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STEEL HARDENING METALS.

By Joserm Hypr Prarr,

Under the head of steel hardening metals ave included
those metals used or experimented with in the hardening
of steel, although some of them are used more generally

for other purposes in the form of compounds. The |

metals belonging to this class are nickel, chromium,
tungsten, molybdenwm, titanium, uwranium, and vana-
dium. The statistics in this report relate to the pro-
duetion of the ore from which these metals are obtained,
except that the figures for nickel and cobalt are for the
madte made at the mines. In the mineral classifications,
chromium appears as chrome ore, nickel as nickel and
cobalt, and titanium as rutile. Mangancse naturally
comes under the head of steel hardening metals; but,
on account of its comparatively large production, it is
treated separately. Nickel and ehromium have been
presented separately at former censuses, but the statis-
ties of the remaining metals have not been previously
shown,

The statistics collected at the census of 1002 for the
steel hardening metals are summarized in Table 1.

TansLe L.—Summary: 1903,

Al ather

Uranium

: steel -

. Tung- | and mee

Total, ston, vana- lmil]rllng:n

dium. | gty
Number of mines........ et eraaens 12 4 3 b
Numhber of operators. ... 12 1 3 i}

Balaried officials, clerks, ete.:

Numboer L3 PO 2 1
Salaries $3,740 .ol 3,500 $240

Wage-earners:
Average number

26 19
Total wages. .. §20, 911 $1,260 ¢ $17,040 $2, 011

Contruet work, ... .. BEDH feeeesenin]onsvnaons FH25
2Liseellnneous eXpOnNSes. .o vveerannn. #7306 $120 $490 $125
Cost of supplies and materinls......... 3, 602 $210 33,010 $132
Produaet: 2
Quantity, shorttong ............... o, dd 184 3,810 450
R T §81, 717 [ #6,976 | $48,126 | $20,617

1Includes operators as follows: Chrome ore, 1; molyhdenuy, 1; nickel and
cobalt, 2; and rutile, 1,

2The United States Geologieal Survey does not report the value of tungsten
and molyhdenum, nor does {t under thig classifieation present the other metals,
The report for nickel is for the refined; for cobalt, the oxide prepared from the
ore; while Census figures are for the nickel and cobalt matte nt the mine,

Besides the mines reporting a production during
1902, 7 were idle. These have been worked to some
extent during the past few years, some of them becom-
ing producers, while at others the work has been that
of development to prove the existence of ore in quan-
tity. The uncertainty of the demand for most of the

ores has been the principal cause of their nonprodue-
tion. These idle mines were distributed, by states, as
follows: Arizona, 1; California, 1; Colorado, 3; Nevada,
1; and Wiscongin, 1. They were owned by 5 indi-
viduals and 2 incorporated companies.

~The total number of mines operated in 1902 was 12,
distributed among 7 states, as follows: California, 1;
Colorado, 6; Connecticut, 1; Missouri, 1; Oregon, 1;
Virginia, 1; and Washington, 1. Of these 12 mines,
4—38 in Colorado and 1 in Connecticut—produced
tungsten, and 3—all in Colorado—produced uraniuwm
and vanadium, Where there arve less than 3 operators
mining any one ore they ave included in “all others.”
Of the 12 operators engaged in the production of these
metals, 8 were individuals, 1 a firm, and 8 incorporated
companies, E

The total value of the outstanding capital stock of two
of the incorporated companies was $200,000, with no
bonded indebtedness. The entire authorized stock, all
of which is common, has heen issued, the shares num-
hering 1,001,000, _

Of the three incorporated companies, one which pro-
duced nickel and cobalt, is not included in this table, for
the reason that lead was its principal product, nickel and
cobalt being merely by-products, and accordingly all
statistics for this company, with the exception of the
quantity and value of the nickel and cobalt produced
by it, are included in the report on lead. _

Production.—The total production of these various
ores reported in 1902 was 4,444 short tons, valued at
$83,717.  Of this production 85.7 per cent of the quan-
tity and 57.5 per cent of the value consisted of uranium
and vanadium, the remainder being about 1 part tung-
sten and 8 parts “*all others.” TIn quantity the produe-

“tion of chrome ore was second, or next to uranium and

vanadium, but in value was fifth. Tungsten ranked
third in quantity and fourth in value; rutile, fourth in
quantityand sixth, or lowest, in value; nickel and cobalt,
fifth in quantity and third in value; while molybdenum,
ranking lowest in quantity, was second in value.

The nickel and cobalt ores were concentrated into a
matte which was valued at $352 per ton, of which value
about five-sevenths was due to the cobalt contents and
two-sevenths to the nickel.
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The average value per ton received for the chrome
ore in 1902 was $14.50. A standard chrome ore con-
tains 50 per cent of chromic oxide (Cr,0,), but for
every unit above this there is an increase in value of
from 75 cents to $1 per ton; while, on the other hand,
there is a much greater deduction for every unit below
50 per cent.  TFor some uses, as in the lining of fur-
naces, chrome ores as low as 40 per cent of chromic
oxide can be used.

The reported .value of crude tungsten ores varied
from $4.68 to $45 per ton. Before ths ore is put on
the market it is more or less concentrated.  An ore con-
taining from 60 to 70 per cent of tungstic oxide will
bring in the general market, from $102 to $200 per ton.

Molyhdenum ores have been valued at from $100 to
$1,500 per ton, but the actual market value for these
ores, when they are in constant demand for manufac-

TABLE 2,

MINES AND QUARRIES.

turing purposes, will he nearer 100 per ton for a 50 to
55 per cent ore free from copper.

The valne of uranium and vanadivm ores is ahout
$12.63 per ton for crude ore, which averages from
5 to 9 per cent of the oxides, When concentrated,
these ores will bring as high as $320 per ton, the prices
varying with the percentage of uranium and vanadivwm
oxides.

The titanium reported at the census of 1902, which
was all in the form of rutile, was valued at $12.50 per
tou, this representing a crude product which had not in
any way been concentrated or selected.

Table 2 shows the production of nickel and cobalt
oxide in the United States from domestic orves from
1889 to 1902; also imports and exports of nickel oxide
and matte, Most of the imports are from Canada, in
the form of matte, the refining being done in this ecoun-
try. The exports are largely to the United Kingdom,

I"ROI)U(‘TION OF NICKEL AND COBALT OXIDE FROM DOMESTIC ORES, AND IMPORTS ENTERED FOR

CONSUMPTION: 1888 TO 1002; ALSO EXDPORTS: 1894 TO 1902,

[Compiled from tables of United Stales Geologleal Survey, ** Mineral Resourees of the United States,” 1002,]

PRODUGTION TROM ROMRSTIC | IMPORTS ENTERED FOR CONSUMPTION. [

’ EXPORTS, KICKBEL OXIDE
Nickel, nickelore, nickel | ANIy MATTE,
M 3 i)
YEAR ENDING DECEMBER 81— Nickel, f&‘d‘{}h “‘ﬁid&qi}}i‘f‘ n‘;{({‘;{il&‘,ﬁh Cobult oxide. “
Total matte,
value, - - : [
|
Quantity y . [Quantity Quantity v Quantity| I Quantity ’ N
(pounds), | Vaiue. (%munds), (pounds), Valne. | ponnds.] Velue } (poundsy, | Velne
1252, 663 | $151, HOR 13,965 §238, 663 367, 988 #1006, 331 1,480 | @R2,832 [l i iariaa s raeineean
2023, 488 1 134,008 U, 78! 439, 481 818, 870 374, 279 31,388 63, 202
118, 4U8 71,009 7,200 301, 301 10, 600, 666 821,163 24, 643 fld, 188

92, 252 BU, 734 7, 869 488,124 4,87, 890 428, 062 32,833 60, 067 .
44, 399 22,197 | 8,2 -129, 431 12,427, 98¢ 386, 740 2R, 884 42, 694 cane
9, 616 9,200 6, 763 340, 438 9, 2486, 733 310, A1 24, 020 20, 867 $217, Hins
10, 802 3,091 14,408 669, 74Y) 20 3hh, 744 (l')(J juty 40, 156 '3‘) H30 ' 20, 897
17,170 4,464 10, 700 (35(5,(337 23, 413 11 6’0, 425 27,180 d(l, 412 Z 780, 60-4 600, B3
23,707 7,823 14, H20 816, 256 27,82 781, 483 24,771 34,773 4, 25-), [{lin QU7 Ju1
11,145 3, 456 68,217 1, bR3, 507 f‘U 040, 24¢ 1, ().M 232 33,731 49, 215 f), Gh7, 620 1, 809, 40U
22,541 8, Bib 10,230 1,285, 100 .“ l7‘J 841 :I,'Zlﬁ, 253 46,791 48, 847 6, 004, 377 1,151,464
9,715 3,880 6,471 1,272, 530 B7,600, 500 | 1,183, 884 64,073 84, Gh1. H, 86Y, Y06 1,882, 727
6,700 3, OBl 13, 360 1, U85, 828 117, 3()-". 487 [ 1,844,620 76O | 184,208 H, 869, 667 1,621,901
H, 748 2,701 , 730 1, hBR, 764 83,042,710 | 1,487,649 79,984 | 151,115 3,28, 607 424, Hi7Y

Ineludes 35,000 pounds of nickel from Canadian mattes,

The production of metallic nickel, from 1889 to 1902,
in the principal producing countries of the world 1s
given in Table 3. The French manufacturers obtained
the ore from New Caledonia, Oceavia, and the Ger-
man from New Caledonia and Norway.

Tapur 3.— Production of wickel in Cunadn, France, and Germany:
1889 to 1902,

[United States Geological Survey, “Mineral Resources of the United States,”

1902.]
CANADA, FRANCE, GIRMANY,
YEAR, . Quantity Quantity
Quantity Tl R Mirie | vallug,
(pounds). Value, ({%;t:)m Value. (?(‘);g)l.(‘
830,477 #4098, 286 330 | $324, 000 282 1 $279, 680
1,435, 742 938, 232 330 317, 300 434 ‘!h. 430
4,626,627 | 2,775, %76 330 319, 200 B4 644, 480
2,413,717 | 1,399, 956 1,244 | 1,174,680 A7 648, 630
3,092,982 1 2,076, 351 2,046 | 1,175,720 893 774, 630
4,907,430 | 2,061,120 1,546 { 1,175,720 522 449, 350
3,888,626 | 1,360,984 1,546 | 1,033, 220 698 §75, 800
3,397,113 | 1,188,990 1,545 870, 830 822 666, 900
3,997,746 | 1,300,137 1,245 704, 425 . 808 710, 980
5,517,690 | 1,820,838 1,540 887, 800 1,108 670, 482
5,744,000 | 2,067, 810 1,740 ) 1, 003 600 1, 115 669, 517
7,080,000 | 3,327,707 1,700 1 020, 000 1,376 0, 884
8,882,000 | 4,707,460 1 &00 | 1,440,000 1,609 1 1,184,208
' 10, 6‘)& 2201 5,025,908 1.t e e

? Last six months: not separately classified prior to July 1 1804,

Small quuntities of tungsten ore (wolframite) and of
tungsten iron, valued at §7,046, were imported during
1902.

The uranium and vanadium ores are mostly exported.
Salts of the metals to the value of about $15,000 have
been annually imported. The value of these imports
for 1902 was $12,491.

Lmployees and wages.—The aggregate number of all
clagses of employees and wage-carners, as given in Table
5, was 29, who received $24,651 in salaries and wages,
Of these, 8 were classified as salaried employees, receiv-
ing $8,740 in salaries; and 26 as wage-earners who were
paid $20,911 in wages. Included with the 3 salaried
employees wag 1 foreman, employed underground, who
received $1,500 salary. Of the 26 wage-earners, 15
were employed underground, all of whom were classified
as miners. To this number of underground workers
should bhe added the foreman classified as a salaried em-
ployee, which would make the total number of under-

ground employees 16,
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The wages received by these 26 wage-earners varied
tfrom 75 cents to $3.24 per day; 17, or 65.4 per cent of
the total number, received from #3 to $3.24 per day.
That velatively high wages were paid to these wage-
carners is due to the fact that most of the mining
of steel hardening metals was in the Western states,
The month in which the largest number of wage-

earners was employed was July, when the number
reached 42. The minimum was in January, when only
15 were employed.

The production of chrome ore in the United States
and the imports of chrome ore, chromate, ete., from
1889 to 1902, inclusive, are given in the following

table:

Tasre &.—PRODUCTION OF CHROMI ORE IN THE UNITED STATES, AND IMPORTS OF CHROME ORE, CHROMATE,
ETC.: 1889 TO 1902,

[United States Geologieal Survey, * Mineral Resourees of the United States,” 1002.)

PRODUCTIUN, INPORTS,
oy " Cliromate and bi- Moo nol
YRAR ENDING DECEMBER 41— Chrome ore. 3 obamate of potash, | Chromie aeld,
Quantity N B Total
(t()]]g)_) Value, value,
Quantity . Quantity . | Quantity .
(tons), | YMUC | Bounds), | Veloe ((%muuds). Value.
13 S 2,000 | §30, 000 6,474 1 §80,782 | 1,080,886 1 $137,268 |.......... $2,074 $101, 019
eeeemninirn - et 3, Uy 63, 985 1, 853 W7,11L | 1,304,186 | 118,618 . ... 634 171, 358
...... R . RN feeiaens 1, 37 20, H80 4,459 1 108,764 75%, 204 bR, 8497 034 208 164, 864
...... P . RN R 1,H00 25, 000 4,980 b, 7Y H006, 972 44, 06b T2 204 149, 838
e .. . 1,450 21,700 {0 6,364 H8, (329 9706, 706 78, UB1 3, 708 641 138, 251
3, 680 H3, 231 3,470 38,804 | 1,483,762 1 125,706 H, (80 887 164, 9497
1,740 16, 790 H, 230 820840 | 2,045,910 | 181,242 2,088 414 204, Hu1
w0 | noe7 || slaee | 187400 | oan7ed | soas | day 87 || 258425
11,570 | 1R7, 4380 1 1,820,473 | 108,497 71,220 §, 487 301, 393
16,804 | 272,984 1 1,160,710 86,134 B, 320 1,758 360, 1206
165,708 284,826 1 1,130, 960 73,610 43, 134 6, 360 64, 695
............ | 1,400 17,512 1 305,001 111,761 7,708 39, 452 7,282 314, 991
.................... 368 6,790 20,112 | 8683, 108 430, 986 20,224 53, 462 10, 861 403, 193
.................... 35 o€, (7 39,670 | BB, DUT |ovieii i U, 817 11,115 Hul, 712

The total amount puid for supplies and various other
expenses was $5,212.  Of this amount $3,652 was for
supplies and materials, and $735 for rent of offices,
taxes, ete.  The balance of $825 was paid for contract
worlk,

The total amount of mechanical power used in the
production of the ores of these steel hardening metals
was 310 horsepower, 250 of which was furnished by 6

stean engines and 60 by water wheels,  All the water-

power was rented.

A detailed summary showing the statisties of the pro-
duction of steel hardening metals during 1902 is given
in Table 5.

DESCRIPTIVE.
CHROME ORE,

Chrome ore, or chromite, which contains the metal
chromium, was the first of the minerals containing any
of these steel hardening metals to be mined in the
United States for commereial purposes. The discovery
of chrome ore in this country was made about 1820* by
Isanc Tyson, jr., at Bare Hills, Md., 7 miles north of
Baltimore, but the deposit, being scanty and poor, was
soon abandoned. He afterwards found the mineral at
Soldiers Delight, about 15 miles northwest of Balti-
more. In 1827 his attention was attracted by the ap-
pearance in the market place of Baltimore of a man
from back in the country who had in his wagon several
Tumps of a heavy black mineral which he was using to

1The Mineral Industry, Vol. 11, page 151.

keep o barrel fromi rolling about in his cart.*  Upon
testing these lumps, Mr, Tyson found the mineral to be
chromite and learned that it was from Harford county,
about 97 miles from Baltimore. This was the hegin-
ning of chrome mining in this country and of the
chrome industry of the Tysons, which was later supple-
mented by manufacturing processes and has continued
down to the present time. In the next year, 1828,
chromite was discovered in Lancaster county, Pa., and
the control of this property was also obtained by M.
Tyson. It was afterwards developed into the famous
Wood mine, which has produced about 95,000 tons of
chromite, Chromite mining in Maryland and Pennsyl-
vania continued for a great many years until many of
the deposits or pockets of chromite were worked out.
About the time the ore hegan to grow scarce in these
states, it was discovered in California, and for a few
years a number of thousands of tons were shipped to
Baltimore. When, however, the importation of chrome
ore began, ahout 1884, the chrome mining industry in
the United States began to decline. There are known
deposits of this mineral in quantity in California and
North Carolina, and probably deposity exist in PPenn-
sylvania and Maryland; hut, on account of the low price
at which the foreign ore can he landed at Baltimore,
but a small portion of that used in the United States is
mined here. New uses for chromium and the construe-
tion of railroads through some of the chrome fields will

2 Pransactions of the American Institute of Mining Engineers, Vol.

XXV, page 487,
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undoubtedly cause an inerease in this industry during
the next few years.

The uses of chromite, at present the only source of
chromium, can be readily divided into three heads:

1. As a mineral: In the wanufacture of bricks as
hearth linings for basie, open-hearth furnaces, and for
water-jacket furnaces in copper smelting. For these
purposes ores carrying as low as 40 per cent of chromic
oxide can be used. It is also probable that chromite
can be used to advantage in other furnaces, especially
where it is desirable to use fluorspar as a flux.

2. In chromium alloys: Chromite is used to a con-
siderable extent in the preparation of a ferro-chromium
alloy. The preparation of this alloy, which is used in
the manufacture of armor plates and armor-plate-
piercing projectiles, has become a very important in-
dustry. The ferro-nickel alloy is also used in the
manufacture of armor plate. It is generally made by
the addition of these two alloys of iron to molten steel
hefore it iy cast into the ingot; they produce o more or
less homogeneous triple alloy.

3, In chromium salts: The frst use of chromite was
in the preparation of the salts, chromate and bichro-
mate of potash, used in dyeing, tanning, and in the
manufacture of pigments; this continues to be its
chief use. It was about 1800 that the value of these
salts as pigments was discovered, but it was not until
the discovery of deposits of chromite that they wore
used commercially.  Some chromium salts are also
used for medicinal purposes,

NICKEL AND COBALT.

Nickel and cobalt mining in the United States hegan
probably in 1863 with the opening of the Gap mine, in
Lancaster county, Pa. This mine was worked almost
continuously and very extensively from 1868 until
1880, and was the only nickel mine then worked on the
American continent. With the discovery, however, of
the nickel deposits in the Sudbury district, Ontario,
Canada, and the moderate prices which prevailed for
nickel, work at this Gap mine began to decrease, and
about 1891 ceased altogether. It is very probable that
there are still good deposits of nickel ore in quantity
in this mine and that in the near futuve it will again
become a producer. Since 1891 most of the nickel and
cobalt produced in the United States has been at Mine
Lamotte, Mo., where it has been obtained as a by-
produet in lead mining. Attempts were made to mine
nickel in North Carolina about 1890, and although the
mineral genthite, a nickel silicate, was found in some
quantity at a number of places, there was only one
place—near Webster, Jackson county—that gave any
indication whatever of containing it in commercial
quantity. Considerable work was done, but in 1891
the mine was closed and remained so until 1902, when
the shafts and drifts were reopened and several car-
loads of ore weve shipped for experimental purposes.

MINES AND

QUARRILS.

There has also been some development of nickel depos-
its in Oregon and Idaho, and a few tons of ore have
heen shipped for experimental purposes, but none of
the mines can be called producers,

The first general use of nickel commercinlly was
probably in the manufacturc of German silyer or albata,
an alloy of zine, copper, and nickel. Articles made of
iron and plated with nickel have to some extent replaced
those made of German silver, Another of the earlier
uses of nickel was for coinage, which is yet carried on
quite extensively by the United States and many of the
European countries. With the introduction of nickel
in the manufacture of a specinl steel the demand for it
has largely increased, so that this use of the metal has
becomne the most important. Large quantities of nickel
steel are nsed in the manufacture of armor plates, tur-
rets, propeller shafts, crank shafts, ete.  Another use
that has received favorable consideration is in the man-
ufacture of nickel-steel rails, which were first used by
the Pennsylvanian Railroad Company, and evidently
gave entire satisfaction.

Cobalt is put on the market as the oxide and used
almost entirely for coloring glass, poreelain, and simi-
lar substances.

TUNGSTEN AND MOLYBDENUM.

The mining of tungsten and molybdenum ores in the
United States has become an established industry within
the pust few years only. Tungsten ores were mined
in Colorado and Connecticut, and molybdenum ores in
Washington.

Until lately the uses of these metals were fow, requir-
ing a comparatively small amount of their salts to sat-
isfy the demand. The salts of tungsten were used as a
mordant in dyeing and printing and as fireproof mate-
rinl for wearing apparel, while the principal use of
molybdenum was in the manufacture of anmonium
molyhdate, used by chemists in the determination of
phosphoric acid. A small amount of molyhdenum salts
is used in the preparation of blue carmine or molyb-
denum Ilue in the coloring of porcelain. The use,
however, of these two metals in the preparation of
ferro alloys has led to an increased demand, especially
for tungsten, which, when added to steel, increases its
hardness and toughness, and is believed by sonie to
make it superior for certain purposes to any other
manufactured. Tungsten steel is also used in the man-
ufacture of tool steel, spring steel, and sounding plates
and wires for pianos, where hardness and strength are
egpecially desired. Molybdenum steel, the beneficial
properties of which are similar to those of tungsten, is
beginning to be used, but in much smaller quantity.

RUTILE.

The only. titaninm mineral mined for commercial
purposes is rutile, a titanium oxide. Titanium was for-
merly considered one of the very rare metals, hut it has
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now been proved to he one of the commoner elements Tape B.—Detailed summary: 1902.

and is very widely distributed. In the future, besides — 1 : =
rutile, the chief commerecial source of titanium will be Ununtum | ofhor
the mineral menaccanite (ilmenite), a titanium iron Tatal. || e \fgltlxllfalt— b
oxide, Rutile has been produced at Roseland, Nelson R R
county, Va., and in Chester county, Pa.  Only a small :

“quantity is required to satisfy the demand, and the prod- Moo of mavesoras e Bl b g
uct does not amount to much over 100 tons of the crude | “wgerelownership: s l 4 3 1
ore per year. Tnearpioniied ¢ o3 RSSO e 3

The uses of rutile are principally in the ceramic in- | Sl oMdns, cler

.. 8 2 1
.| 3,740 #3, 500 F240

dustry for coloring porcelain and in the manufacture 'l‘t,tl:}-sl\ﬁl)ﬂi}irxil(t‘tll(i -
of artificial teeth. The titanium oxide will, under fa- O e ) ol 1 1

vorable conditions, impart a fine yvellow color to the Furoanrles e i $2,20 1o $§2,000 | $240
porcelain, and it is also capable of being used with Sl so00 |00 gnaed [T

other substances to prodace secondary colors. The | WEPettet emge number. ... ......... 9 s 19 5

amount of titanium oxide used in the manufacture of BN P B0,011 | #1,260 | FILOW 82,611
artificial teeth is from five-tenths of 1 per cent to 2 per Total 'x‘ﬁﬁ;‘ﬁﬁ‘f.lfl.‘.n.l.h.b.‘fliiiiiIZIZI &m,ﬁ% e | s e,u,m?

cent of the total materials used in making them. Enginoets ftenen, and ofh- i '

At the present time no tituniam is used commereially, Waipeae amber e o0 10T s [0
as far as known, in the manufacture of titanium steel, l\ﬂn}iﬁﬁngc number. ........ 9 1 3 B
although irons have been made containing a considera- Below grownde s T R B TR B
ble percentage of titanium, the result of using ores for o erge number

16 1 14
Wages ... 8L, 184 $720 | H13, 4064

their iron contents rather than their titanium. Con- Avarage number of wage-carners u

. ) . 5 fled dally rates of pay:
siderahle work has been done, however, experimentally Auchindsts, - Dloolemiths, carpenters,
. . o . 1 other mechaiios—
in regard to the use and value of titanium steel and with 8200 10 8220« e I O 2 |,
. . Miners—
n great deal of success. It is probable that the intro- G075 10 809 e 1|l
j ) $1.70 to §1.99 ... ceen .. 4 i

duction of this kind of steel into the general market is $2.50 to 82,74 .. -
. - . \ ] . 3.00 t0 $B.20 . ooei e 17
not far distant. Its properties of special interest are Avoragt WD O S AP GTlbFoA

.. . ) ' during cach month:
elasticity, and greater elongation and ductility than | - “3aiis yeaws and over—
. i " January. 16 4 9 3
ordinary carbon steel. Februnty 7 ! 1 3
March ... 28 ¥ 17 3
A[prll .- “2!? 3 ])E)) §
v 4 May... P I I 28 E
URANIUM AND VANADIUM. May... b i = 3
. Tuly... i 9 n :
. . f . ugust i P
The production of uranium and vanadium ores dur- &,Iﬁ’m 33 27 H
s L . October .. 22 19 g
ing 1902 was all in Colorado. They have been mined Novembe a1 1 9
: - . 1o £ X | December 20 11 g9
in small quantities for a great many years, some of the | contract work: ) i
) » : " ) iy . AMOINE PRI, ..o ceis ceieeieraeaeas ) 0| Y PRI 9825
salts of uranium being used to produce a pure black Nmberof enployes. . .. 9 A A OO i S 7
s . s Miscellaneous expenses, total. . $735 $120 190 125
glaze on porcelain, while other salts are used in the S entol oficas tnxes, insaranee, iiterest,
.+ e . s \ Sl . and othor sundries. ... $735 $120 §100 R125
decoration of glass and china ware, giving permanent | gost of snpplies and materinds - 2207000 $3,662 | $210 ] $5,000 | gau
: . 3 N r Irodue:
colors. Vanadiwm salts are used in the coloring of | M fitity, short tons .vevereveeereenene.. a4d | sl oas0| 450
- LR . . : A . VAL cvvs vt crsnnerrrennrasnncsmaernsnes 898, 717 || 80,975 1 48,126 | $29, 617
glass, but principally in the preparation of vanadic | power N
. 2 s . : O] NOLSEPOWET «eareenennannnnnnnnnnns 310 P R H
acid, as a mordant, for aniline black in dyeing. The R i
. . $ . Sy 4 3 2y gr o o » Engines—
use of uranium and vanadium in the manufacture of Stenm— .
. . . . . . NUmber..oecoiiacarnenss i
special steels 1y still in the experimental stage, but HLOTSENOWOT o e emnsmenrs 250
s " s Rented—
enough has been done to prove that they increase tensile [ e N 6 |

strength,

1 Ineludes operators distributed as follpws: Chrome ore, 1; molyhdenum, 1;
nickel and cobalt, 2; and rutile, 1.




ASBESTOS




ASBESTOS.

By Josueir Hype Prarr.

Two distinet minerals ave included in these statistics
as ashestos, one being a variety of amphibole and the
other the fibrous variety of serpentine known as chrys-
otile. It is the latter that is the more valuable and for
which thereis the greater demand. In the United States,
however, itis, thus far, principally the amphibole variety
that has been mined. ' The low value of this mineral and
the uncertain demand have caused a wide variation in
production. The first census statistics for asbestos were
reported in 1880, when, among minor minerals in the
Report on Mining Industries, 7 wmines were shown to
have Dbeen operated—4 in Maryland and 1 each in
(Greorgia, New York, and South Caroling. The number
of employees reported was 17, who received $1,400 in
wages. There was no cost of supplies or materials
given. The production of asbestos was 150 tons, valued
at $4,312. The company operating in Georgia was
incorporated with a capital of $10,000.

At the Eleventh Census there was no record of the
number of mines or establishments. The capital rep-
resented was stated to be $42,600; the employees,
including foremen and oftice force, were 12; and the
wages paid, not ingluding office force, but including
31,900 for development work in Wyoming, were $2,700.
The cost of supplies was $525. The production for
that year (which was entirely from California) was only
80 tons, valued at $1,800.

Because of the lack of uniformity of the statistics of
these two years, they can neither be-compared with each
other nor with those for 1902, except as regards the
quantity and value of the production.

Table 1 is a summary of the statisties for 1902.

.

TasLe L.—Summary: 1902.

Number of mines or qUaArTIes .. ... viii e 4
Number of operators......
Salaried officials, clerks, et
Number,..
Snlaries.
Wigre-earners;
Avernge number.........
Wages.....o..oo.....
Miscellnneons expenses,.....
Cost of supplies and materials
Produci)

2,605
$46,200

1"The United States Geological Survey reports 1,006 short tons, valued ot
Sl(_i,'.’l)g. which is the product marketed, Census flgures represent the product
mined.

Detailed statistics of this industry ean not be pub-
lished by states without disclosing the business of indi-
vidual establishments, for, of the 4 mines or quarries
reported, 1 each was located in Connecticut, Georgia,
Massachusetts, and Virginia. Fifteen properties that
were developed or prospected for ashestos in former
years were idle in 1902. Three each of these were
situated in Georgia, North Carolina, and Vermont, 2 in
California, and 1 each in Pennsylvania, Virginia, Wis-
consin, and Wyoming. Among the owners were 4
incorporated companies, with an authorized capital of
$2,500,000, of which $1,655,070, all common, had been
issued. Many of these properties, as those in North
Carolina, Vermont, and Wyoming, contain the chryso-
tile variety, and it bad been expected that some of these,
especially those in Vermont, would report o marketable
production for 1902,

Capital stock of incorporated companies.—OfF the 4
operators in the ashbestos industry, 8 were incorporated

~companies, 1 each of these being located in Connecti-

cut, Georgia, and Virginia. In Table 2 are shown the

details of their capital stock.

Tasie 2.—Capilalization of tncorporated companies: 19032,

Number of incorporated companies. ... i iiiiii i iiict e 8
Capital stoek ssied oo o e .. §2,010, 000
Total anthorized—
NmbEr 0f 8IS e even et i e .- 1,400,000
Par valne...... .- 2,300,000
Total {ssued—
NUMbEL Of SHATES. e v o aie it iiti s iree e ccrrenermnann s 1,110,000
B8 L U $2,010, 000
Common—
Authorized—

Numberof shares .. .ovveveeeinonenas reenenenean 1, 100, 000
Par VRIIE. L e i ie i rea i raeeaanes 22, 000, 000

Issued—
Number of 8hares ...vvvomne i et 975, 000
PArVAIIC. L et i e $1, 875, 000

Preferred—

Authorized—

Number of SNHATES .. viveveirreeenaemaacaevirsaanans 800,000
I P(xiw B 211 L U R $300, 000

ssued—
Number of Shares. . .ocveeiiiiner i iiairieaann 185, 000
PAr VAIG. o vt e vimemarc e cecmmcareeenccnnaenseasrnnn $135, 000

None of the companies showed bonded indebtedness
and none reported dividends. Of the authorized capital
stock, 87.4 per cent of the total value had been issued,
of which 6.7 per cent was preferred stock. The capital
reported for this industry is extremely large when
compared with the value of the production for 1902
and with the production for any of the past years since
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the industry was started. This is due to the fact that
most of the companies sending their statistics for 1902
were organized during the past few years, when the
methods of incorporation in vogue have heen for highly
capitalized companies, regardless of the real value of
the property or plant or of the magnitude of the busi-
ness that could be built up. The companies have been
organized supposedly with the idea that the amphibole
ashestos can be mined and manufactured and used for
the same purposes as the chrysotile ashestos. Were
this the case the capitalization would not bhe so much
out of proportion to the value of the properties as it is,
The capitalization given in the above statistics does not
refer to asbestos companies manufacturing products
from chrysotile aghestos imported from Canada, but to
those mining ashestos in this country and manufactur-
ing products directly from it. _

Lonployees and wages.—Of the total amount, $10,878,
reported as paid for salaries and wages, $8,250, or 75.8
per cent, was paid to the wage-earners, and $2,628, or
24.2 per cent, to the salaried employees. There were
5.8 wage-earners, on the average, to a mine. The
average number of wage-earners, as may be seen by
reference to Table 6, wag greatest (61) during Octoher
and least (7) in June. The dull months were tfrom Jan-
uary to July, both inclusive. Table 6 also shows the
average number of wage-earners at each specified daily
rate of pay. Of the 23 employees, 17 were classed as
miners or quarrymen. Of these, 18 reccived from $1
to $1.24 per day; 1 received from $1.25 to $1.48 per
day; and 3 received from $1.50 to &1.74 per day.
There were 2 machinists or blacksmiths, 1 of whom
received the highest rate paid, which was from $2.50
to $2.74 per day. There were 2 firemen, each of whom
received from $1 to $1.24 per day. One other wage-
earner, who did miscellaneous work, received from
$1.50 to $1.74 per day. The prevailing rate of pay
was from &1 to $1.24, 16 having received this rate.
These comparatively low rates of pay are due to the
fact that most of the miners were employed in the
South, where the rates of pay are much lower than
either in the North or the West.

Supplies, materials, and miscellancons expenses.—The
principal item of expense, next to that for wages, was
for supplies and materials, for which $8,238 wus
reported as having been expended. The miscellaneous
expenses of §1,758 were incurred for rent of office,
taxes, insurance, and other sundries. Thus, the total
cost, including wages, salaries, supplies, materials, and
miscellaneous expenses, was $20,869.

Mechanical power.-—Steam engines with a total of 105
horsepower were used in producing the asbestos, this
power being reported by 2 establishments—1 in Georgia
and 1 in Virginia. ‘

Production.—The total production of asbestos in the
United States for 1902 was 2,505 short tons, valued at
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$46,200. This production of ashestos is the largest re-
ported during the period beginning with 1880, in which
vear the statistics for this mineral were first olitained.
Of this production, however, 1,500 tons represents the
rock just as mined. The statistics do not, therefore,
represent the total value of the asbestos as it is put
upon the market. In some instances the ashestos was
crushed, separated, and otherwise prepaved at the mines.
As in such cases the mining and the processes to which
the mineral is subjected were conducted under the same
management and with the same capital, it is impracti-
enble to separate the statistics, The United States
Geological Survey has published annual statistics of
the quantity and value of asbestos, and these are
shown in Table 3, for the years from 1889 to 1902,
inclusive.

TanLe 3.—Production of ashestus: 1889 to 190:2.

[United States Geologieal Survey, ' Mineral Resourcesol theUnited States, " 1002.]

q . Avernge
. Quaniity v .
YEAR, o Value, yulug
(ghor t.tmm). por ton.
30 $1, 800 #60. 00
7L, -4, Bt (1. 28
66 3, 960 60. 00
104 6, 416 (i1, 6Y
Hl 2, DUk A, 00
a2n o4, 43 13,78
) 13, fi2h 17.01
H04 G, 100 12,10
] 0, 470 11,12
60h 10, 800 17. U2
(i8] 11,710 17,24
1,064 | 16,810 15,47
747 18, 98 18,07
1,005 14, 200 16,12

As is seen from the above table, there has heen a very
wide variation-in the quantity reported from year to
year, and also in the value. This is due, as stated
ahove, to the uncertainty of the demand for this variety
of ashestos. The highest prices were received for as-

bestos during the years from 1889 to 1893, when the

values varied from $50 to $64.23 per ton. These high
prices were undoubtedly due to the fact that certain
manufacturers required only o few tons of ashestos, and
in order to obtain these small quantities they were
obliged to pay this increase in price. The total quan-
tity of asbestos produced in the United States since
1880 amounts to only 10,917 tons, which would make an
average production of 474 tons per year. The greatest
quantity produced in one year was 1,200 tons in 18892,
and the next greatest, 1,054 tons, in 1900. The aver-
age value varied from $64.23 in 1890 to $11.12 in 1897,
In 1894 there was a decided drop in the value of amphi-
bole asbestos, from $50 to $13.73, and since that time
the average has not exceeded $18.07. In 1902 the values
varied from $16 to $40 per ton, the latter price hav-
ing been received for 5 tons of chrysotile asbestos
which were obtained as a by-producs in tale mining.

The detailed statistics of the asbestos industry for
1902 are shown in Table 6.




ASBESTOS. \ : 978

The quantity of the amphibole ashestos produced in
the United States during 1902, and considered as used,
was 2,500 tons, valued at $46,000, while the amount of
chrysotile ashestos was valued ab $762,682, of which
only a quantity valued at $200 was produced in this
('ountl'v the balance having been practieally all im-
ported from Canada. The imports, as ])lll)llhht‘d hy
the United States Geological Survey, are given in Table
4 for the years 1884 to 1802, inclusive.

Tanne o Dalne of ashestos tmporied: 1889 to 1902,
[l?mtotl States (e ulugi( nl Surve, Ltes,” 1902,]

SMineral l{uxuuu esof thuUn‘

o Unmmanu- | Manuface- I

YEAR ENDING DECEMBER 41 I fnetured. tured Total,

M’)l 239 $9,154 || $263,393
a7 I'), 342 257,809

'i.’ .rmo : 4,872 868, 101
262,138 7,200 269, 642
175, 602 9,403 186, 005
210, 020 10, 989 206, 018
225, 147 19,781 244, 878
224, 081 5,773 284, 867
203, 640 4, 62 208, 2L
287, 636 12,897 300, 633
308, 110 8, 940 312,008
131,700 2, 165 360, 901
G607, 087 24,741 GO, K28

A0 L 720, 421 83,011 || 762, 482

Table 5 shows the production of ashestos from 1889
to 1002 in Canada, from which nearly all of the mineral
used in the United States is obtained.

Tasri 8.—dnanal produetion of ashestos in Capadu: 1889 to 1902,
[United StalesGeologlon] Survey, “dineral Resoureesol the Undted States,’ 1902.]

- Quantity ;
YEAR, (shott tonw). Value,

6,118 | $420, 664
N0 L 1,260,240

4,979 909, 978

6, 042 KR, 462
6,478 218, 806
7,680 420, 825
8, 75l 868, 176
12,250 499, 86
180, 442 ddh, 368
198 785 480, 227
195, 535 485, 849

130, 641 763, 491
1‘33 079 1,186,431
2‘l(), 416 1, 118,310

1Including agbostic, ¢ qulmling' 10,197 tons of asbestie,

DESCRIPTIVE.

As is seen from the preceding tables and text, the
ashestos mining industry in the United States is very
small, and there is but little chance of its increasing,
unless large deposits of the chrysotile ashestos are dis-
covered and developed. There arevery large deposits of
amphibole aghestos, but, as alveady stated, there is not
suflicient demand for this variety to create a large
industry.

Although in many respects the two varieties are sim-
ilar in physical properties, there is a wide variation in
strength of fiber, the chrysotile variety being superior
in, bohh stl'enwth and elagticity to any amphibole ashes-
tos, and for thls reagon capable of being used for many
purposes for which the latter can not be adapted.
With respect to their heat-resisting properties, they

are about equal, so that when asbestos is to be used as
an ingredient in ﬁreproof puint, wall plaster, as boiler
coverings, as packing, in the manufacture of fireproof
safes, and for nearly all purposes in which noncon-
ductivity of heat and not strength of fiber is the
important factor, the amphibole variety can be nsed to
as good advantage as the chrysotile. Ior these pur-
poses there is probably but little chrysotile asbestos
used, except what is known as ashestic or the waste
portions. There ave, however, » number of other min-
erals, such as infusorial earth, tripoli, tale, and mica,
that are strong competitors of the amphibole asbestos.

On the other hand, where strength of fiber is essen-
tial as well as nonconductivity of heat, as in the man-
ufacture of cloth, rope, felt boards, tubes, washers, and
blocks of various shapes, it is only the chrysotile vari-
ety that can be used. . The fibers of chrysotile are sel-
dom over 24 inches long, and are usually from one-half
to 14 inches in length. The fibers of the amphibole
variety, however, occur up to 3 feet in length, and when
this nsbestos s fairly free from grit, it appears like a
very attractive proposition. In a number of cases
deposits of amphibole ashestos have been developed in
attempts to compete with chrysotile, but in each case
the effort has resnlted in failure.

It is interesting to note the variation in the value of
these two varieties of asbestos; for the amphibole vari-
ety there is usually simply the one flat rate, which has
varied, since 1894, from §$11.12 to $18.07 per ton. On
the other hand, the chrysotile ashestos varies in price
according to the different grades as follows:

FPerton,

No. 1 aghestos. «veveeewmae e e e aaaaaa e $150 to $250
No. 2 (white) asbestos......... e 75 to 1256
No. 8 (red) aghestos . .o oooemne e B0to 75
Mill fiber, or paper Stoek «vvw e e nnina i 20 to - 40
] 11T (U 1to 3

The mill fiber, or paper stock, is the minute fibers of
asbestos which have become broken and are not capable
of heing used for weaving, and the ashestic is the final
waste material, which contains a small amount of minute -
fibers and a considerable amount of the erushed serpen-
tine rock.

Occurrence.—Since 1880 asbestos properties have
Dbeen prospected and developed in the United States in
Arizona, California, Georgia, Maryland, Massachusetts,
Michigan, New Jersey, New York, Pennsylvania, South
Carolina, Vermont, Virginia, and Wisconsin. Although
a considerable search has been made for ashestos depos-
its in this country, it has resulted thus far only in the

discovery of producing deposits of the amphibole

variety.

At the present time the deposits of amphibole asbes-
tos that are heing worked or developed to any extent
are as follows:

About 3 miles from the railroad station at New
Hartford, Conn., & deposit of this asbestos oceurs in a
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ledge that outerops strongly for a distance of about |
750 feet in length, with a width of 20 feet. Tt has been
opened in a number of places to a depth of 45 feet.
A plant for crushing and preparing this material for the
market was being erected in 1902.

At Sal mountain, 12 miles northwest of Clarksville,
Ga., are located the largest developed asbestos deposits
in the United States.

In the northeast corner of Rabun county, Ga., and
about 13 miles from Russell, S. C., deposits of amphi-
bole asbestos occur.

In Virginia, about 14 miles south of Bedford City,
a deposit of amphibole asbestos occurs in seams and
veins varying from 8 to 50 inches in thickness. ‘

In Wisconsin, near Stevens Point, Wood county, a
deposit of this asbestos has been developed, although
no asbestos was produced during 1902,

Many other deposits of mnphlbole asbestos are known
to exist in the United States, but unless they are very
favorably located for mining, and have good transpor-
tation facilities, it is practically impossible to work
them on a profitable basis.

Chrysotile ashestos has heen found sparingly asso-
ciated with many of the outcrops of basic magnesian
rocks that extend northeasterly from Alabama across
Georgia, South Carolina, North Carolina, Virginia,
Maryland, Pennsylvania, the New England states, and
into Canada. These rocks are more or less altered to
secondary serpentine, and in the more northern sections
different areas ave often completely converted to this
secondary rock, as those of Pennsylvania, Maryland,
Vermont, and Quebec provinee in Canada, while in
North Carolina, Georgia, and Alabama there nre but
very few areas that have heen altered to this extent.
Aswould be expected, it is only in those areas in which
the rocks have been completely changed to serpentine
that the chrysotile asbestos occurs in commercial quan-
tity. Although only the very small amount of thig
variety of ashestos obtained from Massachusetts was
produced from a mine already in operation, yet a great
deal of work was done on deposits of this varviety in
Vermont and Wyoming, with a smaller amount of worl
on deposits in California, Michigan, and North Carolina.

The Vermont deposits are located in the north cen-
tral part of the state, in the town of Kden, Lamoille
county, and in the adjacent town of LOW(‘” ()110'1.11%
county.

The Wyoming deposits, which ave located in the
vicinity of Casper, Natrona county, have been pretty
thoroughly developed, hut thus far operations have not
been sufficiently advanced for the marketing of the
product.

The deposits of California thus far developed are in
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Riverside county. The other deposits in this state and
those in North Carolina, have been developed little more
than to prove that the chrysotile asbestos is to be found.

The basic magnesian rocks of the Pacific slope, in
California, Oregon, and Washington, have in many
instances been entirely converted to secondary serpen-
tine, and are promising fields for investigation. It is
possible that when they are thoroughly prospected they
will be found to contain deposits of the chrysotile asbes-
tos capable of profitable operation.

Tasue 6.—Deteiled sunanary: 190:2.

Number of MINes oF UAITICS i iier it taecanaaenaas 4
Number of OpCPRIOPS <. vuncen it e e cctitce e vre e e ras 14
Character of ownership:
S 3 1
INCOTPOrated COMPAIY .0 v it esirtrinereaneracaraaarassnsanssesaes 8
Salaried officials, clerksy, ete.:
L T USRS 7
B 1 (S $2, 628
General oflicers—
B N T 2
BALATIEE «oveneiiseriai i e e $900
Superintendents, managers, foremen, surveyors, cte
oLt 1 T Y 4
Salaries «.oioiiennn $1, G6B
Clerks—
NI D et it ae e e st e e caenan e ans 1
Salaries. §63
Wagu-carners:
Aggregate avernge number 23
Aggregate WREeS ..ol §48, 250
Above ground—
POl AYETAEC IIINDOT. (eriaireiitaernrasreernrannanncnnees 28
POt WIECS et e e 7,875
Engincer, firemen, and other mechanies—
Avernge munhur ..................................... h
L $2,079
Miners or quarrymen— '
AVEIRZE MUIMDOT ¢ 4 vanr e erivesn e e eaeaeeeaaeeeaans 16
Wages...oo..... 0, 328
All othor WREE-CATTICTS
Averago number 1
I ettt iteie s esecianecae e caman e aanan F408
Below ground—
N ntnl AVETAEC N DCT . it e vianes cenevsnrtrnescrnnnnrnnnenns 1
B R O $375
Miners—
AVCOIREE IUINIDET oo intiaitiieaieiirnirsarncaaaaas 1
WaRECH  ieerivnenen 37h
Average number of wage-earners ut specitied daily rates of pays:
Engineers—
FL2 to$L Y. . oeeiian 1
Tiremen—
1,00 to §1.24. . 2
Machinists, blae hs,
F1.00 to §1.24.. e 1
F2.00 to $2,74. . 1
Miners m qmuu men—
#1. U 10 §1.24 14
#1.25 (0 &f\l d9. . 1
$1.50 to §1.74 3
All other \\'ngc-enrnum—-
BLAD L0 BLT. oo v i et e e et 1

Avorage number of wage-carners employed during cach month:
Men 16 vears and over—

January........
Febraary
March.
April .
May .
Junie .
July.
Anguqt .
Sq»tembvr
October .
November
December. .

Miscellancons expenses,
Rent of offices, tmceq, insmanee, inte

covalne ..l
Power owned:

st, andd other sundries. . 31, 758

Cost of supplics and TEURLGTIALS + e ve e m e eie e oo ree e eeem e eareeamein R, 238
Prodnet;

,;mmtitv ahort tons. . 2, 50A

. $16,200

TOTR] OTBCDOWOT « ottt irairrtie e iraenasersnanensacansonsns 105
Engines—
Steam—
NUIMDOT ot iiiv e ene s tiearanse e rcn v rannennnasn 2
HOTR e DOW UL L ettt it ec i avmeceacanaaranaaamaans 105

1Includeqnpemtnw diutributed ng [c)ll(nw Connecticut, 1; Georgin, 1; Massa-
chusetts, 1; Virginia, 1
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ASPHALTUM AND BITUMINOUS ROCK.

By Joseru Strurnrrs, Ph, D.

Asphaltum became known to Census statistics in 1860,
when it was reported from California among manufac-
turing statistics as ““agphaltum work.” At the census
of 1870 no report was published from California, but
an establishment in West Virginin was recorded in the
statistics of mining as having produced asphaltum
vilued at $450,000. At the census of 1830 West Vir-
ginin dropped out and California returned statistics
for two mines, being shown among mining industries.
At the Eleventh Census, the inquiries for which, as to
mining, covered the year 1889, asphaltum was shown
among mineral industries in California, Kentucky, and
Utal.

At the census of 1902 Arkansas, Indian Territory,
and Texas were added to these, making b states and
1 territory reporting asphaltum. The asphaltum by-
product of petroleum refineries, being the result of
manunfacturing processes, was included among manu-
factures at the census of 1900, with a number of other
Ly-produects, under the caption of * Residuum ™ in the
Report on Petroleum Refining. This product is not,
therefore, included in the statistics for 1902 herewith
presented, which concern the mining of the various
kinds of hydrocarbon rocks baving an asphaltic base,
namely, bituminous limestone and sandstone, and some
of the purer forms of hitumen, as elaterite, gilsonite,
and uintaite. .

The comparative statistics from 1860 to 1902 are
presented in the following table:

30223—04———62 :

Tasue L.—Comparative summary: 1860 to 1902,

1002 1889 1880 1870 1860

Number of mines o1 quarries. ud [ (0] ()] ]
Number of operators. ........ 24 D] 2 1 1
sularied ofMelals, clerks, ete,:

Number. ..oooiviiiiainns 2 2 ?3) <) )

Sularies . cooeiiiiiiiiennn. F18, 233 #3, 000 ) ) @)
Wuge-carners:

Avernge number......... 156 184 12 23 4

WHEES ovrennninrennennas 79,570 | §68,H03 $2,220 | $20, 000 $3,600
Contract work ou.eviiiiannn $10, 060 §8, 340 L 1 1y
Miseellaneous expenses...... #19, 768 $9, 610 ! (! 1) .
g?ost;ﬁsugn]iesundmnterittls. 21,028 | $13,884 i $26, 778 | 84,000
roduct:

Quantity, short tons.. ... G0, 238 b1, 786 444 30,000 ¢ (Y

Valte civaeneenenneenannns $2306, 728 | $171, 637 §4,440 | $450,000 :  §10,000

1Not reported, 2Not reported separntoly,

sThe United States Geological Survey reports 105,458 short tons, valued at
e o b
the Census,

From 1860 to 1889 the production was quite irregu-
lar, The large increase in value of product from
$10,000 in 1860 to $450,000 in 1870 was due to the dis-
covery in West Virginia of a vein of grahamite, which
was soon exhausted. A vevival of the indastry took
place between 1880 and 1889, The increase in wages
from 1889 to 1902 was $16,067, or 25.8 per cent, and the
increase in value of product was $65,191, or 38 per
cent, The 24 mines reported for the industry in 1902
were controlled by 19 incorporated companies, 8 indi-
vidual proprietors, and 2 firms.

The state showing the largest production was Cali-
fornia, with 85,377 tons, or 58.4 per cent of the total,
and a value of §101,353, or 42.8 per cent of the whole.

(977)



978 MINES AND
Kentucky was second with 22,498 tons, or 84 per cent,
and $68,704, or 29 per cent of the value. Indian Terri-
tory was third with 2,566 tons, or 3.9 per cent, and
$11,754, or 5 per cent of the value. The remainder,
5,797 tons, or 8.7 per cent, and $54,917, or 23.2 per
cent of the value, was for all other states, of which
Utah was the largest producer, both in guantity and
value. A '

Thirteen mines were idle—3 in California, 2 in Indian
Territory, 2 each in Missouri, Texas, and Utah, and
1 each in Kentucky and Tennessee. There were 6
mines for which development work was reported but

no production—3 in California, and 1 each in Arkansas,

YGARRIES.

Colorado, and IndianTerritory. The statistios for these
are shown in the following statement:

Development work: 1902,

Number of minesor quaTCS. .. i i e G
NUMBEr 0f OPeTAtOTS. .ot aarreeie e iar i et iarsartensnararonsnoanaas 6
Salnried oflicials, elerks, ete.:

Number. ........ il

F T T O 83,160
Wage-curners:

AVERNZE DUNIDEE L.t iiaeiatiiaee i ia e asa e sttt caaneaans 2

WRECS v eneenrienennn - 81,030
Miscellaneous cexpenses..... - $1,602
Cost of supplies and materials o...oooviiiii i 72

Capital stock of incorporated companies.—The capi-
talization of 17 of the 19 incorporated companies, 2
failing to report in this particular, is shown in the fol-
lowing table:

TasLe 2.—CAPITALIZATION OF INCORPORATED COMPANIIES: 1902,
United States, | California, Iml?ii{‘(:;,;;‘:m" Kentuoky. "\{_}tlu‘t‘g‘_‘;”
§umger of Jnctcin'pomtq(ti %mtnpimics ...... }g (‘{ '0 A:l :;
umber reporting eapital stock . : i 5 [
Capital storl,?k issu%d v $9, 760, 700 $699, 700 $725, 000 $5, 336, 000 §3, 000, 000
Cnpi{nltgtmj:k (la.ll common); :
uthorized— .
NUMIDEE OF HIITCH . « . o aiv e eeaes s iiraeasretareaansancsanrassasossoatanansanansssns 130, 000 16, 000 23, ho0 60, K00 80, 000
1’31‘ L $10, 575, 000 $700, 000 #1, 076, 000 #43, 800, 000 3, 000, 000
Igsued—
NUTEEY OF GlTES. oo vveeve s s masanenrenresmamenrarnesanasessamsaarassasasrneerasns 115, 87 15, 997 14,000 B, 800 30, 000
Par value ..ooeaeniaaaiaa. 4, 760, 700 $699, 700 $720, 000 5, 386, 000 &3, 000, 000
Dividends paid $13, 000 B7,000 ooiiiaanss F6,000 [booinrianennn
Bonds:
Autlﬁorizﬁd\- 18 -
umber... I | PR, J L
Par value..... GFLL0, 000 {|1eeeeennremssafoernnceaneanne FLLO,000 {veeervnnnnnas

TIncludes 1 eompany in Texas, and 1 in Utah,

The capital stock of the 5 Kentucky companies con-
stituted 54.7 per cent of the total. The par value of
the capital stock issued by the 17 companies reporting
wag 92.3 per cent of the total amount authorized. No
honds were issued and the par value of those authorized
amounted to only $110,000, all in Kentucky.

The production of the active mines operated by the
19 incorporated companies, including the % companies
not reporting their capital, was 59,448 tons, or 89.7 per
cent of the total, and $201,346, or 85 per cent of the
total value.

Lnployees and wages,—The wage-earners constituted
75 per cent of the salaried employees and wuge-earners,
and their wages were 62.3 per cent of the total salaries
and wages. Kentucky led, with 41.7 per cent of the
wage-earners and 28.4 per cent of the wages, California
being second, with 20.5 per cent and 25.2 per cent,
respectively. In addition to the amount paid in wages,
$10,060 was paid to 60 employees for contract work.

As shown in Table 5, November was the month dur-
ing which the largest number of wage-earners was
employed in the industry, although employment was
not very variable during the year. In Indian Terri-
tory the largest number is shown for December. The
smallest number of wage-earners for all the states

appears for Jume. Of the total number of wage-

eamners, 58, or 87.2 per cent, received from $1 to
$L.24 per day, and 27, or 17.8 per cent, from $2.50
to $2.74 per day. Machinists, blacksmiths, carpen-
ters, and other mechanies received the highoest rate—
from & to $4L24.  Of the total wage-earners, 116, or
T+.8 per cent, were miners or quarrymen. Fifty, or
48.1 per cent of these, received from %1 to $1.24 per
day; 25, or 21.6 per cent, from $2.50 to $2.74; and L,
or 19.1 per cent, from $2.75 to $2.99. The 21 *all
other wage-earners” were engaged in miscellancous
work about the mines and quarries. )

Supplics, inaterials, and miscelluncows erpenses.—The
cost of supplies and materials, reported as $21,928, is the
largest item of expense other than wages and salaries.
Of the $19,753 expended for miscellancous expenses,
$16,897, or 85.5 per cent, was paid for rent of offices,
taxes, insurance, interest, and other sundries, and $2,856,
or 14.5 per cent, for royalties, and rent of mine and
mining plant. ‘

Mechanical power.—Of the 24 operators from whon:
reports were received, 8 reported the use of power, the
total of the primary power being 720 horsepower. Of
this, 660 horsepower, or 91.7 per cent, was steam, and
60, or 8.3 per cent, gas or gasoline. There was, in
addition, 1 electric motor having 25 horsepower. Ien-
tucky reported 53.8 per cent of the steam power, and
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_the electric power.
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Indian Territory 46.2 per cent of the steam and all of
The total gus or gasoline power
was reported from California.

