."
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The percentage of phosphorus in Chilean ores is very low, a matter 
of great importance to the steel maker. The amount varies to a slight 
extent in various cargoes, and about 0.1 per cent has sometimes been 
found. No. II contains a small quantity of arsenic, which has been 
shown by Pattiuson and Stead (Journal of the Iron and Steel Insti 
tute, 1888, Part I) not to be so deleterious an ingredient of steel as 
phosphorus.

No statement as to costs and prices could be obtained except those 
given above. The ore workings are so irregular, and the distance the 
ore is carried to the seaport, at which point the price would be fixed, 
varies so greatly, that no satisfactory average could be given. The 
selling price is controlled entirely by the value of the ore in England 
and the United States, and fluctuates not only as these values change, 
but with the rates of freight obtainable in sailing vessels.

RUSSIA.
For its supply of manganese the world is depending chiefly upon the 

mines of Eussia, and especially upon those in the Caucasus. Compared 
witti the production of Eussia, the production of the other nations of 
the world can be regarded as exceedingly small.

Manganese is mined to a large extent in three provinces of Eussia, 
namely, the Caucasus, South Eussia, and the Urals.

In the Urals, manganese deposits are worked in the government of 
Perm, in the region of the Nizhni-Taghilsk works, and also in the gov 
ernment of Orenburg.

The deposits in South llnssia are in the government of Ekaterinoslav, 
near Nikopol, where they occur in beds 3£ feet thick in Eocene rocks. 
Nikopol is in South Eussia, some 125 miles north of the western extrem 
ity of the Sea of Azov, and on the Dneiper Eiver, some 100 miles from 
its entrance into the Gulf of Odessa. These deposits were first worked 
in 1886. The better class of ores carries some 57 per cent of manganese. 
The mines of manganese in the Caucasus region are limited almost 
exclusively to the Sharopan district of the government of Kutais. 
These mines are not far from the extreme eastern shore of the Black 
Sea, near Poti, some 26 miles from Kvirili Station, on the Trans-Cauca- 
sian Eailway. This ore carries about 56 per cent of metallic manga 
nese. There are also deposits of manganese ore near the Samtredi and 
Novo-Senaki railway stations. Manganese ore is also produced to a 
small extent in other parts of the district of Kutais and in the govern 
ment of Tiflis.

The most important mines, however, and the ones that are of especial 
importance to the producers and consumers of manganese in other sec 
tions of the world, are those of Sharopan.

These mines have been so thoroughly described in the report on 
manganese in the volume Mineral Resources of the United States, 1893, 
page 138, to which the reader is referred, that it need not be repeated 
here in detail. A brief outline of the most significant points mentioned 
there may be of interest.
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The ore is obtained exclusively in the district of Sharopaii near the 
village of Ohiatur, most of the mines being situated iii this locality, 
extending over an area of 13 square miles. According to the latest 
approximate estimate they contain 66,500,000 tons of ore. The ore 
fields are situated in a very mountainous district, and the ore has to be 
transported in small quantities at a time on the backs of pack animals. 
The natural result of the defective conditions under which the ore is 
transported is that the cost of freight is not only great, but very fluctu 
ating. In the year 1891 the cost price of the ore at the station of 
Kvirili was from 14 to 18 cents for every pood of 36 pounds delivered, 
whereas in the autumn of the same year the transportation alone cost 
the producers 15 cents per pood.

Other drawbacks are experienced in the conditions under which the 
industry is carried on. The mining is very primitive. The pits are 
short, and the supports of the galleries few and far between, and land 
slips in the mines are of frequent occurrence. The result is that the 
waste of the ore in mining is enormous. A considerable loss is also 
sustained through not utilizing the fine ore produced while the oiie is 
being handled. The work in connection with, the production of the ore 
is leased out to miners by piecework, and paid for per cubic sajen of 
22£ tons of pure ore. The time occupied by four men to procure this 
quantity is about twenty days, and the price paid for the workingman, 
including tools, lamps, and oils, is about $19.25 per cubic sajen. The 
price of the lease of the land is $9.68 for the same quantity of ore. 
The ore obtained in the Chiatur mines, when thoroughly well prepared, 
contains 54 to 55 per cent of metallic contents, or 83 to 87 per cent of 
peroxide when dried at 21.2° F., aud never over 0.16 per cent of phos 
phorus. This is the standard quality of the Chiatnr ore, but it is 
brought down to 50 per cent metallic contents by the admixture of an 
ore of inferior quality which is obtained at a very low price, and thus 
enables the producer to dispose of it at a reduced rate.

The total production of manganese ore in Russia since 1881, so far 
as the same has been ascertained, is shown in the following table. In 
making up these tables we have taken 62.1 poods as the equivalent of 
a long ton of 2,240 pounds, the pood being regarded as 36.0678 pounds:

Production of manganese in Kussia from 1SS1 to 1893.

Tears.

1881...................................
1882...................................
188:i....... ............................

J885. ................... ...............

1887

IftSQ
i on/i

1891
1892 ..................................
1893

Caucasus.

Long tang,

12, 287
15, 700

68, 311

29, 353
fifl 39H

90, 264

Ural.

Long tons.

1,900

881
OAK

1,332
2 Oor;

Ekuterino- 
slav.

Long tons.

4,026
i 443

8,504

28, !)02
76, 321

Total.

iJong tons. 
11,048
14, 187
16, 763

59, 509
73, 142
09 i 90

OO-l DflQ
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GREAT BRITAIN.

The manganese ores of Great Britain can be divided into two classes, 
the oxides and carbonates. Small quantities of manganese ore in the 
form of psilomelane, with some pyrolusite, occur in the Lower Silurian 
measures m Devonshire and Cornwall and in the Midlands of England, 
especially in Derbyshire. Carbonates are found to a considerable 
extent in Merionethshire. By far the largest portion of the production 
of manganese in Great Britain are the carbonates from North Wales.

The total production of manganese ore in Great Britain since 1882 
is as follows:

Production of manganese ores in Great Britain from 1882 to 1894.

Tears.

1882... ....... ....
188't
1881.......... ......
1885................

1888................

Tons.

1,548
1 9S7

909
1,688

13, 777

Value.

$18, 910

53, 772

Years.

1889.................
1890.................

1893.................
1894.................

Tonfl.

8,852
12 444
9,476

1,778

Value.

$31,354
•JO KQfl

21, 460

It is estimated that from 1835 to 1839 the production of manganese 
in Great Britain was 5,000 tons a year. In 1873 it was 8,254 tons. In 
1875 there were sixteen mines in operation, which produced 3,725 tons.

FRANCE.

For many years prior to the discovery of the large deposits of man 
ganese in the Caucasus district of Russia considerable manganese ore 
was produced in France. With these discoveries, however, the pro 
duction of this mineral declined greatly for awhile. In 1885 it is esti 
mated that the total production was but 3,800 tons. This increased to 
7,676 tons in 1886, and lias gradually increased since until 1893, when 
the production was 37,406 long tons.

Most of this ore is from the mines of Grande-Fillon and of Romaneche. 
The remainder was from the mines of Chaillac and from two small mines 
in the department of the Aude.

It is reported that a large deposit of carbonate of manganese was 
struck about 1880 at Riverenert, in the neighborhood of Saint-Girou, 
some 5,000 tons of ore being raised between 1881 and 1888. At first 
this mine was not worked for the carbonate, a crust a few meters thick 
overlying the carbonate being worked, the hard rock of grayish color 
underneath being regarded as of no value. It is stated, however, we 
know not on what authority, that this gray rock was ascertained to be 
carbonate of manganese, and that at the Antwerp Exposition some sam 
ples of the ore were exhibited which, it is claimed, showed by analysis 
from 45.68 to 56.481 per cent of manganese, 5.94 to 6.48 per cent of silica, 
and from 0.43 to 0.47 per cent of phosphorus.
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ITALY.

The only manganese ores of the Kingdom of Italy concerning which 
we have much information are those of Sardinia, though it is well 
known that both manganese and manganiferous iron ores are found in 
other parts of the kingdom and mined to some extent.

There are two manganese mines on the western coast of Sardinia, in 
the San Pietro district. The ore is both black and brown, and the 
seam has an average thickness of 1 foot, lying on a bed of soft, whitish 
clay containing trachyte, and forming the floor of the deposit. Above 
it is jasper, above which again comes trachyte of various colors and 
quantities. The best ore contains from 31 to 35 per cent of metallic 
manganese and 7.13 per cent of iron. The second grade contains 
about 20 per cent of manganese and 14 per cent of iron.

The production of manganese in Italy, so far as we have the figures, 
from 1887 to 1893, is as follows:

Production of manganese in Italy.

Tears.

1887.................................................
1888.............. ...................................
1889 .................................................
1 ROO
18»1 .................................................
1892 .................................................
-1 QQO

Number 
of mines.

r.
a
5

5

Product.

Tonneaux.

2,203

1,240
HI (1

Value.

T . Lire.
m ct9A

51,551

42, 000
32,744

The statement is made that 8,805 tonneanx of manganiferous iron 
ore, worth 74,812 lire, were produced in Italy in 1893.

AUSTRIA.

Considerable manganese is produced in Austria, but no information 
regarding the character of the ore or its occurrence has been obtained. 
The production of manganese in this country since 1876 is given in 
the following table, the amounts being in metric centners of 110.23 
pounds:

Production of manganese in Austria-from 1876 to 1898.

Tears.

1876..........................

1878..........................
1879..........................
1880..........................
1881 ..........................

1884...........................

Product.

Centners.
78 999
41, 836

84, 183
93 821

Tears.

1885 ...........................
1886............................

1889...........................
1890...........................

1892...........................
1893...........................

Product.

Centners. 
61,577
92,464
93, 108

39, 261
80, 068
52, 793

54, 000
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GREECE.

The principal mines of manganiferous iron ore in Greece are at Lau- 
rium. The ore is a mauganiferous iron ore, containing from 18 to 19 
per cent of manganese and from 34 to 35 per cent of iron. A manga 
niferous iron ore from Mazaron shipped to the United States contained 
from 7.638 to 15.329 per cent of manganese and from 33.588 to 50 per 
cent of iron.

In" addition to this manganiferoas iron ore, which is very much the 
larger production of manganese-bearing ores, in Greece some manga 
nese ores are also produced.

In 1892 the production of manganese ores proper in Greece was 
11,716 tons, and of manganiferous iron ore 157,756 tons.

BELGIUM.

The chief center of production of manganese ores in Belgium is in 
the Province of Liege, the ores being chiefly manganiferous iron ores 
carrying sufficient manganese to be of value for this metal. Manganese 
ores, as elsewhere, are found associated with hematite iron ore. The 
production, however, is not sufficient to meet the wants of the furnaces 
and steel works of Belgium, and considerable quantities are imported 
from other countries. During late years, however, the production of 
manganese ore iu Belgium has advanced wonderfully, as will be seen 
from the statement of the production of manganese since 1880. The 
tons in this table are the metric tons of 2,204 pounds. The value is in 
francs:

Production of mani/anese ore in Belgium.

Years.

1880..............
1881-....-..-.-...

1884..............
1885...---.....--.

Product.

Tons. 
700

820

750

Value.

Francs. 
4,000

4,100
3,750

9.000

Tears.

1887...............
1889:..............
1890...............
1891
1892...............
1893...............

Product.

Tons. 
12,750
27, 787

18, 498

Value.

Francs. 
155, 850
825, 000

254, 600

PORTUGAL.

But little information has been collected regarding the deposits of 
manganese ore in Portugal. It is evident, however, from the large ex 
ports to Great Britain that they must be of some importance. It was 
reported that in 1893 ninety mines of this mineral were working in 
Portugal, the character of the ore being very high. In 1891,9,906 tons 
were produced. In 1888, 5,638 tons were exported to Great Britain; 
in 1891 the exports were 3,105 tons, and in 1892, 4,188 tons. These 
statements of exports are the only ones we have giving anything of 
the production of Portugal, and in the absence of more correct figures 
they may be assumed to represent the production.
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GERMANY.

Through the kindness of Dr. Hermann Wedding we are enabled to 
make the following statement regarding the manganese ores of Ger 
many and their production.

The chief occurrence of manganese ore in Germany is on the right 
bank of the river Bhine, in the districts of Wiesbaden and Cobleutz. 
Some small amounts are also found in Thuringia (Coburg-Gotha). The 
principal mining district on the Ehine is at Weilburg, some 25 miles 
northeast of Wiesbaden.

The production of manganese in Germany in the years named was 
as follows:

Production of manganese in Germany from 1890 to 1893.

Years.

1890............................................................................

1892........................................................... ................
1893 ............................................................................

Metric 
tons.

32, 860

Of the production of 40,335 tons in 1891, 20,026 tons were from 
Wiesbaden, 16,382 from Coblentz, and 396 from Goburg-Gotha. The 
remaining production was in smaller amounts from other localities. 
Out of the total production in 1891, 4,017 tons were used for the pro 
duction of oxygen and chlorine, the balance at steel works.

While the above are the only statistics we have of production of 
manganese in the entire German Empire, the mining reports of Prus 
sia, from which most of the manganese produced in Germany is derived, 
give quite full statistics of production and prices. These statistics 
from 1881 to 1893 are as follows:

Production and value of manganese ores mined in Prussia from 1881 to 1893.

Years.

1881 ...................................................

1883........................................ ..... ....
1884 ............ . ........ ..... .. .. ... ....

1888.................................. ................
1887 ..................................................

1889 ...................................................
1890 ..................................................

1892 ...................................................

Quantity.

Tom. 
11, 085 
4,670 
4,573 
7,750 

14, 896 
25, 045 
36, 533 
27, 307 
44, 006 
40,131 
36, 859 
31,388

Kilos. 
719 
525 
885 
911 
480 
496 
942 
880 
497 
238 
518

Value.

Marks. 
320, 509 
1.40, 608 
118, 430 
179, 657 
338, 760 
737, 773 
951, 831 
613, 542 
901, 589 
726, 785 
727, 599 
424, 348 
389, 810

Besides these true manganese ores many of the iron ores of Germany 
are manganiferous. This is especially true of the spathose ores of 
Siegerland, and also of the brown iron ores of Upper Silesia, of Osna-
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briick, and others. The amount of manganese iron ores from these 
sources is unknown.

Regarding the imports and exports, Dr. Wedding remarks that, in 
view of the fact that the characteristic peculiarities of German ores are 
phosphorus and manganese, it is to be expected that the imports of true 
manganese ores would be smaller than the exports. The imports for 
1891 were 9,347,600 kilograms; the exports were 10,620,300 kilograms. 
Of these imports and exports 209,800 kilograms were simply in transit. 
In order, therefore, to arrive at the true imports and exports of man 
ganese ores into and from Germany this latter amount should be sub 
tracted from the figures showing imports and exports.

SWEDEN.
Through the kindness of Mr. K. A. Wallroth, of the geological survey 

of Sweden, we are enabled to make the following statement regarding 
the manganese ores of that country:

Swedish manganese ores are of three different types: First, pyrolu- 
site with maugahite; second, hausmaunite with braunite, and third, 
manganous carbonate and silicates of manganese, accompanying iron 
ores.

Ores of the first type occur at BSlet in Vestergotland, at Spexeryd 
and Hohult in Smaland, in the parish of Leksaud in Dalarne, and in a 
few places in Dalsland.

At Bolet the pyrolusite is found in fissures in a gneiss or gneiss- 
granitic rock. These fissures, which vary in breadth from a few milli 
meters to 1.5 to 1.7 meters, are filled with breccia, and with chlorite, 
mica, barytes, calcite, and in certain places pyrolusite and manganite, 
with some braunite and wad, as infiltrating cement. The fissures, 
among which three may be noticed, are of about 75 meters in length. 
The inclosing gneiss-granite also contains small grains of pyrolusite. 
The ore, according to analysis made in 1887, contains 53.17 per cent of 
manganese. The amount of ore obtained at Bolet was, in metric tons:

Product of manganese ores at Jlolet, Sweden.

Tears.

1888..........................................................................
1889..........................................................................
1890..........................................................................
1891..........................................................................

1893 ..........................................................................

Toils.

2,052
1,973

1,625
1,862
1 441

At Spexeryd aud Hohult the ore occurs in the same manner as at 
Bolet. The ore appears in fissures in a schistic granite, and these fis 
sures are filled with a breccia, which is held together by limestone and 
the manganese ore. The latter consists of pyrolusite, manganite, and 
wad. According to analyses made in the years of 1878 to 1889 the ore 
contains 48.20 per cent manganese. 

16 GEOL, PT 3——29
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The Smaland ore is classed iu three different grades. The amount 
obtained in metric tons is:

Product of manganese ores at Smaland, Sweden.

Tears.

1888 ..........................................................................
1889 ..........................................................................

1892 ..........................................................................
1893..........................................................................

Tons.

0,092
4,231

In Dalarne and Dalsland the ore is found in such small quantities 
that it would not be profitable to work it. The ore occurs in small fis 
sures.

Ores belonging to the second type occur at Pajsberg-, Langbau, and 
Nordmarken, including Jakobsberg, in Wermland, and at Sjogrufvan, 
in JSTerike. The ore consists of hausinannite and braunite mixed, but 
also contains jacobsite; several silicates of manganese also occur. In 
all these places the ore is found stratified with limestone or dolomite, 
usually in the vicinity of strata of iron ore. At Langban the ore is 
concentrated by washing; in the other places the ore is graded in two 
numbers.

The ore from Pajsberg (Harstigsgrufvan) contains 39.10 per cent of 
manganese; the ore from Langban, 41.36 per cent of manganese; con 
centrated ore contains 52.77 per cent of manganese; the ore from JSTord- 
rnarken contains, ore No. 1, 41.71 per cent of manganese; ore No. 2 
24.50 per cent of manganese. The ore from Sjogrufvan contains, on an 
average, 40.30 per cent of manganese.

The amount of ores from these fields were in metric tons:

Production of manganese ores in Sweden. 
[Metric tons.]

Localities. 1888.

134

25

1889.

19
2,078

14
82

1890.

2 885
67

1891.

3,024

1892.

2,214,

1893.

1,989

Ores belonging to the third type are iron ores, containing manganese, 
chiefly magnetite, but some hematite. The manganese minerals consist 
of manganous carbonate and silicate of manganese, but also oxides of 
manganese in those ores which are more highly manganiferous, as, for 
instance, in the ore from Gladkiirn. The ores are found in strata partly 
in limestone, but mostly in "halleflinta."

The average percentage of manganese in these is, in most fields, not 
more than G per cent, though a higher percentage does occur, as at 
Robergsfiiltet in Norberg, with as much as 26 per cent of manganese;
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Gladkarn, with 20 per cent of manganese; Svartberg, with 15 per cent 
of manganese; Skinnarvang and Knipgrufvan, with about 12 per cent 
of manganese; Penning-grufvan and Hillang, with 10 per cent of man 
ganese; Langvik, with 8 per cenfc of manganese.

In many fields which produce ores of this type there are collections 
of manganiferous silicates, as, for instance, knebelite at Danneniora, 
but no use is made of them.

The products of these manganiferous iron ores in the principal fields 
in metric tons runs as follows:

Production of manganifei'ous iron ores in Sweden. 
[Metric tons.]

Localities.

Burangsberg (2.52 per cent of manganese) .....

Klackberg and Koenigsberg (4.55 per cent of

Total....................................

1888.

10, 364 
4,046

60, 995
7,088
1,975

140, 908

1889.

61, 792
11, 370 

3 214

52, 180

3 809

140, 323

1890.

8,164

2 1 Qfl

2,640
1 3Q Q^t1

1891.

59, B46
9,050 
1,510

51, 489
10, 120

o ofin

1892.

7,076
9 gg^

45, 162

1,810

1893.

58 623
8,689 
1,767

RB QflQ

The ore from Svartberg, containing knebelite, is used for producing 
specular iron at Schisshyttan.

The determinations of manganese in the above table have been 
kindly furnished by Dr. Adolph Tann.

TURKEY.

Considerable manganese *s produced in the various provinces of Tur 
key. The only recent figures we have are for Bosnia and Herzego- 
viuia, in Turkey in Europe. The production of these provinces in 1892 
was 7,819 tons of 2,240 pounds. No description of the character of the 
ore or its occurrence has been received.

JAPAN.
Next to the discoveries of the immense deposits of manganese in 

Southern Eussia, the most important recent find of this mineral, so far 
as it relates to the United States, is in Japan. We are without infor 
mation as to the character or occurrence of the ore. The production, 
however, from 1881 to the close of 1890 is as follows, the amounts being 
in piculs of about 135 pounds:

Production of manganese in Japan, from 1881 to 1890.

Years.

1881..........................
1882..........................
1883..........................

1885..........................

Product.

Piculs. 
25

2,594
2,508
2,081
2 044

Tears .

1887...........................
1888...........................

1800...........................

Product.

Piculs.

5 1*71

15, 667
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It is stated, in a general way that the production of manganese in 
Japan is chiefly from surface or very shallow workings. The natives 
gather the ore and take it down the mountains and rivers in small 
quantities to the dealers, who grade and export it.

NEW ZEALAND.

Manganese ore has been produced in ]Sfew Zealand continuously since 
1878, in which year this mineral appears for the first time among the 
exports from the colony. As none of the ore is consumed in New Zea 
land, the exports are practically the measure of the production. The 
largest export in any one year was in 1878, when 2,516 tons, valued at 
$50,413, were exported. It hardly seems possible that this can be the 
correct value of the ore produced, as it would make it worth $20 a ton, a 
price it would hardly bring even after freight to England had been paid.

The commercial ores of New Zealand are chiefly braunite, with some 
pyrolusite, the latter occurring sparingly.

The statistics of production available are not complete. It is stated 
in the Handbook of New Zealand Mines, published in 1887, that 12,000 
tons of manganese, valued at over $193,600, had been exported up to 
the close of 1885. Another report gives the total quantity produced 
up to the close of 1890 as 15,303 tons, valued at $248,248. The same 
remark regarding valuation can be made as is given above. The value 
seems especially high in view of the fact that in the details for 1890 
no ore is valued above £2 5s., which would be $12.10 a ton.

The production of New Zealand for the years for which detailed 
statements have been secured is as follows:

Production of manganese ore in New Zealand, 1878 to 1892.

Years.

1878... ....!.. ........
1879
1880...................
1881..................
1882
1883..................
1884..................
1885..................

Tons.

1,271

60S

Value.

$50, 413

15, 890

3,911
8,305

Tears.

1886...................

1888...................

1890
1891...................

Tons.

1,170
1,153

Value.

$11, 63S
5,227

12, 801
5,022

NEW SOUTH WALES.

Though manganese ores have been found in considerable quantities 
in New South Wales they can not at present be profitably worked to 
any extent, owing to the cost of carriage to the seaboard. In the 
annual report of the secretary for mines for the year 1892 quite a 
number of analyses of manganese ore are given, some containing as 
much as 53 per cent of metallic manganese, and a large number from 
40 to 50 per cent.

The deposits seem to be of both brown and black oxide. The prin 
cipal deposits so far found are in the Bathurst and Bendemcer districts.
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Up to the close of 1891 the total production of manganese ore in 
this country is given as 238 tons, worth £665. The production since 
1890 seems to have been as follows:

Production and value of manganese in New South Wales, from 1890 to 1892.

Years.

ISW..............^.... .............................................

Product.

Tons.

138

Value.

1,646

SOUTH AUSTRALIA.

In past years considerable manganese has been produced in South 
Australia. There is no statement regarding the character of the ores 
or their occurrence, and only the production from 1882 to 1892, which 
is as follows:

Production and value of manganese in South Australia, from 1882 to 1892.

Tears.

1882..................

1885..................
1886
1887

Product.

Ions.

333
59

1,550
1, 452

Value.

$3 214

53, 163
27, 801

Years.

1888

1892

Product.

Ions.

1,596
2,764

S47
704

Value.

$16, 974
24 718

8,349
7,416

QUEENSLAND.

Some manganese ores have from time to time been produced in 
Queensland. The only fact ascertained regarding this ore, however, is 
its production, which from 1881 to 1891 was, as far as the figures have 
been ascertained, as follows:

Production and value of manganese in Queensland, from 1881 to 1891.

Years.

18S2. .................

Product.

Tons. 
87

100
20

Value.

$1, 263

290

Years.

1889...................

1891

Product.

Tons.

Value.

407

97
126

SPAIN.

In connection with the iron ores produced in Spain more or less 
manganese of a high grade is found. The rnaugauese deposits of this 
country follow the rules of occurrence of all other countries in which 
the manganese is found in connection with the iron ores. Between 1860
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and 1865 Spain produced a large quantity of manganese of a very good 
quality, which was sent to England, reducing the price of a 70 per cent 
ore to 60 shillings a ton. In consequence, however, of the increased 
demand, notwithstanding the increased exports from Spain, prices of 
Spanish ore ran in England to £7 or £8 a ton, but again dropped, in 
1869, when Weldon's process for the recovery of manganese from the 
refuse of the chemical works came into use.

The statistics of production of manganese in Spain, so far as we 
have the same, are as follows, in metric tons:

Production and value of manganese in Spain.

Tears.

1874............................................................
1886............................................................

1892............................................................
1893.........,..............................................;...

Product.

Metric tons. 
48, 207

832
200

Value.

Dollars.

2,531
579

on nnt

7,398

The statistics regarding the production of manganese in Spain are of 
but little value. The Government statistics for the fiscal year ending 
June 30,1891, give a total production of manganese ore in the Province 
of Aviedo of 170 tons, but no production in Huelva; but for the fiscal 
year ending June 30,1892, the production is given as Aviedo 30 tons, 
Huelva 8,972 tons, making a total production for that year of 9,002 
tons. From another source we have a statement that the total produc 
tion for the fiscal year ending June 30, 1891, was 2,940 tons, and for 
Huelva in 1894 1,200 metric tons.

The exports of manganese containing an unknown amount of man 
ganiferous iron, from Spain during 1892 was 10,410 tons and during 
1893 9,840 tons. These amounts can be assumed to be the production 
of manganese ores in the years named, as little or no ore is used in that 
country.

There are no figures as to the manganiferous iron ores, but in a vol 
ume of Spanish statistics published at Madrid it is stated that two- 
thirds of the iron ore exported from the Province of Murcia can be put 
down as manganiferous. The official statistics for this province show 
that the production of iron ore in 1890-91 was 430,000 tons; 1891-92 
367,000 tons; so that if we take two-thirds of this as niauganiferous we 
would have as the production of manganiferous iron ore in the Province 
of Murcia for the fiscal year ending June 30,1891,287,000 tons, and for 
the fiscal year ending June 30, 1892, 245,000 tons. The above state 
ments have been furnished us through the courtesy of Messrs. Naylor, 
Benson & Co., of London.

Eegarding the manganese district of Covadonga, the following state 
ment, which is an abstract of a paper read by Mr. J. A. Jones, before 
the Institute of Mining and Metallurgy, London, is of interest:



MANGANESE. 455

Covadonga is situated nearly at tbe foot of tbe Picos de Europa, in tbe Cantabrian 
Mountain chain. It is 287 meters above sea level. Tbe limestone ranges ascend 
behind it in abrupt precipitous peaks, with interlying valleys, culminating in Pefla 
Santa, 2,520 meters, and Picos de Corniou, 2,580 meters above the sea. They are 
horizontally distant from Covadouga 12^ miles. A straight line drawn between this 
and these peaks passes over the manganese deposits. Communication with the out 
side world is effected by a Government road up tbe mountains by a bridle path made 
more than twenty years ago by the workers of the manganese deposits. At a height 
of 1,000 meters is Lake Enol; a kilometer farther are the manganese mines.

Tbe manganese in this district was discovered over twenty years ago. Large 
bowlders of it were seen lying entrapped between the serrated outcrops of the lime 
stone ranges, where they had rested in their downward courses from higher altitudes. 
These were soon turned to account, the broken up stuff being transported on tbe 
backs of men, women, and children down to Covadonga, from whence it was taken 
on donkeys to Rivadesella, the shipping port, as at that time there were no Govern 
ment roads, and the country roads were not passable for carts. After these isolated 
blocks bad been exhausted, search over the surface at the foot of tbe limestone out 
crops yielded a further quantity, and opeu-cast working on a small scale followed. 
Tbe ore was taken down on donkeys at a cost, of a little over 25 pesetas per ton, the 
donkey load being 2 hundredweight. The Government roads were also opened for 
traffic, so that when the ore reached Covadonga it was loaded into carts, each cart 
taking 50 hundredweight, and by a yoke of oxen drawn to Kivadesella, 18 miles 
distant, where it was shipped.

The workings were capriciously placed, without any trouble being taken to secure 
drainage, so that at the close of the working season tbe raius filled them and they 
caved in. At the commencement of work the next season, water, clay, mnd, and 
bowlders had to be cleared out before the manganese was touched. This system was 
continued up to 1892 with profitable results at first, owing to the high prices obtained 
for this ore; but for the last few years, although yielding a profit that would be 
called excellent if worked on a large scale, it was not considered sufficient to satisfy 
the then owner of tbe mines, and he had not the necessary capital to open them out 
in proper form. In view of this he came to the conclusion that it would be better 
for him to cede the mines to stronger people, and this at length he did to a London 
gentleman, and the Astnriana (limited) was formed, to thoroughly prove the exist 
ence of tbe manganese in quantity, its quality throughout, and the feasibility of 
working and exporting it at a paying rate. Borings were made, and a numlier of 
trial pits sunk by this company over a portion of the area, the results of which are 
given below.

When the ore was first discovered no endeavor was made to form any theory as to 
its mode of occurrence, or why the isolated blocks were met with in such positions. 
The former owner always insisted that he was working on the crown of a strong 
lode. An examination of the district by the writer in 1892 led to the conclusion 
that the manganese was the eft'ect of glacial action, and, therefore, the ore \yas not 
confined to one narrow limit, but spread over the whole of the flat ground between 
the limestone ranges. This theory has been amply confirmed by the subsequent 
borings. The open sections of the workings that had up to that date been carried 
on showed the overlying upper drift, or bowlder clay, holding bowlders in abun 
dance, varying in size, and from a pound to a ton and more in weight. Most of 
these were rounded, but some were angular. They are of tbe same age as the coun 
try rock of the higher reaches, and are composed of limestone, calcspar, brown 
siliceous sandstone, and shales, also occasionally small lumps of cinnabar.

According to Schulz in his Geologia Descriptiva of this province, these limestones 
are Palaeozoic. The only probable strata that would be expected to withstand 
erosion, and still show signs of glacier action, would be the qnartzites. I failed to 
meet with any of these croppings above the surface in my search upward, aud had 
almost given up the quest in despair. Down below Covadonga, however, on the
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roadside, there is a large erratic block of quartzite, Laving parallel striae well devel 
oped on its smoothed surface. This confirmed me in my theory of a glacier deposi 
tion of the manganese ^overed by tlie bowlder clay, and I determined to endeavor 
to follow it to its source. High up the mountains I found a clean rock fissure that 
had held manganese about 6 feet thick. This had been worked years before by a 
Belgian company, the ore being-identical in quality with that of the deposits and 
with the peculiarity that in it nodules of cinnabar had been found. I secured one 
piece from the dump of the working, and I have it still in my possession. This fis 
sure has been followed up for a loug distance, and .there is uo indication whatever 
of the ore passing iuseusibly into the barren material forming its walls, nor under 
the most careful assay can a trace of manganese be fouud in the limestone. This 
vein I look upon as the remaining portion of an extensive bed of manganese that 
overlaid it at a strong angle. Disruption of the covering limcstoue caused by seismic 
action, and the sliding of this from over it, together with its decomposition under 
aerial and aqueous agencies, left it uncovered over a large surface, in the position in 
which it lay at the time of the commencement of the glacier epoch of the Post- 
Pliocene.

• Now, if we suppose these high table-lands and mountain sides had a bed of man 
ganese overlying them, or a portion of theui) and under this a bed of manganiferous 
iron ore and siliceous hematite, the modus operand! of the glaciers will be thoroughly 
comprehended; the ice Vear after year disintegrating the upper mass in blocks, 
along the lines of least resistance, started on its slow downward course until it 
reached the place where the thaw set in. Here it deposited its load of manganese 
in the valleys lying between the limestone ranges. This went on for a term until 
manganese first, then manganiferous ore and hematite, were all exhausted, when it 
attacked the more easily decomposed limestones, carrying this down in its turn, 
until the glacier epoch had come to an end. The rnbbing and grinding produced 
clays of each class, i. e., manganese clay, iron clay, and the upper bowlder, com 
posed for the most part of limestone mud and detritus.

The hematite coloring of the upper portion of the mineral deposit has given rise 
to the name of "Redcap," which is applied to the whole manganese stratum from 
the iron downward. The whole of these valleys have manganese, but the best portion 
is included in the mines Asturiana, Asturiana 2, Asturiaua 3, Escocia, Tigre, Serrana, 
and Cardenal 2. The bore holes and workings indicate a very extensive and thick 
deposit of available manganese, which, from a study of all the different mining 
areas, I feel justified in estimating approximately at the following tonnage:

Tigre.....................................................................

Total...............................................................

Xona.

1, 470, 000

It has thus been fully proved that these mines are capable of producing large 
quantities of ore for a very long series of years, and the transport of this to Cova- 
donga is a matter of the first importance. A Government road from Covadouga to 
Lake Enol is in course of construction, but it will take years yet to complete it. 
When it is opened for traffic the distance along it to the mines will bo about 22 kilo 
meters, owing to its windings to avoid precipices, and its regular gradient to over 
come the difference in altitude. Now the bee line between the mines and Covadonga 
is 6,985 meters (or 4.34 miles), and the difference in altitude is 714 meters. There is 
no insurmountable difficulty in the way of laying down an automatic aerial tram 
way, or more than one, which could carry down 100 or more tons per day. There
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•will be no difficulty about contracting for the cartage of this quantity from Cova- 
donga to the port of Rivadesella until such time as a meter gauge railway be con 
structed. Concessions for this have already beeu secured by some people in the 
country, and I am informed that the portion between Rivadesella and Arriondas 
will he commenced forthwith. At Eivadesella the ore can be stacked in such a 
place as to permit direct loading of ships and steamers of, say, 600 to 1,000 tons 
burden lying alongside the quay. By thus arranging the transport from the mines 
to the port the output of these mines will successfully compete with that of all the 
other mines of the world that have been opened to the present day.

WORLD'S PRODUCTION.

Iri the following table is given a statement of the production of man 
ganese in the several countries for the latest years possible, together 
with a statement of its value wherever possible:

World's production of manganese.

Coun tries.

North America: 
United States-

South America: 
Chile.............................................

Europe and ^Eastern Asia:

Sweden —

' Italy-

Greece —

Ocean ica:

Tears.

1894

1893

1893
1893

1893
] 893

1894

1 ftOT

1893
iflOl

1893

1890
1891
1892
1892
1891

Product.

Long tons.

66

40 059
37, 406

1,989

1 778'

5,315

797

1,437

5.217

2,603
847
CO1

10

Value.

408, 597
4,180

38, 793

97 ftQ^i

6,369

7,308

6,725

126



THE PRODUCTION OF TIN IN VARIOUS. PARTS OF THE WORLD.

By GHAKLES M. EOLKER.

PRODUCTION AISTD PRICES.

The total output of tin has continued progressive during 1894, as 
in the last ten years, in spite of the heavy shrinkage in price. The 
highest London price was £74 per ton, and the lowest was touched 
in December, i. e., £60 17s. 6d., with a tendency to lower prices in the 
early part of 1895.

The increase of product is again due mainly to the increase of the 
Straits shipments, where the ruling low exchange of about 2s. 2d. for 
the silver dollar against the former higher exchange (3s. 6d. in 1889) 
practically acts to the tin producer as a reduction in the price of labor 
and of nearly all the supplies which enter into the cost of producing a 
ton of alluvial tin, and of the labor and many of the supplies for produ 
cing the lode tin. The output of lode tin in1 the Straits is as yet insig 
nificant, relatively speaking, so that we may consider the cost of pro 
duction of Straits tin reduced about 40 per cent from that of five years 
ago on account of the drop in silver, to say nothing of the cheapening 
of methods of washing and cheapened transportation inland. The out 
put of the Straits has nearly doubled in the last eight years. The 
Malay Peninsula is therefore in one of the best positions to stand the 
break in prices of tin, though the Cornwall margins of profit have been 
large. In both instances individual mines may suffer and do suffer, 
like Wheal Agar and Cam Brea, with a 10-shilling call, and Tiucroft, 
with a loss of £420 during the November quarter of 1894, and others 
in Cornwall, as is seen from the table of dividends paid, which is pre 
sented under the head " Great Britain." But even with the ruling 
average price for black tin for the last quarter, varying with different 
mines from £42 Is. 5d. to £42 17s. 7d., good mines like the West Kitty 
mine and others continue dividend paying. If Cornwall survived the 
low price of black tin of 1879 (£30 2s. 6d.) the 1894 price (£38 to £38 
12s. 6d.) is not likely to destroy the British industry, if the percentage 
of ore remains stationary; but it may and must stimulate the making 
of improvements and the cutting down of expenses to overcome the 
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richer yield of other countries, and it certainly curtails the profits. 
The present low price of tin, though primarily caused by the large 
production and lately by a diminished consumption, is influenced also 
by the action of speculators.

A question of importance is the permanence of the rapidly-produc 
ing mines, the alluvials. Though there are signs of weakening production 
in important districts of the Straits, in the. States of Perak, Larut, 
Kuala-Kangsar, and Selama, there are other districts which have not 
yet reached their zenith, like Kinta and Batang-Padang.

Salangore is far from worked out, and is being opened rapidly.
Sungie-Ujong is capable of continued production, and the Siamese 

native States and Burmah are capable of increased production.
It would seem, therefore, that \ve are approaching the average maxi 

mum production of the Straits and Penang shipments, bat that, unless 
adverse circumstances arise, a material decline in the producing capacity 
of these countries can not be looked for in the immediate future. Aus 
tralia's production steadily decreased daring the ten years preceding 
1894, when an increase of 245 tons was recorded. Billiton's production 
seems to have reached its maximum in 1891-92, while Banca's average 
output for the last five years has shown an increase. Singkep became 
an independent source of supply, with 201 tons, in 1894, instead of ship 
ping to the Dutch Islands, as formerly; and since tin exists in other 
islands of the Malayan Archipelago, it is likely that the world's pro 
duction of tin will not materially decrease for some years to come, 
especially if the production of Bolivia continues to increase in pro 
portion to its supposed resources and aided by the depreciation of 
silver.

In the United States nothing was done in the way of adding to the 
tin product in 1894. There has been paper mining as well as wrang 
ling among owners, but no serious mining work has been done; yet the 
general public opinion that payable tin ore does not exist in the United 
States must not be accepted as final settlement of the question, though 
the ore be not now available.

The subjoined table of the world's output of tin has been constructed 
from the data given in the following pages. Tables of prices and fluc 
tuations of the New York Metal Exchange are appended.
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World'8 output of tin, 1898 and 1894. (a)

461

Countries.

Total........................

1893.

Long tons.

5,500
9,000

3,000
500

1894.

Long tons.

9,000

1,000

^Estimated by Messrs. A. Strauss <fc Co., London. 

World's consumption of tin. (a)

Deliveries from London 
after deducting all 
shipments to America. 

Deliveries from Holland 
after deducting ex 
ports to London and

English consumed at
Exports of English 

minus quantity ship-
American consumption 

• ofall sorts.... ,....,..
Billitou sent to other 

ports than Holland . . . 
Straits direct to Conti 

nent less reexports to 
America and England . 

Bolivian delivered from

Total.............

1894.

Lony 
tons.

18, 050 

a 207

2,314,

5,686

16, 650

862

11,725 

3,323

66, 817

1893.

Long 
tons.

18, 603

7 QEO

6,554

1,!H9

8,900 

2,704

1892.

Long 
tons.

14, 122

8 719

2 779

5, 648

2,605

5,500 

2,656

60, 772

1891.

Long 
tons.

17,667 

8,246

3,526

4 990

15, 457

1,972

3,579 

1,658

57, 095

1890.

Long 
tons.

16, 126

16, 000

1,617

3,700 

1,622

1889.

Long 
toils.

18,194 

7 581

3 1 , e

4,820

1,287

3,680 

1,321

54,998

1888.

Long 
tons.

20, 008 

6,774
9 oftft

5 164

2,420 

1,340

54, 455

1887.

Long 
tons.

13, 481

3,601

1,900

1,785 

908

1886.

Long 
tons.

16, 466 

6,513

3,869

4 390

11, 500

1,406

1,915 

352

46, 411

1885.

Long 
tons.

15, 018

3 975

4,418

1,500

611 

342

«W. T. Sargaut & Sons' annual circular.
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Stocks of foreign tin and quantities afloat for Jinglancl, Holland, and America for calendar
years 1885 to 1894. (a)

Stock of foreign in Ion-
Foreign landing in I*on-
Straits afloat for JjOn- 

don, including wire
Australian afloat for 

London, i nclud ing

Banca on warrants in 
Holland...-.......---.

Billiton in Holland ..... 
Hilliton afloat for Hoi.

Total.............
Estimated stock in 

America and quan tity

Total.............
Trading Company's re- 

servesof unsold Banca 
stock in Holland. . ....

1894.

Long 
tons.
Q QQK

1,189

3 778

650

1,632

23, 450

5,770

1893.

Long 
tons.

4,392
ft! 7

3,470

909

640 

1,600
670
335

15, 882

4,200

1892.

Long 
tons.

QFV7

ftfift
326 

1,240

220

0,492

3,480 
139

1891.

Lon 
tons.

2 155

1,162

9 2^5

511
307 

1 912
160
57

9 341

3,228

12 56H

3,140

1890.

Long 
tons.

2 Co i

Sftn

DC/J

277

8,161

9 Q251

2,787 
303

1889.

Long 
tons.

l,40fi

984

141

12, 334

4 813

1888.

Long 
tons. '

4, 231

2 71ft

884
671 

1,062

1fl St(V\

4,447 
180

1887.

Long 
tons.

7,128
961

3 0QQ

497

1 QVJT

124

1 251> <J

2,301

1886.

Long 
tons.

3,110 
973

793
730

8,479

11, 679

1,678 
345

1885.

Long 
tons.

097

1,160

594 

990

11, 280

2,400 
111

a> W. T. Sargant &• Sous' annual circular. 

Consumption of pig tin. (a)

Countries.

Great Britain, consider-

JSTetherland, considering
Italy ....................

United States, consider-
Remaining countries ....

1889.

Metric tons. 

17, 980
8 937
5, 247
1,898
1,176

800

1 S'-td

16, 249
2,300

1890.

Metric tons.

5 Q7ft

1,903

1,057

CQO

2,097

15, 104
2, 200

56, 158

1891.

Metric tons.

8 QKQ

5,798
2 319

926

1,671

18, 365
2,400

59, 576

1892.

Metric tons. 

16, 071

6,509

(6)2,300

1ft Q7ft
2,500

1893.

Metric tons. 

14, 425

6,773

1,241
1 156

1,005

20, 930
3,400

June 30, 
1894.

Metric tons. 

10, 132
(6) 5, 866

(6) 3, 597
(6) 658
(6)520

(6) 1, 000
(6) 7, 493
(6) 1, 500

a Taken from Statistisclie Zusammeustellungen MctaUgeaellschaft, Frankfurt am Main. 
6 Estimated.
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The New York Metal Exchange Eeport gives the following prices for 

tin in 1894:
Prices of tin during 1894.

New Tort. 
[Cents per pound.]

Months.

January (a) . . 
February (a) . 
March (a) .... 
April (a) .....

June (a) ...... 
July (a) ......
August (a) ... 
September(i)) . 
Octoher (V) ... 
November (6) . 
December (6) .

January to

September to 
December . .

Actual aver 
age for the

Average for 
the year 
1894, duty

Opened

20.45 
19.80 
18.75 
19.20 
19. 90 
19.85 
19.35 
18.65 
15.90 
15.70 
14.80 
13.75

........

High 
est.

20.45 
19.80 
19.25 
19.90 
20.10 
19.85 
19.35 
19.65 
16.65 
15.75 
14.80 
14.10

20.45 

16.65

Low 
est.

]9.75 
19.00 
18.40 
10.25 
19.75 
19.35 
18.80 
18.65 
15.85 
14.65 
13.75 
13.45

8.40 

13.45

Closed.

19.75 
19.00 
19.15 
19. 90 
19.85 
19.35 
18.80 
19.75 
15.85 
14.85 
13.90 
13.50

Aver 
age.

20.14 
19.47 
18.93 
19.55 
19.98 
19.63 
19.10 
19.13 
10.09 
15.25 
14.33 
li». 72

19.49 

14.85

15. 27J

London . 
[Per ton.]

Highest.

& s. d. 
73 10 0 
71 2 6 
69 15 0 
70 10 0 
72 15 0 
71 15 0 
69 0 0 
71 17 6 
74 0 0 
71 2 6 
68 10 0 
64 5 0

74 0 0

Lowest.

S. s. d. 
70 37 6 
65 15 0 
63 15 0 
68 17 6 
70 15 0 
68 12 6 
65 17 6 
65 2 6 
71 7 6 
66 17 6 
02 2 6 
60 17 6

60 17 6

Holland.

-Bauca.

High 
est.

441 
44 
45 
45J

® 
43 
44} 
*2J 
40J 
38i

45J

Low 
est.

44| 
43J 
43 
44J 
44J

fo!
4flJ

40£ 
381 
37i

......

37J

Billiton.

High 
est.

44
42J 
40| 
43i 
43J 
*2J 
418 
39| 
43J 
424 •40 
37|

44

Low 
est.

43J 
40 
39 
424 
421 
4l| 
40 
«1 
43J 
40 
38} 
37i

371

a Including duty of 4 cents per pound. b Free of duty.

Singapore and Penang quotations for tin, with London exchanges for ten montlis of 1894. 

[Prices in silver dollars and per picul.]

Months.

July.............

Average for the 
ten months . .

Singapore.

Highest.

$37. 95 
38. 121 
39.55 
40.00 
40.40 
40.121 
38.25 
38.90 
39.10 
39.15

40.40

Lowest.

$36. 50 
36.70 
37.75 
38.00 
39.20 
38. 271 
36.50 
36. 121 
37. 12J 
37.00

36. 12J

Penang.

Highest.

$37.70 
37.20 
38.85 
39.25 
39.80 
39.55 
37.50 
38. 421 
39.20 
38.70

3*9. 80

Lowest.

$36. 25 
36.30 
36.85 
38. 25 
38.50 
37.30 
36.75 
36.20 
37.00 
37.00

36.20

Three months Lon 
don exchange.

Highest.

s. d. 
2 41 
2 3| 
2 if 
2 2| 
2 24 
2 2J 
2 2i 
2 3J 
2 8J 
2 25

2 4J

Lowest.

s. d. 
2 2i 
2 li 
2 OJ 
2 l| 
2 .If'ill
2 1| 
2 2| 
2 2£

2 0|
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Arrivals and deliveries of tin in the United States during the year 1894.

[Mouths.

July..........................

Total....................

Arrivals.

Atlantic.

Long tons. 
630 
810 
980 

1,015 
1,505 
1,240 
1,480 
1,625 
1,868 
2,382 
1,271 
1,778

16,584

Pacific.

Long tons. 
40 
20 
60 
65 

103 
55 
38 
67 
75

30 
(a) 70

623

Deliveries.

Atlantic.

Long tons. 
900 

1,200 
1,200 
1,300 
1,200 
1,200 
1,300 
1,150 
1,900 
1,500
1,500 
1.500

15, 850

Pacific.

Long tons. 
40 
20 
60 
65 

103 
55 
38 
B7 
75

30 
(a) 70

623

1 Estimated. ' 

Fluctuations in the price of tin during thelast ten years (spot delivery).

Years.

1891
1890
1889...........................

1887...........................
1886...........................

How York. 
(Per pound.)

Highest.

Cents. 
20.45 
21.25 
22.15 
21.00 
25.10 
22.25 
37. 25 
37.25 
23.15

Lowest.

Cents. 
13.45 
18.15 
19.40 
19.40 
19.50 
19.50 
16.90 
21.90 
20.35 
16.10

London. 
(Per ton.)

Highest.

£ s. d. 
74 0 0 
95 10 0 

103 5 0 
94 7 6 

104 5 0 
99 5 0 

170 0 0 
167 0 0 
103 5 0 

97 0 0

Lowest.

£ s. d. 
60 17 6 
74, 0 0 
88 15 0 
89 2 6 
88 7 6 
87 15 0 
75 0 0 
99 15 0 
91 10 0 
74 0 0

a Import duty abolished August 28.
5 Import duty of 4 cents per pound in force since July 1.

Fluctuations in the cash value during 1894. (a)

Months.

February .......

April.......---.

Highest.

£ s. d.
71 2 6

72 17 6
71 15 0
69 0 0

Lowest.

£ s. d.
65 12 6 
63 15 0
68 5 0

Average.

£ s. d.

68 15 7
69 17 6
71 13 5

67 7 11

Months.

September ......

Highest.

£ s. d.

74 0 0
68 15 0
64 10 0

Lowest.

£ e. d.
71 0 0

Average.

£ s. d.
72 1 3

62 4 8

68 14 2

aW. T. Sarga^it & Sons' annual circular. 

Tin plates exported from the United Kingdom, (a)

To-

United States . . . 
Other places ....

Total......

1894.

Tons. 
226, 879 
128,202

355, 081

1893.

Tons, 
255, 583 
123, 650

379,' 233

1892.

Tons. 
278, 479 
117, 1C1

395, 680

1891.

Tons. 
825, 145 
123, 587

448, 732

1890.

Tons. 
318, 108 
100, 617

418, 725

1889.

Tons. 
336, 692 
93, 931

430, 623

1888.

Tons. 
292, 623 

98, 668

391, 291

1887.

Tons. 
268, 384 

86, 409

354, 773

1886.

Tons. 
263, 585 

71, 190

334, 775

1885.

Tons. 
223, 869 
73, 859

297, 728

a ~W, T. Sargant & Sons' annual circular.
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OCCURRENCE.

The chief ore of tin is cassiterite, or as the miner terms it "tinstone." 
"When pure, cassiterite contains 78.67 per cent of tin and 21.33 per cent of 
oxygen. It is found contaminated with oxides' of iron, manganese, and 
rarely with tantalic and niobic acids, in veins, beds, and stockworks, in 
quartzose crystalline schists and massive rocks (granite, greisen, por 
phyry, gneiss, mica-schist, quartz-porphyry, schorl-schists, trachyte, 
etc.), accompanied by arsenical copper and iron pyrite, bismuth, blende, 
tungsten, molybdenite, feldspar, talc, tourmaline, chlorite, topaz, apa 
tite, fluorspar, etc.

By far the larger part of the tin of commerce is obtained from stream 
tin—about 78 per cent of the output of 1892 being from this source. 
Alluvial tin is generally purer than lode tin, because the metallic salts, 
arsenides, and sulphides are destroyed, partly mechanically, through 
the direct action of rolling and striking, when transported over long 
distances and grades by water, and again in consequence of this action, 
on the previously oxidized minerals. Magnetite, tungsten minerals, 
etc., remain with the tinstone, owing to their harder, more durable 
character, and their great specific gravity.

Malacca, Banca, and Billiton tins are the purest; next in quality is 
English refined block tin. Common English block tin contains 0.014 
per cent of impurities, 0.012 per cent of this being copper. Saxon and 
Bohemian tins carry up to 0.1 per cent of bismuth. Bolivian tin car 
ries more arsenic, tungsten, and lead, but otherwise approaches English 
common block tin in composition.

A table is appended of analyses of different tins, as given by Kerl, 
and a table has been compiled of analyses of different "black tins," 
or stream tin. Appended is also a table showing approximately the 
amount of lode tin produced in 1892.

Approximate amount of lode tin produced in the world in the year 1892.
English tons. 

Great Britain (Blue Book, total product, 9,270)............................ 8,444
Bolivian arrivals in England ............................................. 2, 819
Tasmania, one-third of output of 3,195 ................................... 1,065
Queensland, five-sixths of total........................................... 1,990
Malay Peninsula (Pahang Corporation about 220 tons, estimated).......... 250
New South Wales, estimated, Vegetable Creek, etc., 250 tons.............. 250
Germany 40 tons, and Austria 20 tons, estimated.......................... 60
Spain and Portugal, 240 tons in 1892...... ................................ 240
Russia................................................................... 8
Japan, on 1890 basis, 36.6 tons............................................ 36.6
Victoria produced some lode tin out of a total of 408 tons.

Approximate total lode tin, 1892.................................... 15,162.6

W. T. Sargaut & Sons' World's Productiou of Tin, 1892........... ........ 63,913
Add Boustead & Co. Straits shipments to China and India, 1892........... 3, 414

Total world's output of tin, 1892 ................................... 67,327
Proportion of lode tin, about 22-J- per cent. 

16 GEOL, PT 3———30



466 MINERAL RESOURCES.

It is safe to assume that the lode output was approximately the same 
in 1894, and did not exceed 16,000 English tons, being about 18 per 
cent of the world's product, unless there have been direct shipments of 
Bolivian tin from Peruvian and Chilean ports to Germany and Austria. 1

Analysis of tlack tin or stream tin.

Oxide of iron, manganese, lime, and

A.

89.92
.67
.80

2.30

B.

89.17

Trace

C.

2.78

D.

2 21 ?
1.20$

99.47

E.

01 80

2.69

F.

4.32

G.

76.15

9 n,}

.22
.27

IS 54

A. Dark-colored, hlack stream tin, from Jupiter mino, Vegetable Creek, County Gough, New Etigland. 
Specific gravity, 6.62D. (Wilkinson and Livesidgc, Mineral Products Now South Wales, 1882.) 

B. Kong-Loon, Porak, black tin. Errlngton, De la Croix, 1887. 
C. Zinnwald. ^Jahresberichte, 1866 and 1808.
D. Xeres, Mexico. Bergeman, Jahrb. Mill., 1857. Specific gravity, 6. 862.
E. Tipuani, Bolivia, black crystals. D. Torbes (Philos. Mag., IV, XXX, 140). Specilic gravity, 7.021. 
!F. Cornish black tin ready for market. Annales des mines, 5" scr., Tome XIV. 
G. Temescal, Cal., tin ore. Dr. ]?. A. Genth.

Analyses of different tins.

Lead ........... 
Copper .........

A.

.014 
,00«

B.

90 90
.20

C.

Tr&ce""."24"

100. 00

D.

98.64

.20 

.16

' E.

no 70

.13

P.

93.50
.07

2.-76

3.76

•G.

95.66
.07

1.93

2 S4

H.

QQ Q

.......

i.

99. 594

.406

K.

99. 410

.590 
Trice

100.000

L.

""i.'eo"

A and B, Banca tin; C to E, English tin; .F aud G, -Bolivian tin; H, Altenberg tin (Saxony, treat 
ment of roasted ore with hydrochloric acid); I and K, fine tiu (from Sehluggenwald, Bohemia); L? 
Schlaggenwald tin for rolling, grade 3.

1 The .writer has been advised siuce writing the ahove that Bolivia hns exported direct to Germany; 
Bee note a, World's output of tin.



GEOGRAPHIC REVIEW.

MALAY PENINSULA. 

CKENE11AL SKETCH.

The Malay Peninsula embraces the country south of Indo China, 
excepting Tenasserim, in British Burmah. It includes the Straits Set 
tlements, Singapore, Malacca, the province of Wellesley, with Poulo 
Penang; the protected native States, Perak, Salangore, Sungie-Ujong, 
Negri Sembilan, Pahang, and the principality of Johore; and the 
native Malay States, Kedah, Sungora, Patany Kalantan, Tringano, 
Knmbowe, Ichole, and lompol, under dependence to Siam. The latter 
three are interior States. This country is probably the oldest and at 
the present time also the largest tin producer of the world. The source 
of the tin for the old Chinese bronzes has beeu variously speculated 
upon, and generally in favor of Farther India.

Eeyer says' that the Hebrews called tin by the old Indian name 
"Anak," and that the Ethiopians, and later the Arabians, before and 
after Christ, traded with India and used the Indian name."Naak" to 
designate tin, which would point to Farther India as the source of the 
tin industry of those days.

Authorities state that as early as the year 500 B. C. a Eoman coin 
existed which contained 02 per cent of copper, 7.66 per cent of tin, 
and 29.32 per cent of lead, and a coin of Alexander the Great, 335 
B. C., uas been found to contain 86.72 per cent of copper and 13.14 
per cent of tin, showing that the use of tin is old.

Kopp2 states that the"stannum" of Pliny was not definitely tin 
until the fourth century.

Wilkinson suggests that the bronze vessels found at Thebes con 
taining tin may have been obtained by the Egyptians from Spain or 
India long before the Phoanicians sailed the Atlantic and brought 
their "cassiteros" from Cassiterides, supposed to have been the Scilly 
Islands, but more probably the Cornish coast. 3

Anderson in his Considerations Relative to the Malayan Peninsula, 
cited by L. Wray, jr.,4 says: "It is singular that the city of Canca

'B. Keyer: Tin, 1881,page 158. 
2 Gescbichte der Chemie. 
3 Trans. (leol. Soc. Cornwall, Vols. Ill, IV.
4 Wray: Tlie Tiii Mines and the Mining Industries of I'erak, i 1894. page 4. )

467 i
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Nagara, or Ma Laucapuri, is placed by Ptolemy (who died A. D. 140) 
iu the exact latitude of the River Dinding, in the Perak territory, 
which is knowii as the Temala, or laud of tiu, of the same author, aiid 
which is 110 doubt the same city alluded to iu the Sejarah Malaya, or 
Malayan Annals, written in the year of the Hcjeirat 1G21, or a little 
more than two centuries ago," reckoning from the year 1824.

Authentic records are presented by the Hollander, I. H. de Linchott, 1 
who, speaking of the native State of Qucdah, on the west side of the 
peninsula, above Perak, says about the town of Pera: "Here calaeni,' 
a material resembling tin, is found in quantities."

Some years later, at the commencement of the seventeenth century, 
Manuel Godinho de Eredia, writing on the mineralogy of the peninsula, 
which he visited about 1611 as official explorer of the Portuguese pos 
session of Mailaisia, says of the Vioutana (now Sungie-IJjong) country: 
"The Viontaiia country produces—besides gold, silver, and mercury— 
calein, tin. and large quantities of iron."

