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CEMENT.

By Srtory B. Lapp,

Hydraulic cements are of three kinds, Portland or
artificial cement, natural-rock cement, and Pozzuolana
or slag cement., The last-namod class does not fall
within the scope of the mining census, nor does the
manufacture of any kind of cement, except as it is
associated with the mining or quarrying of the raw
material; hence the statistics presented in Tables 1 and
8 include only the Portland and natural-rock cement
made by establishments mining or quarrying the raw
material, at least in part.  Incases where the raw mate-
rinl was manufactured into cement by the operator of
the mine or quarry, the statistics include the manufac-
ture, as well as the mining and quarrying, of the raw
materinl; and where a part of the raw material was
mined or quarried and a part purchased, the complete
mining and manufacturing statistics arve included, be-
enuse it was impossible to differentiate the statistics
chargeable to the purchased material from those per-
taining to material mined or quarried.

The comparative statistics from 1850 to 1902, inclu-
sive, are shown in Table 1.

TasLe Le—Comparative summary: 1850 to 1902,

1902 1R8) 1880 18701 | 18601 } 18501
Number of mines or N @ ® @
. 01 2 28 *
5. 03 23 () 845 114 835
Saleried  officials,
eleNrks, 1(;tc.: o1 . @
umber ......... : “ b 2
Balaries.......... $1,087, 514 Eig E"g g‘-‘; (2; E-’;
Wage-earners:
Average number 13, 041 () 2,102 1, 682 740 407
RS T $6, 398, 852 ® $760, 867 $081, 993/$206, 160,$117, H24
Contract work....... $10, 627 ()] *) (%) O] (%)
Miscellaneous  ox-
R (153 21 J $1, 665, 520) &) 6] (2) ®) Q]
Clost of suPplieq and
materinla. . ... oL $9,008, 2206 *) $500, 408] $778, 1925262, 0208238, 167
Produet:*
Quantity, barrels| 24, 655, 360| £7, 000, 000| 2, 072, 943 (ﬂg ®) g;)
Valle., ceeennens $24, 268, 3381685, 000, 000/§1, 852, 70792, 058, 8088767, 0808509, 110

L From Census Report on Manufactures,
2 Not reported.
A Tostublishments,
4The United Stnles Geologienl Survey reports 25,763,504 harrels, valued at
$26,360,380, which includes nll manufactured cement, The Census reports only
the gm)rluct of operators mining, quarrying, or excavating raw material.
Estimate in Eleventh Census Report on Mining Industries, page xv.

The growth of the industry has been very great. The
increase of production in 1889 over 1880 was nearly 240

per cent, and the increase in 1902 over 1889 was more
than 250 per cent. :

In 1902 there were 93 operators, of whom 4 were in-
dividuals, 6 were firms, and 83 were incorporated coms-
panies, as-shown by Table 8;a detailed summary of the
statisgtics, Of the individual operators, 3 were located
in New York and 1 in Minnesota, and of the firms, 4
were in New York and 1 each in Maryland and Minne-
sota. The 83 corporations, constituting 89.2 per cent
of the operators and owning 91 establishments, or 90.1
per cent of the whole, produced 98,3 per cent of the
product. All of the Portland cement was made by in-
corporated companies. The statistics for the present
census are the most complete that have ever been pub-
lished. At the Iileventh Census no statistics in regard
to cement production were reported in connection with
the mining census, except the estimated quantity and
value of the cement product, 7,000,000 barrels, having
a total value of $i5,000,000. -

Capital stock of incorporated companies.—Table 2
presents in detail the capitalization of incorporated
companies, »

The state of Pennsylvania led both in number of com-
panies and in capital invested, as represented by the
par value of stocks and bonds issued, reporting 89.1
per cent of the entire par value. New York, with 13
corporations, ranked second in number of companies,
and Michigan was third, with 10 companies. One com-
pany operating in Ohio also owns and operates a plant
in Indiana; 1 company operating in Indiana also owns
and operates a plant in Kentucky; 1 company in Penn-
sylvania operates 2 plants in that state, and another
company in Pennsylvania operates 8 plants in that state
and 1 in Indiana. In the case of 1 limestone company
in Michigan and 1 in New York, producing cement as
a minor product, the capitalization is reported in con-
nection with the limestone industry. Two companies—
1 in Alabama and 1 in Michigan—did not report capi-
talization; the former was an English corporation, and
the latter was engaged extensively in other business,
cement being but a small part of the total.

(839)
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Tanne 2.—CAPITALIZATION OF INCORPORATED COMPANIES: 1902,

g&ltt:jf Mlinois. | Indiung, |Maryland. l Michigan, |New York.,| Ohio,  |[Penngylvania. Virginia, ‘\llm(}t];er
— o T— ~ - IR : .
Number of incorporated companies..... 83 i3 7 3 10 13 7 14 3 190
Number reporting capitalization. 81 [} 7 3 9 13 I R | 3 219
Capital St()](!k and honds Issued....o..nn §55, 6409, 870 || #2, 0066, 500 | §1,401, 800 F381,200 | §8, 910,720 | §8,124, 200 §2, 156, 100 §21, 760,350 | §1, 474, Q00 | §9, 080, 000
Capital stoek:
Total authorized— |
Number of shares cooeeevenn. 1,008, 893 33, 700 19,780 3,500 500, 000 70, 8 28, 000 205, 000 11, 00y 102, 0u3
Parvalue. coooienacannaanass $50, HEG, HI0 || $1,520, 000 | §1,238, 000 §300, 000 | $7,450,000 | §7, 245,000 $2, 450, 000 $19, 650, 000 | $1, 050,000 | $9, 623, K00
Total issued '
otal {ssued—
Number of shares .voaeeae.-. 190, 346 33, 700 14, 362 8,422 406, 192 G, 772 22, 881 277 10, G40 02,799
Par value Lo $16,982, 170 $'l,62(): Ou { §1, 216, 800 $202, 200 | 86, 764,920 | 6, 1'137: 200 1 $1, 968, 100 18, 8H2, 800 | B1, ()3‘..’.’, 0o | §8, 7‘18: GU
Dividengls paid...oooaoaoe $1, 209, 667 $20, 281 $62, 684 | ..iaiaennn $137, 064 $70, 000 495, HR6 B66,020 1. ...l $272, 197
Conmmoh—
Authorized—
‘ Numberof shares, 06, 193 3, 700 14, 780 3, n00 816, 000 L4, 100 &3, 000 242, 800 11,000 12, 313
Parvalue........ $42, 003,000 || $1,520,000 | §1,238, 000 $300, 000 | §6, 950,000 | §4, 670,000 | §1, 980, 000 145, 695, 000 1 §1, 050, 000 | §8, 700, 000
Tssued—
Number of shares 866, 222 43, 700 19, 362 3,22 440, 192 37,022 18, hsl 211, Yk 10, 610 31, 046
Parvalue........ g38, ﬁf):i: 20 | §1, 520: 00 | $1, 216, 800 9‘292: 200 { 86,264,920 | $4,862,200 | §1, 53.‘%: 100 B15, ()53: 00 ) §1, 03'2: O | 87, 873, 600
Dividends paid.. FO0R, 367 $26, 231 FO2,0634 {oeeaninian #1042, 06Y $h2, 000 $71, 686 $381,720 |ooanninan §272,107
Preferred—
Authorized—
! Number of shares 198,700 [|eveersramnmaformmmemamnacfioianainnnns . 0, (00 a6, 760 4, 000 42,200 Lo &, 70
Pliw value........ §8, 658,500 [[-ecemeamenan]ovannieimnafian e FR00, 000 | 2, 575, 000 §500, 000 $3, 955,000 o.oila.L. BU2, 500
Issued—
Numbgr of shares 180,128 50, 000 23, 750 4, 800 40,828 oo B, 750
Parvalue........ $8, 278, 600 #5600, 000 | §2, 670, 000 $430, 000 $3, TUR, 60 .ol $H7H, 000
Dividends paid.. #2061, 300 15, 000 $18, 000 B4, 000 F3 I 03 A RPN
Bonds:
Anthorized—
‘ Number covvevinicaeaenann 15,217 3,130 200 140 2,760 2,117 R0 4,270 730 1,440
PRrvalie...coovenenieannnne $0, 578, 400 §665, 000 §200, 000 $05, 000 | §2, 215,000 | §2,047, 000 $380, 000 $3, 260, 000 $:445, 000 $331,400
Jasued—
FRRVEN LIS, N [ 1.4, 169 3,073 180 178 2,612 1,007 188 3, 8406 700 1,440
Tur value. .. 8, 707700 || $536,500 | §185,000 80,000 | §2, 115 800 | $1,847,000 | $188, 000 $2,013,000 | 442,000 | $83L,400
Interest paid . F316, 962 $32, 100 9, 250 #5, 340 §2, 126 #41, 076 $#6, 360 $149, 670 $10, V0V $UT0
ASSESSINENES 1OVICA 1 eneen i miancensines 45, 40 ‘l ............ [rreeeees J R SR I I JUSO AT R R

1Includes companies distributed as follows: Alabama, 1; Culifornia, 2; Coloradn, 1; Georgin, 2; Kansas, 23 Kentueky, 1; Missouri, 11 Noew Jersey, ¥ North

Dakoata, 1; South Dakota, 1; Texas, 2 Utah, 10 Wost Virginia, 1; Wisconsin, 2,

i [

2Includes companics distributed ag follows: Californin, 2; Colorado, 1 Georgin, 2; Kansns, 2 Kentueky, 1 Missourd, 1; New Jersey, 2; North Dakot, 1; South

Dnkota, 1: Texas, 2; Utah, 1; West \Tll‘gillltx| 1; Wiseonsin, 2.

Dividends to the aggregate amount of $1,200,667
were reported as paid by 31 companies, of which 6 were
located in New York, 8 in Pennsylvania, + in Indiana,
8 in Michigan, 2 each in Illinois, Kansas, Ohio, and
New Jersey, and 1 each in Colorado, South Dakota,
Utah, and Wisconsin, Dividends to the amount of
§251,300 were paid -on preferred stock of a total par
value of £3,605,000, by 8 companies in Pennsylvania, 2
in New York, and 1 each in Michigan and Ohio; and
dividends aggregating 958,367 were paid on common
stock of a total par value of $11,441,910, by 4 com-
panies in Indiana, 4 in New York, 3 in Pennsylvania, 2
etich in Illinois, Kansas, Michigan, New Jersey and
Ohio, and 1 ecach in Colorado, South Dakota, Utah, and
Wisconsin,  The dividends paid averaged 7 per cent
on the preferred stock and 8.4 per cent on the common
stock of the companies reporting them.,

The sum of $35,390 was paid in assessments o 2 com-
panies in New York, Outstanding bonds agaregating
$8,717,700 were reported by 84 companies; but the
interest reported, amounting to $316,962, was paid by
only 25 companies on bonds of a pur value of $6,081,700,
distributed as follows: Pennsylvania, $2,813,000; Mich-
igan,$1,145,8005 New York,$787,000; Illinois, $536,500;
Virginia, $400,000; Indiana, $185,000; Ohio, $106,000;
Maryland, $89,000; and ““ all other states,” $19,400.

Fnployees and wages.—OF the 7,416,360 paid for
sularies and wages, $1,087.514 was paid to 913 salaried
officials, clerks, ete., and $6,328,852 to 13,041 wage-
carners. The salaried employees comprised 148 general
oflicers, who received $347,132, an average salary of

$2,346; 426 superintendents, managers, foremen, sur-

vayors, ete., who received $491,671, an avernge of
$1,154; and 339 clorks, who received &248,711, an

average of $784.  Of the 13,041 wage-earners 2,002
were engineers, firemen, and other mechanies, who
received $1,82:4,121; 8,251 were miners or ¢uarrynien
and miners’ helpers, who received $1,440,029; and 111
were boys under 16 years of age, who received $28,400;
the 7,587 other wage-earners received $3,5:41,208,

Mining helow ground was reported in the case of 14
mines or quarries, of which 5 woere located in New York,
3 in Maryland, and 1 each in Illinois, Indiana, North
Dakota, Ohio, Virginia, and Wisconsin,  Boys under
16 years of age were employed in 22 mines—6 in Penn-
sylvania, & in New York, 2 each in Kansas and Virginia,
and 1 each in Alabama, Californin, Georgin, Indiang,
Maryland, Texas, and Utah,  Of these mines, only 1,
loeated in the state of New York, reports the employ-
ment of boys underground,

The variation in the numbers of wage-carners em-
ployed at different seasons of the year is shown in Table
8, which gives the average number of men and hoys
employed during each month, Taking the industry as
a whole, the minimum number was employed in Febru-
ary and the maximum in September, with o steady in-
crease from February to September, followed by a
slight falling off in the fall and early winter. The
inerense in the number of wage-earners for Decomber
over the number employed in January, 85 per cent, re-
Hects the growth of the industry, which was most
marked in Michigan, Hlinois, and Indiana.
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In addition to asking for the average number of em-
ployees and the total amount paid as wages, the sched-
ule called for the number of wage-earners employed at
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specified daily rates of pay. These statistics are shown

in the following table:

TanLe 8.—DISTRIBUTION OF WAGE-EARNERS ACCORDING TO DAILY RATES OF PAY, BY OCCUPATIONS: 1902,

MACHINISTS, BLACK- !
CUPATIONS " R R 9MITHS, CARPEN- | MINERS AND QUAR-| BOYS UNDER 16 | ALL OTHER WAGE-
ALL OCCUPATIONS, BNGINEERS, FIRTMER. TERS,AND OTHER RYMEN. YEARS, EARNERS,
RATE PER DAY MECITANICS,
{DOLLARS), . S | e | R -
Average | Per eent || Avernge Porcont | Avernge | Per cent | Average | Per cent | Average | Per cent | Average Pei cent | Average | Per cent
numboer, | of total, | number. | of total, | number, | of total, | number, | of total. | number. | of total, | number. | of total, number, | of total.
|
Total coocavanen. 13,041 100.0 \ 387 100, 4 318 100, 0 1,417 100.0 3,081 100.0 | 11 100.0 7,807 100.0
Tess than 060 ........ 72 N 1 O 3 | U SO IR FERURPRR PPN PR R TLII T r F171 0% 2 RN P
0.5 to 074 . B2 { R R o P e ] U}
0,75 1o 0.99 192 0.4 1 01 47 1.3
1L.O00 to 1.0 1,099 9,2 70 4.9 G20 7.9
1.2h to 1449, B\ 8,0 120 8.5 2,496 3.0
LG to 174 . 1,107 148 231 1.7 2,876 30. 8
L35Gt 1.8, 1,634 25, 4 214 15,1 979 12,5
200 to 2.2, ih] 25,7 300 21,2 27 3.6
PRLSR (LR L1 427 7.1 119 8.4 200 2.6
4A0 Lo 2T . £33 1.5 190 13.4 164 2,1
EACE N TR LR 108 0,4 49 3.4 30 0.4
3,00 to 3.4 . 145 2.4 8 4.1 ! 0.4
3.5 to 340 ... [ R 1 T | S+ 2 IR A ) PR I 32 2,2 |, 12 0.2
350t 3.7 .. 19 5 . it 0.2
375 o 0. . 7 2 0.1 2 1)
400 to 2. .. 7 H 0,4 1 ()
L.95 and over......... d 1 0.1 3 ()

1 Less than one-tenth of 1 per cont.

Throe-fifths of all wage-carners were paid from $1.25
to H1. 7+ per day, 20.5 per cent recoiving from $1.25 to
&1.49, and 81.5 per cent from $1.50 to $1.74; of those
at lower rates, 8.4 per cent received from $1 to $1.24
and 2 per cent less than $1; while of those at higher
rates 12.5 per cent received from $L.75 to $1.99, and
16,1 per cent $2 and over,

Ot the total number of wage-carners 8,031, or 23.2
per cent, were miners or quarrymen; of this class,
2,061, or 68 per cent, received from $1.25 to BL.T4 per
day.  Of the 3,081 miners or quarrymen distributed in
Table 3 according to duily rates of pay, there were 449,
L4.8 per cent of the total number, for whom rates had
to be ecomputed, because they were paid Dy the ton or
cubie yard,  The total amount paid them was §215,7906.

Coontract mining or quarrying was reported for 11
mines or quarries, loeated 3 each in New York, Ohio,
and Pennsylvania, and 1 each in Californin, Michigan,
and Utah, at rates ranging from $0.18 to $0.40 per tou,
exceptin the case of 1 mine in Ohio, where the rate was
$1.25 per gross ton. In addition, 1 establishment in
Michigan reported the excavation of marl by contract
at $0.055 per cubic yard.

Coutract work.—Contract work for tunneling, shaft
sinking, boring test holes, ete., was reported by 3 estab-

lislments, 1 each in Kansas, Kentucky, and New York. .
The number of men so employed was 34, and the amount -

paid for such contract work was $10,627.

Swupplies, materials, and miseellancous expenses.—The
total expenditure reported for supplies and materials
was $9,098,220,  As cement is marketed in barrvels or
bays, the containers constitute quite an item of expense.
The total amount reported for miscellaneous expenses
wias $1,665,520; of this amount, $52,905 was paid by 14
operators—¢ in Pennsylvania, % in Ohio, and 1 each in

Kansas, Maryland, Minnesota, New York, Texas, Utah,
and Wisconsin—for royalties and rent of mine or quarry
and mining plant, and $1,612,615 was expended for rent
of offices, taxes, insurance, interest, and gther sundries.

Mochanical power.—The primary power employed
in the cement industry aggregated 114,092 horsepower,
of which 110,650 was owned and 3,442 rented, the
latter being electric power.  Of the power owned, 93.8
per cent was steampower. Electric motors were em-
ployed in the industry of a total capacity of 17,420
horsepower. ‘

Droduction.—The total production of hydraulic
cement by establishments mining or quarrying raw
material in whole or in part, was 24,655,360 barrels,
valued at $94,268,338. Penusylvania was the largest
producer, reporting 9,360,802 harrels, or 38 per cent of
the entire product; this state and New York together
reported 57.2 per cent of the total production. Penn-
sylvania produced 51.3 per cent of the Portland cement,
and New York 4.9 per cent of the natural-rock cement.

Of the 101 mines or quarries covered by Tables 1 and
8, 54 manufactured Portland ¢ement only and 87 natural-
rock cement only, while 10 produced both Portland and
natural-rock cement. The 54 establishments manu-
facturing only Portland cement produced 14,115,121
barrels, at an aggregate expense of $12,655,189; nearly
90 per cent of this product was reported by 40 estab-
lishments in the states of Illinois, Indiana, Michigan,
New Jersey, New York, Ohio, and Pennsylvania.
Among the 54 mines or quarries producing Portland
cement exclusively there were 13—7 in Michigan, 3 in
New York, 2 in Ohio, and 1 in Indiana—which reported
the manufacture, in the agoregate, of 1,981,415 barrels
of Portland cement from marl. The marl mined or
excavated by these establishments was reported in some
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H"l‘u
cuses in enbie yards and in other cases in tons, the quan-
Uity reported being 723,385 eubic yards and 859,277
tons.  In‘Michigan the development of the marl cement
industry has been very great; the 7 establishments
reporting from that state exeavated 655,902 cubic yards
and 20,000 tons of marl, and produced 1,167,052 barrels
of coment,

|
l
|
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The 87 establishments manufacturing only natural-
rock cement produced, in the aggregate, 6,954,704 bar-
rels of cement at an aggregate expense of $2,732,514.

The entire hydraulic cement production of the United
States for 1902, including cement manufactured by
companies not mining or quarrying any portion of the
material, is shown in Table 4.

Tanue 4. —CEMENT PRODUCTION: 1902,

Number | uper T - e et
ORMENT MANURAGTURED BY- ”f{f:l‘ﬂ"‘ of oper- Total. TPortland cement, Natural-rock cement. P‘””"‘(ﬁﬁg&}}l‘t’r slag
ments, | BOrs. ) )
Barrols. Value, Barrals, Value, Barrels, Value, | Barrels. | Value..
All egtablishments, ,.eeeana...... rasessan 112 102 || 26,763,604 | §25, 366,850 || 17,230, 641 | $20, 864, U7 8, 044,805 | $1, 076,030 | 478,555 | $495, 472
Estallishments mining or quarrying raw mate- R R I R N R
Malin whole orinpart ..o oo, 101 03 || 24,665,800 | 24,208, 838 [| 16,001,005 | 20,281,708 | 7,964,300 | 4,086,880 |....co....
Eatabliahments not mining or quarrying rmw
materind oo iiieeiiinianes siensuane Verreesnes 1 L} 1,008,144 ) 1,008,042 530, 689 632, 370 80, 000 40,000 | 478, AdB 425, 672
INot included In miniug census reports, but Ineluded in ¢ Mineral Resonrces of the United States,” published by the United States Geologieal Survey,

Of the 25,758,504 barrels of hydraulic cement of all
kinds manufactured in 1902, 66.9 per cent was Portland
coment, 81,2 por cent was natural-rock cement, and 1.9
poer cent was Pozzuolana, or slag coment,  Of the entirve
produaction, 24,055,300 barrels, or 95,7 per cent, was the

roduet of establishments that mined or quarried vaw
1

material, at least in paret; this product included 96.9

per cont of all Portland coment and 99 per cent of all
the naturnl-rock cement manufactured, but none of the
Pozzuolana or slag cement.  Cement was manufactured
from purchased material by 11 establishments, Of
theso, 4 cstablishments—1 ench in Colorado, Illinois,

|
|
|
|

Ohio, and Pennsylvanin—manufactured Portland ce-
ment; 1 establishment in Kansas manufactured natural-
rock cement; and 6 establishments— in Alubamaand 1
each in IMinois, Maryland, New Jersey, and Ohio—made
Pozzuolana, or slag cement. The 2 establishments in
Alabama manufacturing slag cement were owned by
the same company, and 1 company in Illinois manu-
factured both Portland and slag coment,

The growth of the entire cement industry from 1890
to 1902, includive, and the imports during the same
period are shown in the following table:

Tasie B.—CEMENT PRODUCTION AND IMPORTS: 1890 TO 1902,

[Complled Trom veports of United States Geologieal Survey, *“Mineral Resourees of the United states'')

PRODUCTION,
YRAR. Total, Portland cement. | Natural rock cement, | 1 “”‘“(',"3,“2’1‘(‘\"]‘{{_”' slug ({,',:’ggﬂ;
Barrels, Value. Barrels, Value, Barrels, Valus, Barrels, Value,
7,776, 616 | 86, 380,620 || 336, 600 $704,050 | 7,441,116 | 85, 676,575 1,940, 186
8,20, 702 | 6,671,487 |} 4044, 813 067,420 | 7,767,979 | 65,704,008 2,988, 318
8,768, 621 | 7,162,750 617,440 | 1,158,600 | 8,211,181 | 6,900,160 |......... 2,440, 664
8,002, 467 | 6,202, 846 690,662 | (1,168,188 | 7,411,816 | 5,104,708 2,674,149
8,302, 2456 | 6,030,081 798,77 | 1,883,473 | 7,063,488 | 8,046,608 |... 2,638, 107
8,741,401 [ b, 482, 264 000, 324 | 1,686,880 | 7,741,077 { 8,800,424 |- 2,997, 805
ORI 478 | 6473208 || 1,543,023 | 2,424,011 | 7,970,450 | 4, 040,202 2, O8O, 597
10,980, 463 | 8,178, 283 || 2,677,776 | 4,315,801 | 8,311,088 | 8,862,392 2,000, 924
112,111,208 | 9,809, b0l 3,602,284 { 5,070,778 8,418,924 [ 8,848,728 2,018, 818
16, 520, 445 | 12, 88Y, 142 6,602,266 1 8,074,871 0,868,179 1 4,814,771 (&) (2) 2,108, 388
17,2981, 160 | 18, 283, 581 8,482,020 | 9,280,725 | & B83,510 | 3,728,848 36b, 611 $274, 208 2, 386, 683
420,008,787 | 1h, 780, 780 | 12,711,295 | 12, 532,800 | 7,084,823 | 8,066,278 272, (89 198, 161 939, 330
.| H95,7H3, Hod | 26, 366, 380 i 17,230, Gdd | 20,864,078 | 8,044,805 | 4,076,630 478, 565 4925, 672 1,994, 789

1 Not ineluding 288,000 barrels of Pozzuolang, or slag cement, the valoe of which was not repoi'tcd.

% Not reported,

8 fneludes eement manufactured by the 11 establishments not mining or quarrying any raw material, and therefore not included in mining census reports,

(Hee Table 4,)

The production of cement has steadily increased
throughout the period covered by this table, except in
1809493, The natural-rock cement production, how-
ever, shows no real growth; it reached its maximum in
1899, and the production in 1902, though greater than

that in 1901, is less than that in 1892. On the other
hand, the growth in the production of Portland cement
has been very great; from 1892 to 1902 the rate of
yearly growth averaged 40 per cent, ranging from 7.9
per cent in 1892-93 to 78.5 per cent in 1896-97, so that
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during the decade the output increased more than
thirty-fold. Portland cement outstripped natural rock
cement in value in 1897, and in quantity in 1900,
The imports reached a maximum in 1885; since that
vear there has been, on the whole, a considerable de-
crease, the imports for 1002 exceeding very slightly
those for 1800.  Since 1897, except in 1900, the annual
imports have been helow the average of the imports for
the entire period of thirteen years, and in 1902 they
were approximately on a par with the imports for 1890,

L0ing.—The kiln equipment of the 101 establishments
ineluded in Table 8 comprised 534 vertical and 451 votary
kilns. As arule, natural cement rock is caleined in ver-
tical and Portland cement mixtures in rotary kilns;
but § establishments in New York and 1 in South Dakota
reported the use of 47 vertical kilns in the manufacture
of Portland cement, and 1 establishment in Minnesota
used 5 votary kilns for natural-rock cement.

Nonprodueers.—There were 51 nonproducing cement
establishments, of which 20 were new plants in course
of ovection. The number, distribution, and character
of ownership of these establishments are shown in
the following table:

TaBLE Go—Nonproducing mines or quurries: 1902,

:}11
T - other
United || Indi- [Mich- w(““ New | e l\(l‘\‘:i Vir- | statos
stutes, || ana, [gan, ‘w‘. York, i, ginin| and
. e terri-
tories,!

Numberof minesor
I]llllll [ . il 210 4 3 i 3 i 3 12

............... UV | R B 2 1 1 [ :
Numhcl ofoperhtory 19 9 ] 3 [ 3 h 42 1

T Inehules 1 mine or quarry cae h in \Il\ml‘-llN California, ( nlmn(‘ln Florida,
Georgin, Ilinols, I\oan'L\, Massuelusetts, Nobraska, Now ’\Io\iun Texas, and
\\'wt Virginia,

2 Ome owned by an active establishent upwuulng in Kentueky,

a Ineludes 1 mine or quarry each in Arkansns, Californin, ticorgin, und Now
Moexien,

1 One Individual owns 2 idle mines or quarries,

Of the 51 nonproducing establishments, 31--10 in
Indiana, 5 in New York, 8 in Virginia, 2 in Ohio, and

weh in Colorado, Florida, Illineis, Kentucky, Massa-
chusetts, Michigan, Nebraska, New Jersey, Pennsyl-
vania, Texas, and West Virginia——were properly “idle
establishments.” The other 20—8§ in Michig'an, 4 in
Pennsylvania, 2 in New Jersey, and 1 each in Arkan-
CHEN (.Atllfornm, Greorgia, Now Mexico, New York, and
Ohiio—were in course of erection during the year,

There were 4 incorporated companies which reported
ownership of nonproducing mines or quarries—24 own-
ing idle establishments and 20 owning the 20 establish-
ments in course of construction. Capitalization was
reported by 16 of these companies, distributed as fol-
lows: Companies owning idle establishments, 6 in Indi-
ana and 1 each in Michigan, New York, and Ohio, or a
total of 9; companies owning establishments in course
of construction (or ““ new establishments ”), 8 in Michi-
gan and 1 each in Arkansas, New Jersey, New York,

and Pennsylvania, or a total of 7. The statistics of the
capitalization of the nonproducing companies reporting
capitalization are shown in Table 7.

TanLe To—Chpiladization of nonproducing incorporated companiess
1902,

New com-

panies
| Ale com- | Owning
Total, I;m“n‘;géfl plantsin
course of
construe-
tion.
Number of incorporated companies. . 4 24 20

Number reporting capitalization
Capital stoek and bonds jssued. .
Capital stoek;
Total nuthorized—

. 16 9 7
.| §17,547,700 || $2, 366,700 | $15, 191, 000

Nlunbcrorshnreq 5D, 3RO 5, 884 489, 500
Par value.. . .| $27,638,900 || §6, 58S, 000 | $22, 050, 000
Tota) issned—
Numberof shares...... . 408,167 23, 667 379, 600
Par value.......... ... $17, 147,700 1| §2,866,700 | $14, 701, 000
Dividendspald ................ $12,362 F12,802 .. ...
Common—
Anthorized— !
Number of shares. . 137,880 35, 889 401, 00
Parvalne.......... §14, 238, 900 Q?&,oRR 900 | $14, 650, 000
Tssued—
Number of shares.. 356, 667 18, 667 388,100
Par value.......... $14,072,700 || $1, 856,700 | $12, 216, 000
Dividends paid.... sl-,‘ 62 §12,869 ..o,
Preferred—
Authorized—
Number of shares.. 108, 000 20, 000 88, 000
Par value.......... 84,400,000 || $2,000,000 | §6,-400,000
Tssued-—
Number of shares. . 4G5, KO0 4, 000 ll.:‘n()ﬂ
Par value,..o..eea. $3, 075, 000 F500,000 | $2, 575, 000
Bonds:
Authorized-—
Number.. 1,100 1,100
Par value, #630, 000 §6130, 000
Tssued—
Number.. 400 400
ar value, 400, 000 $£100, 000

It the 7 new companies reporting capitalization ave
representative of all such companies, there has been a
marked increase in the average capitalization per com-
pany. - The 7 new companies reporting capitalization
show a total par value of stocks and bonds issued
amounting to $15,191,000, or an average of $2,170,143,
as compared with an average of $670,480 for the 83
active companies for which capitalization is reported in
Table 2.

The following statistics were reported by 9 of the 51
nonpr()chwing mines or quarrics—>5 in Indiana and 1
cach in New Jcr%ev New York, Michigan, and
Penngylvania:

Swanmary, nonproducing mines or quarries: 1902.

Number.of mines or qlunnica reporting .
Salaried officinls, ¢l
Number..oveeenvenansan
Salaries
Wage-ci Lrners )
AVUTREE NUMDET oo ie it et ineasennseesiriasmaaramanaoaaasarasan
WREES..oovviinennnn .
Miscollaneous expenses,......
Cout of supplies and materials ..
TOLRL NOTSEPOWET 4t eetieiairiareainaanmmnnsannnsanasasennsaoronasasssas

Of the salaries, $14,380 was paid to ) general officers;
$98,513 to 16 superintendents, managers, foremen, sur-
veyors, ete.; and $9,440 to 18 clerks, Of the wages,
$155,849 was paid to 229 engineers, firemen, and other
mechanics; $17,458 to 28 miners or quarrymen—=26
above ground and 2 below ground—and $41,310 to 83
other wage-earners. The miscellaneous expenses repre-
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sented the rent of offices, taxes, insurance, interest,
and other sundries. The mechanical power was fur-
nished hy 26 steam engines, of 8,835 horsepower; 2 gas
or gasoline engines, of 12 horsepower; 1 water wheel
of 40 horsepower; and 738 electric motors, of 2,300
horsepower.

A detailed summary showing the statistics for cement
during 1902 ig given in Table 8.

DESCRIPTIVE.

Hydraulic cements ave of three general classes:?

(1) Portland cement, a compound consisting essen-
tially of lime, siliea, and alumina, produced by mixing
intimately some form of ealdlum carbonate with the
necessary proportion of clay, caleining the mixture at
a high heat, and grinding the resulting clinker to a fine
powder. A mixture of Portland cement and sand
ground to an extremely fine powder is called sand
cement.

(2) Natural-rock cement, produced by caleining at
o comparatively low heat a natural product—such as

argillaceous limestone—possessing in its composition

lime and clay in proportions adapted to form a hy-
draulic cement, and usually containing also a consider-
able proportion of magnesia,

(8) Pozzunolana, or slag cement, produced by mixing
with slacked lime a natural voleanie scorin or granu-
lated Dlast furnace slag of suitable composition.

The chemical constituents of the three general cligses
“of hydraulic cement ave approximately as follows:

CONSTITURENTS. TPortland, Nutural roek, l Slag,
Lime (pereent) co.oeivieevinnen. B8, 0 10 67,0 L8 to 63D A0 Lo Hb, ¢
Silien (percent) o..... ... 20,8 to 26,1 21,1 to 85,4 18, O L1 28, &
Alnmina (pereent)........ B2t 10,6 6,3 to1Lb 0,0 ta 19,0
Iron oxide (per cent) ... 2.1t0 08 L7110 51 0.8t 2.8
Magnesia (percent) ... 0.3 to 2.8 14 to 20,9 Lato 7.0
sulphurie acid (per cent) . 03to LB L. i 0.210 4,7

The process of formation and hardening of the coment
is similar in all cases, depending chiefly upon the forma-
tion of caleinm silicates, which become hydrated and
crystallize under the action of water, If it were possi-
ble to find a natural product containing lime and clay
in the right proportions, a cement of the correct Port-
land standard conld be made from it by the simple oper-
ations of calcining and grinding; hut a variation of 1
per cent from the correct standard greatly reduces the
value of the cement. Most of the argillaceous lime-
stones of the United States contain a high proportion
of magnesia and an excess of clay. It burned at the
high temperature necessary to produce Portland cement,
they fuse to a slag Wwhich does not possess hydraulic prop-
erties; but when burned at a heat only sufficient to drive

off the carbonic acid, they yield a soft yellow clinker,

which, when ground, gives the natural-rock cement of
commerce,

TeePortland Cement,” by 8. B. Newberry, in “The Cement In-
dustry,”” veprinted from the Engineering Record, hag been largely
drawn from.

MINES AND

QUARRIES.
PORTLAND (CIMINT.

Lngredients wused.—The necessary materials for Port-
land cement are ealeinm carbonate (nsually in the form
of limestone, chalk, or marl) and clay or shale. The
relative proportions of the two depend upon their vary-
ing composition,

The ealeinm carbonate should he as pure as possible,
except for the presence of clay. Magnesia is always
present to some extent, and though it is generally agreed
that up to 3.5 per cent it is harmless, a large percentage
is objectionable.  Caleinm sulpbate in excess of about
2.5 per cent is also objectionable, unless a deecided oxidiz-
ing flame he maintained in burning, as it is lable to be
reduced to the sulphide.  Both magnesia and ealeinm
sulphate  are considered especially  objectionable in
cements that ave to he exposed to the action of seawater.

In England a comparatively soft chalk is generally
used; in Germany, chalk or limestone,  In the United
States o large part of the Portland cement is made from
the slate-like limestone of the Lehigh valley region.
This material contains rather more elay than is required
for a correct mixture, so that a small proportion of
pure limestone—usually from 10 to 20 per cent—is
added.  In New York, Ohio, and Michigan marl, a
soft fresh-water deposit similar to chalk, is generally
employed.  Pure limestone is used in a few cases only.,

The chemical composition of cortain typieal forms of
caleinm carbonate used in the manufacture of Portland
cement is shown in the following table:

. CIALK, ‘ ;l MARL,
i4

ONSTITUENTH, Eeland || Lasalle, o PIlps-© Sleg ‘! Ban- | Ryrae

{Roed) L g dvied, fdusky, b oeuse,

o ! NI P, Ohio, | 1wl

! i

Caleinm earbonate., ... o8, b7 88,16 70,10 | L 77
Bilien coiiiiinann . O G4 8,20 15, 05 0, ul
Aluina .. 0.1 10 0,02 1.
0.08 0,30 1,97 1x\]
Mupnesinm earbonate., . (L38 1,78 3,06 \ 0,63
Calelnm sulphate oo deeirveen.. ({ .......... ‘ .......... v R

The clay should be highly siliceons, low in magnesia
and sulphates, and free from sand.  For the hest results
the proportion of silica should be at least three times
as great as that of iron oxide and alumina combined.
Highly aluminous clays givea fusible elinker and quiclk-
setting cement, while clays containing more than § per
cent of ivon oxide give a dark-colored cement.

The following table presents an analysis of a few
typical elays used in Portland cement manufacture:

| |
! Muedway,i Harper,

! -
SO Sandusky \ Lasnlle
CONSTITUENTS, | England.]  Ohlo, Ohio,” LI,
Bilien I 6B, 41 54, 80
Aluming ...... 13,23 16, i 19,83
[ron oxide..... 11 30 q ()(} 2 i
ME eneinenn, 1L02 2,02 3.29
Magnesia..,... $045 1.88 2,67
Carbonic avid . T208D dovenivannnei]onnansanns
BN T T N 01 £ Y PO IR AR
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The small proportion of alkalies preseat in ordinary
clays exerts but little influence and hence is not gener-
ally determined. ' '

Miving.—The method of mixing originally practiced
in Iingland was the wet process, in which the materials
were ground and mixed in water, and settled in reser-
voirs, and the “slurry ? dried previous to burning, In
the dry process, now largely used, the materials are

ground and mixed in the dry state. Muarl and clay ave-

mixed in a plastic condition, Rock crushers, followed
by bulirstones, emery mills, tube mills, or Griflin mills,
are generally used for the dry grinding of raw material,
and pans with edge runners, followed by tube mills, for
wet grinding.  The chemieal composition of the mix-
ture is constantly tested, and the percentage of caleium
carbonate is kept within the 0.5 per cent of that found
to be correct for the materials nsed.

Burning.—Over 95 per cent of the Portland cement is
now burned in votary kilns,  The rotary kiln consists of
a slightly inclined eylinder, lined with fire brick, turning
at the rate of one revolution in from one to three min-
utes.  Fuoel oil was formerly used as a source of heat,
but powdered coal is now generally employed. The
cement material is fed in continnously at the upper
end in the form of dry powder, or, in the case of marl
and clay, as liquid mud.  Descending gradually, it pavts
with it water, if any, in the upper third of the kiln,
beeomes heated to redness, loses its carbonic acid,
forms small rounded balls which reach a nearly white
heatin the lower third of the kiln, and finally issues
at the lower end as well-hurned black elinker in grains
about pea size.

When the burning is done in vertieal kilns, the dry
powder is first moistened and molded into bricks, which
are again dried before heing fed'into the kiln.  Accord-
ing to Le Chatelier, the following changes take place
during the burning: Ata rved heat the combined water is
expelled from the clay; at a somewhat higher temper-

cature the caleium carbonate is decomposed into carbonic

acid gas, which escapes, and lime, which immediately

enters into combination with the silica and alumina of -

the cluy, producing caleinm silicates and aluminates.
At fivst, fusible glasses, rich in siliea, ave formed; hy
combining with move lime, these gradually hecome more
and more basic, until at last the tricaleium silicate is
produced. The iron and alumina also remain in com-
bination with lime as an alumino-ferrite.

The proper degree of burning is indicated by the
formation of a dense green-black clinker, Under-
burned clinker is brownish and soft, while overbarned
clinker is fused and slag-like; long-continned burning
or an excess of clay causes the clinker to ““dust” or
fall to powder on cooling, the resulting powder show-
ing little or no hydraulic properties. Underburned
cement is apt to be quick-setting and to expand and
crack in hardening; on the other hand, overburned
cement is usually slow in setting and hardening, though

it may show excellent tests at long periods. Cement
properly proportioned, mixed, and burned does not
hegin to set in less than two hours after mixing with
water, but after the setting begins it hardens rapidly
and shows a steady gain in strength, especially when
tested with sand, up to several years, It is an almost
universal practice to add from 1 to 2 per cent of ground
gypsum to retard the setting.

Grinding.—Lortland cement clinker was formerly
ground with buhrstones and bolted through revolving
sereens, At present the Griffin mill or the German
ball mill, followed by the tube mill, is generally used.
A degree of fineness, such that 92 to 93 per cent will
pass through a No. 100 sieve, is generally attained.
Finer grinding can easily be accomplished, if necessary,
hut is rarely demanded. There is, of course, a point
heyond which it is not economical to carry the fine
pulverizing of cement, since the same result can he
accomplished by using slightly richer mixtures.

The numerous tests shown in the reports of Govern-
ment and private engineers warrant the claim that no
Portland cement made in any foreign country equals
the product of the leading American factories,

NATURAL ROCK CEMENT.

Of the natural rock cement produced in the United
States in 1002, about 45 per cent came from the state
of New York; about 22 per cent from Kentucky and
Indiana, within a radius of 15 miles of Louisville, Ky.;
and the remainder largely from Pennsylvania and
linois.

Rosendude cements—OfF the natural-rock cements the
Rosendale cements, manufactured in Ulster county,
N. Y., from a natural cement rock known as the Tentac-
ulite or water-lime deposit of the lower Helderberg
group of the New York Geological Survey, are typical.

The Rosendale cement industry is the oldest manu-
facture of hydraulic cement in the country. Dating
from 1882, the industry has been developed conserva-
tively and successtully.

The rock deposit is a magnesian limestone, of which
two different beds, known respectively as the *light”
rock and the “dark” rock, are quarried for cement.
Both rocks are hard, compact, and close-grained, the
light rock having a steely-hlue color, aud the dark a
duller and deader color and a more shaly appearance.
Apparently-the light rock contains the more lime and
the dark the more clay. After calcination the light
rock is yellow, and the dark a redder or-dark sienna
color. Itis a tradition that no good cement can be
made without a mixtare of the two.

At Binnewater, Ulster county, the depth of the dark-
rock deposit, which is the lower bed of cement rock, is
about 18 feet, that of the light rock is from 10 to 17
feet, and that of the unworked strata between the two
is about 12 feet. The dip varies, but is gencrally about
45 degrees. The general mining scheme is to run slopes
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to a depth of about 40 feet, following the dip of the
dark rock, and then to start breasts or headings in both
directions along the strike. When the headings have
been run.out to daylight, to property limits, or to the
limit of economical working, the slope is run down 40
or 50 feet farther and new headings started. The rock
is loaded on cars which are run through the headings to
the foot of the slope and hauled up by cable. To get
at the light-rock deposit, which is overhead, horizontal
gangways arve cut from the gangways in the dark rock
through the hanging wall into the bed of light rock,
and headings are then started in it in both dirvections,
just as in the lower formation, the cars being run
through the connecting gangways and up the slope.