Lroduction.—The United States Geological Survey
has published annnal statistics of the production of
asphaltuin since 1882, hut these are not comparable
with Census statistics, for the reason that after the
year 1891 they inelude maltha, or brea, and the asphal-
tum by-products of petroleum refinerics. During 1902
the quantity of by-product asphaltum produced by oil
velineries in California and Texas, and sold and used
in the trade as asphaltum, amounted to 20,826 short
tons, valued at $303,249."

According to the veports received for 1902, the
average price of asphaltum was $3.57 per ton. The
range was from $1.50 to $50, the former for less than
100 tons mined in Indian Tervitory, and shipped in the
crude state, and the latter for less than 1,000 tons of
elaterite mastic mined in Utah, . o. b. at the mines.

Most of the nmported asphaltum comes from the
Istand of Trinidad, British West Indies. The following
table, compiled from tables published by the United
States Geological Survey, shows the total imports into
the United States from all countries since 1889, The
values ave at point of shipment:

! United States (teologicnl Survey, “Mineral Resources of the
UTnited States,’” 1902,

TasLe Be—Courle asphaltiem imported for inonediate consumption:
1889 to 1902,

[United Stntes Geologion] Survey, “Mincernl Resouveesof the Uniled States,” 1 N

QUANTITIES,

A
From Trinidad, | Total

YEAR ENDING
DECEMBER 81— 4 | From nll vahie,
| eonntries
Total Land Lake  (longtons),
(long tons), ] (long tons).|(long ums).f
|
1650 a8, 978 13, 568 4d, {10 01, 952 $138, 163
1890 77,324 17,417 39,907 78, 861 223, 368
1891 78,027 20,017 82, 510 102,433 299, 850
182 R, 212 17,406 70, 806 120, 2h5 336, 868
1803 (8, 886 3,40 (5, 436 74, 774 196G, 314
1894 7H, 713 3,453 71, 86l 102, 506 318, 680
1805 49, 720 A4, T4 G4, 976 79, 567 1210, 566
1896 72, 686 12, (49 o, 637 06, 192 1304, 596
1897 98, 650 19,243 74,407 116, bus 1392, 770
1808 G6, H83 18,160 A8, 423 04, BR7? 2903, 385
1899 95, 0.1 25, 164 70,777 106, 474 8425,268
1900 105, 784 84,7906 70, 938 118, 771 454,732
14901 112,216 31,767 80, 419 138, 833 0 568,473
1902 130,109 25,158 104, 056 146, 888 0409 (58

3 n addition to the erude asphaltion imported in 1895, there way some manu-
fnetured or relined gum asphaltum, valued at $36,664, Tn 1806 the valne of the
manufpetured asplaltum imported was $77,449, and In 1897, $25,005, The quan-
tity was not reportued.

*Ineludes 3,009 long tong, ** dricd or advanced,” valued at §17,005.

SInelwdey 4,264 long tong, “ dried or advanced,” valued at $36,305,

AIneludes 5,41 long tons, ** dried or advanced,” valueed at $49,248,

0 Inelades 6,754 long tons,  dried or ndvanced,” valued at 36,968,

fIueludes 7,230 long tons, ** dried or advanced,” valued at $62,561,

Exports of crude asphaltum during 1902 amounted
to 2,930 long tons, valued at $23,564.

The production of asphaltum and asphaltic rock in
the principal producing countries of the world, from
1890 to 1901, inclusive, is given in Table 4.

TanLe 4.—PRODUCTION OF ASPHALTUM IN PRINCIPAL PRODUCING COUNTRIES: 1880 TO 1901

[United States Geologiceal Sury

v, ** Mineral Resourn

s of the United States,” 1902.]

|

UNITED RTATES. TRINIDAD, GERMANY, FRANUR, ALY, ; SPALN. ‘\U‘“gf\ll‘:‘}_nm RUSSTA, ,‘U]]f}l\

YEAR, ( ' b Quan- 4 Quan- Quun- Qnan- : Aun-

Qt}{u\n- QL‘;.tm- Q{g»tm- Qtlilé\ll— /ztlﬁm Qtlil{l‘ll lsilltxbn elii‘l\n Qilllél;l

Lty y Ly ralue LIty ¥ N LILY - \ LIty y ALY tyvaine 1Ly 3 1L

(short Value. || | Velue, (shn\rt Value. (sln}rt Value. (thrl Value, B (Velue. (shart valne. i g Valne. | i

tons). tons). tons), tons), tons), tons). tons), tons), tons).
IRM). ..., 40, 841 ($190,-416 04, B34 1gund, 010 || 59, 861 | $89,961 || 198,934 [$38A, 002 || 19,728 (232, 851 47 310 S RS PN PR | MY P T T YT PRPR PPN
LH) S 45,084 | 242, 264 11 110,920 [ 297,182 || 64, 163 | 8D, 419 |} 278,816 | 102,681 |1 81,054 | 131,028 274 | 06 §208 || 18,471 §108,000 |..........
; 180 { 45, 37h (| 199,488 | 17,310 {| 68,718 | 99,680 1| 246,848 | 823,854 {| 88,107 | 162,308 04 | 1,014 288 20, ﬁdx 118,760 |..... seaes
372,232 |1 106,515 | 285, 800 1| 52,066 | K4,962 [ 244,644 | 811,116 || 28,630 | 109,200 Q04 | 1,235 - t.:'.z-{ 18, §3'{ ]gq, Q00 }_, 1’5'1
808,400 || 121,186 | 324, 606 | 61, 601 | 107,350 || 264,502 | 339, 204 60, 66 | 270, 874 1,085 | 1,939 70, 60 | 17,700 | 176, »JIOO 7,701
348, 281 || 102, 368 [ 270,200 [} 65,638 | 108,183 || 204,984 | 84K, 700 [} 51,478 | 197, 684 870 | 1,526 /9, 001 1] 20, 699 1‘1:1. 893 3,073
B77,068 || 110,667 | 206,457 || 67,830 | 107,908 || 249,062 | 836,018 || 60,082 | 171,507 1,281 | 2,156 4l 72,420 |1 20, ()-!:i‘ 133,141 6,197
6iid, 632 | 146,172 | 202, 844 || 67,933 | 91,084 || 207,127 | 828,002 || 60,984 | 183,017 1,825 | 3, 14006 3,499 | 81, 1()4‘ 21, 488 ]71,41Q 11, 528
G708, G-19 | 112,220 | p53, 800 || 7 09, 088 1| 252,858 { 422,117 1| 103,312 1 256, 347 2,604 | 4,606 4, 1.:_\2 i3, U8 ]:}, 244 128, },:U Nil.
853,001 [} 168, 870 | 745,242 || & 7 | 123, 054 {] 285,208 | 856,710 (| 40,850 | 222,519 2,800 1, 961 6,276 | 79, 1334 26,435 | 170, 800 12,014
415,958 || 177,701 | 86K, 744 || 08, 838 | 160,000 || 293,654 | 383,129 |§ 112,115 | 202,287 4,621 1 R, 632 3, z:7 70, 603 [0 I P, }1, pﬁl
BRf, 885 || 191,488 | 799,010 || 99,420 | 168,760 || 275,216 | 872,089 || 134,761 | 261,761 4,361 | & 137 3,970 | 68,150 L5 T R, 24,378

1 Statistios not yot availabie,

The detailed statistics of the industry in the United
States for 1902 are shown in Table 5.

DESCRIPTIVE.

Asphaltum is the name applied to different forms of
bitumen. TIts composition varies, and it is known by
many other names, bestowed on account of some special
characteristic resulting from its composition or the
locality from whence it has heen obtained. The most
common of these names are: Natural mineral pitch,
Jews’ piteh, Trinidad asphalt, Cuban asphalt, Dead sea

bitumen, manjak, maltha, hrea, chapapote, elaterite,
wurtzilite, nigrite, gilsonite, grahamite, and uintaite.

Asphaltum has been an article of commerce from re-
mote antiquity, the supply having heen obtained from
the deposits near the Dead Sea, where the material
floated on the surface or was washed ashore by the
waves, the product being known to the Arabs by the
name of Hajar Mousa, or Moses’s stone,

In Germany asphaltum was known ag early as 1626
under the name of ““harzerde” (pitch earth), which was
deseribed in 1692 by Doctor Amiest as asphaltum,
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Bituminous limestone is mentioned by Doctor Erynis
in several publications prior to 1721. The deposits at
Seyssel, Irance, were discovered in 1802, and the
asphaltum interests of France and Switzerland were
united in 1832 hy Count de Sassenay.

o« Physical and  chenvical  chavracteristics.—Asphaltum
ranges in form from the liquid maltha to the hard,
solid glance pitch, which gradually merges into asphal-
ticcoal. The specific gravity of pure agpbaltum ranges
from 1 to 1.8,and the hardness from 2 to3. The sgolid
varieties have a black or dark-prown color and a peculiar
characteristic pitchy odor when rubbed.

Asphaltum breaks with a more or less splintery frac-
ture and does not soil the fingers. It is very brittle at
low temperatures, but upon heing warmed, although it
remains sufliciently hard to be hroken by a sharp blow,
at the same time it yields to o steady pressure or tread.
Asphaltums differ much in their properties, and all do
not possess the hinding power so necessary for a lasting
pavement; they shade hy insensible gradations into
hrittle asphaltic coals.  The melting point of asphaltum
is usually low. It i3 very inflammable, burns with u
vellow, smoky flame, and when pure leaves very little
if anyresidue. It is insoluble in water, slightly soluble
inaleohol and fixed and essentinl oils, and readily soluble
for the greater part in ether, oil of turpentine, naphtha,
and carbon bisulphide. With benzole it forms a solu-
tion of an intense black color, used as a vavrnish, When
suhjected to destructive distillation, asphaltim ivdecom-
posed into a distillate of oils and a tarry residue which
becomes solid when cold.

The chemical composition of asphaltum is so complex
that elementary analyses throw little light on the sub-
jeet. Tt still remains an open question whether inipor-
tant groups of definite and characteristie hydrocarbons
can be separated and recognized,

Many chemienl analyses of asphaltum from various
loeulities have been published from time to time which,
however, are of scientific value only.  Of these analyses
the following ave chavneteristic:

Analyses of pure asphalivan, exelusive of cavthy matter and olher
wmechanical tmpuritios,

l Total || "
CHEMIST, ! Place, per .
vent., Cur- | Oxy- [Hydro-| Nitro- | Sul-

‘ bon., | gen, | gen. | gen. {phur,

e e | IS SR, RS PUNUIUUIN S
Bowen .oiiae.nan Trinidad ...| 100,00 1| 85,89 0.56 | 1106 |........ 2,49
Regnult ... ... Mexico..... 100. 00 80,84 | 10,09 EA % A TR P
RBossinganlt ...... Pertti..a..., 100, 00 B8, 67 1.65 D68 oeevrnn]ennnnn
Bossingaalt ...... uba ...l 100,00 1 81,50 6,90 9060 |vennoniafaaannn
Bowingault ...... Colomdia...| 100,00 3] 85,31 1.68 0,64 0,87 |......
KOyser coveennnn-. Palestino...| 100,00 || 80,00 0,40 9,00 | 10,00 | O.G0

MINES AND QUARRIES.

Means other than chemical analysis are generally
used to ascertain the commercial value of asphaltum..
The first of these is a solubility test of the sample dried
at 212° F. in various solvents, as carbon hisulphide,
alcohol, turpentine, ether, petroleam, naphtha, ete.
Distillation is often used and the losses at various tem-
peratures arve recorded. The quantity and quality of
mechanical impurities (water, clay, earthy matter) con-
tained in the sample are also determined; finally, the
best test of its applicability for pavement purposes is
ity viscosity at vavious temperatures. In some cnses
the value of an asphaltum for use in pavement con-
struction is determined by an actual triak,

The substances classed as bitumens are hydrocarbon
compounds, the more important of which, arranged in
the order of their speeific ‘gravities wt T0° I, ave
divided into six groups:

1. Natural gas.
2. Natural naphtha.

3. Petroleam, or natural oil,
4. Maltha, or soft, sticky bitumen,
5. Asphaltumn, or stiff, sticky hitumen.

6. Glance piteh, ovdry, brittle bitumen (often ealled gilsonite),

[

In addition to the substances comprising the above
list, theve are other bitumens of chemical interest only,
which possess no commereial value,

In commerce there are four chief classes into which
asphaltum is divided: (1) The natural liquid form, ealled
liquid asphaltum or maltha; (2) asphaltum mixed with
more or less vegetable and earthy matter, which yields,
by the removal of the mechanically contained impuri-
ties, the product called hard, refined, or gum asphal-
tum; (3) asphaltum contained in gand or sandstone, ealled
bituminous sandstone; (4) asphaltum contained in lime-
stone, called bituminous limestone, '

In addition to the natural products given in the shove
list mention should he made of “hy-product asphal-
tum,” which is obtained in the vefining of erude petro-
leum having an asphaltic base to yield commercial illu-
minating and lubricating oils.  There is no strict line
of demareation between oils classed ag potroleum ails
and those considered as asphaltum oils.

The term bituminous rock is applied to hoth sand-
stones and limestones impregnated with asphaltum.
Bituminous rock is sold and shipped without previous
refining, and is consumed chiefly for street pavements;
heing generally mixed with other ingredients at the
place of use. An inconsiderable proportion, howcver,
is treated for its asphaltic content, the product heing
sold as refined or gum asphaltum.

Asphaltic or bituminous limestone is o natural com-
pound of asphaltum and limestone, at times contnining,

-
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in addition, other bituminous substances, sand, and
sulphuar-hearing compounds. The quantity of asphal-
tum present varies in different deposits, and even in
different portions of the same deposit, up to 20 per cent.
The grain of asphaltic limestone is extremely fine, and
mnder the microscope each grain appears completely
conted with asphaltum, [t is this property which ren-
ders the natural product of greater value than an arti-
ficial mixture of asphaltum, fine sand, and pulverized
limestone.

Analyses of representative asphaltic limestones, show-
ing their general composition, are given helow,

Analyses aof representative asphaltie linestones, showing their general
: eompsition.

| PER CENT OF—
|
Total ; | Cal l(,‘luv Mag-| y,
G a1 BRI ap Ll v 3
CHEMINT. Pluce. | DU} g i | and a sl
S phal] enr- | fron | Sand. e ble | Loss.
[ tum, | hom- | ox- hon- | Tt
| ate. | ide. wie. | ten
Ponts et Chans .| Val de | 100,000 10,15 88,000 0.25(.,..... 080 0460 0.0
Travers
Pants ot Chaus (| Seyssel oo 100,000 8,100 91,300 0,150 ...... 0100 6107 0.20
Pants ¢f Chous .| Ragusin. .| 100,001 8,92 88,21 0,910 0.60] 0.96...... 0,40
Vor, Lo Limer .| 100,000 TL300 67,00, ... LB %3 PR N, LR

1 Ineludes elay and iron oxide wnd magnesinm earbongte,

The formation of natural asphaltum is attributed by
some geologists to the slow decay and decomposition of
vegetable matter wherehy the contained hydrocarbons
have heen distilled and subsequently condensed in the
adjoining rocks, the product thus collected forming
asphaltum deposits.  The formation of artificial asphal-
tum in the manufacture of gas by the distillation of
coal in a retort is quoted as a proof ot this theory.
this process a considerable portion of tarry matter
pusses over and is collected during the distillation which
vields, by a second distillation, naphtha and other vola-
tile products, leaving as a vesidue in the retort o tarry
substance possessing the properties of asphalt.

Other geologists claim that asphaltum is the result of
the decomposition of certain petroleums under the
influence of heat, accompanied by polymeric changes
not fully understood, whereby the more volatile con-
stituents of the oil are expelled, leaving the residue in
the form of solid asphaltum.

Oecurrence. —Asphaltum is seldom found native or

pure, the principal known deposits containing it in ad-
mixture with other materials, chiefly carthy matter,
sand, or sandstone and limestone. It occurs dissemi-
nated throughout many crystalline rocks, and is not re-
stricted to any one geologic formation. Itisnotknown,
however, in the Archman age. In many cases it has
been deprived of volatile matter, which has caused it to

In
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resemble anthracite. It occurs also in veins that have
heen evidently injected into fissures, while in a plastic
condition, exemplified by the minerals albertite and
grahamite. It exists as a liquid in bitnminous lime-
stones and sandstones, from which it oozes, constituting
the so-called *“tar springs,”

The most important of the lquid asphalt deposits are
found in southern California, of which the Las Conchas
mine on the ocean near Carpentaria has been operated
suceessfully,  The maltha impregnates a clean Quater-
nary beach sand of tfrom 20 to 30 feet in thickness,
overlying a bituminous shule, from which the liquid
asphalt exudes. The ernde sand containing about 20
per cent of bitumen is refined to a product of 95 per
cont bitwmen content, The refined liguid is nsed to

“soften solid asphaltum and to coat wood and masonry

for protection against the penctration of moisture.
Asphaltum is found also in beds resulting from the
oxidation either of mineral tar ov, primarily, petro-
leam, This class includes the immense deposits at
Twmaulipas and Moloncan, Mexico. There are many
and diversified occurrvences of asphaltum in Europe,
the chief deposits being the hituminous limestones at
Seyssel, Ifrance; at Val de Travers, in Neuchatel,
Switzevland; in the Dinarie Alps, bordering the cast-
ern coast of the Adriatic sea, and at Ragusa, Italy.
In Asin it ocours at many localitios in Syria, around the
Dead sea, the source of the carly supply of asphaltuni,
The largest producing asphaltum depogit of the world
is at Pitch Lake, on the island of Trinidad, where the
asphaltum oceurs in the form of g basin-shaped deposit
18 feet thick at the edges and 80 feet thick at the middle,
with an estimated content of 6,000,000 tonsof asphaltum.
The deposit is supposed to be supported by water, and
while solid cnough to admit of the passage of wagon
and horse, it has a slow movement which tends to draw
in the tramway used to convey the excavated material”
to the shore of the lalke, unless properly supported by
branches of trees.  In fact excavations of a depth of 20
‘feet have become filled in six months. The asphaltum
is broken from the mass by means of picks, before day-
light while the material is brittle; it is then loaded on
cars and conveyed by the tramway to the shore, from
whence it is carried to the pier, 3,800 feet distant, by
an aerial wire-rope conveyor and dumped directly into
the holds of the vessels. On the voyage it hecomes
agplomerated into a solid mass, which must be again
broken up hy pick in order to remove it from the
vessel. The product is roughly refined by heating in
tanks and straining the liquefied material through a
sereen for the separation of roots and other vegetable
matter with which it is contaminated. There is a simi-
lar lake deposit near San Timolis, Venezuela, the prod-
uct being known commercially as Bermudez asphaltum.
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The principal deposits of natural asphaltum oceur as
shown in the following statement:’

|
MIXED WITH |

ASPHATIUNM LA LT TN - © SANDSTONT.
EARTILY MATTER. ASPIIALPIC LIMESTONE. | 45U ILALTIC SANDHTONT
United States: United States: United States:
Culifornin. Californin, “alifornin,
Colorado. Indian Territory. Colorado.
Indian Territory. Miehignn, Indian Territory.
Montana, New Mexico, Kentueky.
Texns. Toxas, Nuw Moxico,
tah, Utal, Texas.
(lolombia, Washington. Utah.
Mexieo, Aunstria. Cuba.
Palestine, France, France.
Peru, Germany. (termany.
Trinidad. Hungary. Russii,
Turkey in Asia, Italy, Spain.
Venezuela. Russin,
Spain. ,
Switzerland.

At the present time the chief producing localities are
Trinidad, Dalmatia, Syria, Cuba, and the Seyssel, and
Val de Travers deposits of bituminous limestones;
local supplies of more or less value are obtained from
other localities.

The following is a review by states of the asphalt
industry in the United States during 1802:

Arkansas.—An asphaltum property near Pike City,
Pike county, consists of a stratum of sand from 6 to
19 feet thick, containing various proportions of semi-
fluid asphaltun. * The product is obtained by sinking
shallow pits, into which the material oozes from the
bed. Borings have proved that the asphaltum heds
extend over an area of several acres. A pit 100 fect
in diameter has heen dug, and o spur has been built to
the railroad a half mile distant. A special feature of
some portions of the bed is the ocenrrence of limestone
with the sandstone, which yields a product available
for paving purposes without the addition of other
material.

The utilization of the asphaltum deposits in this state
is solely o matter of cost of transportation. The aver-
age grade product should easily control the markets of

Little Rock, Texarkana, and Fort Smith, and the higher

grade material should compete advantageously with
other asphaltum in cities as far distant as Memphis and
St. Louis. It is also probable that pure asphaltum
could he extracted from the asphaltic sandstone at a
profit greater than that obtained by the sale of the
crude product.

Analyses of samples of asphaltic rock from this dis-
trict have been reported by Mr., C. W. Hayes, as follows:

Gray . Black Caleare-
o Brown Black . "

COMPONENTS. b%‘(‘%d cap sand |sand rock g‘l‘,g(‘}’]‘{“ ()u:tf)l;ltd-

(per eent).| (Pereent) (pereent)l b iong) [mer cent).

Petrolene...oovveeenenns 6. 68 1,73 14,13 6,61 3.46
Aliome s iy endo| s 7.0 1.4
Sien . ooiiiaeieenns 39, 15 2, V4 9, L 4
Calcinm earbonate 20,85 [oieniinenas ERETPEPRP 6.14 46, 00

R 1

1 Engineering and Mining Journal, December 13, 1902,

|
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Californiu.—~On the Sisquoe ranch, Santa Barbara
county, the principal asphaltim property is the mesa
deposit, 1,300 by 5,000 feet in aren and of a reported
minimum depth of 125 feet,which is estimated to contain

95,000,000 tons of Dbituminous rock, equivalent to

5,000,000 tons of asphaltum. The rock is mined, ele-
vated Dby an clectric crane, and shipped in steel cars to
the refinery works on the mountain side, where gravity
is utilized to niove the materials. The crude rock is
crushed by steel rolls and heated in revolving stecl-
jacketed drums, and as it becomes softened by heat it
is treated with gasoline until thoroughly saturated, It
ig then passed into o series of agitating drums, which
soparate the solution containing the asphaltum from the
tailings; the solution fows hy gravity to the stills, and
the gasoline is removed and recovered for repeated use.
The residue in the still, congisting of asphaltum of 99
per cent purity, is cooled and barreled for shipment.

-~ The product of the companies operating these mines
is chiefly a hituminous sandstone, largely utilized for
paving purposes on the Pacific const, where, owing to
the simple method of its preparation and the cheap
water freight rates, it competes successfully with other
asphaltam paving mixtures. There is no production
of asphaltic limestone in California worthy of mention,
In addition to the producers of asphaltnm from natural
rock in this state, a large number of erude petrolewn
refineries have Leen established, which furnish o consid-
erable quantity of hy-product asphaltim obtained {rowm
the erude petroleum oils of California. By-product
asphaltum possesses similar properties to that obtained
from the roek deposits, and replaces it to & considerable
extent in paving and other uses,

Indian Territory.—The known asphaltum deposits in
this territory are almost entirely within the reservation
of the Chickasuw. nation. Development work has heen
started at Ravin, Dougherty, and Tar Springs, and af
the two former localities soft asphaltic sands and a
bituminous limestone have heen mined, and ot the Iast-
named place asphaltic sandstone is produced.  Graham-
ite is mined near Tar Springs, the product being hauled
to Comanche, 18 miles distant, and then shipped by the
Chiengo, Rock Island and Pacific Ruilroad. Consider-
able prospecting by drills has heen accomplished in the
vicinity of Tar Springs, and other deposits of asphaltie
sands have been found below the surface deposit, sepa-
rated therefrom by beds of red and blue clay and shale.
The thickness of the asphaltic sand beds varies from 3
to 20 feet, while the clay and the shale strata range from
5 to 40 feet in thickness. The lower limit of the as-
phaltic sand has been found at a depth of 600 feet from
the surface. The present supply of asphaltum is ob-
tained by open-cut working. The sandstone capping
is removed by drilling and blasting, and the soft as-
phaltic sands ave broken up by blasting and removed
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by plows and scrapers to the refinery, where the sterile
sand is segregated by mechanical concentration with
hot water. The asphaltic material rises to the surface
and passes to the reducers, where it is brought to the
proper consistency by the application of heat and sub-
sequently strained and barreled for shipment. The
products vary with the demands of the market, and
range from a semiliquid on the one hand to a hard and
brittle form on the other. Very little of the latter is
made, however, on account of the large mmount of time
and fuel required to produce it.

HKentueky.—The principal bituwininous sandstone de-
posits in Kentucky are in Logan, Warren, Edmonson,
Butler, Grayson, and Breckinridge counties, occupying
an aren of 20 by 50 miles in the central part of the
state. The deposits are in fine-grained sandstone of the
Subearboniferous formation, and from geologieal ovi-
dence the asphaltum represents the vesidual matter
from preexisting beds of petroleum. The nuwmerous
d@poslt.s in Grayson and Kdmonson counties vary both
in richness and magnitude, the range in the thickness
of the beds heing from 2 to 20 feet. But few of these
deposits, however, are of commercial value. The richer
deposits lie between strata of *“black rock” from 1 to
2 feet thick, and the intervening asphaltum ledge varies
in thickness from 3 to 15 feet and contains from 5.to 17
per cent of hituminous matter; below 4 per cent as-
phaltum content the material merges into ** black rock,*

Up to the present time only those deposits lying con-
veniently near railroad or river have been developed,
and of such only those have been worked which offer
the least difficulty in the way of uncovering. No tun-
neling or drifting has yet been attempted. At Bowling
Gireen there is a 200-ton refining plant, equipped with
corrugated rolls, The moisture in the material as it
comes from the crushers is expelled by means of steam
jets.

A property 4 miles northeast of Russellville, Logan
county, has been developed quite extensively, the quarry
face showing a 17-foot asphaltum ledge. The plant of
this company includes a 250-ton gyratory crusher and
plain. 14 by 18 inch rolls. Quarries, mill, and tipple
are connected by 1% miles of narrow gauge track, and
at the end of the year the rolling stock equipment con-
sisted of 45 cars. At Louigville, the operating com-
pany has installed a plant for mixing and preparing
asphaltum for street paving work, which has a daily
capacity of preparing material to cover an area of
18,000 square feet.

An asphaltum company near Garfield, Breckim‘idge
county, has a 100-ton plant, The asphaltic rock is
broken in two sets of beaters revolving about hori-
zontal shafts, the first making 600 and the second
1,200 revolutions per minute. The coarsely broken
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material from the first beater is passed to a 2-inch
sereen, the oversize being returned for asecond treat-
ment. The material passing through is treated in the
second beater, which delivers to a screen. Material ex-
ceeding one-sixteenth of an inch in size is returned to
the second beater for andther treatment.

Tewas.~There has been comparatively no appreciable
production of asphaltum in this state in recent years.
That reported in 1902 was liquid asphaltam.

{Ttah.~—In vecent years a small quantity of asphaltic
limestone has been produced from deposits in the east-
ern part of the state, nearly the entire output being
consued in the local markets. The chief asphaltum
product, however, is gilsonite (also called grahamite),
which is mined about 60 miles from Vernal, Uinta
county. Gilsonite is a very high grade material, of
especial value for manufacture into varnishes, lacquers,
paints, and similar products. On account of the high
price it eommands, the product can stand a long
distance freight rate to chemical works.

{ses.—The principal use for asphaltum is in the con-
struction of pavements. In addition, a considerable
quantity is consumed for the manufacture of special
varnishes; for waterproofing buildings and other objects
as o protection against dampness; for coating vessels,
as & protection against the teredo, or ship-boring worm;
as an enamel for iron objects; for roofing purposes
in the form of asphaltum or tar paper; for electric
current insulation; and as an ingredient of cement.

Asphaltum sidewalks were first used in Paris in 1838,
and to-day they extend to'a distance exceeding in the
aggregate 1,200 miles. The introduction of asphaltum
pavements in the principal cities of the world is given
by J. W. Howard® in the following chronological order:
Paris, 1854; London, 1869; Budapest, 1871; Dresden,
1872; Hamburg, 1872; Berlin, 1873; followed shortly
afterwards by Brussels, Geneva, Leipzig, Frankfort,
and others. In the United States a so-called *“tar-
poultice pavement ? composed of coal or gas tar, sand,
ete., was laid in several cities during the period from
1870 to 1873, andin 1871 to 1878 successful experiments
were carried out with an artificial asphaltic sandstone
pavement in New York, N. Y., and in Newark, N. J.
In 1878 a pavement composed of Trinidad asphaltum,
sand, and powdered limestone was successfully intro-
duced in Washington, D. C., and has since been the
standard pavement of that city. At the present time
more than a hundred of the principal cities of the
United States have adopted some form of asphaltum
pavement.

In making asphaltum pavement the general procedure
is to grade the street to be paved, roll it with a steam

1The Mineral Industry, Vol. 11, page 51, et seq.
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roller, and then cover it with a layer of cement concrete
5 or 6 inches thick; or in case the street is macadam-
ized or paved with stone blocks, the conerete is unnoces-
sary.  In the latter cases a thin layer of asphaltum con-
crete from 1 to 1.5 inches thick is laid directly upon the
old sarface. The foundation having been thus pre-
pared, the asphaltum paving mixture, called the * wear-
ing surface,” is then spread over it with heated rakes to
the desired thickness, which varies from 1.5 to 2.5
inches, depending upon the traflic to pass over it.

The ordinary Trinidad asphaltum paving mixture is
made by adding and thoroughly mixing with hot refined
asphalt about 15 per cent of its weight of residuum oil,
the mixture serving fo cement together the sand and
powdered limestone which enter into the paving mix-
ture. The proportions of the ingredients vary accord-
ing to their physical and chemieal quality, ns well as to
the climate in which the pavement is to be used, hot
climates requiring less cement than cold. A typieal
pavement is composed of from 15 to 18 per cent of
asphaltic cement, from T0 to 83 per cent of sand, and
from b to 15 per cent of limestone.

For use in making pavements, the mined asphaltic
limestone is crushed into pieces not exceeding 2 inches
in dinmeter, and then reduced to about L0-mesh size in
a ball or centrifugal pulverizer. The fine material is
heated to 275° I, in heaters, spread over the prepared
roadbed, and compressed by hented rammers, or other-
wise, until it is of a thickness of from 2 to 2.5 inches.
This form of pavement is not popular in places subject
to fogs, rains, and low temperatuves, for the reason
that it becomes polished and slippery when wet, or dry
in cold wenther, In Paris and Berlin large supplies of
sand are kept near the streets paved with asphaltic
limestone for use during fog, slight rain, or snow.

Pavements made with Trinidad or other asphaltum
in which sand, in proportions ap to 80 per cent, is the
chief ingredient, do not bhecome slippery except when
covered with ice; the sand makes them pritty and not
susceptible to polish.

For the manufacture of black varnish, used chiefly
for conting ironwork, pure asphaltum is dissolved in
henzole or liquids coptaining benzole.  The asphaltum
from Syrin is used for this purpose. By covering hot
iron with asphaltum varnish the volatile ingredients of
the lutter are driven off, leaving a vesidual coating in
the form of a smooth and polished enamel.

MINES AND QUARRIES.

Tfor insulating and cementing purposes asphaltum
forms a very important ingredient on account of its
wonderfully adhesive guality.

Ifor waterproofing foundations of brick or stone,
asphaltum is dissolved in petroleum and laid in the
form of a cement or mortar, forming a very durable
waterproot coating.

For making cement, petrolewm residue is added to
asphaltum in order to render it plastic, and from 3 to
10 per cent of sharp sand is mixed with it, according
to the purpose for whieh it is to be used.

For roofing purposes asphaltum is used to a very
large extent in admixture with ecoal tar, piteh, or
petroleum residue; the material being used to saturate
two or three thicknesses of felt, which ave finally com-
pressed into one compnet sheet,  The tar or roofing
felt is held in place by nails driven through tin disks,
and the whole completely covered with cement similar
in composition to that used in making the felt; while
this is still soft a covering of sharp sand, or sereened
eravel; is spread over the sarface, forming n tight roof
of great durability.

lsphaltisn vefining.—There ave vavious methods used
for the refining of agphaltum, depending on the nature
of the crude materinl and the use to which it is to he
applied. In general, with high grade material, the
treatinent has for its object the removal of water, vola-
tile hydrocarbons, and mechanically suspended mineral
and vegotable matter, but with asphaltums to he used
in pavement construction it is essential to allow the
mineral matter to remain in the product, for the reason
that the asphaltum in this ease is to serve solely as a
binding and waterproofing material.  In faet, asphaltic
rock of the proper composition is not velined hefore
use, but merely crushed, heated, and laid in place.
The simplest method of extracting asphaltuin from its
compounds is by boiling in water, which causes the
lighter asphaltum to rise to the surface, from whence
it can be easily removed. Common sult or caleium
chloride may be substituted for water in the treatment
of magerial requiring a higher temperature or a heavier
supporting liquid, In other cases asphaltum is extracted
by means of a solvent, such as carbon bisulphide or
naphtha, and obtained from the solution hy heating in
stills, whicly causes the volatile solvent to be distilled
for repeated use and leaves the ligquid asphalbum residuc
in a practically pure condition,




ASPHALTUM AND BITUMINOUS ROCK. 985

TasLe 5.—~DETAILED SUMMARY: 1902.

) Wit Indian| - Al - N Indian| - All
United || Califor-| ‘5 Ken- < United [| Califor- Ken-
St e ¢ Terri- Jew | Other ey b h Torri- e | Other
States. || nine | o [ neky. | et States. 3| nia. | G L tueky, | geecn
Nuntber of mines or quarries........ 24 ] G h 4 Average number of wage-earners at
Number of operators . ...oo.oeevnaen. 24 4 6 b 4 speeified daily rates of pay—Con,
Charncter of nwnmship Miners or quarrymen-—
Individual N - § 2 PO R 1 $1.00 to §1.24
Firm ... 2 ) % PO 1 $1.25 to §1.49.
Incorpors - 19 6 6 b 2 $1.50 to §L.7-1.
Salaried officials, clerks, ¢te.: $1.75 to $1.99.
.Total number . 1M 3 5 32 12 $2,00 to §2.24
Total salaries. . $18, "'ﬂ $45,280 | $4,:110 917,20 | $18,128 2,80 to $2, 71
General ofticers F2.70 to §2.09. ..
Number . 23 1 2 14 6 Miners' helpers—
Salaries. ..., ... 27,700 4,800 | §2,400 | §8,300 | §12, 200 $1.75 to §1.99
Superintendents, manage Timbermen mul track layers—
foremen, surveyors, ote ' 2,00 to §2,24
Number .... . 17 . 1 b 10 3 All other wage-earne
Salaries. ..o, $15, 018 §2,400 | §2,010 | §6,870 | §4,288 FOTH O BOU9. oo,
Foremen, helow gmmul $1.00 to 4?1 2
Number .. ) N P DO, 1 §1,25 to $1.49.
Salaries. ool FL2HO ||oveeinin e e $1, 240 $1,050 to §1.74 . ..
Clerks— $1.75 to §1,99
Number.........ocovnne 11 1heoiaa.. 8 2 Avernge number of wage-earners
salaries....oo. o BL2R0 L B1,080 f........ §2, 750 460 cmployaed during each month:
Wage-carners: ©Men'16 years and over— - '
Apgregate average numher ... 156 32 i Gh Jn,mutry ........... 0 a8 205 61 26
ALETegute WAROS . ooieiiieaae. 79,570 ) §20, 031 F113, 185 [§22, K74 | 23, 7HU Februnry . 139 98 2 61 20
Aboyve ground— March. PO I E [1] ph Prl 6h 20
Total avernge number. ., |, 110 32 26 i 17 April . 140 98 20 b7 20
Total wages o ...o....... FG6,700 1) $20,081 [$11, 902 (1§20, 574 | §12,182 ‘May . 132 28 28 55 26
Tngincers, firvmen, . June . 120 28 23 it} 26
ad other mechan- July ce 144 3 Pl 62 26
ios— August ..., . 167 44 2h 62 26
Average number 17 f[eeeeneas [} 9 2 September, . .- 164 PRt 30 td 26
Wages. ... $10, 780 ||, ....nen. §3,0980 | §4,900 | $2,600 Ootober., . . 100 32 210 04 46
Miners or  quary- November . . . 202 a2 29 9 46
MCT December ... . 180 32 li] il 46
Average number 101 27 11 A8 10 Contrael work:
Wages....oooo... 17,860 || $18, 150 | §4, 081 15,418 | 59, 682 Amount paid $10,000 Jaceenr... §1,029 Loo..oo.. %9, 081
All other wage-cam- Number of employees, .. GO Hevenevnn [ DO hd
ers—2 Miseellaeous expenses;
Average number 22 i} 0 3 P N8 ) #14, 758 $1,185 1 82,218 i$11,048 | 84,407
Wagiso.ooeea, $8,060 1| F1L,8705 | 83,084 | $2L966 |........ Royalties and rent of mine .
Relow ground— and mining plant......... 2, 8Al F800 796 1........ | ¥, 200
T'otal ayernge number. .. 16 4. .. - PN 14 Rent of offices, taxes, insur- .
Total wages .oooveeoan... F12,801 4., ... SRR ) 101 I PO, $11, 608 anee, 1ntuo\t and nther ) . ~
Miners— sundries . . .1 16, 807 $886 | $1,417 |B11, 048 &3, 147
Avoerge numboer h 1 14 Cost of sapplies and material 821,008 (| 81,3560 | 86,299 | £7,853 | §6, 096
o Wages....ae $12,070 || $472 §11,508 || Product: " ! R
Miners' helperg— Quantity, short tons.............| 66,238 || 85,877 | 2,660 22,408 | 5, 747
Average number ) ) I SO VR v veiiiiei i it 3236 728 118101, 863 1#11, 751 |§08, 704 | §04, 017
Wages........... L A\) | R F 412 U IR P Power owned: iy -
Average number of wage-curners a . Total horsepower..oveeeeeeenen. 70 60 300 11 PR
speeitied daily rntes of pay: Engines—
I nghuw'n~ ) . Steam—
Mt 1. ... eeaaaans ) Number..... Y U | PO 71 4l .
:~‘ 00 to $2.24 2 Horsepowor . G660 Havsunrnns 305 L1111 20 P
FL.60 to §0.74 2 P Gas or gasoline—
Firemen— Number . 1
FLA o BLAD. ... e 2 Horsepower . 60
$1L.75 to $1.99.. 1 Electric motors—
F2.00 to §2,2 cas 1 NUmMher coovniniiiiiiiiaenas 1
Muchinistg, hlacksmiths, carpen- Horsepower . sl
ters, and ‘other mechanics—
$1.75 to $1.99 1
« 22,00 to $2.2 . 4
FLODto§4.24 . oLl e P

1Tueludes operators distribited as follows: Arkansas, 1; Texas, 1; Utah, 2, tTeluces timbermen and track layers,
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BAUXITE.

By Joseerr Strurneks, Ph D,

While the production of hauxite in the United States
on & commercial scale dates from the opening of the
deposits in the state of Georgia during 1889, the min-
eral does not appear to have been produced in suflicient
(uantities to be included in the reports of the Eleventh
Census.  This report, theretore, contains the results of
the first census of the mining of bauxite in the United

3 4 " (O p O v
States, Table 1 is a summary of the statistics for 1902,
Tanvue Lo—Swwmary: 1902,
Number of mines or Guarries. ... oo iiiii i e e eaes 38
Number of Operators .. i i it ieeiarrranrrrare e rrannas 7
salaried oflicinls, clerks, cte.s
Number . 42
Salaries $33, 230
Wage-carme
.‘\'\'erngc number . ...oooaa.. .. cee . 150
WHREEH (e erenuansoreecconrnnnnes .. ... $59,768
Contract work. coooeiiinna. .. s $600
MISCCIIANCONS CXPOIEES e it iiiieiiaeaianeneanes . .o $l4,080
Cost of supplies and materinds ..ol $10, 019
Prodnet: '
GURNLY, TONE OIS ceve ettt i i 20,222
2 $128, 204

Of the 38 mines or quarries for which production was
reported, 3 were in Alabama, 19 in Arkansas, and 16 in
Georgin
ators, of whom # were incorporated companies and 2
individual owners. There were 34 mines operated by 3
incorporated companies, 1 company controlling 19,
another 10, and another 5 mines. There were 2 com-
panies and 2 individual owners operating 1 mine each.
This centralization of the industry mukes it impossible
to publish the statistics for the different states without
disclosing the operations of individual companies; there-
fore, only the totals for the United States are presented.
Oue mine in Arkansas was reported idle in 1902.

Cupital stock of ineorporated companics.—A consid-
erable portion of the total production of bauxite was
mined by establishments that were engaged in mining
operations as incidental to the manufacture of alumi-
num, paint; and chemical products. The capitalization
of these companies represents both their mining and
manufacturing industries and, therefore, is not included
in this report. Of the 5 incorporated companies, 3
reported that they were engaged primarily in mining.
Their authorized capitalization consisted of 2,500 shares
of common stock with a par value of $225,000. Of this

amount, 1,780 shaves, valued at $148,000, had been !

The entire number was controlled by 7 oper-

issued at the close of the year covered by this investiga-
tion, No dividends appear to have been paid on this
stock during the year,

Fmployess and wages.—The variation in the number
of wage-earners employed during the different seasons
of the year and the specified daily rates of pay ave
shownin Table 4. The height of activity in the industry
appears to have heen reached during the month of May,
when an average of 168 wage-earners was veported.
The smallest number, 182, was given for the month of
December. The slight variation in the number em-
ployed during the entire year indicates a uniform
production.

The mining of bauxite requires no particalar skill on
the part of the miner, and the rates of pay should not
be compared with those reported for miners of other
minerals where skill and experience arve necessary., Of
the total number of wage-earners, 77, or 51.8 per cent,
were classed as minevs.  Of this number the wages for
64 ranged from $1 to $1.24 perday. The rates for ““all
other wage-carners,” which includes those engaged in
ﬂ\\()l’[}lllga, grading, handling, loading, and hauling the
ore and in miscellaneous work in connection with the
mining or quarrying of bhauxite, were considerably
higher than the rates reported for miners, Of the 53
reported for this class, 40 received from $1.50 to $1.74
perday. The rate of pay at which the greatest number
of wage-carners was employed is from $1 to $1.24 per
day, 69 having heen paid at this rate. One hundved
and thirty-four, or 89.8 per cent of all wage-earners,
received from $1 to $1.74 per day.  This uniformity in
the rates of pay is due largely to the fact that 69 wage-
earners, or 46 per cent of the total number, were
reported by 2 operators working on a large scale.

The extraction of bauxite is from open cuts, no tun-
neling heing required, and all of the employees, there-
fore, were reported as engaged above ground. The 150
wage-earners give an average of 8.95 to each mine, but
it ig probable that all of the mines were not operated
during the entirve year. -Inaddition to these wage-earn-
ers, 10 others were reported as employed by contractors
to whom the sum of $500 was paid.
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Supplics, materials; and miscellaneous expenses.—The
cost of supplies and materials constitutes an important
item of expense in connection with the operation of
bauxite mines. The total amount, $40,019, reported
for supplies and materials probably includes a consider-
able proportion of the expenses incident to development
work and the installation of new plants and machinery;
it includes also the amount spent for supplies used in
connection with the caleination of the crude bauxite.
The total amount, $14,939, reported as miscellancous
expenses, includes amounts paid for legal services and
other miscellaneous items, some of which are not strietly
applicable to the operation of the mines.

Mechanical power.—Of the T operators from whom
returns were received, 6 reported power, all of it
owned, for the operation of their mines. The total
primary power amounted to 624 horsepower, of which
. 575 horsepower was supplied by 19 steam engines and
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40 horsepower hy 2 gas or gasoline engines.
were also 4 electric motors with 64 horsepower.

Production.—The total production for the calendar
year 1902, as shown by Table 1, was 29,228 long touns,
valued at $128,206. The United States Geological
Survéy has published annual statistics concerning the
quantity and value of bauxite. Table 2 shows the totals
for each year since 1880, Since the cconomic impor-
tance of bauxite is due almost exclusively to its use in
the manufacture of the metal aluminum, alwminum
sulphate, common alum, and artificial emery, this table
"has been prepared so as to show the available figures
for the manufacture of these substances. Statistics for
the production of sodium aluminate and other salts that
contain aluminum can not be secured.

For all practical purposes the yearly supply of
bhauxite in the United States, including both domestic
production and imports less exports, may be taken

There

Tanie 2,—PRODUCTION, IMPORTS, EXPORTS, AND CONSUMPTION OF BAUXITE AND THE PRODUCTION AND VALUL
OF ALUMINUM, 1889 TO 1902, AND OF ALUM AND ALUMINUM SULPHATE, 1889 TO 1402,

[United States Geologienl Survey, * Minerni Resonrees of the United States,” 1002.]

N — P
‘
r01£\11:(;n{;21111;:4\r1( BAUXITE, IMPORTS, EXPORTS, CONSUMPTION, ‘”‘"“"N-Yﬁﬁkf oo M‘ml['lxig;‘(llﬁ}r‘:(}xéfA]lv" AT, PROBUCTION,
YEAR,
. ) . , . . . Quantity Quantity
Quantity . Quantity |+, . Quantity - . Quantily | Quantity ’ ot - e LRI
(long tons). Value (1ong tons). Value, (lomg tons). Vaulue, (long tons). Value, 1 {pounds). Value, {.;llll(:;t Value, g:llllgl)t Value,
|
728 | #2,306 12,022 | §60, 242 13, 670 | §62, 658 47, d0R R P
1,844 G, 012 12,278 | 46,137 T, 122 | 62,144 61, 241 [ I | O
3,003 | 11,67% 8,021 [ 40,260 11,014 | 57,927 150, 000 00,000 {|.eenaeniai]ennnvnnnnns
10,518 | 84,183 5,716 | 57,948 16,984 | 92,131 OR0,885 1 17,82 e
9,179 1 29,607 5,103 ¢ 28,217 14,282 | 57,724 38, 629 206,908 11 arei i
11,066 ¢ 35,818 1,008 &, 661 12,004 | 42,470 A50, 000 B16,250 |, oevnivnans i
17,068 | 44,000 5,797 1 84,782 22, 866 {78,782 9, 000 64,600 e evsiiinn i
18, 364 17, 338 2,119 1 10,477 20,483 | 57,815 1, 300, 000 620,000

20,890 | 57,652 2,645 | 10, 51h 20, 608 1 68,043 4, 000, 000 | T, ho, 000 .o
20,140 | 7h, 437 1,201 4,288 25,350 | 77,0670 #, 200, 000 | 1,716,000 A6, 663 [$1, 414, 676

35, 280 | 125, o8 6,666 | 28,708 30,016 | 144,799 3, K00, 000 | 2,112, 500 81,806 | 2, 1086, 174 7,270 | B i

23,184 .8_9, 670 &, 600 | 82,067 80, 840 | 119,648 7,150,000 | 1,420,000 61, 678 | 1,480,272 20,631 | Gli, u30

18,005 | 79,914 18,313 | 67,107 86,219 1 144,021 |F 7,150,000 | 2, 288,000 74,7721 | 1,793, 304 7,776 | 238, 250

29, 222 1 128, 206 18,790 | ©4,420 45,012 | 182,616 7,300,000 | 2,284,500 80,075 | 1,438, 671 8,639 | 200, 600

as the equivalent of yearly consumption. The aggre-
gate value of the aluminum and alum aluminum
sulphate made from bauxite during 1902 amounted to
$4,5622,761. :

At the present time most of the bauxite in this
country is used as a source of alumina from which the
metal aluminum is made. The quantity used in the
manufacture of chemieal salts is rélatively small. Thus
the development of the bauxite industry depends to a
great extent on the manufacture of aluminum and on
the increased use of this metal for purposes of con-
struction requiring lightness and no especial strength.
Aluminum is also used as a substitute for copper as a
conductor of electricity.

Thelargest production of bauxite isin France. Next
to France ranks the United States, and third comes the
United Kingdom, of which Ireland furnishes the out-

‘put. Table 3 shows the production of the three nations
mentioned, for 1900 and 1901, as reported by the United
States Greological Survey.

Tanie 3.—TWorld's production of beaveiles 1000 wand 1901,
it !

[United states Geologieal Survey, ”Mil;(‘]‘lll Resomrvees of the United States,”
1902,

1900 (R
COUNTRY, TQuantity Quantily
(motrie | Value, (metrie | Valie,
inns), tons),

POt .ot | sr.0m0 | s10,00 || 106,181
! s m——
United States . ..., 23, 56 89, 670 148,207 79, 014
France............ A8,080 [ 02,600 76,620 | 124,168
United Kingdom. c.oooenvnnvinnnnan.. .. H, 87 6, 760 10,357 14,015

The total quantity of bauxite produced in the United
States since the beginning of operations in 1889 amounts
to 224,601 tons, or an average production of 16,048 tong
per year. The greatest quantity produced during onc
year, 35,280 tons, was reported for 1899, There has
been considerable variation in the average price per ton
of bauxite, the range having heen from $2.58 to $k.38.
According to the reports received for 1902, the price
varied from $2.50 to $6.50 per ton.
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A detailed summary showing -the statistics for the
production of hauxite during 1902 is given in Table 4.

DESCRIPTIVE,

Occurrence.—The mineral bauxite was first discov-
ered in the year 1821 near Baux, France, by the well-
known TFrench chemist, Berthier. IHe attempted to
utilize it in the manufacture of alum, but, because of
the largo proportion of iron oxide it contained, he was
unsuccessful.  Later a deposit of the white variety, of
greater purity than that of Baux, was discovered at
Hernult, also in France. The mineral did not, however,
become of commercial importance until 1868 or 1869,
when Sainte-Claire Deville, a. French scientist, in the
course of his experiments in the manufacture of alum-
inum, discovered the value of bauxite as an ore of this
metal. ‘

In 1881 oceurred the first recorded discovery of
bauxite in the United States. The find was made by
Kdward Nichols, at Hermitage, Floyd county, Ga.
Afterwards deposits were found in Polk, Bartow,
Gorvdon, and Chattooga counties. In 1891 R. 5. TPerry
reported the discovery of the mineral in Calhoun
county, Ala., although it had previously been found
in that state in Cherokee county, where it had been
known as iron-ore blossom and as Clinton fossiliferons
iron ore. Other deposits were afterwards found in
Cleburne county. In (881, too, the mineral was re-
ported by the Arkansas geological survey as having
been found in Saline and Pulaski countics of that
state. Other depoxits have heen found, notubly in
North Carolina, South Carolina, and New Mexico, hut
they ave too limited in extent, and ave too far from
transportation facilities, or else contuin too many im-
purities to be of value commercially. Arranged in
the order of their ontputs, Georgia, Alabama, and
Arkansas turnish the total production of the United
States.

The mining of the ore in this country is of compara-
tively recent incoption, and, quite naturally, it has not
reached a high state of efliciency. The mines ave irreg-
ular holes dug in the hillsides, with deep, open drainage
ditches leading from them. Below the surface the ore
is sufficiently soft to be removed with pick and gad,
which renders the extraction easy and lessens the cost of
production. TFor a high grade product, however, the
uneven guality of the ore makes necessary a sorting by
hand or by screens. Screen sorting is generally pre-
ferred to hand sorting when the character of the orve
will adinit of the use of the sereen. During the sort-
ing process, when clay is mixed with the bauxite, a
common log washer is occasionally used to separate it.
The sorted product is then dried in the air or in kilns
or furnaces prior to its shipment to market. In this
process very satisfactory results have recently been
secured from the use of furnaces of the revolving
cylindrical type.

Refining was formerly done almost exclusively in
Pennsylvania and New York, but recently new refining
plants have been erected at Bauxite, in Saline county,
Ark., and near East St. Louis, in St. Clair county, T11.
These plants are equipped with modern machinery,
and hand labor has been superseded wherever prac-
ticable,

France produces three varieties of bauxite: The white
of Herault; the pale of Baux and other localities of
southern France; and the red, which contains a large
proportion of iron oxide, and which is also found in
geveral places in southern France. Of these, the white
variety is the purest, containing from 65 to 74 per
cent of alumina, from 0.25 to 3 per cent of ferric oxide,
and from 12 to 18 per cent of silica. Thus it is com-
paratively free from iron oxide but contains a relatively
large amount of silica. The most impure is the red
variety, which containg from 50 to 62 per cent of
aluming, from 24 to 28 per cent of ferric oxide, which
imparts the red color, and from 1 to 7 per cent of
silica. French bauxite is used chiefly in the manu-
facture of alum and alumina—the white vaviety, con-
taining hut little iron oxide, for alum; and the red
variety containing but liftle silica, after puritication,
for alumina. Because of the low cost of mining and the
low ocean freights of recent years, large quantitics of
this mineral have been hrought to the United States
and consumed, mainly for the manufacture of alumina
from which metallic aluminum hag been made. At the
present time there is little, if any, French bauxite used
for the manufacture of aluminum sulphate.

In the United Kingdom there ave important deposits
at Strain, near Ballyelare, and at lenravel, both in
county Antrim, Ireland. Of the Kuropean deposits,
these are next in importance to those of France, An
extensive use of this mineral of county Antrim for the
manufacture of aluminum has been retarded, because
the high percentage of silica it contains renders it in-
ferior for this purpose to the bauxite of France. It is,
however, of excellent «quality and contains but little
iron oxide or titanic oxide. Much of the product of
the Irish mines is consumed in Kngland, where it is
made into alum.

In Germany there ave several deposits of buuxite of
considerable extent, but the quality is inferior to that
of the French mineral. In one locality, however, the
mineral is quite pure, but the deposit is too small in
extent to be commercially valuable,

Austria, Ttaly, Asia Minor, French Guiana, and New
South Wales also possess deposits of the mineral, but
as yet none has been developed to the productive stage.

The following statement shows the analyses of speci-
mens from various localities. This statement has been
compiled from a large number of analyses which have
produced results so varied that the extreme limits of
each constituent have been presented. The average
quantity of alumina (ALO,) contained in marketed
bauxite is practically 58 per cent.
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Analyses of specimens of Bawite from earious countries.

Aluming, AlQO,

LOCALITY, (per cent).

Ferrie oxide,
Fea0y (per cent).

Titanium oxide,
TiO (per cont).

Siliea, biu; (per

Caleium earbonate,
cent),

ater, .0 (per
CaCl0, (per cent). cont),

L 30.3 to7H

03 to 2.2

01 1o 48,8 0to 12,7 1.6 tot l piy to 21
Trelnnnd . 43,4 to 73 i 24 2,15 t0 16, 00 . 18,66 to 40,33
Gumum 44.4 t0 70,8 2, 1 todd, 76 0.7 Lo .P. BH
Austrin . B8 to 67.0 0.7 to .%0 mY toldd 2,40 1
¥ eretarrtrecienmmaaerraniaa . A7.4 to B84 18,62 tor 36,98 248 to 4,06 §... [ i N )y,
Georgin, United States oo oo oiiiiiiiainae 39,75 to 82,88 0. 21 to 18,6 1. 81 to 36, 83 0 b: tu 1 18 16, 11 Lo 32

10ompiled from ¢ The Mineral Industry,” Vols. T to X1, inclusive.