J. B. Tavernier writes: 3 " The coins of Cheda and Pera are made of 
tin, and the king has them made. They do not coin other than tin 
money. The coin weighs an ounce and a half and has a value in the 
country of two of our soles." This quoted value would correspond with 
a Perak price of tin, about 1670, of about,$4.50 (United States money) 
per ton.

De la Loubere, French envoy to the King of Siam, reports 4 the 
production of an impure tin in the Mergui district. He also states that 
the "caleni" or tin in Siam, which country then embraced a larger por 
tion of the Malay Peninsula, was sold by the king to strangers and to 
his subjects, excepting that of Junk Ceylon, which the king allowed 
the inhabitants to mine, as their ancient right, upon paying royalty.

Since the beginning of the seventeenth century the Hollanders 
brought yearly several hundred tons of tin to Europe.5 Hamilton is 
cited 6 as saying that Malacca supplied to a large extent the tin demand 
of China and India before Banca came into competition in 1710.

Perah (Perak), the country south of Keda, is cited 7 as furnishing in 
1783 more tin than any other Indian country. Among other localities 
which are cited as tin producers at that time are Salangore and Par- 
selor (Parcelar, near the mouth of the river Kelang, in the State of 
Salangore).

Captain Glass, 1795, gives the annual export of tin from Perah as 
5,000 piculs, which was sold to the Dutch at 32 Spanish dollars per 
pahar of 428 pounds.8

history of Navigation and Travels, Coppenburch, Amsterdam, 1619.
2 Calae'm or calem, from the word <ia)ai, "which in Hindoo signifies tin, cited by I)e la Croix.
^Voyages de J. B. Tavernier, 2« partie, Paris, 1677.
4 Description of Siam, 1678-1687.
6 Berg u. Hiitten Zeitung, 1878, page 401.
6 Account of the East Indies, II, page 73, cited by Crawi'urd.
'Histoiro Universelle, Liv. XIV, Chaii. VIII, Houtnrd, Paris, 1783, cited by De la Croix.
'Cited by L. Wray, jr., The Tin Mines and the Mining Industries of Perak, I8!)4, page 5.
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Keyer quotes a statement that in tlie first twenty years of this century 
from 1,500 to 2,000 tons were yearly exported as Malacca tin, and at 
the end of the twenty years he quotes the following output from the 
Malay Peninsula and adjoining islands: Island of Junk Ceylon, 300 
tons; Perak, 200 tons; Salangore, 200 tons; Malacca. 200 to 300 tons; 
Tringano, 400 to500 tons; Sungora and Patani, 200 tons; Pahang, 200 
tons; island of Singkep, 300 tons; total, over 2,000 to'ns. The annual 
output during the thirty to forty years Keyer gives as pretty regu 
larly 2,000 tons.

Of the geological character of the Malay Peninsula but little is known, 
owing to the inaccessibility of the interior and the inherent obstacles 
which a tropical country presents to exploration. A range of granite 
mountains, with numerous detached ridges, generally extending north 
and south, runs through the whole length of the peninsula, and alluvial 
plains, of slight elevation above the sea, spread out on both sides of the 
range. The mountains rise to a maximum height of 8,000 feet in Perak, 
and of 6,000 feet east of Qnedah (Kedah); but the loftiest peaks in the 
northern ranges of the peninsula attain only about half this height. The 
most extensive plains are on the west side of the mountains, and rivers 
are numerous 011 both sides.

PETCAK.

The largest tin producer among all the States, the description of 
which may be taken as of a characteristic type, is Perak, on the west 
coast of the peninsula. This State is divided by three mountain chains 
into three plains—Larut, Perak, and Kinta—running parallel to the 
coast line. The surface of the country 1 consists of eruptive masses, 
forming the hills and mountain ranges; sedimentary rocks, which ap 
pear at rare intervals in detached masses, and alluvium, which covers 
the plains. v

The granitic rocks about Thaipeng, Larut district, are of coarse tex 
ture. Their principal ingredient is feldspar, but they contain besides 
inclosed crystals of vitreous quartz, associated with scales of black 
mica, a fair proportion of finely crystalline dark tourmaline, and a 
sprinkling of iron pyrite. These rocks change into porphyries as the 
main range beyond Larut is approached, the matrix here being much 
decomposed. The feldspar appears in large and prominent crystals, 
and the black mica and tourmaline are found in increasing propor 
tions. The porphyri tic'character is observed along this entire range, as 
well as in the two remaining ranges and at certain rock outcrops in the 
midst of the plains and valleys. The eruptive rocks of the small hills 
rising from the plains, in some places cut through by streams, often show 
metamorphic action characterized by a decrease, and sometimes entire 
disappearance, of the mica constituent. The granitic rocks are fre 
quently intersected by quartz veins coursing in all directions, which

1 Lea -Mines d'Etain de Perak. Do la Crois. 1882.
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have been found, in instances, to be tin-bearing, especially in the Larut 
district.

Among the sedimentary rocks highly quartzose sandstones are found 
iu isolated patches resting on granitic rocks. Chloritic and talc schists 
have been observed in places, but the limestones form the only impor 
tant sedimentary rocks in Perak. Scattered and disconnected bluffs 
and stretches of metamorphic crystalline limestone are seen in a num 
ber of places near and upon the granite in both the Larut and Kiuta 
districts, being more extensively developed in the latter. There are 
localities where the metamorphic action on the limestones has been but 
slight, and where it appears as the ordinary deep-gray mountain lime 
stone. In some places small patches of heavy black trap are on top of 
the metamorphic limestone, and unconformability between limestone 
and granite exists, according to L. Wray, jr.

In the northern part of the Kinta Valley a crystalline, whitish, mar 
ble-like rock is found at Goemong, Jalong, and Plias, on both sides of 
the Kerbow River, as well as in the south, in the region between the 
Sengan and the border mountains, at Pen-Kalan Pegou and Barou, 
and again east of Gopeng, where caves and channels in the limestone 
have been filled with stanniferous \yash, carried there from the neigh 
boring granite mountains, and it also occurs farther south toward Bon- 
jang, Malacca.

The alluvial deposits, which are the principal sources of tin, have 
been derived from the decomposition of the primitive rocks forming 
the mountain chains, and of the bordering sedimentary rocks, and the 
constituent parts of the alluvium are variable, as is the depth to which 
they have been deposited.
- They consist generally of humus covering different colored clay 
seams, which alternate with beds of sand and gravel, composed of 
quartz, feldspar, aud tourmaline. The tin wash rests on kaolin, and 
occurs between bowlders and blocks of granite. A typical section 
given by De la Croix, as taken from Kong-Loon-Kongsi, is as follows:

Typical section of an alluvial tin deposit, Straits Settlements.
Metera.

Humus .............................................. 0. 20.1
Yellow clay.............................."............ . 90 '
Sand with tourmaline grains ......................... .10
Gray clay............................................ .65 j
Gravel, quartz, feldspar, tourmaline...... ............ .25 I
Reddish ferruginous clay.............................. .50
Sand ................................................ .15
Yellow clay.......................................... . 75 _
Tin deposit with granite bowlders..................... 2.80 Pay gravel, 2.8 meters.
Kaolin (bed rock).................................... (?)

The tin-bearing stratum, though regularly distributed throughout 
the deeper plains, assumes proportions worthy of exploitation only 
within a certain distance from the foothills or mountains, and the rich-

Strippings, 3.5 meters.
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est part of the tin wash occurs about 1,000 yards from the base of the 
mountains. The distribution is over even larger areas where, as in the 
granite region, the deposition of alluvium has been gradual and undis 
turbed. Where, however, streams have followed preexisting cavities 
in the mountain limestones, disappearing in instances from the surface, 
the tin wash is, of course, unevenly distributed. The richest tin wash, 
with the coarsest grains of tinstone, is found in the farthest outlying 
ravines and gullies of the branches of mountain ranges, where, as at 
Pappan, the tin wash is sometimes covered to the depth of 50 to 65 feet.

Around Thaipeng, Larut district, the average thickness of 6.5 feet 
of tin wash is covered by 10 to 23 feet of overburden. The bed rock is 
decomposed granite or clay, or in instances limestone, as in the north 
ern part of the district. Many of the deposits have been worked out.

In the valley of Einta, Kinta district, the overburden varies in thick 
ness from 6 to 26 feet, having an average of about 12 feet, and con 
tains less clay than in the Larut and Perak Valleys. Its bed rock is 
limestone in many places. Tin wash has been found here in caves in 
the mountain limestone where the mountain streams have deposited 
the alluvium.

In the Gopeng Valley (Tedja district), the average tin wash is richer 
than in the Larut district. It occurs in a bed sometimes 3 feet thick, 
lying under a shallow overburden, in the upper part of the valley.

About Tchaug Kat-Janka and Klian Barou gold is found with the tin 
wash.

In order to appreciate the fact that the Straits tin deposits are well 
able at present tin prices to bear the competition in the fight for the 
survival of the fittest, it may be to the point, in the present period of 
stimulated tin production, to consider the cost of producing tin in 
Perak in 1881, the fact being borne in mind that costs have since been 
materially cheapened. The figures presented below show the cost at 
the Kong-Loon Company's mines, worked by the general Chinese sys 
tem of working alluvials, as given by De la Croix, here computed into 
our weights and measures.

Cost of work at Kong-Loon Company's mines.

[Mexican money, per acre.] 

Clearing light jungle.
Clearing heavy jungle ............. ................1.. ..................... 4. 14
Clearing virgin forest ...................................................... 5. 64

- - ' ' [Cents per cubie yard.] -

Stripping of soil, devoid of roots ........................................... 10. 26
Stripping of soil, if the grubbing is not complete ............................ 10. 746
Removing soil, overburden, and wash dirt. .................................'. 90

The preliminary clearing of lauds of jungle and woods is generally let 
by contract to the charcoal burners.

The pay gravel bed averaged 1- per cent metallic tin, and represented 
44.4 per cent of the total material excavated or removed. It required
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53.93 cubic yards (each weighing 2,674 pounds of pay gravel) to make 
1 metric ton of black tin (2,204.6 pounds avoirdupois) yielding 66 per 
cent of white tin metal. The expenses for pumping, stripping, extract 
ing, and concentrating the tin wash were $121.12 per metric ton of black 
tin ore, or $182.52 per metric ton of tin metal produced. Allowing in 
addition for the cost of native smelting, the State tax, transportation 
to Penang, refining at Penang, amortization, wear and tear and loss, 
the cost of Larut tin was $304, and that of Kinta metal $305.50 per 
metric ton.

At the time given, removing soil, overburden, and wash dirt cost 90 
cents (Mexican money) per cubic yard, while, according to Pike, 1 the 
cost of entire stripping is now let by contract at £1 per chaug, or 9.59 
pence per cubic yard. The system of washing the gravel was changed 
in 1891, according to Mr. Leech, by improved wash boxes. Mr. Leech, 
who is an official in Perak, describes these wash boxes as follows :

The wash box formerly employed was 30 feet long anil could be used only with a, 
considerable head of water; a 6-inch steam pump conld keep only two boxes going, 
and as a natural consequence only land in the neighborhood of large streams of 
water or on which the owners could afford steam or water power pumps could be 
worked. Considerable capital was required to open a mine, and the only part of the 
land worth washing was the "karang," or rich tin deposit, found at a depth of from 
10 to 50 feet below the surface. The introduction of the "lanchut kechil" has 
changed all this. The box itself is but 8 feet loug and costs $4. It can be put up 
wherever there is a pool of water, instead of requiring a steam pump; it can be sup 
plied with water by one man ladling, and instead of stripping the surface soil the 
surface soil itself is now washed in the "lanchut kechil," the same water being used 
over and over again; the mining coolies earning from 30 cents to $3 a day each. 
Five or six men work at one box. Owing to the small quantity of water used under 
this system thousands of acres of land which were formerly looked upon as unpro 
ductive are now being worked.

In 1880 De la Oroix stated that one Chinaman would average 453.125 
kilograms of tin metal per year, and from data he gives it is computed 
that a man removes 343 cubic meters of ground per year.

Becher 2 says that, generally speaking, a coolie raises 2 cubic yards 
(1.529 cubic meters) a day, and his average production is 800 pounds of 
ore per annum, working actually two hundred days in the year on this 
class of work. This yield represents only 2 pounds per cubic yard or 
0.05 per cent of tin ore in the total material excavated.

At Gopeng and Oholet, Kinta district, the Gopeiig Tin Company 
Limited, has introduced the hydraulic system of working the alluvials. 
According to F. A. Swettenham's 1893 report, 400 cubic yards of allu 
vial wash are worked per twenty-four hours, requiring in the operation 
only twenty coolies. In this manner much ground which was con 
sidered too poor for the Chinese to work by their system can now be 
handled at a profit. The ruling wages of laborers vary from 32 to 42 
cents a day, with a food ration amounting to about 15 cents more.

1 Transactions of the Mining Association and Institute of Cornwall.
2 Institution of Mining and Metallurgy, London, 1802, page 101.
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The same authority quotes for Perak the following prices:
Valve of tin and tin ore at Perak in 189% and 1S9S.

473

Years.

1892..............

1883..............
1893..............

Tin and ore.

Tin.........................
Tin.........................

Per piciil.

' 22. 80

24.45

The following table gives the yearly export of tin from 1874 to 1893 
from the State of Perak. It is taken from The Tin Mines and the 
Mining Industries of Perak, by L. Wray, jr., curator Perak Museum. 
It is through the courtesy of Mr. P. A. Swettenham, C. M. G., British 
resident of Perak, that this official report of output has been obtained.
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This shows the output of Perak to have been 18,821 tons in 1893, 
against 17,718 tons in 1892. At present the Kinta district is tlio 
center of mining in Perak. It produced iu 1893 230,725 piculs of tiu 
and tin ore out of the total for Perak of 316,201 piculs against 69,892 
piculs for the Larut district, which is the secoud heaviest producing 
district. In 1880 Larut produced 09,928 piculs out of a total of 88,143 
piculs for the entire State.

Th rising districts are Kinta and Batang-Padang, while Larut, 
Kuala Kangsar, and Selama have passed their zenith. Kinta is 
expected to pass its maximum production inside of four or five years.

No lode mining of tinstone was done in the Kinta district during 
1893, and the Selama and Menglembu companies of Larut district, 
closed their mines the same year as unprofitable. Mr. Swettenham 
says: "Selama at present is in the position of a district where lode tin 
(also alluvials) may eventually be extensively worked, but which is 
neglected for the superior attractions of better known ground."

The general color of the Perak tinstone is a deep brown, but in some 
localities of the Kiuta district a dirty white gray and also rose cassi- 
terite is found; it has a resinous luster and is slightly translucent. 
Wood tin also occurs in Perak.

The black tin runs from 66 to 70 per cent in metallic tin; it is free 
from- injurious impurities; oxide of iron, alumina, aud silica are the 
main impurities.

Two analyses of the richer Perak black tin show:.

Composition of the richer hlack tin in L'ertik,

Tin ................................

Per cent .

75.30'

17. 90

100. 00

Per cent.

100 00

Native smelting.—Concerning tin smelting, De la Groix gives the fol 
lowing: The tin ore is pure, but fine,' and contains no arsenic aud 
seldom sulphur. An analysis of the Kong-Loon mineral shows tin, 66 
per cent; iron, 6.15 per cent; silica, alumina, etc., 27.85 per cent. The 
single smelting, which suffices for the reduction of the stannic oxide to 
metal, is performed iu a low semicylindrical shaft-furnace of brick, 45 
centimeters in diameter and 1.85 meters high above the hearth level, 
with cue tuyere, inclined 40° to 45°, the whole costing about $100. 
Smelting is done at night, and 36 piculs, or 2.25 metric tons, of mineral 
are treated per night, with a consumption of 1,203.125 kilograms of 
charcoal (53.47 per cent). The costs per picul are 55 cents for labor and 
$2.30 for fuel, a total of $2.85. The losses in treating 66 per cent min 
eral are 7.60 per cent, much of the mineral being very fine. The slags 
made are ground and washed for metallic granules or sold to special
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smelters. De la Croix gives the following analysis of washed and un 
washed slags:

Composition of tin slags at Peralc.

Unwashed 
slags.

Per cent. 
5 30
8.60

Washed 
slags.

Per cent.

This shows that much of the silicate of tin was lost in washing.

SALANGrORIJ.

Of Salangore we learn the following from De la Croix (1888): Numer 
ous small masses of strongly lifted limestones border the essentially 
granitic mountain chain, and extensive flatlands stretch from this bor 
der to the sea. In the flatlands deposits of laterite predominate, and 
alluvials of varied composition make up the remainder. The sedimen 
tary rocks are in addition traversed by granites similar to the moun 
tain granite. The six districts of Salangore are Kwalla Lumper, Klang, 
Bernarn, Kwalla-Langat, Ulu-Langat, and Kwalla-Salangore. The 
miners are Chinese.

Only alluvial tin deposits are worked in Salangore, and these are 
found in the vicinity of the mountains. The deposits consist of stan 
niferous sand or gravel beds lying under a hurnus covering, followed 
beneath by clay beds, underlaid by other and similar stanniferous 
layers. Sometimes as many as three successive mineralized beds occur. 
The stanniferous layers are from 3 to 40 feet deep, increasing in depth, 
as a rule, with increased distance from the mountains, in some places 
reaching 80 feet or more (60 feet being the average Chinese working 
limit); and, according to Mr. Henry Louis, their richness is ordinarily 
greater iu the narrow valleys than in the open plains. The concen 
trated tin mineral (black tin), on account of a large admixture of white 
cassiterite, runs high in tin, from C5 to 76 per cent, at times even sur 
passing the latter figure. Mr. Henry Louis 1 gives the average value of 
the stanniferous gravel in Salaugore as 0.5 per cent of tin, De la Croix 
estimates the value of the Ayer-ltam grounds, belonging to the Malay 
States Tin Mines Limited, a European company, at about 0.32 per cent 
in black tin and 0.224 per cent in white metal, with a minimum thick 
ness of 2 meters of tin wash and about 1 meter of unproductive cover 
ings, or 3.8 kilograms of tin per cubic meter (6.46 pounds tin per cubic 
yard) of ground excavated, or 7.6 kilograms of tin per square meter of 
surface.

The cost per acre of clearing Salangore lands by contract in 1887 
was: Thick forest, $6.04; light forest, $4.83; ordinary jungle, $3.62. 
Stripping, by contract, costs not quite 23 cents per cubic yard. Tin 
gravel extracting is done by day's work at wages of 50 to 60 cents.

1 London Mining Journal, 1893.
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The tin gravel is washed in wooden slurce boxes 32 to 38 feet long, 
whose capacity, with gravel carrying 1 per cent of tinstone, is given 
as 880 to 1,100 pounds of black tin, carrying 65 per cent of metal. A 
second washing enriches the black tin to 70 and 75 per cent of metal.

The Straits Trading Company offered in 1887 to take the output of 
the Malay States Tin Mines, Limited, at Kwalla-Lumpor, to attend to 
transportation of the black tin to Singapore, inclusive of taxes, smelt 
ing costs, etc., and deliver the tin metal free on board of the European 
vessels at $110.60 (Mexican money) per ton of metallic tin.

Freight rates from Singapore to Havre varied in 1887 from 15 to 25 
shillings per ton.

As to the total cost of working in 1887 De la Oroix gives $20 to $30 
per picul, or 1,300 to 2,000 francs per ton of tin metal, delivered at Sing 
apore or Penang, the price varying according to circumstances, and 
depending on the depth of the tin wash, accessibility of place, trans 
portation facilities, etc. These costs ought to have been materially 
cheapened since then on account of the completion of the railroad, 
the late improvement in the system of washing the gravels, and the 
cheapened contract prices for stripping and excavating, mentioned 
under the head "Perak." The tin export duty is about $12 per 430 
pounds.

The output of the Malay States Tin Mines, Limited, was, from July 1, 
1892, to June 30, 1893, 101 long tons; from July 1, 1893, to June 30, 
1894, 112 long tons. This was tin ore or black tin, which cost the com 
pany about $22, silver, per picul, and £44 13s. 2 A0d. per ton of 2,240 
pounds. The total amount of money spent by this company so far is 
about £77,300.

The main mines of Salangore are in the hands of the Chinese. The 
chief Chinese operator employs about 5,000 coolies. The European 
Company, at Bawaiig, produced in 1886, in eleven mouths, with 330 
coolies, 76,000 kilograms, or at the rate of 558 pounds of tin per man 
for the year, which was considered very prosperous. The Singapore 
Smelting Works also owns good mines in Salangore.

The official output of Salaugore is shown in the following table:

Product of tin at Salangore, 1878 to 1891.

Years.

1878...............
1879
1Sft1

1883...............
1884...............

Long 
toils.

2,726
3,232
3 0OO

3,645
4 594
4 902

Tears.

1885................

1887................

1889................
1890................
1801................

Long 
tons.

5,303

7 649
8 798

Distributed by districts: Tons.
( Kwalla-Lumpor .--.----.--...-.-.-----.......-.......-............-..........--..-.........-. 5,499

a < Kwalla-Salangore and Bernam................................................................ 517
(triti-Langat................................................................................... 322

l-LllT] . 7,320C Kwalla-Lmnpor .............................................................................. ., _
b < K walla-Salangore and Bernam................................................................ 653

( Uln-Langat................................................................................... 432
cPlns 2,589 tons of tin ore.
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' PAHANG.

In the State of Pahang the Punjone Company, a Hongkong corpo 
ration operated uuder a concession from the Sultan, has little product 
to its record, i. e., 130 piculs of black tin in 1890. The tinstone was 
found in the Sungie-Dua lands, and to judge from the float tin found 
on the concession tin lodes exist near by. In 1891 579 piculs of tin 
were sent to Singapore from Pahang.

Lode mining is carried on in the Kuautan district of Bast Pahang 
in slates overlying granites by several European companies.

The Pahang Corporation, Limited, covers with its original concession 
2,000 square miles along the eastern side of the Malay Peninsula, of 
which parts have been sold oif. At present all work is confined to 
working tin lodes.

The net amount of tin oxide produced and sold was—
Tons. Cwta. Qtrs. Lba.

Up to theend of 1889 ................................ ....... 32 3 3 11
From January 1.1890, to April 30,1891....................... 154 9 11 1
FromMay 1,1891, to June 30, 1892 .......................... 259 4 2 27
From July 1, 1892, to June 30, 1893>....----..............--- 198 12 0 26
From July 1, 1893, to June 30, 1894 .......................... 321 9 3 20

From May 1, 1891, to June 30,1892, the company produced 259.25 
tons of tin, which cost a little more than £63 per ton of metal. From 
June 30, 1892,-to June 30, 1893, the rock yielded 3.6 per cent of tin. 
From June 30,1893, to June 30,1894, the company crushed 5,272.5 tons 
of rock, producing 321 tons of tin showing an average richness of 6.1 
per cent. During the early part ot the present fiscal year the com 
pany did not quite cover costs, but is now making profits, which it 
estimates at the rate of £11,000 a year. In the Pollock lode, belonging 
to this company, an ore shoot has been cut in the rock which averages, 
according to the company's report, 7£ per cent in black tin ore. The 
shoot is 300 feefc long, and 60 feet below had widened to 500 feet in 
length, and the lode in the shoot is about 1.6 feet thick. The output 
in January, 1894, was 21 tons of black tin, in February 25 tons, and 
since then 40 tons per month up to October, 1894, when it reached 45 
tons of black tin. To cover expenses the company requires from 25 
to 30 tons of black tin per month. The year 1893-94 to June 30 wiped 
out the former losses incurred and showed a profit of £3,780.

TEINGANO.

Tinstone ground exists in the State of Tringano besides in other 
localities, in the district of Kamaman, on the Tannah and Bukit-Bnndy 
lands, but so far little tin has been produced. In 1891 the total 
amount exported was 971 piculs of tin.

'Decrease accounted forbytho lode in hillside being nearly worked out before shaft hud been 
sunk to sufficient deptli to permit of returns from first deep level.
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MALACCA.

In Malacca the Jelubu Tin Mining and Trading Company, operating 
40 miles inland from the coast, is one of the few successful European 
companies in the Malay Peninsula. It owns more than 2,000 acres 
of land, and'since 1889, after spending one year in getting the ground 
and works ready, it has declared yearly dividends, varying between 6 
and 30 per cent, on its capital of $225,000. Of this company's capital 
$150,000 was working capital, in addition to which $6,000 was spent 
for prospecting, $20,000 for losses incurred by advances to coolies, 
$1,000 for preliminary costs, and $11,000 for plants and buildings. 
According to Consul Wildman, at Singapore, the company had in 1892 
placed $40,000 to the reserve fund in addition and carried forward 
$8,600 as balance.

With 1,200 coolies, an administrator, and two assistants, the com 
pany produces an average of 800 tons of tin per year.

STJNGIE-TJJONG, JOHORE, KALANTAN, STJNGARA, AND PATANT.

Sungie-Ujong is about the third heaviest producer among the native 
States, having sent to the Straits in 1887 1.562 metric tons, and in 
1891 about 756 tons of tin, besides 16,500 piculs of tin ore. It has 
increased its production since. .

In Johore the tin areas are small and irregular. In 1887 the ship 
ments were 69 piculs of tin, in 1888 30 piculs, and in 1889 38 piculs.

Kalantan produced in 18911,060 piculs.
Sungara and Patany are now small producers. They have been 

reported as producing about 200 tons per year seventy years ago, while 
in 1891 they sent to the Straits, respectively, 1,053 and. 920 piculs.

SIAMESE STATES.
k

In addition to the foregoing tin has been found in the Siamese States 
of Bantaphan, Chomphom, and Faungswan, along the Gulf of Siam, 
according to Mr. Warth, of Bangalore, India.

Consul Wildman, of Singapore, gives the imports of tin from Siam 
into the Straits Settlements as follows:

Imports of tin from Siam into Singapore, 18S7 to 1S91.

Years,

1887..............

1890..............

Picula. 
(133J pounds.)

70, 815
86, 397

65, 928

The Eoyal Statistical Society, 1893, gives Siam tin exports from 
Bangkok as follows: In 1891,169 tons, of the value of £9,041; in 1892, 
173 tons, of the value of £11,703.
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Though a good deal of the ore is still smelted in the small native 
furnaces; the bulk of the ore is sent to Penang and Singapore for 
smelting and refining.

The Singapore works are the Pulau-Brani Smelting Works. Their 
smelting charges are on a sliding scale, varying with the richness 
•of the ore from $25.20 to $33.60 per ton, in 1890. For a detail of the 
rates as existing in 1890 the reader is referred to a paper read at the 
Cleveland meeting of the American Institute of Mining Engineers on 
alluvial tin in Sumatra.1

What is known as "Straits tin" in London is Penang and Singapore 
tin. It is called Malacca tin in the United States.

The leading Straits tin buying countries for the years 1890 and 1891 
and the percentages received by them were as follows:

Distribution of Straits tin shipments.

Countries.

Italy. ................................

Per cent.

49.5
24.5
7.3
2.8
.84
.89
.41

The following tables show the exports of tin from Singapore and 
Penang in tons of 2,240 pounds, except when especially stated, and 
individual distribution of products:

Exports of tin from Singapore and Penang from 1866 to 1874. (a)

Years.

1866..--......
1867..........
1868..........
1869..........
1870..........

Piculs.

102 397
10l! 889
102, 324

Equivalent 
in long 
tons.

7,008

Years. Piculs.

1 16 830
127, 918

Equivalent 
in long 

tons.

9,707
6,954
7,614

aPenang tin includes besides Perak tin some tin from Siam or States tributary to Siara.

In 1887 the official production of the Malay Peninsula, quoted by De 
la Croix, was distributed as follows:

Tin product of the Malay Peninsula in 18S7.

Districts. Long tons.

13 949 49

44.28

23, 972. 28

'Chas. M. Eolker: " The alluvial tin deposits of Siak, Sumatra," Trans. Am. Inst. of Mining Engi 
neers, Vol. XX, page 80.
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The remainder, being the difference between this and the recorded 
exports, came from other parts of Negri-Sembilan, smaller native prin 
cipalities, and Kedah and other States tributary to Siam.

Exports of tin from Singapore and Penang. 

[From the reports of Messrs. Boustcad <fc Co., London, Penaug, ami Singapore.]

From Singapore to —

Contineutot1 Europe

From Penang to —

Continentof Europe

Total.... ....... --

Singapore to China.

Singapore to India ......

Grand total- ......

1885.

Long 
tons,

1,685

527

7,131

1,306

80

249

55 
1,333

3,887

21, 102

1886.

Ijong 
tons.

1,774

3,029

182

291

171

4,219

23,805

1887.

Long 
Ions.

3,819

1,647

12, 976

952

259

132

147

3,444

27, 256

188S.

Long 
tons.

3,100

1,316

14, 811

661
8,405

21

198

46 
1,271

28, 983

1889.

Long 
tons.

5,532

3, 658

2 399
7, 123

85

215

48 
1,341

4,033

32, 453

1890.

Long 
tons.

4,028
19 yy^1

1,226

190

8. 05f>

200

150 
1,708

32. 228

1891.

Long 
tons.

'4.331

8,254
495

11, 162

200 
2,241

154 
1,490

35, 694

1892.

Long 
tons.

7,831
7,147
5,823

9Q 801 'J , O

10. 566
600

13, 548

200 
1,650

300

37, 799

1S!)3.

Long 
tons.

3,809
11, 997
8,343

625
13, 995
1,175

15, 795

295 
1,750

490 
1 750'

44, 229

1894.

Long 
tons.

4 253
14', 755
9,925

28 9331

11, 430
3, 255

17, 791

550 
2,150

430 
1,525

4 655'

51, 379

BtTBMAH.

Granite and gneissic mountains traverse the Tcnasserim district from 
north to south, and the river Tenasserim and its tributaries have their 
source in these mountains aud carry much granitic debris. In these 
rivers, as well as iu their alluvial deposits, the tinstoue is found as a por 
tion of the great stanniferous belt which stretches along the granitic 
backbone of the Malay Peninsula.

The tin gravel of Burmah, according to M. H. Warth, of Madras, 1 
occurs in many of its valleys in layers from 1 to G feet thick and car 
ries a minimum average of 0.25 per cent of tinstone or cassiterite, or 5 
pounds per long ton of gravel. The gravel consists of a mixture of 
rough quartz pebbles and sand, containing beside the gray tin ore 
black tourmaline and garnet. Mr. Warth also mentions the occurrence 
of whitish cassiterite in eruptive rock weathered and decomposed in 
situ, and traversed by parallel quartz veins, near Maliwun, and he esti 
mates the rock to carry 0.04 per cent of impure black tin, or about 0.9 
pounds of black tin per tou of 2,240 pounds. The weathered rock can 
be directly washed in some localities when much water is available, 
which, even during the rainy season, is riot always the case.

Mr. Theodore Hughes, 2 director of the Indian Geological Survey, 
quoted by H. M. Becher, in speakiug of Burmah says: " There is

1 Annual Report Govt. Chemical Museum. 1891-92. 
2 Institution of Mining and Metallurgy, London, Vol. I, page 86.

16 GEOL, PT 3———31
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nothing that I would term a main lode, but rather a zone of meta- 
morphic rock, through which runs of varying ore bearing quartzites 
can be traced."

The Maliwun Peninsula, in the Mergui, is the extreme southern part 
of Burmah, from latitude 10° north to about 12° north. Steamers can 
go up the Pakchan River from Victoria Point. At the village of Mali 
wun there are two native smelting houses, each of which can treat 750 
pounds per day during the smelting season.

Eegarding the tin ore occurrence and production of tin in the whole 
of British India, Mr. H. Warth, of Bangalore, writes, under date of 
November 27,1894:

The tin occurs in a comparatively small area, the most southern part of British 
Burmah, the Mergui district. In India proper, that is, in India to the west of Chit- 
tagong, tiu is not produced on a commercial scale. But I must remark that tinstone 
has been reported to occur in the northern part of the Kazaribagh district of Ben 
gal. Details about'this occurrence may be found in Volume VII of the Records of the 
Geological Survey of India, pages 35 and 43 (Tinstone in granite).

There are four townships in the Mergui district, Lenya, Mergui, Tcuasserim, Mali 
wun, with Karathuri and Bokpyin in the Lenya, Banhuni and Maliwuu in the 
Maliwuu, and Thebaulik in the Teuasserim township, as principal tin producers. 
There are no less than 26 mines enumerated in the reports, and 748 workmen were 
occupied during the six months of the rainy season and during the dry season of 1891. 
With the exception of a place called Zedawa, 12 miles from Merguitowu, where ore 
has been described as scattered in grains in the rock, and Maliwun (before cited), 
all other known sources of ore are alluvial washings. There are no occurrences of 
true tin mineral veins. There is in the granite near Maliwun an abaudoued shaft 
sunk by a Calcutta firm, but there is no evidence of this shaft ever having reached 
a tin lode. The quartz veins which pass through the tin-bearing igneous rock show 
themselves all over the central and southern part of the Mergui tin district, in the 
quartz debris, which forms the bulk of the gravel which yields the tin, pointing 
to the stanniferous ridges as the source for the alluvial tin accumulations.

Mr. Warth mentioned the fact that there are valleys, especially in 
Ohauntanong, with completely exhausted old washings. He writes 
further, that owing to the dense overgrowth and jungle it is difficult 
to outline at present the granitic and other rock outcrops. He reports 
a long granitic ridge north and south of Tenasserim and smaller gran 
itic exposures on the upper Tenasserim River, and a large granitic 
area north of Maliwun, reported to extend along the coast toward 
Ohauntanong, with a granitic bed rock for the abandoned alluvials. At 
Tenasserim, about Mergui, at Bokpyin, Mount Klankipra, Hankachin, 
and along the eastern branch of the Lenya, carboniferous shales, 
sometimes highly carbonaceous, sandstones, and massive limestones are 
found.

The deposits of alluvial tin are widespread, occurring also on some 
of the islands of the Mergui Archipelago, and at Kithereng, west 
of Lenya.

Mr. Warth emphasizes the fact that the isolated position of the tin 
washings and the necessity of importing the food of the miners from a 
distance makes the working much more expensive than it would be were
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an agricultural population present. There are few local workmen (Siam 
ese), and the proprietors, mostly Chinese, have to depend greatly on 
Chinese immigrants from other parts of the Malay Peninsula. Thus 
it is that the industry only pays Chinese proprietors, who work on a 
small scale. With more favorable conditions of labor and food supply

100°
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FIG. 2.—Location of the tin mines in Bunnah.

the existing deposits would permit an industry on a much larger scale 
and give return for considerable capital.

The whole area of the stanniferous belts Mr. Warth gives as 200 
miles from south to north and 20 miles from east to west.
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The tin production, -from the area within the district of Mergui 
Mr. Warth takes from the Review of Mineral Production in India, as 
follows:

v»»ra Hundred- 
Years ' weight.

1888.................................. 760
1889.................................. 97«

1892.................................. 1,368

Value in 
rupees.

43, 217

51, 220
75, 019
82, 829

This makes an average for the above period of about 51 tons of 
metallic tin per year valued at about 1,140 rupees or about $311 per 
ton, at the rate of exchange in 1894.

BANCA.

The island of Banca, according to Everwyn, contains several large 
masses of granite, inclosing in places veins of fine-grained granite and 
granitic porphyry, the granites at times graduating into syenite. The 
granite masses are flanked "ou the north and south by Silurian slates 
and sandstones. The latter are metamorphosed near the granites, 
where the hard and tough sandstones look like quartzites. Van Diest 
reports quartz veins carrying mica traversing the granite and the 
immediately overlying rocks. Everwyn' reports that the tin ore occurs 
generally as an impregnation in. the granite, and seldom in veins or 
lodes. Kidneys and narrow veinlets of tin ore occur in the overlying 
slates and" sandstoues at Sungi Leat and Pankalpinang (according to 
Akkeringa), and also between the slaty cleavage planes in more valu 
able deposits than in the granite. In the Djeboes district veins in 
granite have been found 10 to 19 inches wide carrying an average of 
0.7 per cent of tin ore. South of Pankalpinaug the quartzose vein 
matrix carries, besides wolfram, from 1 to 4 per cent of tin ore, accord 
ing to Van Diest.

Eeyer cites Everwyn 2 as to the origin of the Banca tin alluvials, say 
ing that they result principally from the stanniferous deposits of the 
overlying sedimentary rocks, to which the sparser impregnation of the 
granite has contributed. This would account for the patchy and strip- 
like accumulations of pay tin wash in the alluvium of creeks. As a 
general rule all the mountain streams which pass the sedimentary con 
tact in flowing down the granite ranges carry stream tin.

Van Diest states that with the tin wash fragmentary pieces of granite 
shorl and sandstone are found, and that the bed rock of the alluvial 
accumulation is nearly always granite or kaolinized granite.

A cross section through the Banca deposits would show from bed 
rock upward an average of 3 feet of tin ore overlaid by coarse sand,

1 Jaarb. Mijnwezen Ned. Oost-Indi8, 1872, 
" Ibid, page 167.
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followed by clay (red, white, and black), then coarse sand, with pockets 
of clay and layers of fine sand carrying a little tin ore, then humus. 
The average overburden is 25 to 35 feet thick. Shallow diggings are 
prospected by pits, the deeper alluvials being prospected by systematic 
borings.

According to Van Diest's report, in 1865 a miner, with the aid of 
water, removed 300 to 450 cubic meters per year of ground, yielding from 
2.2 to 3.3 kilograms of black tin. or 1.75 to 2.03 kilograms (2.95 to 4.46 
pounds) of white tin metal per cubic meter. The average yearly prod 
uct is given as 610 kilograms white tin per man.

In 1891 and 1892, according to the United States Bureau of Statis 
tics, 7,989 men were employed in Banca to produce 5,753 tons of tin, 
which would give a yearly product, per man, of 0.72 tons, indicating a 
maintained yield and improvement in the work done.

FIG. 3.—Geological sketch of northeast part of Banca.

It must be borne in mind that a full working year can not be reckoned 
on in these diggings. Only for about eight months each year is there 
water enough in the lower valley diggings, while in the districts situ 
ated higher the water supply will last barely five months, and the fig 
ures given represent the average of all the districts.

The different numbers of the Jaarboek Mijnwezen in Nederlandsch 
Oost-Indie (Amsterdam) are replete with information concerning the 
Banca mines, and to these the reader is referred for detailed informa 
tion, but for the benefit of those who compare individual instances with 
general averages of a country and parade the former it is well to cite the 
fact that ten diggings in the Blinjoe district have yielded an average 
of a ton of tin metal per man per year.
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The tin mines of Banca are largely owned by the Dutch Government. 
In 1885-86 the Government mines yielded 74.5 per cent of the tin 
output, mines of private parties 21 per cent, and the balance came from 
foreign sources. In 1889 two-thirds of the mines were in the hands of 
private parties, and the total number of mines was nearly 300.

The United States Bureau of Statistics furnishes the following fig 
ures of production for the years 1885 to 1892:

Tin product of Sanaa.

Tears.

1886-87.............................
1888 89.............................

Long tons.

4,608

3 993
5,431

5 755

The product of the different Banca districts in 1891-92 was as follows:

Sanaa tin product in 1891-92 by districts.

Districts.

Blinjoe ............................

Koba ..............................

Long tons.

1,021
1,030

892
208

5,755

During the year 1888-89 l there were 300 diggings in operation, and 
the cost of production amounted to 26.14 Dutch florins per picul. The 
Java picul equals 61.7613 kilograms or 135.875 pounds. The price 
realized was 84.82 Dutch florins ($34.10) per picul. On comparing the 
price realized with that given by De Mouchy and Havelaar's tin circu 
lars it is found that the price obtained was 78.73 Dutch florins ($31.65).

Of the early production of Banca, Eeyer, citing Orawfurd, quotes 
4,000 tons per year for the first forty years of the eighteenth century, 
dropping to 2,000 tons per year at the end of eighty years, and to 
700 tons at the beginning of the present century. For the following 
periods, Eeyer, citing other authorities, gives the following figures:

1 Mining and Scientific Press, January 28, 1893, its authority net given.
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Early tin products of lianoa.

487

Years.

1820—29
1830 39... .........................

1855-59.............................
1860-69.............................

Tons per 
year.

1,500

4,100
5,200
4,700

According to the statistics of Messrs. De Mouchy and Havelaar, 
Eotterdam, the production of Banca tin for the thirteen years ending 
April 30, 1893, has been as follows:

Product of Banca tin for thirteen yean.

Ha y 1 to April 30—

1880-81...........

1884-85...........
1HSA_ft7
1887-88...........

Piculs. (a)

72, 685
64, 190
73, 995
65,018
74, 510
76, 552

Long tous.

3 893 3
4,188

4, 519. 3
4, 643. 1

5, 119

May 1 to April 30—

1889-90............

1891 92
1892 93............

Total .......

IMcnls. (a)

65,964

107, 190
93, 622

121, 738

Long ions.

4, 000. 9
5,440.1
6, 501. 4
5, 678. 5

a On the basis of 16.487 piculs equals 1 long ton; 1 Java pioul equals 135.875 pounds.

The writer is indebted to the Nederlandsche Handel-Maatschappij 
(Amsterdam) for the following figures showing the output and auction 
sales of Banca tin:

Auction sales of tin at Amsterdam ana Rotterdam.

JL eiirs •

1893. .......-.-.......-......-.....------.----

Slabs.
We

Piculs. (o)

100,005

ight.

Long toils.

5, 524. 7

a The Dutch Trading Company's pioul is 62.5 kilograms, or 16.291 piouls per long ton.

The official Banca production from January 30,1892, to February 17, 
1893, was 721,736 piculs.

BILLITON.

In Billiton and the adjoining island of Singkep the existence of tin 
was known prior to 1822. 1 The Lingganese knew of its existence in 
the valley of Embalong, in the beds of creeks and streams in the neigh 
borhood of the Tima and Simper hills, and also on the islands of Billi 
ton and Singkep. The attempts of the Dutch G-overnment to test the 
question of the quantity of tin were lukewarm, perhaps by reason of 
the fear of reducing, through new discoveries, the price of Banca tin, 
and the island was abandoned in 1826, only a military post being left.

1 Dr. Tl). Posewitz, Petermann's Geographische Mitteilungen, 1887, p. 109.
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In 1851 Mr. C. De Groot, a mining engineer, found tin on the island, 
and the active work on Billiton dates from that time. Billiton tin 
mining is done by private parties, the Societe" Anonymo pour Billiton 
having enjoyed a monopoly since 1860. The company paid 1 3 per cent 
of the tin yield as rent to the Government, and paid the cost of the 
military in Billiton. In 1892 the time of the concession was lengthened 
to 1927 on condition that the Government receive five-eighths and the 
company three-eighths of the net profits.

The geological conditions are similar to those in Banca; granitic 
rocks forming the hills, ranges, and bosses. The granitic development 
is well marked in the northeast part, from Tandjong-Padang to Sidjack, 
in the middle of the island, and in the southwest and southeast parts.

In the middle of the island are found quartzites, lydite, hornblende 
schists, clay slates, quartzy sandstones, and ferruginous clays; the lat 
ter, which are regarded as products of subaerial decomposition of the 
schists, are known as laterite. The sedimentary rocks are of Silurian 
and Devonian age, as on Banca-.

In the alluvials 68 fossils have been found, 60 of which have been 
identified with recent animals of that ocean. 1 This formation is Post- 
Tertiary and probably a young Quaternary.

Among the lode mines Eant reports 2 a tin ore impregnation along 
a fissure, which was worked. Of the material hoisted, one-fourth con 
tained an average of 10 per cent of tin ore and the remaining three- 
fourths contained an' average of 4 per cent of ore.

Akkeringa reports a tin stock in strongly decomposed quartz schist 
in the central mountains of Billiton, and lodes southeast and south 
west of Mount Tadjan. He found galena, wolfram, and topaz asso 
ciated with the tin ore. The ore occurred as a 2 to 3 per cent impreg 
nation, in slaty veins in quartzite rock. The mines were abandoned 
after they had been worked six years.

In the Manggar district, at Mankubang, a lode carrying porous lim- 
onite and tin ore was followed for 490 feet through a sandy clay-slate 
and clayey sandstones. The lode varied from 3 to 6.5 feet in width. 
The alluvial diggings furnish nearly all the product of Billiton tin. The 
richest alluvials are found in the upper part of the valleys, where the 
quartz debris is still sharp and angular.

1 Vide Jahrbuch d, koiiigl. nngarisch. geolog. Anstalt, VII and VTII. 
2 N. O. Indie JaarB., 1873.
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There are five mining districts in Billiton, the production of which 
was as follows:

Production of tin in Killiton by districts.

Districts.

Total.-...-.......-.

Number 
of 

mines.

16 
21 
17 
13 
16

83

Production.

1881-82. (a)

Long tons. 
208.6 

1, 682. 5 
895.2 
361.7 
875.2

4,023.2

1891-92. (6)

Long tons. 
355 

2,518 
1,264 

342 
1.905

(i, 384

a May 1 to April 30. b U. S. Bureau of Statistics.

In 1891-92 there were 8,690 men employed in the production of tin, 
giving, therefore, an average per man of 0.7346 ton of tin, which is 
very close to the Banca figure.

Beyer states that in 1872, out of 112 diggings, 4 produced from 100 
to 300 tons or more per year each, 8 more than 60 tons, 16 more than 
30 tons, 25 more than 15 tons, and 59 less than 15 tons.

Probably nowhere in the East Indies is the prospecting prosecuted 
in a more systematic manner than in Billiton. There is a regular 
boring corps, in charge of European engineers, which tests the fields 
systematically in advance, by boring first at intervals- of, say 100 
yards, and supplementing these with holes 20 to 25 yards apart, or 
closer, if necessary, to ascertain the course, average thickness, and 
character of pay gravel. The contents of each bore-hole are carefully 
washed, the collected tin is weighed, and calculations are made as to 
the probable yield. On the basis of this estimate the fields are let out 
to Chinamen against a fixed price per unit of weight of tin produced1 
and turned over to the company.

It has been established that the average wages in Billiton per picul 
of tin ore produced are 20 guilders ($8.04), against 13 florins ($5.23) in 
Banca; and that 12 guilders ($4.82) per picul is the cost of adminis-

>The unit of weight on which tin ore is bought and sold in the East Indies is the picul. Tho follow 
ing table of native weights is compiled from the Netherlaud Indies Government Almanac for 1890:

Kilograms. 
•1 picul=100 katties.-...-............................................................... = 61.7613
1kattie=16 thai!.......................................................................= 0. 6176
1 thail (precious metal) ._..._........................-.............................._...= 0.05409
1 koyan = 28 piouls (Samarang).._...........................-.--.........-...._........ = 1,729.316
1 koyan = 27 piculs (Katavia) ...._.......-...-..-..-.-.....-----......-..-..--.-.....--.= 1,667.555
1 koyan=30 piculs (Soerabuja) ......................................................... = 1,852.839
1 koyan = 30 piouls (Batavia) for salt, etc.!-..-...........--...---.........-..--..-..... = 1,852.839

The following are the figures for the Malay Peninsula as given by E. De la Croix : 
1 picul = 100 katties ........................--...........................-..............= 02.500
1 kattie = 16 thail. ......................................--..............................=: 0.625
] thail--.-...............-.--........-.....----....---.--.-.....--...............--..... = 0.039
1 bharra=3 piculs ..............•.......---.....-........................................= 187.50
1 koyan=40 piculs ...............................................................--.... = 2,500
16 piculs= 1 metric ton ................................................................. =1, 000

At Singapore.—1 picnl white-tin metal—60.5 kilograms = 133.33 pounds avoirdupois; 16.8 picnls = 
2,240 pounds avoirdupois = 1 long ton; 16.487 Java picula = 2,240 pounds avoirdupois=l long ton.
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tration, etc. On the basis of these figures and the indications of the 
test borings a certain tariff is figured out, with contingent bonuses.

Under a former tariff the basis of wages was 20 guilders ($8.04) per 
picul of tin ore, but the workman received as minimum wages per 
annum 140 guilders ($56.28), or the pay for 7 piculs, whether he pro 
duced so much or not, 7 piculs per man being the lowest rating of 
annual yield. If he delivered the full rated quantity or more he 
received a bonus, determined on a sliding scale, in addition to the reg 
ular wages of 20 guilders per picul. The sliding scale was as follows:

Rated annual yield per 
man.

Piculs.

7
8
9

10
11
12

Metric ton.

A
8g

T^S
lg

H«

Bonus.

Guilders.

80
65
50
35
20 .

5

Dollars.

32.16
26. 13
20.10
14.07
8.04
2.01

The reward, as will be seen, is, very properly, largest for the man work 
ing in the poorest ground, as workmen in richer ground, even if they 
do not secure the bonus, are pretty certain of getting more than the 
guaranteed minimum of 140 guilders ($56.28).

The present minimum in Billiton is 120 guilders ($48.24) per year, 
representing 6-picul ground, and the above sliding scale has been cor 
respondingly altered.

When the fields are opened for extraction they are worked during the 
eight months of the hot season. The ground is excavated from below 
upward. The valley is dammed at its head and the water lead off by 
canals for use in washing. Accumulating water is removed from the 
pits by chain pumps. The old excavation is filled with the sand, etc., 
from the new pits.

The Chinese-built furnaces of Billiton are made of clay. They are 
short, cylindrical shaft furnaces, 12 to 15 inches in diameter and 3.5 to 
5 feet high from lowest hearth level to throat. The hearth bottom is 
rouuded, and a tuyere hole is provided above for artificial blast. The 
Chinese generally smelt during the four months of the wet season, from 
December to April, and during the night. They commence heating the 
furnace at about 3 p. in., charge at 7, and at 9 the charge is fused.

The campaign of a set of two furnaces, costing when erected about 
200 guilders ($80.40) each, is, say, 2,000 piculs (1.19 long tons), which are 
run through in eighty to ninety nights. Hence the furnace wear per 
day is about 5 guilders ($2.01); 27.5 piculs (1.64 long tons) smelted is 
considered a large night's work. The cost is about 2 guilders (80 cents) 
per picul, or 53 guilders ($21.31) per day, divided as follows: Fuel, 40 
guilders ($16.08); wear and tear, 5 guilders ($2.01); wages, 8 guilders 
($3.22). The latter item includes 1 head smelter, 4 assistants, 3 bel- 
lowsmen, and 2 roustabouts, making 10 men, at average wages of 25 
guilders ($10.05) per month.
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Only about one-fourth of the Billiton tin requires refining. The black 
tin averages 71 per cent white metal, and the loss in smelting is given 
as about 3 per cent. 1

It is of interest, with reference to the cost of keeping coolies, to 
know how improved hospital service and acclimation has cut down the 
serious initiatory expense due to sickness and deaths in these new 
countries.

In Billiton, in 1865,52 per cent of the workmen were sick and 38 per 
cent of those treated died; in 1870, 10 per cent were sick and 13 per 
cent of the sick died, and in 1873, 9 per cent were sick and 8 per cent 
of them died.

In Siak, Sumatra, during nine months' prospecting in 1881 and 1890, 
the time lost, due to deaths, was 11.10 per cent of the total time con 
tracted for, and that due to runaways was 1.05 per cent, giving a total 
of 23.33 per cent to be added to the cost of a coolie on these accounts. 
The figures of day's work lost in Billiton are not at hand.

Tin production of JKlliton, in tons, (a)

May 1 to April 30-

1880-81 ...........

1882-83...........

1888-89...........

Piculs.

78, 928

70, 081
70, 974
61, 357

89, 192

Long tons.

4, 787. 2

4, 250. 6
4, 304. 8
3, 721. 5
4, 910. 1
5, 409. 8

4, 803. 4

M ay 1 to April 30—

1889 90............

1892-93............

Total ..........

Piculs.

96,179
96, 488

78, 373
78, 595

Long tons.

5, 852. 3
6, 444. 2

4, 767. 0

5, 122. 2

a From Messrs. De Mouchy and Havelaar's (Rotterdam) Tin Statistics.

The Nederlandsche Handel-Maatschappij (Amsterdam) has fur 
nished the following figures showing the output and auction sales of 
Billiton tin:

Official reports give the Billiton production from May 1,1892, to 
April 30, 1893, as 85,586 piculs.

Auction sales of Billiton tin.

1

Total sales; 1894... ....................

Slabs.

5,976 
157, 294

163, 270

118,300

118, 300

Weight.

Piculs. (a)

3,317.86 
85, 880. 83

89, 198. 69

64. 610. 00 
13, 000. 00

77, 610. 00

Long tons.

5,407

3,966 
798

4,764

a Dutch Trading company's picul equals 62.5 kilograms, hence 16.291 picula equal 1 long ion.

1 Eolker, Trans. Am. Inat. M. E., Vol. XX.
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SINGKEP.

Singkep, an island of about 123,550 acres, belongs to 'the Lingoa 
Islands. It has a native Sultan, who is a vassal of Holland.

The natives have worked the tin wash on this island since the end of 
the last century. On all tin produced a tax was paid to the Sultan, 
who exported it to Muntok, Banca, for smelting.

Everwyn1 estimates that the Segemok Yalley alluvial tin wash is 
covered with an average overburden of 23 feet and contains about 2.4 
pounds of black tin per cubic yard of tin wash, yielding 71 per cent of 
tin metal. He estimates that in the neighborhood of 900 tons of tin 
will come out of this valley.

In 1892 the Singkep Tin Company, a Dutch corporation, erected a 
smelter at Singkep, and small quantities of tin now enter the market 
under this name, it being shipped to Holland.

Up to November 29 7,835 slabs, approximately 261 tons, of Singkep 
tin had arrived in Holland during the year 1894, according to the report 
of Messrs. De Mouchy & Havelaar, Eotterdam.

SUMATRA.

It has long been known that the native Malays have been aware of 
the existence of tinstone in the streams of certain regions of Sumatra, 
and in 1887 the Sultan of Siak gave a concession for about 40,000 acres 
to a Dutch company for the extraction of tin, etc. The center of pros 
pecting in 1890 was Kotta-Eanah, lying about 300 feet above the sea, 
in longitude 100° 43' east, latitude 0° 26' north, 140 miles up the Siak 
River, in East Sumatra. Tinstone occurs here and in the neighborhood 
in the mountain streams and their extended banks. The overburden 
in the banks is shallow, and in the principal river valleys about 5 to 6 
feet deep, which depth of alluvium diminishes upstream till the bed 
rock appears in the creek bottoms. The maximum width of pay chan 
nel is 200 feet, and the average is about 35 feet.

The covering over the angular quartz gravel averages 3.5 to 4 feet, 
and consists of about 6 inches of humus and 3 to 4 feet of yellow sandy 
clay. The underlying angular quartz gravel is divided into two sepa 
rate layers. The upper layer, 8 to 10 inches thick, consists of angular 
fragments of white quartz of 3 inches maximum thickness and 1 to 1.5 
inches average diameter, largely intermixed with carbonized wood, and 
occasionally contains stray pieces of fossil damar resin. It carries very 
small amounts of fine cassiterite and considerable magnetic and red 
iron oxide sand. In the lower layer, which is separated from the upper 
by a thin—often only slightly marked—seam of gray clay, from 1 to 2 
inches in thickness, the nature of the quartz gravel is the same as 
above; but carbonized wood is absent, the amount of iron sand is 
smaller, and that of cassiterite is larger. This layer is locally known

1 Mijnwesen, 1872, page 104
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as the pay seam. Small crystals or crystalline fragments of spinel and 
ruby are found, but no tourmaline, garnets, topaz, or mica is noticed. 
The cassiterite is to a large extent semicrystalline, and crystals are by 
no means rare. Both the tin ore and the quartz show little average 
wear of corners and edges, indicating that they have been transported 
but a short distance.

Underlying the quartz gravel is a tough gray or greenish-gray clay, 
from 3 to 4 feet thick, decomposed rock in place, and below this lies 
the true bed rock, an impure sandstone which, higher in the foothills, 
appears like quartzite.

The average thickness of the pay gravel, including potholes, in Batang 
workings is estimated at 6.5 inches, with an average overburden of 5 
feet. The pay gravel yielded 2.7 pounds of black tin per ton of 2,240 
pounds or 0.12 per cent, equivalent to 1.91 pounds of tin metal. Per 
cubic meter of ground excavated, including strippings, the ground 
yielded 0.348 pound of tin metal.

Pannings were made of nearly 10,000 pounds of gravel from the dif 
ferent creeks. Twenty per cent of the panuings were rejected as too 
low or as lying outside the limits of the tin-bearing channel; the remain 
ing 80 per cent gave an average result of 1.13 pounds of metallic tin to 
2,240 pounds of stream gravel, or 1.75 pounds per cubic meter.

It is believed that the Kotta Banah-Rambei alluvial tin field is 
of very recent origin, being derived from the broken-down outcrops 
of nearly stanniferous quartz veius which occur in the underlying and 
adjacent impure sandstone. The tinstone occurrence is limited to the 
creek beds and their banks, within a belt 1,500 yards wide, running 
through the country in a general northwest and southeast direction.

The distribution of the cassiterite through the creek beds of this 
district is somewhat unusual in character. One would expect the fine 
ore to be found downstream and the coarse ore upstream. But here, on 
the contrary, a perceptible decrease in the average size of the grains 
going upstream, within a certain limit or belt, is noticed. Going be 
yond this limit there was a positive decrease both in the coarseness 
and quality of the tin grains. An absolute unsized condition, so to 
speak, of the tin grains in the creek beds within this belt or zone was 
also observed, while outside of it the tin would either be extremely fine 
and in small quantities, or no tin at all would occur. 1 Within the belt 
coarse tin ore would be found in the creek beds, a few feet beyond fine 
ore, and vice versa.

In some of the streams, notably the Petaling, Kalomboi, Middle 
Quay, and Upper Blevon, grains or crystals of cassiterite were found 
still clinging to small, angular, or sharp pieces of quartz, which 
appeared crystalline and drusy under the microscope. This indicates 
that the tin ore now found in the streams has been broken down from 
veins of quartz not far away. The coarsest grains of cassiterite

1 Upper Lau and Rambei.
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encountered weighed 19,12, and 10 grains. The present inaccessibility 
of the district makes it an expensive one to work, and unless better 
ground is found it is likely to remain dormant.

CARIMON ISLAND.