In chemieal composition the Rosendale cements arve
remarkable for the high proportion of magnesia they
contain; it varies considerably in different Rosendale
brands, but the following analysus is typical of these
cements as a clasy:?

A ot ve e m i n o et amam e aiaanceeeaanaaan 24, 30
ANINA . L e e a e dneean—aaaan 7.22
Ferricoxide. ..o n e e . 06
5 1 X U 33,70
MAPENESIA - @t e et e n e e ee e e e ea e ae e caeamana—aan 20, 94
Volatile matter and undetermined ..o oo Lo ooaao. 8.78

atal .. e iaimeeiaaa 100, 00

The condition of the successful use of magnesian
limestones is light burning, and this requirement is
carefully ohserved in all the Rosendale factorids,

Lovisville cements.—The so-called Louisville cements
are next in importance to the Rosendale product. An
extensive deposit of limestone occurs at Louisville,
Ky., forming the bed of the Ohio river, and causing the
falls and rapids at that place. The first manufacture
of Louisville cement hegan alongside of and in con-
junction with the construction of the Louisville and
Portland Canal around the Louisville falls. Thelargest
plant in the Louisville district is at Speeds, Indiana.

The cement rock is of the same geological horizon as
the water-lime deposits of New York, Pennsylvania,
and Wisconsin, A general analysis is about ag follows:

Siliea and ingoluble matter. ... ... oootnome e 15,0
Alumina and iron oxide....... T 3.0
Caleium carbonate. . ..o oveo e 61.0
Caleimmn sulphate . oL a e 5.0
Magnesium carbonate. ... . o iiaa e 10. 0
Water, alkalies, ete . oo i 3.0

B 0 A U 100.0

It is worked both in open quarries and by mmmg
At the Speeds mills the rock is graded into three sizes,
at & breaker provided with screens, the fine stuff cal-
cining more readily than heavy rock.

Manufucturing process.—For calcining natural ce-
ment rock, vertical kilns are generally used. They are
operated continuously, by drawing from the hottom

!The Cement Industry, page 153,

MINES AND QUARRIES.

and charging at the top. In charging, a layer of rock
is thrown in, then a thin layer of anthracite pea coal,
then another layer of rock, ete. The fuel consumption
is low, the output of cement per ton of coal being quite
high. At Binnewater the kilns are 28 feet high and
10 feet in diameter, with & daily capacity of from 90 to
100 barrels of marketable cement stone, after discard-
ing all hard-burned clinker and sorting out the under-
burned clinker for recalcination. At the Speeds mills
they are 30 feet high and have an inside diameter of 18
feet, with a daily capacity up to 250 harvels,

The calcined rock is run through crackers and then
screened; the coarse rock is next ground in mills, but
the finest grades pass directly to the barrel packers,
The produet is packed as it is ground—mearly all of it
in barrels.

SLAGH . CEMENT,

The manufacture of hydraulic cement from furnace
slag has venched considerable proportions abroad, but
in this country it is comparatively a new industry. It
is not directly within the scope of the mining census,
but it is noticed briefly because it utilizes a waste prod-
et of mined material,

It is only ocensionally that ores and fluxes employed
in blagt furnaces will produce slag suitable for coment,
furnace slags as ordinarily produced by easting and slow
cooling being devoid of hydvaulic properties. Slag to
be used. for cement is run off from the furnaces and
droppud in & molten state into a trough through which
is forced a large stream of cold water; the slag solidifies
in vesieles or l)ul)])los which break up into thin, shell-
like pieces. The 1)0,.5(. grade of such slag has o delicate
blue color, and though hard is thin and porous, and
hence is readily erushed. The rest of the process is
extremely simple, consisting in drying the slag, mixing
it with the proper proportions of slaked lime, and then
grinding the mixture to a fine powder. The Maryland

Jement Company utilizes the slag from the blast fur-
naces of the Maryland Steel Company, at Sparrow
Point, Md. Cuban iron oves are largely used in these
furnaces with oyster shells as flux.

INVENTIONS.

Invention has played an important part in the
development of the cement industry, both in the im-
provement of cement compositions and processes of
manufacture and in the perfecting of methods and
machinery, whereby the cost of manufacture has heen
greatly reduced and uniformity of product secured.
Many of the operators own and control patents for such
inventions; a digest of all patents pertaining to proc-
esses or compositions employed in the industry—not
including patents for apparatus or machines—is attached
hereto. The term of a United States patent is seven-
teen years, so that all patents which have run for that.
period are public property.




B R - AREE

CEMENT.

Mary-

Ohio,

Pennsyl-

Virginia,

. United States. || Ulinos, inna, i 2w Yor s All other
nited € inois Indiann land. Michigan, | New York, vanin. states,)
Number of mines or quAarrics. ... ooooiiiiiia... 101 [ 9 4 11 2] 7
Number of QPerators . oo oi it iiiiae O 6 7 4 10 20 é }71 g 33
Character of ownership:
InAividunl oooveni i U R 2 R P, 1
}Finn aes _t_.l (U | ISP PO N O I R 1
Teorporated 13 6 7 3 10 13 7 1 :
Salaried officials, ¢ ' H %0
:I:ntul number '.313 50 65 22 102 141 49 207 43 234
10133 ::}l';:llle;mcvl - $1, 087, 514 §59, 260 $71,166 | 817,227 $131,181 $160, 282 | §57, 838 $260, 952 | $44,676 | $205, 684
g\{mper Chmeaanreeeen . . %Z 8 11?) 10 5 17 2 14 20 6 37
nlaries.........ooo0o.. 347, 1 20, () $23, 860 , 910 43, 460 41, 801 21, 600 378, 2 5 ¥
Superintendents, managers, foremen, ’ ’ ’ 016 B, 46 Fits fal, 6 878,206 | $15,600 | 01,860
surveyors, ete,—
Ir:I ulmli)er ............................. ¢17 ‘I(l(l‘n ¢ R19 2. [ a8 Y 18 41 20 110
Salaries..ooooiaanLLn 76, 66 20, 868 20, 080 B, 376 (i85, 281 G, 78 25, 708 8, 0 $132, 966
P e TR T §176, 66 , 8 §29, §5, 376 $68, 2 §66, 781 | §25,70 $108,760 | $18,000 | $132, 966
NUMDUL 1 eeneirieetaaniaaeannenaas 90 |leieiiennn, 1 4| 11 1| 1 2
('luﬁ(ﬂél arles... $16,010 {[...ooannat . §620 $2, 800 §0, 026 $700 ...l #3750 $1,490
Nl}mliwl‘ b tean e 339 14 30 7 27 50 15 90 16 86
o 1o 1o ). ' o ; y : 0 8 A 0 W g
\\'i\ge-hnlrllu::'g: L o F48, 711 $11, 491 17, 616 #4,1356 $19, 400 $87, 725 F4, 8356 §08,281 $9, 900 8G9, 878
ARLICERIC AVErage MUmMber «ovviiianian.. 13,041 18R DR 170 438 2, 454 ]7H 0, 870 178 2,489
e el e 3 o WA o1 40f o ke onn’ 219 | g s | 2R s i "
Aggfxtlﬁil\t'g :;Ia(lll.l'ltinl— ........................ §0, 328, 8A2 321»1,9.?!) 266,049 1§74, 077 $H05, 670 | $1,208, 813 | §227, 518 | §2,411,652 | §83, 428 1$1, 263, 794
’{ntlul1 avernge nimber ... ... 4 )}{.{,81’_11‘ . 84 o2 Hil 7 438 2, 083 1306 0,870 163 2,476
oLl WHECS it a e 4, 084, 00t 208, 676 208, 168 R, 285 HB5, B 22, 046 | $219,962 | $2,. (n2 498 057, 4
e o Tirdmon, Wnd wier 6, 084, $258, 676 , 16 #4h, §h85, H70 | $1, 022, 046 | §210,962 | $2, 411, Gh $70, 423 181,967, 420
mechanies— )
1‘\‘yurngc number ..o, ol )‘.i, (1)3.1! ¢ ml’l(l &1 ki 15 117 262 J34 1,146 39 321
L L R, B2, 12 34, K70 qh, 197 R, G60 114, YR $168, « 31, 27 (07, HR ¢ 238, 600
A L B2, , i £8, 66 F114, 95H $168, 471 | §31,277 RO67, /87 | §20, 505 | 9238, 600
J‘Vuruge namber oo, a1 )1‘.2’,7)86 Th o 12!; [4 171 184 2 1,003 b6 594
LT 210, 291 §39, 647 i3, 20 4, 187 HT, 02 4, 172 243, 264 F60t, 25 21, 00 U81,
Boys s 16y , 410, Y ) #2, §H7, RO §84, 17 $a0), 269 606,253 | $21,004 | §281, 450
,\-%vurngc number..,.. e 109 f[veeienannnn 1 Llowereoeanans 8l .. Bh] 0 2
L0 S 22,680 ... 231 24| 5, 169 |.. 4, 194 207 3, 44
All other wage-garners— ' ¥ #, 160 $4, 198 81,207 ¥, 440
Ay\'omm} number . 7,007 it B bif] {120 1, 605 27h 2, 682 62 1,537
Below gl'nm‘l‘( ln—giu .......... $3, 527,111 #1184, 150 LA, 408 | 834, 985 $a32, 818 761, B34 | $159, 126 | $1, 188,610 | §27,527 | §743, 039
Total average number.........o. h7 4 a7 115 2 PO, 376 [ PP 15 13
T(Jm\]”\\'n.];{:m ......................... F204, 708 §3, 460 $13, 780 | $20,445 |.,.0ea.l| 180,367 BE086 ... $4, 000 §6, 365
Miners—
Average numlae ...l 266 1 37 L P 140 . T 1h 13
. WHECS cvnnrieanennncannneanae $180, 638 §3, 250 FL8, 786 1 820,45 |..... reenene $00, 726 $7,066 [l $4,000 6, 365
Miners' helpers—
A‘ verage number oeeeee... e | L O P
WRECS v errnennonaenennnn $99,100 ||..20L RO OO ISUSORN: 00,100 |- oo oons sl
Boys under 16 yonrs— ! R e ARt et i
Averngenumber ..ol 2| s P N rrvrarnans 2 PR, D R PN PN
Wages.oooooiiie i FAVE TN DN N SO ORI $909 [vannnnn... . T N PR
Al other wage-camoery t— .
Avernge number .. ..., LU | N |11 P b O [ A R e .
TVHECS e eareemaennons g, obe T Lo g, 000 [100000N #10, 572 grad [T DR R

Average number of wage-earnoers ut specified
dnily mtes of pay:
Engineers—

$1.60 to
$1L.25 to
$1.50 to
$1.75 to
£2,00 o
$2.25 to
#2.60 to
$2.75 to §2,

$3,00 to §
§3.26 tor
83.76 Lo

$4.00 to
Firemen—
0,75 to
1,00 to
1.25 to
1,50 Lo
1,76 to
§2.00 to §2
2,25 Lo
2,060 Lo §2.74 ...
2,706 O §2,09 ...
#3.00 to 83.24 ...
Machinists,
other mec

$2.75 to §2.00.
$3.00 to §3.24.
$3.25 to $3.40.
$3.60 to $3,74.
83.75 10 §3.90.
4,00 to 4,24 .
#1256 and over ..
Miners or quarrymen—
80,50 to §0.74 ...
$0.75 L0 $0,00 .
81,00 to §1.24 .
1,25 to $1.49.
$1.50 to 1,74 .
$1,76 to $L.99 .
£2.00 to $2.24.
§2.25 (0 $2.49 ..

Hh

............ 14

1Tneludes operators distributed as follows: Alabama, 1; Californin, 2; Colorado, 1 Georgla, 2; Kunsas, 2; Kentucky, 1 (2 quarries); Minnesota, 2; Missourd, 1;
New Jersey, 2; North Dakota, 1; South Dakota, 1; Texas, 2; Utah, 1; West Virginia, 1; Wiseonsin, 2,

2 Includes tiimbermen and track layers,

[
i
!
:




848 MINES AND QUARRIES.

TapLe S.—DETAILED SUMMARY: 1902—Continued.

— . . .3 gt) 3v]- s
United States, | Ilinols, | Indiana 1\1{%(‘1 Michigan, | New York.| Ohio. I"‘:ll#ml Virginia. "‘thi‘l‘ttg}fr
Avernge number of wage-earners ab specitied
daily rates of pay—Continued,
Miners or quarrymen—Continued,
FREIR TR i N 32
$2.706 10 §2.99. 8
8300 to $R2 Lo inees 2
Miners' helpers—
BLOVLO BLTL ce it ieiiinennmaanannas 220 220
Timbermen and track layers—
$126 to FL40 . eeenlll,
F1L60 tn $L.74 ..
1,76 1o B1LUO ...
Boys under 16 years—
s han $000 ..ol BT s
060 Lo FOTd e een e
(UVEI R (OISR 1) D,
1.00 to §1.24
1,25 to §1.49
1.60to §1.71. .
All olher wage-ea g
060 to UL e
0,75 to §0.49 ..
LO0to$L2 ..ol
120 to $1.49 .. oeiiuanaas
100 to$L.7L o aianas
175 to $1.99 ...
$2.00 to $2.24 ... ooln .
200t B2 e
200 LOBLTY weeain e e
275 L0 §2.90 ceeiee i e
B00 10 83,20 L e
BR.20 L0 B4 ettt e
SO0 LO FBTL cevnnn v eans
BB LOEIDY e
00t L2 osee e
4,25 AN OVEL v ovinviniramansrcvinnnanns
Average number of wage-earners cmployed dur-
ing ench month;

Men 16 years and over— ! ) .
JONDATY oiviiiieriieiiiinsonnaaeasne . 10, 330 327 138 f20 1, 888 abh o4, 670 14h 1,469
Pobruary oviniii et 10,272 204 133 419 1, 86 i) 4, 693 167 1,967
MAreh .ooviriiiinii i e iir s e 10,771 413 124 i d 1,734 ahh -4, 484 11 2,103
April ... 18, 200 447 173 701 2,0 ARG 5,060 1 3,407
MRy .aeinen 18,180 470 174 1,051 2,744 380 B, 161 176 2,007
Juno....... 13,280 46 186 1,077 2770 Bty 0,171 164 R
July ... 13,470 4h1 187 1,109 2, 784 o B, 241 1m0 2,78
August ... 14, 606 [ 1901 1,179 2, 688 21 f, 007 189 U812
September. 14, b4y 767 77 1171 2,720 Rt B, 063 181 2,720
‘Outober. ... 14,349 Rk 180 1,10 2, Hhh Hie] N BGY 188 RAR
Novembuer . 14,180 840 17 1,191 2,09 417 0,724 184 a, 51
December .. 13, 969 818 176 1,183 2,178 RitR) B, 696 162 2,407

Boys under1d y
January . T N 1 Rl 37 [} JuL]
Tebrunry g2 FR S O . 30 31 6 put}
Mareh . 112 1 1. hel 106 G U3}
April 123 1 2. 3h Bl 6 il
May . 1 2 [N il 531 [ 20
Juue. 118 1 1. i) 0] G 2
July ... 11h 1 14, R3] 10 i 3
August .. 116 eraeanesean 11 Rl 49 6 n
September 117 o T, R 18 i} 2f
Qotober. .. 110 2 1. 40 41 [} pusl
November. . 110 p 1. U | iR 6 R
OTETTTER 111 112 RS SRS 102 [ eieaeaae 1 5 ¥ [} Rl

Contract work: ! .
Amonnt paid..ooiaiiiiei i ves BULGT | ooeeennnialoenianas e FHAB s eeeeanes §6,197
Number of emp .. £ I AP PUUIPRRPIRIN R S [ P, {0
Miscellaneous expen :

Total oeerneiciiaianiivaaanaaans $1, 665, 620 | 36, 621 Fh, 447 | #17, 011 $170,477 10,772 | BT, A F711,782 1§81, 487 | 202,101

Royalties and rent of mine and ; )
PN e 62, 905 EXIRU1) N P $11, 64 #1,677 I 0 1Y D, 23, 035
Rentof offices, taxes, insuranee, ;
and other sundries .......oo.... .. §1,612, 615 §30, (121 803,447 | #15,718 5170, 477 F200,128 1§70, 152 SOUS, B3E | B, 487 | $28, 250
g(.n-ctlof :upplies and materials.. ...l $9, 008, 226 $185, 881 $120,168 | §51, 8749 F704, 287 1 F1L, 871, 610 | 281, 822 | $4, 048,508 | $FO1, 100 F1, 34, 401
roduct:

Quantity, Darrels  coooaiiii i 2(, 6B, 360 1, 068, 084 1,879,801 | 400,200 | 1,R77,006 | 4,784, 1I7 | Ho7,088 | 9,800,802 | 28,000 ) A, Ton, 142
VRITG c) it eccmeciamsstmmnacncaancaarascsanss 24, 208, 338 $700, 251 | $1, 286,298 | F150, 680 | $2, 131,306 | 3, G0, iKY | §714, HAL |F10, 228, 267 $327, GHO 6, 006, 717
Tortland cement— .

Quantity, barrels..ooooiiiiiinae, 16, 691, 03H 470, 264 36,706 |...aaeal 1,677,006 | 1,166,807 | B60, 618 | 8, Hid, 920 250, Q00 | W, 5B, 783
VARG coneiriimaraaeiriacinannnse $20, 281, 708 §612, 396 $628,044 1oL $2, T34, 800 | $1, 521, 553 | $681, 196 | 1, 882, HUR B07, 6590 11, 463, 666
Natural-roek cement—
Quantity, barrels. ...l 7,904, 300 607,820 [ 1,343,185 1 400,200 ... ooannns 3,077, 340 37,176 796, 876 84,000 1 1, 108,408
Kil 1 T §4, 086, 630 #1056, 855 8657,984 | $150,080 [ .o.o.evnnn. $2, 136,086 | 433, 300 $340, 660 | $20, 000 #542, 041
ns:

Totn] NUMDET cooiiiiiiiiiiieiierenninnan 1,035 PA ] 42 86 M3 20 patii] 18 161
Vertieal 684 11 71 B L R, AT b 140 i} 70
4 1 451 12 28 levennnnces 86 49 8| 168 & 9L

Power:
Total ROTSEPOWET .- .e.ott et eraernrnanas 114, 002 6,625 7,08 | 1,520 11,865 20,466 | 5,150 A5, 408 2,610 2,878
Owned— .
Engines—
Steanm—
Number -...vvve e cicraans 495 2 37 9 49 .. 24 168 12 01
Horsepow 108, 811 4, 326 0,280 1,520 10, 466 18, 81H 5,150 30, 448 2,610 17,248
Gas or gasoline
NUMDEL i riereeineeamaeas 156 15
HOTSCPUWET vvvevenecnnonnnns 2, 890 2, 800
Water whoeels— :
NUIMDEL ¢ v eei e e b3 (R P [P 12 Tloeeenaenn . 1
HOTSODOWEE « v v eereerancanananas O O S B, s 1, 400 53 O I Y
Other power—
NUMDBEr oot 9 3 i 31 P U FOUSUUPPR PPN U P PN R 1
HOTSCPOWET +iv v verraananennnns 2,005 300 5 R ) O g 45
Rented—
Elcetrie, horsepower ...oo..oooaann 3,442 ['..... N T U R, 70U SR N RS 2,145

Electric motors owned— |
NUMDEE e ctanmsceaiee e s tinetesniaeanaas - du | 38 B0 |evenvannen 90 02 il 137 15 45
Horsepower . 17,420 883 1,426 |aeieoon 5,175 4900 3

gupplied to other establishments, horse. !
POWEY Lo isenninreatnannssnnnraseamsnnn AV I O PN PR PN PPN
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APPENDIX. .

DIGEST OF UNITED STATES PATENTS RELATING TO CEMENT.?

87— October 6, 1837, E. C. Wanxur,  Mode of manaifacturing hy-
drauldic eement from busaile,

Rasanite Tydian stone, sometimes called “touchstone,’ is caleined
to i red heat and ground,

1103 13~-Sepdemder 26, 1871 Do Co Bavior,  Jmprovement in the
manufuchire of cement.

A hydranlic cement i3 produced from argitlo-magnesian and
argillo-calearcous limestone,

L20080— Muy 21, 1872, DO Savvow. Dagprovewent in e ment-
Juetwre of lyydrdic coment,

Argillo-magnesian mestone is hurned and erushed, one-tifth of
its weight of raw stone iy added thereto, and the mass s then
pround.

15365 0—NSeptember 1, 18740 1 Eoand W, L. Brows.  Tngrorvenent
in hypedeentie coment,

Caralline, coral roek, or fossil coral ix used for the manufacture
of hydranlic cement,
167653—Septewder 14, 1875, C. F. DUNDERDALE.  Jmprovement in

Rapedvaaddio coment,

Kaolin, or other silicate of aluminm, fuller’s earth, and line
ure niixed, Durned, and ground,

173087 —Murel 7y 1876, AL Sarn, Method of menufucturing lime
and ceient, ‘
Lime, or cement rock, is hurned with oil, delivered into the com-

bustion chamber in a fluid state, in spray, or as vapor, along with

steam, superheated or not, and air.

17u938—May 2, 1876, G, F. Duxperbpane,  Jmprovement i the
menufucture of artificial kydraulic comend.

The cement materials are crushed and mixed in water in o dense,
semifluid state, flowed direet onto a drying floor or pan, then
pressed and hurned,

1957 50—0ctober 2, 71877, G, F. Dunprrpang,  Daprovement in com-
positions for making hydrauwdic coment.

It consists of infugorial silica and a silicate of aluminum with
lime, burmed and ground.
03539—June 18, 1878, W. I, Buoinaron,  Tmprovement in the

manafucture of lypdranltie cement. :

A cement made of fossiliferons limestone and hlue clay.
205253—June 25, 1878, J. Dierow.  Daprovement b the munufue-

ture of hydraulic cement.

A hydranlie cement formed of rotten, decomposed, or refuse
limestone or marble, and the deposit of rivers, in about equal pro-
portions,

2056 16—July 2, 1878, U, CommiNgs and L, T, BeyNere.  Dnprove-
sent T the monufactwre of hydvaulie ecnent.

The ntethod congists in first erushing and disintegrating the cal-
eined and the vitrified portions of the cement stone, then separat-
ing the vitritied portion by sereening or holting and reducing the
vitrified portion separately to powder.

RI2004—Tebrwery 11, 1879, J. A, Weancs.  Improvement in the
manfacture of hydraulie conent, )
It congisty in the use of blue clay combined with coal nshes and
sower mud,
RI3459—Muareh, 18, 1870, . FL. Suenr,  Monnfucture of Portland
cement.
The cwnent making material consisty of ground oyster shells,
raw or hurned, mixed with siliceons clay.
2rpts—Ddy 8 1879, T, K. SmeN. Manufaeture of lme and
cemend,
To rapidly produce lime and cement, the raw material is sub-

jected, while burning, to the aection of a forced Dlast, continued

until Inening is complete, and the foread blast is then sustained to
offect rapid vooling,
232004— November 25, 1870, (4 Brown.  Irmprovenent i the -

Jactre af artificial hydroadic or Portland eement,

The mixed raw material iv molded into hollow eylindrical forms
or perforated sphere balls.

2288 Li—dwary 27, 1880, F, Ransosmu,  Munufucture of cement
tnd artifieial stone,

A white or artificially tinted cement is made from a mixture of
kaolin or ehing elay and chalk or marble, by burning in muflle-kilns
or retarts without contact with fuel,
230805—dugust 70, 1880, A, T, Bagruwny.  Hydraulic cement,

Travertine 18 employed for the manafacture of hydraulic cement.
23117 2—August 17, 1880, H, Jornan.  Cement compound,

A cement compound, to he caleined, composed of silica, oxide
of iron, and aluming, combined with the refuse from goda works,
composed of lime, soda, potash, magnesia, and alum, tempered
with refuse from gas works or tanneries.

28188 :August 31, 1880. T Sorvay. Process for the manyfacture
of cement, ‘
The residue from the decomposition of caleiwn chloride by a
gilicate of aluminum, such as clay, is uvsed as the basis for the
manufacture of cement.

237600—Felruary 8 1881, J. Dinerow and R, M. Prabro.  Man-
wfucture of hydradic coment and lime. )
Rotten or decomposed Nmestone i3 burned and then subjected

to currents of air or steam in a tightly closed reveptacld, and the

material then gifted, with or without grinding,

a7 4—August 9, 1881, T, B. Semmn,  Treatment of Jydraulic
cement in the kifn. _
Stean is admitted to the mass after it has fallen below the point

where it is burned,

245609—August 16, 1881, W. J. Bupmnaron.  Manufaciure of
Tydraulic coment,
It is made of white marble of the second formation and hlue

clay. ‘

1 printed copies of patents ure sold by the Commissioner of Patents nt i cents ench,

B0298—0d——54
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249548—November 15, 1881, J. Resse. Preparing, indurating, and
solidifying caleareous lining matericds for furnaces.

Lime is mixed with carbon or a hydrocarbon, then subjected to
ahigh temperature in a cupola until fusion takes place, and, finally,
run into guitable ghapes for linings.
256108—April 4, 1852, V. Kivaren, Manufeciure of artificial stone.

A mixture of carbonate of sodinm, carbonate of potassgium, cal-
cined quartz sand, oxide of caleiwm, oxide of magnesium, clay,
and siliceous sand forms an artificial stone. A hydraulic cement
ig produced withoub ealeination by adding to 120 parts of said mix-
ture 300 parts of carbonate of lime, 200 parts of oxide of caleinm,
of which 150 parts are 1)1(3\’101191}' glaked, and 380 parts of brick-
dust.

Q(JO.-J.;G-——J'ulyﬁ, 1882, X, J. Dr Ssepr.
lime and hydraulic cement.
The lime of cement stone iy treated, at the time of calcination or
afterwards, to a red heat while in contact with carbonie acid.

268810—dugust 29, 1882. W. T. Browne,  Process of und means

Jor menufacturing o heatisg fuel for burning lime, ele.

The products of combustion are exhausted from a lime kiln, and
forced by ajet of gaseous vapor under pressure into a carbureting
chamber, where the mixture is enriched with oil vapor; it is then
forced under pregsure intothe kiln, whereby the hot products of
combustion and gasey are cirenlated through the latter, thus insur-
ing uniform burning,
268878—September &, 1882,

draulic cement.

Slow-setting hydraulic cement ig produced frnm cement stone
containing an excess of free anhydrous lime, by adding to the cal-
cined stone, before or after grinding, sufficient water to combine
with the free anhydrous lime, forming calcium hydrate.

270097—Junuary 2, 1888, J. Murray, Hydraulic cement.

It i composed of iron slag, soapstone, and hurned or roasted
clay and lime, in the proportions of 2 parts of slag to 1 part of uwh
of the other ingredients,
270608—January 16, 1883, 1. Rorm, Mamg’acture of cement.

A cement iz formed by caleining and grinding a mixture of
bauxite, or minerals similar to Dbauxite, with quartz, -hydrated
silicic acid, infusorial earth, hiast-furnace slag or other silicates,
and lime, either ag limestone, chalk, or burnt lime, with or with-
out admixture of dolomite, oxide of iron, raw soda, alkali agh, or
other fluxes.
274288—March 20, 1888,

Lortland cement,

A hydrocarbon or other combustible is added to and mixed w1th
the cement material prior to caleining.
214184—March 27, 1883, E. J. Dr SMep.

cement,

Enough lime is combined with cement rock or hydraulic lime-
stone, either before or after caleining, to bring the percentage of
lime up to about 70 per cent.

V47 95—DMurch 27, 1883, . J. Dw SMmzpr,
cement.

Enough dolomite is combined with cement rocks or hydraulic
limestone, either beforve or after caleining, to bring the percentage
uf lime and magnesia up to about 70 per cent.
276869—April 10, 1888. 1. J. Dr Smepr.

pound.

A cold, slow-setting hydraulic cement, composed of not more
than 50 per cent in bulk of a slaty or siliceous non-cement produc-

. ing yock in combination with not less than 50 per cent of the hat,
quick-getting cement rock in common use for cement manufacture,
279854—June 12, 1883, TE. J. D Surnr.

Portiand cement,

Natural rock is caleined, ground, formed into a’ cement paste,
and then recalcined and reground. :

Marnufaeture of hydraulic

E. J. De Sxmpr. Manufacture of hy-

E.J. Dn Suenr, A of mamufecturing

Manufacture of Portland

Monufacture of Portlund

Hydrawlic cement com-

Art of menufacturing

MINES AND QUARRIES.

281965—July 24, 1888. W. J. Bupinatox. Cement compound.

Tt iy composed of the variegated marble of the second formation
(dark and white), and blue clay.
287941—November 6, 1883, 'W. Jowws, Hydraulic Portland cement,

Hydraulic Portland cement is made from argillaceons limestone
or dolomite containing an excess of clay, by mixing therewith lime
ot it carbonate in such quantity that the mixture shall contain 70
to 80 per cent of earbonate of Iime, then molding, caleining, and
grinding.

202320—January 22, 1884,  R.W, Lustuy and J, M. WiLrcox.

ufacture of Portland cement,

The pulverized cement materinl is dmnpeued glightly go that it
is gtill & powder and not o paste, molded into balls or Tanps by
hard pressure, and then ealeined and ground,
204080—Februury 26, 1884, L. Roru.  Manfaclire of eement.

A mixture of hlast-furnace cinder, say 100 pounds; earbonate of
lime, 186 pounds; and an alkaline chloride, such ag carnallite, 15
to 20 pounds in a saturated golution, is caleined and ground.

8007 90—June 24, 1884, J. Muwrny, IHydraulic cement,

It is composed of fibrolite, margarite, iron slag, shell marl, and
clay, mixed, burned, and ground.
305201—September 16, 1884, R, W, L

land cement,

Lime, or lime and magnesia in any of their forms, and slate are
mixed in substantially such proportions as to make the manufac-
tured cement analyze about 70 per cent of lime, or lime and magne-
sia, fo 30 per cent of alumina and silica, then caleined and ground,
805758—S8eptember 80, 1884, . W. Lmswey., Manufacture of

hydraulic gement.

A glow-getting hydraulic cement is made by mixing ferruginous
earths or stones, such as are used in the manufacture of the min-
eral brown and red paints of commerce, with quick-sotting cement,
rocks in suitable proportions, and then ealeining and grinding,

80675 4—September 80, 1884, R. W.

Manufacture of Portland cement.

Tron sglag or cinder, ag an cgsentinl ingredient, iy mixed with

Man-

paLEY.  Manufacture of Pove-

Limstey and 1. Grovreeis,

- lime, or lime and magnesia in any of their forms, and ealeined and

ground, the proportions being such as to bring the percentage of
lime, or lime and magnesia, up to about 70 per cent.
0507 0—Sepiember 80, 1884. 8, L. Smonr,
cement,

A mixture-of limestone containing from 5 to 15 per cent of clay
and from 3 to 10 per cent of wmagnesin, mixed with a clay contain-
ing about 80 per cent of carbonate of lime, 30 per centof gilica, and
10 per cent of magnesia and alkaline carbonates, is formed into
bricks, burned, and ground.
309150~ December 9, 1884.

Porllund cement,

The cement powder is kept in a granular condition hefore it goes
upon the rollg, by the addition of *‘binders” of larger size than
the cement powder, and composed preferably of coke dust, coal,
culm, raw cement, or limestone.
809270—December 16, 1884. 8. T. Wrrraaw and Gt W, Gowrs,

Plant for and process of making lime.

The process or mode of expelling or driving off carbonie acid gas
by driving or drawing through the limestone air which has been
more or less highly heated.
811895—February 1o, 1885,

hyydraulic cement.

Raw rocks contalning silica, preferably slates orargillo-caleareous
limestones, and slaked lime, are incorporated with caleined cement
rock or hydraulic limestone of the kind that produces hot, qun,k-
setting cement,
318217—March 8, 1885.

cement.

Black or dark-colored cement.is produced by incorporating bilack
chalk with the cement material after calcination.

Manufecture of hydraulic

L, F. Losgav. At of munufacturing

D. Grvrrens,  Monufuctwre of

R. W. Lmstry. Manefacture of Portlund
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815711—April 14, 1885. R.Bryer.  Manufacture of hydraulic cement, | 350415~—C0clober &, 1856. U, Coanvanes.  Hydraulic cement,

Leitchifield marl or shale, say b parts, and limestone 11 parts, are
round together, compressed into bricks, calcined, and ground.
! 2 ) D '

821120—June 80, 1885. R. W. Lmsiry and D, Grirrrras,  dvt of

wmamifachoring Portland cement, .

To destroy the clinker bridge formed in a kiln dwing the opera-
tion of caleining cement making material to a clinker, a eurrent of
cold air is directed against the underface of said bridge to effect the
cooling, contraction, and breaking down of the same,
J21121—June 30, 1885.

Jacture of coment.

Jement is artificlally seasoned after grinding by submitting it to
the action of a forced current of air charged with moisture.
821580—July 7, 1889

cement.

Decompoged limestoneis employed for the manulacture of cement.

830602 Novemher 17, 1885, . Marney,  Munwfuchure of eement.
Cement rock is ground to a fine powder, which is then ealeined,

- 881248—November 24, 1885, W, Jov.  Munufuclure of eoment,
Wet alurry or a mixture of wet slurry and fuel is charged into a
cement kiln, in sueeessive portions, on the hurning charge, at the
parts where the charge is burning most freely,

333370— December 29, 1885, T, M. Wintcox.  Manufacture of Port-
lund cement.

Powdered cement making material I8 mixed with a binding
medium, which will be made goft and fluid by heat and which
will harden when cooled-—such ag piteh—and molded and cal-
vined, the binder finally volatilizing in the furnace.

F30673—.April 13, 1886, H, Maruey, Mawyacture of conent,
Srushed rock is ealeined in a revolving cylinder, and then pul-

verized.

850957—chpeil 20, 1886, I, Ransomm,  Munufachuring cement, ele.
The cement material, reduced to a powder, is hurned in a

revolving furnace while exposed to the flame of producer gas

mixed with a snitable amount of oxygen.

R42784—June 1, 1886, 1. CoaviNes, Manufaclure of cement,
The cement making material consists of about 1,266 parts of gyp-
sum by weight and of 400 parts of clay.
843183—June '8, 1886, TI. MarHEY,
cement.
The process consists in pulverizing natural cement rock, adding
alluvial clay, mixing, and finally hurning under agitation,

843183—June 8, 1886, L. Narmwy. Mumfacture of hydraulic
cement.

Gement s colored hy adding a metallic oxide to the burned
cement rock before final pulverization.
243184—June 8, 1886. H. Marnmy. Manufacture of hydraulic

cement. ]

A pulverized metallic ore roasted to an oxide is added to the
roasted cement of No. 843182 and the mixture ground,
343918—June 15, 1886, 1. C. and D, Miiiex,

Jeeturing hydreudic coment.

Fresh broken clay and marl are piled in alternate layers and
allowed to remain until the clay absorbs the surplus moisture of
the marl, when the masg is removed in vertical slices, reduced to a
plastic condition, eut into blocks, drigd, calcined, and ground.

R. W. Lrstey and D, Guorerens,  Manu-

Jo Dovierow,  Munufaeture of hydraadic

Manufacture of hydraulic

Process of manu-

246525——August 8, 1886. J. AnpErson. Making hydraulic cement.
Crughed cement or limestone rock is immersed in a solution of
acetic acid of moderate strength for about three hours, and then
eatcined, Roman cement being produced if caleined to a red heat
and Portland cement if the caleining is carried to a‘white heat.

847867 — August 17, 1886. J. Munery and N, W, Lorn,  Hydraulic
cement. . .
It consists of limestone, furnace slag, salt, and clay mixed,
burned, and ground.

The process of hydrating hydraulic lime or cement consists in
exposing the caleined and pulverized material, while in motion or
agitation, to an atmosphere of steani.
358487~ Mureh 1, 1887.

burning Lime,

The hot air is drawn from the top of the kiln and foreed hack to
the fire by means of a hlaat.
378902—November 29, 1887. 5. LowneN,  Manufacture of cement.

First, a mixture of clay, 1 part, and chalk or limestone, 5 parts,
ig burned at a white heat and crushed; second, limestone is crughed
separately and roasted at about 210° I,; and third, the products
are mixed in the proportion of 8 party of the first to 1 part of the
gecond, ‘
376599—December 27, 1887.  R. Bossg, 18, Frinsg, and F. WoLTers.

Iydrandic and other cements.

A cement composed of blast-furnace or ather slag reduced to
granular form, sand, and slaked lime, with or without silicic acid.
Also process of making same. ,
3829°60—May 8, 1888, J. Mureny. Hydraulie cement.

Same ag No, 347367, with the omission of the salt,

B387199—July 31, 1888, . L. Tacian,  Tlydranlic cement compound.

A combination of lime rock, silex, mineral magnesite, and
alumina. :
387688—Adugust 7, 1888, G, R, CosrraNa.

hydraulic cement.

The cement material is crushed. and ground, mixed with water
to a plastic state and reground in this condition, next dried in a
suitable chamber, and then calcined and again ground.
394668—December 18, 1888, J. L. Rrawy.  Mwwfucture of cement

from Lime-mud. ’

Time-mud, the residue of alkali works, is washed and treated
with carbonie acid, until sulphureted hydrogen ceased to be given
off and then with sufficient alkaline silicate to decompose the
allaline-earth chlorides, when it s mixed with clay for the manu-
facture of cement,

897873— Felruary &, 1889, R. W. Lustey. Manufocture of cement.

In the manufacture of cement from glags, the lime or other
ingredients, in a finely divided condition and ata high heat, are
injected into the slag while still fuid.

899496— Marel, 12, 1889,
rock,

An air blagh is induced wnderneath the fuel to increase the draft,
and a gpray of steam or water within the arch above the fuel to
regulate the heat.

4026 11—dApril S0, 1889, U, Cusminas. Cement,

A hydranlic cement consisting of silicate of magnesium calcined
and pulverized, ‘
417684—December 17, 1889.

cement.

Fluorspar is mixed with cement-producing materials,
42087 1—January 28, 1890. J. M. WrnLcox.

cement making materials.

The cement making material in a kiln or chamber is subjected
to the simultaneous action of the nsual solid fuel, mixed with the
material and forming part of the charge, and of auxiliary burning
jets of gag or liquid fuel, applied to the upper strata of the charge
before or about the time the lower strata are lighted.
427880—Muy 6, 1890. L. N. Trume and D, W. Prox. Method of

establishing units of measure in compounding Portland cement.

Fach ingredient is separately molded or cut into forms of uni-
form size, the sizes varying according to the proportions in which
they are to be compounded.
184880—August 19, 1890. W. Jov. Method of feeding cement kilns.

Quantities of slurry and fuel mixed and quantities of neat slurry
are separately deposited on the burning mass in the kiln at different
times as the hurning proceeds.

Jaxes and Jorn D. Druscker.  Process of

Process of manufacturing

G. E. Carueron. Method of caleining

G. Dunyra.  Process of manufacturing

Method of burning
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44601 [—Telvuary 24, 1891,
LPortland cement.
Quicklime is added to wet caleareous marl, and through the

resuiting chemical action the mixture ig rendered perfectly dry
preparatory to grinding.

H. C. Baoar,  DProcess of sncnnfacturing

4495 10—March 31, 1801, Lrocess of muennfoeturing
cement,

Jarhonate of Hme is reduced to powder by steam, nnder pregsure
produced from a golution of silicate of soda and water; alumina,
silex, and a thin paste of caleiumi chloride, unslaked lime, and
warm water, are then added and the wmixture ig molded, ealeined,
and ground.
450750~ April 21, 1891,

Iydravdic cement,

The rock iy crushed and sized by screening, and the furnace
charged with lumps of a uniform size.

9, 1894, T.

(t. WirnLians.

J. B, Seren, Process of amongfeciuring

453758—June
cement. .
To obtain pure lime for the manufacture of Portland cement from
blue lilmestone, the lmestone is first caleined; the ealeined lumps
are next moistened by dipping in water and quickly removing them,
so that only the pure lime will sluke; and the pure, sinked lime is
then separated from the impure by sifting,
gasare—July 7, 1801, L I1. Wine.  Munagfucture of cement.
A mixture composed of & phosphate, as caleium phosphate, and
a silicate, such as clay or serpentine, the phogphate predominating
(say 100 parts of phosphate rock to 46.20 parts of elay), i ealeined.

460509—September 29, 1891, (. T Konrsver and G W, BarrioLo-

MEW, Jr. - Process of prepuring and tempering slurey for Portlund

coment.

Treahly dug clay and lime materials are mixed in proportions
determined by weight, worked while soft, damp, or wet, a portion
of the mixed masy tested to determine proportions, and the pro-
portions corrected, if necessary, by adding material.

H60607—October 16, 1891, J. I Wriawer,  Hydranlic lime.

Lime, slaked in a solution of crude potash, erude soda ash, and
wlum which hag been beiled and cooled, is mixed with an equal
cuantity of lme slaked by dipping or gprinkling with sulphuric
acid or with plaster of Paris, and the mixture i ground to a powder.

Bavor,  Manwjuelnre of  Portland

45 15— Decernhier 8, 1894, J. F. Navarro.
hypdraadic coment,

The raw ground rock is burned ina vertical kiln and pulverized;
the required additional element is then added, the pulverized
mixture ig caleined in a rotary kiln, and the produoct is ground.
404516—December 8, 1891, T, F. Navarro.

ing Portlund cement,

Argillaceous rock containing the constituents of Portland cement
is ground in a dvy state; when deficient in lime, a definite propor-
tion of cement rock high in lime, or of pure limestone ground raw,
ig added; the powders are mixed dry and caleined in arotary kiln,
and the clinker is ground.
465380—December 15, 1801.

cement.

Highly heated slag as it comes from the fumace and before conl-
ing is subjected to a bath of hydrate of Jime, and then dried and
pulverized,
486165—November 15, 1892, T, J. LIvigsTOX.

madter for producing Porthoud cement.

It consists of 11 parts of shell containing 90 per vent and upward
of carbonate of lime, 2 parts of alluvial ¢lay, and 1 part of ground
chalk flints,
4867068~ November

cement.

Pulverized Roman cement is mixed with pure hydrate of caleiun
in the form of a dry powder so that the lime and tlw hydraulie
factors are in the proportion of 17 to 10,

Process of muanafucturing

Process of moangfuctur-

C. Tomxns.,  Process of mannfacturing

Composition of

22, 1892, (. Vax Foreu..  dAwtificial Portland

7

QUARRILES.