Chemieal properties,—The mineral bauxite is a hy-
drated aluminum oxide containing also various quanti-
ties of iron oxide (I'e,0,) and silica (Si0,). Three
varieties are distinguished, the monohydrate (AlO,,
,0), the dihydrate (A1L,0,,2H,0), and the trihydrate
(ALQ,,3H,0). Apart from impurities the composition
of these minerals varies from the monohydrate (dias-
pore), which contains 85.12 per cent of Al,O, und 1488
per eent of H,0, to the trihydrate (gibbsite), which
contains 65.61 per cent of AlL,O, and 34.39 per cent of
H,0. More or less of the alumina in bauxite is re-
placed by iron or manganese oxides. Silica occurs in
the mineral either free or in combination in clay.
Minor impurities are compounds of phosphoric acid,
sulphur, ecarbon dioxide, lime, and yuugnesia, In compo-
sition the French mineral appears to correspond to the
monohydrate while that of the United States approxi-
mates the trihydrate. The composition of bauxite can
be determined only by chemical analysis since it is not
indicated by the physical properties of the mineral.
According to Francis Laur,! the average composition is
from (6 to 69 per cent of AL Oy 27 per cent of L0,
Si0,, and ¥,0,; with from 3 to 4 per cent of TiO, and
other impurities. In general the value of the ore is
in direct proportion to the richness and purity of the
alumina content. In ore of good quality the percent-
age of alumina is high, while that of iron oxide and
silica is low. Dauxite has a strong affinity tor water,
which makes it necessary that the ore be dried hetore
shipment. Tor the manufacture of aluminum the pres-
ence of iron oxide and titanic oxide in the ore is not
objectionable, but for making alum these insoluble ma-
terials should not exceed 7 per cent, and the iron oxide
should be less than 2.75 per cent. The trihydrate, on
account of its greater solubility, is best suited for the
manutacture of alum, and for this purpose the hauxite
of the United States is preferable to that of France.

Lhysical propertics.—DBauxite occurs in the earth’s
crust in the form of veins, beds, or amorphous masses,
not erystallized, and without any constant organoleptic
characteristics. The hardness, color, texture, and den-
sity often change in the same deposit. Usually the ore
oceurs in concretionary or pisolitic masses, although
it is sometimes a hard, compact, homogeneous fine-
grained rock. In some cases the structure is oolitic,
and in others it is earthy, resembling clay. It may
be hard or soft and compact or porous. The color

Trangactions of the American Imhtute of Mlnmg I‘nwmeers
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varies fromi almost pure white to a deep ved ov
black, passing through shades of cream, gray, yvellow,
and pink. The mineral is sometimes speckled o1 mot-
tled, and is more or less stained by iron oxide, manga-
nese minerals, or organic matter. The colors shade
into one another gradually or abruptly, and seldomn, if
ever, does a deposit possess a unitorm color.  The hard-
ness of average good ore varies from 1 to 3 and the
specific gravity from 2.4 to 2.55.

When exposed to extreme heat bauxite hecomes so
hard that it is almost impossible to make any impres-
sion upon it with steel tools. This property in connee-
tion with its infusibility makes it an excellent material
for crucibles and for furnace linings, since it resists
chemical and calorvific actions. The chief reason why
bauxite is not used more extensively as u basie furnace
lining is due to the impurities that are usunllv present
in the mineral.

IMPORTANT ‘["ROT)U(‘W[‘.S NIERIVED FROM BAUXITE,

Four principal substances are prepared from bauxite,
viz, aluminum sulphate, alum, artificial emery, and
aluminum hydroxide. From the last-named substanee
the metal aluminmn is manufactured.

Alwnénane sulphate—AL(S0,),,18H,0.-—This is a
chemienl salt technically known as ¢ concentrated alum,”
It is prepaved by doc,o]np(mnw bauxite with sulphurie
acid. If the mineral is dissolved directly in the acid,
the product will contain a large quantity of iron, form-
ing the so-called **wlumino-ferrie cake,” which is used
for many purposes where iron and free acid are not
objectionable, as in the precipitation of sewage and of
waste liquors from dyeworks. Pure aluminum sul-
phate is now generally prepared by the Bayer process,
which congists in adding powdered alumina to the solu-
tion of sodiwn aluminate, containing 1 part of Al,O,
to 1.8 parts of Na,0. The reaction causes a crystalline .
precipitate of aluminum hydroxide. The silica and the
iron present remain dissolved in the solution. The
precipitated aluninum hydroxide is separated from the
solution and is thoroughly washed and later dissolved
in pure, hot, concentrated sulphurie acid until the
frothing ceases. The solution is then transferred to
shallow leiden pans and allowed to cool; thus the
pure aluminum sulphate is separated out in Lhe form of
a solid crystalline mass, Owing to its greater purity
and greater strength, aluminum sulphate has Iargely
replaced alum in the arts. Aluminum sulphate is
extensively used as a mordant in dyeing; in preparing
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size for paper; for making alum and aluminum salts
(red liguor, ete.); in tawing skins; for precipitating
sewage or coloring matter in water; and, in general,
for all purposes in which alum was formerly used.

Potassiwm  alum — K,S0,,AL,(S0,),,24H,0. — This
product is known also as “ potash alum” and * common
alam.”  The manufacture of alum from bauxite in-
volves the preparation of a pure solution of aluminum
sulphate to which is added the proper proportion of
an alkali sulphate in order to form the special alum
desired. Thus potassium sulphate is used to form
potassium alum and sodium sulphate for sodium alum.
All alums erystallize from solutions perfectly, forming
very pure crystals even from impure solutions, and
it is because of this property that the alums are so
extensively used in the arts. The chief uses of com-
mon alum are as a mordant in dyeing; in preparing
size in paper making; in tawing skins; in making pig-
ment lakes; for elavifying turbid liquors; for precipi-
tating sewage wabers; and for hardening plaster of
Parvis casts and other forms,  For these uses, however,
as mentioned above, nluminum sulphate is generally
preferred hecause of its greater strength and solubility.

dbwinum hydrozide—Al(OH),.—The manufacture
of aluminum hydroxide from bauxite is of great im-
portance, because by a simple caleination it yields
aluminun oxide (aluming), which is the chief crude
materinl used for the manufacture of the metal alu-
mivum,  In making aluminun hydroxide, bauxite is
roasted, pulverized, and mixed with caleined soda ash
in the proportion of 1 part of ALQO, to L1 parts of
Na,0, or greater if silica be present in the ore. The
mixture is ealeined at a white heat for three or four
hours until all traces of carbon dioxide and water have
been expelled.  The ealeined produet is then ground
gnd lHxiviated with hot water; this process yieldsa solu-
tion of sodium aluminate from which the aluminum
hydroxide is precipitated by passing carbon dioxide
gus through it The impurities, silica and iron oxide,
remain dissolved in the mother liguor.

In orvder to avoid the costly and tedious chemical
process of obtaining pure aluminwm hydroxide, an
electric furnace method has heen recently patented by
Mpr. Charles M. Hall,* whereby the impurities in the
hauxite, mainly iron oxide and silica, are removed,
and the bauxite is thus puritied for the aluminum
reduction process.  The process of purifying the baux-
ite consists in submitting it to a preliminary heating
for some hours in the presence of carbon and metallic
alwminun in an eleetric furnace, during which time the
iron oxide and the silica become reduced to metallic

iron and silicon and combine with the aluminum to form

a heavy alloy, which can be detached easily from the
mass of purified bauxite after it has cooled.

Awrtificial emery,—Within the past year or so a com-
pany at Niagara Falls, N. Y., has consumed a consider-

United States, patents Nos. 677,207, 677,208 (July, 1901), and
No. 706,563 (August, 1902).
30228—0d—63
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able quantity of bauxite for the manufacture of abrasive
wheels.

TaBLE d.—Detatled summary: 1902.
Number of mines or quarries...... et meeeeeeieantriaatesaeaeaen 88

"NUINDET OF OPCTHEOIS « o v inceaiea e retrsneeeristncenanaaamanasananennn 17

Character of ownership:
Individual ..o it e 2
Incorporated eompany. b
Salaried ofelnls, elerks, ete
Total number... 42
Total selaries. .. F33, 230
General offie

Number i}

Salaries, #10, 000
Superintenden

Number........ ceen . . ]

LN IR T TR NP 19, 430
Clerks—

L0 13 T S h

Balaries. oo ciiiiin e iiian N §3, GO

Wuge-eurners:
Total average number above ground. ..o it iaeisnenaaanan 150
O WIEUS 4 vt v et eemmeacycama e cassessnerasssatotsenenrnamrsasnnnn a0, 703

Engineers, firemen, and other meelanics—

AVETUEe DHINDOT veeer i iiicaiiiin e e vre i s snees raenan 17

S Y #10, 0A0
Miners or quarrymen—

AVETIEC NUIDOT e iaeeieaanraenaeinenssanierisnstrsnenansan 77

B $21, 260
Boys under 16 yoenrs

Averige numher 3

Whges.ovnvonns 2450
All other wapge-earners—

Average number . o

LT g P E24, 904

Avernge number of wage-carners ub specified daily rates of pry:
Engincers— :
\

$1,00 to $1.214 1
$1.26 to $1.-10 N
180 10 81,74 1
0 to §2.l 1

to $7L. 1

Firemens-
$1.00 to $1.24 1
$1.00 to $1.74 1
S50 to 2,74 1

Maehindsty, Dlueksmiths, earg
$2.00 to §2.74 H

) Lo 2,00 I

to b

i

1. K

Boys under 148 voars—

Less thatt 090, ooenirininiiniriennaanenreresranan Ceranraeens 1
BT RO L P Q

All other wagre-enrners—

L TR I 3

SLI6 to 109, 10

1,50 to $1.74 40
Average ntunber of wage-enrners employed during eneh menth:

Men 16 years and over— ~
January 4
Febenar 147
Mareh 117
April. 117
) T 164
JUIIE Lo rnasancnneenssasarnenivsssrnaronenssannes 147
] N 143
ATEUSE L envrennneereserasnnasesssnnnnassnranasnssnan 143
SOPMDIUT, s vvir v iee e r e rercnansaanes 145
[ 18 11 7 AR 10
OV ¢ e raaemeer v sarnerenasannaararenaaans . 146
LT (0 3 ) 130

Boys under 16 years—

L LT O 2
] P P 2
MATCN . e ittt et 3
7 1 T 3
15 T T T T 4
D 1
T vr e eneanareenr e nraraar e ar it kS
7 T 4
BeptemDer. e et B
Qetober cvoveeacnnnnns 8
NOVEIMDOT w4 arevrannes 2
JATLTHE 11037 ) N 2
sontract work: .
Amount puid. 2500
I\'\ltlml:wr of en 0
Miscellaneous expe:
otul . D e N F1.1, 930
Roy mt of mine and mining plant . &2, 000
Rent of offices, taxes, insurance, Interest, and other sundries..  $11, 809
Cost of supplics and Materfals. oo iiiiii i e £10, 019
Produet:
Quantity, long tons ..... FR M ertemeeseneaenaneas 20, 902
VLI « s ves e anennnssranasasenasnsenssossassonssnsnsasssnsssnasnsnnes H12K, 206
Power owned:
TOLAL ROTSEPOWET Loyttt i ierteae s mmee e ccacnamn e nanranes 024
Engines—
Steam—
e T J 10
TFLOTSEPOWEL «otveeenrsnnerannnsnassssaasassmoasitsaananes a7
Gag or gasoling—
Number ..oooieiiiiiiii iy, eeseneeenmereeanraay 2
FIOTSEPOIWED v ar v vneresemvaannesosomnmrsmaonse ssnnens 49

Eleetric motors—

NUIDOE cvitvecaciaerneerssrvarsnsenanarassasanrannan 4
HOYSEPOWEY waeemecsrernramesnrnrrsnnansan Bocacrnnann 64

1Includes operators distributed os follows: Alabama, 1 (3 mines); Arkansns,
3 (19mines); Georgia, 3 (16 mines).
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FLINT AND FELDSPAR.

By Story B. Labn.

The chief consuniption of both flint (or quartz) and
feldspar is in the pottery industry, and as the mining
of these minerals isin some eases associated, the general
statisties of the two industries ave presented togethoer,
as well ag separately.

Table 1 is & combined summary of the statistics for
the flint and feldspar industries for 1002,

Tanue Xo—Swmmary : 1902,

Nneber of mines or quarries 46

Nunmber of operators, ., ... o
Enlaried officinls, clerks, ot
Number .- 45
Salaries. oo iiiiieiinnn, #id, 126
Wago-carners;
AVETREC NUIMDEY oottt it iiriiireassesenaenaennse 371
WIEES cviiviniiiinennn,s 104, Hu8
Miseellineous cXpenses ... $38, (98
C'ost of supplies ald MALETIAN. ... et cier s reiarernrrrraiianene “. B8, 920
Produet:
LR TR I ) 1Ty 4 N 81, (iR
T S S F304, 638
Flint—
Quantity, ShOTEtONs . .oo i i eaee S 06,306
L N 144, 200
Feldspnr—
Quantity, short tons. ... i Ah, 987
L HIR0, 424

Of the 46 mines, 18 produced flint, 23 feldspar, and
5 Doth flint and feldspar. Of these 5 mines, 4 were in
Maine and 1 in Massachusetts. Feldspar was the chief
product of the <4 mines in Maine, which also produced
1,254 short tons of flint, valued at $2,593, as a hy-
product; and flint was the chief product of the 1 mine in
Massachusetts, with 112 short tons of feldspar, valued
at $1,000, as a by-product. One corporation operated a
feldspar and flint mine in Maine and a flint mine in
Pennsylvanin; 1 corporation operated a feldspar and
fiint mine in Maine and a flint mine in Maryland; and 1
corporation operated feldspar mines in Pennsylvania
and Maryland.

The details of the capital stock of 9 of the 11 incor-
porated companies are shown in the following table:

TasLe 2.—Cuapilalization of incorpovated comparies: 1902,
Number of ineorpornted vompanes. oL ool . 111
Numnher reporting capltalization. ..o oviiir i iinri i i i ¢y
Capital stock:

Total anthorized—
Number of shures, . o.. 106,910
Par value....... . 34, 000
Total Jsaued—
Number of share . 16,108
Par valuc..... . 498, 400
Dividends paic . %8800
Common—
Authorized—
Numberof Sharts. o oooviveiiiiiiraaiie ey ceo 106,710
L 1R L U 624, 000
Issued—
Number of BRArO8. oo civeiia s i iianii e 45, 903
Par value............ $443, 400
Dividends paiad #8, 800
Treferred—
Authovized— .
NUmMbEr of Shartse cov e vir e iene e e arv s 200
Par value. .ooiiiiveei i e $10, 000
Issued-—
NUmber of SRATC .t e eriein e a e 200

Agsessments levied

1Ineludes companies distributed as follows: Conunceticut, 2; Maine, 3; Mary-
Tand, 2; Muxsnchusetts, 1; Pennsylvania, 3.

2includes companies distributed as follows:
Maryland, 2; Massachusetts, 1; Penngylvania, 2,

e

Connectieut, 2; Maine,

One of these 11 companies, mining feldspar in Penn-
sylvania, was not engaged chiefly in mining or quarry-
ing, and its capitalization was not reported. Also 1
of the companies mining feldspar and flint in Maine
was a large clay producer in Delaware, and its capitali-
zation appears under the clay statistics. Both flint.and
feldspar were produced by 2 of the companies in Maine
and 1 in Massachusetts; 6 of the companies mined feld-
spar only, and 2 mined flint only.

FLINT,

The statistics for flint or quartz presented herewith
do not include those for crystalline quartz, which is
used principally as an abrasive, or as a wood finisher,
and which is separately considered in the class of abra-
sive materials,

The flint or quartz production of
in 1902, that is, the flint mined or

the United States
quarried as such,
S (997)
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.

with the exception above noted, amounted to 36,365
short tons, valued at $144,209. In 1889 the production
of flint was 11,118 long tons, or 12,448 short tonms,
valued at $49,137. At the census of 1880 the produc-
tion of ‘‘quartz and feldspar” was reported as 21,571
long tons, valued at $1038,878.

The erystalline quartz production for the year 1902
was 15,104 short tons, valued at $43,085, which, added
to the flint production, makes a total of 51,469 tons,
valued at $187,294, for the combined production of
flint and crystalline quartz for 1902, The production
of guartz as a whole has therefore increased from
12,448 short tons in 1889, to 51,4G8 short tons in 1902,
or over 300 per cent; and the value from $49,137 to
$187,294, or over 280 per cent. The average price
in 1889 was $8.95 per short ton; and in 1902, the average
price for the entire quartz production, flint and crystal-
line quartz combined, was $3.64 per short ton.

There were 19 active flint mines or quarries located—
4 in Connecticut, 6 in Maryland, 4 in Pennsylvania, 2
in New York, and 1 each in Massachusetts, Montana,
and Virginia. These were controlled by 17 operators—
10 individuals, 4 firms, and 8 incorporated companies.

There were 6 operators who reported no flint mined
during the year—3 individual operators in Connecticut,
1 individual operator in Maryland, 1 individual opera-
tor in New York, and 1 incorporated company in Wis-
consin, which was engaged chiefly in the production of
clay, but in former years had produced a small amount
of flint ns a by-product.

Fmployees and wages.—The wage-earners constituted
86.9 per cent of the salaried employees and wage-
earners, and their wages were 76.8 per cent of the total
salaries and wages.

The average number of wage-earners employed dur-
ing each month is shown in Table 5. The least number
was employed during the winter months and the larg-
est number during the summer months, though the
range was not large, the minimum being 91 in Decem-
ber and the maximum 138 in July.

The average number of wage-earners employed at
specified daily rates of pay is also shown in Table 5.
The mines that produced flint or quartz as such, with
the oxception of the mine in Montana, were located in
the Atlantic coast states and the product is chiefly used
by the pottery industry, which is chiefly confined to the
states east of the Mississippi. Of the wage-earners 71
per cent received less than $1.50 per day, 22 per cent
$1.50 to $1.99 per day, and but 8 per cent $2 and over,
Of the 65 miners or quarrymen 58 received from $1 to
$1.74 per day, and only 7 received $1.75 and over, Of
the latter, 4, at $3 to $3.24, were in Montana, _

Supplies, materials, and miscellaneous expenses.—The
cost of supplies and materials was raported as $18,642,
and the miscellancous expenses as $14,291. Of the

latter, the sum of $5,813 was paid by 11 mines for roy-
alties and rent of mine and mining plant, these mines
being located, 2 in Connecticut, 3 in Maryland, + in
Pennsylvania, and 1 each in New York and Virginia;

MINES AND QUARRIES.

and the sum of #8,478 by 17 mines for rent of offices,
taxes, insurance, interest, and other sundries.

Mechaniecal power.—Of the 23 mines or quarries, 8
employed power aggregating 740 horsepower, of which
155 horsepower wag furnished by 4 steam engines, and
585 horsepower hy 10 water wheels. The waterpower
was reported for 5 mines in Maryland and 1 mine in
Massachusetts.

Production.—The total production for the year 1902
was 36,365 short tons, valued at $144,209, This con-
sisted of 20,205 tons of crude flint, valued at $35,046,
an average of $1.78 per ton, and 16,070 tons of ground
flint, valued at $109,163, an average of $6.79 per ton.
Montana was the largest producer in quantity, with
10,640 short tons of crude flint, valued at $14,250. The
production of Maryland and Pennsylvania was approx-
imately the same, each 26.9 per cent of the total, but
Maryland produced 49.2 per cent of the ground flint,
and Pennsylvania 84.5 per cent. The United States

| Geological Survey has published annual statisties show-

ing the quantity and value of flint produced since 1892,
and in the following table there is shown the total pro-
duction and value for each year:

Tanie 3.—Production of jlint: 1802 to 1902,

[United States Geologleal Survey, “ll\gam‘,]ml Resourees of the United States,"
2,

Quantity L.
YEAR. (short tons), Vadue,
B B LU DR UPUU PRPU SN GBS Y 23, 400 &0, 000
1808, .00 e 43, 231 i, U2
1800 ...e s 42, 560 #19, 200
1808, ... oo, 13, 747 21, kM
1806, .cennn- 12,468 2,280
1807..caeen. 13, 166 96, 227
1808,....... 21, 420 42, 670
1800, ...en.n 20, 862 180,315
100000 cauns 32, 495 806, 3H1
1901, .0uann... 20 140, 297
1002, ceeimraennns a6, 360 144, 200

The average priec of flint per ton is so variable, rang-
ing from a minimwmn of $1.53 in 1895 to a maximum of
$7.50 in 1894, that no comparison can be made as to
values. The Inrgest production was in 1894, when it
reached 42,560 short tons, and the smallest was 12,458
short tons in 1806, Since 1896, the production shows
a steady increase year by year. The average price of
crude flint in 1900, 1901, and 1902 was practically sta-
tionary, varying only from $1.73 to $1.88 per ton,
while the average price of ground flint increased from
$3.73 per ton in 1900 to $6.72 per ton in 1901, and $6.79
per ton in 1902,

The value of the imports for consumption of flint and
flint stones, unground, for the tiscal years ending June
30, 1900, 1901, and 1902, respectively, were $40,475,
$64,607, and $85,092. The imports were chiefly from
France, Denmark, and Belgium, in the order named,
with more than half the values coming from France,
and a small amount from Germany.

A detailed summary of the statistics for flint is given
in Table 5.

Occurrence and use.—Although silica or quartz is
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widely distributed in igneous and metamorphic rocks,
and constitutes the gangue of many metalliferous veins,
yet it is only the pure non-ore bearing quartz veins that
are chiefly drawn upon for the quartz production of
the United States. Many quartzites or sandstones are
of sufficient purity to be ground for potters’ use.

The term flint, as properly used, refers to the erypto-
erystalline variety of silica occurring in nodular masses
in caleareous strata, particularly in chalk. This is

“found in the United States in Texas and Arkansas and

Florida, but is not at present utilized. The mineral
worked throughout the entire Appalachian region,
either for pottery or under the name of ¢ flint,” and
included in this report, is quartz. The imported flint,
on the other hand, is in part, if not wholly, the true
flint from the chalk cliffs.

Flints when calcined and ground to powder enter
into the composition of many kinds ‘of fine pottery and
were formerly employed in the manufacture of the finer
varieties of glass, hence termed * flint glags.”

The manufacture of gunflints was formerly an
important industry, and the use of flints in the ** stone
age” and the later periods for the manufacture of axes,
kknives, spearheads, arvowheads, and the like, forms
one of the most interesting fields of research for the
antiquary and archaeologist.

The flint product, like feldspar, is used chietly in the
pottery and porcelain industry, though some is con-
sumed in the manufacture of scouring soaps and wood
fillers.

FELDSVPAR.

The feldspar product of the United States for the
year 1902 amounted to 45,287 short tons, of a value of
B250,42:+  In 1880 the production was included in

“quartz and feldspar,” cited under “Flint” in this

report. The only statistics pertaining to the feldspar
production reported at the Eleventh Census, for the year
1889, with which comparison can he made arve the quantity
produced and its value. The production was 6,970 long
tons, or 7,806 short tons, valued at $39,370.  The aver-
age prices for all material, crude and ground, for the
census years 1889 and 1902, were $5.04 and $5.58 per
short ton, respectively. There has been a very consid-
orable increase in the production during the last decade,
with slight increase in average value. '
As shown by Table 6, Pennsylvania had the largest
number of feldspar mines or quarries, 12 in number,
and produced one-third of the entire feldspar product
and approximately one-half of the ground feldspar.
There were 9 idle mines in 1902, Of the operators,
7 were individuals, 4 in Pennsylvania and 1 each in
Alabama, Connecticut, and New York; 1 was an incor-
porated company in New York, and 1 a firm (limited
partnership) in Connecticut. The capital stock of the
incorporated company was 200,000 shares, all common
stock, of a par value of $200,000, authorized; of which
150,000 shares, of a par value of $150,000, had been
issued. The power of the idle establishments aggre-
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gated 42 horsepower, reported hy 1 operator in Con-
necticut and 1 in New York.

Lmployees and wages.—The wage-earners constituted
90.3 per cent of the salaried employees and wage-
earners, and their wages werc 84.2 per cent of the total
salaries and wages. The average number of wage-
earners employed by months is shown in Table 6. The
maximum nunber, 279, appears in July, and the mini-
mum, 227, in February, with an average of 252. Boys
under 16 years of age were employed in two cases; 1
mine in Pennsylvania employed an average of 2 for the
year, and 1 mine in Maryland an average of 1.

The average number of wage-earners employed at
specified daily rates of pay is also shown in Table 6.
The mines producing feldspar were all located in the
Atlantic coast states, and, moreover, were all surface
mines, no underground working being reported; hence
the wages paid were comparatively low. Of the wage-
earners, 61 per cent received less than $1.50 per day;
82 per cent from $1.50 to $1.74, and but 7 per cent
$1.75 and over. Of the 183 miners or quarrymen,
who constituted 73 per cent of all wage-earners, 69 per
cent received not to exceed $1.49 per day and 30 per
cont from $1.50 to $1.74; only 8 miners received $1.75
or more.

Supplies, materials, and mascellaneous empenses,—The
cost of supplies and materials was $50,278, and the
miscellaneous expenses, $19,407. Of the latter the sum
of $10,584 was paid by 14 mines for royalties and rent
of mine and mining plant, these mines being located —d4
in Connecticut, 2 in Maine, 2 in Maryland, and 6 in
Pennsylvania; and $8,823 by 19 mines for rent of offices,
taxes, insurance, interest, and other sundries.

Mechanical power.—OfF the 27 mines or quarries, 13
employed power aggregating 1,204 horsepower, of
which 854 horsepower was furnished by 15 steam en-
gines and 850 horsepower by 7 water wheels. The
waterpower was reported for 2 mines in Connecticuf,
1 in Maine, and 1 in Pennsylvania,

Production.—The total production for 1902 was
45,287 short tons, valued at $250,424.  This eonsisted
of 91,870 short tons of crude feldspar, valued at §55,501,
an average of $2.54 per ton, and 23,417 short tons of
ground or prepared ‘feldspar, valued at $194,923, an
average of $8.382 per ton. .

Of the several producing states Pennsylvania re-
ported the largest amount, constituting 33 per cent of
the total quantity, 29 per cent of the total erude prod-
uct, and 87 per cent of the total ground product. Con-
necticut was the next in rank, producing 31 per cent of
the total quantity, 24 per cent of the total crude prod-
uct, and 87 per cent of the total ground product.
Maine produced 19 per cent of the total product, 21 per
cent of the total crude product, and 16 per cent of the
total ground product.

The United States Geological Survey has published
annual statistics of the quantity and value of feldspar
produced since 1892, and they are shown in Table 4.
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Tasure 4.—Production of feldspar: 1892 to 1962.
[United States Geological Survey, 'alt){)ilnfml Resources of the United States,”

Quantity
YEAR. (short tong), | Yelue.

16,50 | §75,000
20, 578 08, 307
19, 264 167,000

8, H23 30, 000
10,208 35,200
12,516 43, 100
13,440 32, 305
24,202 211, 646
24,821 130, 471
31,741 220, 422
43, 287 250, 424

For the years 1892 to 1b9‘) inelusive, the produchon
of the combined product of crude and ground teldspar
and the average price per ton was so variable, ranging
from a minimum of $2.41 per short ton for 1808 to a
maximum of $8.7+ per short ton in 1899, that no com-
parisons can be made as to values. In 1893 the produc-
tion aggregated 20,578 short tons, succeeded by a drop
to 8,523 short tons in 1895,  Since 1895 there has been
an increase, year by year, of the total quantities. The
average price of crude feldspar per ton was $4.06 in
1900, $2.18 in 1901, and $2.54 in 1902, The price of
gr ound feldspar per ton shows a slight increase, advane-
ing from $7.54 in 1900 to $8.01 in 1‘)01 and $8.32 in 1902,

There was some importation of feldspar from Can-
ada, but not being separately returned to the Treasury
Department the statistics can not be given,

A detailed summary of the statistics for feldspar is
given in Table 6.

Oceurrence and use.—The members of the group of
feldspar, or feldspars, are anhydrous double silicates,
consisting of a silicate of alumina combined with a sili-
cate of potash, soda, or lime, or with two or all of these.
In all the members of the group there exists the simple
relation of one atom of the sesquioxide, alumina, to one
of the protoxide base or bases, but the proportion of
silica varies considerably in the different species. The
highly silicated species, as orthoclase, albite, and oligo-
clase, occur in granite, trachytes, and other so-called
acid rocks, while the less silicated feldspars, as lahra-
dorite, are confined to basalts and other basic rocks.

Orthoclase is the most ordinary species, and is the
one most commonly used in this country. It is a pot-
ash feldspar, of which a typical analysis from Bedford,
N. Y., is: Silica, 64.97; alumm% 20.85; alkalies, 18, "‘7'
and water, 0,46=100,

Labradorite is a soda-lime feldfspfu' consisting: of sil-
iea, 55.75; alumina, 26.50; lime, 11; soda, 4; peroxide
of 11'011, 1.25; water, O.50~«99.

The feldspars fuse, when exposed to a high tempera-
ture, to a vitreous enamel possessing considerable hard-
uess, o property which has led to their use in o-lfmng
pottery. The chief consumption of feldspar is in the
manufacture of pottery and tiles , although it is also

used in the manufacture of wood {]11@1‘.\ scouring soaps,
and in glags manufacture.

QUARRIES.

TasLe 5.—Flint, detailed summary: 1902,

. Con- .. | Penn-|  All
gtl;itté";l neeti- I\lIlillf(\l sylva- | other
E o cut, “ | nia, states!
i
Number of mines or quarries......... 19 o+ 26 24! i3
Number of operators ......ooeeiieaa. 17 4 b H &
Character of ownership:
Individual ......ocoiiioiiiiiaina. 10 3 1 3
Firm ..o, 4 1 2 Cyeest
Incorporated COMPUny...ooveu.... [ I8 | P, 2 i
Salaried officials, clerks, cte ;
Total number .......... 18 2 14 1
Tottl salaries. . ooovvinnieernenns 14,380 |; $1, 200 [§11, 0RO | $1, B0 ; b
Genceral officers—
Number .ooov.civeciinanns R 1 SO [ 28 EO, Theveeaes
Salarled. ... 3,875 [f.oooenn L B 1 T
Superintendents, mmmgus
foremen, surveyors, efe.—
Number 10 1 7
Salaries. $9, 106 $000 | §6, 1565
Clerks—
Number i 1 4 ..
Snlardes. ... 1,850 $3000 1 1,080 1.,
Wage-earncrs: | 0
Above ground— ;
Total average number ...,... 119 10 {ti] 27 17
Total wages....._............ F47,-000 ) $4, 830 $01, 888 511,718 | 80,503
Tngineers, firemen, and
other mechanies— i
Average number..... 11 1 7 2 1
WaEeY oo 5,187 KINT | B8, 087 | H1,048 8165
\Iiuum OF (UALTYINE) ! |
Average number (... (i} 8 20 6 15
Wages . oor i veenniaaa, 27,645 |) §3, 028 | §8, 832 | 86,870 | 88,PIR
All nthur WHEe-eATners— |
Avervage nuumber ... 48 1 32 91 1
WHECS e vaensennnnnns $LLG10 | 8170 110,000 | &3,500 | 8840
Averagoe number of wage-earners at ‘
specified duily rates of pay: |
Lngineers— i
BLAO (0 FLTL. i FLN PR, | 2l
F2.00 to 2,24 j
F2.50 to §2.71
Fircmen—
$LA0 to $1,74
Maehinists, hlae
- turs, il other meehanios—
$1.50 t0 1.7 3 P T
$2,00 l()*f"zl D S PN 1
Minoers or guarryme:
1,00 to F1.24 & R T
$1.25 10 31,49, . 2 b4 2
$1.50 to §1.74.. W Bleeeaada. 7
$1.75 to $1.99 [ TN 2
FLOO o2 1 | 3 T PN
$300 0 B3 oL, O O 4
All other wage-carmers
ARV CER 1V Sy S N | SO S N SUUUOO SRR
K100 to $1,94. . 1 I T £1 I T
$1.25 to $1.40 . IIIIITTIT Sl [ P
EAREUN TSRS U 2 b S 1
Avernge number of wage-carners
employed during ench month:
Men 16 yeurs and over—
JUNUATY et ceeaanns ] o+ 61 23 11
lu.hmmv ..... 5] & 61 Pl 6
March.ooiaiiniiiieiioaia., 103 i} 63 28 7
....... 119 4 (67 ] 15
..... 131 1 67 il 21
137 1 67 il Ll
188 15 GY ] 22
134 16 GY 2 I
Hept emb hETE 11 6y 28 26
Qetober.. 127 9 68 28 29
Navember 120 3 69 ] il
December 91 8 50 2 10
Miﬂullmwom CXPEnSe: !
B $14, 201 675 | §0, 672 | §8, 137 2907
RO\ alties and rent of mine
and mining plant.......... $0, 813 §H20 | $3,087 | $2,074 §132
Rent of offices, taxes, insur- ' .
ance, interest, and other
sundrios. ... 48, 478 1065 | 86,485 | $1, 008 $770
go‘ig of s tsupp]iw and materialy .. ... $18, 642 || $1,065 | §8, 0627 | §4,425 | 83,023
roduet;
Quantity, short tons, ............. 36, 366 8121 0,798 | 9,780 | 14,970
V&llcl‘e N AR LLLEEERELLERECRRRE F144, 200 %11,-)75 36, B0 |§42, 721 | §33, 302
de— |
Qummt:, short tons...... 20, 296 862 | 1,890 | o, 28R 3,310
@ Vu% .................... 36, 046 || $1,770 | 85,800 | $7,721 | §20, 260
round— .
Quantity, short tons. ..... 16, 070 960 | 7,008 | 6,547 1,660
VRING seevuiinirennnnnnens $109, 163 || $9,800 (§51, 2A1 1§35, 000 | $18,112
‘Power owned:
Total horsepower . ............... 740 1h 625 40 160
‘Engineg—
Steam—
Number.............. 4 1 1 3 P,
Horsepower . 1556 16 100 0 oo,
Water wheels—
Number..... 10 L2 P, 2
Horsepower . b 425 ...l 1680

Massachusetts,

1Ineludes nPcmtom distributed as follows: 1: Montang, 1;

New York, 2; Virginia, 1

2The additionnl mine was operated by one of the operators mining fuldspar
nnd flint in Maine,
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TasLe 6.—FELDSPAR, DETATLED SUMMARY: 1902.

1001

3 | Con- ‘ Penn- All { |
United . i Con- Penn- | All
Statos, | nf:cti- Muine.| sylva- uthex'1 g&ltt(ﬁ;l necti- | Maine.] sylva- | ather .
| eut. nia. | states, k i cut, nin. | states1
Nawmber of minesor quarries........ o7 | 6 ) 12 P Avera JORY ey -
¥ I ; 2 i ! wrage number of wage-earmers at
i\‘ li]nnb?{ of c;pumtmgl PORTTTIRr LTI 26 6 5 12 K speeified daily rates of pay—Cont'd.
X iliﬁlfli(:;l-i{l) olwners hip . | , All other wage-cnrners—Cont'd,
iy dual ..... 1:; | 4 2 U O 3 $1.50 to $l.'(7-1.... ...... 21
------------------ o PR D R R Y T k) . 3 i e 4
Incorporated company 8 2 3 Ak T PO %5! 38 }8 §§ ’mt f
Balaried oflicinls, clerks, ete.: H Average humber of Wi
Fotal number .. ' b [ g i
o . B I [4 um[)ln) cd during epaeh month;
(il (}{ an ar le%fl 85, 345 | $4,718 1 88,712 1 $1,825 Men 16 years and over—
i 1§:r‘:l1" ;iml; OrS— . ! Y ” Jannary........ 220 7l 25 123 7
Sl 12T st T e | st 00 A Sl B B |
Superintendents, managers, : ' o April.... 248 e ~1'2 119 iol
OTemen, SUrveyors, ete,— Muy.... o ; 36 105 b
Number X 20 ) 7 L [ 3 ATul:l\o €3 [) :7'8 ‘?8 ﬁd 2
; .. 20 ) - b f 2. 250 . p
a ’]‘Sléﬂﬂncs .................. F14,800 | §4,745 | §3,988 | §5,002 | $1,020 Jaly.... 27 71 Il '12% fg
e N?n_nbvr 4 | . . August . 259 ZO b7 116 16
Gy - sz b s N .)1 1 Septembi 272 77 A8 132 15
Wa e-"ﬂrlleli‘\" ------------------- » U2 600 F1:20 Hin October -, 202 7l 42 1k 15
fi\l?ﬂve gfdund ‘ %\;nvum‘hur 4:5& s 0 1a N
: — ) a \w y . i
Totul nverage number....... 71 40 125 10 Boys \(l(lie({lL}l‘](i.!i Yoars— T . " Al 120 18
Tota] Wwages cveevvenna.. R 3 8, 672 (816, 414 | $00, 876 | §0, 482 JAIUATY ... 2 2
Engineers, tiremoen, and 1<‘L-.hr1m'r\: ........... 4 5
other meehnnies— Mureh. ... 3 2
Averagenumber..... 18 7 4 i 1 April... 3 x 2 1
Wages_ ... L. FR, 004 1 05 | §1,871 | #3,1u8 0 My .. ¢ § it
Miners or quarrymen-— June . 3 2 1
Averagenumber 183 38 a7 1M July., b 2 1
WEES -« oeneenoennios §77,011 |I917, 860 810, 871 | §12, K81 ATgUsE - 3 5 1
Boysunder 16 years— Septemy § 2 1
;\Vur:\gunllxnbul‘ ..... 3l .- L. 3 October o, | 2 2
QEON +\oaeenrnnns R OO I 12 $112 com hor | i :
All nthl{;r WARECE-CHTTICTS— ' 0 s gt,(‘ﬁllxlx‘llsfxl .. { ....... enaene g 5
i}y\;(;l’n\genumln.-r ..... 60 l‘ll; o1 ):z]t; s (.: o1 111_; ....... A\[im'lulltu?mnm axpenses: 1940
) TP v et nirraeaey $20, . SUE, 08 | 83,0720 8L 7 oLl Tota K140, 407 )2 §4, 560 | 3, 083 9, 07. §1, 76
A‘_’l‘l‘}‘.’frft'! 1‘111{11!‘16}' ,rnf WAHE-CITINTS 0 ' Royulties mud rent of mine ! 8 i A I I
hp%; fpl 4 aily rates of pay: aed mindng plant ... §10, 584 §| §3, K6l $812 | 84,818 | §1,100
.ug.‘l}lluqf_rs~ . Rent of offices, taxes, insur-
al';i; tng}.gs }_ anee, interest, andd other |
\él'!‘l" to g .(I’-‘l, . . b sunries. c.ooveiaens 48, 823 §710 | $3,171 | 84,950 2086
r?"'('ﬁl‘ :x ‘#]”l .o . 2 (I‘,)nstln[ {mm)]iummd terials, . . $o, 278 | §10, 677 | §5, 888 | $92,498 | §1,700
§2.0 22 ... . 8 rauet;
ri ‘82.;:0 LT 1 Quantity, short tons..... veevenan 40, 287 11 13,040 1 K06 1 15,121 7,722
~1ng})uuﬂa 01 . X \’nl\(w  PMSERERCIERE e [BI00, 420 JR73, 704 938,711 (B115, 60y | §22, 1250
SR to 2., eaeraraeeas F T Y P rude—
Bltltilll;:l‘ﬁls, h]ul(-kfunll'lm enr- Quantity, shoet toms.....| 21,870 B, 207 | 4, G6h G, 888 5,610
mé}tcr:ll;‘.gg(ll 5;} iermechanies— . o . an]uu ................. ..U BR0, AOL | IFLY, 199 1§12, 206 | §19,923 1 §0,250
RUTRTE- Py 1 , ironyl-—
g‘:"“ ta g_]y.z‘au . 4 1 Quantity, short tong.....| 23,417 || 8,742 | 8,830 8,738 2,112
. ..:.()tl El)\.-. .2-‘1 . 2 VAIE o ovvrnnnvrennsovna. 104, 423 ||§60, G422 (926, 506 | $956,770 | §13,000
h uérs or quarryr Power owned;
:q.{'(’)g }8 g%f‘% 12} PR P il i 1 'l‘(m}l BOPSOPOWET e ennnnas 1,204 birkd 150 427 50
2 1L D . 7 S PN j (% 7 tngines—
1,50 to 8107400 : Al 7w 1 B Hlenn—
8'1).75 to $‘1.99. . ) ) R PO Number ....... ; 14 i 3
]inyﬁ‘i'll;)alté)1~§_:"7:lc:{r‘ ........... 2 i | S b I § Horsepower ... Rt 407 70
T CE IR 2 1 R 7 3 2
ATl gltlb(art:y%g%»leurner. i . HOTSOPOWEY v0ievrrnnnnns #B0 170 &0
2125 t0 $1.49 . BN )

20ne compuny operated 2 min

, 1 each in l’om]sy]vmim and Maryland.



FULLER'S EARTH

(1003



FULLER'S EARTH.

By Story B, Lapb,

IFaller's carth was first discovered in the United
States at Quiney, Fla., in 1803, and the production is
now for the first time reported at a United States cen-
sis,  Fable 1 is 2 summary of the statistics for the
year 1902,

Tanne Lo—Sununary: 1002,

Number of mines....... . . 14
WUmbher OF OPEPREOTS Lottt i it et ae e siiean it 4

Salaried oflicinls, clerks, el
Number..
Hakeries ..

e 14
. §10,040
Wige-cirners;

Average number s 1

Wagmes oo . §38,770
Contraet work..... . )
MISCOLITICONS CXPCIISUS e r e creivinnran crmsnessrsenernons .. L. 2,087
Costof supplies and materials ..o 28, tit
Produet:

AT LIy, ShOrE tONR. i i e e s e 11, 492

B ST 1 T O, Fu8, 144

There were only 4 mines in® operation, 2 each in
Arkansas and Flovida, the latter state producing 90.4
per cent of the total quantity, The produetion for
1902 was 11,492 short tons, valued at $98,144, or an
average of $8.54 per ton, the minimum heing $8 and
the maximum $%13.83, The 4 mines were controlled hy
1 individual operator and 3 incorporated companies.
There were 2 idle mines in 1902—1 in Georgia and 1 in
New York.

Cupital stock of incorporated companies.—The follow-

_ing table presents the details of the capitalization of

the incorporated companies:

TanLe 2.— Capialization of incorpavated companies: 190:2,

Kumber of ineorporated COmPIIEES. ... i it i aenaas 13
Number reporting eapltnlizntion.. ... oo i ciiiiii it 29
Canital stoek:

Total authorized-—

BUMBEE OF 8BTS o vt vt ee caiis s aranr e nnenan #,200
B N P $230, 000
Total issned-—
INUmber ol SINTUS. ..o e e e 3,200
Barvaltle. o oo s $230, 000
Common-—
Authorized—
Numbherof shares 2,200
Parvalue...... $180, 0100
Issued—
NUMBDEr 0f SHATES. ers s v rvienerinaarsaesiaisenoreans 2,200
o0 O L $130,000
Preferred—
Authorized—
NUMbBEY Of SIS cev ettt e aiiaarnrvaesrmroiinanas 1,000
Par VAIIC .t v et rirrer e nraacaccnacesarirorenaananan $100, 000
Issued—
Number of SHares. . oo coeiiiieiniirirrarrenrarsiaiacan 1,000
AL VAITE .t v eee v vemnnraaanranarcaecrcrsasnsrnansens $100, 000

Ineludes 1 company in Arkansas and 2 in Florida.
2Includes 1 company in Arkansas and 1 in Florida,

‘poses of comparison.

All of the stock aunthorized—3,200 shares, having a
par value of %280,000—has been issued. No dividends
were reported, _

Lanployees and wages.—The average number of wage-
earners employed during each month, and their speci-
fied daily rates of pay nccording to occupations, are
shown in Table 4, The large increasc in the number
of men emploved for the last four months of the year
wus due to the beginning of operations by a new pro-
ducer. EKliminating the men employed hy this new
operator, it appears that the busiest month was Janu-
ary, while the industry was at its lowest ebb in July,

As the exeavation of fuller’s earth requires no skill,
the rates of pay should not he compared with those in
mining industries requiring skill and experience.  The
rates for miners are only those ordinarily received by
unskilled day laborers. Of the 54 miners employed,
81.5 per cent roceived less than $1.95 per day, and the
remaining 18.5 per cent from $1.25 to $1.09 per day.
Right employees were engaged in contract work, for
which $4,021 was expended.

Supplies, muterials, and iiscellaneous erpenses.—The
cost of supplies and materials was $28,966; the miscel-
lancous expenses amounted to $2,057, all for rent of
offices, taxes, insurance, interest, and other sundries.

Mechanieal power.—TFor the 4 mines £60 horsepower
was reported, supplied by 7 steam engines with a
capacity of 430 horsepower, and 2 gas or gasoline
engines with o capacity of 80 horsepower. All of the
gns or gasoline power and 80 per cent of the steam
power were reported from Florida. * 4

Production.—The production for the year 1902 was
11,492 short tons, valued at $98,144. The United States
(teological Survey has published annnal statistics show-
ing the quantity and value of fuller’s earth produced.

In the following table these, together with the statistics

of imports of both the crude and manufactured article,
with the average value per ton, are shown from 1898
to 1902. Quantities are shown in short tons for pur-
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TapLe 3.—~PRODUCTION AND IMPORTS OF FULLER'S EARTH: 1898 TO 1802.
7 !
PRODUCTION. INPORTS,!
Total, Crude, Wrought or manufactured.,
YEAR. Qtu;ntitty val Ave}'ng’e - i
shor alie, value o Avoras
= uantity Average || Quantit Average | Quantity P Average
tons), per ton. Q(shm t3 Value. vnlué Q“(shm*t y Value, | value (short”™ | Value., | value
- tons). per ton. tons). perton. [ tons), ! per ton,
,,,,,, |
4, 860 | $106, 500 $7.17 9,850 | $71,044 $7.560 9,968 | 16,921 86,97 7,078 | $35,128 #7.79
%2, 311 ¥ 7‘3‘ (3144 ql‘). 43 11, 558 G9, 640 6,03 4,192 28,194 6,63 7,‘360 A6, 446 (.81
4, 698 47, bdd 6. 96 9,164 64, 797 7.08 2,728 14,750 A, 42 6,431 80,47 7.78
14: 112 46, 835 G. 86 12,061 80, 697 6,069 3, 268 17,230 6,27 8,708 ﬁl}, 467 7,22
11,492 98, 144 8.0 15,184 | 102,580, 6,78 4,289 26, 486 6,28 10 806 7H, Mh ‘ 6.497

1 Quantitiey have been converted into short tons for purposes of comparison,

For cach year except 1902 the domestic production
slightly exceeded the imports, the percentage of the
total consumption—production and imports— which
was produced in the United States being 61 in 1898, 52
in 1899, 51 in 1900, 54 in 1901, and 43 in 1902,

During the period from 1897 to 1902 the average value
of imports per short ton ranged from a minimum of
$6.08 in 1899 to a maximum of $7.59 in 1808; the aver-
age value of fuller’s earth imported in a crude state—
unwrought or unmanufactured—ranged from a mini-
©mum of $5.27 in 1901 to a maximum of $6.97 in 1898,
while the average value of the wrought or manufactured
earth imported ranged from a minimum of $6.31 in
1899 to a maximum of $8.37in 1897, During the period
from 1867 to 1883 the average value per short ton of
imports of fuller’s earth, based upon the custom house
returng to the Treasury Department, ranged from a
minimum of $0.77 in 1870 to a maximum of $11.25 in
1882, with an average of $10.59 for the entire period.

Table 4 is a detailed summary for the industry in 1902,

DESCRIPTIVE.

Fuller’s earth derives its name from having been
used in fulling cloth and wool and cleansing thom of
grease; it was also used hy furriers for cle‘malng; furs,
It is a variety of clay resembling other clays in appear-
ance, but commonly lacking plasticity. It is fine
grained, of variable color, of a specific gravity of from
1.8 to 2.2, and has strong absorbent properties.

The composition of fuller’s earth varies considerably,
but this variation may be due in part to impurities.
As a rule there is a high percentage of combined water;
this is most marked in the case of the foreign product.
The following analyses show the composition of sam-
ples, both domestic and foreign:

Analyses of fuller’s carth.?

Gadsden | Decatur ;

o e Y - Reigate, | Enid, [Fairburn,| Sumter,

CONSTITUENT. ('OI“-’]I}‘E’ : cog}x&?y, England. Okln. S. bak.'| s.¢ "
Sillea . 62.83 G740 3. 00 50, 86 68.72 74,20
Alumiy 10, 35 10,08 10,00 83.88 16,90 10,10
Ferrie oxide. 2,45 2,49 0. 70 3.31 4,00 1.80
Lime ...... 2,43 3,14 , 4,06 1,90
glnignesm. . g 1% 4,09 2. 66 2,10

odn..... 20 it .

Potash 0.74 R 21 1.60
Water ............. 7.72 5.61 8,10 6.70
Moisture.,.oaoo... ‘ . 41 6. 41 2,30 2,50

1Umtul States (‘enlognnl Survey, *Mineral Resourceq of Lhe United

States, 1901, pages 933 and 934,

A variety of fuller’s earth occurring in the island of
Argentiera, Greece, has been mined since ancient times,
In England there is an argillaceous deposit 150 feet
thick, extending from Dorsetshire to Bath and Chelten-
ham. Fuller’s earth is mined especially near Reigate,
in Surrey, and at one time was considered of such
importance that its exportation wag prohibited under
severe penalties,

The discovery of fuller’s carth in Florida in 1883
caused much execitement, and a search was made for
other deposits. The deposit at Quiney, Gadsden county,
in that state, extending through Leon county and into
Decatur county, Ga., still ranks first in commercinl
importance. But heds, varying widely in character,
have been found in Hillsboro, Manatee, and Marion
counties, Fla.; Columbia county, Ga.; Sumter county,
S. C.; Oneida county, N. Y, ; Saline county, Ark.; Gur-
field county Okla.; (AHLQr county, 8. Dak.; Cherry
county, Nebr.; Fremont county, Colo,; Kern county,

Cal.; and in Utah. The Florida and Georgia deposits,
which are very similar, do not resemble the English
product. The fuller’s earth of South Dukota, however,
is almost identical with the Knglish earth, and mines
in that state will probably in time become mportant
producers,

The methods of mining fuller’s earth and preparing
it for the market are very simple. The overburden of
sind and worthless plastic ¢lay is removed, and the wet
fuller’s earth is chopped out in thin slices with mat-
tocks and dried in the sun. The wet, greenish clay
loses perhaps half of its weight, changes to a creamy
white color, and becomes very hrittle, casily splitting
into thin layers. Artificial driers and an arrangement
for grinding the earth to the requisite degree of fine-
ness have been recently introduced.

The Florida earth, ground to 60 mesh or finer, is used
almost entirely as a substitute for boneblack in filter-
ing mineral lubricating oils, The common practice is
to run the earth into long eylinders, through which the
crude black mineral oils are allowed to percolate very
slowly. The oil which comes out first is water white
in color and much thinner than that which follows.

While the Ilorida earth is superior to the English
variety for the refining of mineral oils, the Fnglish
product is much more desirable for the treatment of
animal and vegetable oils. The process is radically
different. The oil is heated in large tanks to a tem-
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FULLER'S EARTH.

perature above the boiling point of water, and from 5
to 10 per cent of its weight of fuller’s earth, ground to
120 mesh, is added; the mixture is stirred vigorously for
twenty minutes and then filtered off through hag filters.

Perhaps the most remarkable feature of filtration by
the use of fuller’s earth is the fact that—even in the
mixture of oils present in crude petroleum—the oil
which first percolates through the earth is the lowest
in specific gravity. Indeed, the separation which can
be secured by this process is comparable with the
results of fractional distillation.

TaBLE 4.~ Detailed swnmry.: 1902,

NNmMber of BN ot it R b
A LT VLTS RS ) ATC) 1R 20 ) ¢ N 14
Character of ownership:
INAIVIAOAL « i it e e e e 1
Ill(-orpnrnted [ 4115 £ k
Lalaried oflicials, LlGI‘ s, et
Total namber .. e e et e aema et bnar ettt mr e e 14
PO SO R, oo vt e e e e e et it iter e aaa et §10, 000

General uficers—

Number.. ¢
L 1 O £8, 500
Superintendents, managers, foremoen, surveyors, ete,—
Number 9
LU ) MY [PPOPO 46,000
Clerks—
3111 1L N 3
Salaries. coooenieii i 1,500
Wage.cormers:
Total nverage number (above ground) ..... . 1
B R o 38,775
Tngineers, firemen, and other mechanics '
Average numbu .............. 12
Wages.. e e eaeteei st ae sttt iaaaer et araatanes 86, 385
Miners—
Averngu TIUTIDICY et eietneeensencnsanneannannsessorsnananuenane fd
WAREES ceae i b e ren et eenena et seanan . 817,140
Boys under 16 yeurs—
AVETAZE TITIIMDOT ¢ . o ieeieeeeneseeerenrennnnenrersennnnnnnonn 24
TS 3,726
All other wage-en .
AVEIage NUMDCY . ..o it it iaiae e 24
B S 86,675
Average number of \vugc {Lidy
Engincers—
£1.50 to LM, .,.... 1
$2.00 to §2.24 . 2
$3.00 to $3.24.. 1
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Average number of wage-earnersnt speciﬂul daily rates of pay—Continued,

Firemen—
$LOOTOBL240ueenriiiniinnnmnnnnnnea, Ceseeseieerer e beiaan . 3
FLA0 10 LT e e, 2
Muchinists, blacksmiths, carpenters, and other mechanics—
TR EVR:) Wy 2 SO Cersseeiressananeancaras Cerenneiienaa, .- 8
Miners—
$0.70 10 §0.99.......... N eeteeetarmenranraes et e nrr et . 15
FLO0 B0 BL 2. et i ittt i aaaan . 29
$1.26 10§49 ... .o..et e e it i ereeeantaeieraneareeras . 2
LN R o E 3 B T DY . i}
FLHt0BLI0. e e emeamamereeteiiaerrareeaanas 3
Boys undu‘ 16 VeArs—
$0.76 8 Ceenreieen B 24
All other \vuge enrners—
FOTH 0 G099 e e [ e 16
$100t0$1.24..... ........................ deeeaiierai e b
LI o T R O d
Average nuinber of wage-earners cmploycd during each month;
Men 16 years and over—
LR ITRTLE 3 RPN N 88
February........ h e aiean e taeenareanertaraanaa. vreaeae - G3
Mareh. e [ PR . G0
66
(6
65
n
. -- N
o ) 10N L A . 130
[ T T . 168
NOVEMDBEL . teievranneen et ittt raae e aas FET TP 148
UL ] N 188
Boys under 16 years—
Jannary...... P PN e e eeieanicaeaeas PR 24
Februar,
March.
April

May .
June
July.
August ..
September .
October ..

November..
DOCEIMDEL v e tetavnne et eiineetaemmrarsnsuaresnensaasnasesntnannne
Contract work:
Amount pald..........0
Number of employees
Miscellaneous expenses (1ent of offices, taxes, insurance, mtuut and
other sundrles) coeeeivnonvansenas v 82,067
Cost of suppliey and materiale. ..ot ria e §28, 066
Produot:
QuAntity, SROIE 0N, o e iae et i it ae e 11, 492
7% $08, 144
Power owned:
Total horsepower. ...... P 460
Lingines—
Steam-—
Number...... A hemeereraeaeas . 7
HOTSCDOWET eeereraenneneinsareanrnmnensnss ravrereaeaeens 430
Gagor gasoling—
Number..... eeereanriesrrasraerian et eraaras 2
HOrsepower ..... e eetireanieneianaraneae, 30

1Includes operators ag follows: Arkansus, 4 Florida, 2,
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GRAPHITE.

By Josprn Strurners, Ph. D.