Carimou Island, lying opposite Sumatra, has coral formations and 
quartzites, quartz conglomerates, quartz sandstones, and clay slates, 
the same as are known from Western Borneo, from Banca, Billiton, and 
Sumatra. The young eruptive rocks are basalt. 1

Prior to 1862 the Malays and Chinese worked the streams for tin. 
In that year a Dutch company commenced operations. 2 Preliminary 
borings proved that the tin wash lies under covers varying from 10 to 
40 feet, and in 50 per cent of the borings the thickness of the tin wash 
was proved to be about 1.6 feet, according to Everwyn.3 He reports 
that in six instances out of fifty trial borings the tin wash averaged 
about 2 pounds of black tin per cubic yard, and cites six instances 
where it averaged 0.17 pound per cubic yard.

Tin occurs on the island of Floris, in the Floris Sea, opposite Ruidja.

AUSTRALIA.

Tin ore has been found and is worked on a commercial scale in New 
South Wales, Queensland, South Australia, Tasmania, Victoria, and 
Western Australia.

The probable occurrence of tin in Australia was mentioned as early 
as 1799.4

The Rev. W. B. Clarke, in the Sidney Morning Herald of August 
16,1849, reports having found it in the Alps, along part of the Mur- 
rumbidgee, and later in the New England district.6

NEW SOUTH WALES.

The tin deposits of New South Wales are found principally in the 
New England district, but also in the valley of the Lachlan and in the 
Barrier range. The coast range of New South Wales, 60 to 70 miles 
distant, consists principally of basalts and granites, the latter gradu 
ating into prophyries.

Mr. T. W. Edgeworth David, in Geology of the Vegetable Creek Tin 
Mining Field, New South Wales, 1887, observes that the tin veins 
occur in Paleozoic rocks of granite, quartz prophyry, and claystone, 
and have been formed at great depth below the surface. The removal 
of vast piles of superincumbent rock has laid the veins bare and 
exposed them to the disintegrating influence of the atmosphere. The

'Natuarkundig Tjjdschrift v. Nederlandsch, Indie, Dr. H. Onnen, XLIV, 102, 162. XLV, 152.
!Dach. Berg und Hult-Ztg., 1863, page 337.
8Jaarb. Mijnwesen, 1872.
4 Collins'8 account of the English Colony in New South Wales.
'See his report of May 7, 1853. Wilkinson and Livesidge, New South Wales Reports,'1882.
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breaking up aiid wearing down of a great number of such tin veins 
has caused fragments of tin ore to accumulate, and these fragments, 
having been gradually swept into the bottoms of the valleys and there 
further pulverized by the action of water, have been mingled with the 
sand and gravel of creeks and rivers as stream tin.

Mr. David speaks of the veins as being t>f different forms, and de 
scribes them as follows:

I. True veins, comprising: (1) Fissure veins. As example he cites the Ottery 
vein, which occurs ia dike masses or hornblendic granite and eurite, within 8 chains 
of the claystone. The main vein proved productive for a distance of over a quarter 
of a mile and a vertical extent of over 160 feet. (2) Joint veins. Example, the 
Cliif vein. Among both the subdivisional veins—the right-running veins—are those 
which conform to the principal system of cracks in the granite. The marginal veins 
or cracks accord closely with the junction line of the claystone granite.

II. Pipe veins, "impregnations", or "carbonas." As example the Granneys vein is 
given. Joint veins, with shoots of ore at intervals, graduate into pipe veins.

III. Stockvrorks: (1) Formed Dy lateral secretion from surrounding rock, as, for 
example, the stockwork at "The gap," Emmaville; (2) formed by ascension or 
infiltration, as the stockwork at "Hall's Grampians."

To show the transition snapes, the author says that fissure veins, by 
change of strike, become joint veins, and both, if they pass into hard 
quartzose granite, are liable to split up into a stockwork composed of 
numerous thread-like veins. It does not pay to remove all of the 
vein stone. The ore in the veins of the district is observed to have a 
tendency to run in shoots, inclined more or less steeply from the 
horizontal, obliquely along the plane of the lode. The average length 
of the largest shoot is 100 feet; the average width of the six largest 
shoots is 6 feet 1.5 inches. The average depth of the seven largest 
shoots (ore lenses) is 6 feet. The average dip is 26 degrees, and the 
average horizontal distance between shoots is about 80 yards. The 
vertical distance between shoots at the Gulf tin miues is 50 to 90 feet. 
Eleven shoots dip to the northeast and two shoots dip to the southwest.

The following table gives some idea of the size and richness of the 
ore shoots:

Dimensions and yield of Hie ore shoots, New South Wales.

Length.

Feet.
55

127
__
150

Depth.

Feet.
44

15
4

——

Thickness.

Feet.
s«

J

*

Angle ol' 
dip.

Degrees.
20
12
19
45

Direction 
by compass.

East.
East.
Easterly.
Southerly.

Yield.

Ions.
7

229
8

40

In veins in which the shoot system is less marked, the ore is either 
more or less disseminated through the vein-stone mass, or occurs in 
''floors" occupying the position of former transverse cracks, which 
cross the veins at right angles to the dip. The ore usually favors the 

' hanging wall. The veins inclosed in granite rock number 76; 8 veins 
are inclosed in quartz porphyry and eurite rock (feldspar and quartz);
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3 in porphyroid rock, and 3 in claystone rock. As to depth, good ore 
was had in the Ottery at 180 feet, at 200 feet in the Curnow vein; and 
a paying shoot was worked at 175 feet in the Gulf mine.

The average proportion of ore contained in the vein stone of three 
of the largest veins, after the stone had been roughly sampled, Mr. 
David says, was 3.5 per cent. Only six veins in the Vegetable Creek 
district maintain or exceed a width of 3 fp^t. Some of the smaller 
veins contain rich, shoots.

The total amount of tin ore raised from veins in the Vegetable Creek 
district up to the end of 1886 was about 1,570 tons.

At the Elsmore mine, near the Mclntyre Eiver, 100 tons of micaceous 
rock gave 1 per cent of ore. From one-fourth of the quartz reef, at a 
depth of 80 feet, the rock yielded 3 to 10 per cent of tin ore.

In Memoir No. 5 of the Geological Survey of New South Wales, 1893, 
Mr. J. B. Jaquet discusses the occurrence of the tin-bearing dikes of 
Euriowie and Wankeroo, the latter now completely deserted. The tin 
ore at Euriowie, Broken Hill district, occurs in coarsely crystalline 
dikes of granite and greisen, which intrude in micaceous and talcose 
schists and gneiss. At both localities the tin-bearing schists form a 
narrow strip of country, intervening between a large mass of granite 
and, comparatively speaking, unaltered shales. At Euriowie there is 
a sudden change from, the perfectly crystalline schists to the amor 
phous but highly cleaved slates, etc.; but at Wankeroo the. transition 
is more gradual, the schists passing by degrees into micaceous slates, 
and these again into indurated blue slates.

The dikes (lodes) in which the tin occurs vary in width from 1 foot 
to 18 teet. They trend northwest and north and invariably have a ver 
tical dip. In parts of the Euriowie field the short tin-bearing granite 
lodes or dikes in gneiss and altered slates lie en dchelon, with short 
intervening spaces between the overlapping portions. There are no 
cross courses. The tin-bearing lode granite differs from the other 
granite of the district in containing cassiterite, tourmaline, and occa 
sionally fluorspar. The cassiterite crystals vary from 1 to 3 inches in 
length and occur in bunches of small extension in the lode.

No information can be given as to the value of the entire lode, but 
the exploration of bunches has shown them to contain from 3 to 14 per 
cent of tin. The deepest shafts are 135 feet deep. In 1898 there were 
still some companies at work prospecting, but with indifferent results, 
the year's output at Euriowie being only 12 tons of tin metal.

At the Newstead mine and the Albion tin mine, Wilkinson and Liv- 
esidge report the finding of cassiterite crystals disseminated through 
transparent quartz crystals, and they cite Mr. Clarke as reporting tin 
stone pseudomorphs after feldspar crystals in the New England district.

The tinstone of New South Wales occurs in association with quartz, 
mica, orthoclase, molybdenite, fluorspar (pale, purple, and green), a 
yellow steatitic mineral, garnet, beryl, topaz (the matrix of the tin-
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stone is sometimes solely composed of topaz), malachite, copper and 
iron pyrites, mispickel, and tourmaline; and also with garnet, wolfram, 
and radiated groups of shorl crystals at Giant's Den, Bendemeer. 
Wood tin occurs in veins at Glen Creek, Gough County.. The alluvial 
tin deposits of New South Wales have been the chief tin producers in 
the past, as in the other eastern countries.

Two kinds of tin drifts are known, an older and a youuger one, re 
spectively recent and Pleistocene " shallow leads," and Tertiary " deep 
leads," mostly capped by lava.

The older drifts are the most compact and are often cemented together 
into a hard conglomerate, generally requiring stamping. Fragments 
of quartzite are intermixed with the'feldspar rubble, and the tinstone 
is much water-worn. The new drift tinstone is bright, and has under 
gone but little attrition, except where the present Vegetable Creek 
passes through outlying patches of Tertiary sand and gravel. The 
average yield from such .portions is, according to Mr. David, one-half 
hundredweight per long ton, and the wash is 2.5 to 3 feet thick, with 
10 to 25 feet of overburden.

In addition to the minerals associated in situ gold is found in the 
drifts in small quantities; also diamonds, sapphires, zircon, pleonaste, 
bismuthite, rutile, and other minerals of high specific gravity.

The prevailing color of the tin is black, with a fair proportion of 
resin rnby tin, but gray stream tin occurs in a number of places in New 
England and also in the dry country between the Lachlan and Bogan 
rivers.1 ,

Mr. David observes from platting the tin streams that the richness 
of the alluvials depends on—

1. Proximity to veins.
2. The occurrence of the alluvials in such a position as to have 

received a large amount of detrital ore, derived from the wearing down 
of the veins.

3. The suitability of the bed rock on which they rest, as well as of 
the beds themselves, potholes for catching and keeping the tin ores.

At Yegetable Creek the width of i;ne deposits, or channels, varies 
from 2 to 15 chains, and that of the portions richest in stream tin from 
1 to 5 chains. The thickness varies from 1 to 15 feet, with an average 
of 7 feet. The thickness of the payable tin-bearing bed varies from 2 
to 7 feet, averaging 2.5 feet.

The averages of recent workings are given as follows: Nine Mile, 
Wellington Yale: Bed rock, porphyrite; average overburden, 7 feet; 
thickness of wash, 6 inches to 2 feet; average yield per cubic yard of 
wash dirt, 20 ponuds tin ore.

The averages of Pleistocene workings are: Bed rock, granite; aver 
age overburden, 14 feet; thicknessof wash, Binches toSfeet; composed . 
of quartz sand and subangular fragments of quartz 1 inch in diameter f 
average yield per cubic yard, 30 pounds.

1 For localities see Wilkinson and Livesidge Geol. Surv. of New South Wales. 
16 GEOL, FT 3———32
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At Muir there are shallow alluvials; the bed rock is granite; the 
average overburden is 12 to 25 feet; the thickness of wash is 1 to 2 
feet, and the average yield per cubic yard is 1.5 hundredweight.

The older drifts are regular river beds, buried under basaltic caps or 
newer sediments of from 20 to 137 feet in depth, with a width of chan 
nel varying from 18 to 400 feet. The exploitable stanniferous wash is 
generally 3 feet in thickness, but at times swells to 13 feet in thickness..

Among the Tertiary river channels Mr. David mentions instances 
of practically "bare" Tertiary deposits, as at Serelbby G-ulley, where 
the overburden was but 2 to 14 feet in an area of over 11 acres, from 
which, up to 1887, 500 tons tin ore had been taken. At Surface Hill, 
Ruby Hill, and other places there are similar patches, while the most 
important are in water holes and Graveyard Lead. Here the stream 
tin is confined almost entirely to sand beds 2 to 3 feet above bed rock, 
and at the surface for a foot or so down. The intermediate sand 
yields 6 to 7 pounds per cubic yard, the richest patches averaging 
35 pounds per cubic yard. At Gibson's Lead, 2 to 3 feet of wash 
layer yielded 40 pounds per cubic yard with a channel 140 feet wide. 
At Kirker's Lead, 2 to 5 feet of wash yielded 28 pounds per cubic 
yard with a channel 80 feet wide. At Vegetable Creek Tin Mine, 1 to 
4 feet of wash yielded 38 pounds per cubic yards with a channel 1 to 4 
chains wide. In the true deep leads much patchy ground has been 
found.

From plat 235, 2,000 tons of tin ore were produced from an area of 
5.5 acres of gravel averaging 3 feet thick; a yield of 1.5 hundred 
weight per cubic yard. The overburden was 60 feet.

In Oubis ground, an upper bed of tin gravel was cut 45 feet from the 
surface and was separated from the underlying main deep lead by 28 
feet of basalt.

The upper Tertiary lead worked in section 719, Strathbogie north, is 
72 feet below the surface on an average, resting on basalt and eurite, 
with 100 feet average width of channel, and a thickness of 1 foot of 
tin gravel. It yielded 1 hundredweight of tin ore per cubic yard. In 
section 47, the depth of the gravel from the surface averaged 80 feet. 
The thickness of the wash dirt averaged 1.5 feet, and it produced 1.5 to 
2 hundredweight per cubic yard.

No definite channel could be found, but the tin ore seemed laid down 
in a rudely semicircular water hole. The overburden consisted of vol 
canic dust and red sandy clay.

One and a half miles westof Kangaroo Flat the upper Tertiary gravel, 
80 feetbelow the surface, averaged 30 pounds of tin ore, while the lower 
averaged 15 to 30 pounds per cubic yard.

The Vegetable Creek deep leads, from their source to Baily's, includ 
ing Partridge's, have yielded over 6,000 tons of stream tin in a distance 
of 190 chains, or 2,520 tons per mile. At Kangaroo Flat 909 tons have 
come from less than one-half a mile. The two places are nearly 9 miles
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apart. It was estimated in 1886 that there were 18,000 tons to come 
from this uuworked ground, with 7,500 tons additional from the water 
holes and 500 tons from the Surprise mine, giving a total of 26,000 
tons yet to come from this portion of the deep-lead uuworked ground, 
excluding Graveyard Lead or Hall's Sugar Loaf, etc. Estimating on 
the total deep-lead unworked ground, Mr. David stated that at least 
50,000 tons would be produced.

At Staunifer (Middle Creek), where, in consequence of the erosion, 
little stripping was required, 4,000 cubic yards of wash dirt in one of 
these old leads yielded 57 tons of stream tin, or 31 pounds per cubic 
yard.

In one of the successful old river leads 45 men, by the aid of 2 horses, 
produced, for 18 mouths, 7 tons of black tin per week.

More & Speare, working ou Upper Vegetable Creek in a lead 200 
feet wide, with a wash-dirt layer 3 feet thick, the ore averaging 80 
pounds per long ton, produced, with 50 men and 2 horses, 12 tons per 
week of black tin. They raised 612 tons of tin ore in 18 months from 
the average wash dirt.

According to the Annual Report of New South Wales for 1893, the 
Vegetable Creek tin field at Emmaville produced in that year 1,035 
tons, valued at about £46,834; of which about 250 tons were lode tin. 
The growth of lode mining is reported to be steady.

Division Glen Innes, with 116 miners employed in the district, pro-, 
duced 80.25 tons of stream tin, valued at £4,351. The bulk came from 
surface deposits from the basaltic table-lauds on the granite slopes in 
the valley of the Mauu River.

From Wilson's Downfall division the output was 176 tons, valued at 
£8,335.

Tingha division, of the Peel and ITralla mining district, with 550 
men, produced 700 tons of tin ore, valued at £32,900. The alluvials 
here are to a great extent exhausted. Much prospecting for reefs is 
going on. Numerous leaders have been found and profitably worked, 
but they pinch at a shallow level.

At Deepwater 250 men were, employed, producing 350 tons of tin 
ore, valued at £14,000.

At Bendemeer 4 men produced 6 tons 16 hundredweight, valued at 
£330 17s. 4d.

At Germanton 5 men produced 8.5 tons, valued at £420.
At Kookabookra 22 men produced 10 tons, valued at £400.
Griudle tin field, in Kempsey district, produced 80 tons.
In Albury district, at Dora Dora, a new discovery, 2 tons of tin per 

mouth are produced.
At Basin Creek, near the latter place, borings are going on.
Mr. David gives the following yields from the Pleistocene and recent 

deposits of Vegetable Creek district.
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Tin ore product of Vegetable Creek district, 2few South Wales, Australia.

Localities.

Tent Hill and TentHill Creek, "Washpool

Years.

1872-84

1872-84
1880

Tons.

300

815
440
341

The total quantity of ore raised in the Vegetable Creek district from 
1872 to 1884 was 33,164 tons, valued at £1,563,238. This district 
yielded 15,000 tons of ore from Pleistocene deposits from 1872 to 1884.

Quantity and value of tin exported from, New South Wales since the opening of the tin fields
in 1812. (a)

1872..............
1873..............
1874
1875..............
1876..............
1877
1879..............
1880..............
1881..............

1884..............
1885....... .......
1886..............
1888
1889..............
1890..............

1892..............
'1893..............

Total ......

Ingo

Quantity.

Tons. cwt. 
47 0

911 0

7, 230 0
6, 085 0

5, 476 6
7,590 17J

8, 680 1
6,315 16

4,640 18
4, 669 8

4,408 13
3,409 11
2, 941 5J
3, 253 0
2, 636 17

106, 289 7

ts.

Value.

£6, 482

475, 168

477, 952
362, 072

440, 615
686, 511
802, 867
506, 726

449, 303
509, 009

403, 111
317, 117

301, 541
223, 139

9,179,970

Or

Quantity.

Tons. cwt.

2, 118 0

1, 509 0
824 0

1, 125 0

682 6

611 0
445 4
349 13
534 18
326 18
291 13
247 8
241 15
259 4
203 5
239 2
148 1

18, 110 8

e.

Talue.

£41, 337
226, 641
86, 143
60, 320

29, 274
30, 722
37, 492
32, 890
21, 685

.14, 861
*25, 168

18, 350
16, 411
13, 314
12, 060
12,724
9,643

12, 573
6,604

890, 683

Total
Value.

334,436
484, 322
561, 311
439, 638
50S, 540
395, 822
372, 349
471, 337
724. 003
833, 461
824, 552
521, 587
415, 626
467, C53
525, 420
582, 496
415, 171
329, 841
271, 412
314, 114
229, 743

10, 070, 653

a Includes also Tasmania tin.

Through the courtesy of the under secretary of the department of 
mines and agriculture of New South Wales the following interesting 
table of exports for 1894 is given :

Export of tin ingots from Sydney from January 1 to September SO, 1894.

To—

Fiji .......................

TDomestic 
product.

Owt. 
44, 120
4,810
1,650

660
106

40
5

Other 
product.

Cwt. 
2,220
2, 050

4,270

Total.

Owt. 
48, 340
6,800
1,650

660
106
86
40

5

55, 747

a Whether entirely domestic, or from imported ore refined in STew South Wales.
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QUEENSLAND.

There are two principal tin districts, the Severn River and Wild 
Eiver districts.

The facts stated below are derived from articles by Mr. T. F. Gregory 
and Mr. J. E. Teneson-Woods.2

The tin fields at the Severn Eiver are in the district of Darling 
Downs, south, and were first discovered in 1872. About 225 square 
miles have so far been found sufficiently rich to pay for working. The 
whole of the area is an elevated granitic table-land, divided by abrupt 
ranges, the highest of which rise to about 3,000 feet above sea level. Its 
northern escarpment forms the Condamine'Eiver watershed; its east 
ern, that of the Clarence Eiver; and its southwestern, that of the Severn 
and Mclntire rivers. The alluvial groniid lies along the Severn Eiver, 
and there are also tin lodes in the district.

The Wild River and Great Western tin districts.—These districts are 
southwest of Cairns, near the north boundary of Cardwell. They were 
discovered in 1879 or 1880. About 40 to 50 miles from the coast a nearly 
north and south granite range rises to some 700 or 800 feet above the 
level of Wild Eiver. The essential constituents of the granites of this 
range are orthoclase, black mica, and quartz. On the east slope of this 
granite range is the Wild Eiver district, with Herberton, on Wild Eiver, 
as its center. The Great Western district extends along the western 
slope, of this range from the sources of Tate and Wash rivers. The 
tin occurs in lodes. The average course of the lodes about Herberton 
is east of north and west of south, while in the Great Western district 
it is more often west of north and east of south. The dip is generally 
vertical, but varies somewhat.

The lodes are in quartz and in eruptive dikes, and the tin ore is 
sometimes accompanied by wolfram. The ore is rich. In instances as 
much as 60 per cent of tin ore was encountered in ton lots. A small 
portion of the tin, in 1890 about one-sixth, comes from allnvial ground. 
The rapid increase in the production of tin in Queensland in 1881 is 
due to the opening of these two districts.

The principal tin mines are found in the Herberton, Stanthorpe, and 
Cooktown districts, near the northeast coast of the colony.

1 Quarterly Jour. Geol. Soe., XXIX, 1873, page 1.
'Wild Eiver and Great Western Tin Mines, Brisbane, 1881.
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Exports of tin ore from Queensland, (a)

Tears .

1873................
1874..-..------.....
1875
1876.--.--.....-....
1877.-----..--.-.--.
1878

1880
1881.-.---.----..--.
1882

Tons.

8,938

4,315
3,335
2 489
2,877

4,261

Value.

£109, 816

133, 432

120, 391
142, 977
193, 699
269, 904

Tears.

1883.................

1886.................
1887.................

1889
1890.......... .....

1892.................

Tons.

3,346

3,263

3,279

2,970

2,389

Value.

.£187 292

151, 871

a From the Annual Ecport of the Under Secretary of Mines, 1891. 

VICTORIA.

Oassiterite was recognized among the black sands of the gold wash 
ers in March, 1853, and later tin ore was shipped to England.

Alluvial tin ore is found in the Beechworth district, at Gumpie, near 
Steiglitz; in the tributaries of the Lerderberg; in the tributaries of the 
river Yarra Latrobe; in the Thompson Biver basin, etc.

At Corner Inlet, in Gippsland, stanniferous deposits exist, and Mr. 
E. Murray, Government geologist, reports the field in the neighbor 
hood of Toora to be an immense body of drift, which contains fine 
stream tin and gold, at the rate of 6 pounds tinstone per ton of gravel. 
He reports there an ample supply of water for hydraulic workings, 
and estimates that the gravel can be washed for between 6 and 12 cents 
per cubic yard.

Tin-bearing lodes are also reported by Mr. Murray in the vicinity of 
Mitta Mitta, near the Eew South Wales border. The lodes occur in a 
metamorphic rock formation, containing hard schists, micaceous slates, 
and micaceous nodular schists. The stanniferous lodes are dikes, iu 
instances of great size and persistence. They are similar to the Mount 
Willis lodes. Tunneling facilities for working these lodes are reported 
to be excellent, with abundant timber supply and a fair quantity of 
water for sluicing, if not for motive power.

The total tin ore production of Victoria up to the close of 1892, accord 
ing to the annual report of the secretary for mines, amounted to 14,368 
tons, valued at £680,150.

Tin ore product of Victoria, (a)

Years.

1887.....................
1888....-....--.---.----.

1891.....................
1892...-..--..-...-......

Tin.

Long tons.

Tin ore.

Long tons.

108. 18

1,778
408

Value.

1,112

1,039

o Annual Report of the Secretary of Mines for Victoria, 1892,
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In 1893, according to Consul-General Daniel W. Maratta, 52 tons 15 

hundredweight of tin ore, principally from Eldorado, were raised in 
the colony.

SOUTH AUSTRALIA.

The Statistical Eegister shows the following production of tin ore for
South Australia:

Tin oreproduct of South Australia.

Years.

1 Qft7

1890..............

Ions.

28

10

Value.

£1, 322
340

68

WESTERN AUSTRALIA.

The British Mineral Statistics Blue Book gives the following produc 
tion for Western Australia:

Tin ore product of Western Australia.

Years.

"IftftQ
1890..............
1891..............
1 QQ9

Tons.

5
0204

Value.

£300,

13, 843

o Estimated. 

TASMANIA.

The principal producer, the Mount Bischoff tin deposit, was discov 
ered in 1872. Mount Bischoff lies in the northwestern portion of the 
island, 40 to 50 miles from the coast, 2,500 feet above the basaltic table 
land, which itself is 1,000 feet high. It consists of an eruptive eurite 
porphyry, which forms a crescent-shaped ridge at the summit, of which 
the extremities are not more than one-fourth of a mile apart, the inter 
mediate space making a horseshoe-shaped, basin-like depression. The 
basin opens toward the south, giving a natural outlet to the surrounding 
table-land, while the northern and western sides slope tinder an angle 
of 35° to the horizon. On the slopes of the mountain lie Paleozoic clay 
slates, sandstone, and other quartzose rocks. Joints in the quartzites 
and sandstones are frequently carriers of iron pyrites, stannite, and cas- 
siterite. The tin ore, cassiterite, traverses the eurite porphyry in strings 
and veinlets, and occurs as an impregnation in eurite and topaz porphyry 
dikes, besides appearing in fissures and in contact lodes along the frac 
tures of the porphyries and sandstones, and the ground at present 
mined is said to yield from 3 to 3.5 per cent of tin oxide. Under the 
peat (in some places 5 feet thick, resulting from the gradual decay of 
mosses),the slopes of the mountain are covered in patches with an accu-
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mulation of tinstone ground, resulting from the breaking down of the 
stanniferous ground subsequent to the decomposition and disintegra 
tion of the surrounding porphyry. In one instance 240 tons of tin ore 
were taken from an area of 66 square feet of wash dirt. Masses of ore 
have been found in the Mount Bischoff talus weighing 6 hundredweight, 
and not a few of them were almost free from matrix. The tinstone 
accumulation in the talus is naturally very patchy, cuttings made 50 to 
60 feet away on either side of rich finds frequently yielding only mere 
traces of tinstone. Deposits are also found on the slopes of the moun 
tain, consisting of tin ore, hydrated oxide of iron, and sand, which be 
come cemented higher up the mountain, and at the summit appear as 
cliffs of a tin oxide, iron oxide, and silica conglomerate, requiring blast 
ing. They seem to be oxidation products of iron and arsenical pyrites. 
In parts, associated with the ferruginous tin ore, native copper is found, 
and in others zincblende, stibnite, and argentiferous galena. The latter 
again associates with fluorspar and spathic iron ore, while the stibnite 
and zincblende go only with fluorspar. 1 The wash dirt is worked by 
hand in sluice boxes.

At the Mount Bischoff Mining and Smelting Company's works, 
Launceston, Tasmania, in 1891, 70,486 tons of rock and 978 tons of 
concentrated sands produced 2,383.79 tons of black tin; and in 1892 
70,584 tons of rock, and 960 tons of concentrated sands produced 
2,235.71 tons of black tin. The following table shows the product of 
metallic tin in tons:

Product of tin at Mount Bischoff, Tasmania.

Years.

1891..............
1892..............

Black tin 
smelted, 

company's 
own.

Tons.
2, 259. 848

Metallic 
tin pro 
duced.

Tons.

Tin 
obtained.

Per cent,

Custom tin 
amelted.

Tom. 2oon 07^
2, 256. 642

Metallic 
tin pro 
duced.

Tons.
1 ROfi *i37

Tin
obtained.

Per cent.
fifl 87

In 1891 the 71,464 tons of rock and concentrated sands averaged 
2.22 per cent, or 49.73 long tons; and in 1892 the 71,544 tons of rock 
and concentrated sands averaged 2.17 per cent, or 48.61 long tons.

The. total product of black tin since the organization of the company, 
to December, 1892, was 40,524.19 long tons, composed of two qualities, 
No. 1, with66.46 to 68.55 per cent of tin; No. 2, with 52.46 to 61.84 per 
cent of tin. Slags averaged 5.2 per cent of tin. The width of the vein 
iu the lower workings is from 2 to 7 feet.

During the half year ended June 30,1894, the total quantity of black 
tin smelted was 2,119 tons 2 hundredweight 24 pounds, yielding 1,445 
tons 10 hundredweight 1 quarter 4 pounds of tin, of which 724.5 tons 
resulted from custom ores.

1 Royal Society New South Wales, Vol. IX, 1875, page 87.
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Since commencement of operations about 5,500,000 tons of material 
have been reduced by sluicing and crushing combined, of which 560,859 
tons have gone through the battery; the tin ore (black tin) produced 
being 44,560 tons to October 19, 1894. This is equal to 7.94 per cent 
dressed tin from the crushing dirt and 0.81 per cent from the total 
stuff treated. The cost of crushing and dressing amounts to 10§ 
pence, and that of bagging to 1 penny per ton of material crushed. 
The cost of mining and delivering this at Waratah is 3s. 2£d. a ton, 
making a total, by the time the dressed ore is ready to leave the mill, 
of 4s. 2-Jd. per ton of crude stuff; that is to say, all expenses of min 
ing and dressing are more than covered by one-half of 1 per cent of tin 
oxide. l

Mr. Henry Eitchie, manager of the Mount Bischoff Mine, states, that 
the average loss of metal in smelting 70 to 75 per cent ores is 1.5 per 
cent, and 2.5 per cent when smelting 65 to 70 per cent ores. He also 
furnishes the following tables:

Percentage of tin in dressed ores at Mount BiscTioff, Tasmania.

Per cent.

68 to 72
60 to 65

70.7

Composition of tin ores at Mount Bischoff, Tasmania.

Silica.................

Total...---......

Mount 
Bischoff, 

first 
quality.

Per cent. 
90.3
4.6
1.3
3.3

Mount 
Bischoff, 
second 
quality.

Per cent. 
82.7
6 1)

3 4
7.3
.4

Alluvial.

Per cent. 
90

2.7
4.4
.3

Analysis of slag from tin smelting, Mount Bischoff, Tasmania.

Silica..........................................

Total....................................

Per cent.

6.6
19 7
1.2

52 3
14.1
4 6
1

100.0

1 The Mineral Resources of Tasmania, November. 1894.
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Percentage east of various items in smelting tin ore.

Total........ ............................

Per cent.

41

100

Mount Eamsey lies 10 miles from Mount Bischoff, and is composed 
essentially of a coarse-grained schorlaceous granite, in which tinstone 
is found in smaller quantities. Tin ore is also found in the granite of 
the neighboring Mombat Hill, and at Mount Housetop, 20 miles inland 
from the northwest coast. Tin also occurs at Boobyala, Mount Cam- 
eron, Mount Horror, Heeinskirk and Ben Lomond.

The principal alluvial workings are in the liingarooma Valley. The 
tin occurs in an old river bed, and is capped with 30 feet of basalt. 
The fine quartzite gravel, carrying about 0.75 per cent of tinstone, 
attains a thickness here of over 100 feet under the basalt cap, having 
started with a thickness of 6 feet. The ground is hydraulicked down.

Mr. A. Montgomery, inspector of mines, ia an article in the Engineer 
ing and Mining Journal of April 28, 1894, states that the tin deposits 
of Tasmania may be grouped as (1) alluvial deposits; (2) lodes and 
veins; (3) impregnations or stockworks. They are confined almost 
entirely to districts composed of granite or of sedimentary rocks pene 
trated by quartz-porphyry dikes; but at Mount Lyons tin ore is found 
in Silurian strata, 18 miles from the nearest known granite, though 
probably the granite lies below at no great depth. The principal allu 
vial workings are in the northeastern district, along the valleys of the 
Eingarooma and Georges rivers and their branches. The deposits range 
in age from Miocene to recent. Some of the older drifts are capped 
with basalt and are worked by underground mining, but the most tin 
has been obtained from shallow workings by ground sluicing. The 
Briseis, 1 opened by a 1,200-foot tail-race tunnel and a further 1,100- 
foot drift to strike its shaft, is using a steam shovel or "navvy" for re 
moving the decomposed basalt covering. This is very hard, and would 
probably cost Is. 6d. a yard if removed by manual labor, but it is exca 
vated by the machine for 2Jd. a cubic yard, the spoil being then sluiced 
at a further cost of one-quarter of a penny a yard. Some of the cover 
ing sluiced away by giant nozzles cost l^d. a yard. There are in use 
two 4-inch nozzles for stripping and several smaller ones for breaking 
down the wash dirt.

The Korth Brothers' Home mine No. 1 produced from April, 1892, to 
July, 1894, 327 tons of ore, costing the owners per ton of ore delivered 
in Launcestou from £18 to £19. At this mine successive flat layers of 
wash dirt are worked to a total depth of 50 feet, allowing the roof to 
cave. Four dividends were paid during the period mentioned.

1 Tasmania, 1894, report of A. Montgomery.



THE PRODUCTION OF TIN. 507

In the Triangle and North Brothers' Home mine, the wash drift 
extends to over 70 feet below the level of the Ringarooma River. From 
July, 1883, to October 20,1894, the output has been 966.5 tons of ore.

The easily obtained ore is now pretty well worked out, and hydraulic 
sluicing of the larger and poorer deposits is being more and more re 
sorted to. There are still large areas of deep ground to be -worked, and 
tin should be produced from these for the next century at least. In 
this part of the country the ore appears to be derived from small veins 
in the granite and from stockworks, rather than from the true lodes, 
for only a few of the latter are found, and none have been profitably 
worked. On the Blue Tier the stockworks have been attacked with 
some success; in these the tin ore is impregnated through a much 
altered quartz porphyry, which appears to be intrusive through the 
main country granite (feldspar porphyry). The average value of the 
rock is quite low, from one-half to 1J per cent of black tin, but as the 
stuff is in very large quantities and can be worked in open quarries it 
is possible to make it pay.

At the Anchor mine deposits have been opened over au area of be 
tween 8 and 9 acres, and profits made with only a small and inefficient 
plant from rock yielding an average of 0.94 per cent of black tin. 
With a large plant and good appliances, such as are used in treating 
the low grade copper rock of the Michigan mines, there would be a 
very large production of tin from these deposits.

Lode mining has been little attempted as yet in the colony, and with 
poor success, though lately the outlook has become more promising, 
owing to the discovery of richer and larger veins.

The Lottah 1 and Cambria mines at Blue Tier, the Great Republic 
mine at Ben Lomond, the West Bischoff, Stanhope, and North Valley, 
at Mount Bischoff, and the New West Cumberland at Mount Heeruskirk, 
are among the true veins which have been most extensively worked. 
All of these have produced a good deal of tin, but not oue has yet been 
a really paying mine.

The celebrated Mount Bischoff deposit, which yields nearly one-half 
of the product of the colony, is partly an alluvial drift and partly a 
lode, while tin ore also occurs in it impregnated through a topaz por 
phyry. It therefore combines features of all three classes of tin-ore 
deposits. A dike of eurite and topaz porphyry has been intruded 
through metamorphic slates and sandstones of Silurian or Archaean 
age, and along the contacts and in fissures produced by the intrusion, 
tin ore, associated with arsenical and iron pyrites and pyrrhotite, has 
been deposited. In the lower levels the unaltered sulphides are met 
with, and require to be roasted to set free the tin ore; on the surface, 
however, the ore is quite oxidized.

The Brown Face is an immense mass of gossan containing tin; it is 
worked as an open quarry at a very low cost. The lode, which in the

1 The Mineral Resources of Tasmania, 1894, A. Montgomery.
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underground workings appears as quite a small vein, seems to have 
widened out to a great size at the present surface workings. The ore 
is treated first by sluicing in boxes on the mine to get rid of the clay 
and soft oxide of iron, and to get out some free tin ore, and after this 
partial concentration is sent by a railway about a mile in length to a 
reduction mill, where it is crushed by stamps and concentrated on a 
very complete system of jigs, concave buddies, and convex slime tables.

Important discoveries of tin ore have lately been made at North 
Dmidas, in the Meredith Eange, and at Bell Mount, and it seems likely 
that the tin-mining industry will increase rather than decrease in impor 
tance. At Bell Mount it may be noted that tin ore is closely associated 
with carbonate of bismuth, specimens being obtainable con tain ing both 
minerals intermixed, an unusual combination. At Bell Mount, Glad 
stone, and Key's Hill stockworks occur at the junction of the granite 
with sedimentary strata, and seem to be the result of hydrothermal 
action upon the granite along the contact. In all these bodies very 
rich bunches of tin ore frequently occur, but their distribution is very 
irregular. 1

Nearly all the ore raised in the colony is smelted in the Mount Bischoff 
Company's smelting works in Launceston in small reverberatory fur 
naces. Slack coal from Newcastle, New South Wales, is used as fuel, 
and a little lime as flux. The dressed ore received for smelting averages 
72 per cent of metallic tin and the average yield is 67.73 per cent, the 
smelting loss being therefore 4.27 per cent. The tin ingots are of good 
quality, averaging 99.85 per cent of pure tin.

Tasmania is the third largest producer of tin in the world, being only 
exceeded by the Straits Settlements and Cornwall. Owing to the fact 
that a great deal of the Tasmanian and Queensland tin is shipped to 
Sydney for reshipment to the United Kingdom, the product of New 
South Wales is often shown by statistics as the highest of any of the 
Australian colonies, but it is not. During the fourteen years ending in 
1890 Tasmania produced 17.97 per cent of the tin imported into the 
United Kingdom, or fully one-sixth. Though tin was discovered in 
1871, it was not till 1873 that it began to appear as an article of export.

The total production of tin up to the close of 1894 was 71,094 long 
tons. This production is shown in detail in the following table, that for 
1894 being estimated for the last quarter:

Total product of tin in Tasmania.

Years.

1873........
1874........
1875........

1878........

Tons.

3loo
366

1,153
4,760

4, 378

Value.

7 318
31,326

316, 311

Tears.

1881.........

1883.........
1884.........
1885.........
1886.........
1887.........
1888.........

Tons.

3,047

4,242

3,775

Value.

£375, 775
361, 046

301, 423
OK7 Korj

407, 857
426, 326

Tears.

1889
1 OQ/l

1 OQ1

1892.........

1894.........

Tons.

3 786

3 977

3,195

3,145

Value.

£345, 407
9QR 7R1

293, 170
OQA <7 Q A

260 219
S69, 600

1 Mineral Resources of Tasmania, November, 1894.
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It will be seen that production reached its maximum in 1878. For 
four years past it has varied but little, being about 60 per cent of that 
reached in the maximum year. Mr. A. Montgomery, a leading author 
ity, says: " The tin mining industry is on the whole paying fair returns 
to those engaged in it, but there is not much margin over cost of labor 
and working; cooperative parties succeed better than public companies."

GREAT BRITAIN.

The tin occurrences of Cornwall are so well kuown and have been so 
frequently and fully described that it would be superfluous to attempt 
their description in this article. The Mineral Statistics of the United 
Kingdom enumerates the tons of black tin produced. The official fig 
ures of tin production are estimated and are not smelters' receipts. 
The following data are given:

Product of Hn ore and of tin in Great Britain.

Tears.

1881..............
1885..............

1887..............
1888........-..--.

Product of 
dressed tin 
ore (black 

tin).

Ions. 
15, 117
14, 376
14, 232
14, 189

Amount of 
tin obtain 

able by 
smelting.

Tons. 
9,574

' 9, 331

9,282
9,241

"Years.

1889...............

1891...............
1892
1893...............

Product of 
dressed tin 
ore (black 

tin).

Tons.
14, 911

14, 357
13, 689

Amount of 
tin obtain 

able by 
smelting.

Tons. 
8 912
9,602
9 353

8,337

Mr. D. C. Davies estimates the average percentage of black tin from 
all the tin ore sent through the stamps and dressing floors of Cornwall 
at 2 per cent, or nearly 45 pounds to the ton. He estimates the cost of 
1 ton of black tin to be as follows:

Per ton. 
For mining, an average of .................................................... £12
Total for dressing from pit's mouth to'ore bin, £5 to £12, say................. 9
Dues, cost management, pumping, and renewals, say.......................... 14

Total, approximately................................................... 35

Average of monthly prices of tin and tin ore in Cornwall.

Years.

1891................

Metallic tin.

English tin.

Block.

£ s. d. 
97 13 3 
94 4 1 
96 10 5
88 18 2

Refined.

£ «. d. 
99 12 10 
96 4 1 
98 10 2 
90 18 3

Colonial and foreign.

Australian.

£ s. d. 
94 7 0 
91 16 9 
93 15 4 
86 4 8

Straits.

£ s. d. 
94 4 0 
91 4 0 
93 9 6 
84 18 8

Tin ore or 
black tin.

£ s. d. 
52 10 0 
50 15 0 
51 3 6 
46 10 9
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Consumption of tin in Great Britain.

Total..................

Increase ( — ) or decrease (+)

Consumption of tin. . . .

1889.

Metric 
toils.

1C, 334

+ 1,646

17, 980

1890.

Jtfetric 
tons.

27, 470

20, 268

16, 957

+ 1,072

18, 029

1891.

Metric 
tons.

28, 606

20, 102

18, 005

17, 113

1892.

Hletric 
tons. 

9 418

39, 356

16 991

920

16, 071

1893.

Metric 
tons. 

8,978
34, 045

43, 023
oft 99O

14, 425

1894. (a)

Metric 
tons. 
4,500

1Q AQfl

23 938
12, 544

11, 394

1,262

10, 132

a Estimated, half year.

Supplies on hand, including stoclcs afloat, (a)

Years.

December 31 —
IRfiS

1890

Metric 
tons.

8 970

6,624
5,552

Years.

December 31— 
1892......................
1893......................

Metric 
tons.

9,740
11, 002

CL Statistiaclie Zuaammenstellungen Metallgeaellschaft, Frankfurt am Main. 

Export of tin plate from England.

Tears.

1885........................

1888........................

Metric 
tons.

293. 217

i)40. 055
359. 156
397 562

Tears.

1892.......................

Metric 
tons.

385. 239
164. 790

a Half year.

The tin standard.^-—The standard is the amount paid by the smelters 
per hundredweight of metal contained in the ore as calculated from 
the results of a dry method of assay, after deducting 1^ from the prod 
uct per 20 (6J per cent) for returning charges. By an old trade cus 
tom there is also a deduction on the weight of the parcel of tin ore of 
3 pounds per hundredweight. It is customary to reckon the price by 
the nearest eighth of a pound sterling above or below the calculated 
price. The price of refined tin is generally 2 shillings per hundred 
weight higher than that of common tin.

To show that 'there need be no apprehension in regard to Cornwall 
mines having good tin ground, though some are disposed to make the 
public believe the contrary, a statement of late date regarding the 
Weal Granville Tin Mining Company is appended. A reduction of 
expenses brought the cost for the month of December down to a figure

•Furnished by the Consolidated Tin Smelting Company, Limited, Peuzance.
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that, if it had prevailed during the two preceding months, would have 
paid the stockholders their regular dividend, even with the sales of 
black tin averaging £38 lOd. per ton, against £42 Is. 5d. for the pre 
ceding quarter. The prices realized for the preceding ten years had 
averaged £54 5s. per ton, which shows the large margin of profit Corn 
wall miners have enjoyed. Black tin has sold as low as £35 17s. 6d. 
per ton, and the sales of January 29 were effected at £38 10s. a ton. 
The fact that 4 tons of seconds, obtained from the waste water of the 
works, brought £23 12s. 6d., shows the direction in which savings 
can be effected.

List of smelting works in the United Kingdom.

Owners of works.

Cornwall.

pany, Limited, w. J. Trythall, man- 
Jigor. 

The Consolidated Tin Smelting Com 
pany, Limited, T. "W. Field, manag 
ing director.

Cornish Tin Smelting Company. . ......

ited. 
'Redruth Tin Smelting Company. ......

Devonshire.

ing Company, Limited. 

Somersetshire. 

Capper, Pass & Son. ...................

Situation.

Chyandour, Penzauce ; 
Carvodras, Truro ; 
Xrereiie, Peuzance.

"Redruth ..............

Redruth ............. 
Hayle. ................

Bristol................

Postal address.

Head office: Chyan 
donr, Pen zance ; 
London office: 39 
Lombard street, 
E. C. ; Liverpool 
office: 12 Irwell 
Chambers, Union 
street. 

Redruth.

Redruth.

Office : 1 Courtenay 
street, Plymouth.

Bedmmstcr, Bristol.

The following table of dividends paid in 1893 and 1894, from twenty- 
one of the best Cornish mines, is prepared by W. T. Sargant & Sons, 
London:

Dividends paid by Cornish tin mines in 1893 and 189-1.

Mines.

Killifroth.. ........................................................

1803.

2,981

4,500

2,550
5,100

67, 230

1804.

785
750

8,150
2,100

1,950

18, 427
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SPAIN.

In Spain tin occurs in veins and disseminated in alluvial gravels.
In the provinces of Orense and Pontevedra as many as thirty veins 

have been worked since 1830. They occur in mica schists and horn- 
blendic rocks. The veins are narrow, and do not generally exceed 7 
inches. The tin ore is associated with wolfram and iron pyrites; it is 
disseminated through a vein stone of quartz, carrying mica.

In the province of Salamanca the stanniferous quartz veins traverse 
old slates.1 About Cartagena tin ore occurs in lenticular deposits in 
Permian slates.2 It occurs also at Ameria,3 where in 1880 one mine 
produced 12 hundredweight of black tin.

The production of tin ore in Spaiu for the last thirty years has been 
between 50 and 80 metric tons per year,4 excepting in 1878, when it 
was 350 tons; in 1888, when it was 115 tons, and in 1892, when it was 
243 tons, the latter amount being given on the authority of the chief 
inspector of the mining bureau.

PORTUGAL.

Eeyer states that tin occurs in Portugal, near Valongo, according 
to Eschwege, in granite, as well as in alluvial gravels; and according 
to Heale, in the province of Tras-os-Montes. In the latter place the 
mines were closed in 1874, after having reached a depth of 150 meters 
(492 feet).

Capt. Josiah Thomas reports 5 payable tin ore in the north ot Port 
ugal. For eighteen months one mine has been shipping tin and wol 
fram of the best quality to Liverpool.

The output has been very small so far, the Portuguese statistics quot 
ing 6 metric tons for 1889 and 18 tons for 1.892.

GERMANY.

, The tin deposits of Germany are in Zinuwald, Saxony, lying in the 
mountains which divide Bohemia and Saxony, on a line between Tep- 
litz and Freiberg. The granite, or greiseu, of this district rises like an 
elliptical dome, with its longer axis running north-northwest 1,360 
meters (4,462 feet), out of a bed of quartz-porphyry. This underground 
mountain top, so to speak, is made up of a series of scale like granite 
greisen layers, widening with depth. The quartz porphyry and granite 
shade and graduate into each other. The matrix of the stockwork is 
decomposed granite, in which irregular masses of greisen, up to 300 
feet in diameter, occur, now graduating into each other and again 
sharply contrasted.

'Massarat, Ann. Soc. Geol. Belg., 1875, Vol. II, page 58.
2 M. Garoia, Boletiu de la Comision del Mapa Geologico de EspaBa, Vol. Ill (1876), page 2.
"Gotta, 1881, Vol. II, page 457; E. Eeyer, 1881, page 154.
4 Revista Minera y Metaliirgiea, Koiuan Oriol.
6 London Mining Journal, January 20, 1894,
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Von Groddeck says that the concentrically arranged granite is fis 
sured parallel to the dome-like surface, bringing about the bell-shaped 
scales, •while Reyer and others speak of them as quarts beds (quartz 
"lager") between individual members of the greisen scales, which von 
Groddeck contends is wrong. At the apex of the granite boss the fis 
sures dip horizontally on all sides, in the upper workings 13 to 40 feet, 
in the lower workings 65 to 130 feet with individual thicknesses of 4 to 
28 inches. The fissures (reported by voii Groddeck) are symmetrically 
arranged and are filled with quartz, lithia, mica, fluorspar, tinstone, and 
other minerals, which crystallize in vuggs. Their walls are indistinctly 
marked, appearing rather like a crystallizatiou of the gangue.

The flat-dipping fissures mentioned are traversed by steep-dipping 
veins or fissures coursing northeast and southwest. These fissures are 
narrow, and their matrix is generally sand-like granite or greisen, less 
frequently quartz-miea, fluorspar, tinstone, or other minerals. These 
fissures fault the flat veins to the extent of 3 feet and more. The prin 
cipal tin impregnation is in the rocks near these steep-dipping fissures.

Reyer speaks of the tin-ore impregnation in the greisen as seldom 
surpassing one-half of 1 per cent in tin. He«says the main tin-ore 
deposit occurs in the "quartz beds" already mentioned, which wedge, 
with their ends overlapping.

At Kahlenberg, where the granite and greisen dip gently under a 
quartz-porphyry cover, detached masses of the underlying rock are 
found in the overlying bed, and vice versa, and tin ore occurs in exploit 
able quantities, impregnating irregularly the greisen and the porphyry, 
and in enriched quartz segregations between the greiseu layers. Eeyer 
reports miea, wolfram, and tinstone disseminated through the quartz, 
with a tendency to form individual aggregates, pockets, or bauds. He 
noticed that the country rock was poor when the quartz segregation 
was rich in tin, and vice versa.

The Altenberg tin stockwork, von Groddeck states, is a granitic 
mass 900 meters (3,253 feet) in length and width, surrounded by quartz 
porphyry, granitic porphyry, and granite. The "zwitter rock" (a grei- 
seu-like dark rock consisting essentially of quartz and chloritic mica) 
contains an extremely fine impregnation of tinstone, to the amount of 
one-third to one-half of 1 per cent of metallic tin.

The occurrence at Geyer is described as a granitic mass in the shape 
of a truncated cone, with an ellipsoid base, in greisen and mica schist. 
Eeyer states that the exploitable ground yields one-third to two-thirds 
of 1 per cent of metallic tin.

At Ehrenfriedensdorf and Marienberg tin and silver veins occur in 
greiseii.

16 GEOL,, PT 3——33
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Production of tin in German;/, (a)

Years.

1884.............................
1885.............................
1888...... .......................
1887.............................
1888.............................
1889
1890.............................
1891.............................
1892
1893.............................

Tin ore.

Quantity.

Metric tons. 
185 
196 
131 
126 
152 
120 
102 
75 
63 
53 

211

Value.

Marks. 
171,300 
189, 679 
166, 650 
165, 002 
182, 802 
131, 268 
117, 069 
91,357 
92,002 
87, 651 
65, 238

Pig tin.

Quantity.

Metric tons. 
96 

107 
79 
66 
84 
63 
64 

287 
684 
951 
896

Value.

Marks. 
160, 153 
194, 725 
171, 509 
147, 620 
186. 720 
120, 383 
123, 550 
524, 524 

1, 239, 892 
1, 396, 541 
1,087,217

dBy courtesy of Herr vou Scheel, Direktor des kaiserlicheu statistisohen Amts.

Direktor von Scheel says, also as follows: "The producing German 
mines during this period (1884-1894) were those of the Kingdom of 
Saxony, where, in 1893, two mines, were iu operation, employing 152 
men. The smelting works producing the pig tin were three in number 
in 1893, one in the province of Hanover, employing 45 men, and two in 
the Kingdom of Saxony, employing 9 men."

AUSTRIA.

At Schlaggenwald the tin-bearing rock is a fine-grained granite, car 
rying a large proportion of quartz and tin ore, tourmaline, fluorspar, 
iron and copper pyrites as accessory constituents. It is distinguished 
from the common coarse-grained, easily decomposed granite by the lack 
of accessory minerals. Tin stockworks occur in the stanniferous granite, 
characterized by segregations of greisen and quartz-carrying tinstone, 
wolfram, fluorspar, etc., and fine impregnations of tinstone in veinlets, 
nests, and bunches in the tin granite. The ore occurs in a combina 
tion of veins or lodes and impregnations.

At Graupeu stanniferous porphyritic rocks (quartz porphyry, granitic 
porphyry, etc.) traverse the gray gneiss, but they are poor in tin. 
There are veins in the neighborhood of the eruptive rocks, which are 
being worked on a small scale.

The total Austrian production of tin ores in 1893 ' amounted to 257 
quintals, or 25.293 long tons of zwitter ore, of which 250 quintals were 
produced with 10 men at Graupen, and 7 quintals at Zinnwald, as a 
by-product in mining wolfram ore. The output of metallic tin in Austria 
in 1893 was produced by 12 men at Graupen. For it were used 25.293 
long tons Austrian zwitter rock; 72.338 long tons Bolivian tin ore; 
16.042 long tons Bolivian block tin. This produced 655.24 quintals or 
64.4 long tons of fine tin, of a value of 76,717 florins ($37,000), all of 
which was used for home manufactures.

1 Oeaterreichische Zeitschrift, 1894, page 473.
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The Oesterreichische Zeitschrift fur Berg und Hiittenwesen gives the 
following figures:

Product of tin and tin ore in Austria.

Years.

1884
1885............ ............
1886........................

1888
1889........................

1802........................
1 QQ'J •

Tin ore.

Metric tons. 
951

75

549
569

33
25

Metallic 
till.

Metric tone. 
40
35
31
38
50
72

RUSSIA. 

FINLAND.

Tin is found about Pit Karanda, on the north shore of Lake Ladoga. 
The country rock is coarse, granular, red granite and crystalline slates. 
In the granite occurs a bed of "sahlite," impregnated with copper and 
iron pyrites and tinstone. It has been worked for more than fifty years. 
The bed is over one-fourth of a mile long and is 15 feet thick; it 
courses east and west and dips 40° to 50° south. At the east end the 
richest ore occurs as a fine impregnation, and in needle-like aggregates 
in finely disseminated copper pyrites. The bed is here divided into 
five parts, two being productive and three unproductive. Nearly mid 
way iu the bed copper pyrites occur in nodules instead of being finely 
disseminated, and the tinstone impregnation, save in traces, is confined 
to a 41-inch, bed of sahlite and a 39-inch bed of granite. Excepting 
a 7-inch bed of sahlite carrying copper pyrites, the two remaining beds 
are barren. In 1880 Pit Karanda produced 1,085 metric tons of copper 
ore and 20.5 metric tons of tin ore. 1 The Russian production of tin is 
given as follows:

Product of tin in Russia.

Years.

1881..............

1887..............

Metric 
tons.

1 
13
14
17

Tears.

1888...............

1891

Metric 
tons..

19
12
iq

9

Tin ore is reported to occur also in Onon, Siberia, in Greenland and in 
Sweden, where there is a home production varying from 100 to 200 tons.

1 Berg und HUM. Zoitg., 1871-1876.
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ITALY.

In 1875 tin was discovered in an ancient mine 35 miles southeast of 
Leghorn, near Oampiglia Marittima. In 1872 this mine was worked for 
hematite. The tin occurs in the lower Lias limestone, in pockets and in 
fissures of the rock, which emanate from the horizontal iron ore bed at 
Cento Oamerelle. Instances of total replacement of cassiterite by 
hematite have been found. The mine produced in 1877 21 metric tons 
of tin ore. Another mine, east of the Monte Tumacchio, produced in 
1877, several metric tons of tin ore of inferior quality. These mines 
produced in 1878, 31 metric tons, worth £384; in 1879, 2 tons, worth 
£16, and in 1880, 16 tons, worth JE128. 1

FRANCE.

Tin is not being worked on a commercial scale in France. It occurs 
at Vaulry in veins TL to 2 inches thick, traversing granitic rock in. a 
Schistose region, and disseminated through greisen, the latter being 
described as formed of irregular fragments of mica and quartz.2

At Villeder, department of Morbihan, ancient tin mines exist. 3

JAPAN. •

In Japan tin ore, according to Monroe,4 occurs in veins, and among 
the tin lodes worked the Taniyama mine, at Kagoshima Ken, is the 
main producer. It has twenty-one distinct veins, averaging 18 inches 
in thickness and varying between extremes of a few inches to 4 feet. 
These veins traverse sedimentary rocks composed of soft tufas, shales, 
and sandstones, with occasional beds of hard, blue quartzite. The sur 
face is almost everywhere covered with a deposit of modern pumice, 
and exposures of volcanic rock are of common occurence.

The rocks vary in strike from northeast and southwest to east and 
west, while the veins run at right angles to the strike. Crystalline 
cassiterite, of microscopic dimensions, is scattered through a quartz 
gaugue. One hundred and twenty men were employed at the. mine 
and smelter to produce an average yield of 8 tons of tin per year.

The mine produced in 1890, according to the director of the mining 
bureau, 5 354 piculs of tin, while the other lode mines produced as fol 
lows:

iphillips's Ore Deposits, pages 353 and 354.
2Mallard, Annalea des Mines, Vol. X, page 325.
3 Lodin, Bulletin de la Societe G6olo£ique de France, 1884.
4 Tansactiona of the American Institute of Mining Engineers, Vol. V, —, 1877.
6 Mining industries of Japan, 1893.
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Product of tin in Japan in 1890.

517

Provinces. . Prefectures.

Oita ........................

Quantity.

Piculs. 
158

69

6 1C

aTaniyamamiuo.

Stream tin to the amount 175 piculs was produced at Nakatsugawa, 
iij the province of Mino, prefect of Grifu, in 1890.

The total Japanese product in 1890 was 791 piculs.
The director's figures for the ten years' (1881-1891) production of tin 

are given in piculs. 1
Product of tin in Japan from 1881 to 1891.

Tears.

1 QQO

1884
1885..----......
188C...... ......

Pioula.

332
296

Long tons.

19.76
17.62
9ft W

41.13
63.27

Tears.

1887.............

1890.....1.......

Pieula.

1,593
1,366

880
791
788

Long tons.

81.31
52 38
47.08

(a) 43. 91

a Furnished by Mr. Edwin Dun, United States minister, from Resum6 Statistique de 1'JSmpire da 
Japan, 1894.

It will be seen that the Japanese production has been steadily de 
clining since 1887.

BOLIVIA.

The production of tin in Bolivia, South America, has increased very 
heavily during the last ten years, and especially so since the completion 
of the Antofagasta railroad in 1891.

The production in 1885 was 224 long tons, while that of 1893 reached 
2,909 long tons, and 3,482 tons in 1894.

The Bolivian tin approaches the poorer English common tin in quality, 
but carries more lead, arsenic, antimony, and tungsten. It is often 
referred to as tin from Peru and Bolivia, the export to England being 
made via Mollendo, Peru, or via Arica and Antofagasta in Chile.

Tin ore is fouud at intervals along the eastern border of the Bolivian 
table-land from Lake Titicaca to near the Argentine boundary.- In 
instances, as in the mines of Potosi and Oruro, it occurs associated with 
silver-bearing ores;, again it is alone or associated with an admixture of 
iron oxide and earthy matter.