486707~ November

cement,

Pulverized Roman censent containing an excess of lme ig mixed
with powdered silicate of aluminum so that the lime and the
hydraulic factors are in the proportion of 17 to 10.
401280—February 7, 1893. B, Drevvuss.  Cemend.

A mixture of 2 parts of pulverizad spent lime and 1 part of pul-
verized coke slag, with one-twentieth of its weight of slalked rock
lime, and sand.

29, 1892, . Yany TForpun.  Artificicd Roman

404768—Aprtl 4, 1893, V. ¥, L. Syrmn, Cenend.

A dry-ground mixture of ordinary cement with sand, gravel, or
other Gling material,
4977 85—May 1893,

cement,

Precipitated carbonate of lime, proaduced by the addition of Hnw
to a soluble carbonate, such as sodinm carbonate, is mixed with
elay or other aluminous material, dried, ealeined, and ground.
FO6020— October 8, 1803, J. F. Barrow,  Production of e,

The products of combustion are exhausted from the bosh of
the kiln, so that air may enter the furnaee withont mixing te
an apprecviable extent with the said produoets,

A1I038—Jwrnary (2, 1804, 8. Dex

Tt ig composed of sluked e,
copper, and sulphate of ivon,
ALA0LT—Fehrwry 20, (804, 1. L. Ransous, hluﬁim/ liine,

The cinker produced in hurning ‘nmlmsllhlv muaterinl contain-
ing lime is slaked, disintegrated, and cooled Dy passing steam
through the burned mass before it is withdrawn from the furnace,
S15757—Murch @, 1804, G J, Bverwer,  Cement compornd,

Tt i composed of a cement which is itsell hydraolie, ehloride of
sleinm, ancd lime,

1804 DK Rugwy,  Maanfuehore of cemend,

S Ammonip-soda,” or “Chance’ wasto is washed to remove sal-
uble fpurities, then tested chemienlly, and Tine added until the
impurities, other than soda and sodivm ehloride, are helow 3.5
per cenfy, when it Iy mixed with aluminous material, ealeined,
anil ground.

A20010—Octoher 22, 1804, N K. Riany,  Manufueture af eoment,

A mixture of Le Blane lime, mud, and elay s ealeined until
overburning takes place and then ground,
630247—December 4, 1894,  Cr. W, AL Smarx,

turing hydraulic cement,

From 5 to 10 per cent of slag, sand, ad hydrate of line is mixed
with the raw cement materiald to prevent digintegreation hefove
burning in a kiln.

a0
f.)u,

M. L. Gurerine Manufuetare of  Portlund

rLeR,  Merfucture of coment,
arbonate of potash, sulphate of

5,_’;;'1}4.‘7-—*.[“[1/ 2ty

Method of mmfues

460—July 23, 1805, H. . Prurcs.  Process of trecding line,

Quicklime is glaked to a patty, then roasted and ground.
G44706—August 20, 1895, T, WirriNg,  Manufactre of eoment,

Tt is composed of pulverized Dlast-furnace or other slag, caustie
soda, and slaked lime, all in the dry state.
545653—September 8, 1895, W. R, Tavior,  dpperratus for burwing

cemnent wutking mulcriuls and process of oblaining carbon diorile,

The materials ave heated in direct contact with gascons produets
of combustion until the moisture, organie matter, and the like are
drawn off and the ten‘lpvmtm‘e reached at which carbonie aeid is
given off, when the heating is continued out of contact with the
gaseous prodmts of combustion,
850610—Decewiher 8, 1895, 1o, I Hunny and .

ess of and apparatus for manufuctire of eenent.

The cement material is roasted, the hot clinker partinlly enoled,
broken, and wetted, and the moisture evaporated from the broken
material in a continuous process.
A62082—June 80, 1806, G, W. A, Sreix,  Hydrandie cement,

A small quantity of ground slag sand or granulated furmace slag
ig added to a finished mixture of raw cement to make the sinteved
mixture Trittle, so that on cooling the mass crumbles. ‘

548
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S68594-—Sepiembier 20, 1894,
ratus for culeining cement,
Raw cement material and cement proper are combined with a

combustible material, in an intimately mixed and plastic niass,
and are then subjected to a simultancous rolling and caleining
aperation hy which the mass is formed into separate lnmps imme-
diately before, and the combustible material hurned out upon and
immediately after the setting of the cement proper,

L Bonneviee,  Method of and appue-

6833 — October 20, 1896, 8, JorurNsey, Sy coment.

o ordinary slag cement, which is composed of ground slag and
glaked lime, is ndded o roasted and powdered mixture of ground
slag, slaked lime, and water.

58:2068—Muy 4, 1807, R W. Lusuey,  ydradie cement.

To produce a slow-getting Portland cement the cement making
material, alter ealeination, and in the form ol either clinker or
powdar, is treated with dilute sulphurie acid.

G830 —June 15, 1897, M. W. L. Nannsenx,  Munwfaclure of cement.

The residues from the manufacture of sulphate of aluminum are
freed from components soluble in wafer and the remainder mixed
with lime, without heing hurned.

G90057—Seplember L4, 1807, W, H, Faunrnny,  Method of eaeining
Jriubde maldervicls,
The material to be caleined s formed into a tube and continu-
vusly projected into the furnace, the heat of which passes up
tlu’mlgh the tube.

02502~ COctober 26, 1807, V. KaBLDSEN,  Cement maanifocture,

From 3 to.d per cent of manufactured coment iy added to the
raw material and the mixture formed into blocks, which are
Lurned and ground.

Sonvai—Marel 1, 1898, 1L 11 Pusren,  Process of treating line,
Quicklime is slaked toa putty, roasted in the presence of earhonic
acid gas, and ground,

60628~ Tune 28, 1898, CLI1. ConeiN, Process of inaking slug cenent.

Burut lime, to which has heen added 8 per cent of hydrochlorie
aeidd, is fmersed in about 20 per cent of water, thoroughly mixed
wd combined with 88 per cent of molten slag, and then dricd and
pulverized,

BI74I—Jwenary 3, 1899, A D, Busers,  Provess of treating blesi-
Jurnace sy for eomend,
Pulverized Dlast-furnace slag iy superfleially desulphurized by
tho application of a wenk solution of nitrie acid, and then alkalized
by impregnation with an aqueous solution of sodinm carbonate.

68:20155——Fehruary 28, 1809, H. J. LivinasroN,  Composiion for
waling carbonated, hydrantic line, coment, or morlar.
Tt comsists of 100 parts of hydrate of Hime, 30 to 40 parts of coke,
and T part of secharine or furinaceous mabter by wuight,

GARIST— il 4y 1899, 1. 1. Preren,  Cement.

Quicklime i3 slaked to a pubty; pulverized sulphate of lime
is then added, the mixture is roasted, and the roasted product is
then reduced to a powder.

G2:2088—April 4, 1899. W, H. Preror.  Treatment of e,

Quicklime iy slaked to a putty; pulverized carbonate of lime
is then added, the mixture i3 roasted, and the roasted produet is
reduced to a powder.

336865 November 14, 1899, C. Seraun,  Process of treating caleivim
axide,
Caleined lime is partially lxydmted and then recaleined until all
moisture is expelled,

6.43856—Tehruary 20, 1500. "W, 8, O, Murw,  Manufacture of cement.

Bumt lime iy hydrated with waler containing a soluble salt
which will evolve oxygen at o high temperature, such as nitrate of
soda, and the hydrated lime is mixed with powdered blast-furnace
slag, and then calcined.

6a31684—JTune 132, 1000, G M. Wasrsan,  Process of manyfucturing
lime and carbonic aeid,

The process consists in heating o mixture of carbonic acid and
steain, passing this mixture throngh limestone, drawing off the
expelled carbonie acid and lime produced, hringing the expelled
carhonie acid in contact with water to convert the latter into
sbeam and form a mixtare of steam and carbonie acid, reheating
a part of the mixture thus formed, and foreing the mixture baclk
into and through the limestone,
655601—August 7, 1900, L. 1I. M. MurceroN-Viear. dpfificicl

cemend.

Marly limestone is ealeined, and then fused under oxidizing
conditions, thereby removing the sulphur while in a state of
fusion.

667 255—Felrwary 5, 1001, A, 8, Scnuserr and T, J. Presce,
Drocess of producing linme and cemient and flaeed combustible gases,
The gases digtilled off from a mass of raw cement and fuel are

passedd through a mass of incandescent carbonaceous material,

from which air is excluded; the residunm is subsequently

clinkered, the heat evolved in the vlm]\ermg process  being

utilized for distilling and partially burning®s subsequent charge,

670047—Murch 10, 1901, . M. WrSTMAN,  Process of manfactur-
ing Hme and earbonie aeid,

This is & continuous process of treating limestone with a highly
heated mixture of carbonie acid and steam, condisting in expelling
the carbonie acid from the limestone, bringing the Lot earbonie
aeid in eontact with water to convert the latter into steain, mixing
the steam with the expelled earbonie acid, and then reheating the
mixture and again passing it throngh the limestone, thus producing
lime and carbonie aeld of maximum purity.

Grase—Judy 16, 1901, W, LESSING.  DProcess of buning cement,
gypsiem, ele. '

The raw material iy ground, heated to a white heat, and dropped
downward againgt o column of flame; it is then utilized, in ity in-
tensely heated condition, to generate steam for the preliminary
warming of {resh material.

6787 48—Judy 168, 1901, G Minran,  Process of forming pieces af raaw
cement.

Pieces of dried cement ave passed suce w%lvoly through a series
of drying drumsg, cach containing a plastic mags of raw cement.

68288 7—September 17, 1901,
eadedum owide or lmw.
The lime, ag it comes from the kiln, is subjected to simultaneous

agitation and sifting in the presence of steam.

383.188—September 24, 1001, F. N. Spnax.  Process of treating lime,
Finely divided quicklime iy sabjected to the action of steam in

a cloged chamber, and then brought into contact with carbonic acid

gas obfained from a caleining kiln,

S M. Avery.  Process of pulverizing

a85064— October 22, 1901, A, 8, Scuunzrr,  Process of produeing lime
or cement and comlnstibie goses.

Teated products of the combustion of burning fuel are passed
through raw cement material, thereby expelling gaseons matter
therefron, the resultant gases being subsequently passed through
a body of highly heated fuel,
688910—December 17, 1904, G, WarneN,  Munfacture of cement or

siniilar materinls.

The liguid sludge is ran into moelds and dried, to form blocks for
calcination.
691897—Junuary 21, 1802, J. D. McDonNELL,  Cement.

Tt consists of water, carbolic acid, nitro-nuriatic acid, nitric acid,
crushed calcareous roc L, sulphate of calclum, and cement of any
manufacture.
copa5y—Lelenary 4, 1902, C. 1. Bronen,  Method of ealcining

lime, ete.

In place of the ordinary pure-air draft, an artificially accelerated
draft compoged of air and a neutral gaseous diluent—kiln gases—is

¥
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used o promote combustion, therehy greatly retarding the libera~
tiom of the heat units of the fuel and producing & long fame of
Targe volune,

GONSe April 22y 1002, () Friw. Process of malking comnent.

To praduce a white coment, a mixture of lme, elay ay free as
]ul‘d'-ll]l]l‘ frone ivon, and {eldspar is hurned to (lw vorge of hwmn—
that is, heyond the sintering it
YOS hee (0, dho2. KOG, Jornan,  Process of acking eement,

Linwstane ix decarbonated and siliceous clay mixed therewith
while in an ineandeseent statey the mixtare is then ignited in the
resencee of a hiydrating wgent, melded, ealeined, and ground.
vogesteJuly 15, a0 30T MoK Cenent,

A compound to he added to Portland or sinilar cement, con-
sinting of ealearcous ochor, iron ore plami aned litharge, ground and
rubjerted to o hoeal of 160° 1«

YOGS 2T uly 220 19020 ML JL Qs Plaster composition,
T conwmists of aomixture of 2 parcts of hydrautie coment, 1 pact of

powdered silicate of aluminum, and 1 part of powdered earbonate
of linwe,

QUARRIES.

P05650—July 29, 1902, V. Coxri, (G, Dr Gurorrey, and G, Le Gary
ne Terre.  Avtificial stone.

A mixtare of 15 parts of aluminum sulphate, 15 parts of pulver-
ized Kieselgahr, 50 parts of caleined magnesia, 25 parts of magne-
sium chloride, and 75 parts of magnesium sulphate, all by weight,
togother with inert matter.
206760—August 12, 1902, W, R. Knox.  Hydraudie fireproof cement.

A ground but ulﬂ waurned mixture composed of about 24 parts of
gilien, 61 parts of alumina, § parts of magnesia, 60 parts of lime, 3
parts of hiydrochlorie acid, and 14 parts of iron oxide.

T07rSS— August 26, 1902, J. Mureny,  Comgposition of medier,

It cousists of crushed, hard iron slag, pulverized hard-limed cin-
ders, Portland cement, liquor of tlints, and water.

Y 14842—December 2, 1002, R, F, Wiax
cement,

Cement ore is caleined by the eombustion of pulverized carbon,
utilizing also the heat from the gaseous produets, derived from the
disintegration of highly heated cement clinker when treated with
water and air.

vz vt of nenufachortg
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Ex -

By JrrrrrsoN Mipprerow,

_ 'This report covers the operations of the clay mining
industry in the United States during the year 1902. By
far the larger portion of the clay mined is used by the
miner in the manufacture of clay products, but as the
waork of winning the clay is such an intimate part of
the process of manufacture as to make its gogregation
impossible, only the clay mined and sold as such has
been included in the report. The statistics for the clay
working industries were shown in the Twelfth Census
Report on Manufactures.

The clay mining industry seems to have received but
little attention at previous censuses, Statistics were
first shown at the census of 1860, when § mines were
reported, all in Middlesex county, N, J., with a product
valued at $105,660. At the census of 1870, 1 five clay
establishment was reported from Jackson county, Mich.
with a product valued at $80,000. At the census of
1880 statistics were presented for 9 kaolin mines—4 in
Delaware, 2 in South Carolina, and 1 each in Indiana,
Maryland, and New York-—reporting 23,277 tons of

clay, valued at §200,457. The Eleventh Census con-

tains no statistics for clay mining as a distinet industry.

Clay mining was carried on in 97 states, but in most
of them the industry was of minor importance. In
only 6 of the states did the product exceed a value of
$100,000, and the product for these states was 68.7 per
cent of the total value of products for the United
States. ,

The following table is a summary of the statistics for
1902:

Tanre T.—Sunumary: 1902,

Number of mines...ooeueeeviiionn., 206
Namber of opaxators ... : 208
Salavied oflicialy, elerks, ete.:

Number 186

T LR L O PN $160, 505
Wagu-enrners:

AVEIEE NUMDOT C o it iiie i et aiacaa s raasesnrensanasras 2,433

WHECS. ot ieiiereeireannnns e veee . §958, Bo2
Contract work...ooovvaiceiannnn.. . .. B3040
Misceellaneous expenses ..., ... . cee. B126,873
Cost of supplies and materials ... .. $272, 828
Produet: .

Quantity, short tons .« 1,465,857

Value cooooiiiii i . ceee $2,061,072

While there were 205 mines reported, they were
owned by 203 operators, showing that the clay mining

industry is as yet largely local, the modern tendency to
combination not having affected it.  Of the mines, 34
were in New Jersey, 81 in Ohlo, and 25 in Missoari.
The number in the other states varied from 19 in Penn-
gylvania to 1 in several of the states.

In addition to the active mines, 61 idle mines were
reported, distributed as follows: 1% in Ohio, 6 in Ten-
nessee, 5 in Maryland, 4 each in Georgia and Pennsyl-
vania, 3 each in Colorado, Missouri, North Carolina,
and Virginia, 2 each in California, Illinois, Indiana, Ken-
tucky, Magsachusetts, and Vermont, and 1 each in
Michigan, New IHampshire, New Jersey, New York,
South Carolina, and West Virginia. There were also
9 mines—1 each in North Carolina and Florida—at
which development work only was reported.

Capital stock of incorporated companics,—Table 2
presents the details of the capitalization of the 45 in-
corporated companies reporting capitalization. [t
shows that of the 203 operators of clay mines 52 were
incorporated companies, of whom 45 reported an au-
thorized capital stock of §6,947,600. The total num-
ber of shares authorized was 660,536, and the total num-
ber of shares issued was 841,107, with a par value of
$5,275,200. The dividends paid during the year
amounted to $59,190, The authorized stock was di-
vided into 650,986 shares of common stock, with a par
value of $6,272,600, and 9,550 shares of preferred stoclk,
with a par value of $675,000, Of the common stocl,
however, only 882,377 shaves (par value, $4,637,200)
were issued, while 8,730 shares of preferred stock (par
value, $688,000) were issued. The bonds issued were
717 in number, with a par value of $381,000, on which
the sum of $18,110 was paid as interest. The only
states in which companies reported preferred stock
were Georgia, Delaware, and New Jersey, while bonds
were authorized and issued only in the two last named
states and in Pennsylvania. In West Virginia bonds
to the value of $15,000 were authorized, but none were
issued. In only 1 state (Wisconsin) were assessments
levied.
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Tasre 2.~CAPITALIZATION OF INCORPORATED COMPANIES: 1902.

. - . . S

United States. | Californin. Colorado, Delaware. Georgia. Ilinois, Kentueky. Missontd,
Number of incorporated companies 62 2 1 b 4 1 4 g -
Number reporting (~up]tuli/uuml 40 1 1 B ’ 4 o1 i 2
Capital stock and honds fssued . §0, 606, 200 §200, 000 30,000 #1, 146, 000 $235, 900 £5,000 §25, 100 $499,200
Capital stoek: .
Total authorized— -
Number of ShAres. «.oooooiiianiniannes 660, 536 500, 000 80, 000 18,200 6,500 . 100 2, 406 6,210
PAr VAIUE -eviiiriiiiiiirrernnmaneacens $6, 947, GO0 2600, 000 $30, (00 $1, 870,000 &()BO 000 #0, 000 $210, 600 $591, 000
Total issued—
Numbher of ShAareS .vvveiiveraceinanncs 241,107 200, 000 30,000 11, 850 2,369 _ 100 a6l 4,992
Par vallie - ...ovivvianns #5, 275, 200 $200, 000 $30, 000 $1, 110, 000 235, 900 §5, 000 $25, 400 $192, 200
Dividends paid Q, 100 ([veeenrevinmnnaders comvenin [ ETI 1) R R F70880 Jeneenairinann.
Com&nrﬁl-—‘ 1
uthorized-—
Numbbr of shares ......... 660, 986 600,000 40, 000 14, 200 6, 000 100 2,206 5,210
Plil VIIGE. e i vaanroannnnenas 5(‘:,272 600 §500, 000 30,000 §970, 000 F600, 000 $5,000 $210, 600 #3521, 000
Tssued—
Number of shares ......... 832, 377 200, 000 30, 000 7, 850 2,079 100 364 4,922
Parvallle......ounees $4,637,200 $200, 000 $30, 600 #740, 000 $207, 900 $6,000 $25, 100 £402, 200
Dividends paid 65,000 H.ooiverenrenneiareniannieren BL0,000 [ oeenmnvemrneseneenemannnnns 37, BR0 [veemeceinnanns
Preferred—
Authorized—
Number of ghares ... 9, bH0 4,000 _hoo i
Par value...ooy.nen. $675, 000 310(), 000 §70,000 .
Issued—
Number of shares . 8,730 4, 000 280
Par value.......... $688, 000 8100, 000 $98, 000
Dividends paid.... $3, 500 :
Bonds:
Anthorized—
Number ..veeueennn., s areeseeeaaies 90, 747 {leemnearannen Vemnennrmcenaes T S P
AL VAL . v vvenrennrncranrnarsnancans 486,000 [[cecwenenrameni]onemmasnrranas $4, 000 L Ry P
Issued—
NUmbBEr oo oeeviniiiiiiireieaaanansns 2
Par value ..... $331, 000 6, 000 |...
Interest paid . $18,110 $360 ...
Assesgments levied ... ... i iiiieirieeciiania 31()0, [0 | ) DA

New Jersey. Ohio. Pennsylvania. C;;)(l)]lmn Woest Virginia, | Wisconsin, Agtln(%gl‘:olr
Number of incorporated companies 9 i} \ 'l i) ) 2 . 7
Number reporting capitalization.. R 3 4 2 9
Capital stock and bonds issued $1, 800, 00 $34, 000 $1,400, 000 $228, (00 £75, 000 8114, 000 gned, (]00
Capital stoel: '
Total authorized-—
Number of Shares. ..o eovvennes [ 26, 420 450 11,000 11, 500 2, B0 200 485, 760
Parvalue...coooiaanenen, beseseransaans 81, 211 000 $45, 000 §1, 050, 000 $250, 000 $260, 000 $200, 000 SG‘.’.-J.OUO
Total ssned—
Number ol Shares.c.covvviveecrnrnenans 24, 1 3 11,000 11,280 7h0 110 860
Parvaltie..o..oves 81.125‘700 $34, 000 $1, 060, 620 $228, 000 §76, 000 $110, 000 35‘21 000
Dividends pald $15,810 |...... Cenevasenas #5, 000 $1,500 [..enen TN [ $30, 000
Common—
Authorized—
Number of shares.......... 20, 870 450 11, 000 11, K00 2, 500 200 :lb, 750
1 Pl{r VAIG. ciivearennamainen $1, 016, 000 $45, 000 #1, 060, 000 3250 000 $260, 000 §200, 000 $625, 0U0
ssued—
Number of shares.owwe.... 19, 742 340 11,000 1,2 760 110 43, 870
Par value........ $916, 700 #34, 000 81, 050 000 &‘228.000 $75, 000 $110, 000 §524, 000
Dividends paid F11,810 |.oieeinrnnnnunnns 5,0 $1,500 [..oveunnens P P $20, Q00
Preferred—
Authorized—
Number of share 5,060 .
Par value..... $205, 000 |.
Issued—
Number of share: 4,450
Parvalue....,.. 3210 000
Dividends paid.......o.... ,600
Bonds:
Authorized-—
NUmMDEr cenieima e L 0,800 1. oooiiiianan, 1) Y P
PArvAIIO. it vaieci i iii s a e $176,000 ooeuneerniiann. 351.40 000 |oeeiierannnnnnn. o BI6, 000 [.laaaiats Crerfaraneiriiianana,
Yssued— :
B b1 T ) e I £ 1 1 AUUUORO DU - 1 | i TN PN PO AR
PArvalle.neceneenneiae $160, 000 e [ O N PP
Interegt pnid FOPRN cen 11 O Y (R SO PN IO
AssessmentaIevied cvvvvsnniariiiaiinirentanrenan S P werneeans $100, 000 |..... wmrenrates

1Includes companies distributed as follows; Connecticut, 1; Floridn, 2; Massachusetts, 1; North Caroline, 8,

Delaware, New Jersey, and Pennsylvania ave the only
states showing a capitalization exceeding $1,000,000.

Lmiployees and wages.—The average number of wage-
earners employed during each month in 1902 is shown
by states in Table 7. The most active clay mining sea-
son was from April.to October. This is to be expected
when the principal method of mining clay is considered.
Probably 90 per cent of the work was done in open pits;
thig tends to reduce operations in the cold months and
in inclement weather, The variation in the number

of wage-earners between the months of summer and
winter is not as great as might be oxpected, considering
the fact that the work done is almost entirvely above
ground., The average number of wage-carners, men
and boys, for the whole year was 2,483, The largest
number of men employed in any one month was 2,624
in June, while the smallest was 2,100 in February.
The average number of men employed for the whole
year was 2,403. The average number of boys em-
ployed during the year was 80, the highest number
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being 84 in June and July, and the lowest number 27
in October and November. The largest number of
men was employed in New Jersey—697 for the entire
year, 798 in July, and 590 in February. The average
number of men reported for Penngylvania was 311 for
the whole year, with the largest number in June (838),
and the smallest in February (274). South Carolina
shows an average of 190 for the year, while the average
by months ranged from 167 in August to 216 in May.
In Delaware the average for the year was 169, while
the greatest number, 197, was reported in June and
the least, 103, in February.

Table 8 presents the average number of each class of
wage-carners employed at specified daily rates of pay
in 1902,

TanLe B.—Distribution of wage-earners according to daily rates of

pay, by occupations: 1902,

Ma}s@:in- ’{‘lm-
Ly p. 1
black- Min-| DI | Boys | Al
RATE PER DAY uc:‘\dl || Engi-f Fire- | smiths, | Min- | e "%’(]11 un- “"!{‘ecl:
(DOLLARS). mm‘; noers,| men, ul.r[)(‘ll-l ers, (help-joe o Wer1d ‘an&;l-
other - |y PO ers,

chanics, '

Total .....

41‘19 63 19 31

1,644 17 2 80 629

Tess than 2,50 .,
0.0 to 0,74
0.75 10 0,99 ..
10 to1.2d ..
L3 to 1,49
1.50 to 1.7
Lidto 1.99
2.00 o 2.‘.!-1 ..
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Of the 2,433 wage-earners of all occupations, 871, or
35.8 per cent, received befween $1.25 and $1.49 per
day; 495, or 20.3 per cent, between $1 and $1.24; 830,
or 18.6 per cent, between 75 and 99 cents; and 8921, or
18.2 per cent, between $1.50 and $1.74. ‘

Of the total number, 1,648, or 67.7 per cent, were
miners, of whom 780, or 44.3 per cent, received hetween
$1.25 and $1.49 per day, and 231, or 14 per cent, be-
tween $1.50 and $1.74; while 276, or 16.7 per cent,
received less than $1.

Thewage-earners next in number to miners were re-
ported as ““all other wage-earners.” Of these there were
620, consisting largely of unskilled workmen or com-
mon laborers, as is indicated hy the low rates shown in
the table—309, or 63,4 per cent, having been paid from
$L to $1.49 per day. The other clusses of occupations
were numerically small, ‘

The rates of pay of engineers, firemen, and mechanics
avernged somewhat higher than the rates for miners,
while the rates paid to boys ranged from less than 50
cents up to from §$1 to $1.24.

Mechanical power.—~The total horsepower reported
for the industry was 4,478, of which 8,942, or 88 per
cent, was steam, the remainder heing divided between
gas and gasoline engines, water wheels, and *‘other
power.” Power is used to a less extent, proportionally
to production, in the mining of clay than in many of the
other mining industries, clay being taken usually from
open cuts, with pick and spade, and without the use of
machines.

Lroduction.—Table 4 shows the production of clay
from 1897 to 1902, inclusive, by varieties.

TasLE 4.—~QUANTITY AND VALUE OF TAOII KIND OF CLAY PRODUCED: 1897 TO 1902,

[United Siates Geologleal Survc\ , " Mineral Resources of the United Stetes,)

1002 1001 1900 1899 1808 1897
KIND. "
Quantity Quantity Quantity Quantity Quantity Quantity
(short Value. (short Value, (short Yalue, (ahort Value, (short Value, (qhort Value,
tons), tons). tons). tons). tons). tons).

AN Kinds..ovenieaoon 1,455,857 82,001,072 || 1,867,170 { $2,576,082 || 1,291,660 | $1,840,877 ([ 818,270 | $1,045,828 || 585,460 | §1,884,706 || 508,116 | $078,448
AW iy iiniiiianns 1,208,809 | 1,819,174 i 1,019,168 | 1,278,684 || 1,028,648 | 1,207,160 || 843,279 1,045,828 || 585,460 | 1,884,760 || 563,116 978,448
Prepared.......... 261, 988 741, 898 848,007 | 1,308,248 198, 017 15353 1074 I A 1 S RO | R RN | P P .

Kaolinn coooiviiieaianianan, 128, 813 646, 777 97,268 684, 528 060,114 807, 286 97,107 471,282 || 100,584 496, 979 08,743 367,080
ROW.iiiarinnnnn 58, 343 189 603 87,4h6 1n 809 29, 554 108,220 97,107 471,982 || 100,684 496,979 08, 743 867,080
Prepared ....... 065,470 4 17 174 59, 797 442 624 37, 560 P21 N | O PO | R PR | PN S,
| IO 60, 527 171,086 121,008 16& 907 21,881 01,983 22,762 109,869 1| 101,111 164,748 || 112,926 | 218,566
Baw.eooniianaas 30,000 a8, 524 21,008 68 907 13,976 B3, 850 2%, 762 109,300 || 101,111 154,748 || 112,926 | - 213,566
Prepared........ 20,627 102, 562 1) 7,405 1 R O | O P

rerasnen 920, 806 801,185 020,749 | . 1, 511 508 845, 660 047,908 1t 478,990 820,019 || 362,012 672,802 || 381,446 397,802

Ruew.. 774, 632 786, 056 680, 793 716 958 714,403 080,927 1| 478,996 526,919 || 362,612 672,362 || 881,446 307, 802
Prepar o L.itt 162, 364 156,180 248, 056 767, b62 181,156 262, 066

SONEWATS. e\ an. s . 91,679 113, 842 92,929 114,018 93, 520 od, 7
Raw..voaeuean 87,147 105,182 87,829 101, 758 88,816
Trepared ... 4,482 8. 660 4,400 12, 860 4,714

Terra cotin (mw) 50, 458 . 45,077 a1, 661 101, 744

Pipe.. 94, 874 42, 532 36,184 89,953 57,702
Ttaw 91 874 42,407 5, 604 89,958 7,702
Prepared .....o.vvvviiifiniiiinann, . 126 B3O {[severnurnnfooveranaennn

Miscellaneons 117,215 109, 118 204, 881 118, 468 221, 507 62, 800 78,812 : 60,682 ||.
RaW.iueenaennran, .~ *108 020 290, 741 214,169 101,411 188, 047 62 800 , 812 81,108 60, 682 |j...

- Prepared . ..iivaia.o.. 9,19 18,872 81 Bl 80,212 12,0857 82,560 favnrerinenforiacranacaaflrorncnnnra|ansncnirnacsffaririaeacdiiniinns

1 prepared ball elay Included in **miscellaneous.”

2Includes 89,157 tons of sand, valued at $35,956, produced in connection with the mining of clay,

'
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1t is possible that the figures for some of the years are
not strictly comparable, because they may include clay
sold, in the raw or the prepared state, by those whose
principal business was the manufacture and sale of
clay products and not the production of clay. This
table shows that the production of clay inereased from
563,115 tons in 1897 to 1,455,357 tons in 1902, a gain
of 892,242 tons, or 158.4 per cent, while the value
increased from $978,448 in 1897 to $2,061,072 in 1902,
a gain of $1,082,624, or 110.6 per cent. 1t is probable
that the figures for the first two or three years reported
by the Survey ave somewhat below the actual output,
because they were colleeted hy correspondence——a
method by which it takes usually two or three years to
secure sutisfactory results.

While the quantity of the product for 1902 was the
largest recorded, being greater by 83,187 tons, or 6.5
per cent, than in 1901, the value of the product de-
creased from $2,576,982 in 1901 to $2,061,072 in 1902,
a loss of $515,860, or 20 per cent. This decrease in
value was due largely to a marked deeline in the value
of prepared five clay, which showed a decrease of 38.8
per cent in quantity and of 79.8 per cent in value.

Of the 1,455,357 tons of clay mined in 1902, 1,203,369
tons, or 82,7 per cent, were sold without any prepara-
tion whatever after mining, while 251,988 tons, or 17.3
per cent, were prepared at the mine by washing, by
grinding, or in some other manner, In 1901, T4.5 per
cent was sold raw and 25.5 per cent was prepared ag
the mine. The average value of all clay at the mine in
1902 was §1.42 per ton; the value of the raw clay was
$1.10, and of the prepared, $2.94 per ton. In 1001
these average values were $1.89, $1.95, and $8.74,
respectively.

Rank of states.—Table 5 shows the distribution of
the value of the cley produced during 1902, by states,
ranked according to the value of their product,

New Jersey was by far the wost important clay
wining state, its product heing valued at $612,721, or
29.7 per cent of the total. Pennsylvania ranked second

QUARRIES.

with a product valued at $288,811, or 14 per cent;
Delaware was thivd, with a value of $17L,714, or 8.3
per cent; and Missouri, South Carolina, and Ohio were
fifth, sixth, and seventh, in the order named, with pro-
ducts valued at $134,862, $107,825, and $101,805, re-
spectively, or 6.5 per cent, 5.2 per cent, and +9 per
cent. The product of these six states was valued at
$1,410,738, or 68.6 per cent of the total. In **all
other states” are included, however, two rather im-
portant e¢lay producing states, namely, Florida and
North Cavolina. In these states the clay produced was
valued at $221,833, or 87 per cent of the total for *“all
other states,” and 10.8 per cent of the total for the
United States.  The remaining states were of hut rela-
tively small importance, none producing clay valued
at as much as $100,000.

TapLe B.—Rank of slales according to value of cluy produced: 1902,

i
AT ey | Value of | Pureent
STATE. [\ Rank. | Ciduet. | of total,
Unltel SEUeS oo ciia e cans N
WOW JOPFEY ve veernnne e eeeerumransarsransseneennnn 1 t12, 701 | w7
Pemnsylvanian. ..o, . 2 KR, 811 1L
DeIWATE ce it . § 171,710 8.3
Floridn oovneenniioiiiiiiiiii i . bt L3 I POUOUPPR,
MissOUTT oe e b 184, 862 3 4.h
Soth Caroling o.ooeo e i 107, 425 Hu
L T P i 101, 305 4.4
North Carolinn cooooiiianaae. 8 1y e,
[ETLT0) 2.5 P S ] Tih, 480 3.7
[0 1) L 1 AR SN 10 07, 481 8.8
Kontneky. oo iiiiiiiiiie i 11 44, 260 2.2
Waest Virgindn.. ... 12 48, 266 2.1
L 30 5 T 18 1.
TTONTICNBUC s aeme e ciisivnrcasrsvncnrnnss 14 Lt
Californite. . .cooivenoiiiiiaiiiaii, 15 |
WISCOMKI co i e 16 1.
8 £ T 3 17 1.
Conneeticud ..o 18
Now YOrk cooiiiiiiiiniiiinnenieiin, 19
Maryland........ 20
Indipna.. 91
Vermont. 22

Inelwded in #all other states” to avold diselosing individual retuens,
 Less than one-tenth of 1 per cent,

Tinports.—The following table is a statement of the
clay imported into the United States from 1885 to 1902:

Tasre 6.—IMPORTS OF CLAY, CLASSIFIED BY KINDS: 1885 TO 1902,

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

ALL OTHER CLAY,
TOTAL, KAQLIN, OR (HINA CLAY, EE
CALENDAR YEAR Unwrought, Wrought, Common blue,
Quantity I . Quantity Quantity . Quantity . Quantity » .
(long tun.s).i Value. ggngctomy). | Ve atnetionsy YRINe qongtong), | VRIS e tonyy. VaIne
_ e - i
|
28,916 $190, 460 10, 6206 $83, 792 €, 736 70, 809 4, hid $24, 830 !
‘31, 984 :.26.7, 69.8 1'(3, F)E)Q - 198, 9%_33 13,7-19 . 113‘874_'\ 1,664 20, 7:*?()
43, 31§ 308, 062 23, 480 141, 360 17,645 139,405 2,187 22, UR7
46, 586 807,989 18, 160 102, (_)n() 20,604 152, 004 6, 832 O, 21 b
47, '2‘3,2 Bg-'i, 492 ‘19, RrJB }13, H38 19,247 143, 083 fi, ]j‘l .(‘»-l, 971
Q.R, “J.)‘O 454, 770 20, 923 ‘270, 141 21‘, 049 156, AlVSG 2,478 29, 143
62, 202 469, 629 30, 901 204, 458 16, 094 118, 689 6, 297 i, 182
7?, 32.-% (;f).’), Q]l 49, AJ()‘B 376, 1’1:5 20,182 165, 047 4, (nl i, K18
75, 050 €06, 658 49,713 874, 460 14,949 118, 020 6,090 67,280
83,157 653,949 62,716 465, 501 13,146 98,776 4,708 60,786
102, hf):) 75§, 484 7.3, 447 5‘:31, 714 ]8,:11‘.) 125,417 b, 1(\() (‘»Q, TTh
‘J:J, B3 73}:), H0G 70, 7;[8 536, 081 13, dl? 88, 02“.) 1. i)}»l Gd, 701
93, 714 (192, §H] T }, Erl.}ﬁ -1’5_335. ~13} 4,400 B6, 20: 7,889 2,232
19?, 4‘30 7-)lﬁ. (2()§ R:l.ﬂgiﬂ Qt-},ﬁ‘.}.) 16,130 98,-’1‘34. .1,‘11'.3. 24,959
Hodor| st | orew|  wmol  sves | Bese | bws| i
] 12, 30 35 Ho8, Tu 21,626 206,203 3,100 4D, 4¥
1(371 106 969, 777 117§ 7 663, 370 27, A7 156, 88 B, 707 75,701
168, 551 | 1,154,805 133, 062 883, 092 25,481 188, 032 2, 6%0 47,003
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A detailed summary of the clay mining industry for

1902 is given in Table 7.

DESCRIPTIVE.

Popularly, clay is any carthy substance which, if
mixed with water and molded, will retain its shape
after drying, and which upon subjection to high
temperature loses its plasticity and becomes hard and
brittle. '

Technieally, pure clay or kaolinite, which is the basis
of ull elay, is a hydrated silicate of aluminum, expressed
by the formula Al0,28i0,, 2IL,0. All clay in its
natural state contains more or less Iimpurities, the kind
and quantity of which determine its character; from
purest varieties, called kaolin, clays range through ull
stages of impurity down to a point where the material
contains so little kaolinite that it can not he classified as
clay at all

Clay is ordinarily classitied as kaolin, bull clay, fire
clay, vitrified ware clay, and brick clay; there are
also slip elay, and paper clay. Tire clay includes
clays used for stoneware and for terra cotta, which
are reported separately Dy the Geologieal Survey.
Vitrified ware clay includes the pipe clay reported by
the Survey.

In the following description of the physical and chem-
ienl properties of the several kinds of clay, the chemical
anuly=is has been supplemented, wherever possible, by
what is ealled the rational analysis.  The ordinary
(uantitative chemical analysiy treats clay as a mixture
of oxides, although the elements may be present in en-
tirely different combinations, such as silicates, carbon-
ates or hydrates, sulphates, ete. The nature of these
combinations is of importance. For example, silica in
the form of quartz, which is infusible, will decrease the
shrinkage and up to certain temperatures increase the
refractoriness; but it present as a component of feld-
spar, it serves the purpose of a flux and somewhat in-
creases the plasticity, The advantage of the rational
analysis s that it resolves the clay into its mineral com-
ponents, affording an insight into the physical proper-
ties—as fusibility, refractoriness-—of the material.
This is frequently a matter of far greater importance
than the cherical composition; for instance, two clays
of the same rational composition will hehave muchalike
if burned under the same conditions, even though they
may differ in chemical composition.

Kaotin.—XKaolinisa white burning, nonplastic, highly
refractory residual clay used in the manufacture of
c¢hina and other white wares; it must be practically free
from irom, as a very small quantity would cause the
ware to become discolored in burning, The chief pro-
ducing states are Pennsylvania, Delaware, North Caro-
lina, and South Carolina. The following is an analysis
of o washed sample of the kaolin from North Carolina,
which is one of the hest known and most widely
used,

-

Analysis of washed keolin from North Carolina.
sl Per cent.
31000 e O PGP 45, 7!
Alumina .. .. . SRR S ¥
Terric oxide

Magnesin
Alkalies.
Moisture ..
Water (loss om ignition)

Free sand .
Total fluxes
Speelfie gra

The rational analysis is ag follows:

96, 81

Quiartz.....oo.e. 0,07
T LR g .12
100,00

1 North Caroling Geologieal Survey, Bulletin No, 13, page 61,

Ball elay.—Ball clay is a white burning, plastic, sedi-
mentary clay, used with kaolin to afford plasticity to the
body in the manufacture of white ware, and often incor-
rectly called kaolin, The distinguishing characteristic
of this clay is its plasticity. The chicf producers of ball
clay for sale are Florida, New Jersey, and Kentucky.

The following is an analysis of ball clay from Florida:

Anedysis of bedl elay from Flovida!

DPer cent,

Siliea,. et e eeea e iae s 46, 11
7 13 L7 R R 39, Hh
S T T (4 1 R R E R R T TR 0. 33
Mugnesin., . e e s 0.18
sulphurie oxide . N e 007
Tltantie oxide.... DN 1.20
IVELLCT « et veseeasscmrieneeroassansssasnsasnnsassasannsansmenssnnnneonnns 13,78

01,19

1 United States Geological Survey, Professional Paper, N(‘xy. 11, ]mgu 89,

Tive elay.~The term fire clay is a rather broad one,
cmbracing not only the high-grade clays used for the
manufacture of refractory material of all kinds, but also
the more or less impure varieties used for stoneware,
torra cotta, and yellow and Rockingham ware. Glass-
house supplies, which must be highly refractory, arve
made from an especially high grade of this clay. Fire
clay is subdivided into flint, or nonplastic, and plastic
clay. The mining of five clay for sale is most exten-
sivoly carried on in New Jevsey, Missouri, Pennsyl-
vania, and Ohio.

Analyses of various fire elays.

[Chemienl,|
o .| GLANS-POT ROCKING-
F‘n}k[(}g{;:‘\v CLAY FROM STONE- HAM AXD
i‘&‘m‘,anN LAYTON WARE YELLOW
g TION, TAY .
CONBTITUENTS, Pa. U OGTATION, | GLAY.I WARE

PA. cLaY.!

Per cont. | Percent., | Percent.

Per cent.

3 01,80 7158

1S5 1011 PR 61,70
Aluming ........ . 23, 66 24,08 18,81
Terrous oxide U I TR 35 N 154 N PO
Terric oxide.. 1.09
Lime..,.... 0.40
Magnesia... p 62
Alkalies.... 22,96
Titanic oxid e
Manganous Trace,
Water ...... ; ol b, 95 o
Total oereereivienrarnenee ‘ 049, 5d 100. 39 100,91
[Rational.]
i}l Ay SUDSEANCE oo s . 53,42 76,06
Ql‘ut’rtz ......................... 44,41 l 19,54
Feldspathie detritus, .. ooooen|oireiceitoni ey B8 4,28
A1) U EErD 100, 91 l 99,87

1 Chemistry of Pottery, by Karl Langenbeck.
2 Combining weight 47 per cent.
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Vitrified ware clay.—Clays for vitrified wares, such
as sewer pipe, electric conduits, and vitrified paving
brick, are those in which the proportion of fluxing
impurities is suflicient to allow the clay to vitrify ata
moderately low temperature, but not to cause the ware
to become soft under the pressure of a column of some
height and considerable weight. The following table
shows the range of the constituents of clays used for
making vitrified paving brick, together with an average
analysis of such clays:

Analysis of vitrified paving brick clay.’