Statistics for the mining of graphite were first
reported separately at the census of 1880, Table 1
shows the comparative statistics of the mining opera-
tions fer 1880, 1889, and 1902,

TanrLe L.—Comparative suanmary. 1880 to 1902,

1902 1889 1880
MNUmbeT Of MINeS . oo irtnaiiiiiiiiieireeiaaranns 28 M . 3
Number of OPELAtOTS. vueee e iiiiea e viaiearaen, 19 ") O]
Salaried offleials, clerks, cte.:
e (8118 10, N 57 (2 (%)
Salaries $18, 024 (= ®
WAEC-CATNCTS!
AVOTAZE NUMDC canneriiini e raniaanvnnses 164 W1 93
TR 1.3 70, 720 a8, 329 §29, 600
MIsCeIANCOUE CRDENSCS e v vne s ractrannencnss $6, 039 86, 398 !
Cost of supplies and materinds, ...l £h1, 840 #7,731 2, 400
Product: #
uantity, Short tons .« ittt iiii e e 27,138 7,003 1940
W B227, 508 | 872,662 49, 800

1 Not reported,

2Not reported separately,

3The United States Geologieal Survey reports 3,086,824 ponnds of erystalline,
valued at §126,144, and 1,730 short tons of amorphous, valued at §5,964, these
reprosenting the product marketed, while the Census figures represent the
pm‘llll )l::'uls:lli::a(t"};\(slude the return for one large producer in New York, received
too lnte for tabulation,

The states reporting production in 1880 were New
York, North Caroling, and Pennsylvania,  In 1889 there
is no record of production in North Carolina, but oper-
ations in Michigan, New York, Pennsylvania, Rhode
Island, and Wyoming were reported.
operations were carried on in 13 states—Alabama,
Georgin, Massachusetts, Michigan, Montana, New Mex-
ico, New York, North Carolinn, Pennsylvania, Rhode
Island, South Dakota, Wisconsin, and Wyoming. The
period between 1880 and 1889 does not show so great a
development of the industry as that between 1889 and
1802, the increase in the value of production heing 213.1
per cent in the later period, as compared with 45,9 per
cent in the earlier one; this advance was due largely to
the increased demand for graphite in the arts,

There were 12 mines—5 in New York, 3 each in
North Carolina and Pennsylvania, and 1 in Alabama—
reported as idle during 1902, and 3—1 each in New
Hampshire, New York, and Pennsylvania—at which
development work was done.

Capital of incorporated companies.—Fifteen of the
19 active operators were organized as incorporated com-
panies.  The details of the capitalization of these
companies are shown in the following table:

In 1902 mining.

TanLr 2.—Capitalization of incorporated companies: 1902,

Number of in(:m'{mmted COMPANTEH. o ivns cveiiiaaen rinaiaerae s 115
Capital stock and bondsissued. . ..o viiiieonrciiriniiasasnnn. eieen $2, 632, 800,
Capital stoek:
Total authovized—

NUmMDber of ShAres . ven i iiree i eriacvr et manansenrainanrnnn 1,671, 640
B LT 1R [ R #2, 914, 000
Totnl fssued— '
Number of BhRreS ..ooveeeerrierneeinasemnnnsonssanncasaan 1,200, GR8
Parvalue.......oovienann.. #2, (14, 800
Dividends paid $#8, 760
Common—

Authorized—
" Number of shares 1,470,140

_T. $2, 664,000

Issued—
Numberof shares .. oo iiiiiiiaa s 1,218,188
B 10 N $2, 384, 800
Dividends paid $8, 760

Preferred—
Authorized—

Number Of Shares oo ovveiineineriniiannenenas 101, 600
PAr VOIUG oo ieriiaiiane e iasrirea e F250, 000

Tssued—
Number of SHAreS covvinersriarinmnareonnnnes 41,500
PRrvilue. oottt $230, 000

Bonds:
Authorized—
Number ........ e nemeeaiirs et st et raasaaeanaaaan 40
D1 LT T $20, 000
Tssned—

NUINDOE croyenraserasnasecssassociasesrrossneransnssnansaan 30
Dar valoe, .. §18, 000
Interest paid . - #1, 080
ASSesSINEIES 1evied. o i iin s i et e $1, 000

1Tnelndes companies distributed ag follows: Alabama, 1; Georgla, 1; Massa-
chusetts, 1; Michigan, 2; Montana, 1; New Mexico, 1; New York, §; Pennsylva-
nin, 2 Rhode Island, 1; South Dakots, 1; Wisconsin, 1,

The total par value of stock and bonds issued was
$2,682,800; of this amount 90.5 per cent represents the
value of common stock, 8.7 per cent the value of pre-
ferred stock, and the remaining eight-tenths of 1 per
cent the value of the bonds. The dividends paid dur-
ing 1902 represent three-tenths of 1 per cent of the par
value of stock issued, and the $1,080 paid as interest on
bonds congtitutes 6 per cent of the par value of all
bonds issued,

Employees and wages.—The average number of wage-
earners employed during each month of 1902, and their
daily rates of pay by occupations, are shown in Table 5.
The minimum number of wage-earners shown for any
month during the year was in January, 137 men and 1
boy; the maximum number in October, 185 men and 1
boy. Judging by the slight variation in the number
of employees, the production, although below the aver-
age during the winter and spring months, must have
been fairly steady.

Of the total number of wage-earners, 34.8 per cent
were paid at rates less than $1.50 per diem, and 65.2
per cent at higher rates. Of the total number, engi-
neers formed 4.8 per cent; machinists, blacksmiths, car-
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penters, and other mechanics 11 per cent; and miners,
the lnrgest class, 53 per cent.

Mechanical power.~—A total of 769 horsepower was
roported for this industry 749 horsepower was fur-
nished by 18 steamn engines and 10 horsepower by 1

MINES AND QUARRIES.

States are so swall as to be negligible in this connee-
tion, for all practical purposes the total conswmption of
graphite within the United States may be assumed as
equivalent to the production plus the importation.
Table 3, compiled from the reports of the United

water wheel, while 10 electric horsepower was rented.

Production.—Although the production of graphite
has had a very important bearing upon the develop-
ment of several of the metallic industries in the United
States, it was not until 1880 that authentic statistics of
production were collected. Since the quantities of
graphite which have been exported from the United

States Geological Survey, gives the marketed produe-
tion of natural graphite in the United States, together
with the imports, for the period 1880 to 1902, with the
production of artificial graphite since 1897, The sta-
tistics of production here shown differ from Census fig-
ures in that they represent only the marketed output
and not the actual quantity mined,

TION AND IMPORTS OF GRAPHITE:

[United States Geological Survey, * Mineral Resources of the United States,” 1902.]

1880 TO 1902,

PRODUCTION.! IMPORTS.Y
Crystalline, Amaorphous. Artificinl, Unmanufactured.
TULAR,
Tom) ) Lolat 1 Manuie
value, . Quantity vilue, Quantity 4
Quantity ’ N " N Quantity ol e e velue.
' (pounds), | Yrlue. &311‘12? Value, | foundsy, | Velue. {g%‘;)“ Vulue.
$49, 800 622, 500 §49, 800 |. $300, 063 5,105 $278, 022 22,041
30, 000 400, Q00 § eee 413. 640 7,546 3K1, 9606 31,674
84,000 425, 000 34,000 )... 489, 871 7,021 363, 83h 26, 156
46,000 0176, 000 46,000 |... 343, 670 7,740 361, 910 21,72
35, 000 500, 000 36,000 1. .. 28R, 276 7,204 286, 393 1,863
26,281 327, 888 26,231 |... 207, 028 B, 1128 207, 228
38,242 416, H2h 33,242 ), .. 164,111 4, 108 164, 111
34,000 416, 000 84,000 J... 881, 621 8, 442 331, 021
83, 000 400, 000 33,000 [... 358, 990 9,200 $53, 990
72, 6062 5-’% 72, (662 378, 057 8,869 878,007
77, 00 ] 77, 600 B0K, 746 12,708 604, 746
110, 000 1, Hh9, 674 110, 000 65, 080 10,118 Bih, 080
87,902 (| 1,898,365 87,002 667,776 11,477 667, 775
063, 232 843, 103 t;‘i, 232 865, 870 14,437 805, 379
64,010 418, 000 4, 01 225,720 H,814 225,720
02, HE2 644, 700 4 5‘2, H82 200, 000 8, 814 260, 090
48, 460 635, 468 448, 460 760 437,159 15, 280 437,159
76,870 || 1, 361, 706 166,780 1,070 $10, 149 270, 952 8, 538 270, 052
8G, 808 || 2, 860,000 475, 200 890 185 ()47 11, 60§ 748, 820 13, 482 748, 820
199,681 || 2,900,732 1107, 100 2,824 105, 870 82,475 3 1,000, 649 20,798 | 1,000, 6497 ). ..
206,439 |[ 6,507, 855 4197, 679 011 860, 760 68,860 )| 1,800,141 14,41 41 |
286,714 3, 067, G12 135, 014 804 3‘%1 800 | 2,500,000 | 119,000 496,010 14,325 81).) 00 .
292 RO 3, 986, 824 12(‘ 144 4,739 ﬁ.\, O6d | 2,858,828 | 110,700 1, 1(58 135 18201 1, 1(:8 Bl

1Tfor calendar years,

1Quantity not reported,
2 lhrougl-1887, for fiscal yenrs; heginning with 1888, for enlendar years,

1Ineludes value of amorphous,

There were 10 long tons of graphite valued at $834,
exported from the United States during 1900 as com-
pared with 5 tons valued at $365, exported during 1901,
There were no exports during 1902.

The following table shows the world’s production of
graphite by years, from 1896 to 1901:

TasLe 4.—WORLD'S PRODUCTION OF GRAPHITE: 1896 TO 1901.
[United States Geologleal Survey, ** Mineral ]{esmir('us of the United States,” 1902.]

[Quantity in metrie tons,]

= e o e e R
1808 1897 1898 1800 1900 | 1001
COUNTRY. O T ~[ e
Quantity,] Value. |[Quantity.] Value. [jQuantity. Value, [[Quantity. Value. Qmmtity. Valuce, lQmmtlt\ . Valoe,
: |
et e e - . — S e B e | B
Totil coevnennniianennns 6, 739 %77 400 70,546 51 757 185 126,762 1§49, 808, 700 Wi, 282 | 83, 7()1,f)1" 181, 194 ‘%1, 71, 113 ! l72, 427 | §5, ATH, 166
= e = cnTRT " e S S = L {ro s
United States 933 48, 4060 1, 550 (m, 7’30 1,878 75, 200 3,774 1l|7 lt)h ‘i 0hd 197, .)7‘.) i 2, 53'! 167,714
Austrin 36,972 110, 081 38, 04 439, 610 33,062 421, 068 41, 81 5‘)0, 280 !‘K 403 418, 126 || "‘J,‘J‘J" °1, BLK, f09
Cunndda. 126 9, 4hd 306 1(5, 240 Hoveennaan 13, 69X 1,025 24,174 1,7-1g 30, 040 |4 2, 006 am, 780
Ceylon ... 10,463 414,405 19,276 | 1,160,846 78,609 | 0,248, 263 29,087 | 2 901 970 19,168 | 2875, 190 || 22,707 | 23,203,215
CIUPIIANY aeecnnaennine anean 5, 248 2, 108 3,861 66,126 4, ho3 97,916 b, 106 120, 250 9, 218 136, foo | 1,435 lu , 000
) T N DA P 61 316 22 110 1,548 7,078 1, 878 0,101 i 2,30
TEAlY . oo ceeivmavaea e o 8,148 10,193 B, 660 11, 800 G, 485 17,423 9, 890 55 944 4,720 63,720 {10,318 o‘J, 33
Jn,pnn ....................... 215 &, 025 .204 16, 075 ; 346 10,265 H3 5. 120 94 9,118 |: (G 4
Mexico 420 6, 287 007 &, 663 1,857 18, 237 2, 305 €2, 847 2,561 23,650 | 762 7, 815
FLAVITETL) o DA 14 491 99 3,240 i 10 1,620 LH3H 1,674 &1 8, 180 | B 1, %00
3 . H

1Tntest nvuimblc figures used in making up total,

* Slatisties not available.
2These values are taken from the official yenrbooks of the United Kingdom,

+Incindes crude,




GRAPHITE.

The detailed statistics of the industry for 1902 are
shown in Table 5.

DESCRIPTIVE.

The name graphite is derived from the Greek
ypagerv, “to write,” and refers to the use of the min-
eral for that purpose. Graphite is sometimes called
“plumbago” or ““black lead,” because of its lead-like
appearance, although it contains no lead. Graphite
was known to the ancients. Up to the latter part of
the eighteenth century, however, the names plumbago
and molybdena scem to have been applied indiserimi-
nately to graphite and to molybdenite (molybdenum
sulphide, MoS,), both of which leave a black mark when
rubbed on paper. Graphite appears to have been first
distinguished as early as 1565, by Conrad Geissner, but
the popular misconception as to the two substances

prevailed until 1779, when the famous chemist Scheele

showed them to be entirely distinct.

Physical and chemical characteristics,—Graphite oc-
curg as a form of carbon, and constitutes the last stage
in the mineralization of vegetable matter. In the fivst
stage of this process the woody tissue is converted into
peat; the peat to a lignite; the substance then passes
through the range of bituminous coals to semianthra-
cite, anthracite, graphitic anthracite, and finally it is
converted into graphite, which is practically pure car-
hon, There is no strict line of demarcation between
these various forms of carbon, which merge gradually
into one another. In structure and purity, specimens
from different deposits show a wide divergence.

The mineral occurs in two forms, the crystalline and
the amorphous. Crystalline graphite is usually found
in a compact foliated or granular mass. At times the
crystals are in the form of distinet hexagonal plates.
The amorphous variety is, as its name implies, without
crystalline structure. The term hag been used to in-
clude a wide range of natural carbonaceous products—
such as the graphitic anthracite of Rhode Island, which
is of a structure between scaly and granular, and se-
lected samples of which contain as much as 52 per cent
of carbon; and the so-called Baraga graphite of Michi-
gan, which in reality is a carbonaceous schist. The
crystalline variety consists of finer grades, and hence is
used where softness and a smooth uniformity of struc-
ture are desirable, as for lubricants or in the better
grades of pencils.

Graphite is iron-black or steel-gray in color and has
ametallic luster; to the touch itis smooth and soap-like.
Its specific gravity varies from 2.015 to 2.583, the vari-
ation being due to the impurities—such asg iron oxide,
alumina, magnesia, lime, and silica—which are present
in all natural graphite. Usually, there is also from five-
tenths of 1 per cent to 1.8 per cent of hydrogen—a fact
which seems to point to an organic origin.  Graphite is
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infusible, and resists the corrosive action of many chem-
icals and molten metals. These properties render the
crystalline variety, with its flake-like form, of great value
in the manufacture of graphite crucibles for special pur-
poses—ifor instance, to resist intense heat in the manu-
facture of crucible steel; to possess great density at a
high heat, as in the refining of gold and silver; and to
resist the corrosive action of easily oxidized metals and
alloys in a molten condition, as in melting brass, bronze,
ete. Although crystalline graphite will burn in oxy-
gen at and above a temperature of 575° C., it is a good
conductor of heat and electricity; this property renders
it of special value for the manufacture of the commu-
tator brushes used in electrical machines, for use in
electroplating, and for electrodes in many electrolytic
chemical processes.

Inits chemical relations, graphite occupies a position
distinet from that of any other form of carbon. The
most striking difference is the effect of treatment with
fuming nitric acid and potagsium chlorate; diamond is
unaltered, and amorphous carbon (charcoal) is com-
pletely dissolved, but graphite is converted into a com-
pound known as graphitic acid or graphitic oxide
(G, 1, 0y).

As a fact of mineralogical interest, but one which
has no industrial importance, it may be mentioned that
meteoric masses have been found containing graphite
whieh in its properties resembles the graphite formed
during the cooling of high carbon and pig iron.

Occurrence and mining of erystalline graphite in the
United States.—Crystalline graphite is widely distrib-
uted throughout the United States, but the known
deposits of sufficient extent and purity to warrant
working on a commercial scale are few in number.
During the past decade the domestic output of high-
grade erystalline graphite has heen obtained chiefly
from the mines near Ticonderogn, Issex county, N. Y.
The mines in Chester county, Pa., were reopened in
1897, after a long period of inactivity, and have been
in continuous operation since that time. In 1899 the
mines in Clay county, Ala., produced a small amount.
There has been considerable activity in the exploitation
of graphite properties in Bartow county, (ia.; near
Dillon, Beaverhead county, Mont.; i» Merrimack
county, N. H.; in McDowell county, N. C.; at Bloom-
ington, in northern New Jersey; and in many localities
in California; but up to the present time the work has
been confined chiefly to determining the character and
extent of the deposits, and to ascertaining by experi-
ment the best method of concentrating the ore so as to
convert it into a salable product. The limited nunber
of graphite mines now producing the crystalline variety
of the mineral hears witness to the difficulties encoun-
tered in the development of a prospect into a paying
property.
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The principal minesin New York are at Ticonderoga,
Essex county. The graphite is of the foliated variety,
occurring in minute seales in the cleavage planes of a
seam of gray quartzite. The ore contains an average
of 10 per cent of graphite, of which but little more
than one-half is extracted by the prevailing method of
working. The graphite-bearing bed lies hetween strata
of magsive micaceous gneiss, garnetiferous gneiss, and
light-colored quartzite entirely free from graphite.
The gneiss dips about 20° south. The graphite beds
do not conform to this dip, but have a low piteh to the
east. There are two mines in the same bed, on differ-
ent sides of a fault. The graphite-bearing quartzite is
from 1 to 5 feet thick in one mine, and from 2 to 15
feet thick in the other. This vein (known as the
Hague vein) seems to have been in a line of weakness
during the geologic upheavals, for the ore and wall
rocks near the surface are very much pulverized, so
that, while the ove carries o good percentage of graph-
ite, the yield is small. It is probable that the deepen-
ing of the workings will result in finding the graphite
in coarse flakes in the unaltered rocks, unless the
faulting has occurred along the vein throughout its
course. The mines are opened by adit levels, and the
mined ore is treated for the separation of the graphite
by crushing and washing in o mill near the mines, fol-
lowed Dby a further refining at the works of the com-
pany at Ticonderogs.

There are numercus limestone deposits in Essex and

neighboring counties of New York which contain
graphite disseminated throughout the mass, or in small
lenses of very rich ore.  While a number of these
deposits are being promoted and developed, the only
ones of apparent promise are on Lead Hill, back of
Ticonderoga, and on Warner Hill, hetween Ticonderoga
and Crown Point. It is probable that if any more val-
uable mines are opened in this section they will be in
the graphitic quartzite, as the lenticular bodies in the
limestone have proved uncertain.

In Pennsylvania the principal graphite mine is 1
mile east of Chester Springs, Chester county. The
mineral occurs in two layers of disintegrated mica schist,

“one 4 feet and the other 6 feet in thickness. Adit lev-
els have been run in on the hillside, following the layers,
and the rock is so disintegrated that most of the ore
can be removed by pick and shovel without recourse to
blasting, At the mill the ore is crushed in rolls and
cleaned in a log washer of the type commonly used at
clay works. After being washed it is again ground,
refined by pneumatic concentration, and screened into
different grades. There are other graphite properties in
the state, notably at Byers, several miles below Chester
Springs, and at Pikeland, both in Chester county, and
also at Mertztown and Boyertown, Berks county.
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These properties have been productive at various times,
but for the most part are now inoperative. The exist-
ence of graphite throunghout a large part of the ridge
axtending from Phoenixville to the Brandywine river
gseems very probable. Occasionally pockets are found
which yield nuggets and masses of nearly pure graph-
ite, such as formed the basis of the producing mines
in this region, but more often the mineral is associated
with iron oxides, quartz, and feldspar, so that the
extraction of the graphite involves considerable
diffienlty. '

Concentrating crystalline graphite.—The increased
demand for crystalline graphite has led to a careful
study of the concentration of low-grade graphite dis-
seminated in flakes, Operative plants have changed
and improved their methods, and new concentrating
procesyes are heing tested.

There are two common methods of concontrating
crystalline graphite from its ore—the wet and the dry.
The wet or water method has been developed to a
marked degree of efficiency, and is the one now gener-
ally used. The mode of procedure is to crush the ore
wet, and separate coarsely by stationary buddles, the
concentrates being dried and further treated with huhu-
stones and screens. No mill, however, has adopted
either method in its entirety, because the specitic gravi-
ties of the constituents of the ore vary so little, Sev-
eral pneumatic processes have lately proved a partial
success, but they have been of limited application, on
account of the impossihility of removing the small
seales of mica whigh oceur in some of the deposits.

Two new features in concentration practice, in hoth
of which the older method of complete submersion be-
neath the surface is replaced by flotation, are worthy
of note—first, the use of petroleum vapor, which, heing
readily absorbed by graphite, permits the flalkes to he
more readily separated from the gangue materinl hy
flotation; and, second, the heating of the ground prod-
uct before separation, which makes the flakes of graph-
ite so light that they float on the surface of the water,
whence they are removed.

Occurrence and mining of amorphous graphite in the
United States.—Under this head are included also the
graphitic anthracite of Rhode Island and the so-called
Baraga graphite of Michigan. The incentive to develop
properties containing amorphous graphite is much less
than in the case of the crystalline variety. On account
of the limited use of the former, the value of the erude

product is only from one-eighth to one-tenth of that of

the latter. For the manufacture of graphite crucibles
and for many electrical purposes no satisfactory substi-
tute for crystalline graphite has been discovered, while
in the case of amorphous graphite there are many other
materials of equal suitability for its various uses.
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The mining of amorphous graphite in the United
States has been of comparatively recent development.
During 1902 the product was obtained chiefly from Wis-
consin, followed by Michigan, Rhode Island, South
Dakota, Wyoming, and New Mexico, in the order
nmuned. There are numerous deposits in other states,
but none in suflicient quantity or purity to be of com-
mercial value at the present time,

In Wisconsin, the mines near Stevens Point, Portage
county, produce graphite which is reported to contain,
at times, as much as T4 per cent of carbon. It is
utilized in the mavufacture of paint, lubricants, and
greases, :

In Michigan, there are several thousand acres in
Baraga county, composed of a carbonaceous schist
without a sign of a vein of graphite. This material is
ground for paint and is improperly called graphite.

In Rhode Island, the mines near Cranston have been
operated for many years. The graphite shows a strue-
ture between sealy and granular, and the grade of the
product has not until recently exceeded 55 per cent of
carbon, the remainder of the ore being silica and iron
oxide, with a trace of sulphur, The property was
originally a quarry, and in making the open cut the
vein has been exposed for a distance of 70 feet or more.
A shaft has been sunk, and most of the ore is now
obtained from pockets, although it is found also in a
fow fissure veins.

In South Dakota, there are several graphite properties
in the vicinity of Custer containing promising veins of
graphite, one of which is reported to be 4 feet in width
and of high-grade mineral. At Castle Creelk, in Pen-
nington county, 25 miles northwest of Custer, there is
2 vein which is reported to contain 40 per cent of carbon
and to be in contact with a 10-foot layer of graphitized
slate.

In New Mexico, considerable exploratory work has
been done at the graphite properties 8 miles southwest
of Raton, Colfax county.

Occurrence and mining of graphite in  foreign
countries.—In Ceylon, which is the chief producer of
high-grade crystalline graphite, the main deposits are
in the western and northwestern provinces. The
graphite, which is scaly or fibrous in structure, is found
in veins of irregular occurrence and extent, which hreak
through crystalline rocks of the character of granulite.
The minerals associated with graphite in the material
which forms the veinave feldspay, rutile, pyrite, biotite,
and caleite. The country rock is often highly decom-
posed, and then consists mainly of kaolin and similar
decomposition products. The formation of graphite in
these deposits has been attributed by Dr. Ernst Wein-
schenk to the decomposition of vapors carrying carbonic
oxide and ¢yanogen compounds.

In one of the Ceylon mines near Caltura the graphite
occurs in a series of veins in gneiss which has become
converted, to a depth of 86 feet, into a mass resembling
laterite. The indications point to the deposition of the
carbon by the decomposition of hydrocarbon vapors,
forming a true vein.

The Ceylon mining industry, which is entirely in the
hands of the natives, has been profitable for many years,
chiefly on account of the purity and consequent high
value of the product. The method of mining is ex-
tremely primitive. A shaft is sunk to the level of the
ground water (from 40 to 200 feet), and drifts are cut
from the bottow of the shaft until the air is so bad that
the lamps of the miners will no longer burn; the ground
is then stoped upward, the waste being dropped behind
until the shaft is filled. In some cases the veins are
followed by open cuts and galleries, The underground
workings are roughly timbered, and powder is used to
break the rock.  The ore is hoisted by windlass and
bucket, or passed out by hand. A peculiar feature of
the industry is the opposition to the installation of
modern mining machinery and methods, on the ground
that the new conditions might be less satisfactory than
the older and fairly profitable ones. The mined prod-
uct is famous for its purity, the analysis of several
samples showing a carbon content of from 99.283 to
99.792 per cent.

In Austria, graphite occurs in the provinces of Bohe-
mia, Styria, Moravia, Carinthia, and lower Austria.
The chief producing mines are at Schwarzbach, in
Bohemia. 'The deposits, which are lentieular, occur
in gneiss, in parallel beds, extending over an area 14
miles long by 10 miles wide.

At Schwarzbach six beds have been exploited for a
length of 1,800 feet and to a depth of 300 feet. The
mines produce both hard and soft ore, the latter being
graded into three classes. The first and second are
hand picked, dried, and packed in barrels for the mar-
ket; the third class and the hard mineral are crushed
in water and dressed in tanks, the heavier impurities
sinking to the bottom, while the slime, containing the
graphite in a state of fine division, is collected in a filter
press, and the resultant cakes, containing about 50 per
cent of carbon, are dried and shipped to the market.

In Styria, which ranks second in-importance, there is
found a highly metamorphosed system of carboniferous
shales, clay-slates, limestones, and conglomerates with
coal seams, the coal of which has passed into graphite.
It is very compact, very pure, and often extremely
hard, in some cases retaining exactly the appearance of
the coal from which it has been derived. The graphite
region extends from Leoben to St. Lorenzen, a dis-
tance of 25 miles. The most important deposits are at
St. Michael, where five parallel beds, varying in thick-
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ness from o few inches to several feet, and oceurring in
grayish-black schist, have been cxploited for a length
of over 600 feet. The preparation for market consists
in simple screening. Thé product, which containg
nearly 80 per cent of carbon, is used in making graphite
crucibles,

Other graphite deposits are found in lower Austria,
Moravia, and Carinthia; but the mineral, which is asso-
cinted with granular limestone in gneiss, and is usually
amorphous and friable, is too impure to warrant work-
ing commercinlly.

The graphite deposits of Germany are confined to the
eansternmost corner of Bavaria. In a region bounded
on the south by the Danube and on the east by the Aus-
trian frontier are gneisses and gneissose rocks improg-
nated with scaly graphite. In some places—chiefly in
the immediate neighborhood of intercalations of gran-
ular limestone, altered by contact metamorphism—the
mineral oceurs in lenticular masses, rich in carbon.
Both the graphite-bearing rock and its near neighbors
are highly decomposed, so that kaolin and other decom-
position produets are found in intimate association with
the graphite deposits.  The lenticular form of the de-
posits, their geological relationship with limestone inter-
calations, and their frequent associntion with kaolin and
other deemnposiﬁon products, connect them closely
with the Bohemian type, from which they are differ-
entinted by the less compact and more crystalline char-
acter of the graphite. The genetic connection hetween
the Passau and Ceylon types is very close.

At Borrowdale, England, fine-scale graphite was at
on¢ time found in veing in ‘“greenstone porphyry.”
The gangue material was chiefly cale-spar, brownspar,
and quartz, containing nests and lumps of very fine
graphite, especially suitable for the manufacture of
pencils.  These mines, however, have been exhausted.

The mines at Batugol, provinee of Irkutsk, Siberia,
also ave practically exhausted, The graphite was finely
fibrous and purer than that at Borrowdale. The veins
run through a granitic or dioritic rock, while in the
closely adjoining limestone (altered by contact meta-
morphism) are great lumps of pure graphite, suitable
only for pencils,

dotificial (/7*(&_1)&1,5(,.——Graphlte. can be madeartificially
in h(,\wml ways, among which are the following:

(1) Inthe production of cast iron from ore containing
a large proportion of carbon, l)y allowing the molten
mass to cool slowly. As cast iron can retain in combi-
nation a much larger proportion of carbon when molten
than when solid, the cooling of the mass causes the car-
hon to separate out, forming scales of graphite dissemi-
nated throughout the iron. It is to the presence of the
seales of graphite that gray pig iron owes its peculiar
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properties and its gray color. When this form of pig
iron is dissolved in acid, the scales of o‘i'uphite remain
as an insoluble residue. When cast iron is kept ina
molten condition for along time, as in the manufacture
of converter steel, scales of graphite collect on the sur-
face of the molten metal, forming so-called *“kish,”
This source of artificial graphite is of no commercial
importance,

(2) By the reaction or decomposition of various chem-
ical compounds containing carbon, notably the cyanide
class of salts. Graphite can not be produced commer-
cindly from chemicals on account of the excessively high
cost.

(8) By the treatment of certain carbonaccous mate-
rials in the electric-are furnace, which is the process
now used on a very large scale.

Pure graphite has many valuable properties, such ag
high electrieal conductivity, great resistance to chemi-
cal action, and absence of the property of absorbing
gases, which is possessed more or less by all forms of
amorphous carbon. Natural graphites of the high
degree of purity required for delicate chemical and
electrical processes are so expensive thab in most cases
the cost is prohibitive. The inception of the artificial
graphite industry is due to the etforts and experiments
of Mr, Edward (. Acheson,® who during 1847 manu-
factured more than 160,000 poungls of this product. 1In
1901 the output in the United States reached 2,500,000
pounds. At first the operations were confined to the
graphitization of carbon electrodes, hut since 1894 very
large quantities of artificial graphite have been made,
to be utilized for purposes for which natural graphite
was formerly used. In graphitizing electrodes the
ordinary electrode, which is composed of a mixture of
petroleum, coke, pitch, and a carbide-forming material
(silica or iron oxide), is subjected to the intense heat of
an electric-are furnace. The so-called ‘¢ artificial
graphite” is produced by subjecting anthracite coal,
coke, or charcoal, together with a small proportion of
some oxide or bulphate, to the intense heat of an clectrie-
arc furnace; the impurities are eliminated, the ash be-
ing reduced in some cases toay low as five-tenths of 1 per
cent.

The so-called artificial graphite, which is in the form
of grains or powders, is used chiefly in the manufacture
of paint, dry batteries, and commutator brushes,
although o considerable quantity is used in the manu-
facture of lubricants for high-grade work, in electro-
plating, and in certain chemical processes which require
a carbon of exceptional purity. Fxperiments have
been made with this material as a coating for the grains
of high explosives, to prevent the gon(_\mtiml of the

! United States patents Nos, 645284, 645285, 701758, tu)d 711031,
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static charge of electricity, the spark from which is
supposed to cause the spontaneous ignition of the
powder.

Graphitized electrodes possess special qualities which
render them valuable in electrolytic processes for the
production of caustic soda and of chlorine and metals
in chloride solution, and in electro-metallurgical pro-
cesses, such as the production of caleium chloride, the
electric smelting of copper and iron ores, and the manu-
facture of various iron alloys.

In spite of the development of artificial graphite,
however, in recent years there has been a large increase
in the demand for natural graphite, due to the growth
of the iron and steel industries; the largely increased
use of copper and its alloys; the development of elec-
trical machinery, which calls for graphitized products;
and the increased need for special lubricants to be used
at compavatively high temperatures.

{ses af graphite.—Graphite is used for making refrac-
tory crucibles, stove polish, foundry facings, paint, and
lend pencils; as a lubricant; and in powder glazing,
electrotyping steam packing, ete. ‘

Tor the making of crucibles crystalline graphite is
required; the fibrous or laminated variety is used,
because its superior binding qualities add to the strength
of the crucible, The ordinary mixture consists of 50
per cent of graphite, from 35 to 45 per cent of air-dried
clay, and from 5 to 15 per cent of sand. The graphite
is ground to a fineness of from.40-mesh to 100-mesh

_size, according to the special use to which the erucible
is to be put; if coarse it will give a porous crucible,
while if too fine it will be apt to crack when heated,
because of its great density. The clay is selected, not
on account of its refractoriness, but because of its plas-
ticity. The sand is free from fluxing impurities, such
as iron oxide, lime, magnesia, etc., and is sifted through
a 40-mesh sereen.

In combining the constituents, the clay is made into
a thin paste with water, and the graphite and sand are
thoroughly mixed in by repeated treatments in an ordi-
nary pug mill. The mass is kept moist for several
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weelks, in order to insure the expulsion of any air bub-
bles which may have heen formed in the mixing. This
stage of the work is called ¢ tempering.” A portion
of the tempered mixture of the proper weight fora
crucible of the desired size is molded into shape on an
ordinary potter’s wheel. This method issuperior to ma-
chine molding, because the rotary motion and external
pressure cause the flakes of graphite to become arranged
nearly parallel to the sides of the molded shape, thus
binding the mass together more strongly. The freshly-
molded crucibles are inclosed for several hours in a
cloge-fitting sectional mold of plaster, which absorbs s
portion of the moisture; they arc then dried for a week
or ten days at a temperature of from 70° to 80° F., and
finally are fired for several days in o common pottery
kiln. The use for graphite crucibles of a fusible clay
of great plasticity instead of one of high refractoriness
is based upon the fact that for the combination of two
substances by fusion mechanical contact is ahsolutely
essential, so that, whether the clay be refractory or
not, the presence of an inert material hetween the par-
ticles of clay and sand prevents fusion, Furthermore,
as soon as the crucible is placed in the kiln the graphite
on the outer surface is burned nway by the oxidizing
gases, permitting contact hetween the particles of clay
and sand; these, reacting upon each other, fuse and
form on the outside of the crucible a glaze which pro-
tects from oxidation the graphite flakes beneath the
surface. ’ _

The quantity of the mineral used for making lead
pencils is comparatively small, but the quality must be
of the best. For use as a lubricant a high grade of
the erystalline product is essential. But material of an
inferior grade is employed in the manufacture of stove
polish, of foundry facings, and of graphite paint, which
is used to protect ironwork (as in smokestacks, iron
roofs, elevated steel structuves, ete.). While crystalline
graphite is used to some extent, its special properties
are not absolutely required, and hence the amorphous
variety, both natural and artificial, is largely employed
for these purposes.




1018 MINES AND QUARRIES.

TasLe 5. —DETAILED SUMMARY: 1902,

All LAl
other . other
United || New | states United || New | states
States. || York. and States, | York, | and
terri- terri-
tories! tories,?
Nuniber of mines. ...... 24 B 25 Average namber of wage-enrners af speeified dadly
Number of operators 19 i 16 rates of pay—Continued,
Character of ownership: Miners® helpers—
InAvIAUATL o or i iiieiie i iiieeeieearanaaraaaas 2 PN 3 $1.00 to $1.24 9 U PO,
Tirm coeeiuiiiiiniiiaan. ) U | A FLAB OB ot 3| O 4
Incorporated company 15 3 12 Timbermen and track layers—
Sularied officinly, clerks, ¢te.: CBLBO IO BLTL e L | O, 3
Total number ... 27 20 Boys under 16 yeary—
Tolgl salaries. ... §18, 024 || §6,697 | §12, 247 $0,50 to §0.74....... reereeaas . 1., 1
General officers— All other wage-earners—
| PO, . 4 80,75 to §0.99....
2,600 o.ooolnne &2, 600 81,00 to 81.24....
Superintendents, managers, foremen, survey- $L.20 to $1.49....
org, ete,.— $1.A0 to §1,74....
NUMBOE i i iimr i mrriaaaeans 1t 3 11 BB L0 B2AD e e
Salaries. ..ovv i i e $10, 112 | 3,560 | 86, HA2 Average number of wage-enrners employed during
Foremen, below ground— cach month:
0L A1 108 T PRI H] 2 3 Men 16 years and over—
Salaries . L 81,436 || 1,816 | B2, 000 January .. 187 60 i
Clerks— . Tebruary . 138 61 i
Number . 4 2 2 March........ - 162 68 89
SAlRTICH ti it it rrra ey 81,777 || 1,262 625 April oo . 119 68 81
Wige-carmers: . LY S . 107 0 A7
Aggregate average number ... oo ioiiiainaia.... 164 7 o] B ) oY O . 171 8 G
AgErepnte WARES . oiiianaaan $76, 720 1§35, HRY | $43, 146 L N . 164 70 7
Above ground— AVZUSE 1 oinniiiinrnneretntairesicanerasenas . 160 76 93
Total average number c..ooooioiuiiaaa.. 101 30 G L 1e) S LT 1) ) PO . 174 30 94
TOLAL WAZEY v v emeanreasenisninanes o | $45, 288 410,088 | §20, 235 L TR . 185 74 111
Engincers, firemen, aud other me- NOVemMDEr . i ieieiarare cvernannaannnn . 176 7 104
chanies— December. .o . 170 71 101
Average number.........oia... 27 12 16 Boys under 16 years—
VS o e etenccnecencnnrnsnaaran $16, 038 || $7,5608 1 8K, 180 LD R E ) o A eeeeeeaaan S 1 1
Minera— . FObIMIATY . oo 1 1
Average number b1 N SRR 33 March.o..ooeiiinnn ereetaaseerenracnr e 1 1
WRECS - eveeennns . $12,080 |l........ §12, 080 N 5 O 1 1
Boys under 16 years— 1 1 1
Average number .. LU | PO 1 L T PR 1 1
WageS . ceeeannanas F160 [|l........ $150 JOlY e 1 1
All other wage-earners— August ..., 1 1
Average number ., 40 2 16 September. . . 1 1
Wages...... reeemeaanan J N $17, 011 1§11, 4956 | $5, 516 Qctober. .. 1 1
Below ground— Novembe 1 1
Total average number ............. ... 63 36 p LU 1108 1 1
Total Wages . oovenennns .| #81, 141 1816, 530 | $14, 911 Contract work: .
Miners— Amount paid e eaeaieeaa $000 {........ $u00
Average number . 4 33 21 NUmMbDEr Of EIIPlOYEES ou i iiiicieecieearnvens ] PN 2
WOZCY e iiicrnrnannareanieas $27,672 [§15, TR0 | §11, 892 Miseellancous expoenses:
Miners' helpers B C] ¢ e eretetseairenean 86,030 | #1120 | $4L 916
Averagé number......o........... G 2 4 Royalties and rent of mine and mining plant. 520 860 #4060
agey cees] $2,800 $760 | #1,600 Rent of offices, taxes, insurance, interest, and
All other wage-earners— other sundries. .. 8,510 1 81,064 | $1, 156
Average number 2 | R, 3 Coat ol supplics and materials .| 61, 840 1§19, 548 | $32,297
WAREES vevreeianennnans aeae vrezerses BL419 |-l 1,418 Produet:
Average number of wage-carners at specitied daily Total quantity, short tOns..cvieriineeeiaennanns 27, 188 1,876 | 26,068
raies of pay: MOLAL VBTG, oo vt rime e ienera e eieecie e crenaneanne $227, K08 | #77, 487 150,071
Engincers— . Crude— |
$1.60 to ddleeeaens 4 Quantity ............... eeveaaseasnaaaats 24, 276 A0 | 94,090
#2,00 to 1 | TR VRING oo e e ees $79, 900 $200 ; §7, 700
$2.76 to . 2 2 Refined— |
L B.00to$3.2d ..ol wrterdetassraraeaan 1ffereennns 1 Quantity ......... heerreersasaseteanaaaan 3, 162 1,826 1 1,887
Firemen— B L L Y L [BL47, 608 ||§77,287 | 870,871
BLBO COBL. 74 ..o el Ciieens . 1 ) IR, Power:
Machinlsts, blacksmiths, earpenters, and other M ETED) I S TIN50 To R s O 769 240, 529
mechanics— Owned—— i
BL2B Lo L. e 3| 3 Engines— |
SLAD Lo BLTd e e 4 L2 2 Steam-—
SO0 Lo §2.24 ..o 2 1 1 Number...oooiiiiiiiiniiniinnae. 18 4 14
$2.60 to $2.74 ..o ennn. b Bloceennn, HOSCPOWeY oov'.n.... reeeinreean 749 280 | A19
FATHLOF200 ... 4 2 2 Water wheels— !
Mingrs— » Number ..., veeane 1 | R PP
80.76 to $0.99,..... P2 N 2 Horsepower .........., veaaes enesesaan 10 10 el
$1.00 to $1.24 2 | . 24 Rented— .
LI B L 6 1 B Eleetrie, horsepower ...o..ooooiiiivaan., 10 e ‘ 10
SLAD GO FL 74 oot 87 30 7 |
LB L0$LOD ... L3 R 3 |
BRLO0LOF2.2d L oot e h 2 3 !
228 Lo B2 .. e i L 9 .
RO O B2.7d oo i Nereranae j O | 1

tIneludes operators distributed as follows:

Tennsylvania, 2; Rhode Island, 1; South Dalkota, 2; Wisconsin, 1 (2 mines); Wyoming (Lmine; operator reported in South Dakota).

Alabuma, 1; Georgin, % Massachusetts, 1; Michigan, 2; Montang, 1 (8 mines); New Moexivo, 15 North Carolina

e
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[THIUM ORE.

By Josern Hypm Pratr,

The production of lithium ore has not been reported
at any prior census, and there are, therefore, no com-
parative statistics available. The mining of lithium
minerals for their lithia contents has been erratic in the
United States, and it is only within the past few years
that these minerals have been mined in any quantity.
This is due to the small demand for lithium carbonate,
which ig the prineipal compound of lithiwn that is sold.
The production for 1901 is stated by the United States
Geological Survey to have been 1,750 tons, valued at
$43,200, Accordmg to the same uuthorl(y 440 tons
were mined in 1900 in San Diego county, Cal., and
probably between 75 and 100 tons were obtained else-
where for experimental purposes.

The following table is a summary of the industry for
1902

Tanre 1.—Swmnary: 1908,

Number of mines or quarric

Number of operators 3
Salaried officials, clerks ate
[EE11 10T} SR
30 E N T $600

Wage-earners:

AVOTAEE MURIDCT c et r et ii i i i i eenraacseaaseercsrmnrnesansaan

WOBES ceanearineinnnnnn
\Ilsculmwom CXPENRCSY. s ve..
Cost of supplies und materinls
Product:

Qunnt[ty, Ly 4 €)1 L TN

1, 240
1 $25, 7H0

Detailed statistics by states can not be published
without disélosing the business of individual establish-
ments, 2 of which were located in Californin and 1 in
South Dakota, One mine, in South Dakota, was idle.
Of the 8 operators 2 were individuals and 1 was a firm.

Lemployees and wages.—OfF the total amount, §4, 344,
peid in salaries and wages, $3,744, or 86.2 per cent, was
paid to the wage-earners. There were 2 wage-earners
on the average to a mine. The yearly average number
of wage-earners employed was 6, the gren’cest average
number, as shown by Table 2, being 23 for July and
Aungust, and the least, 5 for September. Four of the
6 miners, or 66.7 per cent of the total, received from
B1.75 to $1.99 per day.

Production.—The production of lithium minerals in
the United States during 1902 was 1,245 short tons,
valued at $25,750. The world’s annual production of

lithium carbonate, which is the principal salt used, has
been variously estimated af from 50,000 to 150,000
pounds. Most of this is manufactured in Germany,
and a large proportion of the lithium minerals mined
in the United States have been shipped to Germany,
heing returned in the form of lithium carbonate, quoted
in New York at $1.85 per pound; the minerals ave
worth about $20 per ton f. o. b, at point of ship-
ment. A swall amount of ore has been treated at some
of the chemijcal manufacturing plants in New Jersey,
but thug far they have heen unable to make it a profit-
able proposition, A company in New York, which
controls the larger proportion of the deposits of lithium,
minerals in San Diego county, Cal., expects to evect a
plant on the Pacific coast for the manufacture of lith-
tom salts from their own ores. .

If the estimate of 55,000 pounds of lithium salts,
reported as the annual consumption in the United States,
is correct, over one-third of this amount is imported,,
To produce this amount of lithium salts would require
871 tons of mineral containing at least 3 per cent of
lithia (Li,0); this indicates the relatively small amount
of lithinm minerals required to supply the home con-
sumption of lithium salts.

Oceuryence and uses,—The minerals which have heen
sources of lithium salts are lepidolite and spodumene,

“which contain from 4 to 7.6 per cent of lithia (Li,O).

There is another mineral, amblygonite, which has re-
cently been found in quantity and will very prob-
ably be mined as a source of lithium salts, The fivst
two minerals are silicates of aluminum and lithium,
while the amblygonite is a phosphate of aluminum and
lithium with varying percentages of the other alkalies.

-Lepidolite has been the chief source of lithia, al-
though theoretically spodumene contains a considera-
bly higher percentage of lithia. Two of the mines in
1902 produced lepidolite and 1 spodumene, the value
of the lepidolite constituting over 70 per cent of the
total value of the product shown.

The principal occurrences of lepidolite in the United
States ave in the vicinity of Pala, San Diego county,
Cal. Although it has been known for some years that
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lepidolite deposits occurred there, it was not until about
1899 that any speeial work began, and regular shipments
were not made until the following year. Lepidolite has
also been found in some quantity at Hebron, Auburn,
Rumford, and Paris, Me., but thus far no work has been
done especially for this mineral at any of these places.
The mining has been confined to tourmaline, which is
found associated with it. In some ecases the lepidolite
has been separated and a few harvels shipped.

Spodumene has been found in quantity at Branch-
ville, Conn., where it occurs in a pegmatitic dike in
erystals, often of very large size, and in the Black Hills
of South Dakota. The latter loeality is the most noted
one commercially and is probably the only onc from
which spodumene has been shipped as a source of lithium
salts. In South Dakota the mineral occurs in pegma-
titic dikes, which were formerly worked for tin,

The only locality where amblygonite has beenreported
to oceur in sufficient quantity to make it a possible com-
mercial source of lithinm salts is near Pala, Cal., where
it has been found associated with lepidolite.

Although only a few large deposits of these lithium
minerals are known in the United States, it is not atall
improbable that if the demand for them should inerease
to any considerable extent other deposits in quantity
would be found; but, on account of the present com-
paratively small demand for the minerals, there is now
practically no incentive for investigation.

The demand for lithium minerals is not large, for the

\
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reason that the uses of the salts of lithium are very
limited; it is these salts that are used in the arts, and
not the metal itself. The principal use of the salts is
in the preparation of mineral waters and effervescing
lithia tablets used for medicinal purposes. Another
use that might be made of lithinm earbonate and of
lithinm nitrate, if the price could be reduced sufliciently,
is in pyrotechnics for red fire, for which purposes
strontium salts are now used. :

The following table is o detailed sunmary of the
lithium industry for 1902:

TanLe Zo—Detailed summary: 1902,

Number of Mines or UArTies. oo i e i ren e 3
Number Of OPCTRLOUS «ovrr vt viineiieirncaarmamae it aee v ae e cae s mennn 13
Character of ownership:
T 0 (4R 2
Firm 1

Salavied officials, ¢
Number..

Salaries .. Fi
Whage-carners
Average numbe G
wapes... 4T
Average numb
Or quarrymen):
3 T €03 0572 S 1
$1.76 to $1.99. . 4
F TR S TS T 1 g g 1
Avernge number of wage-enrners employed during each month:
Man 16 years and over— :
JUne.covciieniaeiienan. et maiaeieitaaeaeincerasesieennan 21
July ....... a%
August ... 23
September. 0
Miseellancons exg)cns
Total {Tent of officey, taxes, insurance, interest, eted . oooiiieenaan §00
Cost of supplies and malerials..... e ememaaaasaseieassasasaseatenasnenas 1,265
Produet:
Quantity, short ON8. o ei i i e ces e 1,245
Y LT P 20, 760

1Includes 2 operators in California and 1 in South Dakota,
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The statistics of marl presented herewith relate to
the marl product mined and used as a fertilizer, and are

confined to the greensand deposits found in New Jersey, .

Delaware, Maryland, and Virginin. At the Tenth

Jemsus no statisties in regard to marl were publishcd.
At the Eleventh Census the total production of marl
in the United States for the year 1889, was 139,529
ghort tons, valued at $63,956. The production was
Fimited to ive states, viz, New Jersey, Virginia, North
Cuarolina, Alabama, and Arkansas. In four of the
states the production was very small, New Jersey alone
producing 99 per cent of the total.

During the period 1889 to 1902 there was a very
extensive development in the manufacture of Portland
cement from the marls of Michigan, Indiana, Ohio, and
New York, in the lake region, resulting in o consumnp-
tion of overa million cubic yards of the material, but
as this was all manufactured into cement it is considered
in connection with the statistics for cement,

Table 1 is a summary of the statistics for the marl
industry as reported for the year 1902:

TanLe 1.—Summary: 1902,

Kumber of mines or qun.nies ............................................ 11
Nauber OF OPeIALOIS v et ci it iiiati s eiieeiiae e darrdsatsennes 1
Salaried oMeials, clerks, ete:
\umhvr............, ................................................. 2
Y TR T [ §2,100

Wage-eneners:
Avernge number

WageS..ea.-. 1,769
Misee] iunmus ex; $1,407
Cost of supplies and materinis $2, 765
Prinduct: :

Quantity, STOTE tONS. . e i e e e 12,439

13 S $12, 71

Of the 11 mines or quarries for which production was
reported, 10 were in New Jersey and 1 was in Virginia,
The Virgma mine was in Prince George county and
the New Jersey mines were distributed as follows: 1
in Burlington county, 1 in Gloucester county, and 8 in
Monmouth county, One hundred and four properties
reported to the United States Geological Survey as in
opm'atlon in 1901 were idle during 1902, All of these
were in the state of New Jersey, and were distributed
ns follows: Burlington county, 52; Camden county, 1;
Floucester connty, 2; Monmouth county, 48; and Salem
county, 1. As but 1 producer outside tlm state of New
Jevsey reported in 1002, the statistics are probvnted for
the United States as a wholo

Capital stock of incorporated companies.—Of the 11

producers, 2 were incorporated companies—1 in New-

Jersey and 1 in Virginia—but neither was engaged ex-
80223—04——65

By Story B. Lapp.

\
clusively in mining. Their authorized capitalization
consisted of 5,380 shares of common stock, of a par
value of $67,300. All of thé stock was issued but no
dividends were paid on it.

Lmployees and wages.—But 1 producer reported sal-
aried employees; these were 1 superintendent and 1
clerk, The small number of wage-earners employed—
13 hy the 11 producers—shows that the work was done
largely hy the owners themselves. The work is all
above ground, being mere excavation. Only one es-
tablishment veported the employment of power, with
2 employees classed under ‘engineers, firemen, and
other mechanics.” Of the total amount, $6,869, paid
for salaries and wages by the 11 producers, the sum
of $4,760, or (9.4 per cent, was paid to the 13 wage-
earners, and $2,100, or 30.6 pel cent, to the 2 salaried
eriployees.

“The variation in the nmnb(,r of wage-earners employed
at different seasons of the year is shown by Table 3,
which gives the average number of men and boya,
respectively, employed during each month. The small
number of wage-carners reported for each month will
not warrant any deductions, It may be said, however,
that more laborers tind employment late in the autumn
and early in the spring, when the farming operations of
the proprietors are practically suspended. Thus the
range in 1902 was from 10 wage-earners during January
and Febraary and during the summerto 17 in November.

Inaddition to asking the average number of employees
and the total amount paid as wages, the schedule called
for the number of wage-earners employed at the speci-
fied daily rates of pay, and these statistics are also
shown in Table 8. The excavation of marl requires no
skill and the rates of pay should not be compared with
those paid in other mining industries requiring skill

- and experience.  Thirty-eight and four-tenths per cent

received less than &1 per day; 30.8 per cent, from $1 to
$1.24; and 30.8 per cent, from §1.50 to $1.74.

Supplics, materials, and miscellancous expenses.—The
total amount expended for supplies and materials was
$2,755. Most of this is "chargeable against 4,267 tons
of marl dried and ground. The amounts chzu'ge‘lhle
against the 8,172 tons of crude marl reported is less
than 3 cents per ton. The total amount reported for
miscellaneous expenses, $1,407, is also for the most
part expense chargeable to the treated product. It
was paid for ““rent-of offices, taxes, insurance, interest,
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and other sundries,” and no expense was reported for
“royalties and rent of mine and mining plant.” Of
the 11 producers, 7 reported no expense for supplies
and materials, and 8, no miscellaneous expenses.

Production.—The United States Geological Survey
publishes statistics concerning the quantity and value
of the marl product of the country produced each
year, and Table 2 shows the totals for each year since
1880 and the average price per ton.

TasLe 2.—Production of marl: 1880 to 1902.

[United States Geologieal Survey, “ Mineral Resourees of the United States,”
: 1902,

s Averuge

- Quantity x |value por
YEAR, (short tons). Value, |v nltl(lklpu
1,000,000 | $500, 000 $0. 50

* 1,000,000 ¢ 500,000 0, it
1,080,000 | 540,000 - 0.80
972,000 § 480, Y00 0.50
H’ia, 000 | 487,500 0.50

7h, 000 ;437,500 0. 50

800 000 | 400,000 0. 50
l.00 000 | 300, 000 0. 80
3()0,0()0 150, 000 0. 60
139, 522 (8, 9506 [
183, 620 49, 8RO 0,40
ld.) 000 67,600 0.50
12.) 000 46, DOV 0,52
15.000 10, 000 0. 68

70, 000 40, 000 0.83

60, 000 30, 000 0,80

(0, 000 30,000 0. 60

40, 000 30, 000 0, h0

60, 000 30, 000 0.60

60, 000 20,000 0. 50

60, 000 30, 000 0. 50

149, 8 124, 850 1. 25
112 439 12 741 ©oLo

1Ingludes erude and manufactured prodacts.

The production for 1902 was 12,439 tons, valued at
$12,741, Crude marl contributed 8,172 short tons,
and the remaining 4,267 tons were treated by drying
and grinding. The former was valued at $4,865 and
the latter at $7,876, This shows an average value of
$1.02 per ton for both crude and treated marl. The
average value per ton for crude marl used as a ferti-
lizer without previous treatment was $0.595; the aver-
age for the treated product was $1.845.

The detailed statistics of the marl industry for 1002
are given in Table 3.

DESCRIPTIVE,

Marl in a general sense is a mixture of caleium car-
bonate and clay, occurring naturally with more or less
giliceous sand. It is sometimes compact and sometimes
pulverulent, and there is a wide range in the character
of the material to which the term is applied in different
localities. The term ‘‘greensand” is given to marl
having a green color, because of the presence of grains
of 'green silicate of iron. Most of the varieties of marl
found in the United States conform to the genernl defi-
nition, and have calcium carbonate as their principal
constituent. The cretaceous marls of New Jersey, as
a rule, contain lime in small and variable amounts, and
also considerable potash and phosphoric acid. The
fertilizing value is due chiefly to these last two constitu-
ents. Potash constitutes from 8.5 per cent to 7 per
cent, and phosphoric acid from 1.25 per cent to 9 per

MINES AND QUARRIES.

cent of the whole. The marls of New Jersey have long
heen used; in some years very extensively.
Marl improves both the chemical and physical con-

‘ditions of the soil, neutralizing acidity, malking available

plant food otherwise insoluble, and promoting nitrifica-
tion. It is very lasting inits effects, and has been used
from ancient times for restoring worn-out and improv-
ing barren lands. On account of its bulkiness and the
large amounts required to secure beneficial results,
marl can be used profitably only in close proximity to
the deposits. - Mr. James C. Booth, in a report of the
geological survey of Delaware for 1841, recommends
the use of from 60 to 100 bushels per acre on light soils
and from 100 to 200 bushels on clay soils, and states
that from 200 to 500 bushels may be used on soils of
good quality abundantly supplied with hmmnns,  The
addition of 10 per cent of quicklime to the marl
quickens its action.