Some of the most important deposits of tin ore in Bolivia, and those 
worked exclusively for this metal, are situated among the mountain 
ranges bordering the table-land to the east and northeast of Oruro

1 The picul used is the Singapore picul, of which 16.8 piculs make 1 long ton
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and Lake Poopo. They are scattered over an area of some 500 square 
miles, though several rich veins are found beyond this limit. The 
general rock formation is shale, sandstone, arid conglomerate, more or 
less highly inclined and contorted by eruptions of trachytic porphyry. 
In the latter the tin veins occur.

Many of the more important tin-silver lodes of the Oruro miues are 
masses of iron pyrites from 2 to 6 feet wide, frequently containing an 
average of 5 per cent and more of tin. The tin oxide has been traced 
with the silver ore to a depth of 350 meters (about 1,150 feet). It is 
extracted by concentrating the tailings from previous amalgamation. 
The black tin (barilla) produced carries 60 to 70 per cent of metallic tin, 
and is either exported as such or smelted with charcoal in small blast 
furnaces. The loss in smelting is given as 20 per cent and more. In 
1891 most Oruro black tin was exported, while the Potosi black tin, 
being farther inland, was smelted at the mines on account of high 
freights.

At Chorolque, bismuth and tin are found in. veins. The veins worked 
for tin exclusively vary from 1 to 2 inches to 3 feet in width, carrying 
solid seams-or lenses of cassiterite; or they are tin lodes having soft 
clay gangne, through which the cassiterite is disseminated in nodules, 
crystalline masses, and minute grains.

At the Challa-Apacheta mine one end of the lode carries the cassit 
erite disseminated through an argillaceous matrix, while the lode at the 
other end, where it narrows down materially, is distinctly pyritiferous.

The Berenguela lodes carry tinstone disseminated through a clay, 
silica, and iron oxide matrix. They are said to carry 7 per cent of tin 
ore. No blasting is required.

In some of the Bolivian tin lodes the ore deposit reaches a depth of 
only a few meters, while in others the tin ore is found continuous in 
depth, e. g., at Negro Cabellon and Morocala, where, in 1891, a depth of 
120 meters (394 feet) was reached, and in the Huanuni district, where 
one mine is worked on rich ore to a depth of 300 meters (984 feet). 
As a rule, however, iron pyrites are associated heavily with cassiterite 
at great depths. 1

The Bolivian production for the ten years ending 1894 was as follows:
Product of tin in Bolivia.

Tears.

I QOK

1 fififi

1889..............

Long
tons..

204
224
354
982

1,363
1,380

Years,

1890...............
1fiQ1

1893...............
1894...............

Long 
tons.

1 559

2,000
3,482

1 For details see Engineering and Mining Journal, April 18, 1801, John H. Minchin.
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Mr. Thos. Moonlight, U. S. Consul at La Paz, Bolivia, states that 
Vice-Consul C. C. Greene, at Antofagasta, after much trouble in 
obtaining the information, reports tlie amount of tin shipped to.Euro- 
peaii points from that port in 1894 was 5,790,920 kilograms, or 4,689 
long tons, an increase of 1,331.90 kilograms over the production in 1893. 
The names of the receiving ports were not obtained. Mr. Greeue was 
given valuable assistance in his work by Mr. David Simpson, of Arica.

MEXICO. 
LOWETC CALIFORNIA.

Sixty miles east of Real del Castillo, in the Cocopa Mountains, in a 
region occupied by Indians, Mr. D. K. Alien reports' 2 to 4 foot tin-ore 
vein.

DtlBANGO.

Goneto, 90 miles northwest of Durango, and 125 miles from Villa 
Lerdo, on the Mexican Central Eailroad, lies about in the middle of the 
Mexican tin region, at the foot of the San Francisco Mountain chain, 
a spur of the Sierra Madre. Water is scarce, and the steep hillsides 
and deep ravines make the damming of water during the seasons of 
heavy rains difficult. Brown and black cassiteritc occurs in rich pock 
ets in ill-defined veius in a trachytic-porphyry country. The detritus 
of these veins is found in the ravines, gulches, and valleys at the foot 
of peaks and slopes. It is associated with white topaz crystals.

Smelting was done during the month of August, 1894, at Potrero, but 
no information could be obtained from the parties interested. Other 
places in Durango which are mentioned in connection with tin occur 
rences are Cacaria, Potrillos, and Cerro de Iglesia de los Remedies, 
near the city of Durango.

From Ingalls the following is abstracted:2 At Potrillos sheet-like 
rhyolite, or rhyolite tuff, prevails, with gray, finely crystalline granite 
beyond its limits, and probably underlying. The rhyolite tuff has well- 
defined joint structure, and is intersected by a series of faults, with the 
same east and west strike and south dip as the joint planes.

Gassiterite occurs in the rhyolite tuff, principally along the fault 
planes., in aggregations varying from nests of pure mineral down to 
small particles disseminated in gangue, containing not more than. 1 per 
cent of metal. Occasionally it occurs in bauds of crystalline mineral, 
replacing the country rock, between two sheeting planes. Ingalls com 
pares the form of the ore bodies to bean-pods, in which the small nests 
of ore are connected by their ore stringers. They dip about 45° west. 
The ore bodies are ill denned, and pass by insensible gradations into 
barren country rock. Exploration is extremely hazardous, except 
where mineral can be found from the beginning, owing to the many

1 London Mining Journal, October 11, 1884. 
=Ain. lust. M. E., March, 1895.
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parallel fractures on the surface, which it is difficult to distinguish as 
joint planes or fault fissures, the former being seldom mineralized. . The 
cassiterite generally occurs as mamrnillary or botryoidal concretions, 
and varies in color from black to yellow to brilliant red. The acces 
sory minerals in the rhyolite tuff are biotite, hematite, quartz, hyalite, 
chalcedony, fluorite, and topaz.

The cassiterite of Potrillos seems to chemically combine with anti 
mony. Dr. Moore's analysis of 25 tons of tin exported to the United 
States in 1891 showed the pig tin to contain from 7 to 9 per cent of 
antimony.

Analysis of Potrillos cassiterite.

Tiii. ...............................

Per cent.

.0331

.0255

Per cent.

90 6047
9. 2850

.0276

Ingalls found 6.83 per cent of antimony in Canitas native pig tin. 
The physical conditions of the region are unfavorable to large accu 
mulations of alluvial deposit. Those which existed are worked out, 
and drift deposits on the hillsides are mostly too poor to pay for the 
expense of bringing water to them.

At Cacaria, where the Duraugo Tin Mining Company of Saint Louis, 
worked for two years extensively, but unsuccessfully, and where similar 
conditions are said to prevail, Superintendent Winiiiiighoff is quoted 
as saying:

The veins are irregular fissures filled -with red clay (decomposed country rock), 
disseminated through which a generally very impure tinstone is found in grains, 
scales, and nuggets. Associated with cassiterite are found arsenate of lead and 
molybdenum and tungsten minerals. The vein matter does not contain on an aver- ( 
age over 15 per cent of ore, which may not give more than 25 per cent tin oxide 
(3.75 per cent black tin).

At Cerro de Iglesia de Los Beinedios, a vein formation in rhyolite 
tuff, identical with that at Potrillos, proved too small to be remunerative.

ZACATECAS.

Mr. John H. Banks writes as follows with reference to tin-ore deposits 
in the vicinity of Pinos, State of Zacatecas:

The rock formation on the property examined appeared to consist of several varie 
ties of trachyte, that predominating being probably rhyolite. The great mass of 
the rock was of grayish color and coarse structure, and often much decomposed. It 
•was a common thing to find large geodes of hard, compact, reddish-brown rock scat 
tered through it, which were frequently thinly coated with tin ore. The interior of 
the geodes was generally chalcedony. This hard, reddish rock cropped out in 
numerous places, and appeared to be in seams or veins, which varied from a few
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inches to several feet in thickness, and alternated with the softer, coarser, grayish 
rock. These outcrops were, in some eases, thinly coated with tin ore. There were 
also outcrops of a peculiar jasper-like rock, very hard and compact, and of a yel 
lowish and reddish color, which was apparently an altered form of the reddish 
trachyte. The principal workings on the property were in the latter rock.

The ore was cassiterite, contaminated with much oxide of iron. It occurred in 
two forms, massive and concretionary, the one gradually merging into the other. 
The ore appeared to have been deposited from solutiou, subsequently being more or 
less metamorphosed, and, iu some cases, entirely losing its concretionary structure. 
There also appeared to liave been a later deposition from solutiou, as the vein out 
crops and surface rocks were frequently found carrying a thin film of ore. The ore 
was found associated with the hard red rock, either in or adjoining the vein of light- 
colored j asper-like rock. Its occurrence was very irregular, chiefly in isolated pockets. 
The ore from these pockets was of good grade, but small in amount. No evidence 
was found of the existence of a continuous vein of this good ore. All the assays of 
samples of the vein of light-colored, jasper-like rock gave a little tin. This rock 
seemed to be impregnated with the cassiterite, but concentration would have, been 
impracticable. The rich ore from the pockets, ran over 45 per cent in tin, but all 
other assays were very low, usually a fraction of 1 per cent.

Occasionally small lots of high-grade tin ore have been gathered 
from about the neighborhood of the San Jiian Bautista mine, Hacienda 
Tesorero, and the E. C. Toro mine, Hacienda Maguey, situated about 20 
miles west from Fresnillo, in the Zacatecas municipality. The ore is 
said to occur in narrow stringers and veinlets, in decomposed por 
phyry. The veins at times run together, forming bunches and pockets 
yielding several hundred pounds. The ore is cassiterite, in species 
wood tin, with beautiful concentric rings, and darker radiating fibers 
in botryoidal and reniform shapes. This district furnishes some very 
handsome specimens of this class of ore.' The owner of the property 
has about one-half a ton of it in New Tork. Desultory prospecting is 
going on, but except for an occasional smelt by the peons in their native 
furnaces, there is no production from this district.

At El Naranjo and Cedritos. about 50 miles west of the Mexican 
Central Eailroad? and at Fresnillo, in the San Alto municipality, an 
occurrence of tin ore between quartzite and overlying slate is reported. 
It is said to be of low grade. Tin ore also occurs at Chalchinites.

JALISCO. '

At Bolanos in the State of Jalisco, tin ore deposits are worked spas 
modically, in the native manner. Los Vallecitos produced twelve 
years ago about 9,000 pounds of black tin and 6,000 pounds of metal 
per month. Tin ore also occurs at San Josd de Estanos and at La Peri a 
ranch.

In Queretaro, tin ore occurs at Cerro de Zamorano, and in Aguas 
Calientes about the Cerro de Chiquihuite.

In Gruanajuato, about Comauja, near Leon and Dolores, and 24 miles 
from Silao and 42 miles from Guanajuato kidneys of tin ore have been 
found. Tin ore is also found at Yillalpando and Hidalgo San Diego. 
In the State of San Luis Potosi tin ore is found at Catorce La Crux, 
San Jos6, Bnena Vista, and Valle San Francisco.
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The United States consular report for September, 1894, gives among 
exports to the United States during the quarter ending June the 
following:

Exports of tin from Mexico.

States.

Total ..'.........................

Value.

$6, 421
1,200

Mr. E. E. Chism, City of Mexico, reports that the Mexican tin statis 
tics show that 10,490 kilograms of tin, valued at $4,000, were exported 
during the quarter ending June, 1894. This would give Mexico 10 
metric tons of tin production.

UNITED STATES.

No tin is being produced in the United States, and the tin occur 
rences of this country are so far only of geological or mineralogical 
interest, with indications of prospective value in a few instances.

MAINE.

The occurrence of tin ore at Winslo w, Maine, was noticed by Dr. Jack- 
son as early as 1869, 1 and 'later by Dr. Hunt. 2 Cassiterite occurs at 
Winslow in veins which traverse an impure gray micaceous limestone, 
subordinate to the gneisses and mica schists of the White Mountain 
series. The veins, generally an inch or two in thickness, are inter- 
laminated with the sedimentary layers, but occasionally cut across the 
stratification, showing that the disrupting action was not always con 
fined to tearing the layers apart. The nearly black cassiterite is dis 
seminated in small crystalline masses through a vein stone of purple 
fluorspar, silvery white mica, and quartz, and is associated with mis- 
pickel. Cassiterite also occurs, according to Prof. C. H. Hitchcock 
and Prof. Forest Shepherd, 3 in twelve small granite veins, varying from 
half an inch to 3 inches in width, within a breadth of 30 feet of mica 
schist. The mica shist is associated with calcareous layers, and is 
adjacent to a hard quartzite band. The veins appear to dip toward 
one another. The vein filling consists of a central mass of fluorspar in 
which crystalline cassiterite is irregularly dispersed, being now present 
and again absent. The fluorspar is banded on each side by white 
mica or lepidolite, and in places there are indications of a second par 
allel vein filling, in the shape of fluorspar and cassiterite in a siliceous 
matrix. The associated minerals are beryl, mispickel, margarite, and

1 Proceedings Boston Soo. of Nat. History, 1869, Vol. XII.
2 Transactions Am. Inst. M. E., 1873, Vol. I.
3 Report Maine Tin Mining Company.
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lepidolite. The veins were worked to a depth of 100 feet, but striking 
here a fault, according to Dr. A. C. Hamlin, of Bangor, Me., opera 
tions were suspended.

Tinstone also occurs sparingly at Paris and Hebron. as a mineralog- 
ical curiosity.

NEW HAMPSHIRE.

Cassiterite was found at Lyme, and at Jackson, by Dr. Jackson, in 
1840. Here crystalline cassiterite, associated with arsenical and 
copper pyrites, fluorspar, and phosphate of iron, occurs in small veins, 
from half an inch wide upward, traversing mica slate, and granite in 
the neighborhood of a trap dike. The veins have a medial quartz band 
filling, with the other minerals grouped on each side.

MASSACHUSETTS.

At Goshen and Chesterfield a few crystals have been found with 
albite and tourmaline.

CONNECTICUT.

At Haddani tin is found as a mineralogical curiosity.

VIRGINIA.

. The Martha Cash tin mines are situated at an elevation of 2,700 
feet, on the head waters of Irish Creek, which drains the west slope of 
the Blue Eidge, in the northwest corner of Eockbridge County. 
Vesuvius station, on the Shenandoah Valley branch of the Norfolk and 
Western Eailrdad, is 7 miles distant, by a footpath across the moun 
tain ridges.

Massive and coarsely crystalline granites, with outlying patches of 
slate, make up this section of the Blue Eidge. On the summit of the 
ridge Silurian sandstone and grit occur; the sedimentary rocks develop 
prominently along the western flank of the ridge, and lower down the 
slope they are buried under the valley limestone.

The veins occur in a granitic rock, consisting chiefly of coarse-grained 
aggregates of feldspar, hornblende, and quartz. This prevailing rock 
is varied by frequent occurrences of lenticular bedded masses of una- 
kyte, a flesh-colored granitoid rock, consisting of orthoclase, quartz, 
and epidote, and again by dikes of diabase. The main tin vein, or No. 1, 
is characterized by a narrow quartz leader, 8 to 10 inches wide, holding 
visible grains of cassiterite in a granitic vein matter, with narrow 
feeders and veinlet-like offshoots. The granitic vein matter holds a fine 
impregnation of tinstone on either side of the leader, and in a decreas 
ing ratio away from it. Within the quartz leader occurs a vertical 
seam of rich crystalline cassiterite, associated with arsenio-pyrite, 
averaging about 1 inch in thickness. In parts of the vein matter adjoin-
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ing the leader, fine, scaly, silvery mica occurs, with finely disseminated 
cassiterite. The rich tin ore seam is exposed for a length of about 100 
feet. The hanging wall is not well defined, but the remaining 7 feet of 
vein matter holds specks of tinstone. At a higher level in the hill the 
same rich footwall seam prevails, and there is also one on the north side 
of the lode, with the vein matter between the two mineralized.

The outcrop of this deposit has been traced for several hundred feet 
from east to west by pit work.

Three experimental runs were made on the ore of vein No. 1 to obtain 
its average value, after the ore had been roughly hand sorted. The fol 
lowing figures were obtained:

Results of experimental runs.

Lots.

No. 1. .....................
No.2. .....................
No.3...... ................

Tons.

90
75

Pulp
assay.

Per cent. 
3.44
3.28
3.26

Concen 
trates 
assay.

Per cent. 
43 44
40.40

The weight of the concentrates produced is not stated. It will be 
noticed that the figures given for the pulp are assay returns. The 
yield will be considerably lower.

The concentrates were largely mixed with arsenio-pyrite and ilmeiiite. 
The average width of the veins from which the ore was taken for these 
tests is said to have been 6 to 8 feet. Beyond this width the granite 
tinstone impregnation is of too low a grade to pay for working.

Vein No. 2 is made up of two converging quartz leaders consisting of 
ferruginous and micaceous quartz, seamed with strings, veinlets, aud 
bunchesof cassiterite. The veins seem to be cnt off by a fault beyond the 
point of their junction, which is marked by a larger quartz cropping. It 
is claimed to be traceable for 200 yards before coming to this point. Two 
tunnels, 70 feet apart, have been run in 35 feet below the surface to 
intercept the converging veins on each side of the shaft, and the tunnel 
heads have been connected by a drift on the vein. The vein here is not 
well defined, but streaks, bunches and veinlets of crystalline cassiterite 
and pyrites are cut by the tunnel.

A quartz lens appearing in the outcrop of the easterly leader was 
intercepted by the tunnel, and in it is the principal cassiterite im 
pregnation. The easterly one of the converging leaders of vein No. 2 
carries more or less auriferous arsenical pyrites inclosing crystalline 
tinstone, while the westerly leader is characterized by an occurrence of 
iron pyrites. The exhibit so far made is that of a "prospect" worthy 
of further testing.

There is on the ground to test 'the property a plant of two new 80- 
horse power boilers, engine, Gate's crusher, Sturtevant mill, and Golden 
Gate concentrating tables.
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The cassiterite of the Gash mine varies from a dark brown to a gray 
ish or yellowish white, with adamantine to resinous luster. A sample 
of nearly white cassiterite, assayed by Messrs. Ledoux & Co. 73.68 per 
cent of metallic tin.

The associated minerals are wolfram, mispickel, iron pyrites, quartz, 
and beryl. Besides these, siderite, crownspar, limonite, chlorite, mus- 
covite, damourite, and fluorspar have been found.

The occnrrence called vein No. 1 runs east and west, while vein No. 2 
runs northeast and southwest with a dip of 60° to 75° to the south 
east, at an elevation of 300 to 400 feet above vein No. 1. There is a 
parallel leader 50 feet from vein No. 1.

The property is in litigation and until all matters in dispute are sat 
isfactorily settled capital will naturally not be forthcoming to test what 
appears to be a promising tin prospect.

NORTH CAROLINA.

Near Kings Mountain, Cleveland Couuty, a station on the Southern 
Eailway, tinstone, in rock in place, was discovered in 1886, by Mr. John 
H. Furman.

Kings Mountain village lies near the divisional line of the old Silu 
rian limestones on the east and the still older granites on the west. 
Going from west to east the granites pass into mica, hornblende, and 
tourmaline schists, then into ferruginous and manganiferous talc 
schists and quartzites, followed by two beds of metamorphosed lime 
stones in altered slates. The dip of the strata is about 70° to the 
west. The earlier report that the general greisen outcrops, which 
were found inside of the mica and talc schist belt, occur conformable to 
these strata, as lenticular masses, seems to have been too local a view. 
Mr. Furmau in his map 1 shows an isolated mass of greisen in the west 
ern granite. He says: "The greisen masses' vary from a few feet to 
some 600 or 700 feet in width, and conform, for the most part, to the 
country rock, but occasionally for short distances, take a course almost 
at right angles to it." Between the old Kings Mountain gold mine and 
the granite to the west, 2 miles distant, Mr. Furman noted in the 
micaceous slates two true fissures, and says: " In all other instances 
the deposits of greiseu appear to conform to the mica schists, in which 
they are included, and to dip with them."

Mr. J. C. Horton writes, January 13,1894, in a letter to a local paper: 
"The granite lies about half a mile to the west of the town of Kings 
Mountain,and the tin belt runs under the town, while about 4 miles* 
north the granite lies to the east of the tin belt, showing conclusively 
that the tin belt traverses the granite."

Mr. Titus Ulke 2 says: "For some 8 miles north of Kings Mountain

1 Transactions Acad. Sci., Vol. VIII, Nos. 5 and 6.
3 Mineral Kesources of the United States, 1893, page 178.
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and some 6 miles or more below it there are narrow outcrops of greisen 
or granite, which as a rule do not conform to the bedding of the coun 
try rock." He says further on that the greisen outcrops, when they 
carry tinstone, are 4 to 5 feet in width and course from north 28° to 60° 
west, while the slates and schists course north 25° east.

Mr. John A. Church, who examined Horton's shaft, writes, referring 
to the greisen: " It lies in a lenticular mass in talcose slates, cutting 
across them at a high angle. * * * Lenticular structure is very 
well marked; cassiterite occurs in the decomposed greisen and pyrite 
in foot-wall slates, said to carry tin also, which is very possible in the 
decomposed zone."

GreiseaS'

•«: V / ̂Cotton Mill

\j\,iiry(T VJ ,f C^
Greisen Poctet. jK'\ fr,'° %?<£.-

\Br/d/e Scale/-./82Miles-96o' 
-+-Oip Vertical

FIG. 4.—Occurrences of greisen, etc., near Kings Mountain, North Carolina.

Mr. H. B. C. Mtze, assistant geologist, Geological Survey of North 
Carolina, writes:

In a section along the Southern Railway track, for a distance of about a mile 
northeast of the Kings Mountain station, 1 observed the following occurrences of 
greisen, etc.

From which it appears that the greisen lodes lie both with and across the schist- 
^osity of the country, the latter being generally north-northeast and dipping north 
west at various angles. I am of the opinion that where these greisen bodies lie with 
the schistosity (the only observation that apparently came under Dr. Ledoux's atten 
tion, and his explorations were located, so far as I can understand, some 2 miles 
south of Kings Mountain station) they have nlled in lenticular openings in the 
eel lists. In other instances it is evident that the greisen bodies cut both the strike
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and dip of the schists, the result of filling fissures, aud I would hence call these true 
lodes or dikes. I have also noticed contact metamorphism phenomena aloug the 
sides or edges of such lodes. The diabase dikes also cut the strike and dip of the 
schists. Dr. Ledoux's explorations were, so far as I can learn, confined to the isolated 
lenticular bodies lying in the schists. The question is : Might not an. exploration of 
the greisen dikes be more favorable?

It will be seen from the foregoing that greisen lodes exist about the 
Kings Mountain belt similar to quartz lodes found in the Black Hills 
region, and there is no reason why the North Carolina greisen lodes 
are not as legitimate a field for prospecting for tin as are the Black 
Hills lodes, about which so much has been written and which are 
held out as likely to redeem the disappointing lenticular ore greisen 
bodies. If the locally bedded lenticular greisen deposits are stannifer 
ous it is likely that the greisen veins are. To what extent this may be 
the case, only prospecting will tell.

The bedded lenticular greisen deposits, which were explored by Dr. 
Ledonx and Mr. Furman by cuts, shafts, and diamond-drill borings, 
Dr. Ledoux reports 1 as conformable lenticular greisen bodies of shallow 
depth, carrying tin ore, which, with a little hand picking, could readily 
be kept up to a grade of 1 per cent of metallic tin per ton of 2,000 pounds. 
A trial of about 150 tons taken from different openings, and roughly 
assorted by unskilled hands, was treated by rock breakers, stamps, 
jigs, Evans's double-deck slime buddle, and blanket sluices, and yielded 
about one-half of 1 per cent of metallic tin. A loss in tin was still 
marked at the end of the blanket sluice. Dr. Ledoux expresses the 
opinion that it will pay to sluice the creek beds and hydraulic the 
gravel and the rock decomposed in place to a depth of from 50 to 100 
feet for several miles north and south of Kings Mountain.

• GEORGIA.

In Lumpkin County, in the first section, in lots Eos. 95, 96, 97, and 
120, each of 250 acres, 9 miles northeast of Dahlonega, near Grindle, 
belts of granitic rock and chlorite schists are said to be interbedded, 
from which specimens have been taken which assay more than 1.5 per 
cent in tin. Tlie trend of the beds is given as northwest.

In the same county minute quantities of tin ore were found by Prof. 
W. P. Blake in some of the residue from gold-washing operations.

% ALABAMA.

Cassiterite was found by Dr. Eugene A. Smith, State geologist of 
Alabama, in 1880 in Coosa County. The occurrence is within what is 
known as the Alabama gold belt, in which the metamorphic and primi 
tive rocks have their greatest development. The rocks of this belt, 2 are 
mostly talcose, micaceous, and graphitic slates and crystalline schists.

1 Engineering and Mining Journal, December, 1889.
2 Dr. Wm.'B. Phillips, Geological Survey of Alabama, Bulletin No. 3.
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On the west side of the Ooosa River the clay slates are overlain by mica 
ceous hornblende .schists (pyritous), which, as the river is approached, 
become harder and dip steeper. Between Higgins Ferry, and Eockford, 
the county seat of Coosa County, the schists and slate dip steeper and 
have coarser texture. Two and one-half miles from Eockford are found 
ledges of coarse, friable graphite, conformable to the country rock, which 
alternate with schists and slates to Wetumpka, in the southwestern 
part of Elmore County. Here, as well as in the northeastern part of 
the county, they assume a closer grain and finer texture. At Good- 
water, in the northeastern part of Coosa County, building-stone granite 
occurs. In immediate proximity to this granite, to the east, lie ledges 
of coarse graphitic schists, carrying thin seams of quartz and pyrites, 
conformable in dip and strike. This quartz carries tourmaline and tan- 
talite. One-fourth of a mile northeast of this locality Dr. William B. 
Phillips found, on the surface, in immediate association with a ledge 
of coarse granite, 2 pounds of crystalline cassiterite, containing 78.19 
per cent of tin (78.67 per cent of pure cassiterite). Later, in 1884, Hon. 
J. S. Bentley found supposed cassiterite in Coosa County, which the 
elder Dr. Charles Shephard determined. In the S. W. J Sec. 24, T. 22, 
E. 16 E., Coosa County, is one of W. Gessner's tin mines, where, accord 
ing to Dr. Phillips, tin occurs in much distorted veinlets of close-grained 
quartz in hydroinica talcoid schist.

In Clay County, 2 miles from Ashland, Mr. G. W. Gessner, of N"ew 
York City, worked the Broad Arrow tin mines in 1883 and 1884. He 
describes the ore as occurring disseminated in grains through six ledges 
of gneiss, which alternate with micaceous and talcose schists, and rest 
on a feldspathic granite. The gneiss seams are 10 to 20 feet thick. It 
was estimated that the tinstone in the productive part of these ledges 
would average 1.5 per cent of tin oxide, but on mining and breaking 
the ore it was found difficult to maintain this grade, even by sorting the 
productive part out of the larger ledge matter. The tin ore proved to 
be of finer grain than was expected, entailing heavy losses in concen 
tration, and titanium, was found in the concentrates to a very large 
degree, which enhanced the cost of the reduction of the black tin.

According to Mr. Gessner, the tin-bearing rocks of Alabama begin at 
the granite formation in Cleburne County, and extend for 100 miles in 
a southwesterly direction, through Eandolph and Clay counties into 
Coosa County, where they are buried.

So far, no pay tin has been found in Alabama.'

TEXAS.

In 1889 Prof. Theo. B. Comstock announced that he had received a 
small crystal of cassiterite from Llano County. Later, in the Second 
Annual Eeport of the Geological Survey of Texas, Professor Comstock 
announced the result of his geological examination of the territory in 
central Texas likely to prove stanniferous. In this report Dr. W. von
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Streeruwitz also recorded his discoveries in western Texas, and to these 
accounts the reader is referred for detailed information. Professor Corn- 
stock points out the fact that the mineral keilhauite (ittrotitauite) is 
likely to be mistaken for tin, except after close testing, but as it, like 
garnet, tourmaline, etc., occurs in bands different from those in which 
cassiterite is found, a knowledge of the structural geology of a district 
will make prospecting easier. Professor Comstock has given the fol 
lowing account of the belt:

The system of strata in which the tin occurs is the Laurentian, called the Burnetan 
in the Second Annual Report of the Geological Survey of Texas. This •well-pro 
nounced terraiue in central Texas is made up of gneisses, graphic granite, and schis 
tose rocks, which have in a large degree undergone processes of replacement, or 
mineral alteration, until they are not only much disintegrated, often to depths of 
many feet, but also rendered largely structureless and even textnreless, so far, at 
least, as to afford bnt little evidence of their original condition. In and through 
these, however, persistently trending across wide areas, though much broken by 
later uplifts, there are belts or bands of quartz and other material which are highly 
charged with minerals of the rare kinds. Interesting compounds of cerium, yttrium, 
thorium, tantalum, niobium, uraninm, tungsten, and metals of more ordinary char 
acter, in rare combinations, are very abundant.

Usually a distinctive feature marks each belt, and there is some evidence of a 
system of folds, or parallel axes, several times repeated longitudinally across the 
Bnrnetan tract in a course north 75° west by south 75° east. In many places the 
rocks of more recent date have been thrown across these basal members in such a 
manner as to bury or blot out by cross trends the readily determinable physiognomy 
of the earlier strata. In other cases the erosion products and the local decomposi 
tion of the Bumetan strata have even more completely obscured their own struc 
tural features, so that it is impossible for one not thoroughly familiar with the whole 
region to trace the connection from ontcrop to outcrop.

The central Texas tin field passes through the middle of the Burnetan trough or 
basin, with an apparent tendency to a repetition along the northern border and, more 
doubtfully, in a southern belt also.

The territory in which it may be said that tin is likely to occur comprises a tract 
about 10 to 15 miles in width and 50 or more miles in length, extending from western 
Burnet County to eastern Mason County across the middle of Llano County. The 
whole of this restricted area can not be productive, and it is probable that only a 
few localities will be worth prospecting. The most favorable points, judging from 
the knowledge thus far acquired, are in the region about Barringer Hill and west 
ward, in Llano County, and in the country about the head waters of Herman and 
Willow creeks, in Mason County.

MISSOURI.

Dr. Hunt 1 mentions a curious replacement of titanic by stannic acid 
in sphene or some other similar minerals as a mineralogical curiosity 
found in Missouri.

COLORADO.

In Jefferson County, about 3 miles from Golden, six mining claims 
have been staked, and are.now owned by Mr. James Stevenson, of New 
York, in which he claims a 3 to 6 foot tin ore lode occurs, and from

1 Transaction Am. Inat. M. E., 1873, Vol. I, page 374. 
16 GEOL, PT 3———34
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which specimens are reported to have been taken carrying as much a,s 
12 per cent of tin. No development work has been done on them, and 
little importance can be attached to the reported occurrence.

IDAHO AND MONTANA.

Tin is found occasionally as float or stream tin in the Rocky Moun 
tains about the head waters of the Missouri and in the streams having 
their sources in the Bitter Itoot Range, prominent among which are 
the Snake and Salmon rivers and their tributaries. It was found in 
brown grains on Jordan Creek, Idaho, twenty-nine years ago.

Float tin has been found in the Cceur d'Alene district, Idaho.
Pebbles of tin ore have been found at Prickly Pear Creek, Montana.
Wood tin, in light-brown rounded grains, accompanied by white 

topaz, was found in the creek near Glancy, not far from Helena, in 
Jefferson County, Moatana.

Tin ore has also been found at French Bar, 18 miles from Helena, at 
the head of Ten Mile Creek, in the " Basin," and in Basin Gulch; 
also in Peterson Creek, a tributary of "Deer Lodge Creek. 1

WYOMING.

At Nigger Hill, just beyond the Dakota-Wyoming line, in the north 
western portion of the Black Hills, about 40 miles from Deadwood, on 
the divide between Bear G-ulch and Sand Creek, granitic veins carry 
ing considerable mica have been found to contain cassiterite, but the 
unprofitable results of the work of the Harney Peak Company have 

« naturally checked the prospecting and developing.

SOUTH DAKOTA.

The Black Hills Range courses in a general north and south direc 
tion, through Lawrence, Peniiington, and Custer counties. The cen 
tral core of this range is, according to Mr. Henry Newton, about 60 
miles long and some 20 miles across, and, according to the latest inves 
tigations, of Algoukian age. This core is flanked on all sides by sedi 
mentary rocks which dip away from it, and the edges of Cambrian, 
Carboniferous, Triassic, Jurassic, and Cretaceous formations are suc 
cessively exposed, as a result of former erosion. In the southern part 
of the Algonkian rocks, extending from the southern part of Penning- 
ton County into Custer County, near Custer, lies a central mass of 
granite, about 12 miles from north to south and about 7 miles wide. 
Isolated granite masses extend through the Algonkian rocks, within a 
radius of 8 miles north, west, and south of Custer, diminishing in size 
as their distances increase. Igneous rocks are found crossing, or 
intruded into, the sedimentary strata of'the northern portion of the 
hills.

i W. P. Blake, Mining and Scientific Press, August 5, 1882.
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The known tin area is the country around and about Harueys Peak, 
and it extends south into the smaller granite areas referred to lying to 
the west and south of Ouster, as well as into the northwestern portion 
of the Black Hills, and into the small Algonkian area 40 miles west of 
Deadwood, known as the digger Hill district.

In the Algonkiau area two groups may be distinguished—the 
coarsely crystalline micaceous schists, containing large masses or peaks 
of highly feldspathic granites, and the tine micaceous clays, slates, and 
sandstones. Frequently the slates occur as garnet slates and stanro- 
lites, and staurolitic slates are not infrequent. The, strata in contact 
with the intrusive granite area are more or less metamorphosed; they 
are upturned, folded, and flexed, showing columnar cleavage, owing to 
a double folding.

The highest peak of the granitic area within the southern portion 
of the Algonkian district is Harneys Peak, rising to a height of 7,422 
feet. The granite is coarse- grained; the highly crystalline constituents 
being aggregated by themselves. There appears a massive granitic 
rock composed of soda, feldspar, and mica, locally called "albitic- 
greisen" ("greisen" being really a granite without feldspar, or specific 
ally, a crystalline, granular compound of quartz and lithia mica), which 
traverses the massive granite in regular lens-shaped veins, and lies paral 
lel to the bedding of the inclosing schists. There is no gradatiou of the 
gneissic rock into granite, and the granite vein matter is sharply 
marked and denned from inclosing schists. The veins of the district 
are described by Dr. F. B. Carpenter 1 as true veins, of the segregated 
type, parallel to the apparent bedding and usually lens-shaped, though 
he remarks that many are tabular in form. The tinstone is never 
evenly distributed throughout the veins from wall to wall, but lies in 
segregated zones or pockets, with long stretches of barren ground 
between.

The veins vary from a few inches to over 100 feet in thickness. Dr. 
Carpenter says that two veins cut across the stratification, and he 
thinks he recognizes in this belt the endogenous veins of Dr. Hunt, 
which the latter describes 2 as certain granitic veins of the Laurentian, 
which " have been deposited from solutions in fissures of strata, precisely 
like metalliferous lodes" against Newton, Jenney, and Blake, who class 
them as intrusive granites, the usually accepted occurrence. Mr. 
Morse 3 presents a reproduced photograph of "greisen" lenses in slates 
at the Gertie shaft, showing how the " buckling" of the tougher slates 
may locally pinch out the more plastic "greisen" when the joint strata 
are folded and pressed, and again allow a new lens to re-forin in the 
parts where the pressure was relaxed.

The vein matter of different tin veins varies, and is either quartz or 
granite, or quartz and mica, or soda, feldspar and mica, or a massive

1 Trans. Am. Inst. of M. E., Vol. XVII, page 590.
3 T. Sterry Hunt: Chemical and Geological Essays, page 192.
3 Engineering and Mining Journal of November 17,1894.
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pinkish feldspar. In the same vein radical changes are at times noticed 
in the gangue. Tin has also been found impregnating the schorlaceous 
schists. True horses, selvage, and slickensides are rare.

The accompanying minerals in the veins are spoduinene, beryl, 
muscovite, albite, quartz, columbite, tanlatite, graphite, arseno-pyrite, 
garnet, barite, ilmenite, zircon, corundum, orthoclase (sparingly, the 
variety microcline more frequently), galena carrying silver occasion 
ally, and tourmaline. Phosphates are present to a large degree iu the 
veins, as apatite, tryphylitc, heterosite, and triplite, but they are looked 
upon as accessories unfavorable to the existence and continuance of 
tinstone. Lithia mica, fluorspar, hornblende, topaz, andstannite are 
absent.

Tin has been known to exist in the black sand of some gold gulches 
since 1877, when it was recognized by Mr. Richard Pearce, of Argo, 
Colo.; but the actual discovery and the subsequent prospecting in the 
tin belt is due to Maj. A. J. Simmons, of Rapid City, who, in 1883, 
located some claims on Battle Creek. Since then the Harney Peak 
Tin Mining, Milling, and Manufacturing Company (later the Harney 
Peak Consolidated Tin Company, Limited) has operated at and about 
Tin Mountain, 10 miles east of Harneys Peak and 2 miles west of 
Harney City, on Battle Creek, and on a number of its 1,100 tin mining 
claims of about 10 acres each; The operations extend into Pennington 
and Custer counties and have a total length of about 30 miles with 
Harneys Peak near the center. The company has a mill capable of 
treating about 250 tons of ore daily. There are nine districts lying in 
a semicircular belt, around Harneys Peak, in Pennington and Custer 
counties. They are Iron Creek, at the east, in Custer County, extend 
ing up to Harney district in Pennington County; then follow Bismarck, 
Hill City, Sunday Gulch, and Toe Calk districts, all in Pennington 
County, ending with Tenderfoot Park and Warrens Gulch districts, 
where the semicircle reaches Custer County near its western border.

For a detailed description of the conical Etta Hill, with concentric 
structure, and of other individual mines, the reader is referred to Min 
eral Resources of the United States, 1883-84, page 605, and to the 
same report for 1888, page 149.

Practical data as to the economic value of the tin veins are not at 
hand. The value of these lodes has not yet been demonstrated. A 
run of 5,000 tons of rock through the mill is now condemned as not 
having represented average rock of the mines, and outside of a few 
experimental tests on small lots of ore, grab sampling of dumps or hand 
sampling of individual veins, there are no data established that give 
these veins anything but a geological and rnineralogical value, so that a 
mill ready for 250 tons per diem work, uow on the ground, is a costly expe 
riment when the large amount of money expended is considered. What 
these mines need is a wholesale sampliug of the supposed tin-bearing 
ground in thousand-ton lots by crushing and concentrating the rock in
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the mill to demonstrate whether tin occurs in paying quantities under 
existing conditions, and it is to be hoped that the receiver appointed 
by the court in the summer of 1894 will see his way clear to persuade 
the stockholders to make such a test, though with tin selling at 14 cents 
per pound there seems little hope for these mines.

The various reports made on these properties show sufficient differ 
ence as to make their value doubtful. Prof. William P. Blake calcu 
lated on 72.8 pounds of black tin and on 36.4 pounds of white metal 
per ton of 2.240 pounds, or 1.625 per cent in large quantities. Prof. G. 
E. Bailey computed the mines to be capable of producing 400 tons of 
ore of 6 per cent tin value per day, or 134.4 pounds of tin per long ton. 
E. 1ST. Eiotte believed that a 3 per cent tin ore could be had " en masse" 
at the Etta for a 400-ton mill. Prof. H. O. Hoffman tested a lot of 
1,800 pounds of ore sent him as representative average "greisen ore," 
from which he claimed to have saved metallic tin at the rate of 1.746 
per cent, or 39.2 pounds per ton of 2,240 pounds. Prof. O. M. Vincent 
estimates 847,000 tons of ore to produce 30 pounds black tin per long 
ton, which he computes to yield 75 per cent of metallic tin—a high 
figure—or 22.50 pounds of metallic tin per toil of 2,240 pounds or about 
1 per cent of tin.

Professor Vincent's lot of 69 samples of first class, second class, and 
third class, weighing 685 pounds, 1 were taken to represent different 
grades, principally from the richer parts. Since this whole lot together 
only averaged 38.8 pounds of metallic tin per long ton, it seems that 
the material sent to Professor Hoffman was above the average grade 
of ore, and that the material milled in England was selected. Capt. 
Josiah Thomas estimates, from dump samples taken and hand sampling 
of lodes, the average yield per long ton at 40 .pounds of black tin, carry 
ing 73 per cent of metallic tin, or 29.20 pounds of metallic tin per ton, 
or 1.30 per cent.

Tabulating the results we have:

Results of assays of Harney Peak tin ores.

Names of assayers.

Prof. W.P.Blake.---....--........-.-..

E. K. Biotte....!-. ......................
Prof. H. 0. Hoflman (reported testsaved) .

Estimates of Capt. Josiah Thomas ......

Average 
number of 
pounds of 
black tin 
per long 

tonof rocK,

72.80

67.20
57. 54

40

Pounds of 
white metal 

yield per 
ton of 2, 240 

pounds.

39.2 
22.5
38.8
29.20

Percentage 
of tin.

1.625
6

1.746

1 7S2
1.30

' Mineral Resources of the United States, 1888, page 146.
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Ruling out the unique estimate of Professor Bailey, it is seen that 
the yield of white metal fluctuates between 22.5 and 39.2 pounds per 
ton of 2,240 pounds. With tin at £7210s. per ton, the respective yields 
would represent $3.53 to $6.15 per ton of ore. Tin has touched £00 per 
ton since these calculations were made.

If Captain Thomas's report is taken as a guide, the Excelsior, White 
Whale, Tin Reef, and Flora claims are worth testing farther. The first 
two he describes as lodes, 3 to 4 feet and 20 feet wide, with 40 and 59 
pounds of black tin per ton respectively. Other miners consider the 
White Whale worthless. Captain Thomas describes the Tin Reef and 
Flora as ledges. The former is said to be 15 feet wide at the bottom 
of a 40-foot shaft,- the latter he reports as 30 feet wide. His sam 
plings valued the ground at 50 and 39 pounds of black tin per ton of 
2,240 pounds. He reports that ore dump samples from a lode in the 
Gertie claim, which has a 400-foot shaft, and stopiug ground from the 
100 to the 400 foot level, for a stretch of from 100 to 120 feet horizontally, 
returned him 08 pounds of black tin per ton. In the Addie, at the 135- 
foot level, is a body of ore 200 feet long and 0 to 9 feet wide, which is 
supposed to yield 44 pounds of black tin per long ton of rock, and in the 
Tenderfoot he reports ground 300 feet long, 0 to 8 feet wide, and prob 
ably over 150 feet high, which he values at 31 pounds of black tin per 
ton. It would appear from this that there are individual claims which 
may have elements of commercial success in them, unless it is counter 
acted by the later and vital statement of Captain Thomas, to wit: "It 
is easy to see that if a new shaft has to be sunk and pumping and hoist 
ing machinery erected for each separate deposit, 150 or 200 feet in 
length, the cost of working such deposits will necessarily be consider 
able, and unless the ore- is of a tolerably high grade they can not be 
profitably worked."

It is to be hoped, then, that the receiver of the company will settle 
the question as to how far work on promising claims may be central 
ized, and what the actual, not the estimated, grade of the ore is, and 
whether it occurs in quantities sufficient to supply the present mill a.t 
a profit at current market prices for the metal. It is known that some 
of the work can be centralized. The recognized character of lenticu 
lar veins brings with it expensive prospecting costs, in the way of 
sinking and crossciitting through barren rock and likely limited quan 
tities of ore. To what extent the quartz lodes, some of which are 
judged as true veins, will prove tin bearing is still a matter of specu 
lation.

In New York in October, 1891, there were smelted 651 pounds of con 
centrates, producing 447 pounds of tin, and in May, 1893, there were 
smelted 19,832 pounds of concentrates, producing 8,938 pounds of tin, 
a total of 20,483 pounds of concentrates, producing 9,385 pounds of 
metallic tin, or at the rate of 45.8 per cent.
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Mr. Morse states 1 that 5,000 tons of ore jvere run through the 
mill in about two months, and that the ore was taken from a good 
many mines and all run through together, and that it is not possible 
to tell what the ore of any one mine might average. This is to be 
deplored, since many claims are, no doubt, not worth the assessment 
work to retain them, and a properly kept record of this run might have 
designated some of these claims.

It may be of interest to state that the concentrates collected are esti 
mated to yield one-fourth of 1 per cent of metallic tin per ton of rock 
stamped. Incidental to starting and adjusting new concentrating 
machinery the loss is always heavier than the average, but it is claimed, 
in this instance, that the loss in concentration was very much heavier 
than it should have been.

The receiver states that no work will be done by the company until 
the spring of 1895, and considers Captain Thomas's report to represent 
facts about as nearly as they can be obtained, and further states that 
muchrnoney was injudiciously spent in acquiring control of the district, 
instead of proving individual mines. He also thinks that there is a 
possibility of gold finds being made within the claims of the company, 
and that in addition to the value of the mines the timber on some claims, 
and a half a dozen ranches, besides the sawmill, represent tangible 
values.

As to the immense area of claims acquired, equivalent to 9 by 15 
miles, Captain Thomas has recommended in his report the forfeiting of 
a large part of it, which required 150 men to do the assessment work 
alone, at a cost of nearly £3,000 per month. That there has been a 
reckless waste of money seems but too true.

That tin should be found in water courses in the neighborhood of the 
tin mines is but natural. Battle, Pine, Palmer, and Sunday creeks, 
with their branches, may be mentioned.

CALIFORNIA.

In northern California a specimen of stream tin was reported found 
in the bed of the middle fork of the Feather River, about 3 miles above 
Big Bar, in Plumas County.3

In Siskiyou County float tin has been reported found in Hungry 
Creek, a tributary of the Klamath Biver.2

In Trinity County another sample was found in the loose soil near 
Wcaverville.2

In Tuolumne County native crystalline tin with some iron has been 
found in the final pannings when cleaning out the boxes used on the 
White Lead gravel claim (gold).3

1 Engineering and Mining Journal, Xovember 7, 1894.
2 Sixth Annual Report California State Mining Bureau.
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In San Bernardino County, in the Temescal Mountains, 55 miles east 
of Los Angeles and 35 miles from Anaheim Landing, 1 lie the only known 
deposits which have a prospective value.

The Temescal mine lies in the western part of the San Jacinto grant, 
about 5 miles southeast of Riverside. The San Jacinto grant is an old 
Mexican grant of 45,126 acres (70.5 square miles), of which 11 miles in 
length by 2 miles in width are known as the tin district. This portion 
occupies the western and southwestern portion of the estate, while the 
northwestern portion is known as the copper-silver district, and the 
southeastern as the gold district. \

The general geological features are a semicircular protuberance of 
hornblendic biotite-granite, over 2 miles in diameter, bordered on the 
south by a banded feldspar-porphyry, and on the northwest by bunch- 
like porphyry outcrops, and merging to the east into an extensive 
granitic rock area, with slates overlapping the granites to the southeast. 
The granite protuberance is cut near its borders by dikes of highly 
quartzose and feldspathic line-grained granite, and veinlets of tour 
maline aggregates and quartz course through the granite in a north 
east and southwest direction and up to the border porphyry, growing 
larger toward Cajalco Hill.

These black tourmaline veins furnish the gangue to the tin ore when 
present. A careful study of the vein matter and its relation to the 
walls shows, according to Mr. Harold W. Fairbanks, that the gangue 
is simply a portion of the granite from which the feldspar and dark 
silicates, hornblende, and mica have been removed and replaced by 
tourmaline. The quartz is of the same character and color as that in 
the granite, and many examples of transition stages of the rock change 
may be seen. Near and along the fissures quartz has been wholly 
removed and tourmaline deposited with the tin.

The Cajalco is the greatest body of vein matter cropping out in this 
district, the rugged croppings from 25 to 30 feet high at Cajalco Hill 
covering an area of 300 by 250 feet. In this mammoth outcrop other 
tin vein outcrops can be seen running parallel with the Cajalco. East of 
this outcrop the deposit is worked, coursing north 45 degrees east, with 
a dip of from 60 to 70 degrees to the northwest. There are over 1,100 feet 
of workings on the line of this vein, of which 432 feet are adit tuunel 
work, and 373 feet second level work, 65 feet lower than adit level. 
The vein matter is tourmaline and quartz. The tourmaline runs 
through the quartzose gangue in irregular vein-like deposits, and 
the tinstone occurs either disseminated through the tourmaline or as 
bunches, stringers, and veinlets of tinstone in the tourmaline needle- 
like crystal aggregate. The vein is sinuous, from a minimum of a clay 
seam to a maximum of 8 feet. There is always a clay gouge on one 
wall and often on both walls. Slickensides occur in instances. A small 
amount of arsenical pyrite and copper are found in places in the vein,

1 Eleventh Annual Report California State Mining Bureau.
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and silver, gold, and nickel are said to occur also. The pronounced 
tourmaline accompaniment distinguishes this occurrence sharply from 
the Black Hills occurrence. Besides the usual dark cassiterite light 
gray and rose gray cassiterite is found in the Temescal veins. 

The following is an analysis of Temescal tin ore by Dr. E. A. Genth:

Analysis of Temescal ore.

Oxide of iron, manganese, lime, aud

Per cent.

.22
76.15

.27

13.54

100.00

In addition to the Cajalco vein there are some twenty-odd veins for 
which tin values are claimed, but none of these have been worked.

On May 29,1890, the San Jacinto Estate, Limited, was registered to 
acquire the San Jacinto estate consisting of 45,126 acres of freehold 
land. From-the commencement of the San Jacinto Tin Mining Com 
pany's operations until the floatation in England, 15.34 tons altogether 
were tested, which produced 9,803 pounds of black tin, and at the rate 
of 69.9 per cent, or 6,895 pounds metallic tin. The only interest these 
figures have is to show the purity of the black tin, and the 6,895 pounds 
metallic tin to be credited to the later product of this mine, the lots evi 
dently representing selections of ore. The San Jacinto Estate, Limited, 
carried on operations until September, 1892, when work was discon 
tinued, the working capital having become exhausted. A receiver and 
manager was appointed December 1,1893, on behalf of the debenture 
holders arid the property has since been sold to the San Jacinto Land 
Company, Limited.

The output of metallic tin from the Cajalco mine, during the existence 
of the San Jacinto Estate, Limited, was sold through Messrs. W. W. 
Stewart & Co., San Diego, and Messrs. Balfour, Ohithrie & Co., San 
Francisco, as follows:

Output of tin from Cajalco mine, California.

Tears.

Prior to 1890.
1891..........
1892..........

Total.

Amount 
sold.

Pounds.
6,895

121,108
163,131

291,134
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The San Jaciuto Laud Company, Limited, is not doing any mining 
work, but is confining itself at present entirely to developing the agri 
cultural lands of the estate. The company expects to make arrange 
ments with other parties to develop the mining values of the estate 
by leasing against royalty. The ore which was exposed down to the 
lower level is reported as stoped out and the working shaft will have 
to be sunk lower and the lode crosscutted before new ore lenses will 
be found, or the adit tunnel will have to be extended in search of ore.



ALUMINUM

BY E. L. PACKAKD.

Beginning with the volume of the Mineral Kesources of the United 
States for 1883 and 1884, this office has collected eac"h year all the reli 
able information available in regard to the production of aluminum 
and its alloys in this country, and has published a digest of it. The 
following is a summary of the contents of those annual reports, and is, 
therefore, a brief history of the rise and development of the aluminum 
industry in the United States.

ALLOYS.

The first positive step toward the production of aluminum for indus 
trial purposes in this country was made in 1885 by the Cowles Electric 
Smelting and Aluminum Company, of Cleveland, Ohio, which began to 
make aluminum bronze in that year. The Cowles process attracted 
much attention, as it was the pioneer of dynamo-electro-metallurgy in 
the United States. Its commercial product was aluminum alloys and 
not metallic aluminum. It consisted in reducing alumina in the pres 
ence of charcoal and granulated copper by the current from a power 
ful dynamo-electric machine. An oblong receptacle, or furnace of fire 
brick, lined with carbon, and provided with a suitable cover, was em 
ployed, through the ends of which the large electrodes of the dynamo 
were fitted. The mixture p£ alumina, charcoal, aud granulated cop 
per was introduced into this receptacle between the electrodes, and 
the current was turned on. Under these conditions the alumiua was 
reduced to metal, which formed an alloy with the copper which was 
melted by the heat produced in the furnace, and this alloy, which was 
rich in aluminum, was afterwards remelted and enough copper added 
to make bronze 'of the desired percentage of aluminum—5 or 10 per 
cent—as the case might be.

The Cowles Company made between 4,000 and 5,000 pounds of bronze 
in 1885, which was sold at 40 cents per pound. Much was expected of 
this bronze, and the jist of uses proposed for it covered a wide range, 
from ordnance to small fancy articles. Its tensile strength was found

539
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to vary, with varying amounts of aluminum, from 53,000 pounds to over 
72,000 pounds per square inch. Besides aluminum bronze the Cowles 
company also made aluminum brass (i. e., a copper-zinc alloy contain 
ing aluminum) ; aluminum silver, an aluminum bronze, with 5 per cent 
aluminum, containing nickel, and ferro aluminum or iron with about 10 
per cent of aluminum. This alloy became of considerable metallurgical 
importance in the next few years, because it was used as a vehicle for 
introducing small quantities of aluminum into molten iron and steel. 
This use of aluminum was a recent discovery in 1885. A Swedish met 
allurgist, Mr. Fetter Ostberg, announced in a paper read before a meet 
ing of the American Institute of Mining Engineers that if a very small 
proportion of aluminum, introduced in the form of an iron alloy, is 
added to melted wrought iron just before casting, the metal retains Its 
fluidity so as to be poured without difficulty. The demonstration of 
this fact was speedily followed by the formation of a company to use 
the process and "mitis" castings became known in trade, and a con 
siderable demand for ferro-ahimimim for metallurgical use was created, 
which increased as time went on.

In 1886 the Oowles Company produced 50,000 pounds of aluminum 
bronze, against 4,000 to 5,000 pounds the previous year, and 2,000 or 
3,000 pounds of ferro-aluminum.

In 1887 the metallurgical use of aluminum was extended to steel, 
and the Cowles Company produced 42,617 pounds of ferro-aluminum 
to supply the demand for this purpose. The tensile strength of the 
wrought iron treated with aluminum was said to be increased, so that 
this feature, together with the facility of casting, it was expected, would 
give to the puddling furnace a power to produce iron equal to mild 
Siemens-Martin steel. The addition 0.1 per cent of aluminum to steel 
was found to effectually prevent the formation of blow holes. The 
tensile strength of the steel was also considerably increased.

The-amount of aluminum bronze produced in 1887 was 144,764 pounds.

METALLIC ALUMINUM.

Up to this time no metallic aluminum for commercial purposes had 
been produced in the United States, but in 1888 the Hall process 
of obtaining aluminum by electro-metallurgy was put in operation 
by the Pittsburg Eeduction Company at Pittsburg, Pa. The process 
consists in providing a bath of fused fluorides to which alumina is 
added, and then reducing this alumina by the current from a dynamo. 
The bath is contained in carbon-lined iron pots or crucibles, which form 
the cathodes, while the anodes are large carbon cylinders which are 
made to dip into the baths. The specific gravity of aluminum being 
greater than that of the bath employed, the metal sinks to the bottom 
of the pots, and can be tapped off. To make alloys the required metal 
(e. g., copper) may be introduced into the pot containing the bath and 
alumina, and, becoming melted, forms a cathode with which the alu 
minum, as it is reduced from the alumina, unites to form the alloy.
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Up to May, 1889, the production of aluminum by this process was 
3,500 pounds, which was sold in 1888 at $5 per pound for ingots and 
$7 to $9 in sheets, but early in 1889 the price fell to $2 for ingots in 
quantities of 1,000 pounds or more, and $3 for 50-pound lots. In order 
to introduce the new metal to favorable notice in trade, cooking 
utensils, forks, spoons, salvers, etc., as well as watch and clock cases, 
medallions, and a host of fancy articles usually made of German silver 
were made of aluminum in this country in 1889, as had already been 
done in Europe. This year also metallic aluminum came into use iu 
treating molten iron and steel in the same way as ferro-aluminum had 
been employed previously, and a large part of the product of the Pitts- 
burg company was consumed for this purpose. It had been found 
meanwhile that cast iron as well as steel was benefited by the addition 
of a small quantity of aluminum, and noteworthy experiments were 
made to explain the cause and ascertain the exact character of the 
improvements in the iron which were attributed to this treatment. The 
physical tests made by Mr. W. J. Keep are especially worthy of men 
tion. He found that the increased solidity of the castings was due to 
the separation of graphitic carbon which filled the spaces between the 
particles of iron. He explained the fact by supposing that at the time 
of solidifying the chemically combined carbon assumed the graphitic 
form in consequence of the aluminum which is present, but the precise 
action of the aluminum was not understood.

In 1889 the H^rault process for obtaining aluminum by electrolysis, 
which closely resembles that of Hall, was introduced experimentally 
into this country, but did not become permanently established.

The production of aluminum in 1889 was 19,200 pounds, and in 1890 
47,881 pounds, and the price fell below $2 per pound. The production 
of alloys in 1889 was 171,759 pounds, containing about 10 per cent of 
aluminum, and in 1890 the aluminum contained in the alloys amounted 
to 13,400 pounds. Particular mention was made of surveying instru 
ments made of aluminum this latter year, and to give the metal greater 
rigidity and hardness and make better castings, small quantities of 
other metals were alloyed with it, separate alloys being made with 
tin, silver, and titanium for different purposes. Experiments made in 
France to discover the effect of adding small quantities of copper to 
aluminum gave results,which are exhibited in the following table:

•Strength of alloys of aluminum and copper.

Composition.
Specific gravity.

Calcu 
lated.

2.78 
2.90 
3.02 
3.14

Deter 
mined.

2.67 
2.71 
2.77 
2.82 
2.86

Tons per 
square 
inch.