Minimum | Maximum

Average
(pex cent).

(per cent), | (per cent),

Rilien 49,00 76,00 66,00
Alumina..... 11,00 25,00 22,50
Ferric oxide . 2,00 9.00 6,70

Ame......o.. . 0.20 3,50 1,20
Magnesia .. . 0,10 3,00 1,40
Alkales oo e 1.00 6. 60 3.70
Ignition loss (mainly water) -......ooeue.a, .00, 13.00 7,00

1Vitrified Paving Brick, by H, A, Wheeler, page 18,

Brick clay.—Brick clays are divided into those used
for common and for pressed and ornamental brick. Red
earthenware, such as flowerpots, is also made of brick
clay, Clays suitable for the manufacture of common
brick are located in every state and almost every county
in the Union, - Of all clays these are usually the most
impure, often containing a rather high percentage of
lime. Lime in a finely divided state is not harmful;
but in the form of limestone pebbles it is very injuri-
ous to the finished product, as the process of hurning
converts these pebbles into quicklime, which is apt to
slack, thus breaking the brick, upon being exposed to
the atmosphere. This difficulty is sometimes overcome
by passing the clay through a pulverizer, which crushes
the pebbles, or by screening it to remove them. The
following table shows the range of the constituents of
clays used in the manufacture of common building brick,
together with an average analysis of such clays:

Analysis of common briek clay.?

Minimum | Maximum| Average

(per cent). | (per cent).| (per cent),

Silica 34,85 90, 877 49, 27
Aluming.. 22,14 44,00 22,774
Ferric oxid 0,126 33,12 B, 811
ime...... 0.024 23,20 2,017

Magnesia . 0,02 11,03 2,06
Alkalies..... 0.17 16. 32 2,768
Water....... 0,05 13.60 b.749
MOTSHOTE ¢ e e e i ree e ccna it 0,17 9,64 2,502

1New York State Musenm, Bulletin No, 85, page 639,

Pressed brick and ornamental brick require a higher

grade of clay, the buff varieties being made sometimes
from a refractory or semirefractory clay. The buff
color in refractory clay is due to the low percentage of
iron; in other clays, notably the Milwaukee clay, from
which- is made, probably, the best known buff or cream
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brick] it is due to a large percentage of lime, which
enters into chemical combination with the iron, thus
neutralizing its coloring effect.

Stip clay.—8Slip clay is used in glazing low grade
produets such as earthenware and stoneware. It must
fuse at a low temperature and produce a glaze of cven
color. Theclay generally used for this purpose is mined
near Albany, N. Y., and hence is known as Albany
slip. It produces a dark brown glaze, and is shipped to
almost every state in the Union.

Laper clay.—Paper clay is used, as its name indicates,
in the manufacture of paper. As clay used for this
purpose is not molded or fired, plasticity, fusibility, and
vitrifying qualities need not be considered; hence any
pure white, smooth, gritless clay can be used. Where

‘the clay is suitablein color, but gritty, the grit is some-

times washed out. In the United States paper clays
are mined in Delaware, Georgia, Maryland, Pennsyl-
vania, and Wisconsin.

The following is an analysis of so-called kaolin from
Wisconsin, used in paper manufacture:

Analysis of paper clay from Wisconsin.t

Por cont.
2 1 79, 41
Aluming ........ .
Ferrie oxide.....
YAme vovennn
Magnesia. .
Alkalies.....
Titanic oxide..
Combined wute;

100, 16

1yisconsin Geologieal and Natural History Survey, Bulletin No. %, page 272,

Methods of mining.—There are several methods of
mining clay, but only two are generally followed, viz,
open pit and underground mining. Open pit mining is
conducted in several ways—with pick and shovel, with a
seraper, or by falling the clay, that is, by undermining
it and letting it fall. Sometimes explosives are used
for the last-named purpose.

In underground clay mining the methods of working
are the same as those usually followed in coal mining,
namely, by shaft or tunnel, with drifts, slopes, and
chambers; there are, however, comparatively few deep
mines in the clay industry, except where the clay is
mined in connection with coal. Kaolin is sometimes
mined by ginking through the vein a round shaft, the
sides of which are timbered. .

Preparation.—The commoner grades of clay are gen-
erally sold as mined, because to prepare them for the mar-
ket in any way would add so greatly to their cost as to
malké them unprofitable.  Even the common clays, how-
ever, are sometimes screened or ground to get rid of
limestone pebbles or other small stones; sereening
removes them mechanically, while grinding overcomes
their bad effects through comminution. In this coun-
try the common clays are not washed. The kaolins
and ball clays are, however, sometimes washed at the
mines, but they are again washed or prepared at the




.

pottery before being manufactured into white ware.*
Another method of separating the clay from its nnde-
sirable impurities is by fans. This method can only be

“employed where the impurities ave in the form of coarse

particles or grains of sand, and consists in first grind-
ing the clay to a very fine powder, after which it is
carried to a flue through which a strong current of air
is forced; this immediately carries the finer particles to
the end of the flue where they are dropped into a bin.
The coarser particles are dropped into the flue and car-
ried back to the pulverizer to be ground over again.
In the manufacture of pottery, and also of brick hy the
dry press process, the clay is cured, or weathered, often
for months, before being used.

Uses.—Clay is used most extensively in the manufac-
ture of common building brick; next in importance, as
measured by the quantity of material consumed, is front
or pressed brick, with its almost limitless variety in
color and shape. Then there are vitrified brick, with a
large and growing field of usefulness, and fire brick,

the shape and utility of which are almost without limit,-

stove lining being an important subdivision, Other

! For description of methods of washing clays, see New York
State Museum, Bulletin No. 35.
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important products are drain tile, sewer pipe, orna-
mental terra cotta, fireproofing, roofing tile, flooring
tile, and encaustic tile,

In addition there are assayers’ supplies, boiler and
locomotive tile and tank blocks, building hlocks,
hurnt clay ballast, chemical brick, patent chimney
brick, chimney pipes and tops, clay furnaces and re-
torts, conduits for underground wires, erucibles, cupola
bricks, fence posts and fence post stubs, flue linings,
frost proof cellar brick, gas logs and settings, glass-
house furnace blocks, grave markers, muffles, porous
cups, runner brick, sidewall tile, souvenirs, stone
pumps, terra cotta vases, tile mantels, wall coping,
washboards, and well brick and tile.

In addition to the well-known pottery products of
clay, such as red earthenware, stoneware, yellow and
Rockingham ware, and the various grades of white
ware from C. C. ware to china, the following wares
also are made of clay: Acid proof tanks, art and chem-
ical pottery, bath tubs, caster wheels, electrical sup-
plies, faience glass pots, insulators, jardinieres, lavato-
ries, pins, stilts and spurs for potters’ use, porcelain
hardware trimmings, shuttle eyes and thread guides,
pump stands, and wash tubs.




864 MINES AND QUARRIES,

TasLi T.—DETAILED

I
Vuited States, |; Alnbama, | Californin.| Colorado, | Delaware, | Georgia, Tlinoix,
I .
1 Numberofmines ... ... ..... J . it rev e s 2 | 5 [ ] [ 7 8
2 1 Number of operators B 208 b &3 4 6 7 T
I Charaeter of owne .
4 Individual 114 [ ) 1 1 n
4 Firm........ P 2 1
ol Incorporated company 1 H 1 !
Sualaried officials, elerks, cte.:
[ Total number. . 185 3 13 19 2
7l Total sularies . $150, H05 2,400 | §12,710 $12, fuo §1, 200
i Goneral ofligors—
] “ Numher.. i L i S I N
[ Salaries . FHO290 1 #6, 000 FRT00 L
| Superintendents, managen l
10 4 NUmber. couion i iineaaanes .. s 1 0 [} 1
| Sularies...... 67, 102 $930 &6, 020 1, 620 St
i Forenen helow grow 1
12 NUMDOT i e 1 O P
1 T 10 N B, 700 (et | FLAB0 L
Clerks— l ‘ |
14 NI DT sttt it e ereeet e it e e e et e L A A N SO | N 1
15 T D L FELUNT Lo, $H00 foooeeienn. Fe : §tioy
Wage-carners: . ‘ .
16 Aggregate nvernge number. ool e 2,488 | 38 17 Al 16U 136 -2
17 AFETCEITC WAEER. e a i aeaet s i vt e tiaeairaaenas FUR8, K2 B9, 634 $11, 680 3L, 602 $60, 172 FI7, 88 19, 602
‘ Above ground— ;
18 ‘ Total average number.,, 2, 034 b1 17 11 102 1 B
19 Total Wages. cravenenen. F770, 181 #9, 634 $11, 680 £8, 950 13, 810 $37, 338 $17,075
Iingineers, firemen, other m s
20 Average numl T e et et nbe et T [ P [E 14 1
21 B 1 it Hno $55 .. o §6, 67 b3 U1 PR
Miners—
23 AVETREC MDD, oo o iiiieaaav e aaenvaens 1,808 | 25 13 11 Al R
& Wages........... et raremaneiissnreretan e i‘n‘."l, EtiH $7, 818 5, 50 87,080 21, 140 80, 200
Boys undu 16 yenrs— i
24 Average numbey : L S 7
20 B L T O O $1,124
All other wage-earners—
Jeri] Average number 2l 3 a7 (8 15
27 Wages $200, 157 1,020 $16, L0 $14, 300 87,875
Relow gronnd—
28 Totnl AveTage NUMber L. i i ca e P R8N 3 [ P, 8
o9 Totn] WiREes . ..o N $179, :]1 $23, 602 F0, 608 |, §2, A7
Miners— ;
30 Average nnmber 241 1y R I | E
81 | WWELCR . eet v eenmvaennmneaaneseseaneeesnronsannansanaes F120, 605 $12, 108 #H0 L i §1, 840
’ Miners' helpers— .
B2 | AVOTHER IUIMDEI . o vii i v eeeaieaaenanrnsoas . 17 o4 2
£ o) VLU (8 et e e e e e e m e e e e et n s R &4, 611 |l &2, 851 . $iiN7
‘ All uther wage-earners *— i
31 Average number . 86|l 13 L 170 SO, r ............
an Wages. . ... .. $41, 405 |, 89,200 B, 863 |o..iaaino M eveeeaeaes
Avernge number of wage-earners i . |
Engineers—
36 $LO0 to G
iy $1.25 to Bl
an FLAO to 24
34 #1756 to ¢
40 F2,00 to .. 11
41 FLLH Lo 9. X | I )
42 $2,60 to §2.7d . .. 4
43 F3,00 to $3.24 .| 1
44 $3.25 t0 $3.40 ... 1
Fircmen—
4 76 to
40 1,00 to §
47 1.25 to
48 1,50 to
44 1,70 to §1,
A0 2,00 to § 4
Mae nnistq,
&1 1.00 to
H2 1,25 to
H 1.50 to
A 2.00 to
b 2.20 to
56 [ 150 to
Miners—
57 | $0.50 to
HR L £0.76 to
] 1.00 to
G0 1.25 to
31 1,060 to
1 1,75 to
15 2,00 to §2
61 2,95 to &
65 2 50 to
i 2,50 to
67 3.00 to ‘.} Ql
Miners' helpera—
63 QIR I L P
G0 1.60 to §1.74 ...
70 176 10 $1.00 .
71 2,00 to §2,24 L T e
Timbermen and track lnyers— : [ %
T FO7B L0 BO.OD L e e 2 e e
Boys under 16 years— i / i
7 Less than §0.60, :
71 80,50 to §0.7 ...
75 | $0.75 t0 $0.99 ...
TG §1.00 to #1,24

W llrnvludeq1 operators distributed as follows: Connectlent, 1; Florida. 2; Indiana, 2; Massachusetts, 1; Michigan, 1; North Carolina, 8; Utah, 1; Vermont, 2
ashington,
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SUMMARY: 1902.
r v, | {asonri New Jew York I'enngyl- South [0 ecinn Wost 15 ey All other
Kentucky, | Maryland, | Missouri, Jorsey, New York, Ohin, vanin. Caroling, Tennessee, Virginin, Wivgonsin. states, 1
i 6 25 31 8 31 19 i 9 3 4 3 o1
i 6 2 3 7 31 14 8 9 8 14 3 FE N )
1 [ 12 o 5 21 & J 4 9 8 2 1 3 3
........................ 1 3 2 5 PRl ROt AERURO AU TR »1‘ 1
U OO 2 [ DO, h 3| 1 O PO 2 2 71 0h
o, 1 ! ih] Ll 3] 2 14| [ PR ! 2 23 ‘ i
£3, 200 $300 $10,115 $20, 044 2,575 9, 580 BN, 73 ‘ $11, 100 $1,900 [, eennen. §720 £, 400 §al, 120 \ 7
LY 3 7 1 i 7 ) [ 1 31 8
2,400 [ooeonnanin #3, 000 #5, 500 $uh &1, 600 $17, 000 ) &4, 080 ! $2, 100 §6,000 | Y
L S 10 20 N 1 10 10) 1 3] 10
[T IR 4,136 #14,87H ’ R, 850 ¢ 2,700 8, 133 46, 50 1,200 $12,.080 | 11
‘ 1 9 4. 9l 12
$1, 061 ‘ $1, 100 §2, 500 §800 1 13
............ ] 1 3 8 ‘ o | " 5 14 ‘
eereeeins P gaou 81,048 &5, 669 $720 $150 €540 FL100 ] 15
48 21 120 702 14 120 812 198 P 11 | 36 a8 | 16
817, U80 §4, 506 FO6,160 | oo, 2482 $0, 36 §5%, 81K #1140, 758 $45, 408, BB, 10 [ $u, (22 $16,050 | $101,%05 | 17
48 a1 ™ 700 14 il pat 198 F (I T 11 A oI
§17, 080 &1, 600 $0,462 | $ou3, 22 15, 3006 808, 133 §104, A6 &4, 18 S38,140 .l §6, 1506 §16, 150 §76,A31 | 19
3 1 ' 17 {veceennens 6 16 | U P PO 6] 4 27 | 20
R780 F00 BRG3 F9,000 |oomennnann. §3, 180 30, 120 010 |eeeerieeaif e §1, 694 &2, 10 §11,125 | 21
43 16 40 il 13 19 -8 11 5 28 P S PN 19 37 u2
145,570 §3, 181 815, 134 $276,717 | 86,071 818, 000 870, 181 e, 147 ETERY 8 {1 Y RN 8, 5ol 18,13 s\ Bhi
|
[ 71 R IS . 1 [\ O N PN 3 |
318 N IS N 300 CHLI60 e $600 $1,180 | U5
4 it 37 14 1 10 8 19 11 | g ! 164, 26
8750 $1, 012 Fal, 175 $6, 341 Fah 85, 068 5, 525 $11, 531 $1, 562 F4,600 , BBO,T92 | 07
TTO T b 6L |. a7 9 0|
............ 820, 707 $30, 685 $6, 817 1... F18, 866 ) 20, 804 | 29
............ 11 PO PP 8 i TS RSP IEUPRPPRP 18 2 gs s
............ SL7,200 [ooveveinieeeeenvenanne] 826,741 L O O DO I, $12, 432 $900 FaB, 30 | 81
.................................... I (S OO OO RN DU RPN PP NP I 1
L [P - 05 (11 N R NP BLAAD |L o e e N U ol e e e 3
v I IO TS SRS 1 & [RUSU SO IS R TR M 31
[ T T P F 62, 501 LG | [P, e BO,684 [.oviiiians Borreer e )

2[peludes timbermen and track Iayers, .

30228—04—~—55




MINES AND QUARRIES.

TasLE 7.~DETAILED

United States.l] Alabama. | California.| Colorado. | Delaware,| Georgia. | Illinois,
Average number of wage-carners at speeified daily rates of pay—Con. E
All other wage-curmers— §
77 Losy Lhan $0.50 i,
T8 £0.50 to §0.71 '
74 80.75 to §0,0Y
8O $1.00 to §1.24
L $1.26 to §1.49
H2 8160 to $1.74
8y 175 to §1.99
Hd 82,00 to §2.94
) $2.96 10 §2.49 .
B £2.50 to §2.74
87 R O 0
Average number of wage-carners employed during each month:
) Mon 16 years and over—
84 B R T8 A N feririrrennaaaan 2,119 25 138 52 106
HY Femruary ... . : 2,100 25 18 52 108
00 Mareh ... 2,281 31 16 bd 143
91 Apnillioeeae 2,406 28 21 b1 189
R 9,576 82 21 bl 195
M1 June.,...... [P 2,024 32 20 61 197
Ok JUIY e cicinneenns ereseaa. 2,004 37 20 a1l 176
D PR PN s 9,68 36 20 51 180
) RTINS 1117703 O . 2,480 39 19 48 181
7 QCEODLY L iianeniicnnanas 2,472 80 15 18 195
08 November ... va 2,803 36 15 14 190
w Deeember. ...... Ceeeen 2,266 a6 11 14 168
Boys under 10 yunrs—
100 Jonuary..........
101 Fobruary ........ .
102 Mareh oooooiiiiinenn,
1
104
105
100
U7 !
108 Buptember ...
100 [STUTH ST
110 NOvember covceeennes
n Dovembor. e eea... R P
Contract work:
112 OEAL COSL v e vincnnnacnn s 313.‘241‘ ...... PP $7,400 Lo [N rerananes .
114 Number of omployees, covveeee.onnns . fekemect et aas 86 fleenaaan. PR P K 2 PR PR P R,
MiseeIlnneons expenses: . 1
il Totul....... et tea et ea s s raeceaanaeas e, . #126, 878 48, 860 $1, 650 $7,637 $19,590 $3, 017 $1, 099
115 Royalties and rent of mine and mindng plant........... $69, 387 #8, 785 $1, 666 $7,814 88, H30 §100 | - $1,036
110 Rent of offiees, taxes, insurancee, intorest, nnd other sun 507, 480 1353 P $323 $11,001 $2,017 . 064
117 (1 Y(.)Ht,l of Hulpplius nnd materials ..., peannurenien harereranae [N $272, 523 $1,998 $910 §5, 608 $27, 985 #15, 500 #3, 116
droduet: . ]
118 QUETEEY, BIOXE B8 ¢ in i iiiiiur i i s ranr s . Cerenens 1, 465, 857 40, 065 28, 483 75,013 123,319 18, B0 62, 142
11y I v e ienaivannevetonnnsnanssnansanasonarsans berasasen Ceasreeeeaes $2, 061,072 $19, 742 $24, 446 $67,484 $171,714 $76, 480 F48, 463
Tower ownoed: .
100 Totn] DOTHEPOWET L invnnnnans [N Nevareeaean PO 4,478 (LI PR PO vearnaane ang et} 76
Engines— .
Steam— ) .
121 Nomber.veaeeovenen rvear et tiir e e aaras . U8 Lhveeonoal]es emennaeas i it
132 Horsepower . ..., ierrrensearistnineanenas N 4,042 B O ET PP L5 0 it
Gas or gasoline—
13 Number...oveann.... [ETTTTE O Verteremraann seresrmaearas 2. N ) N N cofreemanianaas
124 TLOPSEPOWLT ciivveenns eteemenenasaen nbmmreanrreneneaes 18 JJeeuen PPN RPN RS eeeeenan . R PO :
Wator wheels— i
10 Number..... Ceeraaaeeias Cheremsananen crreaaas PPN 1 .
12 HOYBEDOWEY .o sevvvinnneans iinaeaans Caserrasasiaetsaraanas 2 feienees . et
! Othar power—
127 NN cevrr e cisnsimransassannanmnan veseaviesias Verieeeeae .- [N
19K TTOTSCDOW T s o et eaisnsnsnncasvnasasnesnsssensnanson Cenerenan . . .

tInelndes 39,167 tons of qand, valued nt §35,050, produced in counection with the mining of elay. Of this amount 7,120 tons, valued at §9,320, were mined in
Oliio, undd 32,087 vons, valued at $20,636, in Penngylvahio.
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SUMMARY: 1802—Continued. 5

- . , SO New ol Penngyl- South . . West All other
Kentueky, | Maryland. | Missouri, Jursey, New York, Ohio, Vit Caroling, |Tennessee.|  Texas, Virginin. Wisconsin, protdon "
i

....... 4. 1 8 |100
4 1 8 l01
q 1 4 f02
1 1 8 [108
5 1 g 104
5 ] 7 |10
6. 1 7 106
6. 1 6 107
o 1 6 {108
5l 1 6 1100
5 il 6 [110
SRRSO OO 6 1 : ¢ 11
$L,000 [oeee i g7 e %300 |..... RO A T RO U U R ORI RUUURORUU St
Wl e T |en e JOOROR MORROR ISR 118
§1, 546 o6 | 811,704 | $10,408 $1,087 7,07 $18, 820 $3,180 $3, 745 $160 $1,618 8,905 | 24,00 |ud ;
807 245 6, 204 6, 989 $100 $51 476 F6, 445 |oeerrnr . LTl 8771 §11,805 115
; 8010 g11 86,4140 | $12, 464 $687 3, 50 7, 380 $8,186 §3, 05 #1560 1618 8348 | §12, 087 116 ‘
$10, 250 880 | SILI2N | 867,470 $1,060 | 812 846 $l2849 | $1L M2 i $10, do1 $8,002 | §46, 680 (117
26, 762 ga2 | 1o1,d01 | dvd 800 8000 | 142,440 161, 540 20,186 14, 650 310 &7, 506 2,745 59, 958 118
S44,056 | B10,055 | SI34802 | $G12,721 | $I4.585 | 101,805 SoN8 RI1 | BI07,895 | g271vL $I66 | $48, 266 $28,178 | $254, 854 (110
10 50 186 348 6 293 1,838 858 20 foverrannnnn. 236 116 950 (120
1 feeereenns B 16 6 G 16 8 P T " 8 14 191
10 13 Ay 6 293 1,088 813 Tl O 30 115 825 122
......... 38 T IO RPN FOUROR! FSORORRR FOUURURURRRN 7
i IRERRORRIR RSN ISR RN HS o Wl Iy SO0 M Jhot
i 1 125
2 |12
3 19y
: 100 [198
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ABRASIVE MATERIALS,

By Josera Hypr Pratr,

The mining of abrasive materials forms a very impor-
tant industry among the minor minerals, on account of
their close connection with all manufacturing industries,
Asa whole, these abrasive materials are but little under-
stood, although they are of widespread use. No manu-
facturing plant, machine shop, blacksmith shop, farm,
or houschold is without some form of abrasive, so that
these materials are perhaps in as universal use as any
group of minerals. While the abrasive materials vary
widely in character and occurrence, they can readily be
grouped together and considered under one head on
account of the similarity of their use. The natural
products that are used for abrasive purposes are as
follows: Buhrstones and millstones (conglomerate and
granite); corundum and emery; crystalline quartz; gar-
net; grindstones and pulpstones (sandstone); infusorial
carth, tripoli, and pumice; and oilstones, whetstones,
and sceythestones (sandstone and schist).

The crystalline quartz included in this report is used
in the manufacture of sandpaper, scouring soaps, wood-
finishing materials, ete., and does not include that used
in the pottery and glass industries, and which is included
“in the report on flint and feldspar. On the other hand,
the entire production of infusorial earth and tripoli is
included in these statistics hecause the small production
of these materials, although hut little is actually used for

abrasive purposes, does not justify separate treatment.

In treating these mineral products under the one sub-
ject of abrasives it is not always feasible to give detailed
statistics regarding each, as would be done if they were
treated wseparately, and proper comparisons between
expenditures on account of the production of the dif-
ferent abrasives can not always be made, because some
of the articles require more elaborate processes than
others.in their preparation for market. At none of
the previous censuses have the abrasive materials been
grouped as they are in this report. The statistics of
mining operations for some of these minerals were re-
ported for 1880 and 1889, but they were not brought

~ together in a single class.

At the census of 1880 the classifications of abrasives
were, corundum (emery), garnet, infusorial earth, oil-

stones, scythestones, and whetstones. At the Eleventh
Census the classifieations were, corundum, grindstones,
infusovial earth, millstones, and whetstones.

In Table 1 are given the statistics for these several
classifications for the censuses of 1902 and 1889, and
while not comparable, yet they indicate in some meas-
ure the growth in the production of abrasive mate-
rials for this period. ITor corundum and emery, and

also for oilstones, whetstones, and seythestones, com-

parisons of most of the items can be made for the two
censuses,

Buhrstones and millstones to the value of $1,425, in-
cluded in the statistics for 1902, were quarried at granite
quarries; grindstones and pulpstones to the value of
$403,066, and oilstones, whetstones, and seythestones
to the value of $38,612 at sandstone quarries; and infu-
sorial earth, tripoli, and pumice to the value of $1,436
at tale and soapstone mines, all as by-products. In
these cases the wages and other expenses of production
are included in the statistics for granite, sandstone, and
tale and soapstone, respectively. '

The production of certain of these abrasives is on the
decline, while that of others is increasing, but because
of the increase in manufacturing industries the aggre-
gate amount of abrasive materials used in the United
States is greater than ever before. As their use is
limited there could easily be an overproduction of most
of them, but in the aggregate there will be an increas-
ing demand from year to year. Thiswill depend prin-
cipally upon the growth of our manufacturing indus-
tries and the development of our agricultural lands, and
with an increase or a decrease in manufacturing espe-
cially there will be a corresponding change in the pro-
duction of abrasives. The principal change, however,
that will be noticed is in the amount of the different
kinds of abrasives used from year to year, the produe-
tion of some increasing rapidly, others steadily decreas-
ing, these variations being due to the introduction of
new natural or arvtificial abrasive products, to changes
in methods of manufacturing, and to the use of new
types of machinery, affecting principally the abrasives
formerly used for agricultural implements.

(871)
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872 MINES AND QUARRIES.
Tapre L.—COMPARATIVE SUMMARY: 1902 AND 1889.
I ,- . Oilstones,
Buhrstones| Corundum . Grind- | Infusorial |~ Q0
- All abra- Crystalline| stones carth ¢
Year, { 0 wnd mill- and ! UL Garnet. P Pt o) stones, and
sives, , N e quartz, and pulp- |tripoli, and o
l| stones. emery. stomos, pumice, | 8¢ the-
} stones,
Number of mines or qUATTIeS oo vy eeeriiaiaiiiiienonenen . }gg‘?’] 82 29 B [ 7 i} 11 16
T e PO |
Number of OPeTHlOrs ceeeert i e 1602 (al 28 i b 7 Y 10 10
L1 O o S S P cereee
Salaried offieinls, clerks, ete.: ' . )
NI G 4 taneammncmen e anacessanenanaraanssosacsnnennnn 1902 7 7 g 8 12 a5 8 o
1850 M 1) ® O] M #) O] M
BRIATICS tivv i eran i it i e 1902 $48, 008 4,682 45, 060 $6, 030 $9, 178 §13,042 4,016 5,100
18584 M) L) *) (O] M () M M
Wage-carners: ‘ ;
AVeMEe NWMDUT. i e e aas 1902 610 86 47 29 118 210 a5 85
: 1880 370 198 1129 Q) m Q) 450 | a9
Wugo'i... 1002 £216, 914 $30, 562 $42, 871 $13, 692 $49, 632 §99, 508 $18, 682 847,977
. ' 1889 U2, B12 #17,8%3 $41,600 M O] [©)] SR, 368 21,911
Contrnet WOTk - oan i e L Y O O P,
. 1888 3,168 $1,193 F600 ) m Q] 076 100
Misee]INNeONS BEPCIECH «urtvun i inrrre e caiaenan 1902 §42,410 $1,480 $2,779 &1, 050 &4, 0n2 24,4838 §2, 268 &4, 53
. 1889 $10, H97 99...7 ‘f-" 162 M " (O} §06, 055 8205
Cost of sapplies andmaterials ... 1902 £80, 309 $1, 800 {25,114 950 $10,123 $31, 840 §2, 907 7,002
1884 $12, 304 #1,418 0, 388 1y () (&) 760 $R34
Prodnot: : :
Quantity,shorttons ... ..o i 1902 ..., 66, 667 4,301 15,104 3,096 Hh, GB7 6,415 3,876
1889, |... M) 2,245 ) U ) 4,460 2,001
1 1 12 081, 177,711 $0, 809 104, 605 §43, 086 $182, K20 F6067, 431 &0, 994 $113,9G8
: 1889 $36, 669 $35,150 &Fltl.;, hGh ") ) $139, hn7 23, 372 #32, 080

1Not relpnrted

2Included in wage-earners nnd wages,

Included with statisties for sandatine.

4Includes foremen; their salaries are ineluded in wages,
ENumber of pieces,

8The United States Geological Survey reports #1,326,765, which ineludes products finished elsewhere than at the quarry.

During the past fifteen years, many experiments and
investigations have been made with a view of produc-
ing artificial abrasives that would be equal to or supe-
rior to the natural products. As a result of these
experiments there are now four artificial abrasives on
the market—earborundum, crushed steel, alundun (arti-
ficlal corundum), and adamite. The value of the artifi-
cial abrasives produeed and used in the United States
during 1902 was over $300,000, and will illustrate the ex-
tent to which these artificial products are being utilized
at the expense of natural products.

As shown by Table 1, of the 82 mines or quarries
producing abrasive materials in 1902, 29 are credited
to buhrstones and millstones, this being due not to the
large production of this type of abrasive, but to the
fact that there were a great many individual operators
‘in the New York field producing a small number of
bubrstones. Grindstones and pulpstones are credited
with only 9 mines or quarries, although the value of
their production is greater than the value of the com-
bined production of all the other abrasives.

These 82 mines or quarries were worked hy 75 oper-
ators, there heing 39 individuals, 17 firms, and 19
incorporated companies. Twenty-three of the 39 indi-
vidual operators were producers of buhrstones and
millstones. The next largest number of individual
operators were the 7 producing oilstones and whet-
stones,

There were 35 mines or quarries that have produced
abrasive materials of some kind dwing the past few
years from which no production was reported for 1002,

These were distributed among 16 states, from Maine to

California, Nineteen were owned by individuals, 11 by
firms, and 5 hy incorporated (ompumos The capital
stock issued by the incorporated companies amounted to
$258,000, all of which was reported for the corundum and
emery industry.  While some of theso idle plants may
have shut down permanently, others will probably be
producers again in another year or two. Development
worls, without production, was reported by 1 corundum
and emery mine,

Clapital stock of incorporated companies,—No delinite
comparisons can be made of the statistics of the incor-
porated companies producing abrasives, for the reason
that the corporations are not always confined simply to
the production of an abrasive material. Thus, in the
case of the grindstone industry, the companies produc-
ing the greater amount of this abrasive are also pro-
ducers of building stone, which is their principal
product, the manufacture of the grindstones being the
smaller part of their business. The details of their
capitalization are, therefore, given under sandstones in
the report on ¢ Stone.”

In Table 2 are given the details of the caplmhzatlon.
of the 19 incorporated companies producing abrasives,
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" TasLE 2.—CAPITALIZATION OF INCORPORATED COMPANIES, BY KINDS OF ABRASIVES: 1902.

Lo . Oflstones
e || Corundum | Crystalline Grindstones | Infusorial | yep febon ol
All nbrasives, 1 n it Garnet. and pulp- fearth, tripoli,| W ieistones,
and emery, quartz, StO1108, and fmmice.' au;llgﬁi‘ghe-
Number of inuorTOI'utc(l COMPANTOR . ottt ierinin s 19 4 2 3 b 3 2
an:(tf:}p;ztt:f};l:}(nﬁ bondsissued. .. .ol §0, 545, 0 $2, 305, 800 $300, 000 $2, 412, 000 $263, 100 $130, 000 885, 000
Total authorized— -
Number of shares 371,661 338, 000 15,000 18, 620 2,631 1,300 1,100
Toti};[lil; ;“tlul(l]l_e_ ...... $6,2356,100 #3, 600, G00 $300, 000 $1, 862, 000 $268, 100 $180, 000 §00, 000
NOMBEr 0f ShIeS ..o ceereeererretrarerreaaaeanns 806, 504 266, 858 15, 000 18, 020 12,531 1, 800 1,000
Par yalue ; 4, 565, YO0 $1, 936, K00 $300, 000 $1, 862, 000 §253, 100 $130, 00t £85, 000
Dividends paid 30, 6 $10, 560 BLO,000 |4eeneecnamnan]imincinannsnen $10,000 {....oaul ,
Common— ' T
Authorized—
Number of shares ..., N 366, 051 828, 000 15, 000 18, 620 2,031 1,800 | 1,100
I‘!‘iu[e)gi B2 1Y N §5, 680, 100 #3, 100, 000 §300, 000 $1, 862, 000 $208, 100 F130, 000 | 890, 000
Number of sharex 802,744 264, TOR ' 15, 000 18, 620 2,081 1,800 { 1, 000
1’1}!‘)’»11110,. caens 4, 309, 000 §1, 729, 800 §300, 000 §1, 862, 000 §203, 100 $130, 000 ; 485, 000
Dividends paid.. 820,000 [oeenerrsrnnaen $10,000 |.oomirirernadioeacnanans $10, 000 !
Preferred— R B
Authorized—
Number of shares ... A, 500 B000 e i eai e, A0
AT VAIUCa e cvaeieeeieinrsenenansensannnnran #5560, 000 BH00,000 1. eemmeiiiiines] i eeeenans 850, 000
Tssued—
Number of shares ..o, 2,560 2, 060 500
Tar valut...oo.eone . #2066, 000 $206, 000 §50, 000
Dividends padd. oo v $10, 860 RYTUN 1111 BRI IR RPN
Bonds:
Authorized— i
NUIBUT oo iv i iiinniaiins craraveanrnaneseraaneesns 1,140 0 600
Par value FO ..o $1,070,000 $470, 000 600,000 |...
Igsned—
Number . 1,060 H00 anl ...
Iar value §ORO, 000 $480, 000 $550,000 ...
Interest p 24,000 3 N U P FA O,

The total par value of the capital stock and honds
issued by the incorporated companies wag $5,545,000.,
The tendency toward incorporation is most evident in
the companies mining garnet and corundumand emery,
but the capitalization reported for these companies in-
cludes also, in part, the amount utilized for the subse-
quent manufacturing process. These industries, too,
are the only ones Yeporting a bonded indebtedness.
Four companies producing corundum and emery re-

ported a capital stock and funded debt amounting to

$2,865,800, and three companies producing garnet
reported $2,412,000 for the same items. No incorpo-
rated companies were reported as engaged in produc-
ing buhvstones and millstones.

Crystalline quartz; grindstones and pulpstones; in-
fusorial ecarth, tripoli, and pumice; and oilstones,
whetstones, and seythestones show a comparatively
small avernge capitalization. Dividends amounting to
$10,000 were paid on the common stock of crystalline
quartz companies, and a like amount on the common
stock of companies producing infusorial earth, tripoli,
and pumice. Companies producing corundum and
emery paid the sum of §10,860 as dividends on pre-
ferred stock, and $24,000 as interest on bonds bhaving
a per value of $430,000. :

Tmployees and wages.—The total average number of
employees engaged in the abrasive industry during 190%
was 685, of whom 75, or 10,9 per cent, were salarigd
employees, and 610, or 8).1 per cent, wage-earners.
These received in salaries and wages $344,922, of which
$48,008 was received by the salaried employees and
$206,914 by the wage-earners, The classification of

" these salaried employees and wage-earners is shown in
Tables 4 and 5. '
Of the 610 wage-enrners, only 25, or 4.1 per cent,
were employed below ground, and of this number 22
‘were employed in the corundum and emery industry.
The other 8 wage-earners below ground were engaged
in the infusorial carth industry. All the other abra-
sives are obtained by means of open cuts and pits.
Because of this the operations are of necessity some-.
what curtailed during the winter months, As is seen
in Table 4, the monthly average number of wage-earners
employed during January, February, and March
ranged from 429 to 478, while during the remaining
months of the year the range was from 596 to 703.
The daily rates of pay of the wage-earners, also shown
in Table 4, varied from 75 cents to $4.24, the lowest
wages being paid principally to the miners or quarry-
men and the highest to the engineers and machinists.
Of all the wage-earners, 212, or 348 per cent,

received from $1.50 to $1.74 per day, and of these, 160,
or 75.5 per cent, were miners or quarrymen. Twenty-
six per cent of the wage-earners received less than
$1.50 per day. Of the total number 6.5 per cent were
classified as engineers, of whom the greater number
received from $2 to $2.924 per day; 402, or 65.9 per
cent, were returned as miners, their wages varying

from 75 cents to $3.24 per day. Only 10 miners’ help-
ors were reported, but it is very probable that the
actual number of this class of wage-earners was consid-
erably in excess of this figure, since many of them were
included under “‘all other wage-earners.” It will be
notieed that in this industry the question of child labor

{
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is unimportant, as only 3 boys under 16 years were
employed.

Supplies, materiols, and miscellancous expenses.— -

The total cost of the supplies and materials nsed in the
mining and quarrying of the abrasive materials pro-
duced in 1902 was $80,309. Of this amount, $31,849,
or 39 per cent, was used in the grindstone industry,
and $26,114, or 32.5 per cent, in the corundum and
emery industry. .

The miscellaneous expenses amounted to $42,410, of
which $8,421 was paid out for royalties and rent of
mine and mining plant, and $38,989 for rent of offices,
taxes, insurance, interest, and other sundries.

Mechanical power.—Of the primary power reported,
2,800 horsepower, or 92.2 per cent, wag steampower
applied by 71 steam engines. Forty-one steam engines,
having a total of 1,285 horsepower, were used in the
grindstone and pulpstone industry. The next largest
number of steam engines, 18, was reported for the oil-
stone, whetstone, and scythestone industry, but these
aggregated only 185 horsepower, while the 7 steam en-
gines used in the garnet industry aggregated 420 horse-
power, and the 7 in the infusorial earth, tripoli, and
pumice industry had a total of 410 horsepower. Eighty-
eight horsepower was generated by 7 gas or gasoline

engines, of which 3, having a capacity of 80 horsepower,

were used in the corundum and emery industry, and 4,
having 8§ horsepower, in the oilstone, whetstone, and
scythestone industry. In addition there was 1 electric
motor, having a capacity of 5 horsepower; this was nsed
in the infusorial earth, tripoli, and pumice industry.

Production.—The value of the production was
$1,177,711, an increase of §541,052 over the value re-
ported for 1889, which was $636,659. Of the particular
abrasives, grindstones and pulpstones show the largest
increase, $227,844 in value, over the production of 1880,
The second Inrgest increase was in oilstones, whetstones,
and seythestones, the value of which was $113,968 in
1902, an increase of $80,988.

Oilstones and whetstones are not always finished af
the quarries, but are in some instances shipped to a
central plant and there prepared for use. When the
finishing process is not conducted immediately in con-
neetion with the actual quarrying, the value of the
crude produet is given in Census reports. In the
reports of the United States (reological Survey, on the
other hand, the finished value is given, for the reason
that, with the exception of Arkansas novaculite, this
material would not be marketable in its crude stute.
Were the finished value to be taken in every instance
by the Bureau of the Census, the total product for oil-
stones, whetstones, and seythestones would be inereased
by $107,794, and the production would rank us second
instead of thivd among abrasive materials, '

In order to show comparatively the value of the
annual consumption of each abrasive used in the United
States, the value of the domestic product and of the
imports reported since 1880 arve given in the following
table. The statistics are compiled from tables of the
United States Geological Survey published in ¢ Mineral
Resources of the United States.”

TasLe 3.—ABRASIVE MATERIALS—VALUL OF DOMESTIC PRODUCTS AND IMPORTS, BY KKINDS: 1880 TO 1002.

[United States Geologieal Survey, ' Mineral Resourees of the United States.')

BUHRSTONES AND CORUNDUM AND

ALL ARRABIVIS, [ MILLSTONES, BMERY,

YEAR,! T

CRYSTAL-
LIN® ||GARNET.?
QUARTZ.2

INFUSORIALEARTH,
TRIPOLE, AND
PUMICE,

GRINDSTONES AND
PULPSTONES,

Value of Value of -1 Value of
domestic domestic | VMU OF || 0 eatie | YoIUC Of
produat, product, | PO e duet, | 1mports.

Value of
imports,

Valuo of
domestic
producet,8

Value of || Value of || Value of
domestic || domastic ;| domestie
produet, | produet, || produet,

Valne af || YHRC 0F ) o

; domustie | ¢
pty
imports, product, fmports,

Value of
imports.

§782, 880 ) §321, 426 | $200,000 | §125,072 )| $29,280 | $106,89%4
748,680 | . 305,103 (| 150,000 [ 103,012 , 000 97,482
998,000 | 827,83 1| 200,000 § 10,084 80, 000 98, 695
866,000 | 206,200 || 150,000 78,685 {100,000 85,490
816,000 | 807,789 || 160,000 46,100 | 108,000 | 148,890
728,000 | 182,200 [ 100,000 35,477 || 108,000 74, 800
627,190 | 211,803 || 140,000 20,985 || 116,100 | 121,638
463,400 | 106,621 §| 100,000 24,007 )| 108, 000 68, 209
479,920 | 287,906 81,000 87,228 01,620 | 118,246
036,661 ) 344,970 36, 1560 40,884 || 105,567 | 218,960

.............. 1,225,211 | 274,874 28, 116 18,881 1| 160,600 { 157,181
.-« 1,208,073 | 400,307 82, 858 28,004 || 102,716 | 239,708

ceveeesd LI TIO) 490,712 87,179 42,187 4 146,040 | 204,999
............... i 01,326,755 | 426,786 Gig, 808 16,168 {| 104,006 | 214,842

$500,000 | $70,274 || $45, 600 & §8, 000 $14, 185
600, 000 87,128 10, 000 8, HR0 16, 684
10, 000 27,882

$18,004 || $90, 660 || 228,214 62,688 11,718 |...
27,000 95,000 || 206,708 bd, 276 20,614 1...
18,000 68,877 || 326,825 60, 195 26,792 1.
22, 500 80,858 [ 368,068 49, 496 22,385 |,
23, 990 86, 850 1} 48Y, 769 G2, 078 16,601 1.
89, 000 08,826 || 675,086 63, §62 25, 302
40,706 || 123,476 || 710,026 92, H81 4,207
41,500 || 158,100 || 580,708 48, 871 62,000
84,885 || 132,820 || 667,431 70, 906 65,904

127, 098 00, 588
149,970 84,485
180, 486 30, 856
208, 283 34,510
174, 087 39,310
oes ...l 158,300 G4, 655

§62,874 | w21,762 00,150

'Phe value of imports is for fiscal years up to 1886; subsequent yenrs are calendar years.
2Pigures for imports, nnd fignyes for domestic l)roduct prier (o 1804, not available.