TanLe 3—Detatled summary: 1902,

Number of minesor quarries........ e ammmeet e e aiiaraaneaaanerananres 11
N1MDEr Of OPELALOLY « o cveiiniiisareireesnaasasrisanrsarsasanasesnasansans 11
Charneter of ownership:

Individual 9

Incorporated company .. 2
Salaried oflicials, elerks, ¢

Total number 2

Total salaries, cveeeeevnnannnn $2,100

Superinter IANREE!
NUMDAL cieiiiinraerirracisaarnrraeeaen 1
Salarics. #1, 800
Clerks—
NIMIDEE et iiiieneransrrnnnrrraneerrmmraascaasasanssnsnss 1
LY T o T g PP {300
Wage-earners; .
Total average mmnber, aboVEe YO . vovrer i riivanirrinins 13
O] WHEZES oo uaeaentanecrrsnneisisrnenarsassnnsanrersorasnsesanbone 81,700
Engincers, firemen, and other mechanics—
Avernge THINDEE 1eeeversrnnssrnmennnnsenssneanns rediainecan 2
A N 4ttt eevemeriim e raniriattasusnieamttsrrrramannreannenannn §700
\Iinm O QUATTYINC T~
AVEIGZE NUMDET v i iaerivsrvnsramensaresarsvenarsanssnanansns 10
IV 8 4 4 v v e s st aiaaisecuessananagsentsesrannnnseratsnsnnn $3, 010
Boys under 16 years—
AVEIREE NUIDOL et iiaiverreanessraorasssnssnnnnsasmansanasin 1
WHLEN v v v eveascrsosnne srmennsssnsssnsarssassnsensns $100
\vu‘n[..e nmnbor of wage-carnors at upwillcd dadly rates of pay:

Engineers, $1.50 to F1.74 oo enn ittt i 1
TFivemen, $1 10 124 . ittt et ieiae s . 1
Miners or qunrr}, men—

$0.76 to §0.99 o4
§i tog1.24.... 3
$1.50 to §1,74.. 3
Boys under 16 yeors
Less than $0.60 . . 1
Average number of wage-cq)

Men 16 years and over—

January ... 10
Februar 10
Muarch 10

pril ........ 10
Moy covennnas 10
June.. 16
July... 11
Auvgust ... 11
September. .. 11
October ....... 16
November... 17
DECEMIIEY ot ivanerirrannnasnnannsncassanmenssssssassnsssrans [ 3

Boys under 16 years—

JANUATY t v tvncensnrnersacaneceasiannrrorenarrosonanseoncoarrsasnse 1
L E1 97 4 1 T 1
DMATCN 4 erreraearrveeeatsarrennanansensemeryorsonaramenassesanans 1
7 1
5 2 L
R 1
B 3 1
AVZUSE oo i iaiiiivnsanranesnasnnanns 1
September....v.a.... 1
Qetober.. .. : 1
November . . 1
December cuv e einurananeaniniaanen . 1
Miscellaneous expenses:

Rent of pffices, taxes, insurance, interest, and other sundries 81,407
Cost of supplies and materialy §2, 706
Product:

Total quantity, short tons. Cereemaien - 12,439

O] VAITC . 4 e e vttt eeevoamseraeaaccacesesaarestasssnssensannnonnnnan $12,741

Srude—
[ATVTIE 19 17 o P 8,172
WILTIR 4 vansiernnrerenraranrananasscasessessssasesnassenansanss $4, 866
Dried and ground— .
Quantity «.ooeeiieeneai. P N 4,267
VRIUE tunenniaiirnneainesammnaanngescanssonaraneranaannnanes $7,876
Power owned:
Total NOISEPOWEE «vermureermeniencaeinnsansanrsseeanns N 0
Engines, steam—
NI CT o ettt iiiinanssstaasrnarasnanaaecansnaassans

HOTHEPOWET ¢ vnnevavrencionmamusassssanaserrunsssnssnrasssan . b
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MICA.

By Josernr Hypr Prarr,

The mica industry has probably seen as much varia-
tion in value and quantity of product as (my other of
the nonmetallic mineral industries.

In Table 1 iy given a comparative
statistics from 1870 to 1902.

stnmary of the

TasLE 1.—Comparative summary: 1870 to 1902,

1902 1889 1880 1870

Number of mines... . 49 4 22 (M
Number of operators 38 ) 1) 21
Salaried officialy, cle
Number........ . 21 ) 3; (%)
Balaries. cooiiiiiiiiennes e eraeaaaaen $13, 444 8 8 (%)
Wiage-carners: -
Average number 98 186 22 24

WgesS . veeiiinenes

S, 043 1 B2, 17 | 865, GO0 $5, 000
\Iiwcllnnc(mq exXpenses. . $12, 914 8,763 ¥ )
Cost of supplies and materinly . . 811,061 $7,408 $6,110 $85
Value of pro@uet. oo ieiiiiiiiiaaa. $118, 849 | # 2 460 | $127, 826 $7,000

FNot rkrpm‘ted.

The 49 mines reported in operation during 1902 were
located in the following states: North Carolina, 28; Cali-
fornin, 10; South Dakota, 8; Maine, 2; New Hamp-
shirve, 2; Virginia, 2; Georgia, 1; and New Mexico, 1.
Of the 38 operators, 26 were in North Carolina, 3 in
South Dakota, 2 each in Maine, New Hampshire, and
Virginia, and 1 each in California, Georgia, and New
Mexico. Of these oper: ators, 18 were individuals, 11
were firms, and 9 were incorporated companies. North
Carolina was the main producer of mica in the United
States; in 1902 the value of its production was 59.8
per cent of the total. :

The total amount of salaries : and wages paid in 1902
was 15,813 more than the amount reported for 1889 and
8,113 less than at the census of 1880. The production
reported in 1902 was 378,266 pounds of cut or sheet, 1,028
short tons of scrap or waste, and 872 short tons rough
as mined. This production of sheet mica is about five
times that reported in 1880 and nearly eight times that
for 1889; but the total value, $118,849, of all the mica
produced in 1902, although much more than that shown
for 1870, is $8,976 less than the value of the production
reported at the census of 1880. This is due in part to
the somewhat higher prices received in 1880, and also
to the very large quantity of small disks and sheets cut
in 1902 for electnml purposes.

The decrease of $75,875 in value between 1880 and

¢ Establishment. I Not reported separntely.

- the census of 1890,

1889 reflects the decrease in production and fall in price
caused by the large amount of mica imported from

India.

The reporting of 196 tons of scrap or waste in

1889 indicates the beginning of the use of mica in the
manufacture of wall papers, lubricants, ete.
The principal changes in the miea industry, since

hnve resulted from the utilization

of the scrap 11110&, which was formerly thrown away
as valueless, and the cutting of large quantities of small
disks, 1 inch in dinmeter, and small sheets 1 by 14 inches

and 1 by 2 inches, for electrical purposes.

This waste

having become of value it is possible to work properties

which would otherwise be unprofitable.

Many new

uses for both sheet and scrap mica have been devised
during the past few years, so that although there has
heen avery large falling off in the amount of sheet used
in stoves (which was formerly the principal use of

“miea) the quantity of all mica used has greatly increased.

The mines that were idle in 1902 number 86, of which
14 wore in North Caroling, § each in New Hampshire
and Idaho, 3 in New Mexico, 2 each in Alabama and
South Dakota, and L each in Georgia, Nevada, Ohio,
Penngylvania, and Vermont.
opexators, of whom 21 were individuals, 7 were firms,
and 1 was a cooperative
association. The authorized capital stock of the 5 incor-
porated companies was $1,100,000, of which shares to
the value of $299,500 were issued.
levied amounted to $i 600.

Capital stock of incorporated . companies. —Table 2
gives the details of the capitalization of the 9 incorpo-
rated companies operating productive mines.

5 were incorporated companies,

They were owned by 34

The assessment

Tasie 2.—Capitalizaiion of incorporated compunies: 1902,
l

United ’

North South All other -
States. Carolina. | Dakota. gtates,!
Number of incorporated com- .
N pmﬂ ...... e e it 9 3 2 4
eporting capitaliza-
e eenn - 8 2 2 4
(‘upiml stock (all common): .
Total authorized—
Number of shares . 5,802,000 501,000 | 8,600,000 1,301, 000
Parvalue......... .| 85, 450, 000 $5650,000 | $3,500,000 | #$1,400, 000
Total issed—
Number of shares...... 8,150, 848 60,100 | 1,908,248 1,192,000
Parvalue....ooeeennne $3, 254, 248 $55,000 | §1,908,248 [ $1, 201,000

1Includescompanies distributed as follows: (‘uliforuin,l Georgia,1; Maine,1;

New Hampshire, 1,
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Ot the authorized capital stock, all of which was
common, 59,7 per cent had been issued. South Dakota
reported 64.2 per cent of the whole amount authorized
and 58.6 per cent of the amount issued. . )

Fmployees and weges.—The total number of em-
ployees reported for the mica industry in 1902 was 119,
comprising 21 salaried employees and an average dur-
ing the year of 98 wage-earners. They received in
salavies and wages $57,487, of which amount $13,444,
or 23.4 per cent, was paid out in salaries and $44,043,
or 76.6 per cent, was paid out in wages.

The month in which the greatest number of wage-
earners was engnged, as shown in Table 6, was August,
when the number amounted to 112; the lowest was in
January, with 75. The falling off during the winter
months of January, February, and March was in ““all
other states.” It is interesting to note that therc were
no wage-earners under 16 years of age employed.

The average number of wage-earners at specitied .
The wages °

daily rates of pay is also given in Table 6.
received varied from T5 cents to $3.74 per day, the
most usual rate, however, being from $1 to $1.24
There were 62 wage-earners whose wages were less
than $1.25 per day, and of these 49 were classified as
miners. These low wages are accounted for by the
. fact that most of the mining was carried on in North
Carolina, where there is a low scale of wages. The
miners in the Western states command higher wages
as indicated by the fact that the 12 miners who were
reported to have received from $2.50 to $2.74 per day
were employed in western miges.

Of the 98 wage-earners, 81 worked above ground

and only 17 below ground, indieating that most of the
mica mining was done in shallow pits and cuts, It was
not extensive enough to require much underground
work. The number of wage-earners classified as miners
was 70, Of these 58 worked above ground and 12 below
ground. One foreman was reported employed below
ground; therefore, the total number of underground
miners was 18, and of underground employees 18.

Supplies, materials, and miscellaneous expenses.—The
total cost of supplies and materials and miscellaneous
expenses, reported at the census of 1902 for the mica
mining industry was $24,875, of which $11,961 was
paid for supplies and materials requived in mining the
mica; $3,142 for roy Ities and rent of mines and mining
plants; and $9,772 for rent of ofﬁces taxes, insurance,
and other sundries.

Mechanical power.—The total horsepower utilized in
the mica industry was 201, generated by 8 steam
engines with 160 horsepower; 1 gasoline engine with
25 horsepower; and 1 electric motor of 16 horsepower.
Of this amount, only 10 lLorsepower, generated by 1
steam engine, was used in North Carolina.

Production.—The production of mica in 1902 con-

MINES AND QUARRIES.

sisted of 878,266 pounds of cut, sheet, or plate, valued
at $83,848; of 1,028 short tons of scrap or waste, valued
at $13,081; and 372 tons rough as mined, valued at
$21,995, making the value of the total production
$118,849. The 872 tons of mica rough as mined would
yield approximately 150,000 pounds of cut, leaving 297
tons of serap.

The large increase in the production of sheet mica
during the past few years has been accompanied by a
large decrease in the production of scrap mica. This
decrease is accounted for by the fact that most of the
scrap mica now produced is that obtained as waste in
the present mining or cutting of the sheet mica, where
formerly a very large percentage put on the market
was - obtained from. old dumps from former mining.
In the following table is shown the annual production
of mien in the United States since 1889, these figurves
having been published by the United States (reological
Survey:

Tansue 3.

—Production of mica: 1889 to 1402,

[United States Geologieal Survey, “Mineral Resoureesof theUnited States,' 1902,

1
GUT OR SITEET, SCRAP OR WASTE, | ROUGIL.AS MINED,

| YEAR T Quantit Quantit
oL value. . uantity nantity
Quantity Value (short .| Value {short | Value
(ponnds), tpns). tons),
1880, .00 iiinns $50, 000 49,500 | $30,000 glg 1; (! 1)
. 60,000 | 75,000 ! 1 ! 1)
75,000 | 100, 000 1) 1 1 )
76,000 | 100,000 (O] 1 1 1
51,111 | 248,020 166 @8 1 1
36, 048 | 252, 388 191 Ef' (1 1
44,325 | 255,881 148 3 (1 }1
A 49,166 1 65,441 222 | §1, 760 n g
1807000t 0h, 226 842,676 | 80,774 740 | 14, 462 ‘g Q
1808.....0nns 151, 008 129,520 | 108,534 3,000 | 27,04 1 }1 )]
1890, .0 0hvinen 121, 4056 108,670 | 70,687 1,500 | 60, 878 (13 1)
1900 ..ot 147, 860 406,283 | 92,758 6,497 | b, 202 §1 (!
1901, . ..iouois 118, 578 360,060 | 98,859 2,171 1 19,719 1) (
102,400 hens 118, 849 873,260 | 88,848 1,028 1‘3 081 972 | 821,92

1Not given,
2 Ineludes value of scrap,
SIneluded with value of eut or sheet,

For comparison, Tables 4 and 5, taken from the pub-
lished reports of the United States Geological Survey,
are given to show the value of imports of mica since
1880; Table 4 gives the value of imports from 1880 to
1896, and Table 5, the quantity and value from 1897 to
1902,

TanLe 4.— Talue of unmanufuctured mice imported and entered for

- consumplion in the United Siates: 1880 to 1806,

YEAR ENDING— Value, YEAR ENDING— Value,
June 30— December 31—~
1880 .. $12, Hio2 1888 1§07, il
1881 B, 889 197, 351
1882 H, 175 1207, 876
1883 . 9, 884 00, 242
1884 ... 28, 284 218, 988
1885 . e emi i 28, 685 147,027
Decembe1 81— 126, 184
IBAB «evccmnccaiariciaare 156, 254 174, 880
1887 ...................... 149, 085 169, 086

Hneluding micn waste,
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On July 24, 1897, a new classification of imports ot
mica was adopted, showing ‘‘unmanufactured” and
“ont or trimmed.” The imports are given in Table 5.

TaBLE 5.—Aficw fmporied and entered for eonswumption: 1897 {o 1902.

. Quantity . - Quantity
YEAR, (pounds). Value, YHAR, (pounds}, Value,
18907, 1000, !
Prior to July 24....| 656,118 [$140, 353 || Unmanufactured.] 1,892,000 | $200,872
Alter July 24: Cutor trimmed... 64,391 28, 688
Unmanulactured 66,821 | 10,981 ——
Cutoririmmerd..| 226,771 [ 1,068 Total ....... 1,956,901 | 819,560
Total ........ 949,710 | 192,402 1001,
1898, Unmanufactured.| 1,508,722 | 209, 005
I Cut or trimmed. .. 78, 848 85,989
Unmanufactured..| 877,930 | 115,930 SR R,
Cut or trimmed.... 78,567 | 34,152 Total . ooenn. 1,677,505 | 45, 054
Total .uere... 956, 497 | 150, 082 1802,
1899, Unmanufnetuved.| 2,140,567 | 419, 362
: Cut or trimmed...] 102,209 <46, 970
Unmanufactured. .| 1,709,839 | 233, 446 . [V (R
Cut or trimmmed. ... 67,208 | 42,638 Total oeeenns 0,951,850 | 460,332
Total ........ 1,777,132 | 276, 084

As is shown in the above table, the imports for mica
for 1902 amounted to 2,251,856 pounds, valued at
$4.60,832, which is an increase over the importation of
1901 of 574,291 pounds, valued at $131,278. The main
point to be noticed, however, is that this increase is
groater than the total value of the production of mica
in the United States during 1902, showing that the
inereasing demand for mica in this country is being
supplied largely by foreign countries,

The relatively small production of mica in the United

States as compared with the importation can be aec-

counted for partially by the low prices maintained for
plate mica, by the uncertainty of the occurrence of
mica in the veins, and by the large number of small
producers each depending upon one small mine.  When
the mica in the mines of these small producers begins
to give out or becomes poor, they do not have the
means to carry the necessary amount of “‘dead” work.
The importation of mica from Canada and India at a
low valuation tends also to curtail the production of
mica in the United States because of the influence it
has on the prices of the mica produced at home. This
is especially true of the mica imported from India,
which can be mined and landed in this country at o
price lower than the cost of production at some of the
mines in the United States.

The detailed statistics of the industry for 1902 ave
given in Table 6.

DESCRIPTIVE,

Occurrence and use.—Miea, in some form or other, is
probably familiar to everybody because it is so very
widely distributed in nature, being a component part of
many of the erystalline and sedimentary rocks, Its
commercial value is dependent upon its oceurrence in
blocks or masses that ave capable of being split into

sheets a square inch or more in size. Deposits of com-
mercial mica occur for the most part in pegmatitic dikes
or veins which are found in granite and hornblende and
mica gneisses or schists, These dikes or veins vary in
thickness from a few inches to several hundred feet
and are often very irregular, having arms or veinlets
branching off in many directions. In character, these
dikes are similar to granite, and sometimes they are

called “ coarse granite,” and if we could conceive of the

constituents of granite heing magnified a hundred times
or more we would have an appearance similar to a peg-
matitic dile.

The mica in these pegmatitic dikes will seldom aver-
age over 10 per cent of the contents of the dike and
sometimes will be as low as 1 per cent, Often a dike
will have the appearance of containing a very high per-
centage of mica on account of a number of blocks being
clustered together in bunches almost touching each
other, while in another portion of this same dike the
mica will be almost entirvely absent for a distance of
from 5 to 20 feet; thus the general average of mica in
the dike will be from 1 to 10 per cent only. Of the
mica obtained from these dikes, usually only from 5 to
95 per cent can be cut into sheet or plate mica. The
average is probably about 10 per cent. Occasionally
large quantities of mica are mined in which there is not
over 1 per cent that can he made intosheet mica. These
commercial oceurrences of mica are not very abun-
dantly distributed throughout the United States, al-
though rocks in which mien is one of the chief eonstitu-
onts are very common. At the present time deposits
of commercial value are known to oceur in Alabama,
Arizona, California,- Colorado, Connecticut, Georgia,
Idaho, Maine, Missouri, Nevada, New Hampshire, New
Mexico, New York, North Carolina, Rhode Island, South
Catoling, South Dakota, Vermont, Virginia, and Wyo-
ming; and in Arkansas there arve also deposits which
may become of commercial importance. In most of
these states the deposits were not worked in 1902. In
some of them the deposits were not available on account
of their distance from railroads, this being especially
true of those in Arizona, Colorndo, Nevada, New Mex-
ico, and Wyoming. In others little has heen done
owing to the uncertainty of the price and the demand.
Many of the deposits of Maine have only recently been
opened, and therefore have not been extensively devel-
oped. -

Mica was first produced in the Hastern states along the
Appalachian mountains, and twenty yoars ago mining
was carried on vigorously in Connecticut, New Hamp-
shire, North Carolina, and Virginia. In the eastern
field the principal mining is in North Carolina, which,
since the beginning of the mica industry in the United
States, has been the chief producer of the mineral. At
just what time the first work was done on the mica de-
posits of North Carolina is uncertain, and since there
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is no record of the old mining and none of the inhabi-
tants of this section have any information whatever re-
garding these old workings, they have been attributed
to the Indians. Trees 2 feet and over in diameter have
been observed growing from these cuts. Stone imple-
ments have been found in some of the old tunnels, indi-
cating the antiquity of these workings. Most of these
old mines are located in Mitchell and Yancey counties.

Of the North Central states, South Dakota has been
and still is’ the state in which the largest quantity of
mica is produced; while of the Western states and ter-
ritories, New Mexico has for a number of years been thoe
largest producer, but is now likely to have to give way
to California. These California deposits have only heen
opened up within the past few years, but the mining is
now being carried on quite extensively, At the present
time the Nevada deposits are too isolated to warrant
mining on an extensive scale,. The completion, however,
of the railroad, which is being constructed from Cali-
fornia across Nevada and Arizona to Utah, will make
these deposits more available for commereial purposes.

The uses of mica are somewhat varied; there are
two forms in which it is used, (1) sheet or plate mica
and (2) scrap mica.

Sheet or plate mica.—Micais cut into sheets of various
sizes which are used for stoves, lamp chimneys, incan-

descent lights, and in electrical apparatus for insulation

purposes.  While the use of this sheet mica for stoves
has decreased very rapidly during the past ten years,
there has heen a corresponding increase in its use for
clectrical apparatus. It is also used in place of glass in
the manufacture of a great many novelties and in many
respects increases the usefulness of the articles made.
.There was formerly a considerable demand for the
larger sheets of mica, but these have been replaced to
some extent at the present time by a manufactured
product known as micanite, which is made from very
small, perfect pieces of mica rearranged and cemented
together into larger sheets. For some purposes these
manufactured sheets are as satisfactory as the natural
ones and are, of course, much cheaper.
The value of sheet or plate mica varies with the size
of the sheet and is from 2 cents to $8 per pound. The
values of from 2 to 5 cents per pound are for the small

disks and vectangular sheets that are cut by machinery

and are used extensively in electrical apparatus. The
larger sheets are. cut by hand and considerable skill
is required to cut the largest pattern possible from the
crude block of mica.

Scrap mica.—The waste or scrap mica not suitable
for cutting into sheets of even the smallest size has a
value when ground to a flour, which is used in the
manufacture of wall papers, lubricants, fireproofing
material, artificial snow, novelties, etc. Coverings for
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hoiler tubes and steam pipes are also manufactured
from particles of scrap mica which are not ground but
are broken into pieces of approximately the same gen-
eral dimensions, one-half by one-fourth of an inch.
These are then arranged with their longer dimension
and face parallel to the length of n wire net coil, pressed
into ‘the shape of a pipe or tube, against which the
layer of scrap mica is kept tightly in place by means
of heavy canvas, A number of the states, especially
North Carolina, offer very favorable locations for the
erection of plants to manufacture products from serap
mica, as there is usually a supply of available water-
power near the deposits.

The commercial value of serap mica before it is
ground is from §8 to $10 per ton, delivered at the rail-
road, and it is this value that has made it possible to
work some of the mines that otherwise would have been
shut down, for in some cases this waste mica represents
from 75 to 95 per cent of the mica mined, After being
ground, the mica is worth from $40 to $60 per ton,
according to its mesh, _

There are a number of minerals, especially quartz
and feldspar, associated with the mica, which in some
instances should prove of considerable commercial value
as hy-products in mining the mica, provided water-
power for grinding these minerals can he socured near
the source of supply, Occasionally some of the gem
minerals, as beryl and tourmaline, ave found associated
with the mica, and furnish some very handsome cut
stones. Some of the pegmatitic mica-bearing dikes are
rich in the variety of minerals that they contain, while
others have very few besides those typical of a peg-
matitic dike. Between forty-five and fifty different
minerals have been found associated with mica at the

_different mines throughout the country.

The small production of mica in the United States
as compared with the importation is not due to a defi-
ciency in the supply of the mineral in this country.
It is undoubtedly true that in the Appalachian region,
especially in the southern area, there are many good
deposits of mica yet to be discovered which will yield
as rich returns as many of those that have already been
mined. It is also.true that many of the mines that
were worked so extensively twenty years ago, espe-
cially those in North Carolina, still contain good de-
posits of mica which the former owners were prevented
from taking out on account of the presence of water,
which they were unable to control with the means that
they had at hand.  Any inerease in the duty on miea ov
any considerable decrease in the importation of mica
from India and Canada would cause an increase in the
price of mica, and would result undoubtedly in a large
and immediate increase in its production in the United
States. -




United
| States.
Numhber of mines ... ... erveenean 44
Number of OPerftOrs. . vvveeueveiannneneaan.. 38
Character of ownership;
Individual. ..o 18
FEtm...oooiieinnina.., 11
. Incorporated company ... ]
Salnried officials, clerks, ete.:
Total number. . 2
Total splarles . oottt $13, 414
General officers .
Number......cooiivieeiiiiiiana., 6
Salaries ........... 4, 300
Superintendents, managers, fore-
men, surveyors, ete,—
Nugber......... 12
Salaried...ooa..o... $7,814
Foremen below ground—
Number 1
Salaries....... v et e iaeaaa 8460
Clerks—
Number......oooiiiiviiiiiannnn. 2
SAIALTeY o i $1, 880
Wage-earners:
Aggregate averapge number.....ee....... 08
AREYCLate WRECS coeeiiriciiiinaenannnnn, 44, 043
Above ground—
Total average nmunber 81
Total wages........... .| #37, 598
Engineers, iiven and

'
other mechanies—
Average number.
Wages ..oovvunen
Miners or quarrymer
Average number.
Wages ...
Allother wage-earners
Average number. .
Wages oo, N
Below ground—
Total nverage number...........
Total wages.....ooviieiiieiiiin.,
Miners—
Average number.........
Wages

Minery' helpers—
Average number.........
Wages .. .ooveiiiiiiiinon,

Wnges
Average number of wage-earne
fied daily rates of pay:
Engineers—
81,00 o §1.
§1.26 to §1.-
§1.60 to §1.7
&3.00 to §8
Firemen—
$0.70 10 80,99 ... ...l .
Machinists, blacksmiths, carpenters,and
other mechanics—
FU.TH 080,99, .ol
£1,25 to

1 g6.078

12

A8

$2i5, 312
11

§5, KR
17

§6, H20
12

4, GO0
3
$1,280

9
§640

b e et BT

1
1
1
1
2

North | 4
" South
(11‘}31‘ Dukota,
28 b
26 :
1h 1
Bleceannn
L3 4
4 i
1,411 | $9, 580
......... i
......... $4, 00
31 2
FUGL | §4,200
1T i,
160 ..o
......... 4
......... $1, 380
it} 22
F15, 160 [$18, 248
38 19
$11, 728 1815, 900
h 3
§1, 620 | $3,540
28 12
K, 602 | 89,000
h o
$1,612 | §3, 360
12 )
3,482 1 $2, 888
4 1
§2,602 | $1, 308
o 1..
360 8720
1 1
F2R0 .3360
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T Al
other
states
and
terri-
torles.!
18 Average number of wage-earners ot speci-
0 fled duily mtes of pay—Continued,
Miners or quarrymen—
2 $0.70 to 009, ...
3 $1.00 to§1.24. .
o $1,26 to $1.49.
$L50 to $174. .
8 $2.00 (o §2.24,
§2, 163 42,50 to §2.7.4.
H3.00 to®32. oo,
1 Miners' helpers—
$300 G075 to $0.u9.,

7
$2, 154

1]

$10, 6505

2
9, K95

4
#1, 609

18
§7,620

2
$i66

v
$700

2
700

3,00 to §3.24. ...
All other wage-earners—
$0.75 to $0.99. ...
$1.00 to §1,24. .
$1.26 to §1,49.
F2.60 to §2,74., .
00 to§3.24. ... . .
Avernge numboer of wage-earners emplayved
during ench mon(h;
Men 16 years and ove
January.
February |
March ....
April..
May..
June.
July.
Avgust
September
Qatober
Novembe
December.,
Miscellaneous expens
Total . .
Royualties and rent of mine and
mining{vmm ...... Cerreeierenaes .
Rent of offices, tnxes, insurance, in-
*torest, and other sundries. ... .
Cost of supplies and materinds ..o,
Iroduet:
N L
Cut or sheet mien—
(\Q;uumity poundy

T—

United
stutes,

$12, 914
B3, 142

#4772
#11, 961

F114, 819

.| #78, 266

BING .. v 83, 843
BOTAD OF Wi
Quantity, short tons «...oooenann. 1,028
10 O F13, 081
Rough, as mingd—
Quantity, short toms ..o, 872
. L0 fu1, 25
Power owned:
TO] DOISCROWET ¢ 1veeereneieenannrnnns 1853
Engines—
Steame—
NUMDEreainerivrnnnana. . 8
OrROpPOWEL . e ee e eeciaanns 160
(ias or gasoline——
Number.aooeniinnans, P 1
Horsepower.....oooooniinnien b
Eleelrie motorg-—
Number,........, PRI 1
HLOTSCDOWET e v e srennas PR 16

North
Curo-
ling,

B0
hd
a7
b

55
R

53

5d

g2, 52
$2, 502

$360
$3, 121

$71, 144
303, 816
$6, 419

i
84,720

10
$1, 000
10

Fouth
Dakota,

§7, 400

$7, 406
4, 579

$18, 450

G, 000
$1, 200

All
other
gtutes

and
torri-
tories.!

2, b
$560

$2, 006
1,961

§24, 251
(3, 160
§17, 224
183

§8, 362
167

4, 670
G0

4
4b

1 Includes operators distributed as follows: Californiy, 1 (10 mines); Georgin, 1; Maine, 2; New Humpshire, 2; New Mexieo, 1; and Virginia, 2,
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MONAZITE.

By Joseen Hypr Pratr.

There is no mention of the monazite industry in any
previous census report, for the reason that the pro-
duction of this mineral for commercial purposes did
not really begin until 1893. As early as 1879 the exist-
ence of monazite in commercial quantities in North
Carolina was proved hy W. E. Hidden, but it wag not
until 1887 that the first shipment was made. During
that year 12 tons of monazite sand from the Brindle-
town district, in Burke county, N. C., were shipped
for experimental pwrposes, and in the following two
years, 1888 and 1889, a few tons were shipped to a
northern company. The statistics for 1902 are sum-
muarized in the following table:

Tante Lo—Sunmary: 1902,

Namber Of TR, . ottt iiscee sttt tiacmcanrcaanans 23
NUumMDbeT 0F OPeIRtOIB ..ottt iiiitacraeeiimeitanraenenans aerreaana RV
Bataried officinly, elerks, ote.:
Fa 11T 2 S g
R $2,100

W, AEC-CALNeLS;
U LD 8 YT ORI
Wages.ooooooiaen

HE
3‘25 318

Miwo]lunemw expuenses . 2, UB3
Cost of suppliiesand mntoriulu 32,)6

Produgt:
lenuty, pounds . 802,000
........... 864,160

One mine in Nortly Carolina was reported idle during
1902, The industry is one of placer mining and is
irrogularly earried on in many instances, the expenses
of some of the producers being advanced by the opera-
tors of a concentrating plant. It was deemed inadvis-
able to obtain separate statistics for these three or four
bundred small and irregular miners. Over half the
quantity of monazite produced during 1902 is eredited
to them. This is accounted for in the report of the
concentrating plant which purchased the mineral, the
miners selling monazite to such plant being included in
its return as employees engaged in mining by the
pound, and the total amount paid for the mineral heing
given as their wages. The number of these irvegular
contract miners was reduced to 65—the nwnber com-
puted to have been working 300 days during the year—
and is included in the statistics here presented.

The number of placer deposits or mines for which
statistics were received at the census of 1902 was 23.
Of the 22 operators working these mines, 20 were indi-
viduals, 1 was a firm, and 1 an incorporated company.
The incorporated company had a total authorized capital

stock of $500,000, divided into 10,000 shares, of which 20
shares, with a total par value of $1,000, had been issued.

Lomployees andwages.—Of the total amount, $27,418,
reported as paid for salaries and wages, $25,318,
or 99.3 per cent, was paid to the wage-earners and
$2,100, or 7.7 per cent, to the salaried employees.
On an average, there were 3.8 wage-earners to a mine.
The average number of wage-earners by months and
their daily rates of pay by occupations are given in
Table 8. The maximum, 1380, way reached in August
and the minimum, 20, in November and December.
Of the 88 wage-earners, 86 were classed as miners, Of
these, 78 veceived from $1 to §1,24 per day, and 13 from
75 to 99 cents.

Supplies, materials, and mdscellancous expenses. ——On]y
$256 wore reported to have been expended for supplies
and materinls, Next to the amount paid for wages that
for miscellaneous expenses, $2,088, iy the lavgest. Of
this $1,789, or 83.5 per cent, was paid for royaltles and
rent of mine and mining plant.

Mechanical power.—OfF the 22 operators only 1 re-
ported power. This was a firm in North Carolina,
which owned 2 steam engines with o total of 80 horse-
power. : '

LProduction.—The United States Geological Survey
has published annual statistics of the production of
monazite, boginning with 1893. These statistics, to-
gether with the average value per pound, are shown for
each year in the following table:

TasLe 2.—Production of monazile: 1898 to 1902.*
[United States Geologieal Survey,* Mineral Resourcesof the United States,” 1902.]

. Average
- Quantjty ralue ‘ lue Ber
o (pounds). vene “Ilmunld.
1898 ... 130,000 | . $7,600 $0, 058
1894 £l BGH 36,193 0. 066
1895 . 1, 573 000 16/, 10 0. 087
1806 . 000 1,600 0. 0h
1897 . 11 00() 1, 080 0. 045
1808 "50 776 18, 542 0. 054
1800 . 550, 000 20, 000 0, 057
1900 908, D00 48, 806 0. 0h4
1901 .... 748, 730 59, 262 0.079
1902 802, 000 54, 160 0,08

The total quantity produced during the ten years was
5,383,367 pounds, an average of 538,887 pounds per
(1037)
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year. By farthelargest quantity was produced in 1895,
the next largest in 1900, and the third largest in
1902. The average price durmg thc ten years was T}
cents per pound.

The value of monazite has varied from. 25 cents per
pound, the price received for the production of 1887,
to 3 cents per pound received for the less pure sand
sold by the small producers who were able to eliminate
only a small percentage of the heavy minerals. At the
present time the sand mined by the small producer is
sold to the concentrators and is paid for on the basis of
its value after it has been concentrated as thoroughly
as possible, so that during the past yedr or two the
price reported by these small producers has increased
from. 4 cents per pound for crude sand to 8 or 9 cents
per pound for the refined product.

The entire production reported at the census of 1902
is credited to North Carolina. Since the beginning of
the industry monazite has been produced chiefly in
North Carolina, although at first & considerable quantity
was obtained from Spartanburg county, South Carolina.

The production of monazite in commercial quantities
became a well established industry in 1893, the output
for that year being 130,000 pounds, valued at $7,600;
during the next two years the production increased
very rapidly, until, in 1895, it amounted to 1,573,000
 pounds, valued at $137,150, or ahout 9 cents per pound.
It was at this time that the Brazilian deposits of
monazite, which occur in large quantity as beach sands
along the seashore in the extreme southern part of the
province of Bahia, began to be worked on a consider-
©able scale; the produetion in the United States was
affected thereby to such an extent that by the end of
1896 it had decrensed to 30,000 pounds. In 1808 there
was again a considerable demand for North Carolina
monazite, and the production amounted in that year to
250,776 pounds, valued at $13,542. Since that time the
production of this mineral has inereased, and at the
census of 1002 it was 802,000 pounds, valued at $64,160.
It sometimes happens that while the quantity of monazite
sand produced in & particular year is more than that for
the year following, the value of the production of the
latter year is considerably more than that of the former,
because of the higher percentage of monazite obtained
by a more thorough clea,ning of the sand,

The monazite industry is steadily increasing, and
there is now a considerable demand for this mineral,
not only in this country but also abroad. During 1902
a German company wag organized and bought up
monazite lands in North Carolina. This company has
erected the most complete concentrating plant in the
district. Its production is to be shipped abroad.

MINES AND QUARRIES.

DESCRIPTIVE.

Occurrence.—The commercial deposits of monazite do
not occur in the original rocks, which are granitic mieca
gneisses and hornblende gneisses, and contain only a
fraction of a per cent of this mineral; they are found

in the placers of the present streams and rivers, and in

the old sand and gravel deposits of former streams.
As these gneisses are constantly being decomposed and
disintegrated, the monazite is continually being washed
down and depo&uted so that in many cases the top soils
form workable deposits for monazite sand. The area
in which these deposits are located is in Burke, Cleve-
land, McDowell, Polk, and Rutherford counties, N. C.,
and in the northern partof Spartanburg and York coun-
ties, S. C. They are found along the following streams:
Silver, South Muddy, and North Muddy creeks, and
Henry and Jacob forks of the Catawba river, in
Burke and McDowell counties; the Second Broad river
and its tributaries in McDowell and Rutherford coun-
ties; and the Broad river and its tributaries in Cleve-
land and Rutherford counties, N. C., and Spartanburg
and York counties, 8. C. All these streams have their
sources in the South mountains of North Carolina.

Process of cleaning.—The value of monazite sand is
dependent principally upon the oxide of thorium, and
to a less extent on the oxides of cerium, lanthanum, and
didymium. As the thorium oxide or thoria contents
are due to the presence of the mineral monazite, the
nearer to a pure monazite that the sand can be cleaned,
the higher the percentage of thoria. Formerly a sand
containing from 65 to 70 pér cent of monazite was con-
sidered of very good quality; now, with improved nma-
chinery and new methods a sand ecan be obtained that
is over 95 per cent monazite., In washing the sands,
the lighter material is readily floated off, bhut magne-
tite, menaccanite (or ilmenite), rutile, hrookite, garnet,
zircon, ete., remain with the momzite. The magnetic
minerals, such as magnetite and menaccanite are then re-
moved. Formerly the other minerals could be only
partially eliminated, but now, with the improved elec-
tro-magmnetic separator, the other iron minerals are
readily picked out; the final operation is the picking
up of the monazite grains, leaving the zircon, corun-
dum, ete. In this way an almost pure monazite con-
centrate is obtained.

Uses.—The principal use of the oxides of thorium,
lanthanum, and didymiom is in the manufacture of the
eylindrical hoods of the Welshach and other incandes-
cent gas lights. Small quantities of the cerium oxalate
obtained during the process of separating the other
oxides are used in pharmacy.
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Table 3 is a detailed summary of the monazite industry for 1902.

Taste 8 —DETAILED SUMMARY: 1902,

Kumber of mines.co.oveoi o . 23
Number of operatorg 4. ooeveiiiiiiiaann, . 199
Character of ownership.
Individunl oo 20
Firm c..ooieaann.. 1
Incorporated cony a1 y 1
Salaried offieials, clerks, ate.:
Total number (superintendents, managers, foremen, surveyors, ete.). 3
B L0 L8 o TN veree $2,100
Wage-carners: :
TOtA] AVEraZe MM DO . ot ii ittt it careaieenieecaaracnrarannnns 88
TOLRT WAEECS «1cvvrnrrnreraceaanenreeisnserennseassensssresrenssissnsns $26, 818
Miners—
AVErage NUMDOT oottt e ar e, ]G
Wages........ Bttt e i ie et crrenn. $24,728
All other WRZC-CATL CTS—
AVETAEC MUY — i ititrie e reer s 2
T T T 600
Average number of wage- SATTICES &L specitied dnily rates of pay:
Miners—
AU L0 G099 oo vt ottt i e e iaaaes . 13
£1,00 to $1.24 ) 7
All gther wage-earners—
0,75 to .9 1
1,00 to §1.24. 1

1Operators all in North Caroling,

Average numhu of wage-carners employed durmg each month:
Men 16 years and over—

January Cradetessiesheretatrstaanan [ 27
February.. 29
March ... 108
April 118
May . 126
June. . 119
July..... 127
Aungust . 130
September. 119
Qetober.... 113
November, 20
December ... 20
Miscelluncous expenses
B e . §2,083
Royalties and rent of mine and mining plant.. #1, 738
Rent of offices, taxes, insurance, interest, and othe . fdd
Cost of hllp[)h(}‘! and materials O #2066
Troduet: -
Qmm tity, pounds e : 802, 000 -
11 LT §64, 160
Power owned: .
B N 70 B T ) T ) O 30
Ingines—-
Steam— .
RNumber......oovnnuss vevereenn Crverer ety 2
HOISCPOWET saveraevnnssosnsnsrencroanas Cemnaans erraeee s 30
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PRECIOUS

STONES.

By Grorer F. Kunz.

In the United States precious stones have been gen-
erally found hy accident; in prospecting for, operating,
or developing mines of other minerals; or in the worlk-
ing of gravels containing gold, monazite, ete. With
the exception of the figures relating to the number of
operators and the value of production, the statistics
herewith presented are for properties operated by com-
panies which carry on the search for stones with some
approach to regularity. These companies produce sap-
phire, tourmaline, beryl, chrysoprase, opal, and tur-
quoise. In addition to these, certain guantities of em-
erald, peridot, several varieties of quartz, such as rock
crystal, smoky, rose, gold, and rutilated quartz, ame-
thyst, agate and moss agate, and silicified wood; also
garnet (pyrope and rhodonite), amazon stone, chloras-
trolite, mesolite, pyrite, anthracite, and catlinite, were
produced in this country during 1902, but not on a
large scile, nor under conditions suitable to serve as a
basis for statistical treatment.

In discussing this subject, consideration of the pecul-
inr condition under which production is carried on, and
of the noncommercial uses of the product, is of impor-
tance.  No comparison of the returns in 1902 with those
of the Eleventh Census is practicable, owing to the dif-
fevent methods by which these reports were made up.
Moreover, it is difficult to present any careful analysis
of the figures, and the results necessarily are uncertain,
The data in Table 1 are based upon trustworthy infor-
mation derived from the operators.

The value of the turquoise produced amounted to
$180,000, or 39.6 per cent of the whole, and of sapphire,

$115,000, or 85 per cent. Much of the production of
precious stones was more or less accidental, picked up
by prospectors for other minerals, or by excursionists
along the beaches. This fact will explain the apparent
inconsistency between the small number of mines and -
the large number of operators reported. It will be
readily understood that in such cases no items of
expense are properly chargeable. The statistics fol-
lowing, with the exception noted above, are for those
companies actively engaged in the systematic exploita-
tion of precious stone deposits. The peculiar condition
existing, however, should not be lost sight of.

There were 8 mines, 1 each in Californin, New Mexico,
and North Carolina, reported idle during 1902.

Tasrk Le—Summary: 1902.

Number of mines Or qUATTICR. e ene v rreen i aee e tiavrran s re s eueeas 46
NUMDEL Of OPETALOTE | v eviurrniernuennsenanrnasraresnessaseasenensvannes 460
Snlaried oficinly, ¢lerks, ete.:

NUMDCY o aaeinenanianynenn et ame e et eretataas ’ 22

SAILIEH, ¢y e evevsvrnennasrtsnmsrsmsmansmnrsarsrasesararsiasuoaaainiens $28, 687
Wage-earnors:

AVOIIZE MUINBCE oo evreii et caaaara s tsmsrea s aarnans 108

WRECH 1 encnnreserenncnraresconannnn . ... $88,017
Miscellaneous expenses . ... $7, 481,
Cost of sapplivs and materials .- 17,781
Vo Of Produet e v vvenisivrsvarerrvesrsconiiacies . $308, 460

Capital stock of incorporated companies.—O1 the 460
operators reported, 449 are classified as individuals, 1 as
n firm, and 10 as incorporated companies. Three of the
individuals only, however, are miners of precious stones
in the strict sense of the word, Of the 10 incorporated
companies 1 is located in Arizona, 8 in California, 2 in
Montana, 3 in New Mexico, and 1 in North Carolina.
The following table shows the details of their capitali-
zation:

TapLe 2.—CAPITALIZATION O INCORPORATED COMPANIES: 1902.

pMumber of incorporated companies
Capitul stocek issued (all common) .
Total authorized:
Number of shares ........
Par value
Total issued:
Nummber of shares
Par value........
Dividends paid

By N O]

United States, || Arizema. | California, | Montana. L[§§;:]O. Czll\rgllit};ln.
10 1 3 2 3 1
31,662,078 {|  §85,000 §600,078 |  $400,000 | 452,000 $26, 000
1,461, 400 100, 000 508,600 | 400,000 450,400 2, 60O
$2.129,000 | $100,000 | §1,152,000 | 400,000 | §452,000 $25, 000
1,042,978 85,000 106,078 | 400,000 450,400 2,500
$1, 502, 078 $85, 000 $600,078 | 400,000 | $462,000 25,000
20,000 || wnvmesrnnelseremnsonsanes FT O A
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No bonds or preferred stock appear to have been
issued by these companies. Of the 1,461,400 shares of
common stock authorized, there were 1,042,978 shares
issued.

Lmployees and wages.—OF the $116,704 reported as
paid for salaries and wages, $28,687, or 246 per cent,
was paid to salaried employees, and $88,017, or 75.4
per cent, to wage-earners. In Table 4 is given the
average number of wage-earners employed each month
dm'mg the year. One hundred and forty-one men were
given employment during June, while in March only
87 were reported. The average number for the year
wag 108, Table 4 shows also the average number of
wage-carners at specified daily rates of pay. There
were T) wage-earners, or 73.1 per cent of the whole
number, classed as miners. Of these, 61, or 77.2 per
cent, received $2 or more per day, and only 18, or 22.8

JTION OF PRECIOUS STONES
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per cent, less than that amount. Of the total number
of employees, 82, or 75.9 per cent, received $2 or more
per day, and 26, or 241 per cent, less than $2. Four
machinists, or other mechanics, were employed, as were
also 5 miners’ helpers, and 20 employees doing miscel-
laneous work. All the miners’ helpers earned from %3
to $3.24 per day.

Swpplies, materials, and miscellancons eapenses.—
Next to wages, the principal item of expense was for
supplics and materials, for which 17,781 was expended.
Of the §7,481 reported as miscellancous expenses, $437

was for rents and 1'oyalties of mining plants, and $7,044
for office rent, taxes, insurance, and other sundries.

The yearly production of precious stones hy kinds
and value, as reported by the United States (Geological
Survey, is given in Table 8.

IN THE UNITED STATES: 1806 TO 1902,

[United States Geological Survey, * Minernl Resources of the United States,” 1902.]

STONE, 1806 1597 1898 18909 1000 1901 1002

I N $97, 850 $180,075 81(»0 920 $1‘n Ti0 $283, 170 2RO, 0”0 #2328, 450
DAAINONA t ot iiieanniii it iie et tiaer s irrraa e aaaes None, None, N(mo 300 150 100 None,
L8 01 £ L1 PR N 10, 000 25, 000 B, 000 68, 100 7, (U0 40, 000 115, 000
ROy ittt trcntaticnannsarnaaanenaaranscansnn 1,000 None, 2,0()0 3,000 3, 000 Ao None,
) 1 S 200 None, 100 None, Noue, None, None,
Beryl (nquamarine, et,) . oo v aveiiieiiire et 700 1,800 2, 200 4, 000 11, 000 £, 000 4, 000
T ) T P e None, 25 i 0] {, 000 1,000 1,000
TOULMALINIG «artset ittt trae e aians 3,000 9,125 4,000 2,000 2,500 145, 000 30, 000
B (2L 500 500 00 H00 500 [0 H00
[ SR £ s 2 D 7,000 19,000 17,000 12, 000 10, 000 10,000 12, 000
&maky QUATEZ . o s o oe i ias e esaacenaassnetnaanannnanaan 2,600 1,000 3,000 None, 1, 000 1,000 2,000
ROSE (QUALEY « e veine e et it s a e e an 500 Noune, 100 100 100 170 200
AMETRYSE oo iiiei i imta ettt eairerei e aeeaae HU0 200 260 200 500 SO0 <, 000
T PN 100 None, None. None, None, Nong, None,
GOIA QUATEZ v o evvee i cciitiaiaereneniaaenans 10,000 $,000 £, 000 500 2, 000 2, 000 8,000
RUBIAtEA UATEZ o viveienvnnearmiaicantarcanseasnnen 500 None, 100 ] hill] 50 100
Dumortier{te fn quarts. o a i e iiiiearerrreraeaes 60 None, None. None, None, Nuone None,
Pourmalinated qunrts .o oo iiiiiirieariiiireaaaan, None, None, None, None, None, 1,000 Noune,
¥ 11 1,000 1,000 1, 000 1,000 1,000 1,000 1,400
MOSEREALE « oot iiii it caetiasenronaanrreaaraananan 1,000 1,000 1, 000 1,000 1,000 (00 500
O Y B ODITISE + e cesececeaaraaeenesursnesessnnsonennne GO0 Nong, 100 100 1, /00 5,000
Hiliuﬁed wood (sil 4, 000 2,000 2,000 2,000 8,000 7, 000 7,000

................ 200 200 200 Nonao. None. None, 150
Gu,rnet. (rlmandite) 600 7,000 B, 000 h, 000 B0 100 None,
Garnet (rhodonite) None, None, None, Noue, 20, (00 a1, 00t 1,500
Garnet (pyrope).. 2,000 2,000 2,000 2,000 |, 1,00 1, 000 1, 000
Garnet (Lopnmlite) 100 None, None, None. None None, Neome.
Amazon stone. . 1,000 500 500 260 250 200 0]
Oligoclase...... 600 pai} 10 20 20 None, Nono.
Moonstone ....... 250 Nomne, Naona, Noune, None, None, one,
TUPQUOTEE v iivnenemnct et ainioctectonsmaresnarannen 40, 000 55, 000 60, 000 72,000 82,000 118, 000 180, 000
Utahite (compact vu.risuite) ...... Ho0 100 100 100 100 2h0 None,
ChIOTASEralite o ittt iiieateiinnncrneansnnnnn 500 K00 B, 000 3,000 3,000 8, 000 4, 000
Mesolite (thomsomte s0 called) B00 500 1, 000 1,000 1, 000 1,000 1,000
Prehnite oo vieeieiicin e e e 100 100 100 60 /0 None, Nong,
AR () 11 £ O 200 100 None, None, None, None Nome,
27 11T 250 Nonge, None, None, None, None, Nome,
g Y 1,000 1,000 1, 000 1,000 2, 000 3, GO0 3, 000
b ) T O SRS None, None, None, 2R0 200 10 None,
200 . 100 800 110 200 100 None, None,
Anthracite (oumments) ............ 2, 000 1,000 1,000 2, (100 2, 000 2, 000 2,000
Cailinite (ﬁ)lpestone) ............ 3,000 2,000 2,000 2,000 2, 000 2,000 2,000
T8Il GO e ee e it iiree sy 1,000 500 500 60 ] 100 None,
ATTOW DO 4 vt et i iuiet s it anesaarorearararramneannnrssasesssnsnssesmnnsaencnnnn 1,000 1,000 1,000 1,000 1,000 a00 None.

A detailed summary of the statistics for the mining
of precious stones in the United States during 1902,
where the operations were followed on a commercial
basis and warranted statistical treatment, is given in
Table 4.

DESCRIPTIVE.

Precious stones derive their value chiefly from their
rarity. Other qualities that influence their value are
heauty of color, hardness, and the eaprice of fashion.
Under this classification a distinction could be made

between precious and semiprecions stones, but it is not
observed in this discussion. Precious stones include
the diamond, the sapphire, the ruby, and the emerald;
semiprecious stones include a wide variety of other gem
minerals, The opal and the pearl are sometimes classed
as precious stones, although the latter is not strictly o
mineral product. In ordinary speech the precious or
semiprecious stone signifies a gem cut or polished for
ornamental purposes. In mineralogy the term is used
to designate a class of minerals of sufficient hardness
to scratch quartz, which are without metallic luster,
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although generally brilliant and beautiful. In archae-
ology the term is restricted to engraved stones, such
as intaglios and cameos. A jewelis a gem that has
been mounted.

In the report of the Eleventh Census upon ¢ Mineral
Industries,” page 6691, an account is given of the occur-
rence and production of precious stones in this country
during the year 1889. The present discussion treats
only of the discovery and production of precious stones
in the United States since that time,

Diamond.—The diamond, the hardest of known sub-
stances, is pure carbon, which crystallizes in the iso-
metric system, generally in an octahedral form. Tts
specific gravity is 3.525. It occurs in a great variety
of colors, ranging through all the shades of the spec-
trum, occurring most frequently as white, yellow, or
brawn, and rarely as red, rose-red, blue, or green. By
far the greatest number of dinmonds come from South
Afriea, bat they arve found also in Brazil, India, Borneo,
and oceasionally in North Ameriea.

In the United States diamonds have been found at
various points, but they have been few in number, and
mostly of small gize. Their occasional occurrence in
California and east of the southern Alleghanies has been
known for fifty years. Since 1890 a few others have
been found in these regions, and some in the North-
western states, varying from one-third of a carat to 21
carats in weight.

The northwestern diamonds are very interesting as
being contained in the deposits of the glacial drift,
seattered along an irregular line of some 600 miles,
from Wisconsin to the vieinity of Cineinnati, Ohio.  All
the material distributed by this ancient. glacial action
has been brought down from the north, and therefore
the source of these diamonds is somewhere in the unex-
plored regions of Canadn and not in the United Stutes.
Greologists recognize two distinet drift deposits in the
Western states, called the older or Illincian drift, and
the later or Wisconsin drift. Some of the diamonds
found in Indiana and in Wisconsin are referred to one
of these drifts and some to the other, though most of
them Dbelong to the later. The whole number of
dinmwonds actually known from these glacial deposits
amounts to about 25, over half of which ave from Wis-
consin and one-third from Indiana.

The localities of discovery during the period since
1890 are as follows:

<llabama.—8helby county, one of 43 carats.
3 carats.

Culifornia.~—A number of localities, chiefly in the central portion
of the state, in connection with the hydraulic gold washings of
Amador, Butte, Eldorado, and Nevada counties. A single dia-
mond is reported from Tulare county, and a number of very small
ones in the gold sands of streams in Del Norte and Trinity counties.
No large stones have been found in California, and nowhere are
they abundant encugh to lead to any mining for them, Never-
theless some handsome ones have béen casually obtained in the
central connties above named, chiefly in the ancient gold-bearing

gravels overlaid by lava flows, and fragments of diamonds crushed
Dby the stamp mills are not uncommon in the flumes and sluices.

Lee county, one of
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Most of the stones found within recent years have come from the
vicinity of Placerville, Eldorado county.

Indiang.—Brown county, five—one of 2 carats, others very
small. Morgan county, three—one of 8% carats, others very small.

Kentucky.—Cabin Tfork creek, Russell county, one.

Michigan.—Dowagiac, Cass county, one of 10} carats.

Olio.~Milford, Clermont county, one of 8 carats.

Tennessce.—~Koka creek, Tellico river, Monroe county, several
reported. Union Crossroads, Roane county, one of 3 carats.
Luttrell, Union county, one of 11} carats.

Wisconsin.—Plum creek, Rock Elm township, Pierce county,
several very small stones. Oregon, Dane county, one of 314 carats.
Kohlsville, Washington county, one of 21 carats, Saukville, Ozau-
kee county, one of 6% carats, Iiagle, Waukesha county, one of
1643 carats, Burlington, Racine county, one of 24 carats.