12 
19.65 
19.9 
24.7 
22.7
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Precise data of this kind in regard to the other alloys were not made 
public. Further experiments were made in England to ascertain the 
cause of the changes produced in iron and steel by the small quantity 
(0.1 per cent) of aluminum added to the metal before casting. These 
experiments were described by Mr. E. A. Hadfleld in a paper read before 
a meeting of the Iron and Steel Institute of Great Britain at New York, 
and showed that the prevention of blowholes in castings and deposition 
of graphitic carbon might be due to the reducing action of aluminum, 
direct experiment having proved that that metal will decompose car 
bonic oxide at a very high temperature, taking up its oxygen and set 
ting its carbon free. This reaction would prevent the escape of gas in 
the molten iron or steel and so prevent blowholes. Mr. Hadfleld likened 
the action of aluminum to that of silicon at high temperatures, and pre 
sented a table comparing the physical characters of silicon and alu 
minum steels, which is here reproduced.

Physical tests of silicon and aluminum steels.

Aluminum steel A ...... 
Silicon steel B .......... 
Aluminum steel C ...... 
Silicon steel C.......... 
Aluminum steel F ...... 
Silicon steel D .--.......

Silicon steel H.......... 
Aluminum steel I .......

Per cent.

Carbon.

0.14 
.15 
.18 
.18 
.19 
.21 
.20

.26 

.22

c

0.24 
".73"

'i."6cT 
"2. is"

5.53 
......

Aluminum.

"o.'si"

.66
'i.'eo"

2.24 

5.60

Limit 
of elas 
ticity, 
in tons 

per 
square 
inch.

15.17 
20 
19 
18 
25 
13 
25.50 
18.50 
29 
27

Break 
ing 

load, in 
tons 
per 

square 
inch.

25 
26 
29.50 
27 
33 
26 
34 
28.50 
39 
36

Exten 
sion (pei- 
cent 
on 2 

inches).

37.55 
40.35 
34.02 
33 
35 
36.35 
36.50 
33 

.70 
6.45

Ilcduc- 
tion 

of area 
(per 

cent).

60.74 
60. 74 
52.66 
52.14 
54.52 
67 
59.96 
48.62 

2 
6.16

Bending test of 
annealed 

forged bars.

Bent double cold. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. , 

Would not bend. 
16°; broken.

By 1891 the chemical process of extracting aluminum, consisting in 
decomposing aluminum chloride by sodium, which was found by Deville 
in 1856, notwithstanding the invention of various ways of cheapening 
it, especially the Castner method of producing sodium at a very low 
cost, had given way generally to the electrical form of metallurgy by 
which its extraction had become almost exclusively eifected. Indeed 
the chemical method never obtained a foothold in the United States.

ORE OF ALUMINUM.

Following this change in metallurgy and the greatly increased pro 
duction of aluminum, attention was drawn to new and cheaper sources 
of the metal than the Greenland cryolite, which had been previously 
used in this country in the process of extraction. The discovery of 
large and workable deposits of bauxite in Georgia and Alabama, which 
began to be worked in 1891, showed, therefore, that an abundant "ore" 
of aluminum exists in this country. No other deposits had then been 
opened, although bauxite was known to exist in Arkansas. In the
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Mineral Resources for 1891 an account was given of the occurrence and 
as far as was then known, of the origin of this aluminum ore. Prom 
this it appears that the French deposit of bauxite, which was the first 
to be identified, and which gave the name to the mineral, occurs in a 
pisolitic form alternating with limestone, also pisolitic sandstones and 
clays of the Upper Cretaceous. The rocks of the region had been 
much disturbed and highly tilted. M. Goquand, the geologist from 
whose description the account in the Mineral Resources was taken, was 
of the opinion that the alumina and iron oxide forming the bauxite 
were brought to the ancient lake bed in which the lacustrine limestone 
was formed by mineral springs which, discharging in the bottom of the 
lake, allowed the alumina and oxide of iron to be distributed with the 
other sediment. Sometimes the springs discharged on dry land, in 
which case the bauxite deposit subsequently formed isolated patches.

Other French deposits were studied by M. Ange, who, from observa 
tions in another locality, agreed with M. Goquand in attributing the 
banxite of that locality to mineral springs. The bauxite there was 
also associated with limestone and followed conformably the flexures 
of the folded beds of the latter. In another instance, however, the 
bauxite was not associated with limestone, but rested directly upon 
gneiss and was covered with basalt. This occurrence was noted as 
interesting because of the statements of two more recent German 
observers, who maintained that the bauxite of certain localities in 
Germany resulted from the decomposition of the basalt of the neigh 
borhood. Their conclusions were based upon the detailed petrograph- 
ical study of the bauxites in question. The bauxites in Alabama and 
Georgia were referred by the respective State geologists to the Knox 
dolomite series of the Lower Silurian. Their association with limestone 
is interesting when compared with the French occurrences, and Mr. 
J. W. Spencer, then State geologist of Georgia, was of the opinion that 
the bauxites of that State had " evidently a similar origin with the 
brown iron or manganese ores (with which it is associated), and was 
probably deposited in lagoons from solution of decomposed crystalline 
rocks which occur 18 or 20 miles to the east."

At the time the first reports on American bauxites were received 
their discovery was too recent to have permitted such a detailed study 
of their structure and occurrence as would warrant a hypothesis as to 
their genesis. This has since been done, and the results have been pub 
lished in the Mineral Resources for 1893. It appears from this account 
that the structure of the bauxite is pisolitic. It occurs in irregularly 
oval masses in the residual clay of the region, and appears to lie upon 
the faulted contact of the Knox dolomite and certain sandy shales and 
quartzites and is covered with a few feet of red, sandy clay. The coun 
try abounds in faults, and the report goes on to say "the fractures 
facilitated the circulation of water, and for considerable periods the 
region was probably the seat of many .thermal springs. These heated
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waters appear to have been the agent by which the bauxite was brought 
to the surface in some soluble form and there precipitated." This 
account, it will be seen, follows and adopts the explanation of the origin 
of the French bauxites, which ascribes it to the agency of hot springs.

USES OF ALUMINUM.

In 1891 the production of aluminum was very greatly increased both 
in Europe and here, and amounted in this country to 150,000 pounds, 
including that contained in alloys. Unfortunately only this indiscrimi- 
nating total was published, so that we can not know how much was 
metallic aluminum and how much was alloyed. In Switzerland, at the
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same time, the Neuhausen Company was producing at the rate of 1,000 
kilograms a day. In the United States the price of aluminum ranged 
from 75 cents to 90 cents per pound, according to quantity, and by 1892 
it had fallen to 50 cents wholesale. In 1891 the use of aluminum in
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treating iron and steel was increased, and it was estimated that 25 or 30 
per cent of the total American production was employed in the iron 
foundries and steel works of the country. The multifarious uses of the 
metal for small articles were also increased. In Germany canteens and 
various articles of military equipment were made of it, and experi 
ments to determine the effect of acids and of drinking fluids of various 
kinds were made, the results of which led to the. further adoption 
of aluminum for vessels in which such fluids are used. This year 
also we find the first mention of aluminum boats, a Swiss steam launch 
and a Prussian lifeboat being described as new and successful experi 
ments.

In 1892 the production of aluminum in this country amounted to 
259,885 pounds, including that contained in alloys, and in 1893 the 
amount reported was 333,629 pounds, including alloys, the greater part 
of which was metallic aluminum.

The uses in 1893 show progress in directions already mentioned. An 
aluminum torpedo boat was built for the French government by 
Yarrow & Co. She was 60 feet long and 9 feet 3 inches beam. Her 
weight, with machinery on board and water in the boilers, was 9£ tons, 
and she made 20.5 knots. Also a 10-ton yacht and a 33-foot sailboat 
were built in Prance, and aluminum boats for the Wellman arctic expe 
dition were built at Baltimore.

The preceding is a brief review of the aluminum industry in the 
United States from its beginning until it has become of considerable 
and growing importance, and the manufacture has been traced from 
nothing until the value of the output amounts to over $200,000 a year, 
while the price has fallen to one-tenth of what it was in 1888. The inetal 
has found the position in the arts which might have been predicted from 
its properties, and there is an increasing demand for it. Its metallur 
gical use has proved as valuable as it was unexpected, and it is likely 
that the metal will find a wider employment in that direction and as a 
constituent of alloys.

PRODUCTION AND IMPORTS.

The statistics included above are summarized in tabular form below:

Production of aluminum in the United States.

Years.

1883..........................
1884..........................
1885..........................
1886 ..........................

1888..........................
1889..........................

Pounds.

83
150
283

18 000
19, 000
47, 468

Years.

1891 ...........................
1892...........................
1893.. ................. ........

Total....................

Pounds.

61, 281

259 885

550, 000

1, 442, 779

16 GKEOL, FT 3———35
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Imports of crude and Manufactured aluminum from 1891 to 1894.

Calendar years.

1891..........................

1893..........................
1894

Crude.

Pounds.

3,922 
43 

7,816 
5,308

Value.

$8, 266 
51 

4,683 
2,514

Leaf.

Packs of 
100.

10, 033 
14, 540 
18, 700 
10, 780

Value.

$1, 135 
1,202 
1,903 
1,210

Manufac 
tures.

$1, 161 
1,036 
1,679 

386

Total 
value.

$8,562 
2,289 
8,265 
4,110

Aluminum imported and entered for consumption in the United States from 1870 to 1891.

Tears ending—

1873... ....
1874.......

1876.......
1877.......

1880.......
1881.......

Quantity.

Pounds.

f>
683
434
139
131
251
284. 44
340. 75

Value.

$98
341

2

1,355
1,412
1,551
2,978
3,423

8,071

Years ending —

June 30,1882. .......
1883........

1885........

1887........
1883........

1890........

Quantity.

rounds. 
586. 50
426. 25
595

1,260
1, 348. 53

998
2,051

Value.

$6,459
5,079
8,416
4,736
5,369

12, 119



BAUXITE.

BY CHAKLES WILLARU HAYES.

OCCURRENCES.

The localities at which bauxite has been found in large quantity are 
by no means numerous. Although aluminum is one of the most abun 
dant constituents in the earth's crust, entering into the composition 
of most of the rock-forming minerals, its chemical properties are such 
that the oxide is comparatively rare. The ordinary combination is with 
oxygen and silica, forming the silicate clay, which is one of the most 
stable compounds known under the conditions prevailing at the earth's 
surface. In a few localities at certain geologic epochs the requisite 
conditions have prevailed for the separation of the aluminum oxide or 
alumina from its combination with silica and for its local accumulation.

From the nature of bauxite and the uses to which it is applied it is 
natural that it should be discovered only after a region has become 
thoroughly known. Hence it is probable that new localities will be 
discovered as the mineral resources of all parts of the world are more 
and more closely examined.

EUROPEAN LOCALITIES.

The best known deposits of bauxite are in France, where the mineral 
was first discovered and has been produced in large quantities for 
many years.

A B F £DEBCB A B C O B C B 
FIG. 6.—Section near Banx, France, showing the relations of the bauxite beds (after Coquand). 
AA, TJrgonian (Cretaceous) limestone. BB, pisolitic bauxite. • CC, marly clay. DD, limestone 

containing large pisolites. EE, limestone containing Lychnus. FF, quartzoae sandstone.

The accompanying sketch section, taken from Coquand's description, 
will serve to show clearly the manner in which the mineral occurs at 
the village of Baux, Bouches du lihone. It is found on both sides of

547
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an anticline which involves the Cretaceous formations. The lowest 
formation exposed in the center of the arch is Urgonian limestone. Its 
upper surface is unevenly eroded, and resting upon it with a slight 
unconformity is a bed of pisolitic bauxite 30 feet or more in thickness. 
Above this is a thin stratum of marly clay shale followed on the south 
ern side of the anticline.by a second bed of bauxite. This is followed 
by two beds of grayish-black limestone, between which is a stratum. 
made up of limestone concretions the size of an apple. They consist of 
concentric shells, which have formed about a fossil or a core of bauxite 
and ore embedded in a matrix of reddish limestone and bauxite. Fol 
lowing the second bed of limestone is abed of yellow friable sandstone, 
and finally another thin bed of light rose colored bauxite separated by 
a fault from the adjacent Urgouian limestone. The stratification of the 
bauxite and of the various beds which overlie and alternate with it is 
very sharp and distinct. The whole series of beds from the Urgonian 
upward has all the characteristics of the lacustral formation, and there 
can be little doubt that they were laid down in a lake or estuary during 
Cretaceous time.

These deposits at Baux are described in some detail, since they form 
one well-marked type which differs essentially from the type of deposit 
found in the Georgia-Alabama district. Most of the other French 
deposits, as those at Thoronet, Var, and Villeveyrac, He"rault, belong 
to the Baux type, that is, they rest upon a more or less deeply eroded 
surface of limestone, either Lower Cretaceous or Upper Jurassic, and 
are interbedded with various lacustral formations.

Another slightly different type of deposit occurs in France at various 
places in Pny-du-D6me. Here the bauxite, chiefly the red variety, 
forms a bed from 15 to 75 feet thick, resting on an eroded surface of 
gneiss and covered partly by Miocene clays and partly by a sheet of 
basalt. They differ from the Baux type in being entirely dissociated 
from limestone; also the fact of their sedimentary origin is less defi 
nitely established.

The origin of the French deposits is ascribed both by Coquand and 
Auge" to mineral springs or geysers, which brought the material of 
which they are composed to the surface and supplied it to lakes, where 
it was deposited along with other sediments.

Bauxite occurs at various localities in Germany, particularly in the 
vicinity of Yogelsberg, but the deposits belong to a totally different 
type from those in France. It occurs in small masses embedded in a 
gray or reddish-brown clay or weathered out upon the surface. In the 
same clay are similar masses of irou ore, evidently derived from basalt, 
and also fragments of weathered basalt. lu some places this clay con 
taining weathered basalt, iron ore, and bauxite shows undoubted strati 
fication. It appears to be a slightly rearranged residual material 
'derived from the decay of basalt. The bauxite undoubtedly had the 
same origin as the clay iu which it is embedded, since remains of the
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minerals originally forming the basalt, as well as its characteristic 
structure, are still to be found, in the ore.

Slightly different from the G-erman deposits are those which occur in 
Ireland, particularly in Glenariff Valley, county Antrim. Here the ore 
is also closely associated with and probably derived from the decay of 
volcanic rocks, but it forms a continuous bed similar to the French 
deposits. It is associated with pisolitic iron ore, which usually over 
lies it; also with ferruginous and carbonaceous clays and lignite. Both 
above and below these beds are flows of dolerite and beds of tuff. 
The beds both of iron ore and bauxite appear to be lacustral deposits 
derived from the decay of the underlying dolerites and tuffs. In some 
cases the bauxite may be a product of the alteration of the volcanic rock 
in place, while in others secondary replacements have greatly changed 
the original composition of tlie bed.

AMERICAN LOCALITIES.

Only three localities have thus far been discovered in the United 
States in which bauxite is known to occur in sufficient quantity to give 
it either a present or prospective value as an ore. These are in New 
Mexico, in Arkansas, and in the Ooosa Valley of Georgia and Alabama.

NEW MEXICO.

These deposits occur in the southwestern part of the Territory in the 
vicinity of Silver City. They have been known only a few years, and 
the difficulties of access and transportation render them commercially 
unavailable at present. The only exact account of these deposits yet 
published is by William P. Blake in the Transactions of the American 
Institution of Mining Engineers 1894. He describes them as follows:

In a region about half a mile square, of nearly horizontal strata of volcanic origin, 
there has been extensive alteration and change by solfataric action, or possibly by 
decomposition of disseminated pyrites producing aluminous solutions, which, flowing 
slowly by capillary movement from within outward, suffer decomposition at the 
surface with the production of sulphate of alumina (aluuogen), in crusts and layers 
upon the outer portions of the rock, attended by the deposition of siliceous crusts 
and the separation of ferric sulphate; while the rocks so traversed appear to be 
deprived of a part, at least, of their silica and of their alkalies with the formation 
of bauxite. The alunogen is thus an outer deposit, while the bauxite is not a deposit, 
but is an internal residual mass in place. Its color is generally bluish-white; 
structure amorphous, granular, without concentric or pisolitic grains. When dried 
in the sun and air it will still lose about 20 per cent by ignition. It gives only about 
1 per cent of soluble matter by leaching with water; is infusible and reacts for alu 
mina. The amount of residual silica and alkalies has not yet been ascertained, and 
no careful full analysis has been made. The composition is no doubt variable in 
samples from different places, for the original rocks give evidence of a great differ 
ence within short distances. The rocks appear to have been originally highly basic, 
volcanic porphyrus and basalts, accumulated in massive beds of breceiated frag 
ments, the outlines of which have nearly disappeared, so that the mass appears to 
be homogeneous; careful observation as the rocks are freshly broken out discloses, 
however, the outlines of former fragments.
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It will be seen from the above description that these deposits form a 
new type, different in some respects from any thus far mentioned, but 
most closely related to the Vogelsberg deposits, being derived from the 
alteration of a basic volcanic rock in place. It is quite possible that 
the alteration was in both cases accompanied by the efflorescence of 
aluminum sulphate, but, being soluble, it was in one case removed as 
fast as formed, while in the other, under the conditions prevailing in an 
arid region, it has remained iucrustiug the surface.

ARKANSAS.

The deposits in this State were discovered in 1891 by the geological 
survey of Arkansas, and the following extract is from a description pub 
lished in the American Geologist the same year by the director of the 
survey, Dr. J. C. Branuer:

The Arkansas beds occur near the railway in the vicinity of Little Kock, Pulaski 
County, and near Benton, Saline County. The exposures vary in size from an acre 
to twenty acres or more, and aggregate something over a square mile. This does not 
in all probability include the total area covered by bauxite in the counties mentioned, 
for the method of occurrence of the deposits leads to the supposition that there are 
others as yet undiscovered by the survey. In thickness the beds vary from a few 
feet to over 40 feet, with the total thickness undetermined; the average thickness is 
at least 15 feet. \

These Arkansas deposits occur only in Tertiary areas and in the neighborhood of 
eruptive syenites ("granites"), to which they seem to be genetically related. In 
elevation they occur only at and below 300 feet above tide level, and most of them lie 
between 260 and 270 feet above tide. They have soft Tertiary beds both above and 
below them at a few places, and must therefore be of Tertiary age. As a rule, how 
ever, they have no covering, the overlying beds having been removed by erosion, and 
are high enough above the drainage of the country to be readily quarried.. Erosive 
action has removed a part of the bauxite in some cases, but there are in all proba 
bility many places at which it has not yet been even uncovered. It is pisolitic in 
structure, and, like all bauxite, varies more or loss in color and in chemical composi 
tion. At a few places it is so charged with iron that attempts have been made to 
mine it for iron ore. Some of the samples from these pits assay over 50 per cent of 
metallic iron. This ferruginous kind is exceptional, however. From the dark-red 
varieties it grades through the browns and yellow to pearl-gray, cream-colored, and 
milky-white, the pinks, browns and grays being the more abundant. Some of the 
white varieties have the chemical composition of kaolin, while the red, brown, and 
gray have but little silica and iron, and a high percentage of alumina.

These apparently belong to the same type as the French deposits. 
Although Dr. Branner suggests a genetic connection between the sye 
nites and the bauxites, it does not appear that the latter are derived 
from the decay or alteration of the former. It seems more probable 
that the eruption of the volcanic rocks originated geyser action, and 
that the products of the geysers were aluminous compounds which 
found their way to the sea or a lake in which they were deposited along 
with contemporaneous Tertiary sediments.



BAUXITE. 551

GEORGIA-ALABAMA.

The deposits to the discussion of which this report is primarily 
devoted are located in northwest Georgia and the adjacent portion of 
Alabama. They do not occur in the form of stratified beds, and in this 
important respect differ from most of the foreign deposits, as well as 
those in Arkansas. Kor does the ore occur here as an alteration or 
residual product derived from the decay or other change of any pre 
existing rock. It is found in compact, well-defined masses or pockets, 
most of which are confined to a narrow belt of country occupying the 
central and southeastern portions of the Goosa Valley and extending 
from Adairsville, Ga., southwestward a distance of about 60 miles to 
the vicinity of Jacksonville, Ala. This includes portions of Bartow, 
Floyd, Walker, Ghattooga, and Polk counties in Georgia, and of Ohero- 
kee, Gleburne, and Calhoiin counties in Alabama. Within this belt 
the bauxite deposits are irregularly distributed, forming groups about 
certain centers or along certain lines. All but two of the deposits lie 
east of the Goosa and Oostenaula rivers. This region will now be con 
sidered in detail.

GEOLOGY OP THE BAUXITE REGION OF GEORGIA AND
ALABAMA.

INTRODUCTION.

The deposits of bauxite in the Georgia-Alabama region are so inti 
mately related to various phases of its geology that some account of 
the latter is essential to a thorough understanding of the ore bodies, 
either in their scientific or economic relations. Thus they are found at 
a fairly constant altitude and with a tolerably definite relation to hills 
and valleys; hence an understanding of their topography, both as to its 
present form and past history, are necessary for an understanding of 
the deposits. Again they are always associated with particular for 
mations, so that some account must be taken of the stratigraphy, the 
character of the formations, and their areal distribution. Finally, in 
at least a portion of the region there is a close relation between the 
distribution of the ore and certain structural features, so that a knowl 
edge of the structural geology is of prime importance, particularly in 
prospecting the region for other deposits in addition to those already 
known.

TOPOGRAPHY.

The region covered by the accompanying map forms a part of the great 
Appalachian valley which extends southwestward to middle Alabama 
and northeastward to New York, limited on the east by the Appala 
chian Mountains and on the west by the Cumberland plateaus. It is a 
long, narrow belt, in which the valley type predominates, but made up 
of numerous subordinate valleys separated by more or less extensive 
ridges. When the surface is examined in detail there is found to be an
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intimate connection between its form and both the character of the 
underlying rocks and their relation to the surface. The low, level val 
leys, as' those of the Chattooga, Oostenaula, and Coosa rivers, are 
underlain by limestones or soft clay shales, rocks which are rapidly 
worn down either by solution or by disintegration to muddy material 
easily borne away by the streams. The high ridges, on the other hand, 
are composed of sandstone, which is nearly insoluble and is worn down 
by streams with -extreme slowness. While the altitude of the ridges 
depends on the character of the rocks composing them, their form 
depends on the attitude of the beds or the angle which they make with 
the horizon. Thus if the hard beds are nearly horizontal they form 
rather broad, level-topped ridges, small plateaus, or mesas of which 
Rocky Mountain, in the northern part of Floyd County, is a good exam 
ple. If, on the other hand, the hard beds are steeply inclined, as is 
usually the case in this region, sharp ridges result through the wear- 
ing'down and removal of the softer rocks on either side. Good exam 
ples of such ridges are seen in the region north of the Ooosa Valley, and 
also extending north and south from Rome. If the hard bed is uni 
form in character and thickness the resulting ridge is uniform in height 
and slope for considerable distance, as Gaylor Ridge and Simms Moun 
tain, which are formed by hard beds of Silurian sandstone; while if it 
has the form of a lens, thicker and broader in the center than at the 
edges, it produces an irregular ridge, with a culminating point where 
the bed is thickest, and tapering rapidly in either direction as the bed 
thins out and becomes less able to resist erosion. An example of this 
form is seen in Indian Mountain, which is composed of several thick 
lenses of Cambrian sandstone and quartzite. The ridges north and 
south of Borne owe their irregularity partly to variation in thickness 
of the sandstone beds and partly to their intersection by numerous 
faults. The low, level " flatwoods " region of the Coosa Valley and the 
various high, steep ridges above mentioned characterize the softest and 
hardest rocks of the region, or those which offer the least and greatest 
resistance to erosion. Intermediate between these extremes are rocks 
made up of soluble constituents, together with those which neither dis 
solve nor disintegrate so as to be readily borne away by streams. Of 
this character is the Knox dolomite, which is seen to occupy a major 
portion of the eastern half of the region covered by the accompanying 
map. It is composed of the carbonates of lime and magnesia, with a 
large amount of silica in the form of chert or flint. The carbonates are 
readily dissolved by percolating water, leaving the insoluble chert 
upon the surface. Hence the entire area occupied by the Knox dolo 
mite is covered by a great accumulation of residual material spread 
like a mantle over the surface. The water falling upon this region sinks 
into the porous mantle, so that small streams are infrequent, except in 
extremely wet weather, but large springs abound, especially about the 
edges of the formation. The region is marked by no sharp ridges or
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peaks, but has a gently undulating surface, with smooth slopes and 
rounded contours. Its general altitude is intermediate between the 
low Coosa Valley and the higher ridges.

It is thus seen, as stated above, that when the country is examined 
in detail there is a close relation between the form and altitude of the 
surface and the character and attitude of the underlying rocks. When 
a broader view is taken of the topographic forms, and they are studied 
over a much more extensive region than the small area shown on the 
accompanying map (PI. XX), another class of relations appears. The 
topographic forms are found to be dependent not alone on the underlying 
rocks, but also on the past geologic history of the region, and particu 
larly its oscillations with respect to sea level. In common with all land 
areas, this region has been repeatedly elevated'and depressed; it has 
experienced periods of comparatively rapid change in altitude, sepa 
rated by longer periods of resc, during which the agents of erosion were 
steadily at work wearing the land surface down toward sea level, the 
base level of erosion, and forming a base-level peneplain. The plains- 
thus formed during periods of rest were in turn destroyed by the 
streams cutting into the surface as soon as an uplift of the laud gave 
them sufficient fall to carry sand and mud down to the sea. But even 
after the greater portion of a peneplain is thus removed remnants gen 
erally remain, preserved by the harder rocks of the region. The pene 
plain can in many cases be reconstructed from these remnants with 
sufficient certainty to determine its character and slope. Naturally 
only the more recent members of a series of peneplains which may have 
been formed in any region can be reconstructed, for each is more or less 
completely destroyed in the formation of the one succeeding it in the 
series.

Traces of three peneplains appear in this region, each marking a long 
period during which the land remained stationary with' reference to 
sea level and at a lower altitude than now. Although these peneplains 
must have been nearly horizontal when formed, they now have consid 
erable slope, for the land suffered more or less warping as it was ele 
vated. The oldest of the three peneplains marks a period of rest much 
longer than any which has followed, for it was long enough to permit 
the planing down of all except the hardest rocks of the region, the 
massive quartzite of Indian Mountain, which remained as a ridge sev 
eral hundred feet above the plain. The subordinate ridges north and 
south of the highest portion of Indian Mountain are remnants of the 
plain, and also the ridges of sandstone north of the Coosa Elver. The 
even crests of these ridges are a striking feature in the topography, 
and when they are regarded as remnants of a plain now almost wholly 
destroyed the reason for their regularity is at once apparent. The 
highest plain was probably formed during the Cretaceous period, as is 
shown by its relations in adjacent regions, and toward the close of 
Cretaceous time the base-leveling process was brought to a close by an
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uplift of the land. The streams which had long been meandering over 
a low, featureless plain were stimulated to renewed activity and low 
ered the land surface to the new base level first over areas of soft rocks 
and then less perfectly over those of intermediate resistance such as 
the siliceous Knox dolomite. But this period of base-leveling was not 
long enough to completely reduce the sandstones, and the latter thus 
preserved the remnants of the older peneplain. The region was then 
again lifted, though not so much as before, and the same process was 
repeated. The streams sank their channels to the new base level and 
widened their valleys upon areas of the softest rocks, but by reason of 

1 the insufficient time were unable to make any considerable impression 
upon the great areas of Knox dolomite, which thus preserves the sec 
ond peneplain in many places nearly as perfect as when first formed- 
The last plain was developed chiefly in the Goosa and Oostenaula val 
leys and is scarcely of sufficient extent to be called a peneplain, but is 
more properly a base-leveled valley. Both the second and third base- 
leveling periods were terminated by a slight depression followed by an 
uplift. During the depression the carrying capacity of the upper por 
tions of the streams was increased either by steeper slope or greater 
volume, and they brought down vast quantities of gravel, which they 
deposited along their slackened lower courses. The final recent uplift 
of the region to its present altitude has started the streams, particu 
larly the Coosa River, to cuttiu g new channels in the last-formed base- 
level valley. Its sinuous course is probably inherited directly from the 
conditions which prevailed when the stream was overloaded and wan 
dered from side to side of a broad deposition plain.

STRATIGRAPHY.

The rocks of the region covered by the accompanying map range in 
age from probably Algonkian .to Carboniferous. They include schists 
in which the original minerals and structure can scarcely be determined 
by reason of the metamorphism which they have undergone; slates 
which have been hardened and rendered cleavable by pressure with 
limestones, shales, sandstones, and conglomerates in great variety. A 
detailed account of the lithologic character and distribution of these 
formations will shortly be published in connection with the Rome and 
Oartersville sheets by the United States Geological Survey, and only 
those formations will be here described in detail which are intimately 
associated with the bauxite deposits. A general view of the forma 
tions, their character and thickness, may be obtained from the accom 
panying table, and their distribution from the map.

Of the formations shown above, the most important in the present 
connection is the Knox dolomite. This is the most uniform and per 
sistent formation of the Southern Appalachians. It consists of from 
3,000 to 4,000. feet of massively bedded, semicrystalline, gray, siliceous 
dolomite or magnesian limestone. The silica is usually segregated in
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nodules and beds of chert or flint. These chert nodules remain at the 
surface as the carbonates of lime and magnesia are dissolved out, and 
with the other insoluble constituents form a heavy residual mantle 
covering nearly all the outcrops of the formation. The upper portion 
of the Knox dolomite is Silurian and the lower portion is probably 
Cambrian, but the uniformity in lithologic character and the dearth of 
fossils render its subdivision impracticable.

Below the Knox are several Cambrian formations, chiefly shales and 
sandstones, which show wide variations in character and thickness 
within comparatively short distances. The highest of these is' the 
C'ouuasauga shale, varying in thickness from 1,000 to 3,000 feet and in 
character from flue aluminous or clay shale to massive siliceous lime 
stone. In general the upper part is most calcareous, passing into blue 
seamy limestone; the intermediate portion is almost always shaly, while 
the bottom consists of interbedded thin plates of limestone and shale, 
the former often showing a flue oolitic structure.

Below the Couuasauga is the Rome formation, consisting of thin- 
bedded, purple, brown, yellow, and white sandstone, with more or less 
sandy shale. In the southern portion of the region the Borne sandstone 
is underlain by the Weisuer quartzite, which consists of a series of 
interbedded lenticular masses of conglomerate quartzite and sandy 
shale, and probably represents a delta deposit which may be contem 
poraneous with the lower portion, but more probably is older than any 
part of the Rome. The relations of these lower formations have an 
indirect bearing on the bauxite deposits, since they have in a large 
degree influenced the structure of the region with which the deposition 
of the ore is directly connected. Wherever the sequence of the forma 
tions is normal, the Knox dolomite passes upward into a fossiliferous 
blue limestone—the Ohickamauga. Over much of this region, however, 
there is a stratigraphic break at this point, and the Ghickamauga lime 
stone is in part or wholly wanting. During the deposition of limestone 
elsewhere this region was dry laud undergoing erosion, and when it 
was again submerged later formations were deposited uuconformably 
npon the eroded surface. The strata have been so much changed from 
their originally horizontal position that the old land surface can not be 
detected, and its presence is known only by the absence of some forma 
tions and the character of those which were deposited upon it. These 
are coarse sandstones and sandy shale, generally so calcareous that 
they become soft and porous on weathering. These sandstones are of 
interest, since some of the largest ore deposits of the Dyke district occur 
in them. The sandstones contain Lower Devonian fossils, while the 
underlying calcareous sandy shales are probably Upper Silurian.

No bauxite is known to occur in association with rocks higher in the 
series than these beds immediately above the Kuox dolomite. Hence 
a description of the Upper Silurian, Devonian, and Carboniferous rocks 
of the region mapped is not pertinent to the present report.
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STRUCTURE.

As stated above, there is an iutimate connection between the bauxite 
deposits and the structural features of the region. This connection is 
not only in their present distribution but is genetic, the conditions 
essential for the accumulation of the ore depending directly npou. the 
development of certain structural features.

The small area covered by the accompanying map presents excellent 
examples of the most important geologic structures which characterize 
the Appalachian region, as well as some which are rather uncommon.

As the rocks were laid down on the sea bottom in the form of layers 
of sand, mud, and calcareous ooze, the strata must origin ally have been 
nearly horizontal; but they now stand at all possible angles with the 
horizon. The change in their attitude has evidently been brought 
about by horizontal pressure exerted in a northwest-southeast direction. 
This compression has forced the strata into great folds extending in a 
northeast-southwest direction at right angles to the direction .in which 
the force acted. Tf the rocks which have been removed from some of 
the folds were restored, mountains would be formed many thousand 
feet in height; but as the folds rose they were attacked by the agents 
of erosion and worn down, perhaps nearly as fast as they were lifted. 
Heuce the mountains formed by the arching strata were probably 
never very much higher than now. In addition to the folding, and as 
a result of the continued action of the same forces which produced it, 
the strata have been in many places broken across and the rocks on 
opposite sides of the fracture or fault-plane moved in different direc 
tions. These geologic structures, particularly the faults, have 1 else 
where been described in some detail, but inasmuch as the publications 
referred to are not easily accessible, their main features and those 
bearing directly on the problems of ore deposition will be given here.

The area covered by the map contains portions of several belts of 
country which differ somewhat widely in their structure, and extend 
considerable distances toward the northeast and southwest. The region 
northwest of the Ooosa Valley is one in which open folding is the char 
acteristic structure, and faulting plays a subordinate rdlc. The beds of 
hard Eockwood sandstone stand out in bold relief on the surface and 
clearly define the form and position of the folds. Examples are seen 
of the three types of ridges which ordinarily occur in a region of folded 
strata. Thus Eocky Mountain is" a typical s;, nclinal ridge. Its strata 
dip gently from the sides toward the center, forming a shallow trough- 
Judy and Dirtseller mountains are of the same type, as well as the high 
northern point of Gaylor Eidge, though the axis of the latter pitches 
down rapidly toward the southwest, causing the two sides of the syn-

'Overthrust faults of the Southern Appalachians. Bull. Geol Soo. Am., vol. 2, pp. 141-154,1891. 
G-eoJogy of a portion of the Coosa Valley in Georgia and Alabama. Bull. Geol. Soc. Am., vol. 5, pp." 

465-480, 1894.
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GENERALIZED STRATIGRAPHIC SECTION OF THE GEORGIA BAUXITE FIELD.
Scale, approximately, 2,000 feet = 1 inch.
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CHARACTER OF ROCKS.

Sandstone, sandy shale, and conglomerate, with coa 
and fire clay.

Massive blue cnnoidal limestone, with beds of shale 
in upper part.

White sandstone, massive and thin bedded.

Black carbonaceous and calcareous shale.

Cherty limestone and heavy beds of chert.

Black carbonaceous shale.

Coarse friable sandstone and sandy shale ; uncon 
formities above and below.

White and brown sandstone and sandy shale.

Black roofing slates, passing downward into blue 
limestone.

White, gray, or light-blue magnesian limestone or 
dolomite, generally semicrystalline and massively 
bedded. Contains many nodules and layers of 
chert, and in some places rounded sand grains.

Clay shales, with thin beds of limestone at top and 
bottom.

White, brown, or varicolored sandstone and sandy 
shale.

Blue siliceous limestone.

Interbedded sandstone, sandy shale, conglomerate, 
and quartzite.
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cline to diverge in that direction instead of remaining parallel, as they 
would if the axis were horizontal like that of Eocky Mountain.

The part of Simms Mountain shown in this map and the southern 
part of Lavender are moiioclinal ridges. Their strata dip in only one 
direction—iu this case toward the east or southeast—and on one side of 
the ridge the beds dip with the slope, while on the other they dip into 
the ridge at an angle with the slope. Thus one side of the ridge, the 
back, usually has a smooth, gentle slope, while the other side, the face, 

. is apt to be steeper and show the rough projecting edges of the beds.
Finally the northeastern portion of Lavender is an anticlinal ridge, 

in which the strata dip away from the center toward the sides, form 
ing an arch. This arch or fold flattens out toward the northeast, and 
the ridge tapers gradually in tbat direction. The arch is not sym 
metrical, but, as in most of the Appalachian folds, the beds dip more 
steeply on one side than on the other. In this case, which is also 
characteristic of most Appalachian folds, the gentle dips are on the 
southeast side and the steep ones on the northwest. The latter are in 
some places nearly vertical or even slightly overturned. Erosion has 
removed most of the softer rocks on the summits of the arch, down to 
the hard sandstone, to which its altitude is due, but the soft beds are 
found reaching part way up on either side. At one point a small stream 
on the southeastern side of the arch has succeeded in cutting through 
the hard sandstone to the soft calcareous rocks beneath. In these its 
downward progress was rapid, and by undermining the hard beds it 
has excavated a long, narrow cove in the center of the arch and extend 
ing parallel with its axis. If this erosion along, the center of the fold 
had progressed throughout its whole length, there would be formed two 
monoclinal ridges separated by an anticlinal valley. 
. Horseleg Mountain is also an anticline, though erosion along the 
axis following an axial fault has converted the southern portion into 
monoclinal ridges.

The central portion of the map is occupied by a belt within which 
the original folds have been nearly or quite obliterated by subsequent 
faulting. It includes the level Coosa-Oostenaula Valley, with a belt 
of alternating valleys and ridges from 2 to 8 miles broad along its 
southeastern border.

Two classes of faults are found in this region, which differ materially 
in some important respects.

MINOR THRUST FAULTS.

The first class includes a large number which may be regarded as the 
typical Appalachian faults. The plane of fracture on which the strata 
have been displaced has a rather steep inclination, generally a few 
degrees more or less than 40° with the horizon. These appear in most 
cases to have developed from unsynimetrical folds, the gentler dipping 
side of one anticline being thrust forward upon the back of an adjacent
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anticline. Such faults in this region are modified by the peculiar 
conditions prevailing here. A great majority of them'extend nearly 
north and south and hence intersect the main structure axis of the 
region at angles of 30° or 40°. Immediately south of Borne at least 
seven of these minor thrusts occur within a belt 3 miles wide. They 
vary in length from 3 to 8 miles and overlap along the strike. The 
strata are thus cut into a number of narrow strips, which form mono 
clines dipping steeply toward the east. In the vicinity of Cave Spring 
is another series of faults, similar in most respects to those south of. 
Borne.

West of Indian Mountain there is less regularity in the arrangement 
of the minor thrusts and their general treud is somewhat east of north. 
A belt of Knox dolomite from 1 to 4 miles in width extends from near 
Cav.e Spring toward the southwest beyond the limits of the map, and 
this is intersected by a series of nearly parallel thrust faults which 
cut diagonally across, separating it into irregular monoclinal blocks. 
The faults disappear in the belt of Connasauga shale on the north, 
while the displacement is greatest at the northern edge of the dolomite 
belt, but decreases southward so that in some cases the fault disappears 
within the belt, as do all of those south of Borne. The2e three groups 
of minor thrusts give rise to the narrow strips of shale which branch 
from the broader belt and extend varying distances toward the south, 
forming narrow valleys among the dolomite hills.

MAJOR THRUST FAULTS.

The distinguishing characteristics of faults of this class are the low 
inclination of the fault planes and the great horizontal displacement 
which the rocks have suffered. The fault planes are often nearly or 
quite horizontal, and the displacement is measured in miles instead of 
feet. At least three faults of this description occur within the region 
under consideration. These have been described in the papers referred 
to above as the Borne, Coosa, and Cartersville faults. Of these the 
most remarkable in some respects is the Borne fault. Owing to pecul 
iarly favorable conditions certain portions of the over thrust rocks 
have been preserved from erosion and afford unmistakable evidence of 
horizontal displacement of the strata as well as a minimum measure of 
its amount. The formations which are immediately involved in the 
faulting are Cambrian above the fault plane and Carboniferous and 
Silurian below. The surface relations of these formations are shown 
on the map. It will be observed that the western limit of the Cam 
brian in the Coosa-Oostenaula Valley is an extremely irregular line, 
passing around long arms of the Cambrian rocks which project west 
ward from the main body. Two such arms are especially noticeable, 
one extending south westward from the mouth of Armuchee Creek and 
the other northeastward from the southern point of Horseleg Moun 
tain, which is thus almost surrounded by Cambrian rocks. Wherever,
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along this sinuous line, the contact of Cambrian and Carboniferous 
rocks is exposed the latter are seen to dip under the former. Thus, in 
passing northwestward from Borne, the following succession may be 
observed. A short distance west of the city the Floyd (Carboniferous) 
shales are found dipping southeastward under the Cambrian. Passing 
the Horseleg Mountain anticline they dip to the northwest under a 
narrow arm of Cambrian, which occupies the syncline between the 
Horseleg and Beech Creek anticlines. The latter, not being high enough 
to bring the hard ridge-making rocks above base level, has no effect on 
the topography. Beyond this low anticline the Floyd shales dip under 
a second and broader arm of Cambrian, which lies in the syncline 
between Beech Creek and Lavender anticlines. The present relation 
of these rocks is manifestly the result of a fault by which the older 
rocks were thrust from the east over upon the younger on a plane 
which coincides approximately with the bedding and which has been 
subsequently thrown into a series of gentle folds. The greater part of 
the overthrust rocks have been removed by erosion, and the surface of 
both Cambrian and Carboniferous shales reduced to base level. Their 
line of contact is therefore the intersection of an undulating thrust- 
fault plane with a horizontal base-level erosion plane. Wherever the 
folding subsequent to the thrust has brought the thrust plane below 
the base level of erosion in the syiiclines, there the overthrust rocks 
were preserved, while those brought to higher levels upon the anticlines 
have been entirely removed.

The Coosa fault is shown on the map extending southwestward from 
Home along the margin of the Coosa Valley. The diversity of forma 
tions which are brought in contact along this fault is much less than in 
case of the Rome fault. Chiefly for this reason it was overlooked in the 
early study of this region, and until the entire belt was carefully mapped 
it was regarded as a normal contact between adjacent formations. 
Upon the northern side of the fault, throughout its entire length, with 
the exception of a mile or two near Eome, occur green siliceous Cambrian 
shales, probably equivalent to some portion of the Connasauga. On the 
southern side of the fault the Rome sandstone generally occurs, although 
in places it is wanting, and two phases of the Connasauga are in contact- 
Although the residual material upon the surface usually conceals the 
fault plane, artificial cutting's at some points reveal the exact contact 
of overthrust and underthrust strata. This is the case just south of 
the Etowah River, in Rome. The rocks here are crushed and deeply 
weathered, but the bedding, so far as it can be determined, is approxi 
mately parallel above and below the faultplane. A stratum of obscurely 
bedded red and yellow clay 8 or 10 feet in thickness marks the zone in 
which the maximum motion occurred. It contains fragments of the 
overthrust and underthrust rocks, and is evidently a finely comminuted 
and deeply weathered fault breccia. A large amount of motion has 
also taken place between the layers of rock on both sides of the main
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thrust plane, and every bedding plane for some distance above and a 
considerably greater distance below is slickensided. At the few points 
where the actual plane of the fault has been observed it is seen to dip 
eastward at a low angle, generally less than 15°, and the surface rela 
tions of adjacent formations show that its average dip is less than 20°. 

The third fault of this class is the Cartersville fault, which crosses 
the southeastern corner of the mapped area. As in the other cases 
described the fault plane dips eastward at a low angle. In this case 
metamorphic rocks of undetermined but probably Algonkian age have 
been thrust over upon the Silurian rocks of the valley. While this 
fault has an intimate connectiou with some of the most important 
ore deposits of northwest Georgia, it has probably very little, if any, 
relation to the bauxite deposits, and therefore need not be more fully 
described iu the present connection.

RELATION OP MAJOR AND MINOR THRUSTS.

Returning to the central faulted belt southeast of the Coosa-Ooste- 
naula Valley, it will be seen from the map that while the minor thrust 
faults have a nearly north and south trend they do not cross the Coosa 
fault, but in most cases die out in the band of Cambrian shale and 
sandstone upon its southern side. At two points the Coosa fault 
appears to be intersected and offset, but in neither case does the inter 
secting fault belong clearly to the class of minor thrusts above 
described. It seems scarcely possible that if major and minor thrusts 
were developed at the same time the latter should not, in some cases 
at least, intersect the former; also, if the minor thrusts had been devel 
oped subsequent to the major thrusts they would have intersected the 
latter even more frequently. Hence it seems a fair inference that the 
two types of faulting belong to distinct periods of orogenic activity, 
and that the minor thrusts were the earliest developed. If the two 
periods were separated by a long interval considerable erosion must 
have taken place, and, from a theoretical consideration of the subject, 
this would seem to favor the development of major thrusts.

GEOLOGIC HISTORY OF THE REGION.

From the facts detailed above a tolerably definite idea may be obtained 
of the history through which this region has passed. It begins in Cam 
brian time, when the land lay to the southeast, and a broad expanse of sea 
stretched far to the west and northwest. The rivers flowing over the 
crystalline rocks on the east brought down sediments to this sea. At 
first, while the adjacent land was high, coarse sand was deposited in 
the form of deltas about the river mouths, and as the land was worn 
down the sediments became finer, till at the close of the Connasauga 
epoch only the finest mud was deposited, together with much calcareous 
matter. Then followed a long period of calcareous precipitation, with 
conditions not clearly understood, favoring- the deposition of amorphous 
silica, as chert or flint. This was the Knox dolomite epoch, covering
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late Cambrian and early Silurian time. Following this was an uplift 
with gentle folding which brought portions of the region above sea 
level. A considerable part, perhaps most of the area covered by the 
map, was at this time, in early Silurian, dry land undergoing erosion, 
with the formation of a deep residual mantle and the deposition about 
its border of conglomerates composed of the insoluble portions of the 
eroded rocks. Following this comparatively short period of uplift was 
a much longer one, during which the sea covered at least the greater 
portion of the region, and the Chickamauga limestone was deposited. 
After a few hundred feet of pure limestone had formed changes occurred, 
probably in the altitude of the laud toward the southeast, so that in 
the adjacent sea fine mechanical sediments replaced the limestone, and 
a great thickness of calcareous clay shale, now the Eockniart slate, 
was laid down, while the limestone continued to form farther north, 
west. This long period of quiet deposition was terminated in the 
greater part of the region by a period of disturbance similar to the one 
which brought the Knox dolomite epoch to an end, but the folding was 
much more pronounced in the second than in the first. In the southern 
portion of the mapped area, and extending some distance beyond 
toward the southeast, rather sharp folds were produced trending nearly 
north and south. The folding was accompanied and followed by erosion, 
which reduced the rising laud nearly or quite to sea level. This period 
of erosion extended over the latter part of the Silurian, the land waste 
being carried into the sea toward the northwest and forming the heavy 
Silurian sandstones now seen north of the Coosa Valley. In early 
Devonian time a part of the region was again invaded by the sea, and 
the coarse sands were deposited which now.form the Frog Mountain 
sandstones. The region may have been above sea level again during 
the latter part of the Devonian, but if elevation occurred at that time 
it was accompanied by so little folding that practically no erosion took 
place, and the uplift is indicated only by the absence of Devonian for 
mations, which occur elsewhere in the Appalachian province. At the 
close of the Devonian the sea covered the northwestern corner of this 
area, and during early Carboniferous time probably advanced over 
nearly the whole of the region and covered it with a continuous layer 
of cherty limestone. The orogenie activity which had manifested itself 
at intervals during most of Paleozoic time culminated in the great 
Appalachian revolution probably near the close of the Carboniferous. . 
Considering the entire Appalachian province as a unit, the activity 
may have been continuous, although in any particular region it appar 
ently consisted of several periods of activity separated by intervals of 
comparative quiet. During the early part of this complex series of 
movements in the region under consideration the horizontal compres 
sion found relief in the formation, first of simple folds and then of minor 
thrusts. Finally, after a comparatively long period of erosion, the strata 
thus folded and faulted were displaced upon nearly horizontal planes, 
producing the major thrusts above described. 

16 GEOL, FT 3——36
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The history sketched above is recorded in the rocks of the region and 
their underground structure. Since the close of Paleozoic time the 
region has probably been continuously above sea level, and hence 
the Post-Paleozoic history is recorded chiefly in its physiography, in 
the forms of its surface relief and drainage. These features have been 
briefly described under the head of topograpy, as well as an 'outline of 
the history which they tell. ^

CLASSIFICATION OF THE ORE.

PHYSICAL APPEARANCE.

Bauxite, as it appears in Georgia and Alabama, presents.considerable 
diversity in appearance. It varies widely in respect to color and hard 
ness, qualities depending largely on chemical composition, and also in 
respect to its structure, the latter depending probably on the condi 
tions under which it was deposited. One feature characterizes, in dif 
ferent degree, all varieties of the ore, namely, the concretionary 
structure. In some cases this is almost, though never wholly, wanting, 
and it varies through all degrees of development to the extreme type, 
which is simply a collection of concretions, with very little cementing 
matrix. A classification of the different structures is desirable for 
convenience of description, but any classification must necessarily be 
more or less arbitrary, since each class passes into all the others by 
imperceptible gradations. Considered simply with reference to struc 
ture, the following five types have been distinguished: (1) Pebble, (2) 
pisolitic, (3) oolitic, (4) vesicular, (5) amorphous.

1. Pebble ore.—This variety in the bank has the appearance of a par 
tially cemented gravel bed. When mined the matrix is not sufficiently 
strong to hold the pebbles together and they fall apart, so that the ore 
is handled like loose gravel. The interstices are partially filled with 
smaller concretions and soft amorphous material, which are readily sep 
arated from the larger concretions by screening. The component peb 
bles vary in size from the smallest oolitic granule up to bowlders 2 feet 
or more in diameter. A very large proportion of them, however, are 
between three-fourths inch and 1J inches in diameter. Those under an 
inch are generally almost perfect spheres, while above this the irregu 
larity in shape increases with the size. The pebbles arc both simple 
and complex, the former, having a single nucleus, about which succes 
sive concentric layers have been deposited and the latter being formed 
by the deposition of concentric layers upon a rounded fragment of 
bauxite. The simple pebbles are seldom over 1£ inches in diameter and 
are usually less than 1 inch. The nucleus is generally softer than 
the outer portions and often crumbles to a white powder, leaving a 
cavity the size of a pea. About the nucleus are concentric shells of 
compact material, alternating with thinner porous shells. A dozen 
alternations may often be counted in the larger concretions. The shells 
show some tendency to separate and peel off when the concretion is
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PEBBLE ORE FROM THE GEORGIA BAUXITE FIELD.
1, simple and complex pebbles from coarse pebble ore; 2, large complex pebble ; 3 compact pebble ore.
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broken through. The complex pebbles are essentially worn fragments 
of some preexisting compact bauxite. In some cases the angles are 
barely rounded, though generally they are well worn. These worn peb 
bles are covered with compact material identical with that forming the 
outer shells of the simple concretions and evidently deposited in the 
same manner; that is, while the nucleus, either simple or complex, was 
free to move and receive additions of new matter equally upon all sides. 
This type of ore is shown on PI. XXII.

2. Pisolitic ore.—By a decrease in the size of the concretions and an 
increase in proportion and density of the matrix, the pebble ore passes 
into the second variety. The pisoliti'c bauxite then is composed of con 
cretions from one-half inch in diameter down to the size of a small pea, 
embedded firmly in a solid matrix. The latter is generally more com 
pact than the pisolites, so that a fracture passes directly through rather 
than around the pisolites. Very rarely small, complex concretions are 
found, though most are simple and with but few shells surrounding 
the nucleus.

3. Oolitic ore.—By a further decrease in the size of the concretions 
and in the proportion of matrix, the pisolitic ore passes into tlie third 
or oolitic variety. This consists of a closely compacted mass of spher 
ical concretions from the size of a small pea down to the smallest gran 
ule visible. The matrix is in some cases quite dense, holding the oolites 
firmly together, and in others it is friable, permitting them to be easily 
separated, as in the pebble ore. A few large concretions are generally 
found scattered through the oolitic mass. A good example of this type 
of ore is shown in fig. 1 of PI. XXIII, which shows the characteristic 
surface of fracture and section.

The three varieties described above thus depend essentially on the 
size of the component concretions, the character of the matrix, which 
is usually associated with concretions of different sizes, being of sec- 
ondary importance. In the two following varieties the degree of com 
pactness of matrix and concretions and the relative amounts of the 
two components are the important factors.

4. Vesicular ore.—In this variety the matrix is relatively compact 
and durable, while the concretions are so soft that they readily crum 
ble to a fine powder or have been wholly removed, leaving spherical 
cavities. The concretions of extreme sizes, both large and small, are 
less apt to be removed than the medium-sized pisolites. It often hap 
pens that when the concretions are only slightly .softer than the matrix 
they weather out at the surface, so that an ore which apparently belongs 
to the vesicular type on its weathered outcrop in reality belongs below 
the surface to one of the above-described classes.

5. Amorphous ore.—Finally the concretions may decrease in number 
and in degree of differentiation from the matrix so that they are 
detected only on close examination, and the amorphous variety results. 
It varies from soft, opeu-textured, chalky material, to the dense, hard
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halloysite, which will be described later. The softer material contains 
little silica aud less iron, but the amount of silica contained increases 
with the harduess up to 43.5 per cent in pure halloysite.

It will be readily understood from the foregoing description of the 
different varieties of ore that it will often be a matter of opinion as to 
which class a given ore belongs, since all possible' gradations are 
found among the several varieties. Nevertheless, it is believed the 
classification will prove useful iu describing the various deposits if its 
limitations are kept clearly in mind.

MICROSCOPIC STRUCTURE.

In addition to the above-described macroscopic structures on which 
the classification of the ore is based there are others shown iu micro 
scopic sections which are fully as important, particularly on their 
bearing on the origin of the deposits. In thin sections under the micro, 
scope the ore is seen to be made up largely of amorphous, nocculent 
grains, and the various structures which it exhibits are produced by 
the arrangement and the degrees of compactness of these grains. The 
matrix in which the pisolites are embedded is generally composed of 
this nocculent material; iu some cases it has a very evenly mottled 
appearance, the yellowish nocculent material being slightly segregated, 
and the dust-like grains being most abundant in such segregations. 
This is characteristic of the hard, compact, cream-colored matrix, which 
approaches halloysite in appearance and composition. A further segre 
gation of the nocculent material produces round, oolitic bodies, which 
possess all degrees of compactness from those in which the outline is 
barely discernible to perfectly defined oolites. These may be sparingly 
scattered in the nocculeiit ground mass, or closely crowded together, 
making up the greater part of the matrix in which the larger concre 
tions are embedded. In ferruginous varieties of the ore the nocculent 
material is usually most deeply stained with iron, while the oolites, if 
stained at all, have the deepest color in the outer portion. In such 
cases, at least, it is manifest that the iron is not an original constituent, 
but is present by reason of secondary replacement. In some cases the 
matrix is composed almost wholly of transparent, colorless material, 
in the form of thin incrustations upon the embedded concretions. This 
material was evidently deposited from a solution which percolated freely 
through the loose mass of concretions and left successive deposits until 
the interstices were nearly or quite filled. These crusts, although 
generally quite amorphous, sometimes have a slight double refractiou 
somewhat resembling chalcedony. They are always associated with 
more or less crystallized gibbsite; the latter occurs iu the form of irreg 
ular aggregates of crystals in the noncrystalline material, and also as 
incrustations. The noncrystalliue incrusting material sometimes grows 
about a fixed point iu concentric shells, forming hemispherules.
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These differ materially from the concentric shells of the pisolites, the 
former being fixed during their growth, while the latter were doubtless 
in motion.

The pisolites also show nearly as much diversity in structure as the 
matrix. In some cases they are composed of exactly the same floceu- 
leut grains as the surroundiug matrix, from which they are separated 
by a thin shell of slightly denser material. This sometimes shows a 
number of sharply defined concentric rings, and is then distinctly 
separated from the matrix and the interior portion of the pisolite. The 
outer shells often contain well-defined oolites, usually somewhat flat 
tened. The nucleus of the pisolite, or the portion within the outer 
shells, is also sometimes composed of imperfectly defined globular 
masses, and in other cases a compact, uniform, and slightly granular 
substance. It is always filled with cracks which are regularly radial 
and concentric in proportion as the interior structure has a uniform 
texture. Branching from the larger cracks, which, as a rule, are filled 
partly with the uoncrystalline inerusting mineral above described 
and partly with the crystalline gibbsite, very minute cracks penetrate 
the intervening portions. Thus the pisolites appear to have lost a 
portion of their substance, so that it no longer fills the space within 
the outer shells, but has shrunk, forming the radial cracks.

Some analyses made by the Pittsburg Deduction Company indicate 
that the interior portions of the pisolites contain a somewhat smaller 
proportion both of silica and iron than the surrounding matrix. This 
result is probably produced not by the removal of these constituents 
from the interior of the pisolites, but by the addition of pure aluminum 
hydrate. The cracks observed were doubtless produced by shrinkage 
due to the loss of water, and these were then filled by the pure hydrate, 
partially amorphous and partially in the form of gibbsite.

Many of the structures shown under the microscope appear in fig. 2 
of PI. XXIII, which is from a photograph of a thin section enlarged 
five diameters. The matrix filling the interstices between the larger 
pisolites is seen to be composed about equally of nearly colorless ground- 
mass and compact, sharply defined yellowish oolites. Several small 
pisolites are shown having only a single shell which is imperfectly 
separated from the nucleus. A single large pisolite is shown having 
a number of concentric shells, somewhat denser in their outer portion, 
and made up of compact granular material. In this case the nucleus 
is composed of uniform, compact material, and is penetrated by a large 
number of cracks, most of which stop abruptly at the inner portion 
of the shell. These cracks are filled with a transparent, colorless 
material, in this ease partly amorphous and partly crystalline. One 
fragmentary pisolite is shown, its smooth, oval outline being due 
partly to wear aud partly to the deposition of new material upon its 
outer surface.
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ASSOCIATED MINERALS.

Associated with the bauxite are a few minerals which deserve some 
description. The most important of these are gibbsite, halloysite, and 
kaolin or clay.

Gibbsite.—This differs from bauxite in two respects; first, it contains 
no iron and silica, but a larger proportion of water; and, second, it 
occurs in a crystalline form, while bauxite is always amorphous. It 
contains 65.4 per cent of alumina and 34.6 per cent of water, corre 
sponding to the formula A13O3, 3H3O.