S rior to 1902 no value for pumice iy included
4 Pigures not available except for 1902,
5 Value of unfinished product was reported for 1880 and 1889,

n these figures,

¢ Including $107,794 for finished vilstones, whetstones, nnd seythestones, and $41,250, the value of quartz, ground, not shown in Census tables,
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The value of imports of all abrasives for 1902,
$426,736, is 32.2 per cent of the value of the domestic
production. The combined value of the domestic pro-
duction and imports for 1902 was $1,753,491, which is
greater than the combined value reported for any other
year, In many cases the market value of abrasives is
less at the present time than it was ten or twenty years
ago, so that the values given represent a greater ton-
nage now than then.

Of the total value of the imports in 1902, $214,842,
or 50.8 per cent, was for corundum and emery, the
domestic production of this abrasive being a little less
than one-half this value, or only $104,605. The year
in which the combined value of the domestic production
and imports of corundum and emery was greatest was
1901, when it amounted to $441,039, In that year the
value of these imports was greater than during any
other year on record, being $204,999, or $30,157 more
than in 1902, The year when the value of the domestic
production was greatest was 1898, when it amounted
to $275,064. The value of the domestic production in
1902, §104,605, was less than that of thirteen of the
years recorded. The selling price of corundum and
emery varies from 1 to 10 cents per pound.

The class of abrasives ranking next in value of
imports is grindstones and pulpstones, for which the
imports in 1902 amounted to $76,900, or 18 per cent
of the total value of all imports. This is, however,
only 11,5 per cent of the total value of the domestic
production of grindstones, which was $667,431. A
Inrge proportion of the value reported for the imports
of grindstones was for pulpstones, from Newcastle-
upon-Tyne, England, which are considered to be supe-
rior in some respects to those made from the Ohio
gandstone. The American stone, however, is giving
good satisfaction, which should ultimately canse a de-
crease in the imports of these pulpstones, The com-
bined value of the imports and domestic production of
grindstones and pulpstones was greatest in 1900, when
it amounted to $802,607, heing $58,270 more than the
combined value for 1902, §744,337. The value of the
domestic production was greatest in 1900, when it
amounted to $710,026, which is $42,595 more than the
value of the 1902 production. The next highest value,
§700,000, was reached in 1882. It must, however, be
taken into consideration that the tonnage of the pro-
duction during the past ten years was much greater
than in 1882, for in that year grindstones were worth
about $15 per ton, while now they are sold at from $8
to $10 per ton,

The value of the domestic production of buhrstones
and millstones in 1902, $59,808, was greater than that
forany year since 1888; while the value of the imports,
$16,158, was less than for any year recorded. The
combined value of the imports and domestic production
in 1902 was $75,966, which is $249,106 less than that
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of the year of greatest value, 1880, when the figures
were $325,072, In that year the value of the imports
was also greatest, aniounting to $125,072, and the value
of the domestic production, $200,000, was only equaled
by one other year, 1882. This enormous decrease in

.the value of buhrstounes used in the United States is due

largely to the introduction of the roller mill process for
grinding wheat. The increase in the domestic produe-
tion since 1889 is due to the utilization of buhrstones
in grinding the coarser cereals, mineral paints, ete., and,
as the American stone answers as well for this purpose
as the foreign, the continued falling off in the value of
the imports is thus partially accounted for.

The combined value of the imports and domestic
production of infusorial earth, tripoli, and pumice in
1902 was $118,368, of which $62,374, or over one-half,
was’ the value of the imports. The value of the pum-
ice imported was eight times the value of that produced
in this country, while the value of the imports of infu-
sorinl enrth wag only three-fourths the value of the
domestic production, It will be noticed that the
domestic production of infusorial earth varies very
widely from year to year, this being due to its limited
use and also to the fact that some producers will mine
in one year & quantity suflicient to last them two or
more years. The small produetion of domestic pumice
compared to the quantity imported is due to the dis-
tance of the domestic deposits from the large markets,
which makes it impossible to compete with the pumice
imported from the island of Lipari, Italy.

For oilstones, whetstones, and scythestones the com-
bined value of the domestic production and imports for
1902, $278,218, was greater than that for any ycar
since these statistics have been collected. The value of
the domestic production for 1802, $221,762, was greater
than that of any other year recorded, and was nearly
four times the value of the imports for that year of
$56,456, The year in which the value of imports was
greatest was 1901, when it was $64,655, this being $8,109
more than the value of the imports of 1902. The almost
constant increase in the oilstone industry is well illns-
trated in Table 8. The value of the domestic produe-
tion has increased from $150,000 in 1891 to $221,762
in 1902. In the same time the imports have increased
from $35,344 to $56,456. Prior to 1891 the statistics of
the value of the domestic production represented the
yalue of rough, crude rock, while since then it has been
principally for the finished oilstone.

There have been no imports recorded of garnet or of
crystalline quartz, but in the value of the domestic pro-
duction of each there has been a general increase. The
year of largest produetion of garnet was in 1901, when
the product was valued at $158,100, this being $25,280
more than the value of the production of 1902, $182,820,
which was the next highest value recorded. The
increase in the value of crystalline quartz used for
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abrasive purposes has been very marked, and, with the
exception of 1896, the value each year has been greater
than that of the year before.

The state in which the greatest value of abrasive
materials was produced during 1902 is Ohio, the value

heing $587,284. The abrasive was principally grind- .

stones, the value of which was §560,4192, the balance
being oilstones and whetstones. New York was second,
with a value of $159,345, the abrasives produced in
their order of production being garnet, emery, bubu-
stones, crystalline gquartz, and tripoli.

The detailed statistics of abrasive materials for 1902
are given by states in Table 4 and by classes in Table 5.

DESCRIPTIVE,

The natural abrasive materials can readily be divided
into two general groups:

1. Those which occur as rock formation and are cut
and manufactured dirvectly into the form desired, while
retaining their original rock structure and appearance,
ag grindstones and whetstones.

2. Those which oceur as a constituent of either a rock
or a vein, and have to be mechanically separated from
the associated gangue and cleaned, as corundum, emery,
and garnet, / ‘

The artificial products wounld make a third class of
abrasive materials, including carborundum, ciushed
steel, ete. ‘ :

The abrasive materials ave so universally distributed
that there are but few localities where some of them
‘may not be found. While this is the case, various kinds

~of abrasives are coustantly being exported from and
imported into the different countries on account either
of their superior abrasive efficiency or of their better
adaptability to required purposes.

The use of any particular abrasive is dependent upon -

the character of the abrasion to be secomplished. Thus,
while the efficiency of a certain ahrasive, as an abrasive,
may be greater than that of another, it will not do ag
satisfactory work as one with less abrasive efficiency.
For instance, although corundum has the highest abra-
sive efficiency of any included in the second type of
abrasives mentioned, there are a number of cases where
garnet, with a much lower abrasive efficiency, will give
better satisfaction.

Grindstones.—The abrasive that is perhaps the most
familiar to all is the grindstone.  This is produced at
the present time in commercial quantities in Michigun,
Ohio, and West Virginia, and in much smaller quanti-
ties in Montana and Wyoming. The largest quantities
are quarried in Ohio, whence the product is shipped to
all parts of the United States. The quarries in the
northern part of Ohio are located at Chagrin Falls,
Berea, Cuyahoga Falls, Elyria, Euclid, Grafton, Inde-
pendence, Massillon, North Amherst, Oberlin, and
Peninsula; those in the eastern part of the state at
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Empire, Freeport, and Tippecanoe; and those in the
southern portion of the state at Amesville, Belpre,
Briggsdale, Constitution, Federal, Gravel Bank, Ports-
mouth, Vincent, and Marietta. A large number of
the quarries in northern and southern Ohio have
been hrought under one management. At Kmpire,
Peninsula, and Tippecanoe the pulpstone variety of
grindstone is found; at the quarries at Empire pulp-
stone is the chief production, the regular grindstone
forming but a very small part of the output.

In Michigan there was but one locality in 1002 pro-
ducing grindstones—that near Grindstone City—Dbut
the state ranked next to Ohio in the value of its product.

The quarries in West Virginia are divectly across the
Ohio river from those in southern QOhio, and are
located at  Atlantic, Bois, Briscoe, Lonecedar, and
Sherman,

Grindstones in very small quantity have been made
forloeal use near Columbus, Yellowstone county, Mont, ;
near Rawling, Carbon county, Wyo.; and near Edge-
mont, S, Dak.; but from the latter locality theve was

no production in 1902,

There is considerable variation in grindstones,
dependent upon the variation of the sandstone from
which they are made, which is due (1) to the charncter
of the cementing material—whether it is a hydrous
iron oxide, ealcium carbonate, or silica; (2) to the per-
centage of the cementing material—that is, whether the
grains ave separated from each other hy simply o
minute film of cementing material or by a considerable
layer; (3) to the size and shape of the grains of quartz,
According to these variations, there are at least seven
grits that are recognized as distinetive, six of which
are derived from various grades of Ohio sandstone and
one from the Michigan stone. "These grits are as
follows:

1. The Berea grit, which is a fine, sharp grit, used
especially for 'sharpening edge tools, such as furmers’
tools and woodworkers’ small tools,

2. The Amherst grit, which is soft and loose, médium
and loose, and fine. 1t is used especially for edge tools,
saws, ete., in manufacturing establishments where the
grindstone is propelled by steam.

8. The Independence grit, which is a coarse, sharp
grit, is used for grinding springs and files and for the
dry grinding of castings.

4, The Massillon grit, a conrse, sharp grit, used for
grinding large edge tools, springs, files, and castings.

5. The Tippecanoe grit, which is a fairly loose, hard
grit, used for grinding wood pulp, springs, files, and
heavy forgings.

8. The Marietta grit, which is soft and loose, is used
largely in grinding saws, machine knives, and other
highly tempered, thin steel tools.

7. The Huron (Michigan) grit is a fine, sharp grit,
used for cutlery, mowing machine sections, and tools
of that character, where a fine edge is required.
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An eighth might be acdded—the Peninsula grit—a
hard and coarse grit, used for grinding wood pulp. In
addition to these grades of stone, a grit known as
Euelid stone, which contains about 70 per cent of fine
silien and 80 per cent of clay, is used for whetters, prin-
eipally in cutlery works, for polishing out the seratches
made by the ordinary grindstone. The production is
small, but important.

It may be well to mention here the grades of grind-
stones that are imported into the United States, as they
are used for special purposes for which they seem to
be particularly adapted. A grindstone made from a
CONISE, hard sandstone i3 nnpmtod from Bavaria, and
is used particularly for razor grinding, A fine, hard
grindstone,
Edinburgh, and is used for special purposes in the glass
trade.

Although sandstone suitable for the manufacture of
grindstones is not uncommon, the variety adapted to
the manufacture of a pulpstone is somewhat rare. A
considerable demand for pulpstones rose when papor
began to be manufactured from wood pulp. In this
manufacture a stone is required that ean be run in hot
water.  The Peninsula grit obtained from Peninsula,
Tippecanoe, and Empire, Ohjo, it carefully selected,
ought to muke a good pulpstone, which should easily
compete with that imported froin Neweastle-upon-Tyne,
England.

The natural grindstone manufactured from sandstone
was formerly in universal use in all kinds of manuface-
turing plants and in the household, but there has been
introduced successfully during the past ten years a
grindstone made from emery or corundum. While at
the present time only the smaller sized grindstones for
household uscare made of these materials, it is possible
that in the near future large wheels will e made that
will rival some of the larger grindstones.

Oilstones, whetstones, and  seythestones,—'The terms.
oilstone, whetstone, and scythestone are used some-
what ambiguously, and often the same stone when used
for one purpose will be called an oilstone, and when
used foranother purpose a whetstone, or even a scythe-
stone, The term oilstone has come to he applied to all
stones used for sharpening mechanics’ tools, for the
reason that it is necessary to use oil on most of them to
prevent the stone from becoming hot and thus heating
the tool, and also to prevent the small particles of steel
that are ground off the tools from entermg into the
pores of tho stone,

A considerable change from one census to another is
noticeable in the oilstone, whetstone, and seythestone
industry in respect to the stone that has the greatest
use. While the sale of oilstones and whetstones has
increased, or at least held its own, in the United States
since 1889, there has been a considerable falling off in
the sale of scythestones. This is undoubtedly due to
the small nwber of seythes, sickles, ete., used at the

malled the Craigleith, is fmported from

present time, these having been largely replaced by im-
proved agricultural machines and implements. Scythe-
stones are now used in quantity only in those states or
countries into which the improved agricultural machines
have not yet been introduced. ’l‘hus, whilethe produe-
tion of seythestones in the United States has remained
about the same, it has hecome necessary to scek a mar-
ket for them in foreign countries, and a considerable
proportion of the production is exported.

The whetstone producing rocks arve all sedimentary
in origin, and include quartz-mica-schist, sandstone,
novaculite, and intermediate rocks. These arve found
abundantly in various localities, so that there are prob-
ably but few countrics which have not within their hor-
ders o supply of some kind of stone suitable for making
whetstones.  Although the material for manufacturing
whetstones is so common, only those quarries which
produce stones of superior quality and have the great-
est advantages for manufacturing and shipping can
survive the competition in the trade.  This is of course
the reason the production of whetstones is confined
to n fow localities.  Occéasionally a stone is found of
exceptional quality, as the novaculite of Arkansas, for
which there is a large demand, although the price may
he much higher than that of other whetstones. At the
present time the domestic supply of whetstones is ob-
tained from Arkansas, Indiana, Ohio, New ITnmpshire,
and Vermont, There is undoubtedly considerable whet-
stono material utilized in other states. but those men-
tioned are the only ones that have produced this abrasive
for the market,

At the whetstone quarries in Arkansas, which are in
Garland and Saline counties, principally at and in the
vicinity of Quarry or Whetstone mountain, Garland
county, there is obtained the novaculite (sandstone)
from which is manufactured the best and most valuable
natural oilstone or whetstone on the market. The qual-
ity of the rock varies greatly, even in different parts of
the same quarry, hut two distinet types of stone or grit
are recognized, which are known on the market as the
Arkansas and Washita. The latter is less dense and
much more porous than the Arkansas, DBoth of these
types ave divided into two g,rud(,s known as soft and
hard. They are used principally in the form of small
wheels, oilstones of different shapes, and points such as
are used by engravers, surgeons, carvers, dentists, jew-
elers, watchmakers, and diesinkers.

The sandstone of Orange county, Ind., furnishes a
whetstone known as the Hindostan or Orange stone,
which is quarried in French Lick and Northwest town-
ships. The stone is fine grained and is used for oil-
stones. Itisconsidered the bestlow priced sharpening

“stone for mechanics’ tools. A considerable quantity of

this stone is now being exported.

At a number of the sandstone quarries in Ohio from
which grindstones are obtained, principally at Berea,
m‘(myahogu county, and at Grafton, in Lorain county,
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a grade of stone is found suitable for whetstones. This
stone makes a scythestone that does good work, but it
does not stand transportation so well as the scythestone
made from schist. At Tuclid, Cuyahoga county, is a
fine grained sandstone from which a considerable num-
ber of oilstones are made. The well-known Deerlick
oilstone is made at Chagrin Falls, in the same county,
from a fine grained sandstone. Since the introduction
of this stone a few years ago its production has in-
creased considerably each year.

In Cortland county, N. Y., near Labrador Lake, a
sandstone similar to that quarried in Ohijo is found.
It is known as Labrador stone, and is used to a limited
extent in the manufacture of whetstones, although no
product was reported as quarried in 1902.

In Haverhill, Grafton county, N. H., and near La-
moille, Orleans county, Vt., there is a quartz-mica-
schist from which are manufactured the celebrated
Indian Pond, White Mountain, and Lamoille scythe-
stones. These schists are variable in their structure, so
that only portions or bands of them can be wutilized.
The cutting quality of the stones varies with the com-
pactness of the schists and the percentage of quartz or
grit contained. There are two principal grades of stone

found at the New Hampshire quarries, which are known-

as the Indian Pond and the White Mountain, Both of
these stones come from the same quarry. The White
Mountain is more compact and has a finer texture, and
the Indian Pond includes the more laminated varieties
of the schist. The name Indian Pond was used as early
ag 1820 for a stone obtained from a stratum of schist
about 7 miles south of Pike Station, near & pond known
by the above name. The stones from the quarries at
Lamoille are sold under the name of Lamoille stones.
At Lisbon, Grafton county, N, H., there oceurs a fine
grained quartz-mica-schist of a bluish chocolate color,
which furnishes a stone known as the choeolate whet-
stone. It is a medium hard stone and is especially
adapted for leather and skinning knives, and it is also
used extensively for sharpening ecloth cutters’ tools,
kitchen and carving knives, etc.

- Buhrstones and millstones.—The American buhrstone
and millstone varies from a sandstone to a quartz con-
glomerate, which occurs along the eastern slope of the
Appalachian mountains, from North Carolina to New
York, and is known by different names, according to the
locality from which it is obtained. Occasionally a gran-
ite is also used in the manufacture of this stone. The
states producing buhrstones and millstones in 1902 were
New York, North Carolina, Pennsylvania, Vermont,
and Virginia, by far the larger production coming from
New York. The buhrstone produced in New York is
principally from Ulster county, and is known as Esopus
stone. The Pennsylvania stones, which are obtained in
Lancaster county, are known ag Turkey Hill and Co-
calico. From Montgomery county, Va., is obtained a
buhrstone which is known on the market as Brush
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mountain stone. In Rowan county, N. C., a granite is
quarried and manufactured into millstones, which are
sold, for the most part, in North Carolina and Georgia.

Whereas formerly a large number of buhrstones were
used in the United States, principally in grinding wheat,
now very few are used for that purpose on account of
the introduction of the roller mill process. Buhrstones
are still used for this purpose only in certain mountain
districts where railroad facilities are wanting. New
uses, however, have arisen for these stones, and they
are now employed quite extensively for grinding the
coarser cereals, mineral paint ores, fertilizers, cement
rock, barytes, and other minerals, For these purposes
the use is increasing each year, although at the census
of 1902 the value of the buhrstones produced was only
about one-sixth of the value of those veported at the
census of 1880. The decided change in this industry
began in 1888, and there was a gradual falling off until
1894, when the industry again began to improve with
the introduction of the new uses for the stone.

Garnet.—The greater part of the garnet that is mined
for abrasive purposes, except the production from North
Caroling, is used in the manufacture of garnet paper,
which is extensively employed for abrasive purposes in
the manufacture of boots and shoes. Nearly all the
production from North Carolina iy manufactured into
wheels, which are sold as emery wheels.  The abrasive
value of garnet was known to the North Ameriean
Indians, who engraved shells with tools consisting of
garnet points attached to wooden handles.?

During 1902 garnet was obtained from Connecticut,
New York, North Carolina, and Pennsylvania.

In Connecticut, near Roxbury, Litchfield county,
garnet is obtained from a mica-schist, in which it oc-
curs in erystals from less than a quarter of an inch to
nearly two inches in diameter. As the rock is erushed,
the erystals readily separate from the schist, making a

‘clean garnet concentrate, that is ready for erushing and

sizing.

The principal New York garnet localities ave near
North river, in Warren county, and in Fssex county.
The mineral occurs in segregated masses, in hoth gneiss
and limestone rocks, varying in size from that of a
pigeon’s egg to a diameter of 20 feet. Commercially,
this garnet is designated (1) as massive garnet, when it
is in the larger masses, which are impure; (2) as shell
garnet, which is nearly pure garnet; and (3) pocket
garnet, when it occurs in small masses or crystals in
the gneiss. Of these, the shell garnct is considered
the most valuable.

The North Carolina garnet deposits that have been
developed are all in Jackson county. The principal
mine is on Sugar Loaf mountain, about one and one-
half miles from the railroad. The occurrences are all
similar, being bands of garnetiferous gneiss in ordinary

!United States Geological Survey, Twelfth Annual Report,
Part VI, 1889, page 608,
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-gneiss, These bands are 50 or more feet in width, and
average from 15 to 30 per cent of garnet.

In Delaware and Chester counties, Pa., a garnet oc-
eurs in small crystals and fragments thickly dissemi-
nated through a gneiss which is badly decomposed. A
considerable product, reported from Delaware county,
is known on the market as rose garnet.

Crystalline quartz.—The production of erystalline
quartz that is included under the head of abrasives, is
that which is used in the manufacture of sandpaper,
scouring soaps, and as a wood finisher. In addition to
these uses there are large quantities of quartz sand used
in the stonecutting trade, especially by the marble
workers,
sold under the name of tripoli. Of the production re-
ported for 1902 the larger amount was used as a wood
finisher, and was obtained from Connecticut. Most of
that used in the manufacture of sandpaper was mined
in Pennsylvania. ,

Infusovial earth and tripoli.—Among the abrasives,
infusorial earth and tripoli formed but a small pro-
portion of the production, and of the amount produced
less than half was actually used for abrasive purposes.
Under the head of infusorial carth and tripoli are
included all porous, siliceous earths of organic origin,
such as infusorial earth, diatomaceous earth and tripoli,
and also a siliceous material which is the residue from
an impure siliceous limestone by the leaching out of
the calciom carbonate.  The material produced in 1902
was from California, Georgia, Maryland, Missouri,
New Hampshire, New York, and Virginia.

LPumice.~The production of pumice in the United
States has been very erratic during the time for which
statistics of this material have been published, although
commereial deposits are known to oceur in large quan-
tity, especially in Utah and Nebraska. Onaccount, how-
ever, of the distance of these deposits from the rail-
rond, and from the large markets, they are not able to
compete with the pumice imported from Lipari, Italy,
which is shipped largely as ballast, and which, after
being ground and bolted, is sold in New York at from 2
to 24 cents per pound. These Lipari deposits supply
almost the entire demand for pumice. During 1902
the entire production of pumice in the United States
was from the Nebraska deposits, and was used largely
in the manufacture of soaps and scouring powders.

Corundum, and emery.—The natural abrasives that
have the highest abrasive efficiency are corundum and
emery, and there is an increasing demand for these,

A small amount of quartz is pulverized, and
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which is due largely to the increase in manufacturing,
especially of agricultural machines, but also to the
improved methods that have been devised for making
emery and corundum stones and wheels of all shapes
and sizes. These abrasives, manufactured into wheels
of various sizes, have replaced, to some extent, the
smaller grindstones in manufacturing establishments.
They have also been manufactured into oilstones and
whetstones, and have successfully competed with the
natural product, although selling at a higher price.
With the exception of certain emery wheels made hy
the silicate process, and used for saw gummers, no
large emery wheels have as yet been made. ILven if
large vitrified emery wheels could e made, it isa question
whether their cost could be lowered sufficiently to per-
mit them to enter into competition with the grindstone,
and also whether the emery stone would do as satisfac-
tory work asthe grindstone for certain kinds of grinding.

Of the corundum and emery used in the United
States about one-half is produced in this country, the
remainder being obtained from the Turkish and Girecian
emery mines, and from the Canadian corundum mines.
There were but a few tons of corundum produced in
the United States in 1902, the production of this type
of abrasives being almost entirely of the emery variety.
Corundum was formerly regarded as occurring spavingly
in nature, but it is now known to have a rather wide
occurrence and to exist in commercial quantity in
many localities, With the known occurrences of this

‘mineral in this country there should be no diffieulty in

such production of it as to fully satisfy the markets’
demand, Competition with the Canadian corundum
will be strong, and if there is a decrease in price, the
location of the deposits for easy mining and sufficient
railroad facilities will need to be very favorable if
they are to be profitably worked. The value of corun-
dum in 1902 wag from 7 to 10 cents per pound when
cleaned and sized, Emeries varied in price from 1 to
5 cents per pound.

The more promising deposits of corundumn in the
United States are as follows: In North Carolina, at
Corundum Hill, Macon county; at Sapphire, Jackson
county; and at Brick creek, Clay county. In (Yeorgia,
at Laurel creek, Rabun county; and in Montana, on
the headwaters of Elk creek, Gallatin county. The
emery deposits are near Peekskill, N. Y., and at Ches-
ter, Mass., the Iatter furnishing the most of the emery
produced in the United States. During 1902 there was
also a small production in Montana.
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, TasLe 4.—DETAILED SUMMARY, BY STATES: 1902

g{,‘f}éfl Arkansns. “"é'&t““ Indisnn. |New York,| Ohdo, | ! :::‘1:;’:1 Virginin,
- — SOV PR l :
Number of mines or quar ) 4 i} G 30 } ¥ A o 18
Number of operators. .. ™ § h b 30 8 ) s 1
Character of ownership )
Individual. 30 2 2 4 22 1 | 1 3
TAEI «eemeemaeonenann s 17 [ a 1 4 { Bl B] !
Incorporated company . 10 1 O T 1 4 1 1 7
Snlaricd offieials, clerks, cte '
Total number. . 7 2 Do 17 B 18
TOtA] RAIAIICN e e e i s ia s 844, 008 $1, 050 $6,38 ... i 12, 130 81,042 812, nor
General offiee ’
Number ST | ‘ 2 ‘ By N 2 2
F18,701 | £2,000 caal 3,800 | ! 81,471 &4, 4050
Sux:m‘inwudums. managers, foromen, surveyors, ! f
Qie—
Number. . A5 ] [ I P 10| 13 4
L R € §20, H0G F1, 051) 1,118 [oerenrnnnane &7, 350 §7, 882 21,808
Foremen below ground— | | J
CNUMDeT . e e 1 I R Y PR e B 1
T OBALATIOS e e L B e e aa e e et ree e 600
(lerks— : : 1 !
Number.......oiioiienen. T S N | 2 b i
R T NP $R80L ool $1, 200 &1,430 b3 il
Wage-enrners: | |
AgETOERIL LVErAZEe NUMDEr caee i niaeas 41 i 19 24 158 140 | ™ i un
ABErognle WHECS. oo F200,914 §10, 6415 &0, hut #0, 068 BRL 710D B60, 36 {1, SR,073 1 8100, 170
Ahove gronnd—
Totnl avernge number., . . A8D o 10 p 151 149 149 1x 1
LOLRL WARECH. « vt | R280,416 #10,6156 40, ), 063 £51, 060 $69, 436 &8, 216 87,05 | BNA R0
Ingineers, firemen, and other mechani
Avernge numbev...o.oveeiiiiiena. ™ b b I P 9 oy [ P R
. WREEH « e ciieinasnns . $18,772 600 F600 [..aaa.. et 3, 12 15, 8138 b2 U R H21, 005
Miners or quurrymen, aud stoneentten
CAverage number.ooooieinieen. W8T bl 18 o 101 HY 15 18 49
L R FL76, T8 10,015 #8, 021 88, 188 ®A2, (29 S0, 505 &0, 780 Fr0a0 1 K12 485
Boys uidder 16 years—
Average number Bl T i 2
Wages . ........ §on2 LTI s I ‘ 347
All other wage-cart :
Average number 120 A1 | R [ PN 45
Wages. oo SRR || e DR SILBIY T B, 181 GO0 |+ evreernnnnn F21, 810
Below ground— ‘ i ;
Totn] Average NUMBET i i ceiinaaaaeeaens L N R DU H i 2 Eal '
Lotal wages..... ol i $16,408 |10 B Forraenenns 050 | §1,248 | §14,600
Miners— | .
AVErage nNMDOT. os v ianenannenns 15 ' 11.... 12
CWRBeS. 10, 8 F600 §8, TH0 i
Miners” helpoers— .
Average numbor.. 0. .. .. : n
WHEES, «oveoeiiannns 83,880 1L e ' : 3, 800
Avtf‘,ru;:u number of wage-carners at speelfied dafly
of pay;
Engineers—
BLAG O BLAD Lo e 1
$L50 to $1.74 .. .. a
$1,75 to §1,00 1
22,00 to §2.24 22
2,25 to §2.19 R
82,60 to §2.71 2
£3.00 to 88024 . 1
B0 0 BT o e e 1
Firemen—
$1.00 tn $1.21 .. i
$1,75 10 §1.99 114
Machinists, blacksiiths, i t
chanies—
F0.75 to §0.99 ..o,
FL0o0 Lo §1.74 .
§1.75 ta §1,99
82,00 to $2,24 |
§2,25 to 2,40 |
$.00to 424, ...
Mingers or quarrymen, g
$0,75 to §0,94
$1.00 to §1.24 ...
$L.25to $1.49 ...
$1.50 tn $1.74 .
$1.76 to §1.99 ,
$2.00 to §2.24 |
$2.25 to §2.49 .
$2.50 to §2.74 ,
R2,75 to $2.99 .
FBO0toF3M oL
Miners' helpers—
$1.60 Lo $1.74 ..
$1,76 to §1,99 |
Boys nmler 16 years—
b Y IR <V A R 3 | P e LI I R [P,
§1.25 to §1.49 .00 [ DU b U - R OSSN I U OO TR AR
All other wage-earners— . : T :
FOTE Lo B0 L [
F1.00 to $1.24 . . 14
$1.25 (o 81,49 .. 16
FLA0 to $1.74 . 36
$1.75 to $1.99 21
$2.00 (o §2.24 20
$2.50 to §2.74 . . [
FRLOOTO B2 oo e 2

. 1Includes operatorsistributed as follows: Californla, 1; Georgia (operator included under tale and soapstone); Kentucky, 1; Maryland, 1; Massachusetts, 2
Michigan (operator included undersandstones and gnartzites); Missourd, 2y Montana, 1; Nebraska, 1 (2 quarrvies); New Hampshire, 1 (8 qaarries); North Caroling, 1;
Vermont, 1 (2 quarries); West Virginia, 25 and Wyoming (operator ineluded under sandstones and quartzites),
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Tapre 4, —DETAILED SUMMARY, BY STATES: 1902—Continuned,

United . . | Conneeti- - - ‘ennsyl- : :
Statos, || Avkansas, | CURBEE | nane, {New York, [ obto, I:;l'l“’l’;f_l Virginia, A;L{;t};”
Average numher of wage-carners employed during each
month:
Men 16 yenrs and over—
January... 127 16 [} 18 94 126 Y 20 138
Tebrasry . 437 16 [} 91 47 119 9 20 149
March ...... {74 26 8 20 106 182 9 21 168
April...... G0h 2 21 20 166 136 22 23 141
May....ooo... i) a7 2 20 172 138 29 28 281
June .. 473 27 17 29 165 12 22 22 239
July... 075 27 17 a0 166 155 22 14 239
August.. ... P . 700 27 33 20 168 17 22 19 236
September ........ .. . GO 26 24 20 192 169 2 18 230
Octoher..... 696 26 i) 20 188 169 23 18 299
Fovember .. . iR 16 23 20 183 184 23 16 204
| DL ] 11T N N 592 16 23 20 168 1438 23 16 188
Boys under 16 years— )
January 9 ]
FODTURTY o iviiianini i iiinaanea,s B 2
MATEN i i e . k 2
APl . R 2
L - R 9
June........ . § Y
July .. R ]
Augnst,, 3 2
September § 2
October . B 2
Novembe ! 2
December 4 2 i
Miscellaneous expenses;
B 1] 731 R 2,410 §68% $2, 577 300 80, 720 #13,276 8696 $1, 085 $17,072
Royalties and rent of mine and mining plant.... $8,-121 #1756 $,001 fooiiinian..n $1,714 $2,198 2H8R #1, 0650 $605
Rent of offices, taxes, insumanee, intérest, and
Other SUNATIES oot cie i aeen e naeas $38, 989 #5610 #1686 $300 $5, 006 #11,077 $108 $3h $16, 467
Cost of supplies and matevials. .. . $80, 309 $1,625 $1,617 $1, 466 812, 204 §23, 884 $926 $205 $38, 438
},’nlnu ol product...ooviiiiiiiiieiia Ceeraieeeaaaiaa, 1,177,711 §21, 275 12, 895 $16, 950 §189, 345 | 185687, 284 $20, 738 $16, 836 | 2H282, 880
OWOT:
Total NOrsePOWEr .. iiinriii it i raianne, D, 2,495 21 80 a1 276 647 36 200 1,208
Owned—
Lngines—
Steam-—
NUIMDeTY . ie e ce et 71 2 2 id 3 23 1 2 34
Horsepower. 2,300 21 K0 o7 2065 636 a5 200 1,087
Gas or gasoling— ’
umber............. e, 7 G
HOSCPOWET v ettt e eieenaanan . 88 84
Other power—
Number. 3 2
HOrSepOWer.ovevviiennnnnn.. .. 05 86
Rented— '
Other than clectwic~
HOTReDOWOT. ottt veieicecnarnanasnans J D2 | I RS R P P [ . 125 I R R viree
Klectric motors owned—
Number......... 1 Y PO (R YT P PR O vemaaan 1
Horsepower.......... PN Cvees i 28] PR PR S P PN P P ]

1 Inclndes product valued at $408,598 obinined in quarries producing other than abrasive materlals,
2Includes product valued at $35,941 obteined in quarries producing other than abrasive materials,

30223—04—56
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TasLe 5. —DETAILED SUMMARY,

BY CLASSES: 1802

All abra- Bnhrst{mcs Corundum |Crystalline
sives, (| nh e jond cmery.| - quartz,
Number 0f mines Or qUArTTeR. o ceiiamr et e enereanr i ennnaaan H2 20 b 0
Number of operators..... Cerereemeaaeeaes it re e, B il 29 ] b
Character of ownership: ,
Individual 39 23 1 3
Firm ..., 17 L T
Incorporated u)mImn V.- b L | 4 2
Balaried officinls, clerks, ete.
Total number . 7 Y
Total salaries, ... emeaeaneran e ereieraraietsesnoneaasaoan pereman $18, 008 $4, 682 $5, 060 &0, 04 iO
General officers—
Number.,...... T T N . 16 1 4 2
SAIATICS taveeacniiiiiin e e 13, 101 #4171 $2, 050 §2,000
Superinfendents, mmmgera foremem sUrveyors, cte,— }
Number...o.oooveae hretaismamereeemaaaraearr s 43 [} 2 ‘
Salaries ..., .. heretsemsamataetanaeracns N 205, 500 $1,211 §1, 199 2,830
Yoremen helaw gmund—— .
B ) Tleeniciinans L P,
LT F600 ||, ennnnnaann 600 Loveenanen.
Clerks—
Numberc.veaiiniiisavmvnanees N 5 | R, 2 2
Salaries ooveviiinen teemmaeamaens Caereasaensere s $BBOL Jleeenarnnnens #1,211 F1, 200
Wage-earners:
Aggregnte nverage number ..o....... Ceveremaran e aniran . 610 46 47 29
Aggregafc Wages....o....n Y $246, u14 $39, 6502 $32, 871 #18, H02
Ahove ground-—— :
Totnl average number «.o.vveveveiienaas heerreenaeaaes . F85 86 25 29
Total WHRES @ teiuiemnaas ittt ninr i s e taretaann 280, 416 $39, h62 $18, 271 $18, Ho2
Engineers, ﬂruneu ond other meghanios—
Average NMber . eenseenn. ... erensrranaranaaaa. K 4 O 1
20 §483, 772 §2, 204 §5, H2hH $600
Miners or qm\rrvmw nml stonwuttcrq——
Average number ..o voviniiniiian cemeeeeaanas au7 30 11 20
Waged..... Ceereniinranas feeemeanaaneanarreenan 170, 708 $36, 734 §5, hih 812,892
Boys under 16 yonrs—
AVErage NUMBeT «veevnrenvnevarnennss reeeeiaans b y R P
Wages...... vreeereriana, eemeeaeaens e $012 [N ORI
All other \vt\ge-omnerq—»
Averange l\umber .............. Cevenrrnanarenens 120 2 o8 2
Wages..covvenenn cerenaa braeemaeerasisciertasans 08, 034 Fo64 §7, 200 $400
Below ground—
Totitl Average NUMDOT vuuioceariaernearnernennas brerea P I PO o2 P .
Totad wages..... bereereeiresnaeriaiaas Cerarer et F16,498 ||...... Nevens $14,0600 ... ...l .
Miners— .
Avernge number...o...eeiienn. 15) ...... R 12 heiinienns
WAZES convevmaneaana,s eeereeeaaaian Cerieeeenemna $10,048 oL 88,750 [ ool
Miners” helpus—- .
Averagenumber.,..o..oeiiia... teereraaneanan . 0 eeenns 0., [
B §5,850 f........ veen §5,850 ... o..o....
Average number of wage- COTETS Bb qpeciﬁe(\ daily rates of pn,y
Engineers—
$125L081‘19........................... ........... [ 1
$1.00 to §1.74 ... .. ceveresens ceenemanaias 9
£1,75 to §1.99. et R, PN 1
$2.00 to §2.24 ... varamans R 29
$2.26 to §2.48 ... ceebatamnemnretenanina . 3
$2.60 to §2.74 . P, e, 2
$8.00 to §3.24......... eanrrrmea e 1
§3.60t083. M. .viiiiiiinan.. eemaenrianan TP P, 1
Firemen—
s1oomsm4 ....... Ceaenas S . 1
L3Iy LR I P 14
Muchiniqts bmokqmiths curpcmers and other mcchamcs——
BO.75 108099, o iiuiniaiiiiiiian, Cerearenaae Cereeaen
1,60 to §1.74 ...
1,76 to $1.99.

5
00 to &2 2‘1
.25

Miners' helpers—-—
BOORLM e,

$2.00 to §2.24 ...
§2.50 to $2.74.
$8.00t0 8824 vaunnnnienaiiinnes

Grind- Infusorial
aarnet.  {stones and ““1”1 trllp
pulpstones,| O 81
pumice,

7 9 11

7 9 10

1 1 3

3 8 q

4 il 3

12 2h 8

9,178 $183, 042 §4,016

2 2 1

#2, 160 $480 $1, 000

6 18 i)

#1,028 $#10, 182 2,056

i 1) 13

3,000 §2, 480

118 N0 30

#50, 632 $99, HOR $18, 682

118 210 32

69, 632 $09, 598 §11, 784

10 18 9

$4,014 $27,110 F30

{1 118 20

$29, 506 94, 270 §7, 054
ferveenraens |- P
N 87 f.ee .
42 10

F205, 0138 #17, 681 #3, 600

.

........................ 3
........................ $1, 808
........................ 3
weleeranaansloananns srene $1, RoR

#0060 |.o0

Qilstones,
whetstones,
and
seythe-
stones,

il
§37,977
b
37,977
4
§2,42
7L

$uL, 097
1

$375

9
§1,078
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TapLe 5.—DETAILED SUMMARY, BY CLASSES: 1902—Continued.

Average number of wage-earnersemployed during each month:

Men 16 years and over—

January .

Tebruavy .
B 10 1]
ApTil oo
15
JUNe. o
JULF ceiiiiii i
AUBUSE Lo
September...oiiiiuiiiieiiiaan..
Qetober. oo
NOVEIIDET i i i i e e e e,
DECEMDUT o e e e

Boys under 16 years—

L R

4] L P

B 8¢

AprIl Lo

May .oouenenn et et ieaeas e

June............ . .- .

July ..

August (..

September

October...

November e aiemeeraereeanes

December ........ e re e sttt ae e e
Miscellaneows expenses:

Total coveeniiiennainnnnins L
Royalties and rent of mine and mining plant...
Rent of officey, taxes, insurance, interest, nnd other:

Cost of supplies and materinls
Value of product covvveiiciininniennieanene, beeee e et neany
Power:
Total horsepower..... P,
Owned—
Engines—
Steamn—
NUMDOT cait i e e
HOTREDOWEE tuviiinvaiariienaa e,
(Gas or gagoling— .
BT N
Horsepower ...
Other power—
Number ..
Horsepow
Rented-— .
Other than eleetric—
B3 000 T3 A

Electric motors owned—

Number ...... e
Horsepower

All abra-
sives,

$42,410
gx, 121
F, 089
80, 500
$1,177, 711

2, 195

7
2, 800

Buhrstones
and
millstones,

" 81, R0
1459, S0R

b
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Corundun:
and emery.

82,770
81,001
#1, 84
§26, 114
$104, 1105

110

I Includes $1,425 quarried with granite,
2 Includes §403,066 quarried with sandetone,

Crystalline R,
quattz. Garmnet,
17 62
17 42
17 68
27 7
VR 148
28 135
28 135
44 136
A0 145
34 138
3 110
3 116

§1, 950 B, 052 §od, 433 $2,208
#1, 525 #1,341 #2, 003 §1, 000
£120 #3, 611 §22, 490 §1,218
50 10,128 $a1, 849 §2,207
§483, 08D $132,820 | 28667,431 | 485D, 004
20 480 1,247 410
1 7 A1 7
20 420 1,285 {10
1
10
P 12 e,
............. 1
.............................. H

. Oilstones,
tring- | I :;f&lsotr fi“ whetstones,.
stones and | 50 P and
TS , 1 wihi-
Dll!))&[()llt S pumice. :‘fgxtll(lxt
149 a9
15! L2 63
165 29 74
193 31 87
212 318 108
281 38 03
208 36 104
249 36 102
248 87 87
248 30 91
218 39 71
207 39 [it]

C$1, 558
$175
841, 178
7, 662

$7,
+§118, 468
193

4 Includes $1,486 mined with tale and soapstone.
4 Includes $38,612, quarried with sandstone,

N
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BORAX.