The whole subject of the Indiana occurrence is fully
described by the state geologist, Prof. W. S. Blatchley,?
in his annual report for 1902. The geological features
of the region are first treated with special reference to
the distribution of the drift deposits in central Indiana.
These have been known since 1850 to contain gold,
and a large amount of local prospecting and panning
has heen carried on along the streams for years, The
goldis found associated with magnetic iron sand, menac-
canite, and other heavy minerals. It isin these aurifer-
ous sands that diamonds have been found at intervals
for some twenty-five years, but especially of late.
Some of the diamonds belong certainly in the second,
or later, drift, like most of those in Wisconsin; others
found south of that line but within the margin of the
older drift belong, perhaps, to the older deposits in-
stead of having been washed out from the later beds
and carvied south by streams, as formerly supposed.
The terms *‘earlier” and *‘later” are now frequently
replaced by ““Illinoian” and “ Wisconsin,” and desig-
nate the two glacial drifts, but these terms may be
misconceived as to thelr geographical signification and
hence require explanation. The center of ice move-
ment in the glacial era wag determined some years ago
by Canadian geologists as having traveled or shifted
toward the east from the west, Of the two ice inva-
sions that spread over the northern United States, the
earlior is called by some geologists the ¢ Illinoian,” as
having covered a large part of that state not reached
by the later one; while the name *“Wisconsin™ is ap-
plied to the later by Prof. T. C, Chamberlin, because
it extended westward to a portion of that state not cov-
ered by the earlier, and formed there what he terms
the Wisconsin boundary, although its souvce was far
east of the earlier drift, and it forms the main deposit
of the Eastern states, ‘

Professor Blatchley’s list comprises eight diamonds
that he himself has scen, and seven more of which he
has credible information. The earliest published men-
tion of the occurrence of diamonds in Indiana wag
made by the late Prof. E. T. Cox, state geologist, in
his annual report for 1878, page 116, although the well-
known artist, Mr. Daniel Beard, of New York, owns a

1old and Diamonds in Indiana, by W. 8. Blatchley. Twenty-
soventh Annual Report of the Department of Geology and Natural
Resources of Indiana, Indianapolis, 1902,
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fine dinmond of about 2 carats found in Indiana be-
fore that year.! Professor Cox mentions several dia-
monds, of which this may be one, as found in the drift
of Brown and Morgan counties, and refers to them with
interest because of their evident transportation from a
far northern source.  Of the eight stones scen hy Pro-
fossor Blatchley, four are from the newer and four
from the older dvift, or at least from the area covered
by it south of the margin of the newer. The list in
detail is as follows:

1. The Stanley diamond, found in 1900, by Calvin
Stanley, while panning for gold in Morgan county, on
a hranch of Gold ereck, 8 miles northwest of Centerton,
and 3 miles west of Brooklyn. It was found in the bed
of the stream at the base of a cliff of shale. The stone
was an octahedron weighing 4§ carats, with a yellow
tinge and o small black spot. It was purchased first by
Mr. R. L. Royse, of Martinsville, Ind., and by him
sold to C. E. Nordyke, of Indianapolis, who had it cut
into two stones in Cincinnati. These have a peculiar
greenish yellow tint, and weigh respectively 14 and
11y carats.

2. The Young diamend, found by & local gold hunter,
Mr, W. W, Young, in 1898, on Lick creek in Brown
county, 44 miles south of Morgantown. It is an ob-
long dodecanhedron of 1%} carats, white with a yellow
cast, and very clear and flawless. It is vetained by the
finder. ‘

8. An elongated hexoctahedron, of pink color, but
only onec-eighth of a carat in weight. It was found,
like the last, on Lick creek, by Mr. John Merriman, and
now belongs to Mr. Nordyke, of Indianapolis.

4. A yellow hexoctahedron of three-sixteenths of a
carat, found by Mr. Merrviman on Lick creek. It is
now owned hy Mr, Royse.

5. A light brownish yellow hexoctahedron of five
thirty-seconds of a carat, found and owned by Mr.
Royse. o

6. A Dluish rhombic dodecahedron, weighing eleven-
sixteenths of a carat, found by Mr, Merriman on (old
creck, Morgan county, now also belonging to Mr.
Royse.

7 and 8, These are pinkish crystals, neither of which
exceeds one-eighth of a carat, found in May, 1903, by
Mr. Royse. They were taken from the tailings of
sluice boxes on the farm of Doctor Cook, near Brey, in
Morgan county.

The first, and the last three, from Morgan county, are
from the newer or Wisconsin drift, the others, from
Brown county, are from the older or Illinoian avea.

Sapplirves and rubies.—The sapphire, ruby, oriental
topaz, oriental nmethyst, and oriental emerald are names
given respectively to the transparent blue, red, yellow,
purple, and green varieties of corundum, which is nearly
pure alumina, Al,O,. The colors of these minerals are

1 This diamond, from facts that Mr. Beard hag given the writer,
must have been found ag early as 1826,
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ascribed to the presence of minute quantities of metallic
oxides. Their specific gravity ranges from 3.97 to 4,03,
and their hardness is 9. Rubies are found in Burmy,
Ceylon, and Siam.  Sapphire also occurs in those coun-
tries, as well as at the Simla pass in the Himalayas,
and in Australia,

The great hardness of corundum gives it a special
value for polishing purposes, and the amount produced
for such uses during 1902 has been treated under ““Abra-
sive materials.” Although corundum is found in the
crystalline rocks along the Appalachian mountaing
from Massachusetts to northern Greorgia, few gems of
any special value have heen found, except in the Cowee
valley in North Carolina, where true rubies are ob-
tained to some extent, although mining has ceased for
a few years past.

Other deposits in which these gems are found exist
in Montana. Sapphires of the finest quality are now
mined in Yogo gulch, and others of much beauty ave
found at other points in the same state.

Until within a few years, these gems had heen found
only oceasionally in the United States—nearly all of

- them in North Carolina—and were principally cut from

small transparent portions of the colored corundums
that were otherwise more or less opaque. Corun-
dum is mined in that state extensively as an abrasive
material, and ruby and sapphire are simply transparent
varieties of it. The Montana gems began to attract
notice about 1869, and for some years thay were col-
lected abundantly from the hars of the upper Missouri
east of Helena; these were of varied and often henu-
tiful tints of pink, blue, green, and intervening shades,
but rarely of the deep colors in fuvor for jowelry. The
latter, the rich blue sapphirves ecqual to those of India,
have since been found at Yogo guleh, in Fergus county,
and active work in mining them from the rock has been
carried on for several years by the New Mine Sapphire
Syndicate and the Burke and Sweeney Company. Two
other important localities in Montana are at Rock creek,
in Granite cqunty, and Dry Cottonwood creek, in
Deerlodge county, worked by the American Gem Syn-
dicate Company. The former of these yields a won-
derful variety of colors, often very beautitul, but few

" that have the deep shades most valued in the gem ma-

ket. No locality in the world has shown such variety
of tints in sapphires—pink, reddish brown, hrown, yel-
low, green, efc., with occasionally a ruby of the paler
type of Ceylon. Gems of considerable value have heen
annually mined at Yogo gulch for several years past.
Fine sapphires of the * cornflower ™ and ¢ velvet” hlue
of the best orviental stones have been obtained, weigh-
ing as much as 3 carats, and a few as high as 5 and
even T carats, after cutting. Besides those used for
setting, Jarge quantities of small ones from hoth these
localities have found ready sale for watch jewels and
bearings; indeed, more have heen sold for this purpose
than for gems.




PRECIOUS STONES.

True rubies have been found, and to some extent
mined, in the Cowee valley, Macon county, N. C, Some
of them have the rich and peculiar  pigeon’s-blood »
color of the finest rubies from Burma, but the crystals
ave small or imperfect, and the yicld thus far has been
quite limited, The operations were conducted by the
American Prospecting and Mining Company.

Emerald.—True emeralds, suitable for cutting and set-
ting, can hardly be said to be found in the United States.
It is true that large and very fine crystals of emerald
were obtained at Stonypoint, Alexander county, N. (.,
in 1877; but these, although valuable and beautiful as
specimens, were not clear enough to cut into gems,
More recently a locality has been opened at Crabtree,

Haywood county, in the same state, where small and .

handsome emerald crystals, both translucent and opaque,
oceur thickly in the white feldspar and quartz of a vein
of pegmatite (coarse feldspathic granite). This green
and white mixture is very pleasing, and as the three
minerals have nearly the same degree of hardness, the
whole can be cut and polished together, making a novel
and beautiful ornamental stone. Pieces arve cut en
eabochon, 1. e., rounded, not faceted, showing sections
of the emerald crystals in different directions in the
white mass. This material has been introduced into
ornamental and minor jewel work under the name of
*“emerald matrix,” by the American Gem Company.

Beryl.—Beryl is essentially the samoe mineral as
emerald, though of paler shades and much less esteomed.
TFine transparent beryls, however, are choice gem
stones, and several varieties of them are found in the
United States. Among these are emerald beryls, of
rich light-green shades; aquamarines, faintly tinged
with green; golden beryls, of a rich yellow; blue
heryls, sometimes almost as beautiful as pale sapphires;
and rose beryls, of light-pink color. Some very fine
gems have heen cut from crystals of these kinds, espe-
cially from Topsham, Me., in the quarries of the Tren-
ton Flint and Spar Company. Other fine gems come
from Connecticut, North Carolina, and Colorado. In
North Carolina, near Sprucepine post office, many fine
beryls—some of the richest blue color ever found—
have been mined by the American Gem Company, The
finest and largest aquamarine known is from Stoneham,
Me. Golden beryls of much beauty have been cut from
material mined at Merryall, in Litchfield county, Conn.
Green and blue beryls have been found in North Caro-
ling, and aquamarines at Mt. Antero, Colo. The dis-
coveries of fine gem material are, however, not frequent
nor in large amount, so that there is no systematic win-
ing or regular production.

Topaz.—Topaz is a fluosilicate of alumina and erystal-
lizes in rhombic prisms with a hardness of 8. The
true topaz occurs but sparingly in the United States,
although here and there it has been found fine enough
to yield choice cut gems. Still, as with muny other
gem minerals, there is no locality that furnishes any
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steady supply. Within recent years a few white
topazes have been obtained at the Stoneham, Me., and
Chatham, N. II., localities; also at Cheyenne mountain,
Pikes Penk, and at Nathrop, Colo. They are gener-
ally sherry-colored at the former localities, in crystals
weighing up to 8 ounces each; at Nathrop in smaller
brilliant erystals.

Very recently a number of topaz crystals have been
obtained near Ramona, San Diego county, Cal. The
erystals vary from quite small ones of great brilliancy
up to 1 or 2 inches long and half that diameter. Most
of them are perfectly colorless, but some have the pale
blue or greenish blue of the topazes from Sarapulka,
in the Urals. The larger crystals are somewhat dull
externally, but almost all are clear within and would
cut into handsome gems,

Gfarnet.—The name garnet is used for » well-defined
group of minerals very closely related in both chemical
and physical properties. They are complex silicates
of alumina, with varying amounts of lime, magnesia,
iron, manganese, and other metallic oxides, which, by
their presence in different proportions and combina-

tions, impart various colors to the compound. All the
garnets crystallize in the isometric system. Several

of the varieties are richly colored, and when transpar-
ent ave favorite gem stones, though not of the highest
value. '

The kinds chiefly used in jewelry are those known as
precious garnet, or almandine, Bohemian garnet, or
pyrope, and manganese garnet, or spessartite. The
two former present deep crimson shades, and the latter
is of an orange-red or light red-brown color. These are
all found in the United States, but there is no regular
production, save to some extent of pyrope, in Arizona
and New Mexico, and of a beautiful light purple-red
garnet known as rhodonite, an intermediate variety
between pyrope and almandine, in Macon county, N. C.
This latter is among the discoveries of the last decade,
having attracted attention and been more or less mined
since 1897, and the stones produced have been cut and
sold as rather novel American gems. The locality is
in the Cowee valley, where the ruby corundums be-
fore alluded to have been found. The garnets oceur
chiefly in the valley of Masons branch, a small stream
flowing from Lisle Knob, a spur of the Cowee moun-
taing, Allare found in rather small pieces, but their
color is a beautiful light red, and their luster when cut
is remarkably brilliant. They were at first taken for
almandine, and so reported, but analysis shows that
their composition lies hetween that variety and pyrope,
and hence. they were given the separate name of rhodo-
nite (from the Greek »hodon, arose). In the years 1900
and 1901 the output of these garnets amounted to $20,000
and $21,000, respectively. It has since fallen off some-
what, but work is actively carried on, and large pieces
have been obtained, up to 43 and even 59 carats. '

Pyrope garnets of fine quality are found in several
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localities in New Mexico and Arizona, and are fre-
quently miscalled Arizona rubies. The principal lo-
cality in New Mexico is on the Navajo Indian reserva-
tion, and -the finest large specimen from there is the

“property of Mr. W. T. Kaufman, of Marquette, Mich.
It is more than half an ineh in diameter, weighs 113
cavats, and has a magnificent red color, equal to any
garnet that the writer has seen from any locality. They
are also found at some places in northern Arizona, and
one of the finest, from near Fort Deflance, was figured
by the writer several years ago.® They occur loose in
the soil, on or near the surface, and are gatherved by
Indians, soldiers, and cowboys, principally from around
ant hills and scorpion holes, where they are brought up
and thrown out by the insects. Their source is doubt-
less in peridotite rocks, from which they are weathered
out in the decomposition of the outerops. In the years
gince 1896 the annual sales have been estimated at from
$1,000 to $2,000.

Spessartite (manganese garnet) was found in mag-
nificent specimens twenty years ago in the albite mine
at Amelia Court House, Va., and splendid gems were
cut from these. DBut unfortunately the mine has been
closed and abandoned for years past, and one of the
finest localities for American gems has thus ceased
yielding. Very recently beautiful erystals have been
found at Ramona, in San Diego county, Cal. Some
are 15 millimeters in diameter or more, of a rich orange-
brown color, and the smaller crystals exceedingly clear
and brilliant. This may prove to be a source of choice
gem material, although as yet the amount of it present
has not heen ascertmned

Many other varieties of garnet are known to exist in
various parts of the country, and some gems have been
cut from them at times, but there is no regular pro-
duction. Several kinds are reported in Tnlm e county,
Cal., and one of great rvarity and beauty at (Jarrvlllc,
Trinity county, in the same state. This is the emerald-
green chrome garnet, known as uvarovite, which fur-
nishes beautiful gems when in crystals of any size.
Thig was ruporfed in 1900 as found in small crystals,
lining cavities in chrome iron, very richly colored a.nd
brilliant, but none of the crystals was more than 3 mil-
limeters in diameter, and no further exploration seems
to have been made since,

Tourmaline.—Tourmaline belongs to the rhombohe-
dral system of crystallization, oecurring in prisms, the
sides of which are generally striated and channcled.
The trangparent variety is of a hardness of 7.5, its spe-
cific gravity ranges from 3 to 8.95, and in composmon
it is a very complex silicate of leumm,L. Many different

p ‘(jfms and Precious Stones of North America, 1892, Plate III,
g A,
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colors are found, ranging all the way from a colorless
variety through red, green, blue, and brown, to black.
These differences in color are chiefly due to the varying
amounts of manganese and iron present. The gem is
dichroitic; thus when viewed through the side it may
be a transparent green, but either opaque or yellow-
green when viewed endwise of the prism.

Tourmaline was but little known in jewelry ten years
ago, although some very beautiful gems had been cut
from the transparent red, green, and blue crystals ob-
tained at Paris Hill, Me., and Haddam Neck, Conn.
Some mining had been done at these places, and many
splendid specimens obtained. But within a few years
past, wonderful discoveries of gem tourmaline have
been made in southern California, at Pala and Mesa
Grande, in San Diego county, and in the San Jacinto
mountaing in Riverside county. The cryssals found at
these localities are of great size and beauty, and gems
have been cut from them in abundance. A single col-
lection of these crystals has been valued at $10,000.
The prevailing colors are pink, salmon, and red,.all in
very rich shades, also fine green and blue, though less
frequently in these colors than those found at Mt.
Mica and other localitios near Paris, Me. Tourmaline
is peculiar in that it often presents two or three differ-
ent and even contrasting colors in the same crystal,
which sometimes shade into cach other, but often pre-
sent a sharp line of contact. Adyantage has heen taken
of thiy feature, which is marked in the California crys-

 tals, to produce in jewelry the novelty of parti-colored

gems, Beautiful cut stones may now he seen thut ave
half red and half green, or showing other similar con-
trasts,  Many of the larger stones are somewhat tlawed
these are often cut en cabochon (rounded), and many
also as oriental beads. Some present a fbrous texture,
and on cutting yield a cat’s-oye effect.  Many of the
larger and less pure pieces have been cut into regular
forms for ecclesinstical and other art work. Remark-
able crystals possessing the cat’s-eye properties have
been found at the mine of the Himalaya Mining Com-
pany, at Mesa (xumde, California.

There are two mines at Pala, Cal., owned by the Pala
Lithia Company, one of which yields beautiful speci-
mens of rather small and opaque pink tourmaline crys-
tals, in radiated groups, in lilac lepidolite (lithin mica),
none of which, however, is suitable for gem material,
The mine is worked for the lepidolite, as a source of
lithia compounds, and specimens find o ready sale to
collectors and museums. The other mine, which has
only recently been discovered, carries large and splen-
did crystals of tourmaline of nnng'led colors, and also

a new gem named Kunzite, a transparvent lilac spodu-
mene,
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The localities of Mesa Grande and San Jacinto, which
have been furnishing beautiful tourmaline adapted for
use as gems, have been steadily worked for several
yvears., Meanwhile, tourmaline is coming to be gener-
ally known and esteemed in jewelry as it never has
been before.

The entire output of tourmaline in the country is
estimated in the reports of the United States Geologieal
Survey as amounting to $15,000 in 1901 and to $30,000
in 1902,

Kunzite (dlac spodumene).—Reference has been made
above, under tourmaline, to the discovery of this new
and interesting gem stone at Pala, Cal. This locality
is remarkable for its lithia compounds, among which
are the colored tourmalines and the spodumene, both
of which contain lithia in small amounts, combined
with siliea, alumina, and other oxides.

The mineral spodumene is usually obtained in large,
opagque, whitish crystals, but from time to time
small specimens, often richly colored and transparent,
are found. The three characteristic varieties of the
latter are a clear yellow gem spodumene from Brazil,*
the green ‘“‘hiddenite” or ¢“lithia emerald” of North
Carolina,® and small lilac specinens sometimes found in
Connecticub.® These last are without doubt remnants
of large crystals, which must have been very beautiful.
Spodumene is particularly subject to alteration, and
whon found has usnally lost all its transparency and
beauty of tint.

Large and magnificent cerystals of unaltered spodu-
mene, of rich lilac color, have now been discovered near
Pala, San Diego county, Cal., in connection with other
lithin. minerals.! This locality has yielded crystals
mensuring 10 by 20 by 4 centimeters, perfectly clear, of
a rose-lilac tint, varying with the spodumene dichroism
from a very pale color when looked at across the prism
to a rich amethystine hue observed longitudinally.
No such spodumene has ever heen seen before, and the
discovery is of great mineralogical interest. The erys-
tals have bheen etched by weathering like the hiddenite
variety, When cut and mounted parallel to the base,
they furnish gems of great beauty, entirely new in jow-
elry, and make a notable addition to American gem
stones.

An extended investigation into certain optical prop-
erties of the gem minerals in the Tiffany-Morgan and
Bement collections in the American Museum of Natural
History, New York, was conducted jointly by the
writer and Prof. Chavles Baskerville, of the University
of North Carolina, during the autumn of 1903. These
experiments developed marked and interesting pecul-

'Pigani, Comptes Rendus, 1877, Vol. 84, page 1509.

*J. L. Smith, American Journal of Science, 1881, Vol. 21, page 128,
3Penfield, American Journal of Science, 1880, Vol. 20, page 259.
*American Journal of Science, September, 1903.
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inrities of the new mineral.® Doctor Baskerville says
of it in the American Journal of Seience, July, 1904:

I have submitted laxge erystals to the action of ultraviolet light
with very positive continued phosphorescence.  When submitted
to bombardment of the Roentgen rays of high penectration for
several minutes, a fluorescence is observed, and on removal to a
dark chamber it exhibits a persistent, white luminosity not
observed with this clags of minerals, as learned by experiments
with altered and unaltered spodumene from the localities men-
tioned, including cut stones and such handsome crystals of
hiddenite as afforded Dby the collections mentioned. I have been
able to excite a erystal (2 by 4 by 10 centimeters) by the action of
the X rays for five minutes sufliciently to cause it to photograph
itself when subsequently placed directly upon a sensitive plate
(thin white paper being interposed) and allowed to remain in an
especially constructed padded black box ina dark room for a period
of ten minutes. The material is penetrated by the rays, as shown
by a cathodegraph. The excitation is not superfleial, but persists
throughount the mass.

Doctor Baskerville submitted crystals to the action
of emanations of radium bromide, 300,000 activity,
especially imported from the Société Centrale des
Produits Chimiques at Paris. After a few minutes’
exposure the mineral began to glow, and its phosphor-
escence was most pronounced after the removal of the
radio-active body. A five-minute exposure to 125
milligrams of radium bromide caused 600 grams of
the gem material to beconie luminescent in the dark
after removal of the radivm preparations. This re-
markable property was not exhibited by hiddenite or
any other specimens of ypodumene examined, Doctor
Baskerville proposed for it the name of ‘‘ Kunzite.”

Oulifornite—Californite (vesuvianite)® a mineral
which promises to be a notable addition to the increas-
ing list of semiprecious or ornamental stones found in
the United States, has recently heen discovered in Cali-
fornia. This is not & new mineral species, properly,
but & compact massive vaviety of vesuvianite (idocrase).
Tt was frst announced in the report of the United States
Geological Survey for 1901," by the writer, as having
been found by Dr. A. E. Heighway, on the South Fork
of Indian creek, 12 miles from Happy Camp and 90 miles

8 The following articles treat of the new mineral:

Science, Vol. XVI, August 28, 1903, On a New Lilac-Colored
Spodumene from Pala, Cal. By George Frederick Kunz.

The American Journal of Science, Vol. X VI, pages 264 to 267,
September, 1903. . A New Lilac-Colored Spodumene from TPala,
CHR By George Frederick Kunz. )

Science, N, 8., Vol. 18, pages 303, 304, September 4, 1903.
Kunzite; o New Gem. By Charles Baskerville.

Tid. note American Jowmnal of Seience, Vol. X VI, page 335,
October, 1908. The Iilac-Colored Spodumene (Kunzite) from
California. ) )

Private reprint on Kunzite, October, 1908. Remarks on Action
of Radium on Kunzite. By Sir William Crookes. )

Separate reprint from Report, ‘Mineral Resources of the United
States,” United States Geological Survey, 10808, pages 53, 54, Spo-
dumene var Kunzite, By George Irederick Kunz.

8 New York Academy of Sciences, October 19, 1008; New York
Min. Club, October 20, 1903, )

1United States Geological Survey, ‘Mineral Resources of the
United States,’” 1901, page 747.
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from- Yreka, -in Siskiyvou county, Cal. Here a hard
and handsome stone, varying in color from olive to
almost grass-green, and taking a fine polish, outerops
for some 200 feet along a hillside about 100 feet above
the creek, and large masses have fallen into the bed of
the creek. At first it was supposed to be jade (neph-
rite), but upon analysis proved to be vesuvianite. The
fallen pieces were in some cases as much as 5 feet square
and 2 feet thick, of excellent quality for polishing, and
of varying shades of light to dark green, The associ-
ated rock is precious serpentine.

A very similar mineral was discovered some years
ago at one or two places in the Alps, and, like this, was
at first described as jade, but on analysis proved to be
massive vesuvianite. The likeness to green jade is
very marked in both these and the California mineral,
and the mistake is not surprising.

The following analysis was made through Prof. T, W,

. Clarke, chief chemist of the United States Geological
Survey, by Mr. George Steiger, in the spring of 1903:

Analysis of vesuvianile from Siskiyou county, California,

810 e e 85,85 1 THOy - oo ceeee e 0.10
ALOg.coioniinann.s e 1885 | POy e 0.02
Cal .t 33.51 | H,O0— (below 100° C‘g .- 0,29
Febo., ................... 1.87 | H,O+4 (above 100° G} .. 4. 18
FeO .ot 0. 390

MgO oL 5. 4 Total. oo iannnn 09, 84
MnO ..ol 0.06

The analysis is essentinlly that of a normal vesuvian-
ite, though the percentage of water is unusually high.
. The lime and the iron are helow the average, and the
titanium and phosphorus are exceptional occurrences.

The mineral is compact, extremely tough, and readily
takes a high polish, quite as beautiful as that of neph-
rite (jade), with which it was at first confounded. The
hardness is 6.5 and the specific gravity (from two
determinations) is 3.286. The luster is vitreous, often
inclining to resinous, and the streak is white. The
color is a yellow leek-green, with inclusions of a darker
green, which are generally more translucent than the
surrounding mass.

This interesting mineral exists in large quantity, and
could be cut into a variety of ornaments, in the same
way as jade, nephrite, and chrysoprase. It isa form of
vesuvianite distinctive enough to receive a special vari-
ety name, which, if appropriate and euphonious, would
undoubtedly aid the sale of the stone in the arts, The
name of ¢ Californite” has been proposed for it.

The discovery of what appears to be the same min-
eral has recently been announced from two other local-
ities in California quite remote from the first. One of
these was. reported by that indefatigable prospector,
Mr. M. Braverman, of Visalia, as existing in Burrough,
in Fresno county, a mile and a half from Hawkins
schoolhouse and 32 miles east of Fresno city. The
material is pale olive green, translucent, with darker
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spots in a paler mass. It breaks with an uneven frae-
ture, slightly splintery and partly crystalline, and
hence much resembles the materinl from Siskiyoun
county. The other loeality is apparently not very far
from the last mentioned. It is said to be in Tulave
county, near the town of Selma, which, though in Fresno
county, is near the Tulare line. Here the mineral is of
richer color, at times resembling the tint of apple-green
chrysoprase, for which it was at first mistaken.

An analysis was made of the green mineral (No. 1)
below, throagh the courtesy of Prof. F. W, Clarke,
chief chemist United States Geological Survey, by Mr,
George Steiger.  Incomparison is shown also the analy-
sis of a vemavkable associated mineral (No. 2), which
proved to be a peculiar variety of garnet.

Analysis of two minerals from Californiu.

No. 1, Cali- -y
fornite, No. 2',{"1“,1“"
green. not, white,

86, Bh 38,59
18,89 22,24
0.7-i 0.46
b5 004
30,97 85,97
None., None,
Nonw, Nono.
s b
N(“)]‘]U‘: None,
I
None. 0.10
None. None,
None, None.
None. None.
100. 26 100,02
0. 06 0.07
100,21 99,95

Chlorastrolite and mesolite.~—In the region about
Lake Superior oceur two or three peculiar little
minerals that have attained some value as ‘‘local”
gom stones. These, in the order of their importance,
are chlorastrolite, thomsonite (properly mesolite), and
lintonite; besides one or two other varieties, rarer and
of less account. These are all nearly related in com-
position, being silicates of alumina with varying
amounts of lime and oxide of ivon. They are all found
as rounded nodules, not from wear, however, but nat-
ural, ag being the filling of amall ovate cavities (origi-
nally bubble holes) in the trap rocks of the region., As
the rocks decompose these harder nodules fall out, and
are rolled on the lake beaches or by streams, and ave
often supposed to be pebbles, but they are not such in
reality. They seldom exceed half an inch in diameter,
but when polished they make quite pretty stones, and
are in considerable demand for local jewelry, as rings,
studs, and the like.

Chlorastrolite is found only at Isle Royale, Lake
Superior, where it abounds in the trap and on the
beaches. It has a characteristic color, from bluish to




PRECIOUS STONES.

olive green, and a peculiar radiated mosaic-like strue-
ture or pattern. Prof. N. II. Winchell, of the Univer-
sity of Minunesota, has studied these minerals caretully,
and shown that the chlorastrolite passes into a substance
identical with the so-called thomsonite, the two forming
the extremities of a series of closely-related minerals
that ill such cavities in igneous rocks of this charucter,
As the proportion of iron diminishes the chlorastrolite
loses its color and its pretty little stellate structure,
becomes pale and cven whitish, and graduates into a
white or pinkish Dbody like the mesolite. The best
mesolite comes from Grand Mavais, Minn., and is in
similay nodules, ,ranging from white to reddish and
brown, in concentric zones or bands. This mineral
Protessor Winchell shows to be not thomsonite, as sup-
posed, but the related species, mesolite, and this latter
name should be substituted in these cases for the other,
which is erroneously applied. Lintonite is a green
mineral with something of the radiated pattern of
chlorastrolite, but belongs really to thomsonite proper,

The demand for these little semigems is pretty steady,
and the value of the output is considerable. They are
not mined, but simply gathered along the heaches, ete.,
and the production for several years past is estimated
to amount to $1,000 annually for thomsonite (i. e., meso-
lite) and from $3,000 to $5,000 for chlorastrolite.!

Opal.—Prior to 1889 no precious opal had been found
in the United States. At about that time, however,
and during the subsequent decade, several occurrences
of it were discovered, and mining operations were
undertuleen at some points with apparent promise of
successful yield. But for various reasons no important
or continuous production has been developed as yet,
although the igneous rocks of Washington, Idaho,
Ovegon, California, Nevada, and Utah, undoubtedly
contain much handsome opal.

The first important opening was in 1890, near Mos-
cow, Latah county, Idaho, close to the Washington
line. Buildings were erceted and a post office called
Gem City was established. Fine opal was present in
the trachyte rock, and for a year or two there was con-
siderable production. In 1891 the value of the output
was estimated at$5,000.  For some time past, however,
little has been heard of this formerly promising locality.

Other occurrences were noted at about the same time.
One of these was in Morrow county, Oreg., where sev-
eral thousand dollars’ worth of specimens were said to
have been obtained in 1892, and many were exhibited
at the Spokane fair. Another was at Opaline, in Owy-
heo ecounty, Idaho, and exhibits of these were made in
the Idaho section of the Mining Building at the Colum-
bian Ixposition of 1893. Another oceurrence was
reported in 1895, near Salmon city, Lemhi county,
Idaho, where beautiful opal was found in bowlders of

!United States Geological Survey, *Mineral Resources of the-

United States,” 1898 to 1902; table of production of precious stones.
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trachyte, and finally traced to the ledge whenee it had

come.  Many very handsome pieces were obtained, and .
the mineral was present in great variety of color and

quality, but no definite work seems to have been

undertuaken, :

In the same year Mr, Don Maguire, of Ogden, Utah,
described an occurrence in Lemhi county, Idaho, on
Panther ereek. This has been recently opened, and
will be referred to again, ‘

In 1894 banded opal in large sheets, with hyalite, was
reported from Beaver valley, Utal, near Granite Peak,
apparently in connection with an ancient geyser, but
no worl seems to have been attempted there.

In 1897 other localities of precious opal were described
at Durkee, Oreg., and at Dunsmuir, Siskiyou county,
Cal.  Work was undertaken at the former place, but
practically nothing has been heard of it since.

Recently, in 1902, one or more promising occurrences
have been announced in southern California, in the
region of the Mojave desert. One of these is in San
Bernardino county, about 25 miles north of Barstow,
the junction of the Santa Fe and California Southern
railroads. Here opal occurs in veins and pockets in a
porphyritic dike about 2 miles in length, Much of it
is semiopal, of various colors, some a beautiful amber-
yellow, and with these occur precious and fire opal.
The locality is promising, but needs to be explored and
developed. In Tulare county, also, are found some
beautiful semiopals that might be valuable in ornamental
art work, One of these, from near Yokohl, is transg-
parent yellow and amber-like; another is from the
chrysoprase mine near Visalia. It is translucent green,
and has been called chrysoprase opal, or chrysopal, by

_ the discoverer, Mr. M. Braverman. The Idaho locality

at Panther creek, Lemhi county, before alluded to, has
been rediscovered and deseribed during 1902, Opal of

many varieties and colors is abundant here, in a porphy-

ritic dike, traced for a mile and a half, parallel to the
creek, and at times as much as 150 feet wide, Much of
it ig very beautiful, but it is also very brittle, and goes
to pleces in extracting it, so that stones of any size are
difficult to procure. This locality, however, when more
fully examined, may yet prove to he valuable.

There are many minor occurrences that have been
noted and many varieties of semiopal that may bere-
after yield material of some value in the arts, Gem
opals, however, are not yet produced to any extent or
with any regularity in the United States, although there
is considerable promise at several points.

Turguoise.—Turquoise is a hydrated phosphate of
alumina, containing small quantities of copper, iron,
or manganese. The mineral varies in color from a
fine sky blue to many shades of bluish green, and to
apple green and dark green, which show no blue what-
ever, The hardness of the mineral is 6, and its specific
gravity is 2.75.
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Turquoise was almost unknown in the United States
when the census of 1890 was taken. A few specimens
in collections of minerals attested its existence at some
~points in Arizona and Nevada, and objects worked by
the Indians of the Southwest were known to be abun-
dant, but there was no production of it, and all the
turquoise used in jewelry came, as it had for centuries
past, from the mines in Khorassan, in eastern Persia.
Since then a rvemarkable change has taken place, and
the Southwestern states and territories are now fur-
nishing the main supply for the world. Turquoise has
been discovered at a number of points in large quanti-
ties and of fine quality. Itis known to exist in Ari-
zona, New Mexico, Nevada, and southern California,
while some localities are reported in Texas and south-
ern Colorado. The main production isin New Mexico,
in Santa Fe and Grant counties, and at Turquoise moun-
tain in Avizona. The California localities operated by
the Himalaya and the Toltec companies are northeast
of Manvel,in San Bernardino county. At almost every
point where the mineral is found there are interesting
and conspicuous evidences of ancient workings in pre-
Columbian times; in many cases these were plainly
both extensive and long continued; stone tools and
similar objects are abundant, and at some points re-
markable rock carvings are to be seen, especially about
the California localities. The Toltee Turquoise Com-
pany has also operated other mines near Manvel, Cal.,
over the line in Linceln county, Nevada.

Turqueise is now being regularly mined in New Mex-
ico, at perhaps a dozen places, by the Azure Turquoise

Jompany, the American Turquoise Company, the (Gem
Turquoise Company, and by Mr. A. C. Young; and
in Arizona by six companies, among them the Aztec
Turquoise Company. In 1902 turquoise was discov-
ered in Alabama, on property of the Otero Company,
near Idaho, Clay county, about 95 miles cast of Birm-
ingham, in the region of the Talladega mountaing,
This mineral sometimes loses or changes its color, and
for this reason several of the above-named companies
engrave a trade-mark upon the back of every stone that
they sell as a guarantee that the company will replace
it with another stone in case of any failure of quality
appearing within six months after its snle to the retail
purchaser. Thus, all stones from the American Tur-
quoise Company are marked with an ““A,” from the
Azure Company with a circle, from the Toltec Com-
pany with a ““T,” ete. This assurance to the buyer is
a marked improvement on the methods of the Persian
dealers, who werd wont to decamp for parts unknown
during the night after a sale. Some of the companies
claim, indeed, that their stones never change color, hut
they furnish a guarantee, notwithstanding.

In 1900, according to official reports, the output from
the oldest and largest mine, at Los Cerrillos, N, Mex.
(now called Turquesa), had amounted to a total of over
$2,000,000 since 1890. The production from all the
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American mines was estimated at $118,000 in 1901, and
at $166,500 in 1902. A single stone has been sold for
as much as $3,000.

Utahite and prosopite.—Several handsome and in-
teresting minerals, related to or resembling turquoise,
have been identified in Utah during the last decade.
Some of these have been largely sold as specimens,
though as yet they have not been found in sufficient
quantity to be mined for use in the arts. They would,
however, be beautiful ornamental or semiprecious
gtones. Two of these minerals are utahite and proso-
pite. The former resembles turquoise in composition,
being a hydrous phosphate of alumina; the latter is a
fluoride of alumina and lime. Both occur in choice
shades of green, due usually to a small amount of
copper compounds, and both are hard enough to take o
handsome polish, ‘

Utahite, so named by the writer in 1895, was discov-
ered in Cedar valley, in a spur of the Oquirrh moun-
taing, near Camp Floyd, Utah, in the previous year, by
Mr. Don Maguire. It belongs to the mineral species
variscite, but presents a new and peculinr form.  Var-
iscite usually oceurs in crystals or incrustations; utah-
ite forms compact nodular masses, ranging from the
size of a walnut to that of u cocoanut, These occur in
glaty layers in a crystalline limestone, and are generally
surrounded with & brown ferruginous crust,  In color,
the interior mass is of various shades of bright green,
generally a very vivid golden green or light emerald;
and the nodules, cut across and polished, have heon
much admired and sought by collectors. The mineral
is not very abundant at the locality, and can only be
removed from the rock with care by the hands.  Mieces
could be easily cut for small objects, and would be ex-
tremely handsome for such uses, owing to the Lrilliant
and delicate coloring. It has been used to some extent
for ring stones, cufl buttons, seal rings, and other pur-
poses as jewelry with considerable success.

Prosopite at first was supposed to be identical with
utahite, but an analysis made by Mr. W. J. Hille-
brand proved it to be a fluoride of alumina, known
already as a rave species of mineral from Saxony, Ger-
many, and from Pikes Peak, Colo., where it oceurs,
but without the rich blue-green color of that found in
Utah. Herve it was obtained by Mr. Josinh Beck in
1895 in the Dugway mining district, in Tooele county,
in a region of low and desert hills. The mineral was
not fully identified until 1899, when the analysis was
made and the result published.! The prosopite is a
beautiful stone, but whether it exists in sufficient
amount to be of practical use has not yet been deter-
mined,

Anthracite.—~There is a small but fairly constant
sale in the coal region of eastern Pennsylvania of arti-
cles of ornament carved from anthracite coal, sach as

! American Journal of Science, January, 1899, pages 53, 54.
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inkstands, paper weights, ete. . These are usually made
partly polished and partly rough, so as to show a con-
trast hetween the two different kinds of black surfaces.
They are sold almost entirely as local souvenirs to per-
sons visiting that part of the country. The sale of such
articles has been estimated for some years pastata total
varying from $1,000 to $2,000.

Catlinite (pipestone),—This material, celebrated in
Indian history and immortalized by Longfellow in
¢ Hinwatha,” is used to some extent for making orna-
ments and souvenirs that are sold to visitors in the
region of its oceurrenco—Pipestone county, in south-
western Minnesotn, It is not veally a detinite mineral
species, but essentially an indurated red clay.  Among
the Indians it has long been held almost snered as the
material for making ‘“pipes of peace.”™ The prineipal
locnlity where it is found was, and still is, visited by
Indians from all parts of the country to obtain it for
that purpose, and is still regarded by them as a kind of
inviolable spot, where all have the right to come. The
United States Government has very properly set apart
the land on which the quarry exists as & small reserva-
tion, to sccurve this free right of access to all Indians
forever, It is jealously guarded by the native tribes,
and it is seldom that Jarge picces can he secured by
white men; hence the supply is rather limited and is
likoly to vemain so. The only large object ever made
from this material wag a mantelpicee, carved hy an In-
dian artist, with designs from Hiawatha, which was ex-
hibited in the Minnesota huilding at the Pan-Americun
Exposition of 1901, It had been shown previously at
the Columbian Exposition in 1893, and is now in the
courthouse at Pipestone, Minn., in the room occupiod
by the Women's Historical Society, to which organiza-
tion it belongs. The sale of ornaments and souvenirs
made of catlinite is estimated at about $2,000 annually,
for sowe years past.

Fluorspar ([llinois).—The old and celebrated ‘“Shaw-
neetown” region in southern Illinois has lately been
vielding fluorite of remarkable beauty. In a lot of
specimens recently sent to the writer for examination
were cleavage pieces of much beauty from several of
these localities, notably the Empire mines and Cave-
in-Rock. From the former were large cleavages of
rich reddish purple, and of the peculiar sea-blue of
that region; in one case the general color was of the
latter kind, clouded at points with the former—like
the tint of a blue Alabashka topaz with included clouds
of Uralian amethyst. Both the purple and the sea-
blue varieties at times pass into almost colorless Huor.
That received from Cave-in-Rock presents an octahedral
cleavage, perfectly transparent and of amber yellow, A
cubical crystal received from Rosiclare was pale bluish,
hecoming nearly colorless.

QUARTZ MINERALS.

Lock erystal.—Rock erystal is a variety of transparent
colorless quartz, composed of nearly pure silica.  While
it is not rare as a mineral, yet itis seldom found in masses
of large size. When so found, however, it is valuable
for use in the ornamental arts. One or two localities
in the Alps, that have been known and worked from
Roman times, thongh very diticult and perilous of access,
have furnished material for all the objects in European
palaces and museums which have been carved from this
substance.  In Japan, too, large erystals were formerly
obtained, from which were made the polished balls, so
much prized by the natives, and afterwards by foreign-
ers, who have now alimost drained the country of them
by purchase. The main supply in reecent years has
been derived from Madagnsear and Brazil.

Within the last decade very fine rock-crystal masses
have heen obtained in the United States, espeeially in
California.  An important discovery was made in
1891-62 by Mr. James Blackiston, near Placerville,
Eldorado county. Here, in a partly decomposed quartz
vein, were found erystals ranging from small sizes up to
masses of 80 or 90 pounds in weight. Some are clear
and flawless, while others have the peculiar and heauti-
ful marking known as *“included phantoms.” This fea-
ture has been caused by successive deposits, and is shown
by the appearance of several crystals of identical form,
one within another, each being outlined by a thin cont-
ing of some other mineral, which delicately colors the
otherwise transparvent quartz. These coatings in the

‘alifornia erystals are of rvich green chlorite. Similar
chlorite phantoms in clear quartz have since been found
also in San Bernardino county, in the mountaing of
that name.

The most remarkable discovery of quartz in Califor-
nin, however, was made in 1897, in Calaveras county,
at the old Green Mountain mine, in Chile guleh, near
Mokelumne Hill. Here, in one of the ancient river
channels filled with auriferous gravel and-covered by
an overflow of lava—a formation characteristic of that
region of the state—was found a quantity of enormous
quartz crystals, embedded in the old gravel. It is
claimed that 12 tons were taken out in the years 1897
and 1898. One giant crystal, surrounded by an attached
cluster of smaller ones, weighed over a ton. A num-
ber of the finest specimens were sent to New York, and
splendid Dalls were cut from them by machinery espe-
cially constructed for the purpose. Two of these balls
were o little over 7 inches across, but they are not
absolutely flawless. A third, 5% inches in diameter,
without a hlemish, was valued at $8,000. The latter,
and one of the other two, are in the Tiffany-Morgan
collection at the American Museum of Natural History
in New York; the other is in the Museum of the Jardin




1054

des Plantes at Paris, with the collection of American
gem minerals that was prepared for the Pan-American
Exposition of 1901,

So far as the gravel deposit was explored, the crystals
appeared to be strewn through it, and it would seem
to contain a large amount of valuable material, although
no work has been done there since 1898, Other local-
ities in California where crystals weighing several
pound& have been found are Drum valley, Three-
rivers, and Yokohl, in the neighborhood of Visalia, in
Tulare county.

In Oregon, large transparent masses have been found
near Bay Clty, but no particulars of their oceurrence
are given.

Some fine rock erystal occurs in North Carolina, in
Chestnut Hill township, Ashe county, on a spur of
Phoenix mountain, near Long Shoal creek. Here, at
two or three spots not far apart, were found pieces up
to 50 pounds in weight, and two very large crystals, of
188 and 285 pounds, respectively. A crystal ball, 5
inches in diameter, and a number of art objects, all of
American workmanship, made from this material, were
shown at the Columbian Exposition at Chicago in 1893,
Another find in North Carolina was reported in 1896,
from Elkin, in Surry county, by Mr. R. M. Chatham,
who described crystals up to 40 pounds in weight.
Some large crystals are also known to have heen found
in Sputh Carolina, and it is probable that much rock
crystal adapted for use in the arts, exists in the moun-
tain regions of the Soutl.

Colorado has furnished some fine material, especially
that from Mt. Antero, Chaffee county. A polished
ball,- 6 inches in diameter, from the summit of this
mountain was exhibited at the Columbian Exposition.

A find of considerable quantity was reported in 1896,
at Cheyenne pass, Wyoming, about 18 miles west of
Cheyenne city, but no development at that point ap-
pears to have heen undertaken.

The quartz crystals of Hot Springs, Arvk., hmw been
known for many years and furnish a constant gource
of business to the farmers of the surrounding country,
who collect them and bring them in by the wagon load
to sell to local dealers and to tourists. These erystals
are not large enough to yield art material, but they are
beautiful as specimens, either as single erystals or more
frequently in groups. It is estimated that in the year
1896 no less than 15,000 pounds were gathered in Mont-
gomery, Saline, and Garland counties and sold in the
city of Hot Springs for $5,000.

Coloved waricties.— Among the colored varieties,
besides amethyst, of erystalline quartz suitable for use
as precious or semiprecious stones, two are impovtant—~
e.moky quartz and rose quartz. Both are found a
various points in the United States and have been
mined more or less during the past ten years, although
there is no large or continuous supply.

MINES AND QUARRIES.

Smoky quartz.—The most noted place in which smoky
quartz oceurs is at and near Pikes Peak, Colo., where
it is abundant in fine crystalg, in a coarse granite, as-
sociated with the beauntiful crystals of green feldspar
(amazon stone), for which that locality is famous. 1t is
found also at Mt. Antero, in Colorado, where the smoky
quartz obtained in 1891 yielded one of the finest faceted
stones in the world, measuring 3% inches in length.
was cut and exhibited at the Columbian Lxposition.
Much of the material from Pikes Peak is sent abroad
for cutting, and veturned to be sold at Denver and
Colorado Springs, Colo., at Hot Springs, Ark., and
other interior resorts, as jewelry to tourists. The
annual sales amount to about 10,000, three-fourths ot
which is for cut stones and one-fourth for specimens,

Large crystals, up to 4 and 5 inches in dinmeter, have
been collected at Brandy creek, in Liemhi county, Idaho.
They have been found, too, at Three Mile Gulch, near
Helena, Mont., and a gigantic crystal, nearly 2 feet long
and weighing 93% pounds, was found in 1000, on Clent
creek, Jefferson county, Mont., by Mr. E. P. Chisoln.
Crystals have also been reported at points in South
Dakota. A considerable quantity oceurs in connection
with the colored tourmalines in southern California,
both at the San Jacinto mine in Riverside county and
those at Mesa Grande in San Diego county.

In the Fast very fine smoky quartz has been found in
Maine and in North Carolina, as well as at some other
points. The specimens from Maine are particularly
beautiful. Crystals of 40 pounds in weight were re-
ported in 1896, by Mr. R. M. Chatham, from a locality
near [ilkin, in Surry county, N. C., and it was already well
known in the neighboring counties of Alexander, Burke,
and Iredell. In Connecticut, at New Milford, somne 200
pounds of smoky quartz, worth over $100, was taken
out in 1808, But the most valuable yield has been in
Oxtord county, Me., where as much as 8 tons of erys-
talg were reported by Mr. T\ F, Lamb, of Portland, as
mined in 1887, on Mt. Apatite. Much has been taken
out since, including one perfect crystal 12 pounds in
weight, and a polished hall 8 inches in dinmeter has been
cut from material obtained here.

Lose quurtz.—The delicate pink varviety of quartz
known as rose quartz has long been obtained at several
pointg in New England, especially at Albany, Stow, and
Paris, in Maine; at Southbury, in Connecticut; also ut
Bedford, in Westchester county, N. Y. Though
beautiful material, it had been little used in the arts or
as o gem until quite vecently, when it was tried with
some sueccess.  In general, and particularly in the case
of the specimens from the localities in Maine, the tint
varies greatly from an almost colorless variety, some-
times opalescent, to pale pink, salmon, and deep rose.
When cut into double ¢cadachons, or halls, it sometimes
shows the asteria effect, like a star sapphire.  Very fine,
rich-colored pieces, partly opalescent and in size up to
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4 or 5 inches in diameter, have been obtained at Round
mountain, near Albany, Me., and & ball of 2§ inches
across, with other cut objects from this locality, were
shown at the Columbian Exposition.

Rose quartz occurs also at Aeworth, N. IL, in the
celebrated beryl locality, and a large block of this mate-
rial, some five feet square by half that thickness, has
been set up asa monument ih Franklin, N, IL,, to the late
Walter Aiken, of that place. The mass is somewhat
fissured, however, and rose quartz is liable to fade in
the sunlight, so that neither in texture norin color is it
adapted for monuments or other use out of doors.

In 1894 the oceurrence of rose quartz in Iredell and
Cabarrus counties, N. C., was announced by Prof. T. K,
Brunner. In 1895, 50 tons of it were mined at Theresa,
in Jefferson county, N. Y., and its presence was noted
in Colorado by Mr. E. H. Saltiel, at the headwaters of
Corrant creek, in Park county. In the same year
Messrs, M. Braverman and W. . Smith deseribed
several places where it oceurred in the neighborhood
of Visalin, in Tulare county, Cal., especially on the
Yokohl river, where about $150 worth was then taken
out. It exists in some quantity, and of excellent color,
at Yokohl and Threerivers, in the same county, and
probably at other points in that section,

By far the most extensive oceurrence, however, is in
the Black Hills of South Dakota, Specimens were first
brought in by Prof. W. P. Jenney on his exploring ex-
pedition in 1876, and a fine display of it was made in
the South Dakota building at the Columbian Iixposition
of 1808. The exact locality is near French creek, 6
miles east of Custer, in the county of that name. Here
it exists in great quantity and of fine quality, outerop-
ping along a ledge for 500 feet in a vein varying in
thickness from a few feet up to 60. The color, as usual,
ranges through many shades, from faint pink or even
white, to the tint of a ripe watermelon, and in places
alters completely within a few inches, Contrary to the
general opinion, there is no evidence of its fading by
exposure to light, for outside portions, and even rolled
- bowlders, show in some cases a fine deep coloring,
Thus far the mining has been carried on mainly by hand,
much in the nature of quarrying. About three-fourths
of the stone removed is rejected as lacking color; the
rest is sorted and sold according to size and color, chiefly
to dealers and collectors, at prices ranging from 5 to 25
cents a pound.  One mass weighing over u ton was re-
cently sold to be cut into table tops, 30 by 86 inches in
size, which were sent to Paris to fill an order. The
production reported to the United States (teological
Survey amounted to 4 tons in 1902,

Amethyst.—Amethyst is o variety of quartz of a
deep purple or bluish violet color, shading almost to
pink. Like ordinary quartz, it is composed of silica,
and the coloring is due to the presence of oxides of
manganese and iron. Its hardness is about 7, and its
specific gravity is slightly above 2.65.
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Fine gem material has been found in the United
States, though nowhere is it mined with any regularity.
The localities from which the finest specimens come
are in Maine, Pennsylvania, North Carolina, southern
Virginip, and northeastern Georgia, and several discov-
eries have been made recently in the West. The main
developments within the last ten years are the following:

Deer Hill and Stow, in Maine, were noted localities
some time ago, but have not yielded much lately. At
Denmark, however, in the same state, Mr. G. R. Howe
obtained many fine crystals in 1894, and had a number
of gems cut that were very richly colored—equal to any
from the Ural mountains.

Another old. locality was Upper Providence town-
ship, in Delaware county, Pa., Here, in 1894, a large
amount of amethyst was obtained that yielded gems of
the finest quality, one of which was of 38 carats; and
another, still larger, is in the Lea collection in the
National Musewm at Washington,

Virginia has only recently come into notice as a pos-
sible source of amethyst production. In 1896 its occur-
rence, in beautiful erystals, was aunounced at two points
in Goochland county, by Mr. G. L. Chase, and also near
Lovingston, Nelson county, by Mr. Benjamin Dillon.
In 1902 a promising locality was discovered and opened
in Ambherst county, near Lowesville.

North Carolina has for years yielded more or less
amethyst at various points in Burke, Catawba, Iredell,
Lincoln, Wake, and other counties. In 1901 mining
was begun in Macon county, on Tesanty creek, where
a large vein traversing a decomposed granite had been
exposed by a landslide. Several thousand dollars’
worth of material was taken out, as rich and fine in
quality as any ever found in the United States.

Amethyst of excellent quality has been occasionally
found in Anderson county, S. C., in Hall and Rabun
counties, Ga,, and at Amethyst mountain, in Gillespie
county, Texas. ‘

The western souvces of production are chiefly in
Montana. In 1895 a crystal weighing 12 pounds was
found at Granite, and in 1900 remarkable discoveries
were made in Jefferson county, some 22 miles south-
cast of Butte, by Mr. A, P. Pohndorf, Here amethyst
ocewrs in fine crystals, curiously mingled with quartz
both colorless and smoky. Crystals of black tourma-
line so pemetrate the quartz as to render it opaque.
The amethyst itself is free from these inclusions, though
sometimes it forms parts even of the same crystals,

In Colorado, amethyst is reported from Cripple Creek
and from localities in Park and Mineral counties, but
1o special data have been given as to these occurrences.

(Good material hag been brought from two or three
points in Alaska, but there has been no development
as yet. , ‘

Quartz pebbles.—Natural rolled pebbles of quarts,
of various colors, are often heautiful, sufficiently so -
at times to be applied to some uses in the arts or
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for cheap jewelry. At many points along the Atlan-
tic coagt, visitors to the seaside resorts gather peb-
bles of attractive aspect, especially those of colorless
transparent quartz, and sometimes have them cut as
gsouvenirs. These are the so-called Cape May dia-
monds, and there is quite an industry at many resorts
in gathering pebbles to cut for gems, seals, etc. A
good deal of fraud is also practiced upon visitors,
all manner of ornaments béing sold as material
found in the vicinity. At Narragansett Pier, R. I.,
gsome local dealers and lapidaries have been known to
sell foreign-cut quartz, cairngorm stone, Lopaz, croeid-
olite, Ceylonese moonstone, and even glass as stones
from the beach. In some cases pebbles found by visi-
tors and entrusted to lapidaries for cutting have been
replaced by cut stones imported from Bohemia, Olden-
burg, and the Jura, where cutting is done on such a
large scale and at such low wages that the stones can be
brought here at one-tenth of the cost of cutting, the
material itself, in the case of quartz, having but small
valne. The annual proceeds from the sale of cut stones,
and the money expended in cutting them at these and
other resorts throughout the country, may amount to
$20,000 or more a year, and the sale of specimens to a
like sum,

Another ingenious fraud has beon practiced at Hot
Springs, Ark., where clear, rolled pebbles of colorless
quartz, found on the banks of the Ouachita rviver, are
in special demand, being more valued for cutting than
the crystals of the vieinity, because of a mistaken idea
that they will eut into clearer gems, Fine pebbles of
this kind are scarce, and so they have been artificially
imitated by putting a number of crystals into a box,
which is kept revolving by waterpower. In a few
days mutual attrition has rolled and roughened the
crystals into beauntiful pebbles—so beautiful, indeed,
that an expert can distinguish them from the real ones
by their more perfect whiteness of surface.

Along the coast of California and Oregon there are
various localities where many very attractive pebbles
of chalcedony, agate, etc., are found. The principal
beaches are at Crescent City, at the northern extremity
of California; Pescadero, some 28 miles west of San
José; and Redondo, a few miles south of Los Angeles.
These pebbles are very abundant and in great variety,
and are much sought by visitors. . Many are put up
and sold in boftles of water, to preserve their bright
colors and markings and their translucency; and many
are drilled and strung to make chaing and similar fancy
ornaments. Some of those at Pescadero are little hol-
low geodes of chalcedony, occasionally an inch long,
inclosing a liguid with a moving bubble. These little
natural-sealed flasks are found also on the beach at
Tampa, Florida. ' |

There are likewise many inland localities—several in
California, especially on the shore of Lake Tahoe; also
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in Colorado, and the beaches of Lake Superior—long
famous for their agate pebbles, chlorastrolites, ote.

One special use of quartz pebbles in ornamental art
work should be here alluded to.  Oun Plum Island, in
Long Island sound, there are quantities of pebbles of
colored quartz—amethystine, smoky, yellow, ete.—
brought down by glacial action from the crystalline
rocks of Connecticut and rolled and rounded on the
jsland Dbeach., These have heen used in a very effective
manner, in the same way as rounded pieces of colored
glass, by leading them for sereens, shades, ete., to show
their tints by transmitted light. This application was
introduced about 1897, by Mr. Louis C. Tiffany, of New
York.!