In connection with corundum deposits this mineral often occurs in 
large separate crystals, when it is called hydrargillite, but this form has 
not been observed in connection with the bauxite deposits. It occurs 
there, particularly in the Hermitage district, which will be described 
later, incrusting cavities in the bauxite. The crusts vary in thickness 
from a mere film to an eighth of an inch. The thicker crusts show in 
some cases a radiate fibrous structure, and the outer surface has matn- 
millary.form and velvety luster. They are colorless and nearly trans 
parent. Like bauxite, they give a strong argillacous odor when 
breathed on. A thin section of the gibbsite incrustation shows three 
somewhat distinct layers of crystals having a radial arrangement. The 
inner layer next to the bauxite surface is made up of rather fine tabular 
crystals- somewhat irregularly arranged; the middle band contains 
larger crystals with definite radial arrangement, while the outer band 
is composed of pinnate or feather-like crystals. The crystals are all 
more or less twinned, closely resembling plagioclase feldspar in this 
respect.

Halloysite.—This may be regarded as a highly siliceous bauxite; that 
is,, a bauxite in which the alumina is in combination with silica alone 
instead of water, iron, and silica. It is light-cream colored and white 
when powdered. Its texture is very compact and fine grained, showing 
a conchoidal fracture. It is readily cut with a knife, but can not be 
scratched with the finger nail. Its broken or polished surfaces closely 
resemble lithographic limestone, and it undergoes no perceptible change 
from loss of water or long exposure to the air. The halloysite occurs 
usually in veins more or less clearly defined, running through the 
bauxite deposit. These are from a fraction of an inch to several feet in 
thickness. It also occurs in large, irregular masses with the bauxite. 
Pisolites of bauxite are usually scattered through the halloysite.

Kaolin or clay.—This is also a silicate or a mixture of various silicates 
of alumina closely related in composition to halloysite. It occurs in the 
greatest variety as to texture, composition, and color, both surrounding 
the ore bodies and penetrating them as veins, dikes, or " horses." The 
residual clay from the weathering of the country rock is extremely 
impure, containing a large amount of free silica from more or less 
decomposed chert of the Knox dolomite as well as from adjacent sand-
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stone or quartzite formations. It is also highly colored with iron, and 
contains many small and large masses of limonite. Much purer varie 
ties of clay than this residual material are associated with the bauxite, 
and some of them were evidently deposited at the same time as the 
ore. They occur in all colors from pure white to deep chocolate brown 
and purplish red. The most common variety is mottled pink and 
white, when fresh closely resembling ordinary mottled castile soap. 
The difl'erent colors in some cases merge with each other, and in others 
are separated by sharp lines. The darker colored varieties, as red and 
chocolate, are usually couflned to the outer edges of the ore body and 
often show distinct bedding. When freshly exposed the clays show 
great variety in texture, from hard, compact material resembling hal- 
loysite to that as soft and plastic as putty. After exposure to the air 
for some time the colors become dull and tlie plastic varieties easily 
crumble to a fine powder, especially when the dry material is immersed 
in water. The harder varieties also lose water in the air and adhere 
strongly to the tongue, showing that they readily reabsorb the water, 
but do not crumble, retaining the originally soapy feel. In many 
cases the clay appears to have been deposited later than the main ore 
body, for it contains many bowlders of pisolitic bauxite which have 
evidently been broken from some larger mass and redeposited with the 
clay after acquiring their present form from the action of currents 
strong enough to lift and roll them. Since the formation of the bauxite 
deposits they have been subjected to some motion, probably through 
unequal settling as their limestone foundation was dissolved away. 
The consequent motion between different portions of an ore body took 
place largely in the halloysite and clay veins which traverse it in 
various directions. As a result of this the halloysite is made up of thin, 
irregular lenses separated by highly polished, slickensided surfaces. 
Such surfaces are also abundant in the plastic clays, although the latter 
are not so well adapted to preserve them as the harder halloysite 
clays. It is of interest to notice that these materials, which would 
seem capable of unlimited adaptability to change of shape by simple 
plastic flow, did not change form in this manner when subjected to pres 
sure, but by actual fracture, as though they had been rigid bodies. The 
ore is remarkably free from foreign inclusions, either in fragments large 
enough to be detected by the eye or so small as to appear only under 
the microscope. It would be expected that the chert and sandstone, 
so abundant on the surface and in the surrounding residual clay, would 
also be mingled with the ore, but except in the extreme outer portions 
of the ore bodies and in the well defined clay dikes these are entirely 
wanting. In this respect the bauxite deposits are totally different 
from the limonite beds, in which the association of ore with chert or 
sandstone is most intimate. In some of the thin sections a few grains 
of a foreign mineral were detected, though not in sufficient quantity 
for determination. It is almost colorless, has a high index of refraction, 
a well-developed cleavage, and extinction parallel to the longer axes of
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the fragments and to the cleavage. Tt is possible that this mineral 
may be corundum, though it was not definitely determined.

THE ORE DISTRICTS.

The accompanying map (PI. XX) represents the region within which 
the principal southern Appalachian bauxite deposits are located. The 
belt continues toward the southwest into Alabama for a distance per 
haps equal to its extent shown in Georgia, but no active development 
has yet been undertaken iu Alabama outside of the area shown. The 
map does not include quite all of the known Georgia deposits, namely, 
those in Chattooga County between Taylors Eidge and Lookout Moun 
tain. ' .

The deposits shown on the map fall into three groups, each one occu 
pying a distinct district. These three districts may be conveniently 
designated (1) the Hermitage district, (2) the Bobo district, (3) the 
Dyke district. In addition to these a fourth, noix included in the map, 
may be called the SuniinerviUe district, embracing the Chattooga 
County deposits. The separate deposits in each of these districts are 
indicated on the map by a number, by which number they will be 
referred to in the following description. The letters H, B, D, and S 
preceding the numbers re'spectively indicate the district in which a 
deposit occurs.

While the entire region has a similar geologic history, each district 
has certain peculiarities in its geological relations which slightly modify 
the character of the bauxite deposits occurring within it. The classifi- 
hation of the deposits, therefore, has a further basis than simple geo 
graphical relations.

A sketch of the geology of the region has already been given, but 
the peculiar conditions which characterize each district may be indi 
cated before the detailed account of the individual deposits is given. 
These characteristics will be again referred to when the origin of the 

• deposits is discussed.
THE HERMITAGE DISTRICT.

This district is somewhat the largest of the three shown on the map. 
It lies in the western part of Bartow and the eastern part of Floyd comi 
ties, between Adairsville, Kingston, and Borne, north of the Btowah 
Eiver and east of the Oostenaula. It contains about 50 square miles, 
within which the ore bodies are scattered in irregular groups.

The district is in a region of apparently simple geologic structure. 
The massive Knox dolomite forms most of the surface, and this has 
suffered but little folding. On account of the deep mantle of residual 
material, exposures of the underlying rock are rare, but wherever they 
occur the strata are seen to be nearly horizontal. Even where the 
rocks are covered up the outlines of lower formations, wherever they 
come to the surface, are such as to indicate light dips. The dolomite 
in this district is not quite free from folding, for the underlying shales
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reach the surface in a narrow anticline for a couple of miles north and 
south of Barnsley. Also an anticlinal fold brings up the shales which 
form the valley occupied by the Western and Atlantic Railway and a 
dome-shaped elevation gives rise to the oval area of shales on which 
Kingston is located.

If faults of the ordinary Appalachian type occur they have not been 
detected and afford no indication of their, presence at the surface. 
From the nature of the great horizontal thrust fault planes, already 
described, which reach the surface in the Coosa-Oosteuaula Valley, it is 
not improbable that these planes pass under the whole of this Hermit 
age district. In other words, it appears that the massive and rigid 
Knox dolomite in this region, when subjected to great horizontal com 
pression, instead of bending into folds or breaking into fault blocks, as 
was the case elsewhere, moved over the underlying formations on a 
plane nearly parallel with, its under surface. The Connasanga shales 
which underlie the dolomite offer comparatively little resistance to the 
compressing forces, but many planes on which motion was easy, and 
while the principal fault plane was probably below this formation, there 
was much motion on the bedding planes within the shales, for they 
show an increasing degree of crumpling downward from the base of 
the dolomite.

At least 28 distinct deposits of bauxite of greater or less extent are 
known to occur iu the Hermitage district. Their locations are indicated 
on the map by the position of the letter H., followed by an index number. 
Their locations by land numbers are given in the following table, 
together with the local names of the banks or the names of the prop 
erty on which they occur:

List of known bauxite deposits in the Hermitage district, Georgia.

Number.

H.l... .......
H. 2... .......
H.3.......... 
H.4. ......... 
H.5. ......... 
H.6.......... 
H.7.. ........
H.8. .........
H.9. .........
H. 10. ........ 
H. 11.. ........
H.12......... 
H.13.. .......
H. 14......... 
H. 15.. .......
H. 16. . .... 
H. 17.........
H. 18.. .......
H. 19.........

11.21 ........
11.22.........

H.24.........
H. 25-. ....... 
H. 26. ........ 
H.27... ...... 
H.28.........

Name.

Davis
.....do ..................
Terry-Shaw............. 
Spurlock.... ............ 
Warriugton ............ 
Scay ....................

Shaw ...................

Julia.. ..................
Ridge Valley............ 
....do ..................

G-rier ...................
Ridge Valley...... ...... 
Holland....'.............
Church ................. 
Ridge Valley ............ 
Holland House. .........

Bradeu "-...-............ 
AVard................... 
Waiters ...... .......... 
Burney .................

County.

Bartow . . . 
.....do....
.....do.... 
.....do .... 
.....rlo .. 
.....do .... 
.....do ....
.....do ....

.....do .... 

.....do ....

.....do .... 

.....do.... 
Floyd.....

.....do .... 

.....do .... 

.....do ....

.....do.... 

.....do .... 

.....do .... 

.... -do ....

.....do ....

.....do ....

.....do .... 

.....do .... 

.....do .... 

.....do ....

Land divisions.

Sec 
tion.

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3

Dis 
trict.

15 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23

Lot.

106 
6 

10,21 
102 
109 
108 

54 
98 

128 
176 
115 
117 

1 
20 
21 
23 
60 
61 
61 
59 
61 

103 
104 
105 
137 
136 

134, 147 
148

Remarks.

Worked. 

Worked.

Worked.

Worked. 
Worked.

Worked.
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H. 1. Dams.—The most northerly deposit in the Hermitage district 
is located a little over 2 miles southwest of Adairsville, on the land of 
B. P. Davis. The immediately surrounding region is nearly level, with 
an altitude of a little over 900 feet. The surface is covered with gray 
siliceous soil, evidently derived from the dolomite and its included chert. 
Some fragments of chert remain in the soil. The bauxite is covered by 
a thin layer of cherty soil, and a few pieces of the ore upon the surface 
led to its discovery. The deposit does not crop out, however, and the 
surface indications afford no clew to its probable extent. A prospect 
pit 38 feet long and 10 feet deep has been opened and one car load of 
the ore shipped. At the top of the deposit the ore occurs in rounded 
bowlders scattered through a white or yellowish siliceous clay. In the 
bottom of the pit a massive body of ore is shown, but no indication 
of its extent is afforded. It is cut through by a wide band of white 
or mottled kaolin containing scattered fragments of ore. Numerous 
veins of the same material cut the massive bauxite in various direc 
tions. The ore so far as exposed in the test pit is quite uniform in 
appearance, being composed of fine pisolites a quarter of an inch or 
less in diameter closely crowded in compact matrix. Its color is light 
yellow or gray, with only slight staining from iron. Judging from its 
appearance the ore should run low in iron and probably rather high in 
silica.

H. 2. Davis.—This deposit is about half a mile south of H. 1, also on 
the Davis place. The slightly rolling surface is covered with very 
abundant chert, and the cherty soil overlying the ore is deeper than at 
H. 1. A small test pit has been opened and some ore thrown out, but 
none shipped. A compact body of ore is shown in the pit, but of quite 
different appearance from that above describe'd. The pisolites are con 
siderably larger, from a quarter to 1 inch in diameter. Their inner 
portions crumble to a brick-red powder, while the outer shells are made 
up of compact material similar to that forming the matrix in which the 
pisolites are embedded. The matrix is also for the most part colored 
dark red, but is more or less mottled with yellow patches. The ore 
body is not sufficiently well exposed in the test pit to show whether or 
not it is wholly made up of the highly ferruginous material. It is gen 
erally observed that the ferruginous ore in deposits which have been 
well exposed in working is usually confined to the contacts of the ore 
body with the surrounding clay. Hence further prospecting may in 
this case reveal a body of iionferruginous ore.

H. 3. Terry-Shaw.—This deposit is about half a mile east of the last 
described and occurs under similar conditions. The ore is the coarse 
pisolitic variety, some of it being ferruginous like that at H. 2 and other 
portions comparatively free from iron but containing from 10 to 15 per 
cent of silica.

H. 7. Mary.—This deposit, owued by the Georgia Bauxite and Min 
ing Company, has been opened sufficiently to show a large body of ore,
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and several car loads have been shipped. The deposit is on the east 
ern slope of the broad dolomite ridge separating the valley, of Tom's 
Creek, in which Barnsley is located, from the valley of Connesenna 
Creek. It is a little west of the axis of the syncline which forms the 
ridge. The surface is composed of yellow cherty soil, a layer from 2 
to 4 feet covering the ore. A trench about 100 feet long and 10 feet 
deep has been cut into the point of the spur containing the deposit. 
This cut shows a large mass of ore and smaller masses of mottled clay 
inclosing more or less bauxite. The accompanying sketch, fig. 7, will 
serve to show the relations of the various portions of the deposit. Two 
slightly different types of ore occur here. The first, which constitutes 
the greater part of the deposit, is the pisolitic variety.' It consists of 
a grayish or cream-colored, rather porous, matrix, containing many 
small pisolites, with soft iron-stained nuclei and compact outer shells 
colored like the surrounding matrix.

The second variety occurs along the contact of the ore body with the 
surrounding cherty clay, especially on the western or uphill side of the 
deposit. It has a very compact texture, breaking with a conchoidal

Fio. 7.—Sketch of the Mary bauxite bank, Georgia. Scale: 24 leet=l inch.
A, main ore body, fine pisolitic bauxite. BB, pisolitic bauxite in white clay. CCC, mottled clay 

containing lew pisolites. D, hard, mottled bauxite. E, mottled clay containing angular chert. JT, 
cherty clay, surface soil.

fracture, which is the same in both matrix and pisolites. The color is 
light gray mottled with deep red and black patches. Many, though 
not all, of the pisolites are red, and the larger red patches include a 
number of small pisolites with the surrounding matrix. This variety 
is probably high in both iron and silica, particularly the latter, and its 
form may be due to secondary changes produced by percolating waters 
rather than to differences in original conditions of deposition. The 
matrix closely resembles halloysite in appearance and probably also 
in composition.

Numerous cavities in this variety are coated with gibbsite, which has 
been already described among the associated minerals.

Still farther south in the same dolomite ridge in which the Davis and 
Mary banks are located occur several other deposits. Only one of 
these has been opened sufficiently to show its extent and character.

H. 9. Connesenna.—This deposit occurs about half a mile west of 
Connesenna Creek in a rather deep, narrow ravine which cuts into the 
eastern side of the dolomite ridge. The ore is found in the bottom and 
upon both sides of the ravine for a distance of about 400 feet. A pit 
10 feet deep in the bottom of the ravine shows considerable ore, mostly,
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however, as streaks and pockets in white bauxitic clay. The same clay, 
containing more or less pebble ore, continues from the upper end of the 
deposit for 200 feet eastward, and is there replaced by a mottled clay 
containing many irregular masses of ore and also numerous scattered 
bauxite pebbles and bowlders. The indications are that the ore body 
was originally an unusually large one, and that only remnants of the 
lower portion remain, the greater part having been removed by erosion. 
The bank is worked by the Georgia Bauxite and Mining Company.

H. 12. Julia.—About 2 miles southwest of Barnsley post-office are 
the Julia mines, also owned and operated by the Georgia Bauxite and 
Mining Company. The surface of the immediately surrounding region 
is nearly level, with an altitude a little under 900 feet, and some portions, 
particularly in the shallow ravines, are covered with very coarse chert. 
Two large bodies of ore have been exposed by the mining operations and 
iii test pits. They are about 350 feet apart on a northwest-southeast 
line. The northwest body has been most extensively worked and its 
size and form are fairly well determined. Its Literal extent is probably 
about 150 by 175 feet, with somewhat oval form, but sending irregular 
projections of ore into the surrounding residual clay. The main pit 
is about 30 feet in depth and shows no indication that the bottom of the 
deposit is near. The best contact of the ore body with the surround 
ing mantle is shown on the east side of the pit where the drainage 
ditch leaves it. The outer portion of the ore body, particularly near the 
surface, forming a bandfrom 1 to 3 feet thick, is deeply stained with iron. 
This ferruginous ore is in contact with mottled clay which at a depth 
of 20 feet or more is plastic like putty, and white, gray, or pink, but 
nearer the surface is harder and more ferruginous. The outer portion 
of the mottled clay shows faint traces of steeply inclined bedding and 
contains a few bowlders of bauxite. It merges gradually into the sur 
rounding ferruginous, siliceous clay which contains fragments of chert 
and coarse granular sandstone. The upper surface of the ore body is 
smooth and even and slopes gently toward the west, a little more 
steeply than the present land surface. The sharp contact of the ore 
with the overlying siliceous clay is entirely different from its contact 
with the same material around its edges. It is evident that the upper 
portion of the deposit, how much it is impossible to say, has been re 
moved by erosion, and the smooth erosion surface subsequently covered 
by the 3 or 4 feet of residual clay now resting upon it. The ore body is 
penetrated by several masses of clay having the form of narrow vertical 
dikes; two of these are nearly parallel and cut entirely across the ore 
body from side to side. They are nearly straight and vertical, 3 or 4 
feet thick at the top and decreasing downward to 1 or 1J feet at the 
bottom of the pit. They are composed of yellowish clay similar to that 
overlying the ore with which they are continuous, and they contain 
some fragments or small lenses of bauxite. The clay composing the 
dikes shows a somewhat distinct banding parallel with their outer sur 
face. In addition to these two principal dikes several smaller ones
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intersect the ore body at varying angles, generally vertical, but some 
times inclined. Some of these are mere clay streaks an inch or less in 
thickness, but however thin they always extend entirely to the surface.

These dikes were undoubtedly formed subsequent to the deposition 
of the ore body. As will be shown later, in discussing the origin of the 
bauxite, it probably contained, when first deposited, a much larger 
amount of water than at present. Indeed a part at least may have been 
originally in a semi-gelatinous condition. As the ore gradually lost a 
part of its water its bulk decreased and shrinkage cracks were formed, 
widest at the top where the desiccation was most rapid. These cracks 
were filled chiefly from above by the overwashed residual clay, but also 
partly from the sides. Further shrinking of the ore body opened the 
cracks again and they were again filled by material from above and 
from the sides. These successive fillings produced the observed band 
ing parallel with the sides of the dike.

The bauxite from this bank is mostly coarse pebble ore. It resembles 
a mass of somewhat compact and partially cemented gravel without 
any trace of bedding. The individual pebbles are mostly from one- 
quarter of an inch to 2 inches in diameter and are both simple and com 
plex. The simple pisolites seldom reach 1£ inches in diameter, while 
the complex are seldom under three-quarters of an inch. Taking all 
which are an inch or thereabouts, perhaps two-thirds would be simple 
and one-third complex. The latter are not generally so nearly spher 
ical as the former, though in many cases it is impossible to distinguish 
them by their external form. Scattered throughout this mass of peb 
ble ore are numerous well-rounded bowlders from 2 inches in diameter, 
the larger complex pebbles, up to 2 feet. They are composed of quite 
uniform pisolitic ore made up of soft pisolites embedded in a dense, 
compact matrix. This material is quite similar to that forming the main 
ore body at the Mary mine. The complex pebbles and bowlders were 
doubtless derived from some preexisting ore body in the immediate 
vicinity which was broken down and worked over by water while this 
deposit was forming. The fragments of the previously formed ore were 
not only rounded by wear of the currents, but received layers of fresh 
material which helped to round out or con.ceal their surface irregular 
ities. The amount of rounding which the bowlders have suffered by 
wear would indicate that they had traveled some distance; but it is 
more probable that the rounding was produced largely, if not wholly, 
by the strong ascending currents of a spring or geyser.

Prom the northeast side of the pit a tunnel penetrates 20 feet into a 
mass of amorphous bauxite consisting of cream-colored material, having 
a compact uniform structure somewhat like halloysite but not so hard. 
This material contains from 14 to 20 per cent of silica, less than half tbe 
per cent contained in halloysite, and little or no iron. It maybe regarded 
either as a mixture of bauxite and holloysite, or perhaps more properly 
as a bauxite, in which all the iron and part of the water were replaced by
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silica. There is no present demand for this material, but it will undoubt 
edly some time find utilization, its freedom from contamination by iron 
being an extremely desirable feature for some purposes.

The second ore body is about 350 feet southeast of the one above 
described. Although it has not been worked so extensively, numerous 
test pits show it tc be probably fully as large as the other. The char 
acter of the ore, however, is quite different, approaching more closely 
to the pisolitic than the pebble type. In general the pisolites are much 
smaller, being mostly under half an inch in diameter with, so far as 
observed, no complex pisolites or rounded bowlders. Portions of the 
ore closely resemble the material composing the bowlders of the flrst- 
described deposit. Indications of somewhat extensive limonite deposits 
are seen in contact with the bauxite along one side of the ore body. 
Fragments of bauxite are found on the surface for a quarter of a mile in 
a southeast direction from these deposits. Until further prospecting 
has been done it will be impossible to say Avhether other deposits exist 
in this region or whether this float all comes from those now known. It 
seems highly probable, however, that other deposits will be discovered 
in the immediate vicinity when systematic prospecting is undertaken.

The methods employed in raising the ore will be described on a sub 
sequent page. The ore is hauled in wagons about 4£ miles, to Liuwood, 
a station on the Western and Atlantic Eailway. The present output 
is about 400 tons per mouth.

H. 13-28. The Ridge Valley banks.—This group of bauxite deposits 
occupies the western edge of the Knox dolomite plateau within a radius 
of 3 miles from Hermitage furnace. At least 16 distinct and more or 
less extensive deposits are known to occur within this area, and prob 
ably more will be discovered when systematic prospecting is under 
taken. It was in this region that the first American bauxite was recog 
nized by Edward JSTicholsin 1887. It was briefly described by him in the 
Transactions of the American Institute of Mining Engineers for 1887. 
Occurring in iutimate associations with the limonite which supplied 
Hermitage furnace, it had long been familiar to the iron miners, 
although they were ignorant of its composition and value. The first 
shipments of the bauxite were made from these deposits in 1888, and 
from that time nearly continuously up to 1894 they have been exten 
sively worked by the Eepublic Mining and Manufacturing Company.

H. 18. Holland bank.—This is located about 3 miles due east of the 
Hermitage furnace. It has furnished a large part of the ore thus far 
shipped from Georgia, and the work has been done on a large scale and 
in a more systematic manner than at most of the other banks. The 
ore body was nearly circular at the surface and about 100 feet in diame 
ter. It has been almost entirely removed to a depth of 50 feet, only a 
few masses of ferruginous ore remaining in contact with the surround 
ing clay. The relation of the red bauxite to the main body of non- 
ferruginous ore noted elsewhere is strikingly displayed here. The red
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ore forms a shell of varying thickness about the deposit between the 
light ore and the inclosing clay, while a few bowlders of the ferru 
ginous bauxite and occasional pisolites are embedded in the clay. The 
sides of the pit are quite steep, on three sides about 45° and on one 
side vertical or slightly overhanging. The diameter of the ore body 
therefore decreases downward. The inclosing clay is in some places 
mottled, but more generally deep red, purple, or chocolate brown.

When the bank was visited in November, 1894, no work was being 
done and the pit was partly filled with water, so that it was impossible 
to examine the bottom, but it was learned that there was no indication 
of the ore failing when mining was suspended. Judging, however, 
from the rate at which the diameter of the ore body decreases, it is not 
probable that it extends more than 15 or 20 feet lower.

The ore is made up of small pisolites, varying not much from one- 
fourth inch in diameter. They ^are generally much softer than the 
matrix, and are often simply represented by spherical cavities contain 
ing a small quantity of fine powder. This forms the type which has 
already been described as vesicular ore. The lining of the cavities or 
the pisolites, when they remain, are usually much more deeply colored 
than the matrix, being pink where the latter is almost white and purple 
where the matrix is red. A large amount of the red bauxite from this 
bank remains in the dump heaps, evidently rejected on account of its 
high content of iron.

H. 19. Church bank.—This is about 350 yards south of the Holland 
bank and about 40 feet lower. The pit from which the ore has been 
removed is about 50 by 75 feet at the surface and 25 to 30 feet deep, 
forming a smooth cup-shaped depression, the bottom of which is some 
what higher than the land surface in the adjacent ravines. The bottom 
and sides of the pit are composed of white or slightly mottled putty- 
like clay, in which are embedded a few oolites of various sizes and some 
small bowlders of compact yisolitic bauxite. Apparently the main .body 
of ore has been removed and the material remaining is the inclosing 
clay, probably bauxitic, but too high in silica for present utilization. 
It is a noteworthy feature of this region that two deposits so close 
together should differ so widely in appearance, the sides of the Holland 
pit being deep red, while those of the Church pit are almost snow white. 
If the iron which colors the former deposit is an original constituent, 
deposited along with the bauxite, the basin in which it formed must 
have been entirely cut off from communication with that in which the 
nonferruginous deposit formed. If, on the other hand, the iron is a 
secondary constituent, due to infiltration and replacement since the ore 
body was deposited, as some facts suggest, the differences between the 
two ore bodies merely imply slightly different conditions of denudations 
and weathering. It is also of interest to observe that the bottom of 
the two ore bodies, assuming that the Holland deposit extends 15 or 20 
feet below the bottom of the present pit, are almost exactly on the same



576 MINERAL RESOURCES.

level. It is at least piobable that their upper surfaces also were oace 
at the same level and that the Church bank has suffered greater ero 
sion, so that only the bottom portion of an originally extensive deposit 
remains.

H. 21. Holland House bank.—This is about halfway between the two 
last described deposits and a little west of a line connecting them. The 
openings were not sufficient to show the extent of the deposit, though 
a cut 30 feet in length and 20 feet deep showed ore through its entire 
length. The ore is composed of small, poorly defined pisolites in a soft 
matrix. The whole mass crumbles readily. The most of that exposed 
is stained yellow, evidently by percolation from the surface, since some 
patches have escaped the staining and are chalk white, somewhat 
resembling partially air-slaked lime. The ore body is penetrated by 
several small vertical dikes of red clay similar to that covering the 
deposit. The same banding parallel.to the outer surfaces was observed 
in these as in the larger dikes at the Julia bank. The ore body is 
also cut by a vein of hard white halloysite in the form of lenses several 
inches thick in the widest parts and forming a mere film in the narrowest. 
The vein contains numerous inclusions of soft white material, evidently 
bauxite pisolites.

On both sides of the road leading toward Hermitage furnace, for sev 
eral hundred yards west of H. 21, numerous prospect pits show bauxite 
of excellent quality and evidently in considerable quantity, though as 
to the precise extent of the deposits it is not safe to judge from such 
inadequate exposures. Most intimately associated with these are also 
extensive deposits of limonite, which have been worked in former years 
to supply the Hermitage furnace.

The remaining members of the Hermitage group of deposits closely 
resemble those already described. They have not been worked, so 
that there is less opportunity of determining their extent and character. 
In general the ore belongs to the vesicular type, and the pebble type 
is almost wholly wanting. While the extreme varieties of siliceous 
and ferruginous bauxite occur rather abundantly, the greater part of 
the ore contains less, than 5 per cent each of silica and ferric; oxide.

THE BOBO DISTRICT.

This district covers au area about equal in extent to that of the 
Hermitage district, but having a widely different geologic structure. 
Instead of the rocks occupying a nearly horizontal position unbroken 
by faults, they are, as shown on the map, cut by a -large number of 
faults of the ordinary Appalachian type which extend southward vary 
ing distances within the dolomite area. The strata all dip more or less 
steeply toward the. east, the fault blocks overlapping each other like 
weatherboards. Where these faults bring the underlying shales to 
the surface valleys are formed penetrating the dolomite plateau. So 
far as the strips of shale extend the position of the faults are easily 
located, but their extensions southward are difficult to determine, since
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the same kind of rock occurs on both sides of the fault, and their sur 
faces are covered by a heavy mantle of residual cherf and clay. Hence 
the fault lines have been continued for short distances within the dolo 
mite area in line with their determined northward courses. They may 
extend somewhat, though probably not much, farther south than indi 
cated on the map.

The bauxite deposits thus far described lying north of the Etowah 
River are grouped irregularly about certain centers. Those of the 
Bobo district, on the other hand, appear to have a definite arrange 
ment along certain north and south lines. The deposits fall so directly 
in line with the faults a few miles farther north, where' their position 
can be determined, that there appears no doubtfof an intimate relation 
existing between the faults and the ore bodies. The nature of this 
relation will be again referred to in discussing the origin of the bauxite.

The surface of this region is more broken than that north of the 
Etowah River. Instead of the broad, undulating plateau, it is com 
posed of numerous steep-sided ridges, rather irregular in form, and 
extending nearly north and south. The entire district is covered with 
a deep residual mantle derived from the decay of the underlying Knox. 
dolomite. It is a more or less cherty clay, in some places, frequently 

. the tops and sides of the ridges, deep red and extremely fertile, in 
others gray, siliceous, and lean. Although the district offers so much 
greater diversity in altitude, the elevations at which the bauxite 
deposits are found are remarkably uniform. One or two occur as low 
as 850 feet, and perhaps two above 950 feet; but generally they are 
found at about 900 feet above, sea level. The significance of this 
uniformity in the altitude of the deposits will.be discussed on a subse 
quent page, together with its probable bearing on their age.

At least sixteen distinct deposits of bauxite occur in this district. 
The locations are indicated on the map by the position of the letter B, 
followed by an index number. The locations by land numbers, so far 
as known, are given below:

List of known bauxite deposits in the Bobo district, Georgia.

Number.

B. 1. ......... 
B. 2..........
B. 3..........

B. 5. .........
B. 6..........
B I7

B. 8..........
B: 9..........
B. ii..... ...
B. 12 ........
B. 13......... 
B. 14......... 
B. 15......... 
B. 16.........

Name.

Bobo.......... ........

Mitchell ..............

Burkhalter .......... 
.....do................
Jlenry ................ 
Culbersoii ............ 
Gordon ...............
Penny................

County.

Floyd .....

.....do ...

.....do ....

.....do ....

.....do....

.....do ....

.....do....
Polk ......
Floyd ..... 

.....do .... 

.....do ....

.....do .... 

.....do .... 

.....do .... 

.....do ....

Land divisions.

Sec 
tion.

4 
4 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4

Dis 
trict.

3 
3 

22 
22 
22 
22 
22 
22 
22 

3 
3 
3 
3 
3 
3 
3

Lot,

534 
610,614 

12 
14 
13 
60 
59

53 
820 
833 
891 
910 
999 

1017, 1018 
1072, 1089

Remarks.

Worked.

Worked. 
Worked.

Worked.
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B. 1. Bobo bank.—The best known of these deposits, and the only one 
which has been worked on a considerable scale, is the Bobo bank, the 
most northerly deposit in the district to which it gives its name. It 
is about three miles nearly south of Six Mile Station, on the Alabama 
division of the Southern Kailway. The deposit is situated on the 
eastern side of the broad dolomite ridge, which presents a high, abrupt 
termination toward the valley in which the railroad is located. The 
altitude of the deposit is a little over 900 feet, or about 150 feet less 
than the highest portion of the ridge. The valley, which extends 
southward from Six Mile, is formed by a narrow strip of Cambrian 
shale, separated by a fault from the dolomite on the east. A similar, 
but somewhat smaller, fault lies parallel to this one a short distance to 
the westward. The smaller fault brings up the Cambrian shale in the 
same manner as the larger, and the soft shales have been worn away, 
making a notch in the northern end of the broad dolomite ridge, 
analogous to the valley toward the east. Beyond the southern point 
of the shales, where dolomite lies on both sides of the fault, its course 
can not be traced, but if it is continued southward in a direct line 

. coinciding with its course, as determined above, it will be found to pass 
directly through the Bobo bank.

The pit from which the ore has been removed is about 100 by 40 feet, 
and 15 or 20 feet deep. This indicates approximately the lateral extent 
of the ore body, but not its depth, which is probably much greater, per 
haps 30 or 40 feet. The ore body is covered by several feet of residual 
clay, containing much angular chert, some of which is quite soft and 
readily crumbles to a fine white powder. Associated with this bauxite, 
and passing into it by imperceptible gradations, are masses of bauxitic 
clay; in some cases yellowish gray, and in others mottled yellow and 
pink. The contact between the ore and the surrounding residual 
cherty clay is perfectly sharp and distinct, and no fragments of the 
chert are found in the ore body.

The ore is white or cream colored and with only occasional staining 
from iron. It is coarsely pisolitic, and both matrix and pisolites readily 
crumble to a soft powder. The concentric shells of the pisolites are 
much less closely compacted than in the case of the pebble ore from 
the Julia mine. Frequently the central portions of the pisolites crum 
ble away as soon as they are broken. The commercial grade of this 
type of ore is called the Bobo ore. No work has been done on this 
deposit for some years, the title being in litigation.

B. 10-13.—About 3 miles due south of the Bobo bank are four large 
deposits lying just east of the Cedartown road. The end deposits are 
about a mile apart. A straight line connecting the four and extended 
northward falls directly in line with the Six Mile fault, which produces 
the shale valley above described, just east of the Bobo bank.

The northernmost of the deposits, the Moseleybank (B. 10), is located 
a few hundred yards back of New Prospect church. It has been opened
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by a small prospect pit, about 8 by 12 feet aud 6 feet deep, which shows 
good ore throughout, but is not large enough to show the extent of the 
deposit. The ore is light colored and pisolitic; the matrix lias a light 
lavender tint and is quite compact. It probably contains a small amount 
of manganese. The pisolites are father small and almost pure white.

The next two deposits (B. 11 and 12) are on the Burkhalter place. 
The ore is similar in appearance to that on the Moseley place, but is 
somewhat more ferruginous. It has been opened in several small pros 
pect pits and is also shown in ravines where the surface soil is washed 
away. It is probable that the ore will improve in quality at a greater 
distance from the surface.

Perhaps the largest surface exposure of bauxite iu this district, or in 
the whole bauxite region, is on the Henry place (B. 13). The ore cov 
ers the surface in an oval area, just east of the road, about 500 by 800 
feet in extent, forming a low, round hill. The ravines which have been 
washed iu the hill show that it is perhaps entirely underlain by a solid 
body. The ore at the surface, and more particularly about the outer 
portion of this area, is extremely ferruginous, but there is also much 
light-colored bauxite present. It is similar to that in the three deposits 
to the north, namely, a compact pisolitic ore, the matrix being somewhat 
harder thau the pisolites.

B. 4. Howell banlt.—This is about 2 miles northeastof the last-described 
deposit. The ore, as exposed in a prospect pit, about 40 by 20 feet, is 
light cream-colored, almost pure white. It is moderately soft, and con 
tains only a few small pisolites. Some portions are light pink in color. 
This variety contains fewer pisolites, and is somewhat softer than the 
white. The ore belongs to the amorphous variety, although some parts 
of it grade into the pisolitic. -The lateral extent of the ore body is 
probably not much greater than the prospect pit, and there are certain 
indications that its depth is very slight. On one side the mottled clay 
is seen underlying the compact bauxite, which appears to represent 
the bottom of the deposit.

B. 5. Minter lank.—About half a mile farther northeast is the Min- 
ter bank. The ore is here shown in an open cut about 40 feet in length, 
half of which is in structureless bauxitic kaolin and mottled clay, and the 
remainder in soft pisolitic ore. The ore is somewhat like that of the 
Howell bank, but the pisolites make up a much larger proportion of 
the mass, and it properly belongs to the pisolitic variety. It also is of 
light cream color, but the interior portions of many of the pisolites are 
stained a rusty yellow. £Tot enough work has been done to determine 
either the lateral extent or the depth of the deposit, but.it appears prob 
able that in both dimensions it is considerably larger than that on 
the Howell place.

B. 3. Bonsack bank.—Another deposit has been opened about half a 
mile north of the Howell bank. It was not visited, but the ore is said 
to exist in a large body, and to resemble that of the Minter bank very 
closely.
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Still farther east than those last described are deposits on the east 
ern side of the valley occupied by the Home and Cavrollton Railroad. 
These have a very strikiug linear arrangement, and aline connecting 
the three if extended northward would coincide exactly with the fault 
along the western side of the Silver Creek Valley.

jB. 6. Reese.—The northernmost of these deposits, the Reese bank, is 
a short distance east of the railroad. The deposit is exposed in a pros 
pect pit about 25 by 30 feet and 6 feet deep. The ore is mostly coarse 
pebble in a soft white matrix. The pebbles, which vary from one-half 
inch to 2 or 3 inches in diameter, are partly simple and partly com 
plex, in all respects closely resembling those more fully described from 
the Julia bank. The deposit also contains some large blocks of a 
rather coarse pisolitic ore, but this variety is subordinate to the other. 
A considerable amount of iron ore is shown in a pit almost exactly in 
contact with the bauxite.

B. 7. Mitchell.—About half a mile farther south is the Mitchell 
deposit. The ore is rather finely oolitic, the matrix being hard and 
compact, and the oolites soft, easily crumbling to a powder. The char 
acter of the ore is very similar to that which forms the inner portion of 
many of the complex pebbles in the Reese bank.

jB. 9. Broadaway.—About a mile still farther south is the Broadaway 
bank, which is probably the largest of the three deposits of this group. 
The ore is mostly of the amorphous type, containing only a few incon 
spicuous pisolites. It is almost pure white, mottled with small purple 
patches..

B. 14-16.—Finally, a group of three deposits occurs a short distance 
northeast of Cave Springs. Although rather widely separated from, 
the deposits of the Bobo district, they clearly belong in this district, by 
reason of the peculiar conditions under which they occur. The linear 
arrangement of these deposits is very striking. A line connecting the 
three is parallel with the western limit of the dolomite area, and they 
are probably situated on a small fault which extends toward the north 
east and merges into Vans Valley at Big Cedar Creek. These deposits 
are particularly interesting on account of their different altitudes and 
the relation between altitude and depth of deposit which they appear 
to exhibit. The Penny bank (B. 16) is in a rather deep ravine, altitude 
780 feet, which is considerably below the old peneplain already 
described. The Gordon bank (B. 15) is 90 feet higher, and the Culber- 
soji bank (B. 14) i's 80 feet higher than the last, or at an altitude of 950 
feet. This is very near the level of the old peneplain. At the Penny 
bank the ore is exposed in a cut of about 40 by 50 feet and 10 feet deep. 
On one side of the cut the mottled clay dips under the ore at an angle 
of about 35°. That next to the clay is coarse-gravel ore containing 
pebbles up to 3 or 4 inches in diameter, but the larger proportion 
between one-half an inch and 1£ inches in diameter. A rather large 
mass of flue pisolitic ore is seen overlying this coarse gravel on one 
side of the deposit.
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The Gordon bank (B. 14) which, as stated above, is about 90 feet 
higher than the Penny deposit, is less perfectly shown than the latter. 
A number of pits, however, show an oval body at least 50 feet in diam 
eter. The relation of the ore to the surrounding clay is not shown, but 
so far as could be jndged from the exposures, it is nearly vertical. The 
ore is almost perfectly white, and belongs to the amorphous type. It 
contains a few inconspicuous oolites, but near the surface no large 
pisolites or pebbles.

The Culberson bank (B. 13) is 80 feet higher than the Gordon bank, 
and is exposed only in its natural outcrop. Its lateral extent appears 
to be considerably larger than those of the other two members of the 
group. The ore has a fine, compact, oolitic structure, and on the surface 
outcrop is somewhat pinkish in color.

Itwill.be impossible to tell much abont these bodies until further 
work has been done upon them. From the manner in which they occur 
it appears at least highly probable that the Culberson bank contains a 
much larger amount of ore than either of the others. It seems probable 
that these deposits were all formed at about the same level, and that 
subsequent erosion has removed almost the whole of the Penny ore body, 
a considerable part of the G ordon, and has scarcely touched the Gulber- 
sou deposit, the surface of the latter remaining at almost the same 
altitude as the old peneplain, which marks the position of the land sur 
face at the time when these deposits were formed.

From the preceding, it is evident that the Bobo district contains a 
very large amount of bauxite, the greater part of which is entirely un 
developed. The ore is generally of good quality, and much of it is of 
exceptionally high grade. All the deposits are comparatively near 
existing railroads, and the rapid development of this district maybe 
looked for in the near future.

THE DYKE DISTRICT.

This district, which is much smaller than either of the two above 
described, lies wholly in Cherokee County, Ala. It embraces a narrow 
belt extending from near the Georgia line about 4 miles southwestward 
along the northern base of Indian Mountain. Within this narrow belt 
the effects of dynamic agencies are more marked than elsewhere in the 
region covered by the map. So profoundly have the rocks been dis 
turbed that their original position and composition are in many cases 
difficult if- not impossible to determine.

The faults of this region are unlike those with which the bauxite 
deposits in the Bobo district are associated, having been greatly modi 
fied by local conditions. The most important of these conditions is the 
great mass of Cambrian quartzite forming Indian Mountain to the 
southeast. This mass has to a large extent resisted folding and fault 
ing within itself, and in consequence of its rigidity has transmitted 
the compressing force and concentrated its effects in a narrow belt of
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less rigid rocks upoii its northwestern side. It is probable that the 
great mass of Indian Mountain has been thrust northwestward for a 
considerable distance upon a gently inclined plane, so that the fault 
along its base may partake of the characteristics of the major thrusts 
already described.

The crushing which the rocks in the Dyke district have suffered 
facilitates rock disintegration and decay, so that the surface is gener 
ally covered to an unknown depth by residual material. This is derived 
largely from the underlying rocks, but to the insoluble portions of these 
are added great quantities of extremely durable quartzite fragments 
from the adjacent slopes of Indian Mountain. This mantle renders it 
impossible to determine the exact boundaries of the underlying forma 
tions or the details of their structure.

A further source of obscurity, in the same region, is the incipient 
metamorphism which has affected some of the rocks, particularly the 
chert of the Knox dolomite. The effect generally produced has been a 
change of the amorphous or chalcedonic silica composing the cheitinto 
finely granular quartz. The chert loses its coherence and forms a white 
chalk-like substance, which readily disintegrates at the surface. When 
the metamorphism has been carried a step farther it results in the sec 
ondary deposition of silica, forming a peculiar jaspery rook, in which 
the original character of the chert is wholly lost. In many cases it is 
impossible to determine whether this jasper has been derived from 
chert, sandstone, or quartzite. The metamorphism is intimately asso 
ciated with the faulting, and was doubtless produced by thermal water, 
so that it belongs to a class of changes no longer taking place at the . 
surface in this region.

Since the agencies to which the accumulation of the bauxite deposits 
is ascribed had a more extensive development in this region than else 
where it would be natural to look for more extensive deposits than in 
the other districts. Such expectation is justified by the facts. Seven 
deposits are indicated on the map. In some cases these are simple 
deposits such as have been described in the Georgia districts, but gen 
erally they appear to be complex, made up of several bodies more or 
less closely connected. Hence, the relative number of deposits in the 
several districts do not properly represent the relative amounts of 
available ore.

I). 1. Estes.—The northernmost known deposit in the Dyke district is 
about half a mile from the Georgia line and a shorter distance north of 
the Dyke Rock Run road. No openings have been made atid the ore 
is shown only in rather abundant fragments on the surface. No esti 
mate can be made of its extent without prospecting. The ore belongs 
to the oolitic variety and appears to be of excellent quality.

I). 2, 3. Carr.—Nearly due south from D. 1, and on either side of the 
Rock Run road, are two deposits on the property of Dr. R. C. Carr. 
Of these the northern has not been opened, but is indicated by frag 
ments of coarse pisolitic ore on the surface. The other deposit, about
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300 yards farther south, is shown in a number of prospect pits and also 
in natural outcrops. The ore body is probably at least 200 feet in 
diameter, though its outlines can not be definitely determined. The ore 
is for the most part the oolitic variety, and almost pure white. (See fig. 
1 of PI. XXII.) Most of the oolites are from one-tenth to one-twentieth 
of an inch in diameter. They are rather loosely embedded in a soft 
matrix which only partially fills the interstices. The cavities thus left 
are lined with a thin film of gibbsite. Under the microscope the ore 
is seen to contain a large amount of this mineral, which in some cases 
forms most of the matrix and also replaces portions of the oolites. 
There appears to have been considerable circulation through the mass 
of oolites with a deposition of alumina, both in the form of gibbsite in 
an amorphous condition.

The deposit also contains some coarse pisolitic ore consisting of a few 
rather large simple concretions embedded in compact white matrix.

/s
20

FIG. 8.—Sketch plan of Warwhoop bauxite bank, Georgia. Scale: 120 feet=l inch; 4-foot contours, 
xxxx, limit of ore body; a, coarse pebble ore, in contact with yellow clay containing few oolites, 

and bowlders of bauxite; fc, coarse pebble ore in white matrix; c, 3-foot bed of mottled clay in fine 
oolitic ore, dip !NW. 35°; d, mass of white kaolin, 5 feet in diameter, in coarse pisolitic bauxite; 
e, soft white matrix with few large pisolites;/, mottled clay; gt large bowlders and angular masses 
of pisolitic bauxite in white and mottled clay; h, shaft, 55 feet deep; h-k. tunnel penetrating ore 
body, passing through seam of lignite 20 feet from the shaft.

D. 4. Wanchoop bank.—This is about half a mile southwest from 
D. 3. It has been worked for several years by the Southern Bauxite 
Mining and Manufacturing Company, and has yielded a large amount 
of high-grade ore. Several varieties of ore occur here, one passing into 
the other without sharp distinction. The main body forms one of the 
commercial grades known as "Warwhoop ore." It is almost pure white 
and softer than chalk. It is in general coarsely pisolitic, but varies on 
the one hand to amorphous ore and on the other to typical pebble ore. 
It also passes into a hard ore which may in turn be pisolitic, pebble or 
amorphous.

The form of the pit from which the ore has been removed, the shape of 
the ore body, and to some extent the relations of the difterent varieties 
are shown by the accompanying sketch plan of the bank, fig. 8.
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A shaft has been sunk on one side of the pit to a depth of 55 feet, and 
from the bottom of the shaft a tunnel about 50 feet in length runs under 
the surface workings. This tunnel shows that the ore extends at least 
40 feet below the lowest part of the pit.

About 20 feet from the bottom of the shaft the tunnel cuts through 
a mass of lignite several feet in thickness. This, is dark brown or 
black, with very low specific gravity, and consists largely of finely corn- 
niiuuted vegetable matter containing many small fragments of charred 
wood. Some rather large pieces of wood retain their original structure 
sufficiently for approximate identification. The wood was submitted 
to F. n. Knowlton for examination. He says of it:

A very few niiuute portions were thin enough to permit the structure to be made 
out. It is undoubtedly coniferous and probably belongs to the genus Picea or Abies; 
in other words, it appears to be a spruce. I am not prepared to venture even a gness 
aa to its age.

The lignite is not sharply separated from the clay by which it is sur 
rounded, but passes into it through all gradations from the nearly pure 
vegetable matter through various stages of carbonaceous clay. Several 
tons of the lignite were removed in cntting the tunnel, and it has been 
used as a fuel under the boilers, though with indifferent success.

• A short distance northeast of the Warwhoop ba.nk is a deposit of 
bauxite on the land of J. A. Terry. The ore is shown in a small pit 
which affords no indication of its extent. So far as shown near the 
surface it differs decidedly from the Warwhoop ore, being composed of 
a soft piuk matrix containing white oolites. The different character of 
the ore, however, may disappear as the deposit is developed.

A short distance south of the Warwhoop is a group of ore bodies 
of which two have been extensively developed. These are the Gains 
Hill and Dyke banks. A number of other bauxite deposits are shown 
within a few hundred yards of the two worked, either in test pits, surface 
outcrops, or the limonite diggings, perhaps a larger number than occur 
within an area of the same size elsewhere in the Georgia-Alabama 
region. Intimately associated with these bodies of banxite are very 
extensive limonite deposits which have afforded the chief source of 
supply for the Bass furnace at Rock Eun for many years. In some 
places the banxite was exposed in the sides of limonite pits and was 
known to the miners as "iron ore blossom."

D. 5. Gains Hill bank.—This, as well as the Warwhoop, is worked by 
the Southern Mining and Manufacturing Company. It is located in a 
low, rounded hill near the center of the group, and its surface has a 
greater altitude than any'of the other deposits of the group. Hence 
it has apparently been subjected to less erosion, and promises to yield 
a large quantity of ore. The accompanying sketch (fig. 9) of a cut in 
the northeast side of the deposit shows the character of the ore and 
something of its relati6n to the surrounding residual mantle. The main 
central mass of the ore is the fine pisolitic variety surrounded appar-
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ently by very coarse pisolitic or pebble ore. This coarse ore differs 
from the typical pebble variety only in having a large amount of hard 
matrix in which the pebbles are embedded. Some mottled clay with 
obscure banding occurs in the outer portions of the ore body and con 
siderable motion seems to have occurred in the clay. Beyond the outer 
limit of the ore is a mass of mottled day entirely 
free from bedding, and then a series of ocherous 
and carbonaceous clays with small lenses of lig 
nite and larger masses of coarse sand. The whole 
is covered to a varying depth by sandy clay soil 
containing fragments of sandstone.

J). 6. Bust-up or Dyke bank.—This is about 250 
yards south of the Gains Hill and is worked by 
the Kepublic Mining and Manufacturing Com 
pany. The ore is similar in character to that 
from the other deposits of the group. In this 
deposit the outer portions of the ore and the 
adjoining clay show more distinct stratification 
than is seen in any other examined. Beds of 
yellow and gray fine grained material, either 
siliceous clay or amorphous bauxite, alternate 
with beds a few inches in thickness of pisolitic 
ore. The beds dip at an angle of about 40°, and 
are curved so that they form a steeply pitching 
trough. Some of the layers also show distinct 
cross bedding, both primary and secondary 
planes dipping in the same direction.

£>. 7. Washer or Taylor lank.—This is about 
a mile southwest of the bank last described and 
about 3£ miles northeast of -Bock Eun. It is at 
the base of a steep quartzite ridge which forms 
a western outlier of Indian Mountain. Although 
the heavy mantle of residual material effectually 
conceals the underlying rocks, the ore appears 
to be exactly upon the faulted contact between 
the narrow belt of Knox dolomite on the north 
west and the sandy shales and quartzite of 
Indian Mountain on the southeast. This deposit 
has been worked for a number of years by the 
Kepublic Mining and Manufacturing Company, 
and has probably so far yielded a larger amount of ore than any other 
single bank. The pit in November, 1894, was nearly circular, about 100 
feet in diameter and 75 feet in depth. This pit does not properly repre 
sent the size or shape of the ore body, since a tunnel from the bottom 
penetrates the ore on the south side at least 30 feet. The latter may

g-S '
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be a smaller appendage to the main ore body, partially separated from 
it by a mass of mottled clay. Several different varieties of ore showed 
iii the pit and were being mined at the same time. The lowest seen was 
coarse pisolitic approaching pebble ore. A large mass higher up on one 
side consisted of soft white amorphous ore. In the sides of the cut lead 
ing down into the pit, and through which the ore is taken out, the rela 
tions of the ore to the inclosing residual mantle are well shown. Next 
to the ore body is a mass of mottled white and red clay containing many 
large angular fragments of pisolitic ore which form a sort of coarse 
breccia. Beyond this breccia are 15 feet of very ferruginous gravel ore, 
then 8 feet of dark red clay containing many small veins of limonite, 
and finally sandy red clay mottled with yellow patches.

A drainage tunnel has been driven from the bottom of the ore pit to 
a ravine about 600 feet distant. This tunnel passes for some distance 
through carbonaceous clay, which contains many pieces of charred 
wood, although it does not approach lignite in composition.

THE SUMMEKVILLE DISTRICT.

This district is less definitely determined than those above described. 
So far as known it contains but four deposits of bauxite, one at Sum- 
merville, in Ghattooga County, another a short distance south of 
Summerville, a third near Trion, and the fourth near McOonnells 
Station, in Walker County, Ga.

Taylor bank.—This is situated- just west of the town of Summerville, 
about halfway up the side of the Knox dolomite ridge which limits the 
Chattooga Valley on the west. The Gambrian shales forming the valley 
are seen on the map to be separated by a fault from the belt of dolo 
mite. This fault is of the ordinary Appalachian type similar to those 
occurring in the Bobo district, but having much greater length. It ex 
tends a long distance toward the northeast, and about 7 miles beyond 
the edge of the map passes within a few hundred yards of the Taylor 
bauxite deposit. At the time the latter was examined, in July, 1894, 
the workings consisted of a cut 60 feet long and 10 feet deep, from which 
several car loads of ore had been shipped. Unlike all the other depos 
its examined, the ore apparently occurs in a long and comparatively 
narrow vein extending parallel to the dolomite ridge. The vein is at 
least the length of the cut and 12 or 18 feet wide, ft is composed of a 
structureless bauxitic clay, in which are embedded numerous bowlders 
of pisolitic or vesicular ore which has a light gray color, and evidently 
contains some carbonaceous matter. The matrix surrounding the 
bowlders is generally pure white, and quickly crumbles to a powder on 
exposure to the air. It contains numerous small spherical cavities 
which were originally large pisolites. As yet only the bowlders have 
beeu shipped, the matrix probably containing too much silica for utili 
zation. Associated with the ore is a considerable amount of carbon 
aceous clay and impure lignite. The exact relation of this material to
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the bauxite could not be determined, but it is evidently intimate, since 
the bowlders contain sufficient organic matter to give them a gray 
color.

Along its eastern side the bauxite is in contact with a vein of limo- 
nite, about 5 feet in thickness, dipping 80° to the east. It consists of 
two sheets of solid liuiouite, each about a foot thick, separated by a 
layer of ferruginous clay.

Armington banlc.—This is located 8 miles nearly due north from 
the one last described, near McOounells Station, on the Chattanooga 
Southern Railway. The deposit was discovered only in January, 1895, 
and has not been examined by the writer, so that no statements can 
be made concerning the character of the ore or its surroundings. The 
following chemical analysis indicates that the ore is of excellent 
quality, containing an exceptionally small amount both of iron and 
silica:

Total...................................................................

.96

Active preparations are being made to work the deposit, and a side 
track is being built to the bank from the line of the Chattanooga 
Southern Railway.

ORIGIN OF THE BAUXITE DEPOSITS.

From the widely different conditions under which bauxite occurs iu 
various regions it is manifest that its origin has not everywhere been 
the same. In some places it occurs as a regularly stratified bed, in 
others as an alteration or residual deposit, and again as a well-defined 
pocket deposit, distinct from the inclosing residual material. The con 
ditions under which each of these varieties of the mineral was accumu 
lated must be determined from a study of that particular form of 
deposit and the conclusions derived from the study of one type should 
not be applied to the explanation of another. These principles seem 
too elementary to require statement, but some confusion has already 
arisen from this source on the part of writers who have described these 
deposits. Thus Mr. Spencer considered the alumina to have been 
derived from the crystalline rocks of central Georgia, to have been 
brought to its present position in a carbonated or alkaline solution and 
precipitated iu the lagoons in which the ferruginous and mangaiiiferous 
clayey limestones were being formed. Upon the subsequent decomposi 
tion of the Knox limestones, the calcareous matter being removed, the 
ores were concentrated, leaving accumulations of bauxite more promi-
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nent than in the original beds. This process of bauxite accumulation, 
as shown by M.Coqiiand, applies with certain modifications to the depos 
its described by him occurring at Baiix, France, but it can not by any 
possibility be made to fit the case of the Georgia-Alabama deposits. 
The latter are compact bodies with vertical nearly equal to horizontal 
dimensions, such as could by no possibility have resulted from the 
weathering of a limestone containing one or many lenticular beds of 
the ore. Again, the relation of the ore to the surrounding residual 
material, its freedom from inclusions of the latter, except such as are 
evidently subsequent to its formation, clearly prove that the surround 
ing cherty clay and the bauxite with its associated kaolins have had a 
wholly different origin. Finally, the constant feature in the location 
of the deposits is their altitude, their relation to present topography, 
whereas if the above hypothesis were correct that they are original 
members of the Knox dolomite and have weathered out in place, they 
should be found at some definite and uniform position in that forma 
tion. The fact, however, is that they are found associated indifferently 
with all parts of that formation and with beds immediately overlying 
it, thus having a stratigraphic range of at least 4,000 feet. This erro 
neous hypothesis would be of little importance except that it^assumes 
the deposits to be in the forms of beds instead of isolated pockets, and 
in their economic development this distinction is all-important.

Any theory to satisfactorily explain these deposits must give (1) the 
source from which the material was derived, (2) the means by which it 
was transported, and (3) the process of its local accumulation.

T11K SOURCE OF THE MATERIAL.

In the brief description of the stratigraphy of the bauxite region, 
some account was given of the rocks with which the ore is associated. 
Immediately underlying the ore is in most cases the Knox dolomite, 
but this formation could scarcely ha.ve furnished the material for the 
deposits since, so far as known, it contains only a small amount of alu 
minum and that always in the form of the silicate as clay.

The process by which the small amouut of iron contained in the dolo 
mite was segregated during the weathering of the rock into masses 
of limonite is wholly inapplicable to the segregation of aluminum as 
bauxite. Iron does not ordinarily occur in sedimentary rocks as the 
silicate but as the oxide and carbonate, compounds which readily unite 
with the organic acids in the soil to form soluble compounds. From such 
solutions the iron is precipitated by oxidation and so forms limonite. 
Aluminum, on the other hand, although much more abundant than iron 
in the sedimentary rocks, is practically all in combination with silica, 
forming a compound which is almost or quite unaffected by organic 
acids or other chemical agents active in rock weathering at the earth's 
surface.

Beneath the Knox dolomite there is throughout the whole of this 
region a great mass of calcareous clay shales which are probably the
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source of the alumina forming the bauxite. The Counasauga shales 
are generally several thousand feet iiv thickness and they contain from 
15 to 20 per cent of alumina. Although this is in combination with 
silica, the conditions requisite for its removal are also present.