By Josern Srrurnzrs, Ph, D,

The first commercial production of bhorax in the
United States was in 1864, when 12 short tons were
mined in California. Since that year the production
has fluctuated from nothing in 1864, 1870, and 1871, to
19,142 short tons in 1802, Up to the present investi-
gation borax has never been separately treated in the
census of mines and mining.  Table 1 is a summary of
the statistics for 1902,

Tasue Le—Swnanary: 1902,

Wumber 0f mINes Or QUATTIES. it uiriiirierrar et irteansienarrneenee 6
Number 0f ODEFLOIS « vt s cir et ciiia i raracreenneeraenrensernannsns 1]

Salaried offielnls, elerks, ete.:

Number. 14

Salaries $18, 128
Wage-carners;

Averago namher 153

Wages....... $114, 805
Miscellaneow g $47, 600
{lost of supplies and ma §213, H3K
Produet:

Qllmlttty, short tons 19, 112

Value

...................... §0, 343, 014

FThe Uniled States Geologienl Survey reports 20,004 short tons, valued at
2,038,614, which includes 862 short tons of horie aecid, valued wt §156,000,
This acld, representing a manufacture, is not reported by the Census,

There were only 6 productive mines or quarries in
1902, and these were not widely separated geograph-
jeally, Four were in California, and 1 each in Nevada
and Oregon.  Each company operated a single mine
only. An average of about 25 wage-earners for each
mine is shown, TFor the industry as a whole a total
avernge for the year of only 167 salaried employees
and wage-earners is reported. Compared with the
amount paid in wages and salaries and for miscellaneous
expenses, the cost of supplies and materials appears
large. ‘ ‘

Six imines.were idle in 1002—38 in California, 2 in
Nevada, and 1 in Oregon—-and at 1 mine in California
development work was carried on. o

Capital stock of incorpoiated  companies.—Every
active company reported was organized as a corporation.
Their capitalization appears in Table 2.

Tavre 2—Capiteelizution of teorporated compeniess 1902,

Number of incorporaled COmpIeN. cov vttt ciiraer i saeanns [}
Capital stock;
Total authovized—

Number of shares K23, 760
Pur value.... #3, 17, 000
Total issued—
Number of shar a2, 250
Par value.. #3, 020, 000
Dividends pui $201, 60y
Common—
Aunthorized—
NUmber Of SIS vouriviescitrenenesssascncaraens 074, 760
PRY VEIUC. aecieie it tesaama e vreant e e e #2, 426, 000
Tssned— .
Number of Shares coovevvrerrsssnnneerseinnensnnss 072, 200
Par value.,..... £2,775, 000
Dividends paid H$241, 600
Preferred—
Authortzed—
Number OF SDAYeS oo eee oo iiiiia i aeireraanases 200, 000
BT 0 ereraaaas 2650, Q00
Tssued—
Number of Shares cooveeveiaceanvanaens Cieevereees S50, OUL
PAPVIINC. cceieee e e eenceisacanneas Verranan $250, 000

These companies, as a rule, retine the crude borax,
and it must he remembered that the capitalization
shown includes that utilized for the equipment and
maintenance of the refining plants, Refining, however,
iy too closely related to mining to allow of satisfactory
segregation, : :

The par value of the total amount of capital stock
authorized for these companies was $3,175,000, repre-
senting 823,750 shares of hoth common and: preferred
stock., Shares to the number of 822,250, with a par
value of $3,025,000, were issued. Of these 572,250
shares wers of commion stock with o par value of

$2, 775,000, and 250,000 shares were of preferred stoek
Wy H 3 ) I

with a par value of $250,000.  All the preferred stock
authorized was issued, ns was all but 1,500 shares of
the common stock. There was paid $231,600 in divi-
dends on the common stock issued. This is equivalent
to 8.85 per cent on its par value, . No dividend was
paid upon the preferred stock. There was no honded
indebtedness.

Lo ployees andwages~The average number of wage-
earners employed during each month of 1002, and the
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daily rates of pay, are shown in Table 6. The impor-
tance of this industry is not to be judged by the number
of men to whom it gave employment, only 174 at the
maximun, during the cool months of the year. In
summer, from June until September, the heat in the
sontheastern counties of California does not permit
active operations, which as a consequence are reduced
to aminimum. On the coming of cooler weather, how-
ever, operations are at once resumed, as appears from
the number of men reported employed in September
and October.

Iere relatively high rates of pay ave shown., Fifty
per cent of the engineers received from $3.25 to $3.49
per diem; 3 of the 6 mechanics got above $3.50 per
diem. Over T1 per cent of those classed as miners
or quarrymen received from $2.50 to $3.24 per diem.
All of the miners’ helpers received from $2.50 to $2.74.
Of ““all other wage-earners” none was paid less than
$1.50 per diem, and more than two-thirds, or 67.4 per
cent, received from $2 to $3.24,

Mechanical pover.~—Mechanieal power to the amount
of 338 horsepower was reported. Two hundred and
five horsepower were furnished by § stean engines,
+128 horsepower by 11 gas or gasoline engines, and 10
horsepower by 1 water wheel. There was also 1 elec-
tric motor of 1 horsepower,

Production.—Table 3 shows the annual production of
borax in California from 1889 to” 1902, as reported by
the United States Geological Survey.

TanLe 3.—Production af borax tn Californic: 1880 tu 1902,
[Uuitud States Geologieal Survey, ";_}Igioxi?]ml Resourees of the United States,”

Quantlty

TEAR, (shiort ts), Yalue,
960 1 FL4h, 478
2,901 480, 152
A4, 267 6.0, 000
5, H25 K38, TNY
3, 000 H08, 202
&, 770 K07, KOY
B, 959 195, 900
6,75 | 675,400
X 1, 080, 000
&, 300 1, 153, 000
20, 457 1,189, K82
26, 837 1,013, 251
23, 231 1,012,118
........ 20, 00+ 2, 83R, 614

Iucludes small quantities and value of smng, mined in Oregon and Nevada,
To separate would reveal the eperations of single operators.

Since 1864, when the first production was reported,
156,354 short tons of borax have been produced in Cali-
fornia. This is practically the production for the whole
United States. Prior to 1890 the number of short tons
produced annually had passed the thousand mark only
in 1875, 1876, 1884, 1886, 1887, and 1888, In 1889 the
production sank slightly below this mark, only to rise
with a hound in 1890 to 8,201 tons, the greatest up to
that time. From then until 1900, with the exception of
1893 when there was a temporary setback, it gradually
increased to 25,837 tons.  In 1901 a production of 23,231
tons was reported, and in 1902, 19,142 tons, exclusive

MINES AND QUARRIES.

of the 862 tons of boric acid reported by the Geological
Survey. The decrease in output for these years is
apparent only, for it must be borne in mind that the
figures of production are for hoth crude and refined,
and that the proportions of ench may vary greatly each
year. The tendency of late years has been to do ay
much refining or concentrating as is possible at the
place of production. Thus in 1802, while 43,010 short
tons of crude ore were mined, 40,410 tons of this
received some treatment at the mines, making 16,542
tons of refined product, which, with the remaining

2,600 tons of crude, comprise the 19,142 tons reported.

Table 4 gives the production of borax and horon
compounds in the principal producing countries of the
world from 1896 to 1901, inclusive, as reported by the
United States Geological Survey.

Tasry do—The production of borar, bovates, ete., in the prineipad
countries of the world: 1896 to 19011

[United States Geologieal Survey, “i\g(i)}))ﬁml Resouraes of the United Sentes,”

[Metrie tony,]

United n y Itnly
o tog Chile Germany Pera Turkey
YHAR. ((‘it]'(‘,tlfl‘:n (ealeium (I,I(:}ﬂi\“) a| (hora- (,]L’“,’fdp" (enleinm | (pander-
. horate), Dorate) 2 VRIS wipey, urudu‘). horate).? | mite).28
p— ! e | b s s per et | s o s
1806, ... 12,810 7,186 it 184 | 2,610 1,179 12, 624
1807 .. .eens 17, 600 3,168 280 198 | 2,704 11, 860 11,475
1808....... 13,911 7,034 184 230 | 2,600 7,178 &)
1800. .. 21, 834 14, 951 250 183 1 2,674 7, G3R (Y
0. ..., 23: 464 14, 177 204 M2 2,401 7: X0 B
1001 . 16,227 | 11,547 162 IRL] 2,868 | () }-. )

1Trom offieinl reports of the respective countries, exeept the Unil’L-d \um-u

:-1‘ Eﬁgg{l;bﬂl'ﬂ.

+Total exports, 1887 to 1901, mmounted to 43,851 tons, valued nt £780,318,

f Gentisties not yet available,

The control of the borax industrvy in the world is
now practically in the hands of the Borax Consolidated
(Limited), an international trade combination which was
formed in 1898 with a capital stock of £1,400,000 to
acquire all the important borax-producing propertios
in the world. This concern owns or controls borax
lands and vefineries in the United States, England,
France, Chile, Peru, and Turkey,

The future of the boraxindustry indicates an inereased
demand for borax and boric acid, as well ag an increase
in the number of industrial purposes to which these and
their compounds are applicable. At the present time
the various industries in which boron compounds are
used include the manufacture of earthen, china, and
glass ware, enameled ironware, smelting, tanning, calico
printing, cement making, color manufacture, bleaching,
soapmaking, and meat packing. Boron compounds are
also used in laundries and for many household, toilet,
and surgical purposes. ' ‘

There has been considerable discussion as %o the use
of boric acid as a preservative for food, and the pre-
ponderance of the evidence seems to he in favor of ity
employment in small quantities as an entirely harmless
preservative, but only a small proportion of the total
supply in the world is utilized for this purpose.
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In order to provide data from which may be calen-
lated an estimate of the consumption of borax and boron
salts in the United States, Table 5, showing the im-
ports, has heen prepared by the United States Geolog-
ienl Survey from the reports ot the United States
Treasury Departmient.

TanLy 8.——Imports of boraw and borales ndu the United Slates: 1889
{0 1002,

[United States Geologieal Survey, “ Mineral Resources of the United States,”
1902.]

BORATES, CALCIUM,
AND SODIUNM

BORAX. (CRUDE AND RE- BORIE ACID,
FINED S0bIUM
YEAR. BORATE).
Quantity Quantity. . Quantity .
(pounds). | Y™Ue | Gonnds), | YU (Gonnday, | YeIne.
il NilL 676,786 $36, 814
20, (08 #8300 807, 802 l‘l, 967

414, ]-”R) 17,68(1‘ (7)((5)({,7(‘.-:) 41{1) 019
4 i 626 89,418

k1, 827 543, 967 18, 669 7711775 -l();ﬁGB
U205 441, 066 11,427 208, 000 19,282
96,428 11 4,284,261 | 105,604 920, 168 412, 060
796 1 4,807,100 | 104, 951 R0, 769 21, 899

8, 608 42, 165 2,979 682,002 |80, 660

9,937 68,291 | . 4,300 T TR L

' 20, 648 108,700 | 9411 705,006 | 26,629
G84537 | 20,796 186,807 | 12, 002 $227007 | 830,489

A detailed summary showing the statistics for borax
during 1902 is given in Table 6.

DESCRIPTIVI,

Iistorieal.—The occeurrence of horax in the United
States was discovered in California by Dr. John A.
Veateh, January 8, 1856, Having boiled a small
quantity of water from Lick Spring (then known as
Tusean Spring), Doctor Veatch noticed that, as the
water cooled, crystals formed and adhered to the sides
of the vessel. These crystals proved later to be sodium
hiborate, or borax. Shortly afterwards 1)()L,L01' Veateh
found small quantities of borax at the mouth of the
Pitt viver, in Shasta county, and traces of this salt
in numerous springs in the Coast Range mountains;
but it was not until September, 1856, that he dis-
covered the extensive marsh deposits on the castern
side of Cleur Lake, in Lake county, which subse-
quently furnished a large share of the borax produced
in the United States.

The year 1864 witnessed the be(rmnmg of the borm
industry in this country. In that year 12 short tons
(24,804 pounds) of borax were obtained by evaporating
the saline waters from Borax Lake, adjacent to and
connected with Clear Lake, in Lake county, 80 miles
north of San Francisco. Later the waters of the lake
were enriched by the addition of crystalline borax col-
lected from the alkaline marshes surrounding the lake.

Until the early seventics, the output of borax in Cal-
ifornia was obtained solely from the waters of Clear
Lake and other lakes in the state, but after that time

the discovery of Jarge quantities of pure borax in many
of the alkaline marshes in eastern California and west-
ern Nevada, caused the abandonment of the lake refin-
eries and the erection of new plants, notably near
Jolumbus, Nev.; at Searles marsh in the Amargosa
valley; and at the mouth of Furnace creek in Death

| Valley, California. Despite the difficulty and great
cost of transporting the refined product hy teams 100

miles to the railroad, the refineries continued in sue-
cessful operation for several years, until the rvelatively
large increase in the domestic output, together with the
increased imports from Italy, so reduced the price that
the working of the marsh deposits became no longer
profitable and the retineries were closed down. About
the year 1890 it was found that the borax crust on many
of the marshes had been formed by the leachings of
beds of calcium borate (bomte of lime) in the Tertiary
lake sediments in that region. Owing to the large
extent of these bedded deposits, which possessed also
the double advantage of containing a purer grade of
mineral and of being more easily accessible than the
mavsh deposits, the borax industry as it existed at that
time was revolutionized. A mine was started on a
bedded deposit of from 6 to 10 feet in thickness at
Borate, 12 miles northeast of Daggett, Cal., in San
Bernardino county, and a refining plant was erected by
the Pacitic Coast Borax Company, 'This company was
organized in 1888, and at the present time is the chief
producer of horax in the United States, as well as the
producer of a large part of the output of horic acid.
The ore at Borate consists of colemanite (v calcium
borate mineral) in large masses more or less connected
by stringers and bands in a bedded deposit of from 5
to 80 feet in thickness, interstratified in lake sediments.
The glcnt value of this deposit led to extensive pros-
pccung in other parts of the state, which has resulted
in the discovery in Death Valley ot enormous (uanti-
tics of colemanite reported to exceed é,re‘l,tly in value
the deposit at Borate. Both at Borate and in Death
Valley the deposits are of similar occurrence, 1)emg
contained in a regular stratum interbedded with semi-
indurated sands and clays which comprise the bulk of
the strata. These beds ave regarded as of Tertiary
age, and are supposed to have heen deposited from
inclosed bodies of water. Lavge plants for the concen-
tration and refining of the crude ore have heen erected
in Californin: At Alameda, near San Francisco (inop-
erative during 1902), at Marion, and at Daggett. The
hu‘gest borax refinery in the United States, however,
is at Bayonne, New Jersey.

Review of the borar industry dumm/ 1902.—There
were 4 companies engaged in the borax industry in
California during 1902—the Pacific Coast Borax Com-
pany, the American Borax Company, the Western
Borax Works, and the Frazier Borate Mining Company.
The Pacific Coast Borax Company, continued to supply
a sufficient quantity of borax to satisfy the requirements
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of the market; and apart from its operations at Borate,
prospecting work for other colemanite deposits has been
carried on in Death Valley and much additional property
has been acquired. The deposits in Amargosa Valley
were carefully examined and large sample lots of ore
were transported by traction engines to Manville, 100
miles digtant, and thence by rail to the retinery for
testing the quality, in order to determine the value of
the property. The large borax refinery at Bayonne,
N. J., was destroyed by fire in April, 1902, but has
since been entirely rebuilt.

The American Borax Conmpany, is under the control
of the Standard Sanitary Company, of Pittsburg, Pa.
The plant of this concern at Daggett has been greatly
“extended by the addition of two 20,000-gallon tanks or
digesters for the treatment of the crude material from
the adjacent miud deposits by the sulphuric acid process,
which is veferred to in detail later in this veport. The
enlargement of this plant hag greatly increased the out-
put of borie acid concentrates, and the results have
been so satisfactory that a further extension of the
plant at Daggett is contemplated. A new refinery is in

course of erection at Pittsburg, to which will be.

shipped, the concentrates from Daggett for the final
“refining.

‘The mines of the Western Borax Works are located
in Inyo county, and those of the Frazier Borate Mining
Company in San Bernardino county.

Apart from the output of the above-named concerns,
n small quantity of borax has been obtained from the
marsh deposits in California and Nevada, but the total
amount produced from these scattered sources has been
of so little comparative importance that the borax mar-
ket was in no way affected. During the past few years
Oregon has contributed to the domestic xupply a small
quantity of borax from the marsh deposits in Harney
county. The output has averaged about 400 tons
annually except in 1902, when 120 tons were reported,
as the mining operations had given way greatly to
development work.
state is the Rose Valley Borax Company, controlling
2,000 acres of rich marsh land near Lake Alvord in the
southeastern part of ITarncy county. The total aren
of the deposit, which is south of the lake, aggregates
approximately 10,000 acres. The ground is level and
trecless, and is imcrusted with a layer several inches
thick containing in addition to sodinm horate numerous
other salts of sodium. During the long swmmer
months the loose surface deposit is shoveled into sinall
heaps, and is subsequently replaced with a second incrus-
tation within a comparatively short period of time.
The stock of crude material collected during the sum-
mer is sufficient to enable the refinery to continue in
operation throughout the entire year. The crude min-
eral, containing from 5 to 20 per cent of boric acid in
combination with a sodium base, is shoveled into tanks
containing boiling water to which is added a proper

The chief borax producer in this

-cipitate the grease ns a lime soap.
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quantity of chlorine gas or sulphuric acid to decompose
the alkali salts and thus liberate the boric acid.  After
a treatment of twenty-four hours in the tank the clear
supernatant liguor is withdrawn to the -erystallizing
vats and allowed to cool, which causes the borie aeid to
separate in the form o.t erystals, leaving a mother
liquor, which is used repeatedly until it contains suffi-
cient sodium salts to warrant a separate treatment,

Oceursence.—The principal minerals containing boron
are as follows: Sassolite, borie acid (H,B0,); borax
(tineal), sodium biborate (Na,B,0,.10H,0): ulexite
(boronatrocaleite) (CaNaBO,.8I,0); colemanite (im-
pure varieties, priceite and pandermite), caleinm horate
(Ca,B,0,,.5H,0); and boracite (stassfurtite), magnesium
borate (2Mg,B,0,,. MgCl). Boron is also n constit-
uent of several common silicate minerals, notably
tourmalineg and  datolite. Borax, sodium Diborate
(N, B,0,.10H,0), is the only important salt derived
from horicacid. Tt oceurs native in Califoruia, Ceylon,
and Thibet, and from the last-named place it is ohtained
in the form of tineal, an impure erystallized horax con-
taining caleium and magnesium sulphates and chlorides
and o greasy substance which is added presumably to
protect the crystals from eflorescence and breakage.
The tincal is purified by dissolving in warm water and
adding limewater and ealeium chlovide in order to pre-
After filtering, the
pure 01'ystuls of horic acid are obtained by evaporating
the solution.

Lliysical and chemleal characteristics,—Several forms
of horax are used in industrial, medicinal, and laborn-
tory processes—the principal one being prismatic sodium
borate (borax, Na,B,0..10IL,0), There is a second
variety called “ootnhcdr al borax™ which contains five
molecules of water of crystallization (Na,B3,0,.5I1,0),
forming octabedral erystals. The latter variety, unlike
prismatic borax, becomes opaque upon exposure to
moist air and is converted by the absorption of water
into the prismatic form,

A property of molten horax of great utility in ana-
Iytical research is that of dissolving various metallie
oxides, thereby forming transparent glasses of charac-
teristic colors. By making a horax head on a loop of
platinum wire held in a blowpipe flame, and dissolving
therein the substance under examination, the presence
of certain metals is easily hstmgulshod

Borax is also of great value in assaying gold and sil-
ver ores, being used to dissolve and remove the buse
metals from the metallic lead button containing the gold
and silver of the szunplo of ore tested. This propevty
of dissolving oxides is utilized also in soldering and
brazing metals that are oxidizable by heat; the molten
borax absorbing any oxides formed whose presence
mechanically would prevent the close adhesion of the
metals 5o necessary for a proper weld or soldered joint.

Among other important uses ave as a constituent of
strass or paste for making glass and enamels; ns a glaze
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for fine earthenware: in combination with shellac as a
varnish for stiffening felt hats; with cascin as a substi-
fute for gum arabic, and (on account of its antiseptic
qualities) as a houschold soap; as an ingredient of
various cosmetics; and as a solution for cleansing the
hair.

Borie acid (H,BO,) (old name boracic acid): In Tus-’

cany the vapors escaping from the hot springs and from
openings in the ground (fumaroles) contain borie acid,
and in some places this substance is obtained as erystals
by the evaporation of water from these fumaroles, The
crystals or crusts produced naturally form the min-
eral sassolite.  The crystals of borie acid are white in
color, laminated in structure, and possess a mother-of-
pearl luster. They dissolve readily in hot water though
very slightly in cold. Upon being heated to 160° C.
they lose one-half the water of crystullization and
become transformed to pyroborie acid (H,B,0,). At
a red heat all of the water is expelled and borie anhy-
dride (B,0,) results, which, even at high temperatures
is stable and nonvolatile, and for this reason it is able
to decompospe nearly all of the metallic sulphates, form-
ing when fused with them, metallic horates.

Truged boric anhydride when cold resembles ordi-
nary glass in transparency, hm'dnehs, and brittleness,
The chief uses of boric acid are in the manufacture of
borax; in making colored glazes for the decoration of
iron, steel, and other metallic objects; in enamels and
glazes for pottery; in the manufacture of flint glass
and strass or paste from which artilicial stones are cut;
in making Guignet's green; as an antiseptic in medicine
and surgery; and as a preservative for fish, meat, milk,
and other foods,

The principal methods used in the manufacture of
horice acid are thus deseribed:

The chlorine or Moore process.—In this process, which
is used to some extent in England, the crude colemanite
in powdered form is suspended in water and heated to 70°
(.4 then chlorine gas is passed into the liquor and reacts
on the colemanite, forming borie acid, caleium chloride,
and caleium chlorate. The greater part of the horic
acid crystallizes out upon cooling and is subsequently
purified by repeated crystallizations. The residue solu-
tion, called mother liquor, is used many times until the
accumulated calcium salts begin to separate out in the
form of crystals,

The hydrochloric acld process.—The mod(, of pro-
ceclure in this process is as follows: Two parts by weight
of hydrochlorie acid and four parts of water (the volume
of the latter being kept constant) are used, in which
the calcium borate is boiled until dissolved. The horie

‘acid is then crystallized out of the cooled liquor, leaving

the caleium chloride still in solution. Before the
crysta]s are in proper condition for packing and ship-
ping, an additional treatment is necessary, which con-
sists of dl'almng, ¢ whizzing,” and washing with cold
water, concluding with a second and final ¢ whizzing.”

In Germany the hydrochlorie acid process is used to
extract the borie acid from the boracite contained in
the famous Stassfart salt deposits, The material is
crushed and tieated with hydrochlorie acid, the result.
ant pasty mass is dissolved in boiling water and the
solid material separated and removed by filtration or
decantation; the clear solution is then erystallized in
iron tanks, yielding pure crystals of borie acid. The
chemical reaction involved is (2Mg,B,0,,), MgCl,+
19HC4+-18H,0="MgCl,+16H,BO,.

The swlplwric acid process.—In this process caleium
borate is treated with sulphuric acid, the reaction yield-
ing soluble boric acid and precipitated caleium sulphate,
"The boric acid is obtained by leaching with hot water,
the solution so produced being concentrated by evapora-
tion until the crystals of boric acid separate out from
the solution. In California the process is slightly modi-
Hed, The borate mud is hoiled in huge tanks with
water containing sulphurous acid, which decomposes
the calcium borate, therehy liberating the borie acid in
the solution and leaving the caleium in the form of
ingoluble caleium sulphate.  As before, the borie acid
is dissolved by leaching with hot water, which, how-
over, extracts also a small quantity of other soluble
salts. Tor this reason fractional crystallization is neces-
sary in order to obtain a fairly pure product. In afew
works the insoluble caleium sulphate is separated and
removed by passing the muddy solution from the tanks
through filter presses.

The sulphuric acid process is sometimes used to de-
compose the boracite of the Stassfurt deposits, and in
this case Epsom salt is obtained as a by-product from
the magnesium sulphate contained in the mother
liquor, according to the following chemical reaction:
(2Mg,B,0,;), MgCl, + TH,S0, + 18H,0 = TMgSO, +
9 Cl+4-16H,BO,.

The amanonde process or bigot process,—Borie acid is
produced by heating in a closed vessel 100 parts of
colemanite and 150 parts of ammonium sulphate. The
product of the first reaction is ammonium horate, which
is later decomposed into ammonia and borie acid, The
ammonia is condensed and gollected, and the borie acid
is dissolved from the residuum by leaching with water
and concentrating the resultant agqueous solution until
crystals of boric acid are formed. The erystals are then
removed, washed with water until frec from adhering
mother liquor, dried, and packed for shipment to the
market. At times the crystals are ground to a fine
powder before being packed and shipped. '

The manufacture of boraw from berie acid.—The
process generally used to make horax from horic acid
ig briefly summarized as follows: Equal quantities of
cerystallized sodium carbonate and water ave heated by
steam in a lead-lined vessel, and to the solution thus
obtained sufficient borie acid is gradually added to com-
bine with the sodium carbonate and form the borax salt
(Na,B,0,), 10H,0. Another process is to prepare solu-
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tions of ammonia, sodium nitrate, and boric acid in
the proportions of two, one, and two, respectively. DBy
heating this mixture and dissolving in water, borax and
ammoninm nitrate are formed. In both of these cases
the crystals of borax are ultimately obtained by the
evaporation of the solutions containing the borax salt.

The manufacture of boran from colemanite.— At the
borax refinery in Alameda, Cal., the process used to
convert colemanite into borax crystals is briefly out-
lined as follows: The crude colemanite, obtained direct
from the mines, is first broken into lumps of from
three-fourths to 1% inches in diameter, then reduced
in a grinding mill to the size of fine sand, and finally
passed through rolls which grind the material to the
fineness of flour. The floured product is transferred
to an iron tank partly filled with water containing
in solution the proper proportion of sodium carbonate
necessary to decompose the caleium borate. (A ready
and cheap supply of sodium carbonate is obtained from
Owens Lake, Cal.) Heat is applied to the tank and
the contents hoiled and thoroughly agitated by means
of # mechanical agitator. After a short time the chem-
ical reaction has become completed, the double decom-
position being the change from calcium borate and
sodium carbonate to caleimm carbonate and sodium
horate. The sodium horate being soluble is extracted
from the insoluble caleium carbonate by leaching with
hot water, which dissolves in addition a small quantity
of other soluble salts from the impurities in the ore
and sodium carbonate. As s consequence the crystals
of borax obtained by cooling and evaporating this
solution in tanks are of a dark color and somewhat
impure. They are purified by a second solution in hot
water and a second crystallization in a gpecial vat hav-
ing a series of suspended wires on which the purer
borax crystals form. The crystals on the sides and
bottom of the vat ave less pure. The puritied erystals
of borax are removed from the vats, washed free from
adhering mother liquor, dried, ground, and sereened
into several grades for the market.

At the Mavion (Cal.) works the erude colemanite ore
is submitted to a concentration, and the rich concen-
trates are shipped to the refinery at Bayonne, N. J.,
for final conversion into borax. These concentrates
are in two forms, lumps and fines. Formerly the low
grade ores at Marion were rejected, but at the present
time they are heated in a two-hearth, 100-ton Holthoft-
Wethey furnace, fired by six oil burners. A gentle
heat suffices to cause the colemanite in the ore to disin-
tegrate physically into a sand-like product called
“flour,” which is removed when cold by secreening,
and is sacked and shipped to the Bayonne refinery.
One disadvantage of the separation of the colemanite
by heating in a furnace is that awy pandermite (the
compact variety of the mineral) present in the ore is
not affected by the heat, and is consequently left in the
waste material remaining in the screens. At times the
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waste equals in quantity one-half of the ‘““‘flour®
product.

The conversion of the colemanite into borax at the
Bayonne refinery in New Jersey is made by decompos-
ing the caleium borate with sodium carbonate, leaching
out the sodium biborate with water, yielding a solution

which is separated from the insoluble calcium carbonate

hy passage through a filter press at a pressure of from
50 to 100 pounds per square inch. The clarified solu-
tion is transferred to vats having wires suspended from
2-inch iron pipes extending across the top of the vat.
The crystals of borax form on these wires as well as
on the sides and bottom of the vat, those on the wires
being sufficiently pure for all trade requirements, while
those on -the sides and bottom of the vat have to he
redissolved and purified by a second erystallization.
The pure crystals are crushed, screened, and sorted
into three grades—uefined crystals, refined screenings,
and granulated borax. The crystals and sereenings are
packed for the market, but the granulated borax before
shipment undergoes a final treatment, which consists
of heating in an inelined rotating cylindrical furnace,
crushing to the fineness of flour in a pulverizer, settling
and collecting the dust in a large dust chamber, and
packing the final product for market, The Bayonne
refinery is well equipped with all modern mechanical
devices for the handling and treatment of the crude and
finished materials.

Tanur G.—Delailed summary: 18902,

Number of mines o quarries. oo e reeireiriaca e caenacerri s 8
NUMber L OPELALtOIN cvii i iia et iaiierrrerisaarraensacnasssserarenassonn 16
Character of ownership: .

INeOrpPorated COMPIIY . iirtierarres veriireananrenerrsaransnanann 6

Galarvied oMeinly, clerks, ete.:
Total number....

LT B L
General oflie
1
§1, 800
Superintend R, el
NUIDOT c v itaeiie i ieeriin e caeseanaaesaetacatsansenans ki
TR 8 O $10, 508
Toremen helow ground—
NI DO 4o et ne e e e eeannee e ataeecieaeraainnnas 3
L (1 #3, 480
Clerks—
B0 (T G N 3
. LT E T §2,250
Wago-enrners:
Aggregate nvernge number 1583
Apggregale Wages oo, . $111, 865
Above ground—
Total Avernge NUMDET, it veiiinisanns .. i
POTRL WA US L o i ininareiasenesassnsnnsiriinnansornsanases $i2, 811
Tngineers, firemen, and other moechanioy—
AVernge nUMbBEr . oviiiiiiins i 17
B CH et eiiit i iisieiesiraacascrrssonnsnnannases $14, 257
Miners or quarrymen—
AVOIILES TIIMDET 1vesviiiiatniniranesrramcasens e 21
WO oot iere i isiaiaar e rearratananraene e §13, 300
All other wage-earners—
AVErAZe NIMBET oot viiiiriviatinnvsnensaraamnanans 38
B 825, 264

Below ground—
Total average number
Total wages ...oennn.

Miners—
Average mamber......

77
62, 054

WABER o e eee e iiiitaei e eatarsesststnseanaoens
Miners' helpers—
AVErage NUMDEY tiiviniiriicrnrarsirnrnennssanas 27

45
837,248

W08 e eeevnecreseatmrrerncnsanasansensessearanns
All other wage-earners—
AVErage NUIMDBET ooeuiiiiieietieenrennsnrsaseananns
WS s e e esevnrnanerenrreesanassnsanneanzassennsons
Average number of wage-carners at specitled duily rates of pay:
Engineers—
B1.75 to $1.90. ..,
$2.00 to $2.24 .
$3.00 to $3.24 .
$3.25 to $3.49.

1Inclndes operators distributed as follows: California, 4; Nevada, 1; Oregon, 1,

$20, 560

b
#4, 208

D




Tante 6.—Detailed summary: 1002—Continned.

Average number of wage-earners at specified daily rates of pay—Con,
Firemen— .
§2.00 to §2.24 ..
$2.76 1o B209......
Machinists, blacksmiths
$1.50 to §1,74
$3.50 to #3.74
$1.00 to $4.21. .
Miners or quarrymen—
1.60 to §1.74. .
2.00 to §2.24
2,50 to $2.71
§3.00 to $3.21..
Miners' helpers—
LTIt B3 - T L O s
All other wage-earners—
1.60 to §1L.74 ...
1.75 (o $1.99 ..
22,00 to 2,21 .
32,20 to 49,
2,50 (0 $2.74.
$8.00 t0 $3.24 ... .
Average nunber of wage-earners employed daring oach month:
Muin 16 years and over—
Januoary ..
Februnry .
Mareh..

July....
August .
September. .
073701170 NN e eaeaeseanarrreariuataa s P
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TasLe G.—Detailed summary: 1902—Continued,

Average number of wage-earners employed during eaeh month-Con.
Men 16 years and over—Continued.,

November....... - . . 174
December..oooooiiiiiiiiiiiial, e, . 170
Mixeellancons expenses:
Total $17, 606
Royalties and rent of mine and mining plant $19,200
Rent of offices, taxes, Ingurance, interest, and other sundries $28, 406
Cost of supplies and materinls oo oo, reeenaeiaraaa $213, 538
Produet:
Total—
Quantity, short tonk......... e vrteeneeearara. PR .. 19, 142
1 ... $2,383, 0614
2, 600
$01, 000
Reflned— .
Quantity,short tons 16, H42
VAIUC . e eeceanenn O S 82,902, 614
Power owned:
AT I T0) T 10N ) N PR 338
Eugines—
Steam—
Number . B
Horsepower 2056
(Gas or gasoline—
Number. ... 11
Haorsepower .. 12
Water wheels—
Number .. . 1
Horsepower 10
Xleetrie motors—
Number 1
Horsepower 1




FLUORSPAR

(895)




&

FLUORSPAR.

By Josepun Hypr Prarr.

The mining of fluorspar has increased very greatly
since the census of 1890, due to the large increase in
the use of this mineral in metallurgical processes,
especially in the iron industry. For some years the
use of fluorspar for fluxing iron was not large, becanse
it was feared a constant supply could not be obtained.
At that time the mineral was produced in only one
state, Tllinois, although it was known to occur in small
quantity in o number of other states. Now, however,
it has heen proved to occur in commercial quantity in
Avizona, Illinois, Kentucky, and Tennessec,

The first census statistics for fluorspar were collected
at the Eleventh Census, and these arve compared with the
statistics for 1902 in the following table:

Tanre 1.—Comparative sumnery: 1902 and 1889,

1002

Nomber 0f IUNES, vevreiiiei e cinriaeennnns feeneeenrens 292 1)
NUEMDCE OF OFICTATUTS & e e eriietaerieennaneensnseaneenen 18 1)
Salaried officials, ¢lerks, etc

Nuwmber ...l 42 (1;

R 1] U S OO 427,311 1
Wage-earnors:

Avurage nunber . 269 101

Wages..... .| $110, 002 §14,218
Contract work. . $30 g)
Miscellaneons expe $98, 602 3, 008
Cost of supplies and materinlsg,. #31,874 $6,025
Produet: ¥

Quantity, shorb tons. .o i 48, 818 9,500

711 275,682 | §45, 856

1Not reported,

2The United States Geologienl Survey reports 48,018 short tons, valued at
5133111'3%2‘ wiiieh is the product marketed, " Cenguy ﬂgu‘res represent the product

Less than one-tenth of the total quantity and about
one-fifth of the entire value reported for 1902 repre-
sent the product prepared at the mine for the market,
the preparation consisting of drying and grinding, in
addition to the usual washing.

Of the 22 mines in 1902, 14 were in Kentucky, 5 in
Illinois, 2 in Arizona, and 1 in Tennessee. The prod-
uct has increased from 9,500 tons in 1889 to 48,818
tons in 1902, or over fivefold, and the value from
$45,835 to $275,682, or over sixfold. In these twelve
years, Illinois, which was the only state producing
finorspar commercially in 1889, has increased its pro-

duction from 9,500 tons, valued at $45,835, to 18,860 .

tons, valued at $128,000, or 98.5 per cent in,amount and
168.4 per cent in value. One mine in Kentucky was
30223—04——57 '

"

reported idle in 1902. At two mines in Illinois develop-
ment work was done, and the statistics for these are
shown in the following statement:

Development work: 1902,

Number of mines...o.vvvvvieeniiiiniaann 2
Number of operators ...oooovvenniviieen.., 2
Wage-carners;
BN T (O R ) 11 T P H
WO . eveeranrieennnan ... §2,125
Cost of supplies aud materinl s caee e ... $2,800
MISCOIRIEOUS CXPENSCE s esearsetiraneneneconsarsosssantacenstocnnnessnnns $25

The 22 productive mines were controlled by 18 oper-
ators—~2 individuals, 2 firms, and 14 incorporated com-
panies,

Capital stock of incorporated companies.—The details
of the capital stock and funded debt authorized and
issued hy the 14 incorporated companies are shown by
states in Table 2,

TasLe 2.—Capiialization of incorporated companies; 1902,

United All
Tty Ilnots, [Kentucky.| other
States, states,?

Number of incorporated companies.. 14 3
Capltal stock and bonds issued. ...... 82, 214, 000 |I$1, 536, 000
Capital stock (all common);

Total authorized—
Number of shares......... 8,146,730 1| 2,500, 000 606,630 | 40,100
Par value ...ccvevnevnnnses $3, 818, 000 |{$2, 500, 000 81,268,000 | $50, 000

Total issued— :

Number of shares......... 1,726,320 || 1,586,000 150,220 | 40,100
Bond Parvalue....ooovvvvnnans #2, 154, 000 (|#1, 536,000 | §508,000 { $50, 000
onda:

Aunthorized—
NUmMDBOT. vovscimmeannnas
Par value... .
Issued—
Number...
Par valve...

9 2
$028,000 | $50, 000

1,000 1,000
$100,000 |- $100,000 |-.. .+ e

600 1., 600 }...
$60, 000 $60,000

1Ineludes companies distributed ag follows: Arizona, 1; Tennessec, 1

The 9 Kentucky companies issued capital stock to the
amount of $568,000 and bonds to the amount of $60,000,
making a total of $628,000, which is equivalent to 28.4
per cent of the total capitalization of all companies.
The 8 companies in Illinois issued $1,536,000 of capital
stock, representing 69.4 of the total capitalization. No
dividends were reported on any of the stock and no
interest was paid on the bonds.

Lomployees and wages.—The salaried employees num-
bered 42, or 18.5 per cent of the 311 salaried employees
and wage-earners, and their salaries were $27,311, or
19.9 per cent of the total salaries and wages, which
amounted to $137,318. The 269 wage-earners, there-
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fore, constituted 86.5 per cent of the total number of
employees, and their wages 80.1 per cent of the total
salaries and wages,

As shown in Table 4, the busiest months in this indus-
try, all states combined, were from May to December,
inclusive,  In Illinois, the largest number was em-
Ployed in August; in Kentucky the maximum was not
reached until Qctober, which was true also of ““all other
states.”™  The average number of wage-earners, at speci-
fied daily rates of pay for the different occupations is
shownin Table . The majority of the miners received
from #1.95 to ‘?pl 49 per day, 100 miners, or 56.8 per
cont of the total number, receiving wages within these
fimits. For 85 miners, or 19.9 per cent of the total
numbeyr, the wages were lower, being between $1 and
$1.24 per day, while for 41 miners, or 28.3 per cent of
the total number, they were higher, 32 miners receiving
between $1.50 and $1.74, 5 between $1.75 and $1.99,
and 4 bhetween $2 and $2.24.  Of the 16 engincers
roported in the industry, 14 received hetween $1.50
and $1,74, and 2 received between $2.50 and $2.74.
The rates paid machinists and engincers were, on the
whole, higher than those for other wage-carners. The
employoees ut the higher rates, included under ““all other
wige-carners,” are men who wash or jig the ore

Swpiplies, meteriels, and miseellancons wpemw —The
cost of supplies and materials amounted to $31,874, and
the miscellancous expenses were $23,602. The amount
included in the latter item for payment of royalties and
rent of mines and mining plants wag $7,000, or 83.5 per
cent of the total; the 1)alunce, $15,702, or ()6‘ 5 per cent,
was paid for » em, of offices, taxes, insurance, interest,
and other sundries.

Mechanical power.—At the 22 mines, primary power
was employed aggregating 669 horsepower, of which
530 or T9.2 per cent was steam, and 139 or 20.8 per

cent, gas or gasoline.  There wak;, in addition, one elec-
{ric motor, with a capacity of 25 hor&:epowcr

3 nduczﬁum. —The following table shows the quantity
and value of fluorspar produced and sold since 1882:

TanLe 3.~—roduction of fluorspar: 1882 io 1902,
{(mm-d states (zwlngiml Survoy,'‘Mineral Resources of the Unitm smteq."mﬂz ]

- Quantity . lAverage Quantity AvVerage
VEAR oNorteons).) YIS Ponlue, || YPAR Lhorgtons),] Y MUe: vulug
1882, ... 4,000 | $20,000 $5,00 i 1803, .. 12,400 | $84, 000 §6.77
1883, ... 4, 00D 20, 000 65,00 [ 1804, . 7,600 47, 600 6,88
1884 .. 4, 000 20, 000 65,00 |y 1895... 4, 000 24, 000 6,00
188G, . 5, 000 22, (00 4,60 || 1806. 6, H00 62,000 8,00
18R0. . 13, 000 22, 000 4,40 |} 1807, B, 062 37,169 7.84
18R7... H, 000 20, 000 4,00 [t 1808... 7,076 63, 060 8.21
8RR .. 6, 000 30, 000 5,00 |) 1899... 15, 900 96, 660 6,08
1RRY, . 9, Ho 4h, 836 4,83 [ 1800... 18,460 94, 600 5,12
1RO0. .« ], 250 0, 328 6.71 {1 1901,.. 19,686 | 118,808 §, 81
1801 10,044 74, 330 7,80 1 1902... 48,018 | 271,832 5.66

1502 12, 250 84, 000 7.2

From 1882 up to 1887, the annual production of
fluovspar was only 4,000 or 5,000 tons. In the next
few years the productlon mcreasod considerably, reach-
ing 12,400 tons in 1893. Then it fell off to 7,500 tons
in 1804 and to 4,000 tons in 1895, thus reaching the fig-

A
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ure at which it stood in the years 1832 to 1884, The
year 1896 marked the beginning of a second period of
increasing production, which appears to be still in
progress. In 1899 the production was 15,900 tons,
which was more than double that of the preceding year.
But, the most remarkable increase was in the year 1402,
when the quantity produced showed a gain of 28,439
tons, or 145.2 per cent over that of the preceding year,
and the value of the product, a gain of $158,020, or
138.9 per cent.

The average value of fluorspar per ton has varied
from $4 to $8. The average was exceptionally high in
the years 1896 to 1898, inclusive, reaching $8.21 in 1898.
In 1902 it was $5.66; the prices reported for that year
varied from $2.86 to $11.50 per ton, this higher value
being obtained for the fluorspar mined in Arizona,
which was used in California. This increase is due to
fluorspar being much more largely used than formerly
in the fluxing of iron in steel works, and as it is intro-
duced into the smelting of copper and the reduction of
other metals, there should be a still further increase in
its production,

The imports of fluorspar are not separately stated in
the records of the Bureau of Statistics of the Depart-
ment of Commerce and Labor, but ave included with
minerals and oils not elsewhere specified.

The detailed statistics of the fluorspar industry for
1902 are shown in Table 4.

DESCRIPTIVE.