Agate and ehaleedony.—These minerals are forms of
quartz, (silien), but differ from those previously noted
in being nonvrvbtallme, or at least the crystalline strue-
ture, it present at all, is only discernible by the micro-
scope. They are Llso never transparent, but vary from
translucent to nearly opaque. With the exception of
colorless chaleedony or white carnelian, they are vari-
ously and often 1"('hly colored by metallic oxides, prin-
cipally those of iron and manganese, and furnish a
number of .sumpreclouq stones that have long heen
favorites in jewelry and art work.

'There are many localities in the United States where
handsome agates and chalcedonies oceur, and some of
these may hereafter be commercially developed, But
with the exception of the little local trade in agate and
chalcedony pebbles, already mentioned as carried on at
certain of the beach resorts on the Pacific coast (see
quartz pebbles, above), and likewise to some extent
with the agate pebbles of Lake Superior, there is hardly
any continuous production or sale, At one point, how-
ever, a deposit of agate occurs that is unequaled in the
world, and deserves special mention.  This is the aga-
tized forest, or Chalcedony P%Ll'lx, of Arizona, v vhoro an
area of many square miles is strewn with logs and
trunks of an ancient growth of trees, now completely
altered to silica, and stained with the richest and most
varied hues by the oxides above named. Silicified
wood is by no means uncommon, but it ravely presents
such beauty of coloring as here, where fallen and hroken
trunks many feet in length and ranging up to as much as
4 feet in diameter, with the woody structure perfectly
visible, are converted into agate and chaleedony of
every mingled shade of red, brown, and purple.  When
polished this males one of the most beautiful and inter-
esting ornamental stones in the world, and has attracted
great admiration abroad as well as in this country.
Splendid exhibits of it in the form of table tops, clock
bases, pedestals for statuary, and many kinds of minor
articles, have been made at the Columbian and Pan-
American Expositions and at the Paris Expdsition of

! United States (ieological Swrvey, “‘Mineral Resources of the
United States,’’ 1887, page 14.
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1900, These have been shown by the Drake Company,
of Sioux Falls, 8. Dak., who obtained a large amount of
the matevial, and erected machinery and polishing works
at that place, operated by waterpower, and suceceded
in producing heautiful results. Previously there had
heen no polishing works in this country that could deal
with large pieces of a material as hard as quartz.

The locality is in Apache county, Ariz., a few miles
south of the Southern Pacific Railroad from Adamana
station, not far from the town of IHolbrook. It con-
sists of three open valleys or eroded arcas among a wil-
derness of mesas and buttes.  The logs, more or less
shattered into pieces and fragments or cylindrical cross
sections, lic along these valleys by thousands, having
heen washed out of the rather soft sandstone that for-
merly covered the whole region, and which still remains
in the intervening hills and buttes. At some points the
logs may be seen in place in the sandstone, especially at
the celebrated “ chaleedony bridge,” where a large
trunk spans a gully worn in the side of a small hill.
(teologiically these beds belong to the Trinssic formu-
tion, equivalent to the brown and red sandstones of
New Jersey and the Connecticut valley.  But the trees
grew at a somewhat earlier time, and were overthrown
and buried in the sandstone when that was Inid down by
an invasion of the Triassic sea.  These points have hoen
fully determined by Prof. Lester F. Ward, of the
United States Geological Survey, in two visits to the
region in 1899 and 1901,

This beautiful material exists in very large quanti-
ties, but since access has been made more easy from
the railvond, tourists, vandals, and speculators have
been coming in and there has been danger of geriously
despoiling one of the most remarkable natural curiosi-
ties in the country. Some years ago the legislature of
Arizona petitioned Congress to set apart the Chaleed-
ony Park as a reservation, and this course way strongly
recommended by Prof. Lester I, Ward, after his recent
visits, Of course, under Government control, a judi-
cions and reasonable removal of material for use in the
arts is now permitted; and under such supervision a
permanent supply for legitimate purposes will he
assured, but spoliation and speculation will be properly
prevented.

The yield reported in the last five years has risen
steadily; it was $2,000 in 1898, $3,000 in 1899, 6,000
in 1900, and 7,000 1n 1901 and also in 1902.

Thaysoprase—Another semiprecious stone which has
been developed in the United States within the past
decade is chrysoprase, a chalcedony of a light green
color, cansed by the presence of oxide of nickel. This
stone has been highly valued for centuries, hut is of
rare occurrence, and most of that used in jewelry and in
the arts has been obtained from Silesia, Its existence
in North America had been recognized at some points
before, but the only promising locality was at Riddles,
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Douglas county, Oreg. Mr. George W. Smith, a sur-
veyor, obtained specimens in Tulare county, Cal., as
far back as 1878, These he submitted to experts, who
pronounced them to he true chrysoprase. The first
who positively identified them as such, by actual deter-
mination of the nickel oxide, was Mr. M. Braverman,
of Visalia, Tulare county, who is well known for his
enthusiasm in locating and collecting California min-
erals,. TFrom that time specimens were gathered and
sent quite widely to museums and eabinets; but not for
some years was its commercial value appreciated.
When that became known, systematic development was
attempted, the neighborhood was prospected, and other
occurrences discovered, so that now thercare not fewer
than five localities in Tulare county where chrysoprase
is known to ocour. The first of these to be discovered
wag the one at Venice Hill, 12 miles northeast of
Visaling the others are on Stokes mountain, on the
Tule river, on Deer creek, and at Lindsay, 16 miles
south of Visalia. Mr, Braverman hag been active in
the scarch for these localities, and has presented to the
Californin State Mining Bureau a very fine specimen
from the last-named place. The veins which it forms
are of no great thickness, and much of the material is
flawed and cracked, or too pale to be valuable. Still
a large (uantity of fine chrysoprase has been obtained
and cut, from these several localities, especially the last
two and the first. The total production for several
years did not much exceed $100 annually, but since a new
company took up systematic work two years ago the
yield rose to $1,500 in 1901, and $15,000 in 1902,
Most of the material is eub into squares, ovals, ete., for
vings and studs, and into small pieces of various shapes
for inlaying as mosaic.

Within the past year a promising locality has been
discovered in North Carolina, at Morganhill, in Bun-
combe county, some 16 miles from Asheville. Here it
oceurs in several parallel seams or veins quite near to
each other; the color is pale at the surface, but becomes
deeper helow. No extensive work has yet been done
here, although some very rich green material has been
cut and placed on the market, and the outlook is favor-
able, '

Moss agate.—~The name ‘‘moss agate” is applied to
a variety of translucent chalcedony, usuaily nearly col-
orless, that is penetrated by minute branching or
“dendritic” (tree-like) crystallizations of oxide of
manganese or of iron, the former black, the latter
brown or reddish. It has long been a favorite semi-
precious stone in Europe and the East, but large pieces
are rare.  Small rounded nodules of it are abundant at
various places in the West, particularly in Wyoming.
In 1898 large masses were found near Hartville,Wyo.,
occurring in a vein 8 or 10 inches thick in limestone.
Slabs of 2 or 8 feet in length could be taken out, accord-
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ing to Mr. H. A. Crane, of Hartville, who described Two other localities in which fine moss agate has been
its occurrence, and table tops made of it were shown in | found are reported in Wyoming, one 47 miles and the
the Wyoming section of the World’s Columbian Expo- | other 75 miles northwest of Cheyenne.  No important
sition at Chicago. The translucent white slabs, with developments, however, appear to have been made at
moss-like markings in black, are very beautiful. these points.
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United || Cali- | Mon- ﬁéy states United || Cali- | Mon- ﬁ‘;‘} states
States. || fornin. | tane, | G5 and Stafes. | fornda, | tana, | 50 and
A terrd- : . terri-
toriest tories.t
e — RSSOPRURRR § L _— ST
Number of mines or quarries ....... 46 a1 b 8 4 Avoerage number of wage-carners nt
Number of operators .........o...... 460 47 3 60 360 speeifled dadly rates of pay:
Charpcter of ownership: Machinists, bloeksmiths, coar-
{rimwidunl ...................... Mi) Ad feiiiaiaas "7 318 pLg‘lzt(L;rsl.még gtihm- mechanies—
23 B 41 SR Y e B | 1 %% PO PO 2,00 to §2.24 . 1
Incorporated compuny 10 3 ] 3 2 $3.00 to $3.24 . B
Salaried officialg, elerks, cte.: Minegrs or quar
Total number «.ooovocvniianinn.. 22 2 ! 10 F1.00 10 i}
Total salaries.....covueenns PR 08, 687 || $0,087 | §1,780 | §5,160 | §12,710 $1.50 to 5
General officers— $L70 1o 8
Number covveenacaan hees 2N | AN USRI AR i #2.00 to 2. 10
Salaries, .c.oevnenn... $2,500 [l......0s F N PR, $2, 500 §2,26 to §2 B
Superintendents, managers, §2.00 to §2.74 8
{foremen, surveyors, ete.— $2.70 10 $2. 4
Number....... .. 13 ] 2 ] £3.00 to 1
Salaries. oevsanns. Lo $21,047 136,787 | 81,250 | $4,200 | §9,010 8,60 to ]
TForemen below ground— $3.70 to § 10
Numbher . 2 1]eaneanes . 1 R, Miners hol
Salaries.cuenieeiieinnanns $2,760 || $1,800 {....... IO [ 1) 1 #3.00 to | P {10 veen
Clel‘llés——‘ . . 1 ) All gltl}_ tl,-)rtwugo—
umber ... UK. T | D T I A AR 2 00 to h
W BAINTIES. .o ovn i 2, 180 600 $480 oaoannns #1, 200 $2.00 to §2 R
nge-eaATners: $2.46 to 1
Aggregate average number ... 108 19 39 R 14 §2.50 1o 1
ABSIOEAte WARZER (oo e, F88, 017 1§12, 591 | $43,0664 [$22,087 | $9,676 $2.75 to ¥
Above ground— §3.00 to $3. q
Totul average number. .. 72 12 2 22 14 Average number of wage
Total WRECS voeercnnnnnn. 466,058 (| §6,987 | 8§25, 514 1§18, 082 | $9,675 omPlo‘\'ud duriug ench month;
Tngineers, firemen, Men 16 years and over—
n]r]]dni((‘:thur me- .}ummry . :)‘.’ a0 11 40 11
) (3G Pl N v Q)
¢ X\'ernge number L Y 3 1 I\I(I:;Ic‘;:u gg :5.73 %:i ﬂ; i}
Wages...... PUUROR B - 1511 | PR 3, 267 $600 April 1142 18 A1 12 11
M}gaxl% or quarry- 1T\In.,v %(;%! }g nl 31 11
(1) June. L) 31
Averazge number b0 12 14 1l 10 July . 140 700 8 41 H
Wages..oovnnnen L0 F30,08% || §6,087 | 814,760 §10,060 | §7,335 Augus 120 8 G4 3 11
AI’}Mg&l;er wage- .(Sj,(:ptoml J 118 15 (i1 31 11
'S — o P { [ATH s,
Average number 18 |I. 7 7 o N::)l\(:.l‘:;]hul . ‘:‘% ‘LI?\ 'l“; "ill» 1:7.
Bal Wlnges ........... $18,108 |1, 87,487 | 83,276 | §2,340 Miscol] December - 94 15 ] I 246
elow ground — seellaneons expe
Total.gverage number. .. a6 7 15 (RN FI N0} 111 S, 187,481 || 1, 568 $R830 { §1,000 | $8,188
Total wages . ooeerianans $31,979 || 85,604 | §18, 150 | 88,166 ..., Royaltics and rent o [
Miners— and mining plant ......... E VAR I TP TR 87
Average number ag B 10 14 Rent of ?ﬁltuus, Ltnxusi inﬁur-
WAEES oo ns 96, 205 : 5 o ance, interest, and other
Minonins Y $26,205 1 $4,430 | $12,705 | 86,185 |........ SUTLTIES + - o aen e 87,004 || $1,508 | $830 | 21,900 | $2,740
A’\}cmge umber 5 5 \;()Hlt of H\rlp]')liibs utn(l nmaterial s\%{l;l(, 7§1 $Z.113 $!‘},92() §2,480 | §2, 208
- - R L R aralreerrana e ¥ L {41 A, \ ¥ ) 3 ‘f' H U
TVAZES v veenesss &5, 445 || En s | U e e 826,450 1§65, 000 18115, 000 1§01, 600 | 306, 860
Al(_}tlr 3511:0 rowage- Totnl horsepower. 150 5 (T OO 60
Average number. : 2. R e 1 1 1], 2
Woges........... §1,210 || §1,219 .. Horsepower . 150 25 T eearenn i1

1 Includes operntors distributed as follows: Arkansas, 50; Arizona, 46 (1 mine); Colorado, 25 Idaho, 1; Maine, 18; Minuesots, 110; Nevada, 8 (1 mine); New

Hampshire, 10; North Caroling, 18 (1 mine); Pennsylvania, 55; South Carolina, 5 South Daketa, 8: Virginia, 8; Wyoming, 8.
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TALC AND SOAPSTONE.

By Jossrr Hype Prarr,

Tale and soapstone have assumed a very important
place among the minor minerals, and in respeet to the
qlue of the production are near the head. This is
due not so much to the variety of uses to which they
are put as to the very remarkable growth in the utiliza-
tion of tale in the manufacture of paper, for nearly
two-thirds of the value of the production in LH02 was
used for this purpose.  Statistics for tale and soapstone
include a small production of sevpentine and the pro-
duction of pyrophyllite, hoth of whicl are mined and
used for the same purposes as those for which tale
is employed. '

In treating the statistics of the tale and soapstone
mining industry it is necessary to include also the
statistics of the manufacturing processes which are
conducted at the mines under the same management, as
the finuncial and other details ave inseparable,  This
method has been customary since the census of 1860,
which was the first census to give statistios for this
industry.

Tanie Le—omparative sunanary: 1860 o 1902,

14902 1880 | 1880 { 18701 } 1800
Xumbher of mines or quar-

TECS cvaieiianrarniianiineaans 20 (%) 11 &) ()
Numbur of aperatery 20 (%) (%) i) a6
sglaried oflicials, clerks, cte,:

Namber, oo il (Y (l; i; ]

Salaritd oeenniiaeeiaa. §63,713 " U d
wage-carmers:

Average number. ..., 771 0950 178 7 27

WHREUS . lociaaninn- .. F270, 083 [FH1IH, 621 | $°7,546 | $88, 444 | $10,824
Miscellunreols expenses. ... $50, 130 (%) () ™) )
Cost of supplies and materi-

2] 195, 092 | $36,40:0 | $I8,201 | H98,820 1 $10,425
Produnoet:?

Quantity, short tong 97,663 | BG,4GL | 12,661 | (2 %)
Value $1,188, 167 | $175, 878 | §121,895 i $189, 115 | $27,000

1 (lassifiention was “sonpstone stoves, fireplaces, sinks, and cisterns,.”

2 Not reported,

3 Fstablishmenls,

i Not reported separately.

& Saluries ineluded in wages.

6 Foromen ineluded in wage-earners.

TThe United States Geologieal Survey reports 97,950 short lons, valuod ab
81,140,507, which includes 891 short tons of soapstone, valued ot $2,840, used as
a mineral pigment and so reported hy the Census, .

The industry, as will be seen by the table, inereased
from a product in 1860 valued at $27,600 to one in
1902 valued at $1,138,167. IFrom 1870 to 1880 there
was a falling off in value of 67,720, although there
were 5 more mines ov establishments in operation and
104 more employees engaged in the work., This prob-
ahly ean be accounted for by the fact that a number of
new properties were being opened and developed, and

thig development required a large inerease in the num-
ber of employees without resulting in production for -
the current year.

Only the statistics for New York and North Carolina
can he given separately, as there were not more than 2
producers in any of the other states. There were 20
mines in operation in the United States during 1902, of
which 6 were in North Carolina; +in New York; 2 each
in Maryland, Pennsylvania, and Virginia; and 1 each
in California, (Georgin, Massachusetts, and New Jersey.
Thirteen mines were reported idle—1 ench in California,
Maryland, Massachusetts, North Carolina, and Ohio; 2
each in New Hampshire and Virginia; and 4 in Georgia.

Capital stock of incorporated companies,—Of the 20
mines reported, 13 were operated by incorporated com-
panies, 4 Dy individuals, and 3 by firms. The details
of the capital stock and funded debt authorized and
issued by the 18 incorporated companies are shown in
the following table:

TansLe 2, Capitalizetion of tncorporated companies: 1902,

All
United New North h
state OT, . ather
States, York, | Cavolina.| Gt
Number of incorporated companies. . ... 13 4 i} 4
Copital ;i(tulukl mr bhonds issued oo.o....s $7, 607, 926 |i%6, 110,500 | $768,425 #810, 000
Capital stoel:
Total anthorized—
Number of shares 98, 877 61, 800 18,877 | 24,200
Par vnhlm ...... $7, '75%, 125 ||§6, 130, 000 | §918,425 |§710, 000
Tota) issuud—
Number of shar 91, 802 55, 125 11,877 | 24,200
Tar value ...... L|§7, 050, 920 (186, 572, A0 | $768, 425 1710, 000
Divig\cnds paid... §01, 300 867,800 [...oeanls 24, 000
Comnion—
- Authorized—
Number of i
ShAreS. vvenes 78, 677 41, 000 18,877 | 24,200
Tar value...... §5, 728, 445 |\$4,100,000 | §918,4256 $710,000
Tssued—
Number of
#lLTes. e e 706, 477 40, 900 11,877 | 24,200
Par value...... 5, HoN, 425 |§4,000,000 | §768, 426 1710, 000
: I)]i\'idcndslmid. §32, 000 1,000 |.einnenvnn #24, 000
Preferred—
Auwthorized—
Numhber of
shares........ 20, 300 20,800 1.ooioiiaei]ieenaens
I’tlll‘ value...... $2, 030, 000 ‘$2,030,000 ..................
Issued—
Number of
shares..oooas, 14, 825 14, 826
Parvalug....... $1, 482, 500 1$1, 482, 500
Dividendspaid.|  §i9, 800 69, 800
Bonds:
Authorized—
NUMBCP ccvnninsrnacmmmnnenn 1, 900 900 fewocaeannn 1,000
Par value 750,000 {| $630,000 |..conennns 5100, 000
Tssned—
NUMDEL oo tvasveninnnnnrnnns 1,817 o817 1,000
PAE VAR oot riiiireenvanes $647,000 || $547,000 |.. £100, 000

Tnterest paid §6, 660

$12, 660 )

#6, 000

1Tneludes operators digtributed as follows: California, 1; Pennsylvania, 1;
Virginia, 2, ]
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Tive of the incorporated companies were in North |

Carolina, 4 in New York, 2 in Virginia, and 1 each in
Californin and Pennsylvania. The capital stock and
funded debt of the 4 New York companies constituted
9.5 per cent of the total. The par value of the

capital stock issued was 90.9 per cent of tlie total par |

rlue authorized. The bonded indebtedness was 8.4
per cent of the capital stock and funded debt. The
dividends paid amounted to 1.3 per cent of the total
stock issued and 5.1 per cent of the total stock on which
they were declared. Sixty-five per cent of the total
amount paid in dividends was declared on preferred
stock and 35 per cent on common. Of the total divi-
dends 73.7 per cent was paid on the stock of the New
York mines and 26.3 per cent on that of the mines in
Virginia.

Lonployees and wages.—In considering the question
of employees and wages, it is to be observed that the
tale and soapstone industry is a composite one of min-
ing and manufacturing, There are two principal kinds
of manufacture: (1) The grinding of tale into flour,
after which it is packed in bags preparatory to ship-
ment, and (2) the sawing and finishing of soapstone into
slabs, mantelpicces, laundry tubs, ete. Thus it can
readily be seen that more employees are requived, in
proportion to the tonnage of the mineral mined, in an
establishment where the higher grades of manufactured
articles are made than in a plant where the mined tale
is merely ground. This will explain the large number
of employees in proportion to the tonnage in ““all other
states,” because in these the soapstone mined is largely
converted into manufactured articles, this being espe-
cially true of Virginia,

The number of salaried employees was 75, or 8.9 per |

cent of the aggregate average number of all employees,
which was 846, and they received in salaries $63,718, or

18.6 per cent of the total salaries and wages, which
amounted to $342,796. The number of wage-carners
was TT1, who received $270,088 in wages, Whl(‘h were
91.1 ,mc[ 81.4 per cent, l‘e.spcctwely, of the total num-
ber of employees and total wages. There were on an
average 38.5 wage-earners toa mine. Of the states,
the statistics of which are shown in detail, New York
had 21.1 per cent of the wagc-carners, and they re-
ceived 30 per cent of the wages paid. North Caro-
lina had 8 per cent, and they received 7.7 per cent of
the wages. -

Of the 771 wage-carners, only 98, or 12.7 per cent,
worked below ground, the remaining 673, or 87.3 per
cent, being employed nl)ove ground. bome of these,
howu er, were employed in clemuno‘ and preparing the
tale and soapstone for market, whllo all the under-
ground wage-carners were du'ectlv employed in min-
ing the tale. Besides the number of wage-earners
mentmned zbove, there were 9 foremen included among
the salaried employees, who worked below ground.

Of the 771 wage-earners, 411, or 58.8 per cent, are
clagsified as “mmers or quarrymen and stonemtters;

MINES AND QUARRIES. ,

of these 73, or 17.7 per cent, were employed in New
York; 57, or13.9 por cent, in N orth Carolina; and 281,
or 8.4 per cent, in ““all other states.” In New York,
69 miners were employed underground and only 4 were
reported as worlking above ground.  In North Carolina,
8 miners were reported as working underground, and
in ““all other states” only 8 woere so reported.

The daily rates of pay of the wage-carners, as given
in Table 5, varied from 50 cents to $3.44 per day.
Nearly one-half of the total number of all classes of
wage-carners, or 6.8 per cent, received from &1 to
$1.24 per day; 182, or 17.1 per cent, were paid from
$1.25 to $1.49 per day. The highest rate of pay was
received by those classilied as “all other wage-carners,”
16 of whom were paid from $8.95 to §3.4) per day,
these heing employed in the manutfucture of the more
intricate articles made from soapstone.

Of the 411 miners or quarrymen, 24, or 60.6 per
cent, received only from $1 to 124 per day, this heing
due largely to the fact that most of these workmen
were employed in the southern mines, where the rate

‘of wages was much lower than it was for the sune class

of labor cither in the North or Kast,

The average number of wage-carners cmployed dur-
ing each month is also shown in Table 5. The husiest
months for the industry were August, when an average
of 826 employees were at work, and September, when
the avernge reached 841, The month with the smallest
average wag November, with 705, In New York the
greatest average number employoed was 168, that num-
ber working in January and December. In North

Taroling the greatest average was 85, employed in Jul\'
August, and September,

Swpplies, materials, and miscelloncous eapenses.—The
amount, $125,982, reported as paid for supplies and
materi a],s was tho. principal item of cxpense, next to
wages., Of the amount, $80,136, reported for miscel-
laneous expenses, $31,.,()~L, or 3.1 per cent, was ex-
pended for royalties and rent of mine and mining plant,
and $48,772, or 60,9 per cent, for rent of offices, taxes,
insurance, interest, and other sundries,

Mechanical power.—Of the 20 operators, 16 reported
pl'inmry power aggregating 8,045 horsepower. Of
this, 2,700 horsopowor or 68.4 per cent, was-supplied
hy wabm' wheels; 1,285, or 81.8 per cent, by stewm
engines; and 10, or three-tenths of 1 per cent, hy gas
or gasoline engines. There were veported in addition
8 electric motors having a capacity of 225 horsepower,
Of the 2,700 horsepower furnished hy water wheels,
1,650, or 61.1 per cent, was used in New York;
28.3 per cent, in North m)lma; and 420, ov 15.6 per
cent, in *“all other states.,” Of the 1,235 horsepower
generated by steam, 530, or 42.9 per cent, was employed

680, or

in New York; 70, or 5.7 per cent, in North Caroling;

and 635, or 51.4 per cent, in ““all other states.” The
10 horsepower generated by gas or gasoline engines was
used in California. The electrie motors were reported
from Virginia.
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Production.—The total production of tale and soap-
stone in 1004 was 97,5653 short tons, valued at $1,138, 107,
ot which the state of New York, with 4 establishments,
produced 71,100 tons, or 72.9 per cent, wnd North Car-
olinn 5,248 tous, or 5.4 per cent, leaving 21,225 tons,
o1 21,7 per cent, for the T other states.  In the value of
the production New York is eredited with 541 per cent
of the. total value, North Carolina with 7.8 per cent,
and the 7 other states, colleetively, with 38.1 per cent.
In order to show the growth of the tale and soapstone
industry in the United States since 1880, there is given
in Table 8 the production of these minerals as reported
hy the United States Gteological Survey since that year:

Tanre 3.—Production of tede wnd sonpstone: 1880 to 1802,

- {United States Geologienl survey, SMineral Resourees of the United States,”]

Avoerage

B Quantity R IR
YHAR, {xhort tons), Value, l,t.:lltl(‘,;l

12, 671 B121, 005

12,000 i

12, (o 7 B

LI, 000 205, (00 10,

200, Gk J14, (10 HR

<2, 000 J10, 000 A,

24, (K0 {000 1L08

27, 000 80, (0 IR

©odh, o A6, o (RIS Y|

36,401 ATR KT8 13, 0

i, 02} 641, B 11. 66

B, His T MY 1,50

(3R U, OB 13,82

i, Ui (08, H0% 11.57

63, UAl BRI 1,97

60, 745 647, 802 10,19

08,272 7, Al .

T8 702, B

7H, H87 BUS, HiL

74,420 TR, 000

a1, 148 M, 41 ,

97, 86 UON, 188 .84

07,054 |1, 10,007 1164

Since 1880 the average price per ton has ranged from
€012 in 1808 to 16,07 in 18838, In 1902 the prices re-
ported as received for the tale and soapstone produets
varied from $2.256 for material sold in the rough nas
quarried, to $31,025 received for manufactured articles.
This wide variation in price is readily explained by tho

-arious nses to whieh tale and soapstone are put, and to
the amount of work that is required in preparing the
manufactured articles for market.

The imports of tale, 1880 to 1902, inclusive, prinei-
pally from Trance and Italy, as published hy the United
States Geologieal Survey, ave shown in the following
table:

TABLE d.—Tale tmporied inlo the United Stafes: 1880 (o 1902.

[United States Geologleal Survey, “ Mineral Resourees of the United Stotes.]

Quantity Quantity
YEAR. Sslmrt Vulue. YEAR, {showt Vulue.
0ns), . tons),

M w12, 807 | 6, 540
(1 7,341 1,360 12, 825
1 25, 341 622 6, K15

i 14, 607 3, 165

3] 41, 165 1, 966

) 2,850 96

1 21,514 761

gl 49, 200 254

D4, 105 | 22,446 79

19, 229 30,993 2,880

1,044 1,060 1, 859

81 1,121

1Not reported.

The detailed statistics of the industry for 1902 are
given in Table 5.

DESCRIPTIV E.

The name tale has been used very commonly, and vet
erroneously, for a number of minerals which ave simi-
Lar to it in physical properties, hut distinet mineralogic-
ally.  Commercially, the name tale is usually applied
to the fibrous and foliated varieties, which are the
purer forms, and the name soapstone confined to the
massive varieties.  Mineralogically, the name tale re-
fers not only to the folinted and fibrous varieties, but
also to those which are compact, and soapstone or stea-
tite is simply o variety of this mineral. Tale may be
considered us occurring in the varieties, folinted and
massive, with o thivd division. known as fibrous tale,
which is usually enlled pseudomorphous, ag it has gen-
erally resulted from the alteration of the mineral ensta-
tite. The folinted tale is the most valuable, heing pure
and very free from grit, so that it is snitable for use in
the manufacture of talenm powders, ete.  Qecasionally
this variety is so compact that it can be used in the
manufacture of tailors’ pencils, when it commands the
highest price paid for any tale. Certain vavieties of
the muassive tale ave also pure enough to be gronnd into
a flowr tale, but the greater portion is used in the man-
ulacture of soapstone articles,

The properties of tale (exclusive of soapstone) that
make it suitable for the purposes for which it is used
are its extreme softuess, its purity or freedom from
grit, its stability, and itg smooth, slippery surface.
Since the minerals serpentine and pyrophyllite closely
approximate many of these properties, they are used
to some extent for the sune purposes. This is true
especially of the latter, which can be used for many of
the purposes for which flour tale is employed.

Ocewrrence~Tale is found very commonly through-
out many of the states, and in small quantities it is very
widely distributed. The steatite variety oceurs more
frequently in commercial quantities, but it can be
worked profitably only when it is located most fayorably
with regard to transportation facilities and in proxim-
ity to a market for the manufactured articles. In a
number of states this variety is quarried and used for
chinmeysand fireplaces by the inhabitants of the district
in which it occurs, but it is impossible to tell exactly
how much ig used in this:way. It has been roughly
estimated that in the mountains of North Carolina from
95 to 50 short tons per. year are so used.

Large deposits of folinted tale have thus far been
found only in North Carolina and New York, and in
hoth cases they are associated with limestone. Small
amounts of thisvariety of tale are found associated with
the basic magnesian rocks extending from Alabama to

Sanada, but in no case has it been found in commercial
quantity. Where, however, the pyroxenite variety of:
these Dasic magnesian rocks has been converted into
the secondary rock composed almost entively of the
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steatite variety of talc, it makes a deposit of commer-
cial value if favorably loeated, as mentioned above.

Tale has been mined in California, Georgia, Mary-

Tland, Massachusetts, New Hampshire, New Jersey, New
York, North Carolina, Pennsylvania, Vermont, and
Virginia. In 1902 it was mined in all these states
except New Hampshire and Vermont. The California
“ tale product” that was put on the market in 1902 was
not tale, but a variety of serpentine obtained from
Santa Catalina Island, Tios Angeles county. Recently,
however, a deposit of tale was discovered in Tulare
county, near Lindsay, about 2§ miles east of the rvail-
road, where it occurs in lenses of from 6 to 8 feet in
width and 100 or more fect in length. Since no good
tale deposits are being worked on the Pacific const, this
deposit is worthy of mvcstlg,atlon as to its commercial
possibilities,

The deposits of Georgin and North Caroling are
somewhat similar in their oceurrence, and are probably
parts of the swme belt, although the Georgin tale is
more compact and not so fine in quality. In Georgi
the principal mining has heen done in Murray county.
At least one-half of the tale mined in this state is pub
on the market in the form of ground tale.

The deposits of North Caroling are found in Swain
and Cherokee counties, and that portion of the helt in
Swain county furnishes the most valuable tale that is
produced in the United States, and in many respeets is
a unique oceurrence of this mineral. The quality of
this tale is such as is used in the manufacture of tailors’
peneils, ete., and for which there ix a larger demand
than can be meb.  All the rest of the North Caroling
tale is ground to flour, and most of it is used in the
manufacture of toilet powders, In Moore county occur
the pyrophyllite (soapstone) deposits, which have been
mined quite extensively, the product heing used for
various purposes. None of it is as good quality as the
genuine tale, nor does it command as high o price.  Fou
foundry purposes, however, as far as can be judged, it
ought to be as satisfactory as the other,

The Massachusetts tale deposits are not very nmmer-
ous, and the only one worked in 1902 was near Dalton,
Berkshire county. The tale is of the foliated variety,
and all that was mined was ground to flour tale.

The deposits of tale in Mm'ylund and Virginia are of
the steatite variety, and nearly all mined in these states
is used for manufactured articles, A very small amount
has heen ground to a flour tale. A fibrous tale has been
obtained in some quantity in the vicinity of Wiehle,
Fairfax county, Virginin.

Soapstone deposits occur on both sides of the Dela-
ware river, heing found in Warren county, N. J., and
in Northampton county, Pa., in the vicinity of Easton.
The general width of this soapstone belt is from 500 to
600 feet, and the mineral is obtained usually by quar-
rying. Practically all of the Pennsylvania and New
Jersey tale or soapstone is put on the market in the
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form of a ground product, most of which is used in the
manufacture of paper.

St Lawrence county, N. Y., is the scene of the
largest tale industries in this comuntry. The tale is of
the fibrous variety, and is used almost entirely in the
manufacture of paper. There are about twelve mines
in this tale region, and they are loeated near Taleville,
St. Lawrence county, and Littleyork, Cortland county.
SBince the consolidation of a number of the smaller
properties the mining and manufacture of ground tale
has been carried on more systematically and on alavger
scale, thus increasing the production of tale in this state
and decreasing the cost.

About 3 miles southeast of the village of Rochester,
Vt., are old tale mines which were worked rather ex-
tensively duving 1865-66. These are now being ro-
opened and developed, and the material will he put on
the market as ground tale.

There were no new deposits that produced tale during
1902, nlthough some work was done in investigating
deposits, most of the deposits investigated, howevoer,
proved to be of little or no commercial value, heing for
the most part of the steatite variety,

Metheds of nidning, manyfucturing, wnd deaning -
The mining of tale is cither (1) by means of open cuts
and pits, (2) by & system of shafts.or tunnels and
drifts, or (3) oceasionally by a combination of hoth euts
and shafts. The mining of the soapstone (steatite) is
largely by the first method.  Mining by shafts, tunnels,
and drifts is confined to the foliated and fibrous varie-
ties of tale, In New York the method of mining is
practically the same at all of the mines,  Inclined shafts
are sunk, following the dip of the country rock, which
ix first gneiss, and then massive white dolomite, as the
heds of tale are n]’)l)l'(mch(\d These rocks stand very
well, so that timbering is required only oceasionally.
When the shafts rench the beds of tale, drifts ave run
along the strike of the deposit,  On accotint of the com-
pactness of this tale, blasting is usnally necessary in re-
moving it.  As the tale comes from the mine it vavies
in size from particles no larger than dust to masses two
feet or more in length, and it is conveyed in hand ears
to the mills, where it is pulverized. The larger masses
are broken with sledges and then passed through Blake
erushers and conveyed by a belt to a pair of slightly
corrugated steel rolls, which reduce the tale to small
pieces, one-fourth inch or less in length,  From the rolls
the erushed tale is carried by an endless belt conveyor to
bins on the top floors of the mills, and then it is con-
veyed automatically into Griffin mills on the floor helow.
A draft of air is forced through the mill, and as the
tale becomes fairly fine it is blown through an opening
and falls to the floor below. It is returned to the
second floor and conveyed into large hopper shaped bin
cars, from which it is dropped into Alsing eylinders,
in which is a quantity of waterworn quartz pebbles,
2% inches or less in diameter. Asthe eylinder revolves
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the constant pounding and rubbing of these quartz peb-
bles on the tale completely pulverize it. From this
eylinder the tale passes through a grating, thus becom-
ing separated from the quartz pebbles, and is conveyed
automatically into a bag filling machine, where it is
hagged and weighed, ready for shipment,

Tale mining in North Carolina does not present any
serious difficulties, as the deposits do not extend to any
great depth. The presence of water in the mines in
the lowlands oceasionally causes considerable expense
and loss of thne.  Most of the mines thus located have
heen worked by means of open pits, which duridy a
period of heavy rain have to he abandoned on account
of heing flooded. Although some of the deposits,
especially those on the hillsides, can be worked advan-
tageously by means of open pits; the majority of them
are worked to the best advantage when shafts or tun-
nels and drifts are used.  Little hlasting is necessary
at any of the mines, as the tale can usually be removed
readily by pick and gad.  As the rough blocks of
tale are taken from the mine they are hand cobhed if
necessary and sorted into three grades, The lavger
picees are cleaned by rubbing them with steel hrushes,
and the smaller ones by a founder’s scouring machine,
They are then dried by heing spread over a floor of
steam pipes, which are kept at & temperature of 212° I,
When these pieces ave dry they are crushed and ground
by means of crushers, rolls, and pulverizers, and the
foreign material removed by scereening, It is then
further ground in bubrstone mills, similar to those
used in grinding wheat, and passed through holting
cloth, wlich makes the final product nearly uniform in
egrain, This ground product is handled very much
like flour, and in filling the bags with the flour tale, an
ordinary flour packer is often used.

In Maryland, New Jersey, Pennsylvania, and Vir-
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ginia, where it is principally the steatite variety of tale
that is produced, the mining operations are carried
on almost entively in very. large open cuts and pits.
The preparation of the ground tale from the New
Jersey and Pennsylvania mines or quarries is a process
similar to that deseribed above. In Virginia, where
the soapstone is nsed almost exclusively for manufac-
tured articles, the tonmage mined is of course very
much larger than the weight of thée articles manufac-
tured and put on the market. '

Uses.—~Tale 18 employed in the arts in two distinct
forms, as powder, or flour tale, and as pieces sawed
into various sizes and shapes. The flour tale is now
used as a base for fireproof paints, lubricants, and
many of the cheaper soaps, for eleetric insulators, for
boiler and steam pipe coverings, for foundry facings,
for the dressing of skins and in the manufacture of
dynamite, of the various toilet powders and of paper.
Formerly certain varicties of clay were used as a filling
in the manufacture of paper, but with the discovery of
large deposits of tale, especially of the fbrous variety,
in New York, tale has lavrgely replaced them, its fibrous
and pliable character giving additional strength as well
as weight,  The introduction of tale in the manufac-
ture of toilet powders put on the market under the
nmme of faleam powders gave a new use for the more
valuable tule. :

The soapstone, or steatite varieties of tale, are used
for the most part in the manufacture of hearthstones,
linings of furnaces, for cupola and converter linings
in many steel works, for laboratory tables and ovens,
for laundry tubs and slate pencils, and, to a limited
extent, in huilding. Tt is also used quite extensively
in  the manufacture of soapstone griddles, foot
warmers, hoot, driers, and for many other articles of
everyday use.
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MAGNESITE.

By Josern Struriers, Ph, D.

The output of magnesite in the United States is oh-
tained solely from Californin. The mineral occurs in
other states, but the deposits are not of suflicient extent
or purity to render their exploitation a commercial pos-
sibility. The deposits of this mineral oceur in several
localities in California, but a mine located in Tulare
county was the only one in active operation during
1002, It is impossible, therefore, without disclosing
individual operations, to publish the complete statistios
for this branch of the mining industry, and they are
included in the group of ““all other minerals™ in the
general tables, Of the magnesite mines which were
idle during 1902, 2 are located in Alumeda county, 2 in
Nape county, and 1 each in Santa Clara, Sonomua, and

Stuanislans counties, a total of 7. The mineral has also

Bbeen found in San Bernardino county.,

Production,—During 1902 the production of magne-
site in California amounted to 8,086 short tons of crude
ore. Of this product 2,236 short tons were calcined,
the result being 1,050 short tons of the calcined produect,
valued at $15,780. The remaining 850 short tons of
crude ore were valued at $3,859. The value of the
entire product was therefore $19,639,

The quantity and value of crude magnesite marketed
in the United States during the years 1891 to 1902, in-
clusive, including the value of the ealeined produet, is
given in the following table from the report of the
United States Geological Survey:

TavLe L.—Production of magnesile: 1891 to 1902,

[United States Geologleal Survey, “Mineral Resoureesof the United Stales,” 1802,]

. Quantity LA
YEAR. (short tong). | Yahue

439 $, 800

1,004 10, 040

704 7,040

1,440 10, 210

2,990 17, 000

1,500 11,000

1, 143 18, 671

1,263 14, 476

1,280 18, 480

2, 2hY 19, 338

13,172 43,007

8,466 o1, 363

The census figures for 1902, as given in the text, are

for the quantity mined that year, while those of the

Survey include 880 tons, valued at %1,723, mined
previously hut sold in 1902,

The production of crude magnesite is practically
under the control of one firm in California, which ships
much of the output to two manufacturers of earbon
dioxide gas for use in the production of the gas hy cal-
cination,  The caleined product, essentially magnesium
oxide, or magnesin, is returned to the shipper and is
subsequently utilized by paper mills in California and
Oregon.  The demand for caleined magnesite for this
purpose in the West is limited, and only a small por-
tion of the available supply is utilized—a trade condi-
tion which is veflected by the different unit value of the
caleined product from year to year when considered in
connection with the quantities produced. Thus in 1000
the supply of caleined magnesite amounted to 1,013
short tons, and the average value per ton was §15.70;
in 1001 the output, 4,726 short tons, far exceeded the
demand, and the average value decreased to §5.57 per
ton; in 1902 the quantity produced, 1,050 short tons,
was agnin just suflicient to satisty the normal consump-
tion, and the average value per ton rose to $15.03,

Conswmption.—It is impracticable to furnish accurate
statistics of the consumption of magnesite and of magne-
site products in the United States, owing to the fact that
in the official reports no distinetion is made between the
imports of crudeand of caleined magnesite; furthermore,
the statistics of the quantity and value of imported mag-
nesite bricks are not separately reported.  During 1902
the imports of crude and caleined magnesite (which were
chiefly from Grreece and Austrin) amounted to 49,786
short tons, valued at $373,928, as compared with 83,461
short tons in 1901, There was also a very large impor-
tation of magnesite bricks, but no statistics of their
quantity or value are available. By adding the figures
for imports to the figures for the marketed production,
as given by the Geological Survey, an estimate may,
however, be made of the consumption exclusive of the
quantity contained in brick form; on this basis the
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quantity of crude and ecalcined magnesite consumed
in the United States during 1902 was 53,252 short tons,
as compared with 46,633 short tons in 1901 and 31,076
_short tons in 1900. These statistics show the increas-
ing importance of magnesite in the industrial arts in
the United States; they also show that 01‘11y a very
small fraction of the bupplv is of domestic origin.

The indastry inthe United States,—Magnesite is found
in’ many localities in the United States—in California
and in Massachusetts; at Bare Hill, near Baltimore, Md.;
near Rye and at Stonypoint, N. Y.; near Hoboken,
N.J.; in Yancey and Cabarrus counties, N, C.; in Ches-
ter and Lancaster counties, Pa.; in Arizona and in
Texas. But the deposits have been worked with com-
mercial success only in the first-named state. The
deposits in California are quite widespread, occurring
in the following counties: Alameda, Colusa, Fresno,
Kern, Mariposn, Monterey, Napa, Placer, San Luis
Obispo, Santa Clara, Stanislaus, Tulare, and Tuolumne,
The only producing property during the year way in
Tulare county, near Portersville, whore the mineral
occurs in a series of vertical ‘md flat veing, in some
cases 10 feet in width, and hag wall rocks of serpentine
and granite. Some of these veins outerop boldly, and
a few of them have been traced on the surtace for sev-
eral thousand feet. A large quantity of mineral has
been diselosed by open cuts and a tunnel. A 10-ton
kiln, using crude petroleum as fuel, serves to caleine
the product, which is then shipped to paper mills,
and u second kiln will be erected as soon ns the
demand warrants it. The calcining treatment, which
is carvied on at a temperature of 2,500° It., occupies
from three to three and one-half hours; the carhon
dioxide gas expelled is allowed to escape into the
air. In the caleination of magnesite, 48 to 52 per
cent of its weight is lost by the (;\1)11151011 of the
carbon dioxide. The cost of the ealeined product
at the kiln is from §12 to $14 per ton. The demand
for magnesite has increased rapidly cast of the Rocky
mountains, but owing to the high cost of transporta-
tion from the Pacific coast, most of the mineral used
is imported, mainly from (xr(‘(}(,e. An important proh-
lem of the industry in California is to reduce the cost
of calcination to a point which will admit of the ship-
ment of sthe calcined product to Pittsburg, where it
might be used for the manufacture of magnesite brmk
and other refractory products, an mdubtry in which g
present magnesite imported from the island of Duboen,
in Greece, ‘md from Styria, in Austria, is used. An-
other important feature is the devdopment of the iron
and steel industry on the Pacific coast, which will give
a strong impetus to the mining of mﬂg‘neslte and, its

manufacture into bricks and concrete for use as a basic

Ilnmg‘ of furnaces or converters, for treating phos-

phorlc pig iron 'to, make basic open-hearth or basic
Bessemer chel

The industry in foreign countries.—The greater por-
tion of the world’s production of magnesite at the
present time comes from the deposits in Austrin and
Greece. During 1901 the exports of calcined magne-
site from -Austria amounted to 40,236 metric tons,
valued at $321,800. The deposits in Austrin have
attained their glum‘st development near Vietsch,
The formation is of the Silurian age and congsists
of argillaceous shales, quartzite, dolomwu, and gneiss,
The magnesite oceurs in beds conformable with the
strata and is usually seamed with ecaleite, dolomite,
and quartz, with occasionally segregations of dolo-
mite crystals; it s necessary, thercfore, to cob and
pick the mineral. The sorted ore, which usually
containg from 00 to 96 per cent of magnesinm car-
bonate, isx caleined at a white heat in kilns' lined
with magnesite bricks at those seetions where the
temperature is the highest, in order to prevent the
introduction of impurities into the material. The
small amounts of silien and ferric oxide contained in
the ore are suflicient only to sinter it. The kilns ave
confinuous in action and yield 80 tons of ealcined ore
daily.  This product is sorted mechanically for the
removal of the fine dust, as well as quartz and other
impurities, that may not have bheen separated in the
preliminary  cobbing process. The sorted caleined
material is then crushed, formed into bricks in steel
molds by hydraulic pressure of about -£500 pounds per
square inch, and finally burned in kilns at o high tem-
perature, thus producing the solid and compact magne-
site brick oy it appears in the trade.

In Greece the magnesite mines ave near Mantudi and
Limmi in the northern part of the island of Euboea.
The mineral is in erypto-crystalline form and oceurs in
large veins in serpentine; picked samples contain as
high as 98 per cent of magnesium carbonate, hut
the average composition approximates 95 per cent

Formerly the soited ore was calcined in kilns fired

by wood, but this process has been cheapened by
the introduction of modern shaft ealciners using a
local lignite for fuel, Ordinarily the completely cal-
cined ore falls to powder when moved and causes the
lower and cooler portion of the ordinary kiln to
become choked with fine material, thereby proventing
the access of aiv which is necessary for the combustion
of the fuel.  The modern furnace is constructed espe-
cially to overcome this defect. The magnesite from
Tuboea is exceptionally pure and on account of the
absence of impurities, it sinters only at a very high
temperature. As this magnesite is so highly refrac-
tory, it is necessary in the manufacture of bricks to
add a suitable binding niaterial. At the brickworks
at Mantudi, a small proportion of gerpenting is.added
to the mixture which is molded and burned #t: 4, tem-
perature of 1,400° C. in a regenerative furnace of the
Siemens type, yielding a very hard and dense brick.
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Deposits of magnesite have been found at Sutton and
Bolton, Ontario, Canada; near Frankenstein, Germany;
in the Department of Utfa, southern Urals, Russia; in
India; and at several localities in Hungary. A few of
these deposits have been worked, but the output from
them at the present time is very small, when compared
with the total production of the world. :

Oceurrence and characteristios.—Magnesite, magne-
sium carbonate (MgCQO,); corresponds chemically to
caleite, caleium earbonate (CaCOy).  In the pure state,
it contains 47.6 per ecent of magnesium oxide, and
52.4 per cent of carbon dioxide.  When impure, mag-
nesium silicate is present and at times iron oxide.
Pure magnesite occurs in transparent, rhombohedral
crystals; in the massive form it is compact and granu-
lar, resembling unglazed porcelain in appearance. In
color it is generally white, but often of o yellowish,
grayish, or even brownish tinge. The brownish color
is imparted to the mineral by the impurity, iron oxide,
which if present to the extent of several per cent forms
the variety ““breunuerite,” or ““brown spar,” as it is
sometimoes called.  In hardness magnesite varies from
3.5 to 4.5, and though brittle, it is exceedingly diflicult
to drill.  Its speeific gravity varies from 8 to 3,12,

The formation of magnesite, which is usually ngso-
ciated with serpentine, is attributed to the action of
carbonuted waters upon evuptive magnesium rocks,
such as olivine (chrysolite); when this action has heen
cartied nearer to completion, the serpentine also is
decomposed; yvielding as final products magnesite and
cquartz.  While magnesite generally oceurs associated
with serpentine, it is found also with other magnesian
minerals, as tale, brucite, dolomite, ete. It is some-
times found in gypsum, and when the veing are irreg-
ulwly mixed with the gypsum the mass forms the
variety of marble known as ¢ verd anfique,”

lves.—1In the crude condition magnesite is used
lnrgely for making carbon dioxide gas, either hy the
applicntion of heat alone or by treatment with sul-
phurie acid.  The carbon dioxide so produced i util-
ized largely either in the gaseous or liquetied state to
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““charge” or carbonate mineral waters and other hev-
erages, and its use in mechanical refrigeration in warm
countries and on shipboard is increasing,  When crude
magnesite is decomposed by sulphurie acid, magnesium
sulphate is obtained as a hy-product, whicl, heing
dissolved in water, filtered, and crvystallized, yields
Epsom salts (MgSO,, TH,0). During 1902 it is esti-
mated that at least 17,500,000 pounds of this salt were
produced in the United States. At least 90 per cent
of the domestic output of Epsom salts produced during
1902 was consumed in the manufacture of dyes, laun-
dry soaps, and paints, and in tanning leather; the
remaining 10 per cent was used in the preparation of
medicinal salts, Karly in 1908 a combination was
effected of the various concerns engaged in making
Kpsom salts in the United States. Crude magnesite is
used to a minor extent in the manufacture of the mag-
nesia alba of pharmacy. This preparation is a mixture
of magnesium carbonate and hydrate.

The consumption of magnesite in its caleined state
(which' corresponds to magnesia, MgO) has increased
very largely sinee 1804, owing to its uses in the form
of bricks or concerete as a refractory lining for open-
hearth furnaces and Bessemer converters in the steel
industry, and for special parts of furnaces used in the
smelting of copper and lead ores; as ulining for rotary
kilug used in the manufacture of Portland cement; as o
nonconducting covering for hoilers, steam pipes, ete.,
to prevent loss of heat; and more recently in electric
furnace construction as a refractory material, It is
used also in the manutacture of paper stock by the sul-
phite process, the wood pulp heing digested under
pressure in ealeinm-magnesium acid sulphite, wherehy
the lignin which forms the coloring matter of the wood,
as well as other inerusting materinl of the fiber, is con-
verted into soluble products, which are subsequently
removed by washing, The gencral adoption of the
basie process of making steel hag also largely inereased
the use of magnesite for furnace linings, especially in
the form of bricks,
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INERAL INDUSTRIES OF PORTO RICO.

By Wirriam F.

The investigation of the mineral industries of Porto
Rico for the year ending December 81, 1902, report of
which is given in the pages that follow, representing,
as it did, the first attempt to present a comprehensive
exhibit of the character and importance of the mineral
resonrces of the island and of their exploitation, had to
contend with the difficulties usually attendant upon
initin]l statistical or census worle in any ficld. These
difficulties consisted not so much in securing data con-
cerning mineral deposits and their working, after their
existence was known, as in securing information con-
cerning such existence and working itself. In the
present case this difficulty was especially acute owing
to the leck of official data and the fact that in no case
were ming operations being conducted as & regular
industrial enterprise. Such work as was done during
the year was almost wholly of a prospecting and experi-
menlal charncter. Iven brickmaking and stone quar-
rying were carried on in an intermittent mannor,
bricks being made as demand arose for them and quar-
ries hoing worked here and there by contractors in need
of nmterml for roadmaking,

In view of these conditions it was deemed that the
most important work that could be done by the investi-
gation would consist of presenting (1) such historical
data as could be obtained regarding the search for, and
discovery of, minerals in the past, and efforts that had
been made for their utilization; (2) a statement of the
Iaws in force regarding the location and exploitation of
mining claims; (8) a list of all mineral deposits of which
information could be secured by making the most thor-
ough investigation possible; and (4) an account, with
such statistical data as could be obtained, of work actu-
ally done during the year in the utilization or manipu-
lation of such mineral resources.

In these efforts it is believed that, thanks to the co-
operation of the different insular and loeal officials, a
large measure of success has been attained. The
thoroughness of the canvass may be seen from the fol-
lowing statement of the means employed in securing
information. In addition to the personal researches of
the author and his assistants, information was sought
and secured from each of the sixty collectors and
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deputy collectors of taxes attached to the Treasury
Department of the island, whose duties are such as to
make them personally acquainted with every important
taxpayer or industrial enterprise in their respective
districts, from the twenty-odd internal revenue agents
whose duties take them to every part of the island, no
matter how diflicult of uccess, and finally from all the
contractors and superintendents engaged in the con-
struction or maintenance of the highways. The com-
missioner of the distriet of Porto Rico and the chief of
the Bureaun of Mines under his jurisdiction likewise
rendered every possible assistance in the way of fur-
nishing data taken from official records and in dlrectlng
all of their employees to furnish any information in
their power.

Mining, as generally understood in the Unlted States,
has not up to the present time heen a stable industry in
Porto Rico. Certain minerals were known to exist by
Tonee de Leon and,his followers in the early part of
the sixteenth century, but no systematic or scientific
methods were then, or have heen since, employed in
their extraction. The absence of any relics pertaining
to the period antedating the discovery of the island by
the Spaniards would tend to show that metals were
not, used in the manufacture of warlike iwplements or
domestic utensils, neither has there been unearthed any
metal adornients, such as anklets, arm rings, or similar
decorations with which.primitive tribes conversant with
the use of metals were wont to adorn their women folk,
The complefe absence also of shafts, tunnels, and other
evidences of ore mining, such as ave being constantly
uncovered in other Spanish-American countries, would
further tend to confirm the opinion that neither the
Borinquefios novr their Spanish conquerors practiced
mining except in a desultory manner, and the lack of
historical mention of such industry likewise strengthens
this belief, Fray Ifigo Abad, in his *History of Porto
Rico” (1788), makes reference to early remittances of
gold to the Spanish peninsula, but all the gold extracted
was undoubtedly obtained from river washings by en-
forced native labor. In his description of the effects of
the great hurricane of 1530 the same historian says!
¢Se volvian los ojos 4 las minas, las veian todas sumer-

(1075)
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gidas por las crecientes de los rios” (They turned their
eyes to the mines, but found them all .submerggd by
the overflow of the rivers).

Oflicial or other reliable data relative to the geolog-
ical formation of the island is also practically nonexist-
ent. Some attempt to compile a report on the subject
was made by Angel Vasconi, a. Spanish engineer, and
the regult of his labors was laid before the directors of
the Exposition of Mineralogy held at Madrid in 18883.
The monograph comprising the report is not extant in
Porto Rico, but a portion of the rough draft was found
among the archives of the insular Bureau of Mines by
its present chief and was largely drawn upon by the
Governor of Porto Rico in his second annual report to
the President of the United States. The information
therein contained is considered worthy of reproduction
as presenting in suceinet and precise form what little is
known of the mineral bearing formations which go to
make up the soil and subsoil of this new possession of
the United States.

[Extract from the second annual report of the Governor of Porto Rico to the
President of the United States.]

Gold placers were worked for some years by the Spaniards in
the first century of the conquest, and, according to official statistics,
2,700 pounds of gold were sent to Spain from the year 1509 to the
year 1536. It is believed that that figure only represents the part
belonging to the Crown of Spain--that is to say, the fifth of the
total production during that period of time.