THE MEANS OF TRANSPORTATION.

The faults of the region have been described at some length. In the 
Dyke district they are numerous and profound, and practically obliter 
ate all other structures. In the Bobo district they are also numerous, 
but have less displacement and greater regularity. Even the Her 
mitage district, in which no faults of the ordinary type are known, 
probably overlies a great shear zone, the major thrust plane of the 
Rome fault. Hence, it is safe to say that the strata of the entire 
bauxite region have been intersected by many fractures, while in some 
places the rocks have been crushed and ground up so that they form 
a breccia.

Everywhere the upper layers of the earth's crust, from a few hundred 
to several thousand feet in thickness, are penetrated by surface water. 
This water in circulation is in some places descending and in others 
ascending. The rapidity of the circulation depends largely on the 
porosity of the rocks, being extremely low in fine-grained rocks and 
more rapid where they are coarse-grained and porous. The most 
favorable conditions for an abundant and rapid circulation of water to 
great depths are afforded in a region intersected by many faults, and 
such a region is usually characterized by an abundance of large springs, 
which are apt to be mineral and thermal, at least for a long time after 
the faulting takes place.

The descending currents contain a large amount of oxygen in solu 
tion, so that their tendency is to oxidize minerals with which they 
come in contact. The ascending waters, 011 the other hand, have been 
deprived of their free oxygen, and have taken up carbonic acid in its 
place.

In the bauxite region the numerous faults intersect the massive 
dolomite by comparatively sharp fractures, while in the underlying soft 
shale the motion was distributed through a wider zone and many frac 
tures were formed instead of a single one, as in the dolomite. Water 
containing oxygen in solution flowed downward through the open fis 
sures in the dolomite and percolated slowly through the underlying 
shales. In addition to 15 or 20 per cent of alumina which the shales 
contain, they always hold a considerable amount of iron, mostly as the 
sulphide, and also some potash, together with more or less lime, mag 
nesia, and free silica. Various chemical reactions are possible under 
such conditions. The first and most important is the oxidation of iron 
sulphide to sulphate which takes place theoretically, as follows: 

PeS2 + H2O + 7Q=PeSO4 + H2SO4.
In this way a powerful chemical agent is furnished, namely, sulphuric 

acid, which is capable of taking potash and alumina away from the
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silica with which they are combined in the shale. In the presence of 
an abundant supply of potash the double sulphate of potassium and 
aluminum or ordinary alum would be formed, the process being pre 
cisely the same as that formerly employed on a large scale for the arti 
ficial preparation of alum from aluminous shales. The supply of potash 
failing, the principal products of the oxidation of the shale would be 
iron and aluminum sulphates, both of which are easily soluble, and 
therefore can be carried any distance by the circulating currents so 
long as the chemical conditions remain the same.

THE PROCESS OF LOCAL ACCUMULATION.

Sooner or later the water bearing these salts in solution would reach 
a point where the current was directed upward by reason of a lower 
outlet or the unequal temperature of different portions of the fissure. 
The solution would at once encounter new chemical conditions, causiug 
a new set of reactions among its constituents. The ferrous sulphate 
would remain practically unchanged except by an oxidizing agent, 
which it would meet only at the surface when exposed to the oxygen of 
the air. It would there be slowly oxidized, the iron separating as 
hydrated ferric oxide or limonite. The aluminum sulphate, however, is 
a much less stable compound. It does not require exposure to the air 
to break it down, but a weak base, such as calcium carbonate, is suffi 
cient. The reaction which would take place in such a case is theoret 
ically as follows, omitting, for the sake of clearness, the water with 
which both the aluminum sulphate before the reaction and the alumina 
afterward are combined:

A12(SO4 ) :, + 3CaCO;,=A]2O3 + 3CaSO4 + 3CO2 .

The carbonic acid passes off as a gas, the "calcium unites with thef 
sulphuric acid, forming calcium sulphate or gypsum, which remains in 
solution, while the alumina, which is entirely insoluble, forms a light, 
gelatinous precipitate.

On leaving the shales in which the aluminum sulphate is formed by 
the oxidizing process above described, the ascending solution would 
pass through from 500 to 4,000 feet of limestone before reaching the 
surface. During this passage a large amount of lime would neces 
sarily be taken into solution, and the conditions would then be favor 
able for the reaction as given above. The reaction in nature was 
doubtless more complicated than that indicated, and instead of simple 
hydrated alumina the precipitate at first formed probably contained 
some basic aluminum sulphate. It also contained varying proportions 
of iron and silica, which replaced an equivalent quantity of the water 
in combination with alumina. The iron and silica remain in the bauxite, 
while the sulphuric acid has been removed by subsequent reaction.

That aluminum sulphate is formed under the conditions assumed 
above is proven by the deposits of alunogen in New Mexico, as de 
scribed by Blake in the paper quoted on a previous page In this
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case the solutiou appears to have ascended rather by virtue of capillary 
attraction than by spring or geyser action, and it did not come in con 
tact with limestone, so that it reached the surface and was deposited 
without decomposition.

Alum springs are somewhat numerous in regions where oxidizing 
surface waters have access to shales containing iron Sulphide, and the 
alum is generally accompanied by some aluminum sulphate. Less fre 
quently only the simple sulphate is present. For example, a spring 
just north of the Georgia bauxite region was recently examined by 
Dr. W. H. Emerson, who found in the water much irou and aluminum 
sulphates, but no potassium.

The ascending currents reached the surface upon or near the faults, 
forming large springs which were probably thermal, and may in some 
cases have formed geysers. The precipitated, gelatinous alumina was 
carried upward by the water and probably at the same time compacted 
into the concretions of various sizes which characterize the bauxite. 
These concretions must Lave been kept in motion for a long time either 
in the subterranean passage or in the basin of the spring, while suc 
cessive layers of material were deposited on their surface. The con 
cretions formed in this manner accumulated about the springs and in 
some cases after they had solidified were broken up, the fragments 
worn more or less smooth by the currents, and new material was depos 
ited in concentric layers upon the outer surfaces. Such worn and 
renewed fragments form the complex pisolites, pebbles, and bowlders 
which are found in most of the deposits. The force of the ascending 
water can be inferred from the size of the bowlders it was able to lift, 
some of them, being upward of 2 feet in diameter.

In general, the greater the proportion of silica in the precipitate 
the less tendency did it have to form concretions. This is not an 
invariable rule, but holds in most cases. Hence the siliceous bauxite 
or bauxitic clay remained in suspension longer than the bauxite and 
was carried by the overflow out of the basin or deposited about its 
edges. The bedding often observed in the clays adjoining the bauxite 
deposits doubtless originated iu the quiet overflow from the springs, 
and its steep dip is due to subsequent settling of the adjacent residual 
materials.

The process thus briefly outlined furnishes the three essential fea- 
1 tures required of any satisfactory theory. It points out a source from 
which the material may have been derived, the means by which it was 
rendered soluble and brought to its present position, and the manner 
in which its peculiar structure was developed and the local accumula 
tions formed. v

AGE OF THE BAUXITE DEPOSITS.

In describing the bauxite deposits the fact was noted that the great 
majority of them occur at an altitude of about 900 to 950 feet. Those
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which occur at a lower level were shown to be shallow deposits, prob 
ably only remnants of originally much more extensive ones. It seems 
somewhat significant that such a uniformity in altitude should exist in 
pocket deposits throughout a region whose surface varies between C50 
and 1,200 feet or over. It is probable that by means of this relation 
some light may be thrown on the age of the deposits. From a study of 
its land forms and drainage the history of the southern Appalachian 
region has been fairly well worked out and briefly sketched in a previ 
ous chapter on its topography. Only a single episode in this history 
is involved in the present discussion.

At some time late in the Cretaceous, the land, which had been worn 
down through a long period of gradation to a nearly level plain but 
little above sea level, was elevated and erosion was thereby revived. 
The older plain was in some places merely trenched by stream courses 
and in others wholly destroyed, a new plain being formed near sea 
level, probably during Eocene time, in the same manner that the older 
one had been formed in Cretaceous time. The latter condition pre 
vailed in the region under consideration, remnants of the older plain 
being preserved only on the hard rocks of Indian Mountain and the 
ridges northwest of the Coosa liiver. After the second or Eocene plain 
was well advanced toward completion, especially in areas underlain by 
limestones, the region suffered another series of oscillations, the final 
result of which was an uplift, and the streams at once began trenching 
its surface. The present altitude of this second plain, as determined 
by the surface of the Knox dolomite plateau north of the Etowah Eiver 
and the dolomite ridges to the south, is about 950 feet above sea level. 
Fow the bauxite deposits, as stated above, are found at altitudes 
between 900 and 950 feet, and since this is approximately the same alti 
tude as the Eocene base-leveled plain, they could not have been formed 
before that plain was nearly completed, for they are undoubtedly shal 
low surface deposits. Also, they must have been formed before the 
Eocene plain suffered uplift and erosion, otherwise the springs to which 
they are due would have found lower outlets and the deposits would 
occur in the valleys of the present streams. These considerations seem 
to fix the period of bauxite accumulation toward the close of the Eocene. 
It is not improbable that the same conditions were present during 
earlier geological periods, but the deposits which may have then accu 
mulated were removed in subsequent periods of active erosion. It may 
even be that the existing deposits are the result of forces nearly extinct 
and which possessed much greater activity and gave rise to corre 
spondingly larger deposits in earlier ages. This is a necessary conclu 
sion if the deposition of the bauxite depends on high temperature in 
the waters and if the heat was, as already suggested, an effect of fault 
ing, for the faulting culminated before the beginning of Cretaceous 
time, and the resulting heat must have been almost entirely dissipated 
before the end of Eocene time. The conditions most favorable for the
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accumulation of bauxite are, however, not well enough known to war 
rant definite statements on these points.

METHOD OF ESTIMATING ORE BODIES.

All ore deposits which occur in the form of pockets are uncertain 
quantities. Surface indications are often misleading, and even system 
atic prospecting may entirely fail to reveal the amount and quality of 
ore present in any locality. Bauxite deposits have been regarded as no 
exception to the rule, and it is generally admitted that only after an ore 
body has been worked out can any definite statement be made as to 
the quantity of ore it originally contained. Hence if any regularity 
can be discovered in these deposits'which will enable the engineer to 
estimate approximately the amount of ore they contain before the plant 
for raising it is established, it will be a distinct gain in economic work 
ing. From the foregoing descriptions of the individual deposits cer 
tain common features appear which suggest the possibility of such 
estimates.

First, it is observed in the few cases where the ore body has been 
nearly or quite worked out that a tolerably regular, cup-shaped depres 
sion results, generally round or oval, and, except for minor irregulari 
ties, descending with smooth concave sides to the lowest point, near 
the center. Some of the pits apparently depart widely from this type, 
but the seeming irregularity is probably due to interference of two or 
more separate deposits.

In the second place, it has been shown that the bauxite deposits occur 
in more or less compact groups, and there are indications that all the 
deposits of any group reach approximately the same depth. If this is 
the case in any group of deposits, those which occupy the highest land 
contain the most ore, for they have suffered the least erosion, while 
those which occupy the lower land may have been almost wholly 
removed, being only the bottom portions of once extensive deposits.

In the third place, there appears to be some connection between the 
character of the ore and its position in the deposit. The coarse pebble 
ore generally occurs near the outer portions and bottom of the deposit, 
while the compact pisolitic and vesicular ore occur in the upper part. 
There are so many exceptions to this rule that its value in determining 
the depth of a deposit is questionable and it is quite subordinate to the 
other two. To determine the probable amount of ore in any deposit, 
then, the engineer should first study the entire group to which the par 
ticular deposit belongs. Examining particularly the ore whose surface 
is at the lowest level, he may be able to judge from the angle of the inclos 
ing clay wall, and possibly from the character of the ore, the probable 
depth to which the deposit extends. This may be regarded as the limit 
ing depth of all the deposits in the group. Shallow test pits will enable 
him to determine approximately the area of any other.deposit, and hav 
ing a limiting depth the volume of a body with the theoretical shape 
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may readily be obtained. Deduction must of course be made for the 
clay dikes and other inclusions which all the deposits appear to contain, 
and the proportion of this waste matter to the ore must be determined 
by experience. Of course the practical miner will understand the lim 
itations of such methods and the large element of uncertainty which 
must always remain, but even with this uncertainty an estimate care 
fully made in some such way as that suggested could not fail to be of 
great value to anyone undertaking the mining of bauxite.

ECONOMIC ASPECTS OF THE DEPOSITS. 

MINING.

From the manner in which the bauxite occurs in this region, mining 
is a comparatively simple process. There is, however, abundant oppor 
tunity for improvement on the methods now employed in most of the 
banks, particularly in the economic handling of the overburden, and in 
the utilization of low as well as high grade material by the separation 
and removal of injurious constituents. Practically all mining is done 
in open pits, although in a few cases drifts have been run chiefly for 
determining the extent of the ore body and for drainage. The super 
ficial covering of soil, from 1 to 10 feet in thickness, is first removed 
from the ore, and then if the deposit is on a hillside a cut is made on a 
level wide enough for a tramway or for barrows, and of sufficient depth 
to give a working face of 10 to 15 feet when the ore body is reached. 
The cut serves also for drainage, and in most cases the slope of the 
land is sufficient to secure drainage in this manner until considerable 
depth is reached, when pumping becomes necessary. The only trouble 
is from surface water, since the level of permanent ground water has 
not yet been reached in any case. In some places, as at the Julia 
banks, the surface of the surrounding land is so nearly level that natural 
drainage can not be secured for any considerable depth without greater 
expense than that involved in pumping. At the Washer bank a drainage 
tunnel 600 feet in length has been driven from a neighboring ravine to 
the lowest level reached in the pit, which is 76 feet in depth.

In most cases the ore is so soft that it can be loosened by means of 
pick and gad, but blasting is sometimes found to be necessary. The 
various grades of ore are kept separate in the pit and subsequently, so 
that car-load lots are uniform in character and are fairly represented 
by the analyses.

The ore is removed from the pit to drying sheds, where most of its 
moisture is lost. Some experiments have been made in artificial dry 
ing, but most of the ore has been shipped without. Several forms of 
drying furnace have been employed. The first, tried for some time at 
the Julia banks, consisted of brick arches covered with sheets of boiler 
iron, on which the ore was spread. This was found to be expensive 
and unsatisfactory. It has been replaced by an improved furnace, 
recently erected at Linwood, the point of shipment. This consists

V
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essentially of a brick cupola with a central flue, which insures free cir 
culation of the hot air through the ore. Another form of furnace, 
which has been built at the Warwboop banks by the Southern Bauxite 
Company, consists of a cylindrical rotary continuous feed drier, and 
is intended to treat the ore from both the "Warwhoop and Gains Hill 
banks. The ore has also been dried at some banks by roasting in the 
open air, in the same manner that limonite is treated before going to 
the furnace. The ore is piled up on a platform of cord wood, which is 
then fired, and gives sufficient heat to drive off the moisture, materially 
reducing the weight. With the high freights paid on the ore, this 
reduction in weight is an important item and warrants the erection of 
rather expensive drying plants.

The coarse gravel ore is generally.screened before shipment, thus 
removing most of the matrix and making the percentage of alumina in 
the screened material slightly higher than in the unscreened. The fine 
material is not shipped at present, but will, undoubtedly, some time be 
utilized. A log washer, similar to those commonly used for limonite and 
manganese, is in operation at the Julia banks, and is producing excel 
lent results. It is especially adapted to the treatment of pebble ore 
containing a large amount of clay matrix. Material otherwise worth 
less can be made by this inexpensive process to yield a large amount of 
high-grade ore, and it will doubtless be found profitable at many of the 
banks to work over and wash most of the dumps.

PRODUCTION AND CONSUMPTION.

The production of banxitc has shown a steady increase from 1889 to 
the present, with the exception of a slight falling off in 1893. The 
accompanying table gives the production since the iirst banks were 
opened at Hermitage, Ga., in 1889. The amounts are given in long 
tons of 2,240 pounds:

Calendar years.

1890 ...............................................

1893...............................................
1894 ...............................................

Georgia.

Zcm</ tons.
1,850

2,315

Alabama.

JJOIKJ tons.

7 9flfl

Total.

Long tons.

1,850
3 900

9,079

The value of the ore at the banks is from $3 to $3.50 per ton, while 
the freight averages about $4.30 per ton to points of consumption. The 
market for the ore is wholly in the North, where the chemical estab 
lishments which utilize it are located, the largest consumer being the 
Pennsylvania Salt Company, at Natrona, Pa.

The advantages which would follow the establishment of the neces 
sary plant for refining the ore near its source are so great that it must 
be only a matter of a short time until this is done. There is a steadily
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increasing demand in the South for compounds of aluminum, such as 
alum and aluminum sulphate, and it is bad economy to more than 
double the cost of those compounds by adding to it unnecessary freights.

THE SUPPLY OP BAUXITE.

Aluminum is every day finding new applications in the arts, and its 
use will undoubtedly continue to increase as the valuable properties of 
the metal become better known. This implies a corresponding increase 
in the demand for bauxite, which must remain the chief ore of alu 
minum until some radical change is made from the present method of 
reducing the metal. In addition to this use for the ore there is a large 
and growing demand for it in the manufacture of various aluminum 
compounds. Hence an interesting question arises as to the supply of 
bauxite and the possibility of its being exhausted in the near future.

The amount of ore in the different known deposits of the Georgia- 
Alabama district varies so widely that no reliable estimate can at pres 
ent be made of their total content. The largest deposits very likely 
contain 10,000 or 15,000 tons or over, but it is probable that the majority 
will be found to contain less than 500 tons. There are at least 50 dis 
tinct deposits in the region covered by the accompanying map, and the 
most liberal estimate would scarcely place the average yield at more 
that 2,000 tons. This would make an aggregate for the known deposits 
in this region of 100,000 tons, which at the present rate of consumption 
would be exhausted in less than ten years. It should be clearly under 
stood that this estimate is given simply as a rough approximation, 
which is all that can be done with the data at present available. It 
will suffice, however, to show the prevailing opinion that these deposits 
contain an inexhaustible supply of ore to be entirely erroneous.

The above estimate is made on the basis of the deposits at present 
known. It is probable that additional ore bodies will be, discovered in 
this region, but they are apt to be small, for the larger deposits gener 
ally afford abundant surface outcrops or float ore, by which their pres 
ence maybe readily recognized. It is possible that large deposits may 
exist which are entirely concealed by the residual chert and clay, par 
ticularly if the ore near the surface is without the concretionary struc 
ture or is so soft that it crumbles readily. Although the whole region 
has been somewhat thoroughly searched for float ore, the latter so 
closely resembles the chert covering the surface that it might easily be 
overlooked, even where present in considerable abundance. Taking all 
the conditions into account, therefore, it seems probable that some 
additional deposits will be discovered in this region, but that the. great 
majority are already known.

The foregoing description of the deposits and the theory advanced 
for their origin suggest certain localities in which systematic prospect 
ing might profitably be undertaken. It was pointed out that in the 
Hermitage district the deposits occur in more or less compact groups,



BAUXITE. 597

exactly as hot springs at the present time are more often found in 
groups than singly. Hence in this district one deposit suggests others 
in its immediate vicinity. It was also shown that the deposits occur 
within a small vertical range, generally between 850 and 950 feet above 
sea level. This excludes from the territory to be prospected the tops 
of the ridges and the bottoms of the valleys.

In the Bobo district the territory to be examined is even more 
restricted, and the encouragement to systematic prospecting corre 
spondingly increased. Here the most striking feature is the arrange 
ment of the known deposits along definite lines which were shown to 
coincide with fault lines. Hence the chances of finding additional 
deposits are greatest along these same faults between and beyond those 
already known. Similar conditions prevail in the Dyke district, where 
the probability that large deposits exist in addition to those already 
known is greater than elsewhere on account of the exceptionally deep 
residual mantle covering the surface.

The probability that the supply of bauxite will be increased by the 
extension of the productive area is greater than that considerable new 
bodies of ore will be found in the districts above described. The geo 
logical conditions which were favorable for the accumulation of the 
ore, so far as they can be determined, were not confined to the small 
area covered by the map, but prevailed with certain modifications 
throughout a broad belt extending from central Alabama, across north 
western Georgia and eastern Tennessee, into Virginia. Some conditions 
not yet recognized may have limited the area of accumulation to the 
region now known, but it seems more probable that the ore will be 
found, though perhaps in smaller quantities, throughout the greater part 
of the belt. The bauxite deposits are known to occur some distance 
southward into Alabama, between Gadsden and Jacksonville, but none 
are known northward in Tennessee.

In searching for bauxite beyond the region in which it is known to 
occur the deposits of limonite will serve as a valuable guide. While 
it is certain that many such deposits occur where there is no bauxite, 
it is almost equally certain that no bauxite will be found which is not 
associated with limonite.
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PRODUCTION.

The production of quicksilver in California remained stationary in 
1894, the quantity produced being 30,416 flasks, or 1,163 tons, against 
30,164 flasks in 1893. The price declined, however, quite markedly, as 
shown in the following tables:

Total product of quicksilver in the United States. 
[Flasks of 76J pounds, net.]

Years.

1851......
1852......
1853 ...... 
1854...... 
1855 ......

1857 ......
1858 ...... 
1859......

1861 ......
1862 ...... 
1863 ...... 
1864 ......
1865 ...... 
1806...... 
1867 ...... 
1868 ...... 
1869 ...... 
1870...... 
1871 ...... 
1872...... 
1873...... 
1874 ..... 1 
1875 ...... 
1876...... 

- 1877 ...... 
1878 ...... 
1879 ...... 
1880 ...... 
1881 ...... 
1882 ...... 
1883 ...... 
1884 ...... 
1885 ...... 
1886...... 
1887 ...... 
1888...... 
1889 ...... 
1890...... 
1891...... 
1892...... 
1893 ...... 
1894......

Total..

aa 
5g >•*
®&

27, 779
15, 901
22, 284 
30, 004 
29, 142

25, 761 
1 994

New Hria.

7, 061 1 ...- -

39, 671 
32, 803

47, 194 
35, 150 
24,461 
25, 628 
16, 898 
H, 423 
18, 568 
18, 574 
11, 042 
9,084 

13, 648 
20, 549 
23, 996 
15, 852 
20. 514 
23, 465 
26, 060 
28, 070 
29, 000 
20, 000 
21, 400 
38,000 
20, 000 
18, 000 
13, 100 
12,000 
8,200 
5, 563 
6, 614 
7,235

943, 971

(a) 
6,525 

11, 493 
12, 180 
10,315 
9,888 
8,180 
8,171 
7,735 
6,911 
8,432 
7,272 
6,316 
5,138 
4,425 
3,209 
2,775 
1,953 
],606 
1,025 
1,144 
1,406 
1,890 
1,320 

980 
977 
792 
848 
869 

1,005

134, 780

Rediugton.

444 
852

3, 545
2,254 
7,862 
8,686 
5,018 
4,546 
2,128 
3,046 
3,294 
6,678 
7,513 
9,183 
9,399 
6,686 
4,516 
2.139 
2,194 
2,171 
1, 804 

881 
385 
409 
673 
126 
812 
505 
442 
728 

1,012 
1,200

103, ]35

Sulphur Bank.

573 
5, 37-2 
8,367 

10, 993 
9,465 
9,249 

10, 706 
11,152 
5,014 
2,612 

890 
1,296 
1,449 
1,490 
2,164 
2,283 
1,608 
1,375 
1,393 
1,200 

348

88, 999

to 
£•

<5

1,122 
3,384 
4,322 
5,856 
4,963 
6, 333 
6, 442 
6,241 
5,179 
3 869 
3,202 
3,469 
1,949 
1,446 

925 
556 

1,334 
1,844 
5,867 
3,187 
5,341

76, 901

i
§^5l
cS«8*- 

ft

573 
2,229 
3,049 
3,605 
4,410 
5,552 
6,842 
5,890 
4,307 
3.506 
5,247 
5,574 
5,024 
4,590 
3,429 
4,454 
5,680 
6,120 
4,930

85, 017

ecaH s 3°
2 cb

412 
387 

' 505 
1,366 
1,455 
1,279 
1,065 
2,124 
1,669 

332 
446

689 
1,151 
1,345 
1,046 
1,660 
1,630 
1,445 
1.368

22, 109

Mirabel.

------

......

1, 543 
3,848 
1,874 
1,290 
1,686 
3,208 
5,211 
4,214

22, 874

1

1,592 
3,795 
3,575

8, 902

d
•3 
h-!

Allbott.

-----

--I--

612 
578

1,190

672 
133 

1,200

2,005

Various mines.

4,099

3,858 
2,862

5,239 
11,706 
2,939 

571 
1,885 
6,876 
3,086 
2,261 
2,621 
3,184 
1,234 
1,580 
1,220 
2,810 
1,830 
5,231

11, 489 
22, 063 
20, 101 
17,361 
23, 587 
8,270 
5,812 
1,379

185 
1,186 

427 
786 
520 
992 
924 
737 

2,451 
200

186, 950

Total 
yearly 

produc 
tion of 

California 
mines.

7,723 
27, 779 
20,000 
22, 284 
30, 004 
33, 000 
30,000 
28, 204 
31, 000 
13, 000 
10.000 
35, 000 42,000' 
40, 531 
47, 489 
53, 000 
46, 550 
47, 000 
47, 728 
33, 811 
30, 077 
31, 686 
31,621 
27,642 
27, 756 
50, 250 
72,716 
79, 395 
63, 880 
73, 684 
59, 926 
60, 851 
52, 732 
46, 725 
31,913 
32, 073 
29,981 

633,825 
33, 250 
26, 464 
22, 926 
22, 904 
27, 993 
30,164 
30, 416

1, 676, 953

a Production from 1858 to 1866, 17,455 flasks—no yearly details obtainable—included ill production'of 
various mines. 

6 Includes 65 flasks from Oregon.
598
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Production of quid-silver in California in 1894, 6i/ months.

Months.

April................
May.................

July.................

X

g

;j
<D

fc

BOO

500
150

567

7,235

JTapa, Consol 
idated.

370
410

400

350
200

540
435

4 930

Mirabel.

370
220
250

425
400

394
400

290

4,214

C3
fl •*J

«

375
295
245
280
295
265
325
375

360

290

3,575

Ji
cfl
£*e 
n<>
£ c5

400

434
425
400
455
386

575

500

1w .
„!
o

120
113

105
101
109
46
73

164
171
148

Sulphur Bank.

75
110

31
71
61

5 
tla >rS
3
100
100

100
100
100100
100

100

100

!N"ew Idria.

70
65
50
60
70
85
75
80
80
80

155
135

1,005

Abbott.

100
100
100
100
100

100
100

100
100
100

Totals.

2,735
2,573
2,562
2,476
2,536

2,459
2,398
2,177

2,662

30, 116

a, Estimated.

PRICES.
Highest and lowest prices of quicksilver in 1894, 

[Per flask.]

Montba.

July......................................

San Francisco.

Highest.

$30. 00 
32.50 
34.00 
35.00 
36.00 
36.00 
36.00 
36.00 
37.00 
37.00 
37.0fl 
37.00

37. 00

Lowest.

$28. 50 
30.00 
32.50 
33.25 
34.75 
36.00 
36.00 
35.00 
35.00 
37.00 
36.50 
37. 00

London.

Highest.

£ s. d. 
676 
5 17 6 
5 17 6 
5 15 0 
600 
600 
600 
6 10 0 
6 15 0 
6 15 0 
6 15 0 
6 15 0

^8. 50 C 15 0

Lowest.

£ s. d. 
600 
5 17 6 
5 10 0 
576 
600 
600 
600 
600 
6 10 0 
6 15 0 
6 15 0 
6 10 0

576
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Highest and lowest prices of quicksilver during tJie past forty-five, years.
[Per flask.]

Tears.

1851.......................................
1852.......................................

1854.......................................
1855.......................................
1856 .......................................
1857.......................................

1859.............................. ........
I860.......................................
1861.......................................

1863...:.....................--............
1864...... .................................
1865.......................................

1867.......................................

18«9..................... ..................
1870.......................................
1871.......................................

1873.......................................
1874.......................................
1875.......................................
1876.......................................
1877.......................................
1878. ......................................
1879.......................................
1880.......................................

1882.......................................
1883... ....................................
1884
1885.......................................
1886.......................................
1887. .....................................
1888.......................................

1890.. .....................................
IRQ!
1892
1893 .......................................

Price in San Fraii- 
cisoo.

Highest.

$114. 75 
76.50 
61.20 
55. 45 
55.45 
55. 45 
51.05 
53.55 
49.75 
76.50 
57.35 
49.75
:is. 25
45.90 
45.90 
45.90 
57.35 
45.90 
45.90 
45.90 
68.85 
68? 85 
60.95 
91.80 

118. 55 
118. 55 
53.55 
44.00 
35.95 
34.45 
34.45 
31.75

28.50 
35.00 
33.00 
39.00 
50.00 
47.00 
50.00 
58.00 
51.00 
47.50 
43.50 
37.00

118. 55

Lowest.

$84.15 
57.35 
55.45 
55.45 
55.45 
51.65 
51.65 
45.90 
45.90 
49.75 
49.75 
34.45 
34.45 
38.25 
45.90 
45.90 
45.90 
45.90 
45.90 
45. <JO 
46.90 
57.35 
65:00 
68.85 
91.80 
49.75 
34.45 
30.60 
29.85 
25.25 
27.55 
27.90 
27.35 
26.00 
26.00 
28.50 
32.00 

• 36. 50 
36.00 
40.00 
47.00 
39. 50 
41.50 
30. 00 
28.50

25.25

Price in London.

Highest.

£. s. d. 
15 0 0 
13 15 0 
11 10 0 

K 15 0 
7 15 0 
6 17 6 
6 10 0 
6 10 0 
7 10 0 
750 
700 
700 
700 
700 
SI 0 0 
800 
800 
700 
6 17 0 
6 17 0 

10 0 0 
12 0 0 
13 0 0 
20 0 0 
26 0 0 
24 0 0 
12 0 0 

9 10 0 
750 
8 15 0 
7 15 0 
700 
650 
5 17 6 
6 15 0 
6 15 0 
7 10 0 

11 5 0 
10 0 0 

9 15 0 
10 10 0 

8 12 6 
7 10 0 
0 17 6 
6 15 0

26 0 0

Lowest.

£. s. rf. 
13 2 6 
12 5 0 
976 
826 
750 
6 10 0 
6 10 0 
6 10 0 
750 
700 
700 
700 
700 
700 
7 10 0 
7 17 6 
6 17 0 
6 16 0 
6 16 0 
6 16 0 
6 16 0 
900 

10 0 0 
12 10 0 
19 0 0 

9 17 6 
7 17 6 
726 
676 
5 17 6 
676 
626 
5 15 0 
550 
526 
5 10 0 
5 16 3 
676 
6 12 6 
7 10 0 
9 10 
750 
620 
620 
5.76

526

SHIPMENTS.

Quicksilver shipments in 1893 and 1894.

By sea 1 o—

NPW "Vorfc

China..............................................................

Total by rail.......................................................

1893.

flasks.

3 990
3 OAA

804
289

87
11

16, 581
11,654

28, 235

1894.

Masks.

200

7,881

OK OP;O
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IMPORTS.

In the following table is given a statement of the imports of quick 
silver from 1867 to 1894:

Quicksilver imported and entered for consumption in the United States 1867 to 1894,
inclusive.

Tears ending —

June 30, 1867 ....
1868.....
I860
1870. ..
1871. ..
1672. .
1873.
1874.
1875. .
1876.
1877. .
1878. .
1879. .
1880. ..

Quantity.

Pounds.
152

239, 223
304, 065
370, 353

99, 898
51, 202
6,870

78, 902
38, 250

294, 207
519, 125
116, 700

Value.

£15 248
68
11

107, 646
137, 332
189, 943

74, 146
52, 093
20, 957
50, 164
19, 558

135, 178
217, 707

48, 163

Tears ending-

June 30,1881. ..
1882. .
1883. .
1884-
1885.

Doc. 31, 1886.
1887.
1888.
1889.
1890.
1891.
1892. .
1893......
1894......

Quantity.

Pounds.
138, 517
597, 898

1, 552, 738
136. 615
257, 659
620, 888
419, 934
132, 850
341,514
802, 871
123, 966

96, 318
41,772

7

Value.

$57, 733
233, 057
593, 867
44,035
90, 416

249, 411
171, 431

56,997
162, 064
445, 807

61, 355
40, 183
17,400

6

QUICKSILVER I1ST TEXAS.

Much, interest has been aroused by the discovery of cinnabar in the 
mountains of Texas, 100 miles from Marfa Station, on the Southern 
Pacific Railroad. The spot has been visited by Prof. W. P. Blake, and 
the conditions are well described by him in a paper in the Transactions 
of the American Institute of Mining Engineers, of which an extract 
is given below:

Early in the year 1894, Mr. George W. Manless, of Jimt>aez, Mexico, agent at that 
point of the Rio Grande Smelting Works, having learned that some Mexicans had 
obtained very rich cinnabar in the mountains of Texas, a few miles north of the Rio 
Grande, undertook, together with Mr. Charles Alien, of Socorro, N. Mex., an explora 
tion of the region, with the result of finding the cinnabar deposits and locating them 
for development. My attention was directed to them through Mr. James P. Chase, of 
Socorro, with whom Professor Blake visited the locality in August, 1894. About the 
same time a notice of the discovery was printed in Los Angeles, Cal., 1 and it was also 
mentioned in one or more of the papers in El Paso, and later in the Manufacturers' 
Record, published in Baltimore.

The locality is in the southern portion of that part of Texas within the Big Bond 
of the Rio Grande, about 80 or 90 miles south of Alpine Station, and 90 or 100 miles 
from Marfa Station on the Southern Pacific Railway. It is 50 or 60 miles from Pre 
sidio del Norte, and about 10 or 12 miles from the Rio Grande. The longitude is 
about 27° W. and latitude 29° 30' N. The cinnabar is best reached from Marfa by 
team through an open country, with a gradual descent from the Marfa table-land to 
the Rio Giande valley, following first the Valley of the Alamitos and then over a low 
divide to the Tres Lenguas, which is followed southward, generally between the 
flat-topped hills of the mesas on each side, until nearing the Rio Grande, where the 
road winds among higher and more rugged hills. The last 6 miles of the route is 
impassable for wagons, and the cinnabar camp is reached by apack trail which turns 
westward from the w agon road and leads across a country much broken and inter 
sected hy dry "washes" or creek beds. *

1 The Bullion, August 14, 1894, Vol. XII, So. 16, p. 3.
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The hills are low, but are much broken by escarpments of nearly horizontal strata 
of Cretaceous limestone. The elevation of the camp is shown by the aneroid barom 
eter to be 3,250 feet above tide. The valley of the Rio Grande, marked by its fring 
ing groves of cottonwood trees, is in full view for several miles. The mountains 
across the border in Mexico are also clearly Seen, as well as the high range on the 
southeast known as Los Chisos, culmiiiating in Emory Peak, and the peculiarly shaped 
peaks known as the "Mules' Ears"—all noted landmarks.

From Marfa to the Tres Lenguas the direction is nearly southeast, following a 
widely eroded valley in table-lands, which are generally capped with a hard layer 
of basaltic lava, seen to the best advantage at the Alamitos rancho and in the Church 
Mountains, near Collinson's rancho. An isolated conical mountain, rising from the 
broadly eroded country to the eastward of the Church Mountains, has a flat top and 
is evidently a remnant of the former mesa, left standing as a monument, as if to 
show what an enormous amount of material has been swept away to the Gnlf by 
erosion and degradation. The edges of the horizontal beds can be seen from a dis 
tance, and the mountain, known as San Diego Peak, doubtless affords a very com 
plete and interesting section of the entire series of beds from the lava cap to the 
lower strata of the Cretaceous.

The beds of which this peak and the mesas along the Alamitos and the upper 
branches of the T/es Lenguas are chiefly formed are remarkable for their whiteness 
and homogeneity, and appear'to consist chiefly of an indurated volcanic mud. It is 
an amorphous mass, in which there is a large amount of clay and silica; but it is 
without well-defined structure of stratification. It is remarkable for the general 
absence of oxide of iron. It is fusible and would appear to be a mass resulting from 
the breaking up of feldspathic rocks. The thickness is probably not less than 500 
feet, and it extends over a wide area, east and west, as far as the edges of the high 
mesas can be seen. The general uniformity of composition of this deposit is broken 
toward the top of the mesas by a bed of conglomerate and breccia, 10 feet or more in 
thickness, made up chiefly of red and brown porphyritic rocks. The masses being, 
in part, well rounded, show the action of currents of considerable force and extent. 
This stratum contrasts strongly with the white sediments above and below, and 
makes a dark-colored belt or band through the hills visible for miles on either side.

In descending the valley of the Tres Lenguas there is a marked transition from the 
volcanic beds to those of unquestionable Cretaceous age. At first thick masses of 
finely bedded blue and yellow shales are encountered, and in the broad, flat surfaces 
countless casts of Inocerainus reveal their proper horizon. The strata, at flrst lying 
apparently horizontal, arc found to be cleft in various directions by faulting planes, 
with large blocks partly upturned and evidences of extreme lateral pressure, by 
which the shales along the faults are buckled upward and crushed. The shales are 
succeeded by limestones, massive, light colored, nodular, and rugose in structure.

The cinnabar occurs both in massive limestone and in a siliceous shale and a white, 
earthy, clay-like rock, and in part in a true breccia of grayish-white siliceous shale, 
dense and compact, embedded and cemented in a red and chocolate-colored ferru 
ginous mass, also dense and hard. The white blocks or included fragments of the 
shale exhibit a concentric arrangemeut of coloring by oxide of iron disposed in 
bands and thin sheets, deposited in the substance of the shale by tbe absorption of 
ferruginous solutions, penetrating from without inwards along the surfaces of the 
fragments. These deposited coatings or layers conform in general to the exterior 
forms of the masses, and succeed each other like the concentric layers seen in agates 
and chalcedony. The colored depositions may also be seen surrounding tube-like or 
thread-like channels, which have permitted the inflow of solutions bearing not only 
iron salts, but also those of quicksilver, and leaving behind, in the substance of the 
rock, layers of iron oxide and of cinnabar concentrically disposed.

While the genesis of the cinnabar is here shown to be essentially like that of the 
iron oxide, it is smaller in quantity, and is so far separated from the ferruginous 
bands as to show a great difference in the couditions of deposition. The cinnabar
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is more generally crystalline than amorphous; it is not found in such continuous 
coatings or layers in the white shale as the iron oxide, but is in distinctly separate 
grains and small but brilliant rhomboidal crystals, having the brilliant red color 
characteristic of vermilion. There are also considerable masses of snow-white 
argillaceous rock, in which cinnabar is found in minute crystalline grains spread in 
bunches here and there through the mass, and often not observable until the mass 
is rubbed or bruised with a pick or hammer, when the red color of vermilion 
appears. In such masses there is apparently a complete absence of ferruginous 
matter. The soft, white, chalk-like masses of rock do not appear to be so favorable 
to the crystallization of the cinnabar as the more dense and siliceous portions of 
rock, resembling chert or flint, where the cinnabar is in distinctly formed crystals 
sprinkled through the rock, much like the occurrence of cinnabar in the siliceous 
gaugue of the deposits of Buckeye Rancho, California.

In addition to these disseminated crystalline granules in the brecciated shale and 
in the more massive white rock there are amorphous bunches of cinnabar found in 
the shales and in the limestones and the breccia. This cinnabar is not, however, in 
hard masses like those of the New Almaden mine iijjiCalilornia, nor is it in veiulets, 
as there found, traversing the rocks, but it is soft and friable and has a light ver 
milion color. Calcite.is associated with it, but, so far as observed, no petroleum or 
bituminous exudations. Some of the larger masses of cinnabar bunches, weighing 
2 or 3 pounds of nearly pure mineral, were taken out of an open cut, where the 
shale appears to be the parent rock; but I noted also some small bunches of the 
cinnabar in the compact blue limestone.

There are several points on the line of about 1,000 feet in length, along a shallow 
raviue, where open cuts have been made to a depth of a foot or two, revealing the 
presence of cinnabar in each and in the soil mixed with the croppiugs. This linear 
distribution of the cinnabar is indicative of a vein-like occurrence, or it may be the 
result of a cropping of a certain bed or stratum. The openings which had been 
made were not deep euough to show conclusively the real conditions of occurrence. 
In some places the appearances favored the conclusion that the ore is iuterstratified 
or bedded; in others it seems to occur along a fissure or fault plane, and it is most 
probable that both of these forms of occurrence will be found to exist.

There is a second line of cropping of cinnabar a few rods north of the first and 
higher up the hill, and in the midst of the hard limestones. This is in the midst of 
a well-defined breccia of iron oxide, and the masses of cinnabar are closely asso 
ciated with it. Masses of iron oxide rook and cinnabar weighing a hundredweight 
or more can be broken out from croppiugs here; but no work has been done to 
develop this gronnd in depth. The cinnabar croppiugs may be traced for a few feet 
each way, and the breadth does not exceed 18 inches or 2 feet. This occurrence 
does not appear to be connected with the series of croppiugs before described, and 
it has a more decided resemblance to a fissure deposit or impregnation.

The existence of several outcrops of a ferruginous breccia, with and without cin 
nabar, is indicative of breaks in the beds in the nature of fissures (fault planes, 
probably), accompanied by rupturing and crushing of the rocks,by violent move 
ments uuder pressure. Other evidences of Jlssuring and of metalliferous impregna 
tion through the fissures are visible in the neighborhood in the many vertical cracks 
in the limestone strata marked by the lateral deposition of oxide of iron on both 
sides. Such deposits are extensive and show that there has been an abundant 
supply of iron-bearing solutious.

The best place in which to sink for the better development of the ore in quantity 
would appear to be at the brecciated cropping on the hill, hi the limestone. This 
place seems the most promising, as limestone, being the more soluble rock, may con 
tain large bunches below, where the ore has been accumulated by replacement. 
The conditions for working these deposits of cinnabar are not as favorable as could 
be wished. The brilliant color of the ore would permit of its being utilized as ver-



604 MINERAL RESOURCES.

milion; but there is no water near the place for concentrating it. Considerable ore 
could be taken out of the loose earth along the main croppings if water could be 
had to •wash with. A supply of wood for fuel can be had along the Bio Grande, and 
conld be delivered at the mines for probably $5 or $6 per cord. Although a consid 
erable quantity of high-grade ore which would bear transportation could be selected 
by culling, there would remain a larger quantity of low grade which wonld be prac 
tically nseless. There has not yet been sufficient work done on the croppings to 
show satisfactorily what quantity of ore of a desirable average percentage can be 
expected.



NICKEL.

PRODITCTIOK.

With the closing of the Gap Mine, in Lancaster County, Pa., the 
United States product becomes small and uninteresting in comparison 
with the product from Sudbuxy, Canada, and from New Caledonia. 
Nevertheless, the speiss produced at Mine la Motte, Mo., and experi 
mental work at Lovelocks, Nev., and at Riddles, Oreg., yielded a total 
of 9,616 pounds, worth $3,269. The efforts to develop the Western 
deposits above referred to still continue, and may yet effect an in 
creased yield of nickel.

Product of the United States, 1876 to 1894, inclusive.

Years.

1876..................
1877
1878..................
1879..................

1881...- ...............
1882..................

1884...... ...... ......

1887..................
1888..................
1889
1890..................
1891..................
1892.... ..............
189S. .................

Metallic 
nickel.

rounds.

6,500

182, 315
183, 125

209 763
223, 488

Nickel in 
matte.

Pounds.

4,582
52, 300
64, 550

20 000
10J 846

4.2 900'

Nickel in 
ore.

Pounds.

18,000
5,600

"Nickel in 
nickel am 

monium 
sulphate.

Pounds.

11, 5.95
12,691

Total.

Pounds.

150, 890
145, 120

265, 668
281, 616

58 800

277, 904
214 992
205 566
204] 328

223 488

49, 399

Value.

$523, 554

165, 979
162, 534
257 282
292, 235

52, 920
48 412

1 97 1 ^7

127, 682

184, 092
71, 099

22, 197

Production of cobalt oxide in the United States, 1869 to 1894, inclusive.

Tears.

1869.............

1871.............
1872.............
1873.............
1874.............
1875.............
1876.............
1877

Pounds.

811

5,086
5,749
5,128
4,145

5.162
7,328

Tears.

1878..............

1882..............

1884

1886

Pounds.

4,876
7 251

1,096
2, 000

8,689

Tears.

1887
1888
1889..............
1890.............
1891
1892..............
1 fl<W
1894..............

Pounds.

5,769
7,491

12, 955

7,869

6,763

605
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IMPORTS,

In the following tables are given the statistics of the imports of 
nickel and cobalt oxide into the United States from 1868 to 1894:

Nickel imported and entered/or consumption in the United States, 1S68 to lS9d, inclusive.

Teara ending —

1869... ............
1870...............
1871
1872

1875...............
1876...............

1878...............
1879...............

1881...............

1883...... .........
1884.........
1885...-...--......

1887.. .............
1888...............
1889...............
1890...............
1891...............
1892...............
1893.. .............

Nickel.

Quantity.

Pounds.

17,701 
26, 140 
2,842 
3,172 
1,255

5,978 
7,486 

10, 496 
38, 276 
17, 9,13 
22, 906 
19, 015

/566, 571 
355, 455

Value.

$118, 058 
134, 327 
99,111 
48, 133 
27, 144 
4,717 
5,883 
3,157

9,522 
8,837 
7,829 

25, 758 
14, 503 
J7, 924 
13, 098

260, 665 
172, 476

Oxide and alloy of 
nickel with copper.

Quantity.

Pounds.

4,438

12 
156 
716 

8,518 
8,314 

61,869 
135, 744 
177, 822 
161, 159 

a!94, 711 
105, 603 
277, 112 
439, 037 
316.895 
367,' 288 
247, 299 

010,245,200 
A4,487,890 

M2,427,986 
A 9,286, 733

Value,.

$3,911

36 
10 

824 
7,847 
5,570 

40, 311 
107, 627 
125, 736 
119, 386 
129, 733 
64. 166 

141, 546 
205, 232 
138, 290 
156, 331 
115,614 
148, 687 
428, 062 
386, 740 
310,581

Total 
value.

$118, 058 
134, 627 

99, 111 
62, 044 
27, 144 
4,717 
5,883 
3,193 

10 
10, 346 
16, 684 
13, 399 
66, 009 

122, 130 
143, 660 
132, 484 
129, 783 
64, 166 

6141,546 
c205, 232 
d 138, 290 
e 156, 331 

376, 279 
321, 163 
428, OB2 
386, 740 
310,581

a Including metallic nickel. 
6 including $465 worth of manufactured nickel, 
e Including $879 worth of manufactured nickel. 
<2 Including $2,281 worth of manufactured nickel, 
c Including $131 worth of manufactured nickel.
./Classified as nickel, nickel oxide, alloy of any kind in whinh nickel is the element or material of 

chief value.
a Classified as nickel and nickel matte. 
it Includes all nickel imports except manufactures, '

Cobalt oxide imported and entered for consumption in the United States, 1868 to 1S94,
inclusive.

Years ending —

June 30, 1868
1869.
1870
1871
1872- .
1873.....
1874.....
1875-....
1876.....
1877.....
1878- ....
1879.....
1880.-...
1881..-..

Oxide.

Quantity.

Pounds.

1,480
1,404

678
4,440

19, 752
2,860
7, 531
9,819

21,844

Value. '

$7, 208
2,330
5,019
2,766
4,920
4,714
5,500
2,604

11, 180
11, 056
8,693

15, 208
18.457
13, 837

Years ending —

June 30,1882......
1883......
1884. ....
1 QQClooO- .....

Dec. 31,1886......
1887......
1888......
1889......
1890......
1891......
1892......
1893......
1894......

Oxide.

Quantity.

Pounds.
17, 758
13,067
20, 963
16, 162
19, 366
26, 882
27,446
41, 455
33, 338
23, 643
32, 833
28, 884
24, 020

Value.

$12, 764
22, 323
43, 611
28, 138
29, 548
39, 396
46, 211
82, 332
63, 202
43, 183
60, 067
42, 694
29, 857



NICKEL. 607

CANADA.

The mines of Sudbury,in the northern part of the Province of Ontario, 
turned out more nickel last year than in any previous year, the official 
returns being as follows:

Statistics of the nickel mines of Sudbury in 1894.
Ore raised ................................................................. tons.. 112,037
Ore smelted ................................................................ do -.. 87,910
Ordinary matte. ....................................... v .................. -do -.. 10, 410
Bossemerized matte........................................................ do... 1,470
Nickel contents ............................................................do... 2, 570J
Copper contents............................................................ do... 2, 748
Cobalt contents............................................................. do -.. 3J
Value of nickel.................................................................. $612,724
Value of copper.....-....................-....-.-.-.-.......:..----...--......-.- 195, 750
Value of cobalt.........-.........--.......-..-.-...-..-...--....---.-..-........ 1,500
Number of men employed off and on...--....-....--....-..-..........-.-..-..... 655
Wages paid....................................................................... $311,719

These deposits and the methods employed in working them and smelt 
ing the ores have been described in Mineral Resources, 1888, page 110, 
and the developments iu 1894 have been well shown in the Iron Age of 
June 20,1895, which also gives a valuable comparison of the Sudbury 
ores with those of New Caledonia. This shows that while the New 
Caledonia ores average 5 or 6 per cent of nickel, 88,000 tons of Canadian 
ores yielded 2,570 tons of nickel.



CHROMIUM.

PRODUCTION".

The production of chromic iron ore in the United States in 1894 was 
3,680 long tons, worth, in San Francisco, $53,231, as compared with 
1,450 tons in 1893, worth $21,750. While the product increased very 
markedly in 1894, the average price per ton remained practically the 
same, being $15 in 1893 and $14.46 in 1894. The entire product comes 
from California. The principal consumption is derived from Asia 
Minor, although there is reasonable prospect of the development of 
good deposits in Coleraine Township, Quebec, where specimens of high 
grade have been- analyzed.

The production in the United States from 1885 to 1894 has been as 
follows:

Production of chromic irou ore in the United States from 1885 to 1894.

Tears.

1885
1886..............

Quantity.

Long tons.

1,500

Value.

20 000
80' 000

Years.

1891
1892...............
1893
1894

Quantity.

Long tons. o 5Qjj
1,372
1,500

Value.

£53 985
20, 580
25, 000

53, 231

Price.—The average selling price for potassium bichromate for the 
year 1893 was about 10 cents per pound—from 9-^- cents to 10-^ cents. 
It sold for the same price in the first part of 1894, but in consequence 
of the change in import duty the Scotch competitors threw such a 
large quantity of the article onto the American market that the price 
went down to 8f cents and even 8£ cents, and it is at these flgures that 
it has been selling for the last twelve months. There is little prospect 
of a change in the price. The difference of 2 cents a pound between 
bichromate of potassium and bichromate of sodium has been re 
tained, the latter selling now for about 6J to 6f cents per pound. 

608
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Prices of bichromate of potash in the United States from 1845 to 1S94.

Years.

1846
1847 ..........................

1849
1850..........................
1 ocn
1 DKf)

1854
-1OF.K

1856..........................
1QFV7

1 8RR

I860 ..........................
1861...... ....................

1863 ..........................
1864 ..........................

1807..........................

1869...... ...................

Ceiits per 
pound.

1QZ

17J

20J
995

158
15
ISA
14U
1R1

ioa
0(13

19

20J
208
OQL

Ofii

23J
103

1 OS.

IfiZ
•141

Years.

1871 ............................
1872...........................

1874...........................
1875...........................
1877
1879
1880 ...........................

1883...........................
1 884

1887
1888 ...........................
1889
1890 ...........................

1892 ...........................
1893...........................

Centa per 
pound.

20JI
on »
1Q1

Ifl s
15| 
13
197

197
13J 
15J
15i
Wft
Hi
10

Q7

10
10111*
101BH
10J
10
ga

8s

IMPORTS.

The following table shows the imports of chromate and bichromate 
of potash and chromic acid imported and entered for consumption into 
the United States from 1867 to 1894:

Chromate and bichromate of potash and chromic acid imported and entered for consumption 
in the United States, 1867 to 1894, inclusive.

Years ending —

.Tune 30, 1867...... 
1868...... 
1869...... 
1870...... 
1871...... 
1872...... 
1873...... 
1874...... 
1875...... 
1876...... 
1877...... 
1878...... 
1879...... 
1880...... 
1881...... 
1882...... 
1883...... 
1884...... 
1885...... 

Dec. 31, 1886...... 
1887...... 
1888...... 
1889...... 
1890...... 
1891...... 
1892...... 
1803...... 
1894...... 

«

Chromato and bichro 
mate of potash.

Quantity.

Pounds. 
875, 205 
777, 855 
877, 432 

1, 235, 946 
2. 170, 473 
1, 174, 274 
1,121,357 
1, 387, 051 
1,417.812 
1,665,011 
2. 471, 660 
1, 929, 670 
2, 624, 403 
3, 505, 740 
4, 404, 237 
2, 449, 875 
1,990,140 
2, 593, 115 
1,448,539 
1,985,809 
1, 722. 465 
1, 755, 489 
1, 580, 385 
1, 304, 185 

755, 254 
496, 972 
976, 706 

1, 483, 762

Value.

$88, 787 
68, 634 
78.288 

127, 333 
223. 529 
220,111 
178,472 
218.517 
183, 424 
175,795 
264. 392 
211, 136 
221,151 
350, 279 
402, 088 
261, 006 
208. 681 
210, 677 

92. 556 
139. 1 17 
120, 305 
143,312 
137. 263 
113, 613 
55, 837 
94, 055 
78, 981 

125, 796

Chromic acid.

Quantity.

Pounds.

""""514

022 
44 
45 

120 
13 
32

5 
124 
' 52 
290

634
772 

3,708 
5,680

Value.

$3 
8 
5 

49 
276 

13 
22 
45 
10 
35

3 
89 
42 

338 
120 

39 
101 

5 571 
281 

2,974 
634 
21)3 
204 
641 
837

Chrome ore.

Quantity.

Long tons.

2,677 
12 

3,356 
1,404 
4,440 
5,474 
4, 353 
4,459 
4,930 
6,354 
3,470

Value.

$73, 586 
239 

43, 721 
20, 812 
46, 735 
50, 782 
57, 111 

108. 764 
55, 579 
58, 629 
38,364

Total 
value.

$88, 787 
68.634 
78, 291 

127, 341 
223, 534 
220, 160 
178, 748 
218, 530 
183, 446 
175, 840 
264, 402 
211, 171 
221, 151 
350, 282 
402, 177 
261, 048 
209,019 ' 
284, 383 

92, 834 
182, 949 
146, 668 
190 328 . 
191.019 
17CS58 
165 297 
149.838 
138, 251 
164, 'J97

16 GEOL, PT 3-
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The use of chromium in the manufacture of chrome steel is attracting 
continued and increased attention, and for this reason the following 
careful summary of existing information on this subject has been 
prepared by Prof. P. Lynwood Garrison:

ALLOYS OF IRON AND CHROMIUM.

BY F. L. GAIIRISOX.

Alloys of this character have of recent years been attracting much 
attention, but it was not until 1892, when Mr. E. A. Hadfleld read his 
admirable paper on "Alloys of iron and chromium" ] before the British 
Iron and Steel Institute, that we have had an exhaustive treatise upon 
the subject. This paper, with its discussion by Eoberts-Austin, Vick- 
ers, Anderson, Webb, Ledebur, Blair, Garrison, Thwaite, Kreuzpoint- 
ner, White, Arnold, and others, is, up to date, so complete and thorough 
that it would be a work of supererogation to take up the subject prior to 
that time. It gives a very complete historical sketch of these alloys, 
as well as a list of the more important deposits of chrome iron ore 
throughout the world. The methods of making ferro-chromium by the 
crucible and blast-furnace processes are described at length; to the 
chemical and physical properties and the commercial value of ferro- 
chromium he devotes much space, as well as to chromium steel, the 
general application of chromium to steel manufacture,2 and in an 
appendix some miscellaneous information upon chromium/1 The paper 
is accompanied with an independent report by F. Osmond on the chro 
mium steels made by Hadfleld. Osmond treats the subject thoroughly, 
and his photographs of the microstructure of these alloys are very 
interesting and instructive. The discussion closes with the remarks 
of Hadfleld upon recalescence.

ARMOR PLATE.

Since 1892 the progress which chromium steel has made in the arts 
has been important. It not only continues to be an important element 
in the manufacture of projectiles, but it is coining to be extensively 
used in the fabrication of armor plate. Although, according to the 
investigations of Hadfleld and others, it appears that chromium does 
not of itself actually increase the hardness of steel, it seems that when 
it is combined with carbon and nickel in an armor plate the steel is 
susceptible, by merely tempering, to a superficial hardness equal to 
that given by the Harvey process.

1 Journal of the Iron and Steel Inst., No. 11,1892.
2 Ibid., p. 93. 
'Ibid., p. 111.
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According to Jaques i the St. Ghamond Company ("Prance) continue 
to obtain most excellent results with these nickel-chrome plates with 
out running risks that the carbonization (Harvey, etc.) processes entail. 
Jaques further states: 2

The benefit of carbonization has been abundantly proved, but the limit of the 
dimensions of the plates to -which it can be advantageously applied has not been 
determined. Not ouly is the thickness of the hardened surface less in proportion to 
the thickness of the plate, but the larger masses of steel, when subjected to the sud 
den shocks of water hardening, are more liable to initiate defects or develop minor 
ones that may occur in the ingot, which, in the condition they exist after forging, 
might not sensibly decrease the ballistic resistance. Further, any minor defect that 
may occur before carbonization is liable to be developed into an injurious one during 
the very long period the plates are undergoing the process of carbonization. The 
difficulties of securing uniform results by the Harvey process in thick plates appear1 
to be greater than getting a uniform distribution of the nickel and chrome in the 
St. Chainond type.