Occurrence and uwse.—Fluorspar is the common name
of fluoride of calcium, a mineral occurring in crystals
and masses of various colors, very commonly as the
gangue of many metallic ores, e.specmlly of lead. Ttis
found chiefly in veins in limestone, sandstone, mica
slate, clay slate, and gneiss. When it occurs in com-
mercial quantity, it is usually in cleavable masses, and
of white, greenish white, or pale green color; but when
small openings exist in the veins, the fluorspar is apt to
be found in well-developed cubical crystals, which are
generally highly colored with various tints of purple,
indicating that it is associated with metallic minerals,

Until 1898 the only sources of flnorspar in the United
States were the mines in Hardin and Pope counties, in
southern Illinois, but during that year deposits were
opened in Livingston and Crittenden counties, Ky., and
in 1900 in Smith, Trousdale, and Wilson counties, Tenn.,
and in Yuma county, Ariz. As has been shown above,
all these states were producers of fluorspar in commer-
cial quantity in 1902. The mineral has been found
widely distributed throughout the United States, but
thus far it is only in the four states mentioned that it
has been found in sufficient quantity for commercial
purposes.

In the fluorspar depomts of Illinois and Kentucky
there is known to be a very large supply of this min-
eral, capable of meeting the demand for many years,

*
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As this overcomes one of the objections often advanced
agninst using fluorspar in the smelting of iron, namely,
that a constant supply of this mineral could not he
depended upon, its use for this purpose should now
increase rapidly.  Other hindrances to the use of fluor-
spar for fluxing purposes have been the higher cost of
this Hux as compared with limestone, inaccessibility of
the deposits, and the action of the slag and gases on the
lining of the furnaces. But the recently discovered
deposits of Kentucky and Tennessee, together with the
deposits in linois, furnish an abundant supply, favor-
ably loeated for transportation, either by railvoad or
water, The use of chromite (chromic iron ore), either
in mineral form or as chrome bricks, will make a lining
for turnaces which can be affected but little by the use
of fluorspar as a flux. Fluorspar possesses qualities
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that make it especially adapted for the fluxing of
iron, and these should more than compensate for its
higher cost, as compared with limestone. Thus far the
larger proportion of the fluorspar mined has been used
in steel works, Very little is used in blast furnaces or
in the smelting of copper or other metals; for these
purposes, and also in foundry work, its use will nun-
doubtedly increase rapidly when its value as a flux is
more thoroughly understood.

Another use of fluorspar, and formerly its chief use,
is in the preparation of hydrofluoric acid. At the
present time it is estimated that only from 5 to 10 per
cent of the product is used for this purpose. The min-
ernl is also used in the manufacture of opalescent glass,
being considered very essential for this purpose.

TasLe &,—DETAILED SUMMARY: 1902,

; Al“
United | | Ken. | Gther
States, || THBOIS | pape. “‘;"(('%tl‘(;__ !
ritories.!
Number of mines ooooevionnnniiai, 92 b 11 3
Number of operators.........oooo 18 B 10 3
Charneter of ownership:
Individual 2 | 1
Pirm..oooooaaaann 2 1 | N PR,
Incorporated muu{) ¥ 14 3 49 2
Splaried officinly, clerks, et .
Total numbe 42 ] i 2
TPotal salaries $27,311 5,804 | §21,107 S0
General ofl
Number, o coeeviieiiieneeneen. 12 1 11 ...,
Sataries . ooiieiiiiiiiiinnn, $11, 645 F00 | FIL,246 ...
Superintendents, managers,
foremen, surveyors, ete.—
Number.......... 17 3 R o2
Salaried. .ooneiiiiriiiri i $12, 487 43, 500 $8, 037 900
Faremen, below ground—-
Number............ooonin 11 3 Bleeienans
Salries o vvereiiierinaneniiaan 2, B4y 1,024 fL800 L.,
Clerkg—
Numbero...oooooooiiiiai 2 [ PRSI
Sularies...oieniiiiii i $480 O
Wage-carners:
Agpregale average number.......... 269 71 193 i}
AZETORALE WREOR (.aiiiiiiiinant $110, 002 FUR, 840 | 79,107 | $2,000
Above ground—
Totul average number....... 140 38 98 o4
Tot] WRECS. .o evvirinrnreannn $68,285 || §15,328 | 889,407 | 1,500
Engineers, lremen, and
other meehanies—
Avernge number..... 28 h 0 .
WHECS o oviiinarniens $12, 620 #2481 | $10, 145 1.,
Miners— '
Average numbe b6 o4 43 4
Wages ... §21, 180 #1,275 | $18,405 | $1,500
Boys under 16 ¥ ‘
Avernge numbher. | P2
Wages..ooooeenn .. 284 f[..ooiennn 2.5 P
All other wagu-carners—
Average number..... byl 29 bt 2 IO
WAZeS. oo vviaennnnns #22,195 $11,672 1 10,623 |........ .
Below ground—
Total average number ....... 129 33 o5 1
Total WABCS. .cvvvreviraneen.. §53,767 || $18,517 | $39,700 §on0
Miners—
Average number, . ... 120 24 9h 1
Wages covveinnnninn. #50, 604 $10,254 | $39,700 §550
Miners" helpers—
Average number. . ... 9 L4 N PO
Wages covveiivnnanans #3,268 $3,268 [overieriiifaerrann
Averagennmborof wage-earners atspecs
ified daily rates of puy:
Enginecrs—
FLO0 Lo L7 oo 14
F200 O F2T 2
Firemen—
EARLIRGE S 6 SRR 1
$1,26 to 81,49 - 1
08224 ...l . 2
Machinists, blacksm earpenters,
and other mechan
$1.50 to $1.74 [ 1 1
$2.00 to $2.74 b N | R 1.
£3.00 to §3.24.. P | epe 2

1

|
|
!

1 Tneludes operators distributed as follows: Arizong, 2; Tennessee, 1.

All
United I Otmner
nite s {en- statles
States, || TS | ey, | Cand
torrito-
ries,?
Averagenumberof wage-carners at spee-
ifted dally rates of pay—Continued,
Miners—
"$1.00 Lo $1,24 3h ] 28 2
$1.2510 §1.4! 140 12 #8
$1.60 to $1.7 32 7 hH
$1.70 to $1,99, ) 1 2
$2.00 to §2.2 1 2
Minery' helpers—
SLOOLOFL2M. . eneivsiiiaaaas 1 ) PO DTS
SLARLORLA. (i 8 T R P
Boys under 16 yenrg-—-
HLO R0 e 2 lleevennnnnn L3R PO
All other wage-carners— .
$1.00 to §1.24 9
$1.25 to §1.49. .. +4h
$1.60 10 §1.74. .. 3
F.00t0 F204. ... 7
Average number of wage-carners em-
ployed during ench month:
Men 16 years and over—
JANMMPY o ereirie v iiiaa s 161
Fehrnary covvvreennnrnneennannns 147
March oo, 147
April....o.io... 183
May.. Pl
June . 280
July 383
Augus 340
Septem and
October 37h
Novemb 336
December. 208
Boys under 16 yearg—
JUY e e e Jd
August.... .. 4
September aees 4
Qetober..onean 4
November .. 4
December 4
Contraet work: ’
Amount pud voovveuniiiiiiiiiiiiia, #2300
Number of employees. ... ..cvvarueiven 3
Miseellaneous expenses:
TOM s srnrenrersrenreaesnassaennnnses $238, 602 $1,149 | §22,828 $126
Royalties and rent of mine and
miningplant.....ooaiiiiinan. $7, 900 $250 $7,660 J.ounn.-
Reut of offices, taxes, insurance,
interest, and other sundries....| $15,702 $809 , $14,078 $125
Cost_{o[ Empp]ics and materials ........... $31,874 || $17,115 \ $18,952 $807
Product:
Quantity, short tons ... e 18,818 18, 860 29,080 028
value. ... ooeiiennn .| 275,082 || $123,000 | $143,410 | §9,272
Power owned:
Tatal horsepower 669 162 507 |oeruannn
Engines—
Steam-—
Number..eoeeeiiieannanns 17 0 0 T S
Horsepower.............. H80 162 368 [.everenn
GGas or gasoling—
Number. ......ccovvvnivas (10 | P, 10 ..eaaas
Horsepower....o..vvuunn. WY N 139 faeeennns
Electric motors—
NUMDET «.veereinaiiiniinnaes R N PP POTORON ! [ PP
Horsepower - PN R 28 1oiaats
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GYPSUM.

By Srory B. Lapp.

The statistics presented herewith comprise those for
gypsum in its caleined form as well as in its natural
state. The chief consumption of gypsum is for the
manufacture of plaster of Paris and wall or cement
plaster, of which plaster of Paris is the chief ingredient.
At the Tenth Census no statistics in regard to gypsum
were reported, and at the three decades prior thereto,
namely, 1870, 1860, and 1850, only the manufacturing
statistics for plaster are available for purposes of com-
parison. ‘Table 1 is a comparative summary for the
vears 1850, 1860, 1870, 1889, and 1902,

TanLe L—Comparative summary: 1850 to 1902,

1002 1889 1870 1860 1860
Number of mines or quar-
| I . 62 1 () ") *)
Number of operators 46 1 o321 2307 2140
Salaried officinly, ¢l
ote,:
Number-.............. 249 8 8 8 8
SRIATIeN v §300, 420 g*g g“g E“g 5“;

WiE-earners;

Average number 1,472 761 1,018 806 381
WHECS caveevvanninoa | $769,258 | $249,200 | §5638,407 | $282,500 | $100, 602
Contract work ............ 406 | $10, 081 1 1 !
Miscellnmeouy expenses ..|  $200,769 | $1b, 262 ] 1) (!
Cost of supplies and mate-
iR L $M1L,760 | $128, 854 181,480,140 | 8522, 836 280, 063
Produet4:
Quantity, short tons..| 681,083 | 246,725 Q) (3] ()]
Value. ..ot $2, 080,341 | $764, 118 |$2, 601, 851 |§1, 110,854 | §428, 014

1Not rePnrlcd.

2 Eatnblishments,

3 Not reported separately,

+Tha United States Geological Survey reports 816,478 short tons of crude
gypsiumn, of the value as here given,  The Census figures of quantity are for the
produet prepared, in greatest part, for the market,

In 1850 the value of the land-plaster product was
given as $428,014, In 1860 the value of plaster and its
manufactures was §1,110,854, and preswmnably the
largest portion of this amount was land plaster. In
1870 the amount of plaster manufactured, reported as
“Plaster, ground,” and presumably chiefly used for
lund plaster, reached $2,691,851. Up to this time there
nppenrs to have been a steady growth in the use of
gypsum as a fertilizer, but with the development of
the phosphaté rock industry, which began just prior to -
the close of the decade ending in 1870, came a corres,
sponding reduction in the use of gypsum for land
plaster, and in 1880 the total gypsum production, as
reported by the United States Greological Survey, was
but 90,000 short tons, valued at $400,000. s

'

The mining of phosphate rock commenced in South
Carolina in 1867, and in 1870 the production was 65,241
long tons. In 1880 the sales of phosphate rock in the
United States amounted to 211,377 long tons, valued
at $1,123,823, while the gypsum product had fallen, as
ahove noted, to a value of $400,000. TIn 1889 the sales
of phosphate rock were 550,245 long tons, valued at
$2,987,776.  TFlorida had lately become a producer.
On the other hand, the ground gypsum sold as land
plaster in 1889 was but. 108,771 short tons, valued at
$233,307, in contrast with the production for 1870 of
ground plaster, valued at $2,691,351.

The shrinkage in the consumption of gypsum for
land plaster continues, the growth in the gypsum in-
dustry since 1889 being due to the increasing use of
wall or cement plaster. In 1889, 108,771 tons, or 40.6
per cent, of the gypsum was sold as land plaster; in
1902 ouly 60,791 tons, or 7.4 per cent.

The growth of the industry during the period 1889
to 1902 hag been entirely in the production of caleined
gypsum, In 1889, 85,755 tons of gypsum, or 82 per cent
of the amount quarried, were calcined, while in 1902
the quantity calcined was 674,232 tons, or 82.6 per cent
of the gypsum quarried, producing 539,387 tons of
ealcined plaster products—plaster of Paris and wall or
cement plaster. Along with the increased consumption
of calcined plaster there was a decrease in the average
price from $6.92 per ton in 1889 to $3.50 per ton in
1902. There was no material change in the average
price of crude gypsum, it being $1.13 per ton in 1889
and $1.15 per ton in 1902. The average value of the
land plaster, however, deereased from $2.14 per ton in
1889 to $1.75 per ton in 1902,
© A change in the character of the industry is also
shown by the reduction in the number of operators.
In 1870, 821 operators weré reported, and ifi'1902 only
45, The number of mineés, which in1870 raust hfn*e
been at least 321—that being the number of opera-
tors—was only 62 in 1902. The produdtion of land
plaster requires small capital, the gypsum‘being sithply:
mined or quarried and ground; and the average valies
of the product per operator for the years '18'56,*{1880;"
and 1870—$3,064, $3,910, and $8,380, respettivelyss:
indicates’ that during that earlier period,” when™land’ -

it 903”){'. S
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plagter was the principal or sole product, this industry
wus small and local in character. The statistics fox
1902 show a concentration of the business. The 62 pro-
dueing mines or quarries were controlled hy 45 opera-
tors and the average value of the product per operator
was §46,430.  Of the 62 active mines or quarries, 19
were operated by 2 companies. The reduction in the
number of operators and active mines or quarries
reflects the growth of the wall plaster industry, which
has u wider market and requires a much larger capital
and plant than the mere manufacture of Jand plaster.

During the period from 1889 to 1902, the value of the
product increased 173.4 per cent, the wage-earners 93.4
per cent, and the amount paid in wages 204.7 per cent.

There were 171idle mines or quarries in 1902, distrib-
uted as follows: 8in New York, 8 in Arizona, and I each
in Kansas, Missouri, New Mexico, Ohio, Texas, and
Virginia. These were owned by 9 individuals, 1 firm,
and 5 incorporated companies. Two of the mines in
Arizona were owned by Tindividual. Two of the other
idle mines, 1 in Iansas ‘and 1 in Missouri, were owned
hy 1 corporation, which operated 16 active mines or

MINES AND QUARRIES.

quarries in Iowa, Kansas, Michigan, New York, Ohio,
and Oklahoma. The statistics of the capitalization
of this corporation are included among those of the
active mines. The remaining 4 incorporated companies
were located 1 each in New York, New Mexico, Ohio,
and Texas. Three of these did not report capitaliza-
tion. The fourth company reported an authorized
capital stock of 250,000 shares, with a par value of
$250,000; all of the common stock, 200,000 shares of o
par value of $200,000, had heen issued. It reported
also authorized bonds of a par value of $25,000, of
which $15,000 had been issued, making o total of
$215,000 for stocks and bonds issued.

Of the 45 operators in 1902, 13 were individuals, 6
weve firms, and 26 were incorporated companies.  Only
8.6 per cent of the gypsum mined or quarried was pro-
duced by the 19 individuals and firms, and in Jowa,
Kansas, Michigan, Oklahoma, Texas, and Utah the
operators were solely incorporated compunies.

Capital stock off éncorporated. companies.—Table 2
presents the details of the capitalization of the incorpo-

rated companies.

TapLye 2.—CAPITALIZATION OF INCORPORATED COMPANIES: 1602,

A "'“’i ‘,.'1..~ g
United States. | Kansas, | Michigan. | New York.| Oklghoma, ‘\P“:'tlg:,“r
Number of incorporated companies. 26 ] Ll [} R} 2%
Number reporting capitalization . a5 H 4 6 3 7
Cnpiénl %rtoltkt unld bonds issued ... 810, 670, 966 $246, 765 $8, 157, 500 654, RO0 $260,000 | 1,347,900
‘npital stock:
Total anthorized— '
NUMBET OF SIATEH . oo v civeeiiinnsrerinneatrereeeevaraannsonncaearaserssnnns 106, 880 1,891 83,100 B, D40 2,600 138, 81
ot I;njr vnl(l]w .................................................................. $10, 576, 665 $220, 766 88, 160, 000 #5564, 000 $200, 000 1 $1, 381,000
otal issned—
NUMDET OF BATOS « o et anetieis it enriereaetie e resaastnsnsnnausarossonnnnnnn 1086, 208 1,821 83, 000 B, 398 2,600 13,479
Par valug PN . . $10, 520, 065 $220, 765 $8, 157,500 $584, BOO 260,000 | 1,347, 8
Diviélggggoygliﬂ .......................................................... . $64,800 $3,126 $86,700 ooiiaiennn §2,400 $23, 074
Authorized— .
Number of shares. .. 61, 680 1,821 88,100 B, 240 2,000 13, 819
Isqul(::ir value ....... vie §6, 046, 666 $220, 766 $3, 660,000 524, 000 $260,000 | $1, 881, 900
T NUTIDET OF SIATES «1 s vveesieeaenseeie e aans . 60, 998 1,821 38, 000 5, 008 2, 600 13, 479
PAr VATIE Lovn e it i e nr i rane s e .- £5, 905, 065 $220, 765 $3, 667, 500 #5609, B0 $260,000 + 81,347,800
Preferrgtjii—-ﬂdenas 2 G $64, 300 $3,126 $36,700 {...ooiinnna. $2, 400 #28,074
Authorized—
NUMBDET OF SIATCE ¢ o v v vt cvnciaersoiiesaaneurnrasnsnsnrannras 46,800 || ,..enuen.nn 45, 000 B0 |eeeeeeiieeacfrnrinnoranee
PAF VAIIG L vttt it ianyationnrarmenaent ettt aaaeeaanas §4,580,000 loeeeevsennen $4, 500, 000 $30,000 [oeveranneanafioiaainaia
Issued—
Number of shares ... 45,800 evnrronnan 45, 000 BO0 lurereeenannfietrncanneoas
Par value $4,580,000 [|.0.evinennen $4, 500, 000 $30,000 Looennennnn TN
Bonds!
Authorized—
NUmMber.....ovvvvvieiaiins Y 1, 646 26 1, 500 220 1.
Ism;é’gr vnlue $1, 145, 000 $25, 000 §1, 000, 000 $120, 000 |...
" Number.......... A R RO 145 120
Par value ... $146, 000 $26, 000 §120, 000
Interest paid .. .. veee ces 82,700 §1, 500 2
Assessments levied........... [ O PP e heiemeenaenneeeranes 83,240 (o.vivinnnnnn $3, 240

10n¢ of these companies operated mines and gnarries in Town, Kansas, New York, Ohio, and Oklahoma, as well as in Michigan,
2 (1 company operating quarries also in Oklahoma and Wyoming): Utal, 1; Virginia, 1; Wyoming, 1.

2Includes companies distrig\lted asfollows: Towa, 3; Texas,

Of the 26 incorporated companies, 6 were in New
York, 5 in Kansas, 4 in Michigan, 8 each in Towa and
Oklahoma, 2 in Texas, and 1 each in Utah, Virginia,
and Wyoming. These companies operated 43 mines or
quarries distributed as follows: 9 in Towa, 8 in New
York, 7 in Kangas, 6 in Michigan, 5 in Oklahoma, 2
each in Ohio, Texag, and Wyoming, and 1 each in Utah
and Virginia. The capitalization was reported for all
of the incorporated companies, with the exception of
1 company in Iowa not engaged exclusively in the

mining or quarrying of gypsum and the manufacture
of its products. The authorized capital stock consisted
of 61,580 shares of common stock of a par value of
$6,046,665, and 45,300 sharves of preferred stock of a
par value of $4,580,000; at the close of the year covered
by this investigation, 60,998 shares of common stock of
a par value of $5,995,965, and all of the preferred stock
had been issued. The authorized bonded indebtedness
comprised 1,645 bonds of a par value of $1,145,000, of
which there had been issued 145 bonds of a par value
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of §14£5,000. The outstanding capital stock and bonds
issued nggregated $10,670,965.

The interest paid on the bonded debt was “&2,7()0 the
small amount is explained by the fact that the organiza-
tion of several of the companies oouu'rod during 1902,
and only 2 companies reported the payment of inter-
est on bonds aggregating $45,000. Dividends amount-
ing to $064,300 were paid by 6 companies, distributed
1 each in Towa, Kansas, Michigan, Oklahoma, Texas,
and Utah. The capitalization of 1 company operating
mines or quarries in Iowa, Kansas, Michigan, New
Yorlk, Ohio, and Oklahoma was ceredited to Michigan, as
its largest production was from that state; and, in like
manner, the capitalization of 1 company operating mines
or quarries in Oklahoma, Texas, and Wyoming wus
credited to Texas, where 1ts largest plant was located.

Lmployees  and  wages.—Of  the total amount,
$1,059,678, reported as paid for salaries and wages,
$7560,258, or T1.6 per cont, was paid to the wage-earners,
and %’1300,4‘)0, or 28.4 per cent, to the salavied employees,

The variation in the number of wage-earners em-
ployed at different seasons of the year is shown in Table
G, which gives the average number of men and boys
employed during each month. The omploymout of
hoys under 16 is reported only in the case of 1 mine,

The least average number of wage-earners employed

during any month was 778 in January, and the largest
average number for any month was 1,696 in Septemben.
For the remaining months the number fluctuated within
a comparatively narrow range. The number of wage-
earners employed at specified daily rates of pay is also
shown in Table 6. ’

The prevailing rate of pay for wage-earners was
from $1.50 to $L.74 per day, 754, or 51.2 per cent,
receiving this rate. The per cent receiving less than
$1.25 per day was only 2.5; 5.6 per cent received from
$1.25 to $1.49; 23 per cent, from $1.75 to $1.99; 10.2
per cent, from $2 to $2.24; 3.8 per cent, from $2.25 to
$2.49; 2.5 per cent, from $2.50 to $2.74; and 1.7 per
cent received $3 and over. Of the total number of
wage-earners 614, or 41.7 per cent, were classed as
miners or quarrymen. Of these 829, or 22.4 per
cent, received from $1.50 to $1.74 per day, Nine
mcelvcd from §3 to $3.24 per day.

Mining and quarrymg on a tonnage basis was
reported by 18 mines or quarries, at rates ranging
from a minimum of $0.20 per ton to a maximum of

$0.65 per ton, with an average of $0.445 per ton.

These mines or quarries were distributed as follows: 7
in Jowa, 4 in New York, 2 in Kansas, and 1 each in
California, Michigan, Oklahoma, Texas, and Utah.
Supplies, materials, and miscellancous emxpenses.~—
The total amount reported for supplies and materials
was $341,760. In the case of operators producing
uncalcined gypsum only, either crude gypsum or land

plaster, the expense for supplies and materials was
small, only 5 or 10 cents per ton.

Tho total amount reported for nmcellmmous expenses
was $200,769, of which amount $49,912 was paid by 20
mines or quarries for royalties and rent of mine and
mining plant; and $150,857 for rent of offices, taxes,
insurance, interest, and other sundries. The mines or
quarries reporting the payment of royalties and rent, of
mine and mining plant weve distributed as follows: Six
in New York, 4 in Kansas, 2 each in Iowa,.Ohio, Okla-
homa, and Wyoming, and 1 each in Texas and Virginia.

HMechanical power.—O1f the 62 mines or quarries
operated, 55 reported power, the primary power
employed aggregating 7,319 horsepower.  Where mills
were operated in conjunction with the mine or quarry,
this includes mill power as well as power directly
employed in mining or quarrying. The power was
supplied by 68 steam engines, aggregating 6,385 horse-
power; 2 gas or gasoline engines with a total of 20
horsepower; and 11 water wheels having 914 horse-
power. There were, in addition, 5 electric motors with
4 capacity of 68 horsepower.

Lroduction.—The total production for the year 1902
was 816,478 short tons of gypsum quarried, of which
674,232 tons were caleined, producing 589,387 tons of
caleined plaster—plaster of Paris and wall or cement
plaster—valuned at $1,889,190. There were sold in the
crude state 81,455 tons of gypsum, valued at $98,914,
an average price of $L.15 per ton; and 60,791 tons
g‘round for land plaster, valued at $106,287, an average
price of §L.75 per ton, . The 589,887 tons of calcined
products comprised 188,702 tons of plaster of Paris,
valued at $562,928, an average price of $2.98 per ton;
and 350,685 tons of wall or cement plaster, valued at
$1,326,262, an average price of $3.78 per ton.. The
production of the 188,702 tons sold as plaster of Paris.
consumed 935,878 tons of crude gypsum; and the pro-
duction of the 850,685 tons of wall or cement plaster
consumed 438,854 tons of gypsum before calcination
into plaster of Paris and manufacture into wall or
cement plaster. The increase in the marketable gyp-
sum products for 1902 over those of 1889 was in quan-
tity 434,908 tons, or 63.7 per cent, and in value
$1,325,228, or 178.4 per cent.

Of the calcined products 65.3 per cent was wall or
cement plaster, including all of the calcined product
from the states of Nevada, South Dakota, and Utah; 90
per cent and over of that from szhfornla, Kansas, Mon-
tana, Oklahoma, Texas, and Wyoming; from 80 to 90
per cent of that from Iowa and Oregon; 60 per cent of
that from Colorado, and less than 50 per cent only from
Michigan, New York, Ohio, and Virginia.

Table 8 shows the production of gypsum inthe United
States from 1880 to 1902, as 1'eported by the United
States Geological Survey.




TasLe 3.—Production of gypsum: 1880 to 1902.

[United States Geologival Survey, ** Mineral Resources of the United States,”
1901 and 1802.]

Quantity of| fHiC eTRe" Quantity of | it SLELE
YraR, BYRSUI 1y g D]llHCLt. YEAR. QYDSIID |y ]‘!hmlcll‘:
{short tons). |y 4 ealeined. (shart tons).\ nq caleined,
90, 000 400, 000 200, 269 $695, 492
8h, 000 370, 000 253,616 696, G156
100, 600 460, 000 239,812 761,719
90, 000 420, 000 265, 503 797,447
90, 000 390 000 224,264 073, 344
90, 405 400, 000 288, 982 760, 364
95, 260 498, 625 201, 638 765, 280
4%, 000 426, 000 486, 235 1,287, 080
110, 000 1360, 000 694, 462 1, 627,203
1267,708 704, 118 633, 791 1, 506, 641
182, 906 074,523 2816,478 2, 0RY, 342

208, 126 G28, 051

TMarketable produets, 246,725 short tons,
2 Marketable producets, 681,633 short tons,

Beginning with the year 1899 there was shown a
nmarked annual increase in the quantity of gypsum pro-
duced. The increase in 1899 was 66.7 per cent; in 1900,
22,3 per cent; in 1901, 12 per cent; and 1902, 24 per
cent., The total increase from 1898 to 1002 was 524,840
tong, or 180 per cent.

TapLe 5.~THE WORLIYS PRODUCTION OF GYPSUM:

MINES AND QUARRIES.

The imports of gypsum from 1839 to 1902 are shown
in the following table:

4

Gypswm imported indo the United States: 1889 to 19022.

TanLe 4.

[United States Geological Survey, "i\gim]-,ml Resources of the United States,”
’ 02,

GROUND OR (AL~
" INGROUND,
CINED. UNGROUNT Value of
manu- | o
YEAR ENDING— faetured ;l‘:’lt&l‘
Quantity Quantity plaster o
(long | Value. || (long | Value. [jof Paris.
tons), tons),
Decembuer 31— !

1689, 5,406 [$40,201 || 170,965 {§179, 849 || ) 18220, 140
7, B8 | BB, 270 171,280 | 174,609 1) 220, 859

9,560 | 97,816 110A 267 | 129, 003 1; 926, 319

6, 832 75, GO 181, 104 | 232,408 1 308, 011

3,863 | 81,670 164,300 | 180, 25. (] 211, 924

2,027 | 16, 828 162, 600 | 179, 287 (1) 196, 060

3,206 | 21,526 1‘.)‘2., 849 | 215,706 $10, 352 | 247, 5RY

8,202 | 21,082 180,269 | 198, hdd 11,722 | 227,248

2,664 | 17,028 168,201 | 178, 686 16,7156 | 212,420

2,473 | 18, K01 166, 066 | 181, 364 40,970 [ 240, 844

8,260 | 19,250 | 196,579 [ 220,603 08,073 | 297,996

3,109 | 19,179 209, 8R1 | 220, 878 66,473 1 315, 530

8,106 19 627 || 285,204 | 23R,4:40 GR, GOJ | 426, 670

8,647 | 28,226 306, 367 | 284,042 2,638 | 360, 700

1 Not specified.

The world’a productlon of gypsum from 18393 to 1902,
inelusive, is shown in the following table:

1803 TO 1802,

[Unite'd Stales Geologiond Survey, ** Mineral Resources of the United States,” 1002,]

I
UNITED STATES. FRANCGE, CANADA, GRBAT BRITAIN, || GERMAN EMPIRE, t ALGERIA, INDLS, CYPRUS,
!
\
YEAR. | Quan- 1t Quan- Quan- Quan- [ Quan- Quan- Quan-

Uty , Quauntity . tity LY | e || HEY Y | e |ty Y e
(shgrt Value, g;]l}‘(‘:;‘t Value, (shart Value, (short Value. (short Value, || (short Value, (short Value. (short Value,
tons). ‘ tons). tons). tons), tons). tous). tons),

268, 615 | $096,615 | .everernnn]isernrinan 192,508 (#1906, 160 1| 168,122 [3987,940 | .oooieii]oeeerreeatloreneneoa]sesuesaaalloorcacioslianensees 2,857 | &6, 62h

239, 312 761,719 ¢ 1,603,831 [$2, 801,365 || 293,631 [ 202,031 || 169,102 | 821,822 ... .. oi]eeevannns 36,355 (8114, 900 8,MB | $1,006 3,104 9, 06

265, 503 797,447 |} 2,176,448 { 3, 802, 768 || 226,178 | 202,608 || 190,087 | 348,400 23,004 | $11,040 70,127 | 183,226 7,511 l.J 7 2,088 5, 462

224,254 578,844 11 1,860,498 | 2,601,200 |1 207,082 | 178,001 || 213,028 | 861,509 31,786 | 14,508 41,330 { 114,361 8,248 3,180 1,080 2,500

288, 182 765, 86:1 1,84.),874 2,873,088 || 239,601 | 244,581 || 203, 161 | 825,513 28,821 | 18,228 40,510 | 109, 648 9,026 ‘3,.3&‘3 4,187 §, 162

201, 688 765,280 |1 1,081,712 | 2,777,816 || 219,256 | 280,440 || 219,519 | 845, 882 28,815 | 18,166 || 41,166 | 110,660 0,249 1,608 5 4,979 7,001
.| 486,236 | 1,287,080 1| 1,802,812 | 2,641,020 || 244,666 | 267, 320 || 238,071 {-872,078 32,760 | 19,660 44,087 | 117,805 7,216 08 0| 4,402 8, 868
.| 594,462 | 1,627,208 |} 1,701,835 | 2 772,221 252,0()1 259, 000 1| 283,002 | 348,210 39,108 | 17,199 41,446 | 189,190 4, 865 4"[ .................
. 63’-} 701 | 1,506,641 || 2,182,220 | 3,449,747 1| 293,879 | 840,148 2"4 919 | 844,680 || 185, 013 | 123,130 88, 065 | 132,286 E”) _

816,478 | 2,089, 841 &) [G] 382, 045 366, 817 _.)1,615 (©) %) (%) | %) ) %) (')

)

1Includes Baden, .

The detailed statistics for the gypsum industry dur-
ing 1902 are given in Table 6.

DESCRIPTIVE.

Gypsum, a natural product, is caleium sulphate, of the
chemical formula CaS0,.2 H,0, containing 46.5 per cent
of sulphurie acid, 32.6 per cent of lime, and 20.9 per cent
of water. Anhydrite, a mineral like gypsum, but, as
its name indicates, containing no water, is composed of
58.8 per cent of sulphuric acid and 41.2 per cent of
lime. This absorbs water and changm to gypsum,

When gypsum is properly calcined it loses a part of the
water of its composition and becomes plaster of Paris,
the name originating from the great deposits of gypsum
worked at Montmartre, a suburb of Paris. The trans-
parent crystallized variety of gypsum is called selenite;
ity fine massive variety, alahaster; and its fibrous form,

2Not yet availuble,

satin spar. A loose earthy gypsum found in Kansas
and other points in the West is called gy psite.

(rypsum crystallizes in the monoclinic gystem, has a
hardness of 2, and a specific gravity of 2.81. Its color
is usuullv white, although sometimes red, green, blue,
gray, or brown, When protected from tho action of
water it is extremely durable, as evidenced by the
numerous monumental effigies, many centuries old, in
European churches and elsewhere.

It is quite generally distributed and occurs in irregu-
lar and often in very extensive and massive deposits.
A deposit of white crystalline gypsum at Netherfield,
England, is more than 50 feet in thickuness, and in the
Thitringerwald, Germany, a great mass has been sunk
through to a depth of 70 feet. The gypsum deposits of
Onondaga county, N. Y., show in places a thickness of
60 feet. The snow-white alabaster found at Volterra,




GYPSUM.

in Tuscany, Ttaly, is used extensively at Florence and
Leghorn for works of art. ~ It is white when newly
broken and on drying becomes even whiter on the sur-
face, It is easily cut and turned and under proper
freatment takes a fine polish and satin luster,
Origin.—QGypsum deposits have been formed by
divect deposition, and by the alteration of existing lime
deposits. Most of the gypsum deposits of the world
are considered to have been formed by the evaporation
and concentration of sea water, although the caleium
sulphate is not deposited until about 80 per cent of the
water has been evaporated. Sea water, according to
the analyses in the Challenger Reports, contains 8.5 per
cent of mineral matter of the following constituents:

Per cent,

Sodium chloride (salt) . ... ... s 77.758
Magnesium chloride . ... ooo o 10, 878
Magnesium sulphate.......... oo ool 4, 737
Caleinm sulphate (gypsum). . oo oo iiiat 3. 600
Potassivm sulphate. ..o - 2,405
Caleivum earbonate_ ... .. il 0. 345
Magnesium bromide... .o oo il 0.217

100, 000

When such a body of water cut off from the ocean is
evaporated, the caleium sulphate is deposited before
the sodium chloride, the latter being thrown down only
gfter the removal of 93 per cent of the water. With
complete evaporation and deposition there would be,
therefore, first & deposit of gypsum and then o heavy
deposit of salt, though the evaporation may go far
enough to deposit the gypsum, but not far enough to
deposit the salt; or if the latter be deposited it may be
removed subsequently by solution.  Grypsum deposits,
therefore, are more widely spread than salt, hut usually
oceur in thinner beds.

When sulphurie acid, liberated by the decomposition
of pyrite, acts on calciutn earbonate and converts it into
caleium sulphate, there is generally a gradual transition
from the limestone into the gypsum rock.

Gypsum is deposited by some thermal springs, as in
Iceland, where the sulphurous acids on becoming oxi-
dized change to sulphuric acid, which converts the cal-
cium earbonate into calcium sulphate, and this when
evaporation takes place is deposited in fibrous and
erystalline forms.

The theory of Dawson on the origin of gypsum at
Plaister Cove, Nova Scotia, is as follows: First, there
was an accumulation of numerous thin layers of lime-
stone, cither so rapidly or at such great depths that
organic remains were not included in any but the upper
Inyers. Second, there was an introduction of sulphuric
aeid, in solution or in vapor, which was a product of
- voleanic action. Then for a long time the acid waters
acted upon the calcareous material without interruption
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from mechanical detritus, changing the calcium carbon-
ate to caleiwmn sulphate, and gypsum of good quality
accumulated in considerable thickness. _

Oceurrence.—Gypsum is widely distributed geolog-
ically, being found in various formations ranging from
the Silurian up to the Tertiavy. InNew York extensive
beds of gypsum are found in the Silurian formation;
in Ohio and Michigan they occur in the Carboniferous;
and in Towa and Kansas they are Cretaceous.

Gypsum is also widely distributed geographically.
In the United States it is found in Arizona, California,
Colorado, Towa, Kansas, Michigan, Montana, Nevada,
New Mexico, New York, Ohio, Oklahoma, Oregon,
South Dakota, Texas, Utah, Virginia, and Wyoming,
and is mined in all these states except Arizona, Mis-
souri, and New Mexico, It is found in Arabia, Austria,
Bohemia, Canada, Egypt, England, France, Germany,
Italy, Norway, and Persin.

Use.~The use of gypsum was known at o very early
period, for the Greeks were familiar with it, as shown
by the writings of Theophrastus and Pliny. Gypsum
in its ground, uncaleined state is used chiefly for land
plaster, a fevtilizer. Inits caleined form, as plaster of
Paris, it has extensive and varied uses.

Land plaster.~-Ground plaster has long been used as
a fertilizer, Virgil wrote concerning the value of gyp-
sum on cultivated lands, Benjamin Franklin called at-
tention to the value of gypsum as a fertilizer for grass
by sowing land plaster in a clover Held, so as to form
the sentence, ““This has been plastered with gypsum,”
the letters showing by the height and color of the clover
where gypsum had been sown,

Numerous experiments and tests are on record as to
the value of gypsum as a fertilizer.  Boussingault in
1841 fertilized a clover field with gypsum and analyzed
the clover grown on fertilized and on untertilized land.
These experiments were conducted for two years on the
same land, and the analyses of the ash of the clover
from a hectare of ground showed as follows, in kilo-
grams:

Analyses of clover

[ 1841 1842
Land Land
Land with sithout | 1end with withowt
gypsunt. Q‘;}[Esllnl, gypsum. Zypsiun,
Ashes free from COsuucnnnnnnnns 270,0 113,0 80,0 97.0
SIeR it 28.1 257 10.4 12.7
Oxide (iron, manganese, alu-
mina) 2.7 1.4 ) 0.6
Lime.... 79,4 32,2 1028 32.2
Magnesi 18.1 8.8 28,5 7.
Potush 95,6 26,7 07.2 28. 6
Soda 2! 1.4 0.8 2.8
Sulpht 9.2 4.4 0.0 3.0
Phosphoricacid.. cee 4,2 11,0 22,9 7.0
L83 100) 9§ T 0.3 4.6 8.4 3.0

Gypsum Cement Plasters,
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This shows an increase in all the mineral constituents,
but especially in lime, magnesia, and potash.

The theories of the action of gypsum as a fertilizer
have beenmany. Sir Humphry Davy and others before
and after his time have regarded gypsum as a direct
source of plant food. It is now thought that gypsum
acts as a fertilizer in three ways, one mechanical and
two chemical:

(1) The gypsum by mechanical action floceulates
loose soils.

(2) Gypsum as pomted out by Storer* has nearly one-
half its weight in oxygen and gives this up to many
substances, and so may act upon nitrogenous and car-
boniferous substances in the soil.

(8) Gypsum decomposes the double silicates in the
earth, setting free potash as a soluble silicate. Accord-
ing to Storer, the action is as follows:

4101 Ah0n

a0 | <ren nany ) Cal T LT O
Gl X8I0, -+ Ca0S0, ={ () 1X8I0, -+ K,080y
H:0 ,0

By this means the potash in solution reaches the roots
of the plants. Soils with abundant potash do not need
land plaster, and soils with no potash compounds are
not benefited in this respect by it.

Plaster of Paris.—The phenomena attendant upon
the baking and hardening of plaster of Paris were first
studied by Lavoisier. In the Comptes Rendus of Feb-
ruary 17, 1765, appears the following: “After having
removed the water of hydration from gypsum by heat,

if it be presented to it again (this is commonly known*

as the mixing or tempering of plaster), it takes it back
with avidity, and suddenly assumes a state of irregular
crystallization; the small crystals which form become
confused with each other, the result being a very hard
mass.” Lavoisier discovered that when plaster was
baked at too high a temperature it lost its peculiar
property of setting, and that when it was heated the
water of crystallization was removed at two different
stages, three-fourths of it being much more easily
removed than the remainder. Payen, in 1830, found
that gypsum began to lose its water of crystallization
at-115° C., and that the loss increased rapidly as the
temperature rose. Te concluded‘that a temperature of
from 110° to 120° C. was the best for calcination, but
that plaster of Paris could be made at a lower tempera-
ture, even as low as 80° C., if the burning were con-
tinued long enough. He found that gypsum was
dehydrated if heated to about 250¢ C.,and from 300° to
400° C. it lost completely the properties of hydration.

Le Chatelier experimented in 1887 on the effects of
temperature on gypsum. On heating gypsum to 200°
C., he found that there was a constant rise in tempera-
ture, with two breaks; the first halt at 198° C. and the
second at 163° C., indicating the existence of two dif-
ferent hydrates, whose decomposition took place at the

! Chemistry of Agriculture, Vol. I, 1887, pages 208 to 216.
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temperatures stated. The dehydration was found to
be incomplete at 155% C. and complete at 194° C,
An analysis of the first hydrate gave:

Per ¢ent.
‘thu .................................................. 6.7

93,8

100. 0
This agrees very closely with the formula‘(CuSOi)2
H,0, which gives:

Por ¢ont,
B0 6.2

Calcium sulphate. ... i et ans 03,8

. 100.0

Grypsum has 1 part of calcium sulphate united with 2

parts of water, while this hydrate shows 2 parts of eal-

cium sulphate united with 1 part of water. The same

hydrate is found in the incrustation of the hoilers of

ocean' steamers when fed with sea water, as shown hy
the following analysis:

Analysis of botler inerustation from a trans-Atlantic steamer.

Ter cent.

Caleinm carhonnte. oo o e 0.3
Ferric oxide oo .. oo i eeeiaeeiiaaaaa 2.0
B e 5.8
Caleium gulphate. .. ..o i e i 01. 9

100.0

The temperature at which this compound is com-
pletely dehydrated lies between 160° and 170° C,
Broken up and mixed with water, it hydrates and
hardens, Further experiments showed plaster of Paris
to be a definite hydrate with the formula (CaSO,),H,0.

The second halt noticed in Le Chatelier’s experiments
took place at 163° C., and from this temperature to
221° . no change was noted in the plaster, but beyond

- 221° C. the plaster, when mixed with water, did not ab-

sorl it readily and set only after a long time. If the
heat reaches 343° (»., the plaster acts like an anhydrite
and is said to be ““dead burned.” It will not set on the
addition of water., When heated still more the sub-
stance melts and, on cooling, forms a crystalline mass,
which can not be’ decomposed by heat, except in the
presence of organic matter, when it changes into CaS.
If this snbstance is acted upon by carbon dioxide gas
(CO,) and water, sulphureted hydrogen gas is formed.