The Sierra de Luquillo, the more abrupt and the highest of allthe
mountains in Porto Rico, belongs to the main cordillera, or chain,
which cuts the island from east to west, with & prolongation_to the
Windward Islands, by the east, and to the little island of Desecheo,
situated opposite to Mayagnez and Afiasco, by the west. That
mountain, or sierra, is in the northeastein part of the island, and
owing to its situation and the elevation of its hills—the highest

-being El Yunque, 1,200 meters [3,937 feet] above sea level—is the
first vessels can distinguish in coming to Porto Rico. Irom El
Yunque and the hillsnamed Cuchilla Firme, Meseta, Pefia Parada,
and others, various rivers flow in which gold has been found. The
Mameyes, one of the richer in gold, has as tributaries the rivulets
known as Filipina, Cajones, Guaraguao, La Mina, La Maquina,
Tabonuco, and Anon. In this lagt named, the Anon, some thirty-
eight years ago, a rich concern did some work in the washing of sands
or auriferous alluvia, obtaining from one to two pounds of fine
gold per day. The rocks more abundantly found in the watershed
of Mameyes River are eurite and porphyry, crossed with veing of
quartz and iron pyrites. The alluvial lands oceupy a good exten-
sion of the middle and lower parts of these watersheds, and are
composed of clay, sand, and bowlders, forming deposits of analo-
gous nature. Their depth is variable. In the valley of the Anon
there are some cuts, from six to eight meters (20 to 26 feet) deep,
made in such alluvial deposits with the view of exploiting the
auriferous strata,

It is known that the watershed of the rivers Corozal, Negros,
Congos, Cibuco, Mavilla, and Manatf contain auriferous sands.
The idea which occurs to one examining the vicinity of Corozal
ig that that valley was emptied, through a process of erosion, by
the diluvial waters, which produced in the caleareons soil cuts more
than 130 meters [427 feet] deep, through which ran a stream. It
is believed that the waters of that stream deposited the quaternary
alluvia, The calcareous goil, said to be of the Tertiary formation,
occupies the right shore of the river and extends itself by the
north toward the sea, * On the left shore, and in the bed of the

- explorers of the island paid little or no attention to copper.
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river, the limestone has disappeared, giving place to potent strata
of sandstone, on which the auriferons quaternary alluvia lay. The
alluvial depogits are more potent the lower they are, and gold ix
found very near the surface in the higher and hilly parts, while,
on the contrary, in the great deposits of the lower parts of the

valley the auriferous strata are covered by sterile masses.  Near
the source of the Congos River, in the bed of it, and 25 centi-
meters (9.8 inches) deep, some pieces of quartz have been fowmd
containing from 8 to 10 grams [123 to 154 graing] of pure gold, In
the jurisdiction of Corozal some washing machinery was estah-
lished, and the result was from $2.17 to $£30 for cach ton of sand,

There are also, according to official information, some gold
placers in Mayagues, San German, Yauco, and Coamo,  The gold
is found in grains or nuggets of §2 or $3 value, and, ravely, nuggets
of even higher value., In the Fajardo River o picce was fonnd
which weighed 4 ounces, and in the Congos another pivee of 1
pound was also found; but the bigmest picce of pure native gold
was discovered in the lands belonging to Mr. Bon, in the jurisdic-
tion of Corozal. That.piece wasg sold to Mr. Bou by the finder for
$200 in money and some other valuable things. In the hed of
the Filipina rivulet there were obtuined fram 60 kilograms [132
pounds] of gand six-tenths of a gram [ grains] of pure gold, which
makeg 10 grams [154 graing] for 1 ton of sand.  The enterprises
mentioned were abandoned, and the only work on the mines wag
done by the “lavadores,”” washnmien, They use an instrument
called “gaveta,” made of wood, shaped like a plate, of 40 conti-
meters [16 inches] in diameter and 12 centimeters [5 inches] deep:
In the watersheds of Mameyes River and in all the rivers erossing
the jurisdiction of Corozal numbers of peasants canthe seen engaged
in the work of washing auriferous sand, from which they obtain
gold in amount sufficient to pay for their support.

Since the American oceupation, work on the mines hag had
renewed life, and the number of applications for mining conees-
sions filed in the Bureau of Agriculture and Mines huy inereased,
Up to July concessions have been granted for 107 hectares (264
acres) of land.

The minerals of copper obtained are: Ferriferous motley copper,
native copper, green and blue carbonates, yellow copper sulphide,
often accompanied with iron pyrites and iron oxides. Spanish
Tt is
generally found along the main chain of mountains dividing the
island from east to west, from the neighboring island of Vieques,
and then following through Rio Blanco, Gurabo, Corozal, (iales,
Jayuya, Maricao, and some other places which belong to the south-
ern chain of mountaing, such as Las Diedray, ITumacao, Ponce,
Pifialejo, and also in the vicinity of the road from Caguas to San
Juan, the richest place being the barrio of Rio Blanco, in the
municipality of Nagnabo. The fixst works for the exploitation of
copper began in 1869. In the minenamed “La Abundancia’ some
small excavations were made, and the superficinl carbonate was
gathered, and many tons of rich mineral were thus obtained. Like
results were reached in the mines named Santa Amakn, La Cag-
tellana, and Santa Teresa, all located in the barrio of Rio Blanco.
In the last-named mine coppar indications were noted from the
surface to a depth of 25 meters [82 feet], first ag green carbonate
with 23 per cent of copper, then as ferviferous motley copper, and,
in some parts, yellow sulphide, very pure. In 1879, 10 tons of
copper sulphide were obtained from the mine Santa Teresa, and
60 tons of carbonate of copper from the Santa Amalia, Owing to
the difficulties and high prices of transportation, work ceased,

The existence of silver in the island has heen officinlly recog-
nized. OnJuly 19, 1538, the ‘‘oficiales reales’” wrote to the King of
Spain.that ““ veins of lead containing some silver have heen found,”
and on March 29 of the following year they wrote, ‘“ With respect
to the silver mines here discovered we arranged that that mineral
begdused here, but there is no person who knows how to doit. In
some places veing of that metal have been found, but nothing hag
been done, waiting the arrival of some one who knows how to fuse
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and work it.”* In the History of Porto Rico, by Fray Ifiigo Abad,
with notes by Don José Julian Acosta, the statement is made that
in the Serrania de Afiasco there was a mine containing silver; and,
in a report prepared in 1879 by the chief engincer of the hureau of
mines, reference is made to certain samples of silver found in the
barrio Llamos, of the municipality of Isabela, In other official
documents the existence of silver in the northwestomn part of the
island is afirmed.  Concessions have been made of silver mines in
" Naguabo, Corozal, Rio CGirande, Fajardo, Lajus, and Las Piedras,

In the subsoil of the eastern part of the island there is feldspathic
rock. This section i confined on the north by the Sierra de
Luguillo, and on the south by the Pandura, parallel ranges of hills,
and distant one from the other from 25 to 30 kilometers (16 to 19
miles). It is stated that the surface lodes oceupy a large area, the
depth not having been determined as yet.  Iron is foynd, accord-
ing to tests made, at the rate of 6L per cent of the mineral. Iron
of excellent quality has been found in the barrios Mameyes and
Jayuya, municipality of Utnado, and in Luguillo, Piedras, Naguabo,
Humuacao, Gurabo, Patillas, San Lorenzo, and Arroyo, The con-
cessions of iron mines are numoerous,  Some efforts are being made
now with the view of organizing enterprises for the exploitation of
iron in the eastern part of the island. ‘

There are in the island, according to official information, some
deposits of lead minerals.  Good samples of galena have been found
in Arrovo, Mayaguez, and Naranjito, There are two concessions
granted in the municipality of Guayama, one heing for the exploita-
tion of lead and the other for argentiferous galenn,  Minerals con-
trining some amount of peroxide of manganese have heen gathered
in the vieinity of Corozal.  Native bismuth hay been discovered in
Ponce, Samples of platinum, tin, and mercury have been obtained
in the jurigdiction of Corozal,

All other oflicial reports touch but lightly on the
mineral resources of the island and do not convey any
information not embodied in the foregoing extract.
Mr. Robert T. I, of the United States Geological
Survey, in his accurate and interesting work entitled
“(Cuba and Porto Rico,” devotes but ten lines to the
subject, saying:

A little placer gold iy found iu the rivers of the Sierra Luquillo
and Clorozal, and merceury in the Rio Grande,  Gold was formerly
mined by the early Spanish settlers and is gtill taken out in small
quantities by the natives. Molybdena, magnetic pyrite, man-
ganite, limonite, chrysocolla, epidote, and garnet are the minor
minerals found, Specular iron iy reported in several places, notably
in the river Cuyul. Magnetic iron i also reported. from Gurabo
and Cinles, Crystals of quarts are found in the Rio Pricto, agate
of good quality at Caja de Muertos, and malachite at Rio Blanco,

MINING LAWS,

Notwithstanding thoe absence of anything approaching
an organized mining industry in Porto Rico there is,
nevertheless, o complete system of laws and regulations
governing the right to exploit both precious and base
metals in the island.

This is substantially contained in the law of July 6,
1859, and the ministerial order of December 29, 1868,
enncted originally for application fu the Spanish pen-
insula only, but subsequently extended to Porto Rico
by the law of May 8, 1805, Many of the provisions of
these statutes have by reason of the change of sover-
eignty become inapplicable, and it is understood that
a new mining law is being drafted and will be presented
ab the next session of the ingular legislature. In so far
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as possible, however, the principles and procedure of
the existing laws are being observed, and deficiencies
arising from changed political conditions treated by
analogy. ‘

Minerals subject to mining claims are divided by the
Iaw into three classes, as follows:

Class It Minerals of an earthy nature, minerals of a
siliccous nature, slates, minerals of a sandy nature,
granites, basalts, limestones, gypsums, sands, marls,
clayey earths, construction materialg in quarry forma-
tion,

Class II: Placers, metallic sands or alluvia, bogs,
emery, ochers and almagras, scoria and mineral tailings,
peats, pyritic earths, aluminous earths, magnesium
earths, salt deposits, lime phogphates, barytes, fluor-
spars, steatites, ravoling, clays.

Class 1IT: Metallic veins, anthracites, pit coals, lig-
nites, asphalts, bitumens, petroleum and mineral oils,
graphites, saline substances, including alkaline and ter-
raceous salts, either solid or in solution, copperas, sul-
phur, precious stones, iron ores,

In ovder to obtain legal title to a mining claim the
claimant must submit a petition to the Commissioner of
the Interior of Porto Rico setting forth the area of the
desirved claim, the class of mineral to be worked, and
the name of the owner of the property wherein the
claim is situated. He must also furnish a survey of
the claim and, within ten days from date of filing
his petition, must deposit the sum of $36 if the claim
does nob exceed in area 12 pertenencias (30 acres), and
$1.20 for each additional pertenencia. No claim can be
filed for less than 4 pertenencias, but there is no limit
to the number of pertenencias that may be included in
one claim, Each pertenencia must, however, be con-
tignous along the whole of one of ifs sides to some
other pertenencia of the same claim, and must consist
of a regular square, each side measuring 100 meters
(328 teet). The aforesaid deposit is to cover the ex-
pense of an official survey made later by the Govern-
ment. The first conditions being complied with, the
petition is advertised for sixty days to enable protests .
to be filed, which protests are submitted to the claimant
for reply within twenty days. The complete brief is
then passed upon by the Commissioner of the Interior
of Porto Rico, and his decision, if favorable to the
claimant, is followed by the appointment of a surveyor
to lay out the claim and the payment of a further fee by
the claimant, amounting to 60 cents per pertenencia (24
acres), to cover expenses of title. A title signed by the
Governor is then issued, and is valid forever, subject to
an annual rental (canon de minas) of $2.40 per pertenen-
cia for precious metals, or 96 cents per pertenencia for
bage metals. This title does not carry any obligation
to work the mine, and lapses only on failure to pay the

. annual rental.

Pending legislation relative to the disposition of ppb-
lic lands (terrenos baldios), no mining claims are being
allowed on public property.
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PRECIOUS METALS.

There are at present twenty mining claims reglstercd on the books of the Bureau of Mines, none of which,
howeyer, is in operation.

Registered mining clavms of precious metals.

LOCATION OF MINE. AREA OF MINE~ !
. 1 Cluss of mineral said
NAME OF OWNER. Name of mine, i to exist,
Department, Munieipal distriet. Ward, {}“g‘q‘ In weres,
SAN TS i iinreeinninnsann Bayamon Corozal.....c..... Negros..oeienane.. 18 L1 ]| Gold,
O'Reylly., S | . AOeiiinaaei]anans [ (S I Padilln .o.o....... 25 652 || Gold and other,
T8 YR | PR dn ..... do. .| Palos Blancos 14 il
g Angusta Ponce .. (xmwunilm 3to .. 21 50 Do,
Wm, B, Crawford La Palm Bayamol Ton Altn. 12 30 Do.
Henry D, Sayre .. JEEIT) 01 ) S | do.. Corozal .. A2 7% Do.
DO wevenninnnns, ] 1 P | SN [T R P do. 12 30 Do,
1 B 51050 OO | R do .o i) 86 Do,
DO e L Theworld Lol (3T T B, [T T 148 366 Do.
S P % 1119 103 R | P 513 SR PRI ([0 12 30 Do,
DO weeidii i R B 15113 T15 41 R | PN {41+ IO N Ao veiveinnnan. 12 30 Do. &
DO e PN 1) K1 7PN | PP (1) T PN [ {0 I . 12 30 Do,
M. Lancaster...oiveeenes Lo Palmarcjo.. o ffeen 180 T {110 R I almnrmo ........ 24 2 Dao.
D. MeLean...o.o.vevianes Florine . oiiineiiiviacesone]fenuns [« VO P [« 10 I Palos Blancos ... 25 62 Do,
DO ciiiree e PR I 574 30’5 1 DO NP | PO [T T P A0 oviiian Dos Bn(- L 12 30 Do,
Henry D, Suyre . P 014 Tc) DR | PP (315 N AO v veennnds a 17 42 Do,
C. Bernstein. . .| Catinest Humaead Tuquilla, 12 2L Aveiferong sand,
Arpueso & Ming L Ernestita .. .ooooooiiainn]-anes do, Naguaho 100 A7 1 Silver und nickel,
D. MeLean. .| Vanderbil Bu,yumm Corozal 12 80 || silver and other,
Hogan & Pier .l Roina del Cobre.uveeavnund|leenas do 12 Rl Do,

All of these claims have been filed since the American
occupation of the island,and somelittle exploration work
has been done in the case of a few of the claims situated
in the Corozal district. The owners of each of the
above-enumerated claims have been interrogated by
letter as to whether their respective elaims were in oper-
ation, but except from the owners of two of these claims
(Augusta and La Palma) no.response has heen elicited.
The owners of the other mines are not to be found at
present in the island. It may, therefore, truthfully
be said that ore mining of precious metals is entively

prospective and confined to the filing and registration .

of the above-mentioned claims, none of which is being
exploited.

PLACER GOLD MINING.

Such gold mining as is actually engaged in at prosent
in Porto Rico is entirely of the placer type, unimpor-
tant in scope and confined to the Corozal distriet of the
island. There are some twenty or move miners of the
peon class engaged steadily in the work of cxtracting
gold from the sands of the river by means of an oscil-
lating movement of the hands applied to a wooden disk
in which the sandsare washed. From the best informa-
tion obtainable, the value of the gold thus secured daily
willaggregate,approximately, $25. Itisunderstood that
Mz. Henry D. Sayre, who is the concessionaire of eleven
mining claims in the Corozal district, intends shortly to
operate on an extensive scale, Mr. Sayre is an expe-
rienced miner, who has invested a considerable sum of

money in exploration, surveys, and assays in Porto
Rico, and is said to be very favorably impressed with
the mineral wealth of the Corozal district. Ie has
recently applied to the exeeutive council of Porto Rico
for a franchise authorizing him to divert the waters of
the Mabille river from their natural course with a view
to obtaining the deposits of gold in the river hed.
Whether any attempt at ore mining will be made by
Mr. Sayre is not at present known, bhub it is understood
that he claims to have discovered the original veins from
which the deposits in the viver bed are derived. Al-
though there is evidence of placer mining having heen
practiced in other parts of the island as well as in the
Corozal district, particularly in the vicinity of San
German, no mining for gold is at present carried on
outside of the Corozal region. This failuve to operate
elsewhere in the island is doubtless due to the belief
that the gold deposits in other sections have become so
nearly exhausted as to preclude their extraction in
quantities profitable even for the peon class,

BASE METAILS.

The foregoing description of the situation relative
to precious metals applies almost in its entivety to
the baser metals. The following mining claims have
been filed and are registered in the oftice of the Com-
missioner of the Interior of Porto Rico, but no single
one of the mines nppuarmg in the list is actually being

operated.
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Registered mining claims of base metals.
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NAME OF OWNER,

Name of mine,

LOCATION OF MINE,

AREA OF MINE-—

Class of mineral said
1 ist, '

: ' R o exist,
Department.  |Munieipal district. Ward, I{:L&e: In acres,

Arturo H.Noble cooovveaaenn. COTCORIL + - veearenevnnnns Tonee voveenvanne. Adj\mms ......... Guilarte ... 12 80 || Copper.

J )nhn ‘.\:. Conner.... <o Freddie ...o..oooan. Mayaguez .. ..| Ban Gcrmnn .| Hocontueo Bajo... 18 44 F)o.

Pedro Santisteban . . Sulcdad feieemantos Bayamon... ..} Corozal.. g Padilla........... 6 15 Do.
Do ...| Elena and Eugenid Mu.yuguw .- .| Lajas..... LnJm Arriba. ... 15 87 i Copper and other.
o veed CRPPON .« ovveeeanncanaensallennnt [ s SR IR (10 RN PR <14 I 15 37 DO,

Angel Muttoy ...| Mercedes._.........- Arccibo. . Utnado..... . Jnyuyn ........... 12 30 (oppel and iron.

Henry D. 8ayre. ...| Ana¢onda No, 2..... Mayagues ..| San German JdOninAlto.. ..., 40 94 || Cop er and other,

Miguel Porrata . ...| Marin Josefinn....... Ponee . . Ponee...... R T RN 25 42

Alejandro 1‘(.1110.11(1(_1 ...} Perseverancia ....... Humaeao Naguaho .t Rio Blanco -...... 12 80 || Copper earbonate,

Mannel Ugalde .. R I () 163 1A A 1) AU | RO {21 S N do...... RN ,1 ............ 12 30 ?)u.

z}‘"t—!ueqo & Miner. JoSantas Amalin cooeeeiiiaiiiffer.n- [« T IO 4 ¥+ SR S, 100 247 || Copper sulphate.

Pedro Santisteban «..o.ooo.on. Santa Agnedt . .oieviien... Mayuguez ........ B 715 1T Lujm Anibn ...... 15 87 Coppgr sulphate and

earbonate.

Migne) PlanellaS.............. Estrellt....coiiivneaiisaans Glmymnu, ......... GUayama. ........ Carmen 12 80 || Lead.

Arturo Aponte.... JROSIL ce e [0 SR B {5 (\ SRR AU, Ao ... 12 30 ) Galenn,

Pedre Santisteban - Pﬂpuunm ................ Lo Jungos...o.. . L (,cibn 96 237 [¢ Iron,

Do o I DY 1) £ Humaceo. . .| Piedras Colores . 25 62 Do.
Do .| Carennzana.. ... ooeeoill Guaynma. . Juneos. . PPN} 20 49 Do.
Do e Palondne e aeen i, Humaeao i Rogquer 40 99 Do.
Do . .| 8an Miguel.. . Colores a1 b2 Do,
Do. San Anton Collore! 12 30 Do.
Do Begofia Pledras. C()loru«\ a1 52 Do.
Do Luisa. . PG (RN 13 82 Do.
Do Buon St . raho . aney . 71 175 Do.
Do Provideneln . Patillas. .| Dinriuna .. 50 124 Do,

Jose Santistek San PPedro l’lL(] ms..... . Boquuron 39 a6 Do.
Do .. San RAMmon. ... .orevnreemaenloesn @0 oodoa L, P PO (115 47 116 Do.
Do . R0 7 PPN | PPN i ) BN PO 1 P P do ... 28 64 Do.
Do . JOASINeION. e Guayama. . Guraho. ... JJagual... 30 k2! Do.
Do . JoValentina ool Humacao. . Piezluw ..... . Colores.. 15 37 Do.
Do...... L 8anto TEMAS coviiiiveiveiesliee e 0 et L [N . ao . 12 30 Do.

'10:11:1‘4 R, Nido...... ] FOPLIMA .« Ceven e .| Ancone 24 59 Do.

Carlos MeCormick ... JIdadin eeeeiiiiiiinineni .| Lauarel ... 7 190 Do.
Guillermo \10(‘01m1(~ JBLBRONee covncnieenvuendcdo ol L dO L I P 275 T 31 77 Do.
Cayetano Rangel . L Vietorig, eeeeeeenaceea o ff Poneo ooooaoaioo Ponica Ll .| Purtugues ........ 6 16 Do.

Petiro Santisteban . ... L Babinf. oo ...| Homaeao. .. .| Collores .,........ a6 89 || Tron and other,

AL Porrata Doria...... dlelna. oo ... Fajardo ..........| Chmpacallos . 24 69

Argueso & Minev...o.. o Marda .o .| Humaeao,.. .| Marigneo. ooo..... 8 20 Do,

J,Cobinn Valdes...... .o Coguadidad ..ooonioieaaaa, oo ANCONCS. 1 eanan... 18 41 | Oxide of iron,

Carlos MeCormiek ..., - Seguridad oo .1 Laurel... G 183 Do.

Tomasg R Nido........ S Méreealtas .. LTl I Qo 0 e 93 230 Do,

Lnr]u% MeCormick . A PRImIre . icieaee G2 158 Do,

................ ..| Margarita h3 131 Do.

Rmmundn Uriarte . co] AUTOYR «envnniiniiienennnnes Poncee ..... 24 i3] Do.

Pedro Gandin ... .| Natividad .......coeniennin Humacao izt 133 Do.

I'uﬂm &unmtebtm ..| Caridad | Gunynnn 21 52 Do,

.............. .| Lo Te... Aheeans . 14 35 Scsquioxul(, of iron.

Ru.mou Latimer. ... ... D25 A T35 R .| Palmarejo........ 12 30 || Pirolusita.

. . \
A letter of inquiry was sent to each of the owners of SALT.

the above claims.
fied as follows:

Not operated.~—Dilar, Natividad, Aurora, Fortuna, Merceditas,
Soledad, Rogenia, Capron, Santa Agueda, Eloisg, Esperanza, Car-
ranzana, San Miguel, San Anton, Begofia, Luisa, Buen Suceso,
Providencia, Sabina, Caridad, La Fe, San Rainon, San Jose, Asun-
¢ion, Valentina, San Pedro, Palonia, Santo Tomag, Mercedes.

Operations suspended.—Estrella, Rosita,

Operations confinedto exploration and assay.—Maria Josefina, Celina.
Not reporieid.—Corcega, Freddie, Anaconda No. 2, Perseverancia,
Santa Amalia, Idalia, El Bronce, La Victoria, Maria, Casualidad,

Seguridad, Palmira, Margarite.

It is understood that some of the iron ore deposits
are of an exceptionally rich character, fully equal in
percentage of mineral to the famous Daiquiri mines
These deposits are situated
inland some five or six miles from the eastern seacoast
town of Naguabo, and can not be operated with protit
until means of transportation is furnished to tide water.

near Santiago de Cuba.

The replies received may be classi-

most primitive form.

The production of salt in Porto Rico is confined ex-
clusively to the southern coast.
evaporation is the only one employed, and that in its
The consumption of this article,
estimated from the best data obtainable, is about 300,000
quintals (15,000 tons) per year.
home consumption, as well as a large amount in excess
for export purposes, could readily be produced in the
island, but owing to insufficient capital (as alleged by
persons engaged in the industry), want of skill in oper-
ating, or inclemency of the elements, and notwithstand-
ing the fact that a protective duty of 12 cents per
hundredweight has been imposed on foreign salt intro-
duced into Porte Rico, thousands of tons of this com-
modity are annually imported from Curagao.
Curacao salt meets with ready sale here at prices rang-
ing from 20 to 50 cents per quintal, whereas it is
claimed that with proper management salt can be pro-

The process of solar

All galt required for

The
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dueced in Porto Rico at a maximum cost of 10 cents per
quintal.

MINES AND QUARRIES.

The production of salt in 1902 was almost nil. A
cabvass gave the following results:

Production of salt: 1902.

LOCATION OF WORKS,
. Salt pro- ; Yalue of | Net value | Process
NAME OF OPERATOR. Addvess of operator. E éucgd. Prekage. I\)Il‘,t!]{!(\lge. of m‘m. empl 0;,“(1.
Department, Munieipal distriet,
Juan Padilli.eeeeinaoo ol Cabo Rojo .oueaeeian. Ponee coveenvinniins V5,000 | Back..._.. $0.03 £1,250 | Solar,
Ancecto Cuballero..... .1 Balinas ..., ... .o Guayama. 12,000 |..... do. 800 Do,
Juan Miguel Toro....... .| Cabo Rojo . ... Mayagnez .. 2660 ..., do Do,
U LOpeZ & C0uneemceeaeeaeacnannns San German ..........ffeeee. A0 ..uen.. JFTLN LT RN | PUR N P, do Do,
1 TTundredweight, 2 Bushels,

In view of the abnormally small production of salt
in Porto Rico in 1902, shown in the above statement,
it is of interest to reproduce here the reasons advanced
therefor by some of the operators:

The reason of the production of the extremely small quantity
of 650 bushels iy the heavy rains which fell during the year 1902,
In other years six, eight, or fen times the amount was produced.

The insignificant duties paid by foreign salts give rise to the
anomalous condition in Porto Rico of importations from Curagao
and other places of a larger amount, of salt than is manufactured
in the island. Do

During the year 1902 no salt was produced from the deposit
(Fortuna), the hurricane of 1899 having completely destroyed its
utility to its former owners, and the whole of said year (1902)
being employed by its present lesgees in getting it into shape again.

Said deposits (Carmen and Monserrate) have in former years
produced: 25,000 to 30,000 quintals. The small production in 1902
was owing to the early rains along this coast.

The salt industry of Porto Rico does not produce the fifth of
what it should, owing to the lack of capital on the part of the
operators. 'With an initial expenditure of $5,000 the deposit I
own should produce 100,000 quintaly of salt.

-CLAY PRODUCTS.

No attempt has heretofore been made in Porto Rico
to canvass this industry, consequently there were no
initial data available to aid in the present study. It

was known, in a general way, that bricks were made in
the island, also that no modern machinery was utilized
in their manufacture.

That the industry was not extensive or important -
was quite evident from the absence of brick edifices
and the almost universal use of lumber in the construc-
tion of dwelling houses, except in the cities of San Juan,
Ponee, and Mayaguez. This first inquiry, therefore,
could not be other than erude and incomplete, by rea-
son of the following facts: (1) No previous statistics
existed showing establishments engaged in the indus-
try; (2) brickmaking was not engaged in continuously
by any one establishment, ovens being baked, from
time to time, as the necessity demanded; (8) lack of
precise information on the part of the operators them-
selves as to number of bricks made, their actual cost,
average selling price, ete. TFor the foregoing reasons it
is apparent tlmt many persons who engage in the manu-
facture of brick as oceasion thervefor arises could not
be reached at all.  In the brief period at the disposal
of the writer it was not possible to ascertain the loca-
tion of more than 35 operators, Of these, 30 were sue-
cessfully interrogated, with the results shown in the
following table:

Clay products: 1902.

0
LOCATION OF OFFICE AND FACTORY, COMMON BRICK. KILNS,
NAME OF OWNER, '
> Ll )

Department, Municipal district, Number. | Value. X rogg;:ig;i;d in Kind usud, N“f"‘(‘ﬁ’“
TLuis A, Bonnet . VieUeS treeecnerernanennnns Vieques -..veinenreanans 160, 000 $1, 500 1
Gavino Gurees. . Mayaguez o Sun German....oeviiie e 60, 000 360 2
Marinno Gonzal Bayamon .| Carolinga. ... 120, 000 250 1
Franciseo Parra Ponce . .| Santp Isabe 150, 000 760 1
Federico Guzma; Mayagu .| Sun Germax 60, 000 300 1
Santog Francese Tonce . Coamo 20, 700 144 1
JeSUS DIz e e esnneciaiiiinn e ]eane do Yauco. 100, 000 H00 2
Hueienda Florida .............. ..., do. ----do. 160, 000 760 3
Isdro Sanjurjo.,. Mayaguez Mayagn 240, 000 1,680 2
Marigho Renovale: .. Ponee .......... .| Juana Dia 100, 000 T 2
Vilella, Hermanos S Aguadilla ..., ... Lares.... 60, 000 400 1
José Irizarrd ...... Ponee ...... .- A PONE e 200, 000 1,200 1
NoArabin o ooireeacem i e do.... N do.oliliiiinn #00, 000 5,200 2
Teresy, Bardeguesz fnmaeno. o Yabueod veseeeciiieiiaan. 36, 000 324 1
Buen, G, Velasquez. Ponce...... el Juang Dinge...eeoioa 120,000 720 1
Severinno Ramires. Muyaguez . Cabo Rojo ........ 50, 000 360 2
Gumersindo Lluel ..o e 09 e s , 000 136 1
Manuel G, Mufioz (xlmvumn. Cuyey Cemeraairmeaneac e 80, 000 40 1
M., Munitiz . .oerennn.. ....do N YN [ T 0, 000 480 1
Soc. Apricola “Tuna' ... ... . 0.,... ao. . o GUAYQAINN . ivernvinananass 260, 000 2,000 2
Alfredo Oristy -....... Mayaguez...... o] MAYREUCT vuvrns oo 180, 000 1,260 4
Balbino Rodriguez oo Aguadilla . ..., JoAguade L. oiiiiiiaal. 20, 000 140 1
Feo. Antonglorgi . Ponee ...ooiiann.. .. Yauco..... 150, 000 750 3
Mariang Sierra oo Aguadilla ...l ..o Aguadilla 066, 350 620 1
Viuda de Baitle . ..} Mayagues...... ... Mayaguez.... 48,700 340 1
. A Vendrell .| Ponee ........l. ...| Banta Isabel. . 50, 000 300 1
Tederico Gatel o Mayaguez...oo........ol. 100,000 700 2
J. Caloca. . Bayamon .1 Rio P1ed1as ...... 160, 000 1, 250 1
JUBN POreZ «.oovtemriecinnaras]ennns £ RN s s O 135 000 1,080 1
Ca, Azucarer: Humaca Y nbu(,ou, freerearareennaa, 115, 506 1,18H 1
B I AP SRR 8,837,200 | 25,809 [l 45
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PORTO RICO.

The foregoing table shows that in 45 kilns 8,837,255
common bricks, valued at $25,809, were produced in
1902, or an average price of $6.75 per thouwsand. It is
not helieved, however, that this actually represents the
total number of bhricks manufactured in one year in
Porto Rico; probably three times the above number
would more nearly approach a correct estimate. The
process employed is absolutely and literally the hand
process, and consists in mixing the clay with water
in o wooden trough until the requisite consistency is
obtained,  The mass is then molded into bricks by hand,
the operntor employing a wooden mold for that pur-
pose.  The erude bricks arve afterwards placed in a brick
oven and baked, when they are ready for market.
Bricks made in this manner are not nearly so durable
s those manufactured in the United States Dy means
of approved modern machinery. Clay roofing tiles were
extensively manufactured in Porto Rico at one time,
but sinee the introduction of cheap iron roofing have
entively disappeared from use, :

LIMESTONI,

With the exception of the fringe of flat Jands lying
hetwoen the coast line and the mountainous formations
in the interior, the island of Porto Rico is practically
one vast Hmestone deposit.  Owing to its abundance
and nccessibility, and to the fact that its conversion
into the proper form for use in building and kin-
dred purposes requirves no large outlay of capital, the
industries having to do with lime rock, while quite
numerous, are too seattered and unimportant to admit
of the compilation of statistics on any elaborate scale.
It is by reason of the foregoing considerations, also,
that limestone and its products command no stable price
in Porto Rico. Owing to the propinquity of certain
(uarries to points at which the material is needed, own-
ers of such quarries can at times find a market for lim-
ited quantities of the stone at prices ranging from 3 to
10 cents per cubic meter.  In such cases, however, the
aetual work of the extraction of the stone and its subse-
quent delivery to the place where required is generall'y'
attended to by the purchaser of the stone rather than by
the owner of the quarry, and on account of the insig-
nificant value of the material no attempt is made to
keep an accurate record of the quantity uged. By far
the most important item of expense in connection with
the use of the stone is that of transportation. The
following table of quarries adjacent to the principal
public highways already constructed or in course of con-
struction in Porto Rico, many of which are themselves
constructed of and upon limestone formations, will
serve to illustrate the bountifulness of the supply of
lime rock in the island. A list is given of the quarries
that have been opened up and from which limestone has
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been actually extracted. These quarries are grouped
according to the highway near which they are located,
and their exact location is shown in the first column,
which gives the number of kilometers and meters with
the equivalent in miles and yards they are distant from
the town first mentioned after name of the road at the
head of the respective groupings: ‘

Road from Suan Juan lo Ponce.

LOCATION,
In kilome- Kind of stone, Owner,
tors ana_ | 11 miles
meters. and yards.
Ll
7,700 4-1,381 | White limestone ......... P, Ubarry,
90,5300 | 12-1,080 | Blue limestone........... Public works.
25,200 15-1,189 | Caleareous .......ocoeenne Do.
285, 200 16-1, 189 4 T P. Larrosa.,
54, 900 84-199 do.. ereeeraaeae L. Rodriguez.
(5,800 |  84-1,184 PN v..or] N. Nunez,
61,100 37-1, 700 .. ereceitaeenns J. Fernandez.
61,400 | 88-268 . eemeaereenanas T, Fernandez.
07,000 41-1,112 ...| Heraclio Mendoza.
78,200 46-862 .| Publie works,
78. 200 48-1, 040 | Gavino Rodriguez,
84, 000 H2-343 .| Public works,
85, 100 521, 56 . — Taboada.
87,700 H4-870 .| Public works.
90. 900 H6-849 .| Dona Paz, .
04, 200 £8-038 .| Domingo Emanuelli.
99, 600 611, 454 I Teodoro Santiago,
100, 300 62-569 ...| Julio M, Larrauri,
104,100 641, 205 .| Jorge Velez,
105. 800 66-757 .} Pedro Qunevedo.
106, 600 66-419 .| C.Caratini.
107, 600 46~1, 408 e cean . 0,
108,200 67-400 ... AO vvennnroenes .| Remigio Mateo,
111, 900 69-930 Blue limestone ... .| JosG Eshrl,
111,100 69-60 ..., [(15 SN -.| Julian Plaza,
114,800 | 7140 ...l A0 w e Sucesores Gullart.
120,100 | 743,108 ‘Vl]tlm and yellaw lime- | Manuel Cristian.
stone. '
125, 400 77-1, 019 Bucesores Serralles,
126, 600 78-1,171 ...| Manuel Leon Parra.
126,100 78-G24 .| Joaquin Arce.
128,100 701, 052 Jogd §, Valdes,
129, 200 80-495 José Grera.
stone
Road from Catano to Vega Alta.
6. 900 4-H06 White limestone.......... P. Lavandero.
7. 900 41,600 |..... [ [+ O et AL Bantos,
11,600 7-860  {....- do .| A Acevedo.
11,900 7604 |.....do 8, Olive.
13,800 8465 |....- Jils] .
14, 900 450 ... L. Sanchez,
15,100 J. Perez,
15,100 N.Roman,
16,100 .| L La Cruz,
16, 600 ..| 8. Martinez.
17,200 ....| L8anchez.
20, 200 ...| A,Echeveste.
23, 300 [« {5 S .| Mr, Miner.
23. 700 ..| Mr, Lothrop.
24,200 15-65  |-...- AD cevrencmvnirananns Mr, Stevens.
Road from Caguas lo Humacao. .
|
6,700 4-287 Blue limestone ....en.n-- M. Portela,
7.200 4-834  |....- ({7 S, ..| I Echevarria,
9,700 L A0 .oviiiernns ..l T, Hernandez,
11,500 White limestone .. ..| R.Jimenez.
18.200 A0 vereernnnnn .0 M, Mendez,
14, 500 . .| Sucesores Farnia.
14,700 Sucesores Rodrigues,
16, 000 C. Serrano,
17, 460 Sucesores Rodriguez.
19, 500 Julio Gay,
99, 800 8, Rivera,
25, 400 . Lopez,
25, G500 Do.
28,100 Luis Celis,
o8, 100 ...| I\ Arroyo,
92, 400 ...l 8. Rocafort,
600 | 21770 lid0iiiiiiiiienns D. Carmona.,




1082 : MINES AND QUARRIES.

Road from Rio Piedras to Fajardo.

Road from Cayey to Arroyo.

LOCATION, LOCATION.

In lilome- . Kind of stone, Owner. In kilome- . Kind of stone. Owner.
ters and | 11 miles tors and | I miles
meters, and yards, métcrs. and yards,

2,200 1-046 Blne limestone ...c.e...... J. Gonzalez, 1.420 0-1,563 | Limestone...... Joaquin Fernindez. '

2.700 1-1,193 | White limestone ......... Manuel Falu, 4.000 2-854 White limestone Pub(%ic works. *

8. 800 2-086  |..... {410 TP E. Gomez, 5. 000 3-18! veeendon. Do.

5,000 4-188  |..... {41 E.Van Rhyn, 8., 000 4-1,709 |..... do Do.

b. b0 8-736  L.....do..... Seeinmmeranean José Ubarry, 12, 000 7-803  |..... do.. Do.

8,400 5-386_ | Blue limestone........... M, Péres. 14, 800 0-845 | Limestone C. Cruet.

%1. igg 8—1( 52’79 ..... (}o .................... %de I“izqul]nig . 38. ggg 14-1,060 |..... do.. P. Ortiz,

5, -674 ..., A0 civvunniinnanna .v.-| Francisco Jimenez 28, 17-1,576 |.....d0.... . icipality.
16,200 | 10117 |00 do.oliin Basillo Pinciro, : Guuyama munielpality
16,600 1 10-B64 ..., A0 iyimnarreeneneaiann R, H, Delgado.

18. 300 11-663 Yellow limestone ........ Factoria Central.
: Road from Ponce to Adjuntas.
Road from Reyes Catolicos Bridge lo Corozal.
1, 500 01,640 José Irizarry.
2,300 1-756 White limestone ......... I, 8anchez, 2, 800 1-1,302 .| Julio N. Chf{l‘d()n.
8500 | 12710 ) Tomiy
N R . -1, 7: .| Tomis Armstrong.
Road from Munati to Ciales. 8,300 2-89 Sucesores Chardon,

1,400 0-1,581 | White limestone .........] F.Calaf,

8,900 §-933 10 e V.Cortes,
000 Ll : | R O ez & Co The statements in regard to limestone preceding the
above table apply with equal force to lime in its com-
mercial forms. Practically every farmer in the interior

F. Fugench, of the island can, and does, produce lime in greater or )

Morovis Branch.

3,700 2-626 ‘White Hmestone

B, 006 3-195 .do L. Cacho, ™ . . .
£.000 | 4-d,700 |10 iqo cIIIIII 7. Goxdero. less quantities, according to his needs, of which no
— account is kept. A canvass of such persons as could be
Comerio Roud. ascertained to be engaged in the sale of lime in any of
1100 | 0-1,208 | White Hmestone, .........| J. R, Carmona, its forms gave the results appearing in the following
2, 800 1-1,302 |..... [ 7 IR wevensss| M, Ponton,
table:
LProduction of limestone: 1909.
: CRUSHED STONE FOR
LIMESTOND QUARRIED, ROADN ARG,
LOCATION OF QUARRY,
For building purposes, | Stone burned intolime.|| Quantity— Lot Colg glition of trg. de_%ﬁ
ot compared wr
NAME OF OWNER,
Quantity— Quantity— value. | 1902,
. In In Value. !
Municipal val Val b i
Department. district. In In ue.| 1y In alug, )| cubic | cubie
cubie | cubie cubie | eubie mefers,| yards,
meters.| yards. meters,| yards,
Tomds Armstrong .......} Ponge ........| POnce ..., .ooallivianesefeneencnsfocnesccansesensfonneeenefonnzsnns 80 106 $60 $60 | About the smme,
Victor Martino .. 161 Fit: 7 | IR PR PPN 437 1119(.}2901 hetter than in
Franelseo FIol coomeenone)onenn@0nnei o0 ceeciiferenene o e e e e, 950 | 1,248 95 95 ' o
Narciso Manescau.,..... easenaae | R M 16 | In &981 Ilolurishing; in
ull.
José B.Ortlz.......ooofeendonnnccdonndl 60 e | 18 e ool e FRUUUU FRURUUR AR | I 1 !
Trujillo & M. Mercado... 528 160 ffaneenura]encnns volrananans 150 | In E;.5)201. better than in
1902,
Esteban de Leon ..~..... .- . .
José F, Valls..... .

Much better in 1901,
Clavell Hermanos.....

) . . . 1901 the same a3 1902,
Ramdn Ortiz Quintana . aaae ver . Much better in 1902.
Jaime Bag Garela....... N

Esteban Ortiz..

Not operated.
Not operated in 1901,

Sebastiin Bausf . 1901 the same as 1902,

Juan B. Cesareo ......... Better in 1902, .

Vilella U, Hermanos.. ... Quarried only 65 cubie
yards in 1901,

Emilip Torres ........... Not operated in 1901,

E.B, Pérez.

P, Philippi.

Marcos Ortiz.

Cristino Siuré

C.Dejarding....

Nicanor Santonag .

José B, Dumont.....

Vicente Vazquez Mar-
tinez,

0.
1901 the same as 1902,
Do.

1901 the same as 1902,
1901 ]ghe same a8 1802,

1 For flagging,
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Production of limestone: 1908—Continued.
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X . CRUSHED S8I0NE FOR
TLIMESTONT QUARRIED. HOADMAKING.
LOCATION OF QUARRY, \
Tor huilding purposes, | Stone burned intolime, Quantity—
NAME OF OWNER Total (’011(}311':“)“ of trade in
) ) Quantity— Quantily— value, 1802 compared. with
n n Value,
" Municipal - wbie | eubie
Department, Aistrict. n m | Value | g | Volue ntlgmi'q c}:m:
cubic | cubie cubie | cubic S yards,
meters,| yards, meters,| yards,
Tugenio Gémez ......... Bayamon..... BES 1030 LATCTCR 11 N | RN FRRIORN PRUPPON DURPIPROIN (RPRRpS PIPpMpptre | S £t N ) N PPN | FORR :
Juan Mollfulleda............. do .| Caroling......|\. &58 | Better in 1901,
Tladio Marguez..o.oeeedfeeans L1 74 S do........M. 3
Sobrinog de Ezquiaga ...|.....do S . [4 1 I, 100 | Not operated.
Juan Moreno Aviles..... Maynguez Aflaseo ....... e N | I O | e e | P 1901 t}w same as 1002,
J.Babater Rivera........ Guaynma.....| Salinas....... . [} Do,
Rafacel Diaz, . ..eeeneaaa. Ponce .o Yaueo........ . 30
Segundo Cagtillo........ Mayaguez ....| Mayeguez....||. 858 | 1901 hetter than 1902,
Odon Somonte .......... Guayamt. ... Caguas ....... 20 1 1901 the same ns 1902,
Jorge Bird Arias......... Humaeao..... Fajardo ...... 6l | Demand  very small;
H‘udu in 1902 ubhoug
10 same ay 1901,
Josg R, Fernandez,...... Guayama..... Caguaa ..o heeee oo oo, 80 jti5) 16 16 1 1901 the sume ay 1002,
Pablo Ubarri.. ... . Bayamon .| San Juan . 100 181 L5 SR PO 1, 650
Franeiseo Jimene? .- Carolina 72 4 a0 90
Santingo Colon... 200 262 160 150 | Better In 1908,
Bonifacio Oquend 150 196 db B [ 1901 ther snne ay 1002,
Ternando Salgado 140 183 43 42 Do.
Ruanon Millan 300 02 70 70 Do,
Julio N, Chardon . 10 1 25 ah Du,
Ulises Gareia Salgado ... 120 167 040 R0 Do,
Edunrdoe Valdivieso..... 100 181 30 a0 | Dull in 1002,
Segundo T, Fradera ... 8 25 T | e e | P
}f‘. A, \‘Yfmllldrvll ........... A rg HZ)L oL }\})Ul Totter “1"}" 1909,
Juan Valld..oovieeannnnn. A0 i 80 at operated In 1001,
?xﬂ‘(m%ner? Velrn, ......... [{tuni(}o .e 20 20 40 407 %\;J(ll t}m R ng 1902,
Federico Juarbe......... B L1 | [ PO 104 | Not operated in 1901,
Jogé Ubarrd. . cevnanuenns Bagnmon...,. Rio Pledras...|... 20 2 1 81 1901 tl‘m same a8 1002,
Jose Castello....o........ Mayaguez ....| CaboRojo ... fleveeyndieaans, vewnarnn 20 26 20 20
Guanien Centrale........ Tonco ........ YANCO o oveenna|| 5,800 1 7,004 | 5,500 500 (54 60O J| 14,500 § 6,886 | 4,600 | 10,500
[ UVY70) SRR SO ORI | 6,048 | 7,008 [26,09 | 8,74 | 4,806 | 5,414 || 10,215 | 18, 804 [211, 287 || 22,680

Whenever the demand is such as to make the produe-
tion of an oven of lime sufficiently lucrative the farmer
will prepare one and take it to the nearvest market. The
production of ‘lime in Porto Rico, therefore, is impor-
tant rather by reason of the large number of persons
engaged therein on a small scale than on account of
A certain amount of lime
is used by the sugar factories to clarify sirup. In
response to interrogatories as to quantity and cost of
the lime thus used at the more important factories in

commercial importance.

1 For railroad ballast,
2 Ineludes 15 eubic meters (20 eubie vards), valued nt 845, used for flagging.
3 Includes 4,600 cubie meters (5,886 eubie yards), valued at $4,600, used for railroad hallast,

above,

PHOSPHATE ROCK.

the course of a year, the owners stated that where the
lime was not to be had on their own premises it was
usually obtained from some neighboring deposit gratis.
The limestone formations may he divided into two
_classes, white and yellow.

There are also deposits,

few in numbeyr, of a blue limestone, somewhat resem-
bling granite formation, and of much harder composi-
tion than either the white or yellow varietics mentioned

i .
There are four phosphate rock mining claims regis- | of Porto Rico, none of which is being operated at

tered in the oflice of the Commissioner of the Interior

present, viz:

Registered mining claims of phosphate rock.

LOCATION OF MINE.

ARBA OF MINE—

NAME OF OWNER, Name of mine, . In hee 1 Clnss of mineral.
Department, Munieipal distriet. Ward. {}u]ces(‘ s,
Alfredo Collado..cvvavninnnnns TOPEUNA < v ceenmannans MOYAZULZ cvvveivnnsnn Cabo ROJO v evenennnnns Monte Grande........ [i} 16 i Phosphate rock.
Miguel Arzungn. .| Ln Confignza .|| Arecibo_ ..... - Manati.... ....| Las Boquillas.. .. 6 15 Do.
Jonquin de Alnrcon.. Trulmio .............. Aguadilla ... .| Isabela .. ....| Arenales Bajos i2 30 Do,
J.Banchez Valdes............. Joachin and 8an Jose.|| PORZe ceeeveieveenns, PONCE wverrvrnencanion]sressansoassranrnnnaneas 12 80 Do,
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There are other deposits of phosphate rock not registered, as shown in the following table, one of which it

is elaimed produced 50 tons during the year 1902:

Unregistered mining claims of phosphate rock.

1 LOGATION OF MINE TOTAL AMOUNT IN
’ TONS. Value of
NAME OF OWNER. Address of owner, s ] SRIO8,
) Department. Munieipal district, Ward. Produced, | Sold.
Domingo Emanuelli........., ComMO. vuvvsennes FTTIOTS PONCE «evvnniannnnnnnn Palmarejo.......co.o. B0 i #1056
M. Porruta Doria. ... ... Ponce . N . do... . | Crja de Muertos. .o eesfleveecvenaans]onneenaifloeaaninia
Fausta Aponte.... PRI 67+ 15 T SRR | FN do.. .| San lldefonso ........
Migunel Arzuaga. .. .| Barceloneta Arecibo .| Lans Boquillas
José Sanchez Valdes Ponce ...... Poncee ... . .| Machuelo ...,
TFelipe AlAr0 covvnneruinnnnnn, T8ADRIA . vvereenriirerananas Agnadilla .veniieaen. Arenales Bajos ... locieiii e

The insular government is the owner of the largest
known deposit of phosphate rock, which is situated in the
island of Caja de Muertos. This deposit was formerly
operated on an extensive scale and the product shipped
to Germany. It is idle at the present time, however,
pending action by the executive council of Porto Rico
upon a franchise to work the deposit, for which appli-
“eation has been made. In statistics previously compiled
on this subject, deposits of bat guano have been con-
fused with phosphate rock in consequence of such guano
being found upon rocks or in caves of a phosphatic
character. ' '

GRANITE.

It is not helieved that any real granite is to be found
in Porto Rico. Two residents of the central section of

~

the island claiming to have discovercd granite on their
premises gave the information that only 18 cubic meters

" (24 cubic yards) had been sold in the rough for curbing

purposes and 81 cubic meters (106 cubic yards) erushed
for roadmaking purposes. It is probable, however,
that the stone in question is of dioritic formation and
‘not granite, as they allege.

v

MINERAL SPRINGS,

There are four widely known mineral springs in
Porto Rico, the waters of which contain medicinal
properties of no mean value. They are:

Mineral springs in Porto Rico.

LOCATION OF SPRING.
Residence of N N | \
NAME OF OWNER. owner, Date of report,| Name of spring, ‘ Munielpal e Remurks,
. Department, istrict, Ward,
SUCeION USCTA vevrvvscrseriannaearsennnns COAMO..euvn.. June 4,1908 | Coamo, Maria ._..|| Ponece ........ CoRMO..vuveas San Hdefonso. || Used only as baths,

Virella U, Hermanos... ATLOYO voiviailanen. do....... Carmen, Dolores, .|| Guayama..... ATTOYO wevnnn. Algarroho ..., Do,

Guillermo . Orrach ... PP Floruxlc{o .............. [ L Caguas «.veenn Bairon........ Do,

Sueesion Ortiz.coreveeenmioreavirncneeans Ponce ........ May 22,1908 | Quintanq......... POnee ..., Ponce .....ui Portugues ... Do,
The first-named spring is famous locally as a health | Fixed elements, per liter: ) Grams,  Groins,
resort, there being a well-appointed hotel furnighing:. flle elmt"b”fn;f’ acid. ... Tt 8 2;52‘; ](: “;23?2
. . . fulphateof lime.... ... un. . N 03 12, 8306¢
accommodations for 110 guests. The watersare supplied s DA O S ) o
N in the form of h 1 cold batl d Sulphate of soda ...l 0.52531 8, 10658
t’O.Vlb_ltms int ?e orm of hot and cold baths and for Chloride of potash ... ... ... ..o .... 0.00031  0,00478
drinking purposes, but have never been hottled, nor Chloride of sodium .. ...ooooeeuueeeeooo . 092054 8.40337
has any attempt been made to put them on the market. Silicate of s0d8. e\ oo 0.08127 125410
The sprines run from a soft red sandstone. at an alti- ° Carbonate of soda ... ..ol 0.03503 0. 54058
pring i LA Ferrous carbonate . .o eeeoe e oneeanaan. 0.01114  0.171961

tude of 196.85 feet above sea level, with a temperature,
at point of exit, of 43° C. An analysis by Quintanilla
in 1891 gave:

Gases in solution, per liter of water at 0° C. temperature and 760

millimeters pressure:
Cubie cen- Cubic

. timeters, inches,
Nitregen. ..o 18.740  0.84
(855771 W 1.761 011
Hydrogen sulphide.....cooooooiiail. 1,967 0,12

Traces of tannic, nitrie, and boric acids and bromine and lithia,

The Florencio springs are not operated for the henefit
of the public. There is a private bath house used by
the family of the proprietor and by other persons by
special permission. The waters have never been bot-
tled nor put on the market. - The proprietor states that
local physicians prescribe the waters for skin diseases
and stomach troubles, but that a scientific analysis has
never been made.
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The Quintana springs, near the town of Ponce, are
also quite extensively known locally as possessing excel-
lent medicinal virtues.  The waters ave administered in
the form of haths, but within recent months, owing to
the bad state of the road leading to the haths and the
abandoned condition of the establishment itself, the
springs have censed to be a public resort.  An analysis
made in San Juan in 1804 classifies the water as color-
less, odorless, transparent, salty, and somewhat bittor
in taste; no matter in suspension; density, 1.0057,

Grases in solution: (t?lgiéti::l iﬁi‘l‘,’il
QZONC -t e e e 0.0191  0.0012
105370 B 0. 0100 0. 0006
Coarbonieaehd oo L. ... 0.0025 0, 0002

Fixed clements, per liter: Grams. Grains.
Chloride of sodium . ..., 0.519 8,000
Chloride of magnesia ... ... ... 0.016 0,231
Sulphateofsoda. ..o o il 0.128  1.808
Sulphate of potash ... ... . oo oo 0.021 0,324
Sulphate of me. oo e oino 0.081 1,250
Carbonate of lime coo.oun oo oo o LL.L.. 0.1 1. 883
Forrons carbonate ... ... . o oiiiuanan.. 0.012 0. 185
e TN 0.032 0,494
Organicmabter . oLl 0.060 0.772

Traces of manganese and hromine.

The Arroyo springs are not operated by the proprie-
tors, who state that no trustworthy analysis of the
waters has as yot heen made.

Aceompanying this report is o map showing approxi-
mately the location of mining claims, salt deposits, and
mineral springs in Porto Rico. Owing to the fact that
no scientitic trinngulation or survey of the island has
ever heen made, it has been impossible to indicate on
the map with exactness the geographical position of
these claims, It is helieved, however, that the general
purposo of showing the approxnmte location of the
mining depoqlts of Porto Rico is sufliciently well served.
The reason given above with respect to the want of
exactness in the location of mining claims applies to
the houndaries separating municipalities as well.

Every effort was made to obtain data .showmg the
number of persons omploy ed during the year in the
exploitation of the mineral resources of the island, For
obvious reasons such an effort could not meet with any
great degree of success.  As has been stated, in no case
were mines or quarries operated during the yearasa
continuous industrial enterprise. Even in respect to

1085

such work as brickmaking, lime burning, or quarry-
ing, operations were of an intermittent character,  As
re x"u'ds quarrying, the rock was usually taken out by
tho contractors engaged upon road construction or
repair in connoeetion with their other work,  No amount
of research, therefore, would have permitted a definite
statement either of the total output or of the number
of persons employed.  The best that can be done is to
make a rough estimate, based upon the genoral informa-
tion secured, in obtaining the data for thereport of the
probable average number of persons that may be said
to have gained a livelihood in some capacity in connec-
tion with the exploitation of the mineral resources of
the island.

In respect to the extraction of precious metals, a fair
estimate would put the average number of men con-
stantly employed during the year in exploitation work
for gold mines and the laying out of claims and similar
work at twenty-five. ’I‘hh‘ty additional men were prob-
ably omployod in placer mining, chiefly in the Corozal
district, Lxploitation and. field work in connection
with copper mines probably did not engage more than
ten men,  About one hundred and fifty men may be
said to have been constantly employed in the operation
of salt mines. Brickmuking probably gave employ-
ment to an equivalent of two hundred men working all
the year., Estimating from the amount of limestone
extracted for the purpose of roadmaking and repairs
and for hurning, an exceedingly rough approximation
would place the amount of labor expended in limestone
quarrying operations at five hundred men. As only
50 tons of phosphate rock were mined during 1902,
probably not more than two or three men had constant
employment during the year.

That Porto Rico possesses mineral resources that

will be of great value to the island in future years there

can be no doubt. In their utilization the stage as yet
has only been reached where efforts are being made to

determine more exactly their character and extent.

Authorization for water rights and concessions of
various characters are being constantly sought of the
ingular governinent, and it is certain that when another
investigation along the lines of the present one is made
the phase of industrial exploitation in respect to a num-
ber of minerals will have been definitely enterved upon.
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