As long ago as 1881 chrome-steel armor plates were made in France, 
and tested at the Gavre proving grounds. The plates were composed 
of square slabs fastened to a solid backing of iron. The experiments 
were not successful, the first projectile shattering the plate into several 
fragments. This result was attributed to the iron backing not being 
sufficiently solid.3

In 1891 experimental nickel-chrome steel armor plates were made and 
tested in France. They contained 0.4 carbon, 1 per cent chromium, and 
2 per cent nickel. The nickel and chromium were added in the form of 
ferro-nickel and ferro-chromium, or as a double ferro-chromium and 
nickel.4

It seems that it was not until very recently, when the competition 
created by the so-called Harvey process demanded better plates, that 
these triple alloy chromium plates have met with success. In the 
United States, thus far, attempts to make such armor appear to have 
been failures. Jaques refers to the subject as follows: 5

The inferior results that have been obtained in the United States when chrome 
and nickel-chrome plates have been experimented with are also surprising. Wheu 
we consider the very excellent results that Witkowitz and St. diamond have obtained 
and the large quantity of excellent armor the latter has turned out where her nickel- 
chrome, untreated, unearbonized armor has equaled, and in some cases surpassed, 
Harveyized plates, it would seem to be to the want of experience in the composition 
or subsequent treatment that failures must be ascribed.

The test of thin shield plates containing alloys of chrome, nickel, and manganese, 
carbonized and nncarbonized, have not been productive of important results. They 
will no doubt be continued by the makers as well as by the Army and Navy depart 
ments, since such experimentation can be carried on at a moderate cost. A very 
tenacious, resisting nickel-chrome plate ought to be obtained withont much diffi 
culty, but considering the comparative ease with which thin plates can be surface- 
hardened, the nickel-steel carbonized plate ought to be as good as any.

1 Engineering Magazine, Vol. VIII, No. 3, p. 419. 
a lbid., p. 418.
3 Jouru. of the Irou and Steel lust., No. 1,1881, p. 329.
4 Engineering and Mining Journal, Jau. 23,1892, p, 181. 
• Engineering Magazine, Vol. VIII, No. 3, p. 427.
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]STo description of the method of making these nickel-chrome plates 
has, as far as the writer is aware, been published. They were, how 
ever, probably made by adding ferro-nickel and ferro-chrornitim to the 
molten steel in the furnace before casting into the ingot. In this way 
the nickel and chromium is distributed through the entire mass of 
steel, producing a more or less homogeneous triple alloy.

An ingenious process for making chromium-steel armor plate has 
lately been patented, and a number of experimental plates made by . 
the Midvale Steel Company of Philadelphia. It is known as the Chase- 
Gantt process, and consists in first easting the steel into the form of a 
plate, the mold of which is lined upon one side with a layer of ferro- 
chroinium in a powdered condition. The fluid steel, which must be 
very hot, fuses the ferro-chromiuin with which it combines, forming 
upon the face of the plate a chromium-steel alloy, whose content of 
chromium and carbon decreases in a direct ratio with the distance from 
the face to the back of the plate. The penetration of .the chromium is 
about 2J inches, decreasing with fair uniformity from '4 per cent at 
the surface to about an average of 0.5 at a depth of 2 inches. The 
carbon varies from nearly 1 per cent at the surface to about 0.3 at 
a depth of 2 inches. The steel as cast from the furnace and before 
coming into contact with the ferro-chroiniuin contains, on an average, 
carbon, 0.21 j manganese, 0.483 j silicon, 0.26. Ferro-chromiuin carry 
ing a high percentage of chromium and carbon is preferably nsed, since 
chromium itself does not appear to harden the steel. Indeed, although 
the face of the plate as it comes from the mold contains relatively large 
quantities of carbon and chromium, it is possible to machine forge or 
roll this steel before it has been quenched and tempered. The extreme 
hardness of the chromium-steel face is dependent upon the content of 
carbon, whose action is intensified by the presence of the chromium, 
and is only developed after the steel has passed through a system of 
tempering. This tempering process consists essentially in heating the 
plate to a red heat and quenching it with sprays of ice water. In this 
way the chromium-steel face assumes an intense hardness, possibly 
equal to that imparted by the process of supercarbonization (Harvey's). 
That the chromium itself does not harden the steel has been demon 
strated several times in the following manner. In one or two instances 
in the manufacture of the experimental plates by the Chase-Gautt 
process it was observed that part of the ferro-chroiniuin became oxi 
dized to chromic oxide, which oxide was in turn reduced by the carbon 
present in the ferro-chromiuin when it was fused with the steel. This 
reaction had the effect of lessening the content of carbon in the result 
ing steel below the desired amount, and the plate could not be hard 
ened. The content of chromium in the steel was not, on the contrary, 
appreciably affected; hence it appears as a consequence that this high 
percentage of chromium in the absence of sufficient carbon produced 
no hardening effect upon the steel when it was quenched with ice water.
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In order to determine the uniformity with which the carbon and 
chromium were distributed through the steel, five holes were drilled in 
the face of one of the Ohase-Gantt experimental plates to the depth of 
2 inches, one near each of the four corners and one in the center. 
Analyses showing the content of carbon and chromium in the steel at 
these, points and at various depths are given in the following table. 
The original composition of the steel before casting into the mold and 
alloying with the ferro-chrominm was in this case, carbon, 0.185; man 
ganese, 0.48; silicon, 0.259. Considering that the plate was merely an 
experimental one, the fairly uniform distribution of the carbon and 
chromium is remarkable. These analyses were of course made before 
the plate was quenched and hardened, otherwise it would have been 
impossible to drill the holes in a satisfactory manner.

i to J incli .............

1 to 1J inches ..........

1| to 2 inches ...-.-....

A, hole.

C.

0.793 
.845

.762 

.595 

.575 

.345

Cr.

3.299 
3. 422 
2.977 
2.883 
2. 342 
1.744 
1.109 
.664

-R, hole.

0.

0 960 
938 
897 
895 
888 
765 
532 

.300

Cr.

4.124 
4.257 
4. 077 
3.1)82 
3. 934 
3.024 
1.176 
.199

C, hole.

C.

0.965 
.947 
.044 
.900 
.850 
.807 
.640 
.540

Cr.

4.096 
4.096 
4. 02!) 
3.849 
3. 621 
3.195 
2.095 
1.773

D, hole.

C.

0.950 
.930
.aoo
.855 
.815

"."655" 

.647

Cr.

3.972 
4.077 
3.640 
3.290 
3. 223 
2.835 
2.038 
1.602

E, hole.

C.

0.765 
.860 
.785 
.712 
.598 
.470 
.348

Cr,

3.290 
3,517 
S. 527 
3.460 
1.697 

.910 

.171 
'Nil.

ARMOR-PIERCING PROJECTILES.

The use of chromium steel in the manufacture of armor-piercing pro 
jectiles has given this alloy probably more notoriety than its use for any 
other purpose. The precise action of the chromium in rendering the 
steel very hard and the projectiles of exceptional strength and efficiency 
has not yet been studied; we therefore know only in a general manner 
how the chromium acts. It has been repeatedly shown that the chro- 
ininm itself will not harden the steel, and that it appears to act only 
npon the carbon; it would be of interest to know how two elements 
react, not only alone in the steel, but in the presence of more or less 
manganese and silicon.

The analyses of all armor-piercing chromium-steel projectiles show a 
relatively high content of carbon—usually not less than 1 per cent. 
The secret of success in making successful armor-piercing projectiles 
of this steel undoubtedly lies more in the success of the tempering 
or hardening operations than in the constitution of the steel after cer 
tain general limits of composition have been observed.

In this connection it would be of interest to review the experiments 
of Prof. J. O. Arnold upon the crushing strength of chromium steel and 
ordinary high carbon steel. 1 The specimens had sections of 0.25 inch 
area, and were submitted to a uniform maximum stress of 25 tons 
(50,000 pounds). The carbon steel contained 1.35 per cent carbon, the

i Journ. of Iron and Steel lust., No. 1, 1E94, p. 122.
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chromium steel 0.17 per cent carbon arid 1.10 per cent chromium. At 
the maximum stress the carbon steel was crushed 33 per cent, the chro 
mium steel 57 per cent in the unhardeaedor "normal" state, and 20.5 
per cent in the hardened condition. Professor Arnold remarks that 
"the feature of the tests which stands out in the strongest relief is the 
fact that the carbon hardness is to the extent of the test absolutely 
infinite, and quite incapable in its enormous intensity of being com 
pared with the insignificant effects produced by the introduction of any 
other element. This is shown not only by the carbon alloy itself, but 
also by the remarkable effect produced by even 0.17 per cent of carbon 
in the presence of an element like chromium, capable of retaining it 
wholly in the hardening condition."1

NEW USES.

It is iaipossible at this present time to conjecture for what new uses 
in the arts chromium steel will be adapted in the future. Its successful 
adaptation to the manufacture of war material is of quite recent origin, 
and it is doubtful if a better and cheaper alloy could be substituted 
possessing its peculiar and valuable properties.

Hadfleld has shown that chromium steel may develop 60 per cent 
more tensile strength and over 4 per cent greater elongation than the 
better grades of ordinary strnctural steel.2 If Hadfield's observations 
are correct, chromium steel has doubtless a great future, since it should 
be made as cheap as any of the other alloyed steels, if not cheaper, and 
it is probably in many respects quite as good for most engineering 
purposes. At present, its use is restricted to the manufacture of pro 
jectiles, the shoes and dies used in stamp mills for crushing ores, 
certain parts of the so-called burglar-proof safes, and occasional arti 
cles of no particular importance.

'Ibid., p. 123.
8 Jonru. of Iron and Steel Inst., ffo. 11, 1892, p. 152 and Table I.
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The well-known localities where wolfram occurs in the United States, 
particularly that at Long Hill Station, Pairfield County, Conn., about 
8 miles from Bridgeport, which has been recently described by Dr. 
Adolph Gurlt, 1 have been prospected to some extent through the 
current year, but no product has been obtained, although, as the fol 
lowing valuable synopsis of the uses of tungsten with iron and steel by 
Prof. F. Lyuwood Garrison shows, the demand for such ores is likely to 
increase.

This subject has been discussed in Mineral Resources of the United 
States, 1882, 1883 and 1884, 1885 and 1886, to which the reader is 
referred.

ALLOYS OF IRON AND TUNGSTEN.

BY F. L. GARRISON.

TUNGSTEN AND STEEL. 
\

Although for a number of years previous it had been known that cer 
tain steels, more particularly the celebrated Damascus sword blades, 
contained tungsten to a small extent, it was not until about the year 
1855 that any considerable quantities of tungsten steel were produced. 
This steel, according to Jacob, was made only for experimental pur 
poses. It showed an exceptionally fine, couchoidal, silk-like fracture. 
It combined great hardness and density, and was superior in tenacity 
and weldability to all other steel.2

In 1857 Kobert Oxland 3 obtained a patent for improvements in the 
manufacture of alloys or compounds containing tungsten.

1 Trana. Am. Inst. Mining Engineers, Vol. XXII, p. 236. 
2 Oesterr. Zeitachr. ftirBerg- und Hiittonwesen, 1863, No. 47. 
3 British patent, December 18, 1857, Mo. 3114.

615
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Between the years 1859 and 1861 Eobert Mushet *• obtained several 
patents for the use of tungsten in various forms in connection with 
the manufacture of iron and steel. These patents appear to cover the 
manufacture or the use of ferro-tungsten in the blast furnace, puddling 
furnace, or in fact about all the methods then in use for the purpose of 
making iron and steel. He recommends the use of pitch as a reducing 
agent for the tungstic oxide, and appears to consider the mineral wol 
framite as the only suitable source for the tungsten. Mushet's name in 
this way so closely associated with the early history of tungsten steel 
is the probable cause of its being applied to most of the tungsten steel 
now made for commercial purposes.

There seems to be no good reason why this name should be applied 
to tungsten rather than manganese, chromium, or titanium steel, since 
Mushet appears to have experimented quite extensively with all. In 
some of the older metallurgical works, the name of Mushet also applied 
to ordinary crucible tool steel. Its application at the present time to a 
special commercial article is certainly unfortunate.

The use of tungsten in cast steel appears to have attracted much 
attention in Austria about 1860, and to Mayer, of Leoben, Styria, 
belongs the credit of having been the first to manufacture tungsten- 
steel on any large scale.3 "Extraordinary qualities were claimed for 
this steel as regards hardness, tonghness, etc., but Dr. John Percy, 
the eminent metallurgist, who obtained and had samples of it tested, 
states that his investigations did not result so favorably.

COMBINATIONS.

Various schemes for producing iron and tungsten alloys have been 
from time to time proposed, but until very recently they were all sub 
stantially the same.

In 1844 the Due de Luynes attempted to make damasked steel 
(Indian wootz steel) for sword blades, by fusing soft iron with com 
pounds of tungsten, nickel, and manganese. It was stated that the 
peculiar property of the damasked steel thus produced was chiefly 
due to the manganese by whose a.gency a large proportion of carbon 
was introduced into the steel without affecting its ductility. 3

Since the only available tungsten ores are the minerals wolframite, 
(FeMn)WO4, and scheelite, CaWO4, all the methods of making ferro- 
tungsten are based upon the reduction of these somewhat refractory 
substances. Wolframite usually contains a very large proportion of 
manganese and sometimes arsenic and other impurities-, it is hence

"British patents, January 12, 1S59, No. 100; January 12, 1S59, No. 101 f February 24, 1859, No. 500; 
February 24,1S59, No. 501; March IS, 1S59. No. 690; March IS, 1859, No. 691,- July 14, 1859, No. 1665; 
July 15, 1S59, No. 1674; July 19, 1S61, No. 1817.

2 Berg- u. hiittenm. Zeit., IS, p. 275, 1859.
"Dinglor's Polytechnisches Journal, 90, p. 100,1845.
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generally necessary to roast, wash, and pulverize the ore before it can 
be used. Such expensive preparations may also be necessary for 
scheelite, but this mineral, unlike wolframite, does not contain manga 
nese, which in the writer's opinion is an undesirable constituent of a 
tungsten alloy, since its presence obscures the real action of the tung 
sten and its beneficial or detrimental action on the steel can not be 
determined with sufficient accuracy. The same objection holds equally 
well with carbon, as will be hereafter explained.

Oxland in his patent specifies that the tungsten steel be produced 
by melting cast steel (crucible) with metallic tungsten, or preferably 
with what he terms a "native alloy," containing from 2 to 5 per cent 
tungsten. The native alloy was obtained by highly heating powdered 
wolframite with carbonaceous matters in a brasqued crucible. The 
resulting spongy mass had a steel-gray appearance, resembling metal 
lic tungsten. 1 It is evident that this "native alloy" was nothing but 
a mass of reduced spongy iron, containing perhaps a very small amount 
of reduced metallic manganese and tungsten.

Although tungsten itself is infusible, it unites with iron in most pro 
portions. Ferro-tungsten is readily obtained by highly heating the 
tungsten ore with soft iron or iron oxide in brasqued crucibles. Tung 
sten steel is made iu crucibles by adding ferro-tungsten of known com 
position to an ordinary charge of steel. Ferro-tungstens made from 
•wolframite seldom contain over 30 to 40- per cent of tungsten. They 
always contain more or less manganese, in some instances in such 
quantities that it appears to have been purposely added. Generally 
the higher the manganese the more carbon the alloy contains; thus a 
ferro-tnngsten from Terre Noire having 24 per cent tungsten and 41.5 
per cent manganese contained 5.65 per cent carbon.2

Bernouilli,3 who made extensive experiments with alloys of iron and 
tungsten, concluded, as the result of 'his researches, that only the 
graphitic or mechanically mixed carbon in the iron can reduce the 
tungstic oxide of the ore, the chemically combined carbon having no 
such effect. Hence by melting turnings of gray cast iron with suitable 
proportions of tungsten ore cast steel may be directly formed. When 
gray cast iron in pieces is used, steel is not produced, because the iron 
melts, and the intimate contact requisite between it and the ore to cause 
the removal of the proper amount of carbon is thereby prevented. In 
1859 Robert Mushet patented a method of making ferro-tungsten based 
upon these observations of Bernouilli.4 It would seem that this reduc 
ing action of the gray pig iron was not so much due to the graphitic 
carbon as to the silicon it contains, or, what is more probable, to the 
combined action of both.

1 British patent. Dec. 18. 1857, No. 3114.
> Vosmaer, The Properties of Iron and Steel, p. 129.
8 Poggemlorff, Ann. d. Phys. u. Chem., 1860, No. 21, p. 573.
•British patent, Jan. 12, 1859, No. 100. ,
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Martino patented in 1883 a inethod of making ferro-tungsten by means 
of the phosphides. The alloy is stated to have beeii made by fusing 
metallic tungsten with phosphide of calcium or alkaline phosphides, or 
else by the fusion of tungstic oxide with amorphous phosphorus in the 
presence of carbonaceous matter. 1

A most interesting method, and one moreover which may prove to be 
of some practical value, for producing ferro-tungsten was devised by 
Messrs. Greene and Wahl a short time ago. In this process the reduc 
ing action of the silicon contained in a charge of ferro-silicon (with 
about 10 per cent silicon and 1 per cent carbon) is nsed to effect the 
deoxidation of the tungstic oxide of the ore (scheelite, CaWO4) result- 
iug in an alloy more or less impure. Por the sake of simplicity the 
reaction taking place in this process may be expressed by the equation 
CaWO4 + 2 Si=CaSi2O4 +W, the iron of the ferro-silicon being con 
sidered to remain passive. The specific gravity of the resulting alloys 
was found to average about 10.15, which would correspond to a content 
of iron, 58.75 per cent; tungsten, 41.25 per cent. This was found to 
closely correspond to the calculated content of tungsten as determined 
from the actual increased weight of the tungsten alloy thus made, the 
ratio of combination being assumed to be 42.28: 34.35, represented by 
the formula Pe4 W.

De Benneville,2 who examined the alloys made by this process, found 
they were not homogeneous; the tungsten appeared to be irregularly 
alloyed and distributed throughout the mass. Wahl 3 states that tlfese 
alloys contained metallic tungsten in a crystalline condition associated 
with the iron-tungsten alloy, the total amount of tungsten present in 
one instance being 50.85 per cent, 22.54 per cent of which was supposed 
to be metallic tungsten.

Schneider 4 found that when tungsten was added to iron containing 
considerable quantities of carbon (2 to 3 per cent) it yielded, on cooling, 
microscopic crystals containing about 60 per cent tungsten. These 
were very hard and were supposed to give'the hardness to tungsten 
steel. He also found that about 40 per cent of an iron-tungsten alloy 
was insoluble in hydrochloric acid, and only traces of tungsten went 
into solution. The insoluble powder consisted of light steel-gray crys 
tals, 90 per cent of which was nonmagnetic; the remainder was mag 
netic and amorphous.5 The process devised by Greene and Wahl consists 
essentially in melting, on the hearth of a furnace or in a crucible, a 
certain amount of ferro-silicon and scheelite with some fluxing material 
of known and definite composition, although the lime contained in this 
ore and the silicon in the ferro-silicon is usually sufficient for the flux. 
The reaction takes place promptly; the silicon of the ferro-silicon seizes

1 British patent, No. 3421 (1883).
" Journ. Am. Chem. Soc., Vol. XVI, No. 5. May, 1894.
3 Journ. of the Franklin Inst., Vol. CXXXIV, p. 470.
* Dingler's Polytechnisches Journal, vol. 250, p. 509.
8 Oesterreichische Zeitschrift fur Berg-und Huttenwesen, Vol. XXXIII. 1885, pp. 257-260.



TUNGSTEN. 619

upon the oxygen of the tuugstic oxide iu the scheelite, and is thereby 
converted into silicic oxide, which forms with the lime a liquid slag, 
while the tungsten, set free by the reduction of the ore, combines with 
the moltpu iron liberated from the silicide. !

Satisfactory ferro-tungsten once having been obtained, tungsten steel 
can be readily made by the simple addition of this alloy to ordinary 
steel in crucibles. Tungsten steel is said to have been made by adding 
the alloy to the bath just after "blowing" in the Bessemer converter; it 
has been used in the puddling process and in a variety of other ways. 
None of these methods, however, are as good as the simple crucible 
process, not alone for tungsten steel, but for all the other special alloyed 
steels now manufactured.

COMPOSITION OF TUNGSTEN STEEL.

The following table of analyses of tungsten steel may be of interest 
in this connection. It has been compiled from a variety of sources, 
mostly from Howe's work on steel:

Composition of tungsten steel.

Source, etc.

Schneider ...................

Do......................

Cre-iCbnt hardened, Pitta-)

Imperial, Pittsburg. ........ 
Do.......................

Do......................
Do......................

T)p T'fiuffe
Do......................

Mnsliet's special. ...........

Composition.

W.

11.03 
9.99
7.81 
8.25
6.73 
6.38

8 HI

6 45
a. 05

•2.71 
1.94

7.8 
2 5
9.3
2.9
4.U

J?e.

*

95.85 
96.37

"

c.

2.15
1.24 
1.99 
1.70
2.06 
1.6

.42 

.38 
1.20 
1.04

1.43

2 
1 
.fi 

1.15

Si.

0.26 
.33 
.09
.82
.05 
.18

.76 
' .76 

.21

.19

.1

.7

Mil.

1.49 
1.04 
.19

1.28
2.68 
2.11

2.57 
2.48 

.35 
Trace.

0.44

.2

P.

0.007 
.04

Tensile 
strength 

per 
square 
iucb.

Pounds.

148, 400

5 a 76, 100 
( 6 94, 000

S 67, 000 
I 91, 000

190, 000

151 100
1U6, 500

Elonga 
tion.

Per ct.

0

to

}°
0.75

a As received from makers.
6 Quenched in oil from dull redness.

EFFECTS OF TUNGSTEN ON STEEL.

The influence of tungsten upon the physical properties of iron and 
steel is ordinarily so obscured by the accompanying carbon that it is 
difficult, if not impossible, to determine its precise effect. It will be 
observed in the accompanying table that most of the tungsten steels

' Journ. of the Franklin Inst., Vol. CXXXV, p. 218.
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contain relatively large amounts of carbon, which would of itself tend 
to render the steel hard. That tungsten itself imparts, as is generally 
supposed, intense hardness to steel is somewhat doubtful, and in this 
opinion the writer is more than sustained by as good authority as Met- 
calf, who, to quote at length, states: 1

"It is popularly believed that tungsten renders iron very hard, and in support of 
this is the fact that there are many brands of so-called self-hardening steel on the 
market—that is, of a steel which does not require to l>e rapidly cooled in order to 
become file-hard. Nevertheless, this belief is erroneous, for if a steel be chosen not 
excessively high, in manganese and carbon, as all the self-hardening specimens are, 
then no amount of tnngsten will make it file-hard if allowed to cool spontaneously 
in the air. The trne function of this element is to delay the rate of change of carbon 
when either going into or out of solution. It acts somewhat as glue in water would 
do toward the latter's power to dissolve salt or to permit it to crystallize out. The 
final solubility of the salt is not much affected by the presence of the glue, but the 
rate of dissolving is enormously lengthened.

Tungsten steel is neither so hard nor so strong as plain carbon steel; hence, there 
is no advantage in using it except for special purposes. An incidental result of the 
function of tungsten in delaying changes of carbon was discovered by John W. 
Langley some years ago and is now known as the emery-wheel test.

If ordinary steel be touched to the surface of a revolving emery wheel, it will give 
off a shower of brilliant sparks which explode into smaller fragments after they 
have been projected from the face of the wheel. This appears to be owing to the 
combtistion of the contained carbon; but if tungsten steel is put to the wheel it 
will give off only a dull red fire, free from brilliant exploding sparks. So powerful 
is this effect that less than 0.5 per cent of tungsten can be readily detected by the 
use of an emery wheel."

Metcalf has also referred to tungsten in steel as acting merely as a 
vehicle in enabling the carbon to carry the "temper" or hardness. He 
further observes that this peculiarity is only developed in the presence 
of manganese. 3

Howe states that steel may contain a much larger proportion of tung 
sten than of carbon without losing its power of being forged.3 This is 
contrary to the old theory that tungsten, like carbon, diminished duc 
tility of iron.

LeGuen states that tungsten increases the hardness of the metal and 
to a certain point its tenacity also. If, on the other hand, the propor 
tion of tungsten remains rather high, the strength diminishes.4

The hardness supposed to be communicated to iron by tungsten is 
not increased by tempering. Steel rich in tungsten can not be hardened 
without breaking; it can only be worked cold by grinding, owing to its 
excessive hardness.

Howe states that the hardness of tungsten steel is not impaired by 
heat, and as a consequence maybe driven much faster than carbon 
steel when used as machine cutting tools. Tungsten steel can be forged

« Trans. Am. Soc. C. E., Vol. XXVII, pp. 394, 395.
s Private communication.
• Metallurgy of Steel, p. 81.
4 Manufacture of Steel, by J. S. Joans, p. 531.
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only between a cherry-red and a low yellow heat, as it will not stand 
high temperatures, and theii with such difficulty its use is restricted to 
pieces of simple shape. Howe 1 doubts if tungsten steel can be welded 
by ordinary methods. Small bars of it have been perfectly united by 
electric welding so that no trace of the point of juncture could be 
detected.

According to Heppe,2 the varying results obtained in the manufac 
ture of .tungsten steel are due to impurities such as sulphur, phos 
phorus, and arsenic in the ferro-tungsteu used.

Vosmaer 3 in discussing the mechanical properties of tungsten steel, 
states that, while tungsten largely increases the strength of steel, its 
ultimate strength and elastic limit are very nearly the same. Thus it has 
little chance of being of much practical use; annealing appears to but 
slightly increase its ductility. Extreme brittleness renders it unsuit 
able for projectiles, tires, and rails. Howe 4 states tungsten steel is as 
brittle as glass, hence unfit for structural purposes, and even tools sub 
ject to shock. The chief normal use of these steels is for the cutting 
tools of lathers, planers, etc.

Willis 5 considers that tungsten hardens steel without making it brit 
tle. Bb'ker 6 states it both hardens and toughens steel. HoweT con 
siders these statements as probably correct only when the steel con 
tains but comparatively small percentages of tungsten. Akerrnann 
considers that tungsten, like carbon, seems to reduce the ductility of 
iron when cold, as well as its malleability when heated, but its effects 
in this direction are much weaker than carbon.8

According to Osmond,9 tungsten has a hardening influence on iron; 
it does not act directly upon the metal, but indirectly in maintaining 
the carbon in the "hardening form.". Its action upon the so-called 
allotropic changes of iron is not appreciable when it is present up to a 
proportion of 1.50 per cent. What its influence is upon the iron when 
present in larger quantities Osmond fails to state. His observations, 
however, that tungsten of itself does not harden iron confirm those of 
more recent experimenters.

CHARACTERISTICS OF TUNGSTEN STEEL.

One of the distinctive characteristics of tungsten steel is its high 
specific gravity. According to Arnold 10 tungsten steel containing 1.41

1 Metallurgy of Steel, p. 82.
2 Jouru. Iron and Steel Inst., No. I, 3887, p. 457.
3 Mechanical and other Properties of Iron and Steel, pp. 130, 131.
4 Metallurgy of Steel, pp. 81 and 82.
6 Journ. Iron and Steel, No. 1, 1880, p. 92.
6 Stahl und Eiseu, VI, p. 42.
' Metallurgy of Steel, p.82.
8 Iron Age, Vol. XLIX, p. 248.
3 Journ. Iron and Steel, No. 1, 1890, p.62.

10 Journal Iron and Steel Inst., No. 1,1894, p. 115.
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tungsten and 0.08 carbon possessed a specific gravity of 7.91 as com 
pared to 7.81 for ordinary tool steel. Arnold found this same tungsten 
steel to have an elastic limit of 40,000 pounds, a tensile strength of 
54,500 pounds per square inch, and an elongation of 42J per cent. 
This steel when hardened was bent cold through 180° without breaking. 1 
These results more than confirm the assumption that tungsten of itself 
fails to harden iron, and when present in considerable quantity in low 
carbon steel does not impair its toughness.

Perhaps the most distinctive characteristic of tungsten steel is its 
ability to retain magnetism. This property was recognized years ago 
(1853) by Dr. Werner Siemens, and his observations were confirmed by 
the subsequent experiments of Sir William.Siemens.2

Great care is required in hardening tungsten steel magnets; they are 
usually heated in muffle furnaces, so as to acquire a uniform temperature 
throughout. The most suitable quantity of tungsten for permanent 
magnets does not appear to have been definitely determined.

Bemy, of Hagen, in Westphalia, claims to produce tungsten steel 
magnets possessing from 3 to 4 per cent more attractive power than 
those of ordinary steel. 3

Attempts have been made in Prance to produce tungsten steel in 
Bessemer converters. Le Guen added toward the end of the " blow" 
molten tungsten pig iron obtained by melting in a cupola ordinary pig 
iron and ferro-tungsten. 4 Most of the tungsten appeal's to have been 
burned out in this manner and little of it went into the steel. It has 
been suggested that the tungsten in this operation might act similarly 
to silicon and be valuable as a heating element. Want of knowledge, 
however, about the caloric value of tungsten burning to WO3 would 
prevent any definite determination of its efficiency. 5 Even if its calo 
rific value were high it would certainly be a most expensive fuel, 
surely far more so than silicon.

COMMERCIAL OUTLOOK.

Notwithstanding all the virtues and exceptional qualities claimed for 
tungsten steel its status as a metallurgical product remains to-day 
about the same as it was in 1853 and 1860, when the Styrian product 
attracted so much attention. For years tungsten steel, known com 
mercially as "Mushet" or "self-hardening" tool steel, has been in the 
market, but the amount of tungsten steel produced at the present time 
either in this country or abroad is probably insignificant. In the

1 Journal Iron and Steel Inst., No. 1, 1894, pp. 118,120.
2 The Scientific Papers of Sir William Siemens, Vol. I (Heat and Metallurgy), p. 213.
3 Trade Circular, 1800.
1 Iron A ge, Vol. XLIX, p. 248.
5 Vosmaer, Mechanical and other.Properties of Iron and Steel, p. 133.
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United States there appears to be but two firms who manufacture any 
considerable quantity of tungsten steel, the Crescent Steel Company 
and Park Bros. & Co., of Pittsburg. What the future of tungsten 
steel will be it is impossible to conjecture. At present we know little 
of its real action upon iron or of its action when combined with ele 
ments other than carbon.

[Note.—Since the above was written an extremely valuable contribu 
tion to this particular branch of the science of metallurgy has been 
made by Mr. J. S. de Benneville, of Philadelphia. In his paper upon 
the ternary alloys of iron with chromium, molybdenum, and tungsten 
he shows that these alloys are not homogeneous' but contain distinct 
complex carbides, two of which he succeeded in isolating and in deter 
mining their composition to be Fe7 (Cr W)G C4 and Fe7 (Cr Mo) 8 C4 .

Any one wishing to pursue the subject further will find this most 
interesting and excellent paper in the Journal of the Iron and Steel 
Institute, No. 1, 1895.—J7. L. G,}



ANTIMONY,1

BY EDWARD "W. PAKKER.

OCCUKREINrCE.

Antimonial ores are found in. a number of the Western States, chiefly 
in Arkansas, California, Idaho, Montana, Nevada, and Utah. Dana 
mentions it as occurring also, but sparingly, in Maine and Maryland. 
The usual form in. which antimony occurs is stibnite (sulphide of anti 
mony), but it is also found in compounds with other minerals, among 
which are berthierite (with iron and sulphur), wolfsbergite (with copper 
and sulphur), boulangerite, and bleinierite (with lead and sulphur); also 
with silver and sulphur and as antimonial silver and antimonial nickel. 
It is sometimes, but rarely, found native. Oxide of antimony, known 
as valeutinite, is occasionally found. It occurs to some extent in this 
form in Utah, but all of the commercial product obtained in the United 
States is in the common form of stibnite.

PRODUCTION.

In 1882, for which year the first volume of Mineral Resources was 
compiled, the production of metallic antimony was estimated at 60 
short tons, worth $200 per ton. In 1892, ten years later, the product 
was 150 tons of metallic antimony and 380 tons of ore shipped to Eng 
land for smelting. Estimating the metallic contents of the exported 
oro at the same percentage as that smelted in the United States dur 
ing that year, .the yield of metallic antimony would have been 359 
short tons, with a total value of $71,800, practically as increase of 500 
per cent in quantity since 1882, with an increase in value of a little 
less than 400 per cent. In 1893 no ore was mined for export, but the 
amount of metallic antimony produced in this country was 250 short 
tons, valued at $45,000—the largest output in any year except in 1891, 
when the product amounted to 278 short tons, valued at $47,007. All 
of the metal obtained in 1893, however, was not from domestic mines. 
Mexico contributed 100 tons of ore; Nevada produced 350 tons, and 50

1 For fuller details regarding the domestic and foreign localities whore antimony occurs the reader 
is referred to tlic article by Prof. W. P. Blake in Mineral .Resources for 1883-84.
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tons were from California mines. All of the ore was smelted in San 
Francisco. During 1894 the mines of the United States yielded 400 
short tons of antimony ore. from which 200 short tons of metal were 
obtained, the reduction being made, as in 1803, at San Francisco, by 
the Mathisou Smelting Company.

Of the 400 tons of ore produced during the year, California yielded 
3G5 tons and ISTevada 35 tons. The Montana mines produced a few 
tons, but it was not sold or smelted. Jfo work has been done on the 
Arkansas properties, located in Sevier County, since 1890. During 
that year 111 tons of ore were mined and shipped to Philadelphia for 
smelting. This was in the way of experiment, however, and not as a 
commercial transaction. The Arkansas mines are at present some 25 
miles distant from railroad communication, and the owners found the 
cost of transportation for the ore from the mines or for the iron (used in 
fluxing) to the mines too expensive, and operations have been, for the 
present, suspended. The extension of the Kansas City, Pittsburg and 
Gulf Railroad, now building from Fort Smith to Texarkana, will, it is 
expected, pass within a short distance of the mines at Antimony, afford 
ing the necessary transportation facilities and rendering accessible the 
coal fields of Arkansas and the Indian Territory. Upon the completion 
of this road the owners, the United States Antimony Company of 
Philadelphia, have announced their intention of actively prosecuting 
mining operations. The property has been well exploited, and developed 
by numerous shafts, some reaching 250 feet in depth and supplied 
with the necessary machinery for mining and with three smelting fur 
naces. The ore is said to be an excellent quality of stibuite, with 
about 70 per cent antimony and free from arsenic.

Montana yielded 46 tons of ore in 1890 from the mines near Thomp 
son Falls, but owing to disagreements among the owners work was 
suspended, and no product was reported in 1891, 1892, or 1893, except 
a small amount of ore taken out in the prosecution of the assessment 
work necessary to hold title. Litigation and low prices have embar 
rassed the owners of the mines in Idaho near Kingston, and the prom 
ises of activity have not been fulfilled, although in 1892 the erection 
of a concentrating and smelting plant was reported.

In the following table is shown the annual production of antimony 
in the United States since 1880:

Production of antimony in tlie United States since 1880.

Years.

1880..............
1881
1882 .............
1883..............

1}W7

Quantity.

Short tons.

50

00
60
50
35

Value.

7,000
15, 000

Yeara.

1800...............
1 HQ1

1894...............

Quantity.

Short tons. 
115

278

Value.

| 56, 406

16 (JEOL, PT
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PREPARATION OF METALLIC ANTIMONY.

The reduction of metallic antimony from the ore, stibuite, is a simple 
operation, and yet attended with some difficulty, owing to the fact that 
itvolatilizes at a heat little higher than its fusing point. The sulphide 
itself is fusible, and it has been found by experience that the simplest 
and cheapest method of separating the ore from the silica and gangue 
matter with which it is associated is by heating in crucibles having 
perforated bottoms. The molten stibnite escapes, leaving the impurities 
behind. This is termed "cruding." Efforts have been made in this 
country- to concentrate the ore, but satisfactory results were not 
obtained. After cruding the purified stibnite is again melted with iron, 
charcoal, and alkalies, or it is reduced by roasting to au oxide and 
then heated with charcoal and alkalies alone. The English method is 
somewhat more elaborate, three meltings being made. The first reduc 
tion is made by using scrap wrought iron or tinned sheet-iron scrap, 
common salt, and a small amount of slag. In the second melting the 
refined material, having been separated from its slag, which floats on 
top, is broken into small pieces. To 84 parts of the product from the 
first smelting operation, called. " singles," are added about 8 parts of 
fused antimony sulphide and 4 parts of salt. When completely fused 
the slag is skimmed off and the metal poured into molds aud cooled. 
When cold all traces of slag are removed by chipping with hammers, 
and the metal is again melted with antimony flux (a material obtained 
by mixing in a melted condition three parts of potash and two of fused 
antimony sulphide). The third melting is done as quickly as possible, 
and the metal poured into square molds. On hardening it crystallizes 
and on the surface shows a peculiar stellated appearance, which has 
given the name of star antimony or star regulus to the article of com 
merce, and which is necessary to insure a market.

The slag removed from the second melting is remelted at the first 
fusion in a subsequent operation, and the clappings removed prior to 
the third melting similarly used in a subsequent second fusion. The 
antimony flux used in the third operation remains on top of the mold, 
is easily removed, aud is used over and over again, with the addition of 
a small amount of carbonate of potash at each melting.

USES.

Antimony is chiefly valuable as an alloy with other metals. It is 
used to large extent with lead in the manufacture of type metal, to 
which it gives hardness, and, what is more valuable, it. possesses the 
peculiarity, when used as an alloy, of expanding at the moment of solidi 
fying, thus giving to the type a clean, sharp impression. From 10 to 
16 parts of antimony iu 100 are used in making britannia metal. 
Pewter contains about 7 per cent. It is also used in the manufacture 
of Babbitt metal, an antifrictiou alloy used iu the journals of railroad
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locomotives and cars and other rapidly moving machinery. It has 
lately been used as an alloy with aluminum, to which it gives hardness 
and elasticity. Its effect oa some metals is very injurious, particularly 
copper, an almost inappreciable amount (one part iu a thousand) destroy 
ing its good qualities. The well-known medicinal preparation, tartar 
emetic, is a tartrate of antimony and potassium. The trisulphide is 
also used to some extent iu medical practice. The sulphide was used 
to considerable extent by the ancients as a pigment, and women of the 
Bast are said to use it at the present day for darkening their eyebrows.

IMPORTS.

As will be seen from the following table, the antimony of domestic 
production supplies a very small proportion of the consumption. The 
value of the domestic product has exceeded $50,000 in one year only, 
while the imports have fallen below $300,000 only once in the past six 
years and have exceeded $400,000 twice in that time.
Antimony and antimony ore imported and entered for consumption in the United States,

1867 to 1894.

Years ending —

1868...........
1869...........
1870
1871...........

1873...........
1874...........

1877..-.-....--
1878...........
1879
1880...........
1881...........
1882
1883...........

1885...........
Dec. 31, 1886...........

1888...........
1889...........
1890 ..........
1&91
1892...........

Crude and regulus.

Quantity.

Pounds.

1, 033, 386 
1, 345, 921 
1, 227, 129 
1, 015, 039 
1, 833, 8(16 
1, 166, 321 
1,253,814 
1, 238, 223 

948, 809 
I, 115, 124 
1, 256, 624 
1, 880, 212 
2, 019, 389 
1,808,945 
2. 525, 838 
3, 064, 050 
1, 779, 337 
2,579,840 
2, 997. 98E 
2, 553, 284 
2, 814, 044 
2, 676, 130 
3, 315. 659 
2,618,941 
8, 950, 864 
2, 780, 432 

' 2,653,487

Value.

$63, 919 
83, 822 

129, 918 
164,179 
148, 264 
237, 5*6 
184, 498 
148,409 
131,360 
119, 441 
135, 817 
180,950 
143, 099 
265, 773 
253, 054 
294, 234 
286, 892 
150, 435 
207, 215 
202, 568 
169, 747 
248, 015 
304, 711 
411, 960 
327, 307 
892, 761. 
243, 341 
193, 988

Ore.

Quantity.

Pounds,

............

...........

6,460 
8,821 

20, 001 
20, 351 
34, 542 
25, 150 

841,730 
1, 114, 699 

697, 244 
• 231, 360 

215, 913 
218, 366 
362, 781 

68, 040 
146, 309 
811, 140 

1, 433, 531 
192, 344 
116, 495 
375, 468

Value.

$2, 364

2,941 
203 
609 
700 

2,314 
1,259 
2,841 
2,349 

18, 199 
18,019 
11,254 
6,489 
7,497 
9,761 
8,785 
2,178 
B, 568 

29, 878 
36, 232 
7,838 
5,253 

18, 068

Ground, 
value.

.........

$787

Total 
value.

$63, 919 
83, 822 

129, 918 
164, 179 
150, 628 
240, 567 
187, 439 
148, 612 
181,969 
120, HI 
137, 631 
132, 209 
145, 440 
268, 122 
271, 253 
312, 253 
298, 146 
156, 924 
214,712 
212, 324 
178, 532 
250, 198 
810,279 
441, 838 
363, 539 
400, 099 
248, 594 
212, 793
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PRODUCTION".

The production of platinum is confined to occasional savings in placer 
gold mining and is still insignificant.

Messrs. Sharpless & Winchell have made careful examinations of the 
black sands of the Oregon beaches, and it is interesting to learn from 
them that the amount of platinum in the samples examined is scarcely 
noticeable, although the sand contained as a fair average $1.55 of gold 
per ton. '

Mr. George F. Kunz has lately furnished to Dr. W. J. Martin, jr., of 
the University of Virginia, a large collection of specimens of crude 
platinum from all parts of the world, which Dr. Martin has examined 
quite thoroughly, both mineralogically and chemically, with the follow 
ing results:

RESULTS OP MINERALOOICAL EXAMINATION.

A. RUSSIA.

Platinum.—Large grains, nonmagnetic, arid of irregular shape. Size, 0.39 mm. by 
0.61 mm. to 1.61 mm. by 2.05 mm.

Gold.—One grain of moderately large.size, 0.51 mm. by 0.64 mm. 
Quartz.—Two pieces were found, 0.5 mm. by 0.6 mm. 
Mar/nettie,—Two small pieces, 0.11 mm. by 0.11 mm.

C. RUSSIA.

Platinum—Largo grains coated with yellow clay. Size, 0.47 mm. by 0.62 mm. to 
2.9 mm. by 3.8 mm.

E. ECUADOR.

Platinum,—Magnetic, irregular flat grains, resembling scales. On ignition turns 
red browu in color and loses its magnetic character. Size, 0.20 mm. by 0.31 mm. to 
0.79mm. by l.lO mm.

Gold.—Flat scales and irregular grains. Size, 0.19 mm. by 0.21 mm. to 0.47 mm. by 
0.57 mm.

Titanic iron ore.—Small grains, not many in number, bright and specular, showing 
a few rhombohedral faces. Size, 0.16 rum. by 0.16 mm. Two pieces of rock were 
observed, black and yellowish-brown^ magnetic, 1.10 mm. by 2.10 mm. 
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F. BKITISH COLUMBIA.

Platinum.—Large grains. Size, 0.90 mm. by 1 mm. to 1.7 mm. by 2.5 mm. There 
•was no material other than these graius of platinum present.

H. CALIFORNIA.

Platinum,—Some of the grains were magnetic, others not. The grains were of 
irregular shape, many flat.' They had a metallic luster. A few were stained with 
iron oxide. Size, 0.13 mm. by 0.22 mm. to 0.24 mm. by 0.29 mm.

Iridosmine.—Flat, rounded, and oblong tables. There were no hexagonal plates. 
Some of the grains were bright, some dull. A few were tinged by iron oxide. Size, 
0.11 mm. by O.llmm. to 0.16 mm. by 0.22 mm.

Quarts.—Quite a large number of grains, most of which were colorless and trans 
parent, but some few light yellow and yellowish brown, and a few others of greenish 
hue. Size, 0.08mm. by 0.10mm. to 0.10 mm. by 0.13mm.

Garnet.—A lew grains of reddish-brown color. Size, 0.09mm. by 0.10mm.
Specular iron.—Irregular and angular grains, showing on some rhombohedral 

faces; grains shining. Size, 0.09 mm. by 0.09 mm.
Magnetite.—Dull and rounded graius. Size, 0.10mm. by 0.10mm. to 0.21mm. by 

0.23mm.
Mercury.—Globules, which had evidently been used to remove gold.

I. URALS—RUSSIA.

Platinum.—Nonmagnetic. Rough and irregular in shape. Clinging to a few grains 
was a light yellow organic matter which, on ignition, yielded an alkaline reaction. 
A few grains had also a yellow ferruginous clay on their surface. Size, 0.48mm. by 
0.71mm. to 0:78mm. by 0.91mm.

Quartz.—A very few grains.

J. OREGON.

Platinum.—Much of it magnetic, grains small, both rounded and angular. Many 
were colored yellow by oxide of iron. Size, 0.08 mm. by 0.08 mm. to 0.11 mm. by 
0.19mm.

Gold.—A few grains. Most of them coated .by iron oxide. Size, 0.11 mm. by 
0.16 mm.

Garnei.—Angular grains. Light brownish red. Size, 0.09 mm. by 0.09 mm.
Topaz.—A few very small, rounded grains of a light lemon-yellow color. Size, 

0.08 mm. by 0.08 mm.
Specular iron.—Some of it dull and some bright and shining. Size; 0.10 mm. by 

0.13 mm.
K. OREGON.

Platinum.—Nonmagnetic, the grains bright and shining, irregular in shape, the 
majority of them having sharp edges. Size, 0.28 mm. by 0.33 mm. to 0.59 mm. by 
0.80 rnm.

Iridosmine.—Some flat, rounded grains, and a few apparently perfect hexagonal 
plates. Size, 0.56 mm. by 0.60 mm.

Quartz.—Mainly colorless, transparent, angular grains; a few, however, rose col 
ored or light yellow.. Size, 0.17 mm. by 0.24 mm.

Magnetite.—A few small pieces, reddish brown on surface as though changing to 
linionite. Size, 0.15 mm. by 0.17 mm.

A few pieces of a clay-like matter which, on ignition, gave odor of burning organic 
matter.

A very few small grains of gold were present.
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L. REPUBLIC OP COLOMBIA.

Platinum.—The sample consisted of 5 large grains and 2 smaller ones. There was 
no visible evidence of anything save platinum, except on two or three of the larger 
grains, in the rough places, a little siliceous matter was collected. The grains were 
rounded on the edges and of irregular shape. Size, small grains, 2 mm. by 2.5 nun.; 
large grains, 3 mm. by 4.5 mm. to 5 mm. by 5 mm.

M. REPUBLIC OF COLOMBIA.

Platinum.—The grains were very small and of irregular shape, coated in some 
instances by oxide of iron, giviug a parti-colored effect. Size, 0.06 mm. by 0.06 mm. 
to 0.08 mm. by 0.14 mm.

Iridosmine.—A few flat, rounded grains were the only visible evidences of its 
presence. Size, 0.07 mm. by 0.07 mm.

Gold.—A very few gold grains of minute size. Size, 0.05 mm. by 0.06 mm.
Quarts.—Colorless and light yellow; the grains were of irregular shape, some 

being rounded on the edges. Size, 0.18 mm. by 0.23 mm.
Garnet.—A few grains of a clear brownish red. Size, 0.07 mm. by 0.08 mm.
A piece of slightly ferrugiuous sandstone and a few pieces of orgauic matter were 

present.
N. OREGON.

Platinum. —Magnetic. The grains were light steel gray, small, of no regular shape, 
some rounded, some long and slender. A few were very slightly tinged with iron 
oxide. Size, 0.05 mm. by 0.20 mm. to 0.18 mm. by 0.20 mm.

Iridosmine.—Many flat, rounded grains. Some imperfectly hexagonal. Size, 0.08 
mm. by 0.08 mm. to 0.20 mm. by 0.20 mm. >

Quartz.—Colorless, milky, and light green. Some of the grains were rounded, 
others not. Size, 0.10 mm. by 0.11 mm. to 0.20 mm. by 0.22 mm.

Topaz.—The grains were rounded and light lemon-yellow. Size, 0.10 mm. by 
0.11 mm.

Garnet.—A few grains of a light brownish-red, angular. Size, 0.09 mm. by 
0.10mm.

Iron ore.—Both magnetite and specular varieties present. Some octahedra were 
seen. Other grains were irregular or rounded. Some lustrous, others dull.. Size, 
0.11 mm. by 0.13 mm. to 0.15 mm. by 0.16 mm.

O. BOGUS GOLD DUST.

Platinum.—Nonmagnetic, light steel-gray grains, of a shining, metallic luster. 
The grains were very rough and irregular, many being fiat and wrinkled like foil. 
Some grains were stained by iron oxide. Size, 0.35 mm. by 0.71 mm. to 1.4 by 
4.5 mm.

Gold.—A very few grains, so minute and so few as to prevent quantitative 
determination.

P. REPUBLIC OP COLOMBIA.

Platinum.—Nonmagnetic grains, of large size, with shining metallic luster; irreg 
ular in shape, and with rounded edges. Size, 0.63 mm. by 0.63 mm. to 3 mm. by 3 mm.

Iridosmine.—Only a few flat, rounded grains were seen. No hexagonal places. 
Size, 0.5 mm. by 0.5 mm.

Gold.—Rounded grains and scales. A few pieces of gold-bearing qtrartz were 
present. Size, 0.54 mm. by 0.71 mm. to 1.7 mm. by 1.9 mm.

Quarts.—Colorless, irregular shaped, angular grains. A few pieces of the milky 
variety. Size, 1.8 mm. by 2 mm.
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Iron ore.—Both magnetite and specular iron preaeiit. Several octahedra were 
noticed and several rhombohedral faces. Size, 0.6 mm. by 0.8 mm. One or two 
fragments of a gray gold-bearing rock were seen.

Q. REPUBLIC OF COLOMBIA.

Platinum.—Rounded and irregularly shaped grains, light steel gray in color, and 
occasionally stained yellow by iron oxide. Size, 0.14 mm. by 0.14mm. to 0.26mm. 
by 0.32mm.

Jridosmine.—A few flat, rounded grains. Size, 0.32 mm. by 0.39 u=ni.
Gold.—A few small and irregular grains. Size, 0.13mm. by 0.18mm.
Quartz,—Colorless, irregular fragmeuts and transparent prisms. The amethystine 

variety was also present. Rhombohcdral faces were seen. Size, 0.10mm. by 0.14 mm. 
to 0.22 mm. by 0.24 mm.

Garnet.—Irregularly shaped grains of alight brownish-red color. Size, 0.12mm. 
by 0.16mm.

Iron ore.—Titaniferous magnetite. Octahedra and rhombic dodecahedra were 
present. Most of the grains were of irregular shapes. Size, 0.13mm. by 0.13mm. to 
0.14mm. by 0.16mm.

R. OREGON.

Platinum.—The most of it nonmagnetic. Some was shining and with metallic 
luster; some was dull, in color a light steel gray, and of irregularly rounded forms. 
Size, 0.08mm. by 0.10 mm. to 0.16mm. by 0.19mm.

Iridosmine.—Many flat, rounded plates. Size, 0.21mm. by 0.34mm.
Quartz.—Colorless, smoky, yellowish, greenish, aud rose-colored graius were pres 

ent. Irregular iu shape, and rounded edges. Size, 0.08mm. by 0.09mm.
Topaz.—Roumled, lemon-yellow grains. Size, 0.09mm. by 0.09mm.
Garnet.—Brownish-rod, irregularly rounded grains. Size, 0.08mm. by 0.08mm.
Iron ore.—Magnetite, black, rounded graius, with shining metallic luster, some 

being dull, however. Size, 0.10mm. by O.llmm.

TJ. OREGON.

Platinum.—Many of the grains were magnetic; in shape, irregular and rounded; 
some shining, others were dull; some were tinged-yellow by oxide of iron.

Iridosmine.—Flat, rounded grains. Some were imperfect hexagonal plates. Size, 
0.15 mm. by 0.16 mm. to 0.23 mm. by 0.24 mm.

Quarts.—A few grains of irregular form aud of light-yellow color. Size, 0.13 mm. 
by 0.13 mm.

Garnet.—Almandite variety; the colorwas a fine red, though afewwere yellowish- 
brown. Size, 0.10 mm. by 0.10 mm.

Iron ore.—Magnetite; rounded black grains; some with a metallic luster and some 
dull. Size, 0.13 mm. by 0.13 mm.

V. IRIDOSMINE FROM REFINED PLATINUM.

Iridosmine.—Light steel-gray grains of bright metallic luster, aud of irregular 
shapes. Some hexagonal tables were present. Size, 0.12 mm. by 0.13 mm. to 0.56 
mm. by 0.67 mm.

Quartz.—Colorless, rose, and light-yellow varieties; some of the grains were 
sharply angular, others "worn smooth. There were present a few ends of prisms, 
showing rhombohedral faces. Size, 0.07 mm. by 0.08 mm.

Topaz.—Roumled, light-lemon yellow. Size, 0.05 mm. by 0.06 mm.
Garnet.—Brownish-red, irregular, aud sharply angular grains. Size, 0.06 min. by 

0.07 mm.
Iron ore.—Titaniferous magnetite; dull-black, rounded grains, and octahedra, with 

a few imperfect rhombic dodecahedra. Size, 0.10 mm. by 0.13 mm.
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RESUXTS OF CHEMICAL

Below is given a tabulated statement of the results of analyses of 
the samples. The first table gives the results of analysis of the crude 
ore. The second table gives the results of analysis of the iridosinine 
found in the samples of crude ore analyzed. Not all of the samples 
furnished sufficient iridosrnine to be analyzed. Indeed, in no case was 
there enough for satisfactory work. The iridosinine from the sample 
P, would have been analyzed, but was lost, unfortunately, by an 
accident. Sample H, contained some gold amalgamated with the 
globules of mercury present, but neither is indicated in the table of 
results, for the reason that the mercury had been added to remove 
gold, and the amount of gold found was au unknown portion of the 
total amount occurring in the crude ore. Sample L, from the Republic 
of Colombia yielded 2.107 per cent of osmium, although but 1.159 per 
cent of mdosrnine was found.

No relation could be detected between the magnetic properties of 
the grains and the amount of iron found by analysis. Indeed, some 
of the samples poorest in iron were as markedly magnetic as those con 
taining more, and some showing large amounts of iron were nonmag 
netic, or only slightly magnetic. It will be seen that samples from the 
same (general) region differ widely in the results of analysis. For 
instance, the four samples from the Republic of Colombia show per 
centages of platinum ranging from 38 to 90 per cent; Russian samples 
varied from 49 to 84 per cent of platinum, and Oregon samples varied 
from 24 to 94 per cent of iridosmine. As a general rule, the samples 
from the western parts of the United States showed high percentages 
of iridosmine. Most of the samples from South America were low in 
iridosmine, and the same is true of the Russian samples.

It is very doubtful if the high percentages of rhodium found in most 
of the iridosmine residues are correct. Minute amounts of iridium are 
dissolved in the solution of ammonium chloride used to wash the 
precipitated iridium and platinum salts. In the analysis of several 
grams of iridosmine this error would be inappreciable, but it shows 
decidedly in the present case where the amount of iridosmine decom 
posed was about 0.20 gram on the average. For instance, in sample 
V there was a little more than a gram of iridosmine to work with, 
and found less than 1 per cent of rhodium. Of course all the iridium 
dissolved was afterwards weighed as rhodium.
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Results of the chemical analysis of specimens of crude platinum from various parts of the

world.
[Per cent.]

No.

A 
C 
E 
F 
a. 
I 
J 
K 
T,
M
N 
0 
1?

Q
B
U
V

Locality.

Ecuador .......... 
British Columbia.

Urals, Russia.-...

Republic of Co-

Bepublic of Co-

Bogus gold dust . . 
Republic of Co 

lombia .......... 
Republic of Co 

lombia. .-.....-.

Oregon ...........
Iridosmine from 

platinum sand . .

Plati 
num.

83.884 
78. 872 
85. 109 
79. 130
SO Q97

48. 020 
39. 047

80.654

37. 802 
54. 272 
86. 183

52. 114

72. 641 
46. 711 
43. 480

.470

Irid- 
ium.

1.577 
.289 
.335 

2.968 
.277 
.354 

1.015

.685

1.343 
.779 
.571

.831

.815 

.923 

.250

Trace.

Osmi 
um.

Trace.

.418 
Trace. 
ol. 034

2.107

<z2. 328 
2.058

.878

.326 

.633 

.240

.250

Palla. 
dium.

.221 
Trace. 

1.200 
.598 

1.150 
.981 
.890 
.509

.618

.870 

.508 

.205

'.288

.564 
Trace. 

.070

Bho- 
dium.

.162

.746 

.360 
.791 
.800 
.439

1.349

1.241 
1.117 
.132

.362

1.989 
.097 
.250

.100

Iron.

7.573 
12. 847 
8.18B 

10.493 
5.041 
4.088 
3.768

1.517

1.886 
3.081 
.037

3. 218

4.855 
4.225 
3.680

.170

Cop 
per.

.516 
2.385 
.460 

1.838 
.352 

j-racb 
.327

.728

.486 

.508 
1.801

.285 

.206 

.330

.110

Gold.

1.890

::::::
.969

1,803 

.767

Iri- 
dos- 

mine.

4.412 
2.849 
.642 

4.108 
20. 588
' • -tKQ

48. 669 
97. 306

1.159

47.013 
20. 968 

.650

38. 173

1.161
24. 476 
41.320

65. 290

Sand, 
etc.

'i.'soi
1.583 

16." 850
KKQ

2.841 
1.237

.233

6.921 
14.496

1. 602

15.720 
22.584 
10. 560

33. 290

Total.

98.445 
89. 156 

100. 160 
98. 496 
98. 488

100 
99. 877

99. 051

100 
97. 787 
99. 679

99. 269

99. 123 
99. 855 

100. 190

99. 680

a Osmium determined by difference.

Results of the chemical analysis of the iridosmine found in the crude platinum,
[Per cent.]

Num 
ber.

H
I
,1

M•N-
u
V

Locality.

Republic of Colombia . .

Iridosmino from plati-

Iridiuui.

19. 787
19 'il 9
33. 852
31. 252
33.524 
35. 389
21. 796

41. 890

Osmium.

45. 231
0,51.589

53. 959

44. 100

45. 290

Platinum,

1.175
293
435

.749
Trace.

.487

.770

1.760

Ehodium.

32. 918

20. 306
16. 912
10. 476 
8.105

27.884
1.450

.770

Ruthe 
nium.

2 962

.763

.952

1.431
.860

11. 950

Iron.

Tr9.ce
Truce. 

.420

Total.

100

98. 911
Q7 QQR

100. 130

101. 660

« Osmium determined by difference.
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