The burning of gypsum is, therefore, a very impor-
tant matter, and calciners become very expert. If the
gypsum is underburned, the new hydrate is not formed,
and the plaster will not set. If it is overburned, the
plaster sets very slowly.

Lavoisier gave the following account of his theory of
set in plaster:

I took the calcined plaster, which hardens readily with water,
and threw it into a considerable amount of water. Each molecule
of plaster, in passing through the liquid, seized its molecule of
water of crystallization and fell to the bottom in the form. of small

brilliant needles, visible only with a strong lens. These needles,
dried in the open air or with the aid of a moderate heat, are very
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soft and silky to the touch. Under a microscope it is perceived
that what was taken under the lens for needles are also parallel-
opipeds, very fine, some thicker, many thinner, and many more
elongated. The plaster in this state is not capable of uniting with
water, but if it i3 caleined anew these small crystals loge their
transparency and their water of mystullu,atwn and become again a
trae plaster, as perfect asbefore. One may, in this fashion, success-
fully ealeine and recrystallize the plaster, even to infinity, and con-
sequently give to it at will the property of seizing water,

Landrin, who, in a paper published in 1874,' quoted
the above, and gave the results of a study of plaster,
divided the set of plaster into four periods as follows:

(1) The calcined plaster, on contact with water, unites
with this liquid and takes a crystalline form.

(2} The plaster dissolves partianlly in the water, which
beeomes saturated with this salt.

(8) A part of this liquid evaporates, due to the heat
set free in the chemical combination. A crystal is
formed and determines the erystallization of the entire
mass, 8 phenomenon which is analogous to that which
takes place when a piece of sodium sulphate is plnced
in a saturated solution of this salt.

(4) The maximum hardness is reached when tho plas-
ter loses enough water to correspond exactly to the
formula {CaSO,),I,0, this maximum being to the
remainder in proportion to. the quantity of water
added to the plaster to transform it into mortar,

The maximum hardness then was veached when
the plaster contained about 20 per cent of water.
Landrin believed that the loss of water was due to the
evaporation.

Le Chatelier showed that plaster would set in a
vacuum, so that evaporation was not a necessary step.
According to Le Chatelier, the plaster of Paris dis-
solves, becomes hydrated, and then crystallizes out
as gypsum, and every particle of the plmtu' goes
through these steps.

Microscopic examination® shows that ground gypsum,
before caleination, is composed of rather large masses
of various sizes, these masses consisting of more or
less broken crystals, After calcination these larger
masses are broken up into fine granules nearly uniform
in size and shape. As the material is heated, the water
is changed into stean and, expanding, hreaks the crys-
tulsinto finer particles. There is thuya physical change,
as well as a chemical one,

When water is added to the calcined plaster, small

- needle-like crystals are seen forming and shooting out.

here and there, and these, as they become more abun-
dant, unite and form a solid mass, in which the indi-
vidual erystals can scarcely be distinguished. Open
spages left in the mass are finally closed and a firm
solid mass results.

Uncaleined gypsum treated with water shows, under
the microscope, very little change.

Anuales de Clnnne, 1874.
* University Geological Survey of Kansag, Vol. V, Repm‘t on
(rypsum and Grypsum Cement Plasters, pages 92 to 95.

Gypsum erystal-

lized by evaporation shows crystals which are not
needle-shaped, but broader and of considerable irregu-
larity. 'They do not interpenetrate, but form a loose
mass which readily crumbles.

Crystallization is aided by the small size of the graing,
and the finer-grained plasters set more rapidly than the
coarser-grained ones, as shown by the comparison of
the fine dental plasters with ordinary plaster of Paris.

Manyfucture.~In the manufacture of plaster of Paris
the gypsum rock is crushed and ground into flour in a
bubr mill, a roller mill, or a disintegrator. The ground
gypsum is then pagsed into storage bins, In some mills
the flour gypsum is conveyed to the bins by an air blast.

The calcining kettles are made of boiler steel and
hold about 8 tons; the flame is earried around the sides,
by flues, so as to heat all parts. In charging, the
ground gypsum is run slowly into the kettle, which is
kept at & temperature of 212° F. or over; about an
hour and a half is consumed in filling to a depth of 5
feet. The material is kept in motion by a mechanical
gtirrer, it being of the greatest importance that the
partly caleined plaster shall not remain in contact with
the heated iron. The slow filling tends to keep the
heat constant or nearly so during the charging, and
as the boiling increases the plastel‘ is occasionally
thrown in “waves” out of the kettle. The heated
material boils like thick cream, and runs almost like
water. The boiling is, of course, due to the escape of
the water of erystallization and the hygroscopic water
that may be present. The boiling takes about three
hours; & short time hefore completion, when the tem-
perature reaches 270° ¥., there is a sudden settling
down and the steam ceases to rise, marking the period
of formation of the first hydrate. Soon the mass
beging to hoil again; after a certain time, quite accu-
rately determined by the expert calciner, when a tem-
perature of approximately 850° F. is reached, the
charge is done, the discharge gate is opened, and the
finished product runs out into a vault. The refilling of
the kettle for the succeeding charge begins at once.

Retarders.—As plaster of Paris, when mixed with
water, sets in from six to ten minutes, material is incor-
porated therewith, either during its manufacture or at
the time of its preparation for use, to delay or hold
back the set, in order that the cement plaster can be
prepared in quantity and applied with uniform results.
These compounds or admixtures are known as retarders
or restrainers. In the early days of cement plaster,
glue was added by the workman when he prepared the
material for use; but now, to secure uniform results,
the retarder is, as a rule, incorporated with the pl;wter
in the process of mmmfactmc. Citric acid was used
for a time, but this was expensive, and the results were
often uneven. As magnesian limes set more slowly
than calcareous limes, it was thought that the addition
of magnesian limestone would serve as a retarder, but
the use of this substance is said not to be a Success.
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In the days of the Romans, blood was used to retard
the set of plaster of Paris, and organic matter from
slaughterhounse refuse (tankage, bones, hair, ete.), forms
the base of many of the retarders now in use.

Any substance which, when added to the water with
which calcined gypsum is mixed, or to the dry plaster,
will keep the molecules apart or from too close con-
tact will delay the crystallization and retard the set-
ting. Such substances are dirt or organic matter not
of a crystalline character. Insoluble material or car-
bonates of the alkaline earths will dilute the plaster so
that it will not set as quickly as the unadulterated plas-
ter. Whether a retarder weakens the cement plaster
or not is a disputed question among architects and
plasterers, although it is conceded that the addition of
too much foreign material reduces the strength of the
mass of interlacing crystals. As a general rule the
prolongation of the period of crystallization or set is
determined by the guantity of retarder added to or
incorporated with the plaster. Calcined plaster which
sets slowly, whether retarded or not, is known'as cement
plaster.

Accelerators.—It is a well-known fact that when a
salt crystal is dropped into a supersaturated solution of
a salt, as for instance sodium sulphate, the whole mass
immediately crystallizes. Crystals, or even solid par-
ticles of foreign material, will hasten the crystalliza-
tion. . Hence, to make a quick-setting plaster, as for
dental use, some other crystallizing salt, as alum or
borax, is added, in small quantity, to the calcined gyp-
gsum. The result is that, after solution, the added salt
hasa tendency to crystallize, and thus starts the process
in the dehydrated gypsum.

Lrocesses for hardening plaster.—When caleined gyp-
sum is steeped in a solution containing from 8 to 10
per cent of alum, and then dried and again burned with
a dull red heat of uniform and constant temperature
(Greenwood’s process), a plaster is produced which
after setting is very much harder than the ordinary
plaster. Casts made of such plaster solidify gradually,
but finally acquire a hardness similar to that of ala-
baster or marble, and present a translucent appear-
ance resembling these substances. According to
Landrin, this change in the plaster is not to be
accounted for by the formation of double sulphates of
lime and alkali, nor by the crystals of calcium sulphate
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being embedded in alumina; but rather by the caleinm
carbonate in the plaster stone being converted by the
alum into caleium sulphate. A liquid containing from
8 to 10 per cent of sulphurie acid acts in a similar man-
ner. Landrin analyzed alum plasters with the following

results:

‘ Landrin's analyses of alum plasters.

‘ —
CONSTITUENTS,
DESCRIPTION OF SPECIMENS - S
(ALUM PLASTERS), CuS0y )= -

0Oy, 810y, Ha. Total.
Trench cement.....oooeneeeen 96,76 1,05 0,72 1,48 100
English cement, No, I.o........ 98,19 [ ) I PR 1,40 100
English cement, No. 2......... 98, 02 0,87 0,42 1.1% 100
SEICCO. it 98, 0% 0,36 0,51 1.08 100

These figures show that the alum cements are of
great purity and have no trace of alumina or potash.

Keene’s hard cement is produced by impregnating
plaster of Paris with a solution of 1 part of borax and
1 part of cream of tartar in 18 parts of water, drying
and burning at a low red heat for six hours. Borax
alone serves the purpose. The plaster hardens more
slowly as the solution is more concentrated.

Silicated plaster is formed by sponging the surface
of plaster casts with a solution formed by first adding
whey, free from fatty matter, to & potash lye solution
made by adding 1 part of potash to 5 parts of water,
and afterwards mixing 4 parts of this with a simple
solution of potassium silicate.

Stearin melted at not too high a temperature has
been employed as a bath in which plaster casts are
immersed.

Landrin found that ime had great influence on plas-
ters. DBy mixing lime with the plaster in different pro-
portions, not to exceed 10 per cent, he obtained plaster
which set regularly, beeame very hard, and took a high
polish. '

A largo number of patents have been issued for re-
tarding compounds and admixtures, and for prepared
plasters, ag well as for processes of manufacture and
for hardening gypsum, and a digest of the same will be
found in an appendix. There have also been issued
some 280 or more patents for improvements in the arts
involving the use of gypsum or plaster of Paris in the
manufacture of artificial stone, wall and roofing
cements, pavements, crayons, hlackboards, heat insu-
lating composition, etc.
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Tasue 6. —DETAILED SUMMARY : 1602,

HS:&S Towa, Runsas. | Michigan, New York. Oklahoma,| Wyoming ‘\qltlutt)f-??r
Number of mines or quarries............o.ooiLLL. et ereraiaaaaan 62 9 7 ) 3
NUmMber 0f OPEIALOTS oo isr e vt i6 g 5 S : }g B 5 %g
Character of ownership; ; 9 4
Individnal oo s 18 7 5
}'irm.....t..l. .................. ] 9 o 4
NEOTPOTELel COMPAILY voriti it eneenes 26 i :
salaried offieials, clerks, ete.: ; 8 s 1 4
:}‘n:n} n n‘mher ......... .. . . 249 20 19 127 22 12 [ 48
ot sglRTICs. . e $300, 420 16, 883 20, 16 1, 245 32, 6 P 4, 52 4
Gegwm S $15, $20,160 | $171,245 : §82, 600 $4, 208 §4,208 | §48,106
Numln-l . 32 2 8 o4 8 4 1 9
#78, 936 $1, 626 $#10,000 $15, 700 $24,400 #2, 062 $1,600 §17, 649
qNSmli)e g15 3)%]? " l’}(l) . [ 0d 1 ] (i 2 18
LT 8 o < S 53, 0965 it 5,110 108, 656 3,076 &4, 700 1 08 1
Toremen below ground— ' ' . 108, #, 07 #, 700 $,703 | §19,301
]Jl}mlj)cr ................................................... 12 3 1 1 4 3
Salariey. oo e [ 88,048 $2, 228 900 826 2, 705 12,
Clen y s § § 2,70 2, 200
Numnber ..., PN et tasate e aa e e tresererenrcatsaaras 92 o [ 68 i) 2 3 13
Bnlaries. oo e 864,441 2, 480 §3,140 $46, 064 $2, 420 #5646 $926 #3, 866
Wage-earners:
ABgTegate AVErage NUMDEr oLttt et 1,472 203 146 359 214 66 15 379
ABBTCEALE WHEOS . 1ett ittt it ierirenniasretrenrnnnansenses 78 )9 268 §170, 828 $71, 201 $176, 607 $100, 996 834, 408 $7,675 | $107,483
- Above gronnd-- !
Total average number c.oieeeeiiiiiaaaa., Crreereaeeesien 1, 085 149 119 313 11 66 15 282
Total L 1 . 4§50 ,.)‘.)3 #86, 020 §58, 026 $152, 148 | $67, 408 §34, 408 87,675 | $145, 018
Engineers, firemen, and other meehanios— !
Avernge number............, . 13 10 28 12 . 9 1 28
Wages..oeiiennnn.. $63, 7-lfl #7, 531 $6,264 $17, 880 46,736 #6, 878 $332 $18, 934
Miners or quarrymen—
Average number et reeriteneeriaanen, 246 1 12 119 42 16 4 63
71 U reenss|  B12L, 546 $704 $5,473 §5h, 266 #20,116 $8, 309 $1,380 29, S08
Boys under 16 years -
Average number.. F: 2 R, L N 3
Wages...oveeuan, FH00 {arevennernnn R R ISR evreernaean. $500
All other wage-earners |
AVOTAEE NUMDOT e ettt ttneveieanieeiannennnan 735 136 97 166 47 A1 11 108
B TR N 8365, 803 877,786 46, 799 §79,007 §40, 657 §20,221 ¢ $5,703 $96, 671
Below ground— . )
Total average number ........viean,.. PO PN 387 144 16 73 ' 07
'Lott‘ill\mgt‘ﬂ ....... e areestenteresaataaateeinnniranananan . §207,606 884, 808 $13, " 8(') $24, 404 FABH88 1o i $51, 470
iners— i
Average number. ..o, Ceareree e 308 188 27 460 (e | 39
B LT T P o §198, 000 78, 048 13,236 24, 164 $33, HRs $17, 825
All other wago- enrlww-—
Average number. . 19 111, 8
WagES . uveeiieinnnns $9, 606 #5, 860 $3, 745
Average number of wage-carners at specified daily rates of puy:
Lngincers—
1,25 to 1
1,50 to 1
170 to 1
100 Lo §2.2 3
2,25 to §2 1
2.50 to §2. 2
3,00 1o §3,% 1
1,00 Lo §4.24. 2
Fircmen—
L P
1.50 to &
1.70 to
2,00 to §.
§2.95 2
32,60 10 §2, 71
Machinists,
1.25 to
1.50 Lo §1.74
1.76 to §1.99
2,00 to §2,24
2,25 Lo §2,
£3.00 to §3.24
84,00 to §4.24
84,26 and over
Miners or quarrymen—
1.206 to §1.49
1.50 to §1.74.
175 to $1.99.
£2.00 to $2,24.
82,20 to §2.49...
$2.50 to $2.74..
#3.00 to §3,24
Boys under 16 years—
0 $0,74 3
All other wage-earners—
.75 to $0 1
§1.00 to 82
$1.25 to 95
81,50 to 416
#1.75 to 161
$2.00 to 5
$2.25 t0 §2.49... 16
$3.00 to §3.24 9

! Tneludes operators di‘itributed ag follows: Californin, 1; Colorado, 1; Montana, 2; N cvudu. 1; Ohlo (2 mines; operator reported in \Imhlgml) Omgnn, 1
South Dukota & Texas, 2; Utah, 1; Virginia, 2. ’

:
¥
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TarLi G.—DETAILED SUMMARY: 1902—Continued.

gg:ttgg Town, Kansas, | Michigan, | New York. | Oklahoma.| Wyoming. AH;;)ttJ:,er
Average number of wage-earnery employed during eanch month;
Men 16 years and over—
January .......... 770 147 109 142 68 24 ] an2
by umuu-v ..... 271 251 138 360 194 19 12 : 271
Mareh........ 1,804 225 14 300 198 40 16 322
April......... 1,450 218 153 400 208 49 15 412
May.ooiias . 1,521 231 162 399 221 069 16, 483
June..... 1,608 332 149 401 27 [ 16 497
July . 1, 690 318 14H 402 222 67 18 418
Aungust .. 1,489 323 143 403 230 67 16 a17
scptemhur 1 693 387 170 402 247 67 16 404
October..... 1, (83 303 155 364 262 2 18 410
November.... 1, 6h6 7 150 hih] 264 102 15 408
December ... 1, 583 a7 1kt 353 262 90 15 892
Boys under 16 yvurs-—
January . 3 8
L«ebruurv ’i
3 ]
h 8
4 4
o 4
Augmt e te e eben ey : 4 41
%eptcmber. Creerreneranciranenn i 8
October........ 4 2
November...oooeeviuiiinns. 2 2
LT P PR PPN 2 2
fontract work:
Amountpadd....ooeeaiiiiiia P L2 1 | A SR FUUPORY P P P £406
NUMBEE OF I D OGN e - et veie e reeie et e ameaearaanaracoaesannnnns i | PO IR S [ NN Creeenenn
Migeellaneous expenses: ’ . y
0 RPN $200, 769 #6, 505 §27,181 $44, 715 $14, 081 §11, 118 §4,:162 §92, 717
Roynlties and rents of mine and miningpl 18 S M) 91" $1,088 .3. B07 foeenrsnnanan $7,601 7,600 #317 S‘") 894
Rent of offices, taxes, insurance, interest, and other sundries. 315() 867 #5,417 23, 671 $14, 716 86, D0 §3, 518 $3, 630 36‘%,3"'
So‘qblof supplies and mntuinls ......... eeenmas e aaaesratareraen $341,760 47, 683 825, 626 §54, G- 31,175 2, (07 #16, 598 | $109, 022
roduct:
uypsum BOTE BN, o i s e 816, 478 150, 923 (2,01 240,227 110,864 3,100 9, R01 200, 506
Gypsum caleined, short tons (before ealeinetion) ..o, 071 32 147,723 i, 770 158, 320 Th, 230 34,1566 9,501 189, 282
Marketable produc —
Total quantity, shorbtons.. .. ooiiiiiiiiiiiiiiaiaiine, 681, 683 120,779 0, 147 208, 768 03, 318 27,320 7,811 171, 660
Tutncl vnlluc. ............................................... $2, 089, ,su 387,734 8"0.), B60 $450, 621 $259,170 $111, 216 §38,872 | $677, 060
rude-—
Quantity .............. e aeaarneanann te e 81,450 G600 §oonnooll 8, 885 L S T 2,817
L1 L P $908, 014 $O00 {oemoonanoas $70, 460 FIB, 184 [ooviennnnnnn 37. 70
Land plaster— .
Quantity . .._.....oiiiaan e st sae e aieae 40, 791 2,000 2,881, 18,022 IR A O PR 17,457
£8PPSO $106, 287 $‘! 000 §3, 497 31(1, 340 3 M 1 O B, 33‘) 660
Calcined plaster-—
Quantity .....oociiiiiiiaa. Cevvecearaanas RO 530, 347 118,179 47,816 126, 6h6 60, 184 27,325 7,841, 151, 380
23 1 N .« B1, 889,190 ﬁ'l.ﬂ 834 $202, 063 $372,821 $200, 236 $111, ‘2.15 38,872 | $630, 649
Power owned:
Total horsepower .......... renen faassamaererateeratt e araeenee 7,314 1,806 555 1,676 1,469 130 212 1,678
Engines— :
Steam-— .
Number.......... Neeanaerraeianns FS 68 14 8 11 3] ] B 14
Horsepnwe g 6, 385 1,306 455 1, 5606 1,226 480 Al 1,193
Gas or gusoline— . .
Number....ceeeeeeens srveseanaenas rereneeet s L2 | PP P P F S P .
HOrSepoOwer. .o cnau. raaeiraraenes . Creeerveennae - | N L ] vevirensfenenrannas
Water wheels—
Number...... e h N emeanaaeisarest rere e are ey riaaaanan b A | 1 1 {i 2 PP 3
TLOTREDOWEL e e iiiieinnraniinnans serseneeinnarenceriinnan |1 0 | 100 110 224 [TOUE F vens 480
Eloctric motors— .
[ 3 | U peereas ‘e 1 q
68 ..... P P 25 43




APPENDIX. ' '

DIGEST OF UNITED STATES PATENTS.!

GYPSUM AND PLASTER OIF PARIS,
I—Procrsses.

TT—RErARDERS,

I— Processes.

1361—0etober 8, 1839. J. D. Grernwoon and R, W. Kzrye

Cenent for forming artificial stone.

Giypsum s saturated with water in which 1 pound of alum to
the gallon has been dissolved and then dried and ealeined.
211066—December 17, 1878, C. T, ToMrins

for use in paper making and other purposes.

Minutely erystalline sulphate of lime iy formed hy subjecting
gypsmn to continnouns agitation in o tank with water and to a con-
tinuous eireulation.

80811 1—November 18, 1884. J. Il Tricrny.  drt or process of ‘and
composition for making artificial stone,

It is composed of plaster of Paris, glycerin, and water, and is
boiled in a solution of brimstone after becoming set and dried.
300812—Decomber 28, 1884, R. B. Tason and J. J. MeGnveny.

Cement composition for molding vick, ele.

A mixture of gypsum and ashes in about equal proportions in a
dry pulverized state is boiled in water without agitation until the
water is evaporated and the mass dried out,

20047 —Seplember 8, 1885, W. ManNInG.
gypsun.

Alabaster in the form of a dry precipitated powder is formed by
subjecting gypsum to grinding, caleining, and agitation in water,
then floating in a floating apparatus, then foreing. through a filter,
and afterwards drying, erushing, sud grinding.

843184 June 1, 1886, U, CummiNas,  Manufucture of cement.

Tor the manufacture of a hydraulic or Portland cement a mix-
ture of clay 400 pounds and gypsum 1,266 pounds is caleined.
348181—June 8, 1886, 1. W, Mawsu.  Process of caleining gypsum,

Ground gypsum in a suitably constructed kettle is exposed to the
heat of superheated steam,

895169— December 25, 1888, 'W. MANNING,
gypsunt.

- To produce an impalpable opague anlydrous powder, gypsum i

subjected to a.second ealeination and subsequent reduction by

erushing and grinding.

519260—May 1, 1894, IL C. Thewisson.  Manufucture of plaster.

The plaster is heated to about 895°, then cooled to about 365°,
and then given a temperature of about 380° and discharged af such
temperature,
549151—November 5, 1895. . W. PaARKER,

gumsuz vock to tmilate chaleedony.

The rock is dehydrated by the action of hot air, and the porous
rock is then allowed to absorb a solution of sulphate of iron, nitric

Lreparing gupsuwn

Process of treating

Prucess of treating

DProcess of treating

acid, and potassinm gulphocyanide, after which it is immersed in
a solution of aluminum sulphate, Al, (80,), for 15 hours, then
exposed to the air and polished.
588387 —dugust 17, 1897, G, W. PaArkEr. DProcess of treating gup-
sum rock lo tmitate marble, )
The moisture is firat removec from the rock by the action of hot
air, then the hot rock is placed in a closed compartment charged
with the fumes of amumonia, and the cool rock is then immediately

immersed in 8 golution of aluminum sulphate until the pores ave
filled.

624200—Day 4, 1899, F, P Vax Hoox.  Method of producing plas-
ter products,

The material is caleined to a pulverulent condition and then,
while intensely heated, subjected Lo the action of a current of cold
air of such strength that the particles are taken up and carried in
suspension, and rapidly cooled,
655501—August ¥, 1900, T H, MercrroN-Vicar.  Artificial cement.

Natural marly limestone, or a prepared mixture of caleareous
matter and clay, containing sulphur, is caleined and then fused
under oxidizing conditions, thereby removing the sulphur while
the materials are in a state of fugion,
661247-—November ¢, 1000. W, R. JoansoN. Process of revivifying

old plasier of Paris,

It is subjected to two heatings and an intermediate wetting with
avidulated water, the first heating effecting a more complete re-
moval of water than the second, while the intermediate wetting
gerves to rehydrate the burnt plaster.
674700—Muay 21, 1901, A, B, COMMER.

compounds,

The raw material i heated until dehydration has commenced
and has been partially completed, and then the dehydration is
completed by the resident hest ol the material out of contact with
the air,
6r8412~July 16, 1901, W. Lussina, Process of burning cement,

gypsum, ele.

The gronnd raw material is heated to a white heat and dropped
downwardly against & column of flame, then cooled, and the result-
ing heat used for generating steam and for the preliminary warm-
ing of the material.

Process of treating hydrous

II—Retarders.

101258—March 29, 1870. A, H. Frear. Manufacture of artificial
stone.

Employs an aqueons saccharine solution of litharge in the man-
ufacture of artificial stone.

165538—July 18, 1875.  A. Boae. Composition for stone cements.
Caleined gypsum is saturated with a solution of 1 pound of salt-

peter to 4 gallons of water; it is then dried and ground.

22596 1—Murch 9, 1880, 0. F. WoobwaRD.
ing molded articles of manufacture.
Grypsum and rosin, say in the proportion of 126 pounds of gyp-

gum and 100 pounds of rosin, ave mixed together under heat.

Composition for mak-

1 Drinted copies of patents are sold by the Commissioner of Patents at 5 cents each,

30223—04——58
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291508—Januwury 8, 1854, M. Grar.  Plastering composition,
- Uses glue and glycerine, together with plaster of Paris, slaked
lime, sawdust, and hair.

321620, 321621—July 7, 1855. L. and I&. W. MagsH.
matter to be used as a plaster for building purposes.
Uses as retarder resin lac dissolved in o solution of caustie soda.

368594—August 23, 1887. G, R. Kina,
selting of plaster,

The restrainer consists of glue and ground stone.
300157—September 25, 1888. J. Coy.

plastering, ele.

The restrainer consists of glue, Irish moss, malasses, and fartaric
acid,

891889, 891890—Oclober 30, 1588.
compasition.

Usges sugar as a restrainer.
392628—November 6, 1888. C. STRAUR,

materiad for erchilectural purposes. .

Magnesia is mixed with dissolved glue or gelatinous matter,
hydrocarbon compound, acid, and pulverized calcined material,
the magnesia producing a smooth and glossy surface,

897296 — February 5, 1889. G. R. Kina.
setting of plaster, cle.

It is composed essentially of animal gelatinous or vegetable glu-
tinous matter and hydrated lime,

409012— August 18, 1889. M, B. Cnurcn.

Composition of

Compound lo vestrain the

Composition of malter for

J. H, Frrzaerarn,  Plastering

Composition of building

Compound to restrain the

Ornamentation of walls.

A fatty matter such as oil or glycerine is added ag a retarder to

alabastine, a mixture of caleined gypsum and glue,

488171—Tebruary 25, 1890. G, Wesr.
architectural purposes.

© A compound of glue and sal soda to be nsed with plastering

material.

422269—February 25, 1890, G, Wrsr.  Plastering compound.

A compound of glue, dextrin, and sal soda to he used with
plastering material.
422870—Ilebruary 25, 1890,

architechural purposes.

It consists essentially of glue or other well-known retarder and
boracic acid.
427501—May 13, 1890,

oompow’tian.

Citric acid is used as a retarder.

488748—August 5, 1890, 8. 8. Rusrox, W. E. Horxing, and B.

Rusron,  Process of manufacturing plastering compounds.

A dry pulverulent restraining compound is produced by dis-
solving the restraining substance in water, and mixing therewith
a dry, absorbent, comminuted material, by stirring under the
application of heat, until it isconverted to adry, pulverulent state.
483899— August 5, 1800. H. Lecnsenning.  Artificicl plaster,

It consists of glycolline, plaster of Paris, and water.
487140—NSeptember 23, 1890, J. SICKLER.

gypsum,

The retarding agent is incorporated with the plaster during the
process of caleining, and while it is in a molten condition and
prior to complete caleination.

44521 1—~January 27, 1891, B, WATSON.
retarding the setting aof plaster.

Hair is boiled with an alkali, caustic soda or potash, and used in
liquid form, or evaporated and reduced to a powder.
446604—February 17, 1891, . WaTson.

restraining the setting of plaster compounds.

A dry leguninous substance, such as peas, beans, lentils, ete.,
treated with a solution of caustic alkali, mixed with an alkaline
earth or & salt of an alkaline earth, or a salt of a caustic alkali,
dried and pulverized.

Composition of matter for

G, Wusr. Composition of matler for

R, B. and E. II. Marrin,  Woll-covering

Process of caleining

Composition of matter for

Composttion of matler for

MINES AND

QUARRIES,

452340—Muy 12, 1891, L C. Flarr.  Plastering compound.

Lime ig dry slaked with glue water.

466297 —July 21, 1891. A, ANtiony.  Plastering composition.

Uses ag o retarder in o specified plastering composition a sub-
mixture of sugar, slaked lime, and bicarbonate of soda.
458 /'J—wboplmubar 1,1891, E.

restraining the setting of plaster,

A mixtore of flaxseed or oil meal cake and an alkali, ag carbon-
ate of soda or potash, is reduced to a dry powder.
458748—September 1, 1891, 1. WarsoN.  Composition of watter for

restraining the setting of plaster,

*Comninuted hoof, horn, or feathers is dissolved Ly boiling in &
solution of caustic alkali, dried, and reduced to a powder.
462678— November 10, 1891, G, W, ABELL.

Sor wall coverings.

A mixture of white lead, litharge, sugar, linseed (oil caka) meal,
lime, caleined gypsum, sand, and water, in specified proportions,
465614~December 22, 1891, G, B, Coy.  Compound lo restrain the

selting of plaster, and process of making the sane.

A mixture of pulverous quicklime, glue, and flour,
469394—Felvuary 23, 1892. G W,

Jor covering walls or other surfaces.

A mixtare of dry oxide of zine, sugar, flour of sulphur, wood
pulp, linseed (oil cake) meal, ground gypsum, lime, sand, and water
in specifled proportions.
422302—dpwil 5, 1892, T, W arson.

solidification of culeined gupswn.

It consists essentially of calcined gypsum and “tank water; " o
retard the setting from half an hour to three hours or more, from
2 to 10 gallons to a ton of calcined gypsum, or of the semigolid sub-
starice, stick, from 2 to 10 pounds to the ton, or from 5 to 15 pounds
of dry material, formed by mixing any earthy substance, siliceons
or aluminous, with tank water and drying and pulverizing,
472611—April 5, 1892. W, Ropinson,  1Wadl plaster,

A mixture of sand, plaster of Paris, glue, lime, clay, alumn, and
gtarch.

478961 —July 12, 1892, C. Cassrern.,  Plaster.

A composition consisting of water, lime, gypsum, and cole, or
brick dust, with a small proportion of a mixture of sugar, alum,
and lime as a retarder.
479060—July 19, 1892,

plastering,

A mixture of sand, plaster of Paris, shell marl, and cut rope, or
hair, with glue, alum, and sulphate of zine as nrestrainer, combined
in a specified manner and proportions.
486177—November 1, 1892,  C. L. Denwon.  Wall plaster.

A composition consisting of lime, cottonseed meal, plaster of
Paxis, borax, and cream of tartar,
493618-—March 14, 1898,

the setling of coment,

It is composed of air-slaked lime, glue, flaxseed, or oil cake, and
china clay, in specified proportions.

502096, 502007—July 25, 1848, T.J. Hrruer. Llaster composition,

A compound for admixture with a plaster composition consist-
ing of silicate and carbonate of soda, alum, sugar, gum,salt cake,
and ground inert material,
508592— August 22, 1893,

pUrposes,

The retarder, combined with other ingredients, consists of a
solution of carbonate of potash and glue absorbed in quicklime,
504983—September 12, 1893. E. A, Moonr.

lectural purposes.

A mixture of dry pulverous glue, sulphurie acid, kerosens oil,
and quicklime, as a retarder, is combined with sand, raw gypsum,
and lime,

Warson,  Composition of matler jor

Composition of matter

Apwrn,  Composition of matler

Composition for retarding the

L, W, Dickm.  Composition of matler for

L. A. Bronson.  Compound for vetarding

J. FLYNN,

Composttion. for architeelural

Compuosition for archi-
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GYPSUM.

SO7858—October 81, 1893,
fer cnd coating walls.,

It consisty of powdered borax, powdered alum, wheat flour,
powdered sugar, and dry slaked lime in specified proportions,
811735~ December 20, 1893, I, K. Jonms,  Wall plaster.

The retarder is compoged of sugar, 100 parts; flour, 25 parts; and
air-slaked lime, 250 parts,

G11740— December 26, 1893, J. R. Mclnvrien,
turing retarders for pluster.,

A paste ig formed of air-slaked lime, water, flour, liquid glue, and
wood ashes, dried and thoroughly mixed.
A1I879—January 2, 1894, W. M. Dawson.

preocess of nucking swane,

The restrainer consists of a mixtare of lime with the liquor
obtained by the decomposition of organic matter in water.
523058—July 31, 1894,  W. M. Dawson.

method of making same.

The restrainer consists of a mixture of lime, sodium nitrate, and

the liquor obtained by the decomposition of organic matter in
water.

B. D. Starrorp.  Composition for plas-

Process of manufac-

Plastic compound and

Plastering retarder and

915

528995— November 13, 180.4. A. W, Syrra. Plastering compound,

The restrainer congists of lime, glue, wheat flour, and tartaric
acid in certain proportions,
583420—February &, 1895, 'W. H, Ameman.  Building plaster.

Agan ingredient of huilding plaster, a compound of alum, wheat
flour, sugar, lime, oil cake meal, and zinc sulphate in specified
proportions, ’

554142 Felvuary 4, 1896, W, M. Rerse.  Plaster.

A mixture of pulverized gypsum and dry tankage in the propor-
tions of 10 pounds of tankage to a ton of gypsum, is caleined and
the heat continved to a temperature of 380° to 420° F.
558485—April 14, 1896, J. E. SussEns,  Plastering compound.

A mixture of furnace slag, slaked lime, plaster of Paris, hydraulic
cement, the flour of grain, and vegetable fiber in specified
proportions,

61891 1—February 21, 1899,  H. K, Storcke.” Manufucture of plaster
and restrainers, '

The restrainer consists essentially of the pulverized residue of
an evaporated solution of hone in alkali,
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PHOSPHATE ROCK. ,

By Josepr StrRUTHERS, Ph. D.

Prior to the report of 1880 no figures relating to the
production of phosphate rock appeared in census ve-
ports. In that year 21 establishments were reported
in South Carolina, with a product of 211,377 tons,
valued at $1,123,823. At the Eloventh Census the
production for 188) was shown, and the totals,
compared with those for 1902, appear in Table 1.

TasrLe 1,—Comparative summary: 1902 and 1889.

1902 1889

Number of mines or quArTies. cveeriiiveenireaieasunsen e 115 1
Number of ODCIAtOrS \vuveeieernieeannmnennreanenan 87 !
Balarled officials, clerks, ete.:

UMDY caneiiiriiiiiieriiieiiaianieeiarnreeaanans 891 .

L0 130 o 1 $365, 204 (2
Wage-carners;

Average number . 5,971 85,011

Wages.... . .| $1, 080,008 ; 481, 209, 161
Contract work 167,402 $115, 930
Miscellancous expense $480, 475 9843, 271
Cost of suppHesand materials. $709, 414 2317, 159
Product:s : .

Quantity, Jong tons cuueeiieeiii i 1, 548,720 550, 246

Value ............. eeeerua e rraaraa e $41, 022,948 | 82,087,776

1Not reported, ’

" 2Not, r((slported separately,

3Includes foremen.

4Includes salaries of office force,

5 The United States Geological Survey reports 1,480,814 short tons, valued at
$4,693,444, which is the prodnet marketed. The Cenéns figures represent the
produet mined, ) k

The most notable fact in the industry is the transfer
of dominance from South Carolina to ¥lorida, During
the period between 1889 and 1902 the production in
Florida increased nearly one hundredfold in quantity
and over sixtyfold in value; at the same time that of
South Carolina decreased 89.5 per cent in quantity and
67.1 per cent in value. The increase in Florida was
due chiefly to the exportation of phosphate rock which
is easily mined near tide water. Tennessee did not
produce any rock in 1889, but in 1902 the production
of the state was 482,608 long tons, valued at $1,308,872.

- Salaried officials, clerks, ete.:

This rock, however, was of low grade, averaging in
value only $3.03 per ton. North Carolina did not re-
port any product in 1902 and in 1889 its production
reached a total valuation of only $5,000. By the
growth of the industry in Florida and in Tennessee the
production for the United States as a whole increased
181.5 per cent in quantity and 67.6 per cent in value.
Among the most significant items of Table 1 are
those relating to wage-earners and their earnings. By
this table it appears that the.number of salaried offi-
cials, clerks, ete., and wage-earners increased 1,351,
or 27 per cent, while the amount paid in’salaries and
wages increased 89 per cent. The number of boys
employed was not large in either year, and although the
industry increased in all other respects, the number of
boys decreased from ‘91 to 37, or 59.8 per cent. In
South Carolina, where 90 boys were employed in 1889,
none were reported in 1902. The figures in Florida in
1889, however, do not offer a wholly satisfactory basis
upon which to make comparisons. Mining operations

~had been recently begun, and the industry was in a

condition of speculative excitement.

There were 19 mines in Florida, South Carolina, and
Tennessee reported idle during 1902, and 2—1 each in
Florida and North Carolina—at which development
work was reported. The statistics for the development
work at these 2 mines are shown in the following state-

ment:
Development work: 1902.

Nimmber of mines.....
Number of operators .

NUMDET tavr et ianeneenereainmesanenasenarsinsasnes seeneesarenannann

SAIATICE. c e eeeirertiesesmrenramrrrraneerannraracancaes drersreennenan #4, 816
Wage-earners;

AVerage NUMDEr .oivveseunns evemasasnanens

WABCH oo cvvarannns
Miscellaneous expenses .......
Cost of supplies and materialg. .
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Capital stock of incorporated companies.—The details
of the capitalization of the 56 incorporated companies
are shown by states in Table 2

TasLe 2.—Capitalization of incorporated companies: 1902.

Al
United Mori South Tennes-
States. || Torida . ogrgling. | see. S?l’{ltllg;:l
Number of incorporated
compnnies...ooeeee. .- 56 o4 9 21 2
Number reporting capi-
talization............. 53 21 9 a1 9
Capital stock and bonds
18800 11 reavaaeiaas $18, 776, 935 |95, 982, 800 |§1, 634,500 85, 057,200 (8201, 435
Caplml stock:
Total authorized—
Number of shares. .. 204, 955 98,750 21,160 63,800 | 21,5600
Parvalue.....oe.... 13, 269,500 ||#5, 003, 000 31, 09'\ 000 (86,070,000 |§201, 500
Total issned—
Number of shares 194, 796 97,734 16, 165 59,162 | 21,435
Parvalue...... $12, 821,135 |/84,962, 000 (1, 526,500 (85, 6"«{1,200 3201, 435
Dividends paid 316,205 || $104,380 1. eenienns §211, 825 fueennenn
Common— .
Authorized—
Number of
[2) NELR N 184, 0568 96, 650 21, 000 15,800 | 21,500
. I’ﬂ.r]vnlue ..... 11,202,000 [[§4, 703, 000 |51, 980,000 [84,317, 500 (8201, 500
Tssued—
Number of
shares......f 174,790 95, 634 16,316 41,412 | 21,485

Parvalue..... 310, 3-13, 636 3-1,752:0(10 81, 511, 500 188, 87H 700 {8201, 435
Dividends

paid........ $179,11H F72,490 1.l F106, 625 ...t
Preferred—
Authorized—
Number of
shares...... 20,000 2,100 140 Li3VJN [
Par value..... $1,077,500 || $210,000 |  $15,000 |31, 752. 500 |oeennnnn
Tssued—
Number of
shares ...... 20, 000 2,100 160 17,760 |eaoanees
Par value..... $1,977,600 || §210, 000 $15, 000 [§1,752,500 {....v..s
Dividends
paid........ $187,090 $31,800 [..ooennnnns §105,200 |.ovvnnns
Bonds: ’
Authorized— . .
Number.. . 4,530 3, 980 108 436 |,..
Par value. .| $1,785, 800 |i$1,276,800 | $108,000 | $351,000 ...
Issuned—
Number.. . 3,618 3,024 108 | 386
Par value.. .| 81,454, 800 {|$1, 020,800 | $108,000 | 326,000
Interest paid ....... §61, 760 66 .510 §8,240 $3,000

1 Inecludes companies distributed as follows: Arkansas, 1; Ohio, 1.

The total amount of common and preferred stock
issued amounted to $12,821,185. On this amount
$316,205 was paid in dividends, or 2.6 per cent on the
total par value. On the bonded indebtedness $61,750
was paid as interest. This was 4.3 per cent of the par
value of the amount issued. In Tennessee the divi-
dends on common stock amounted to 2.7 per cent, and
those on preferred stock to 6 per cent on the respective
par values of the stock issued. In Florida, with a cap-
italization quite similar in amount, dividends were paid
on common stock at the rate of 1.5 per cent, and on
preferred stock at the rate of 15.2 per cent.

Employees and wages.—The average number of wage-
earners reported for each month in Table 6 shows that
the demand for labor was relatively steady throughout
the year. In the South the climate is favorable to the
continuous working of deposits. Between September,
for which month 6,442 wage-earners, the maximum
number, were reported, and February, when 5,366
wage-garners, the minimum, were at work, there is a
variation of only 1,076. The average per month for
the year was 5,971 wage-earners. Child labor consti-
tuted six-tenths of 1 per cent of the total, and was con-
fined mostly to the small colored hoys who drove carts.
Florida employed 48 per cent of the total number of

MINES AND QUARRIES.

wage-earners; South Carolina, 25.1 per cent; Tennessee,
26.7 per cent; and all other states, two-tenths of 1 per
cent. '

A segregation of the occupations in this industry by
specified daily vates of pay is shown in Table 3,

TanLe 3.—dverage number of wage-carners by specified daily rates of

pay: 18902,
Machin-
ints,
All black- . Timber-| Boys| All
maTE vER DAY | ocon- | Bogi-| rire-| BRI | BORGR | eR | R [ER
(DOLLARS). til(;‘xll-q OGS I porg and | rymen, | teack | 16 |carn-
HS, other layers. |[yoars. ers,
meg¢han-
108,
Total....... 5,071 1 178 | 169 171 4,382
Less than 0,60..... 2| R PR P
0.60 t0 0,7d......... L IR | DSON 1 [}
0.76 t0 0.99.. 1,288 (I...... 14 20 1,010
1.00 to 1,24 3, 650 b 76 8 2 900
1.26 to 1.49 378 h 37 28 220
L.50 to 1.7 260 52 27 25 126
1,756 to 1,99 2h 3 § 4 1
2,00 to 2.24.. 101 47 il 7
2,95 t02.49.... a8 24 1 1.
2.50 to2,74.... i 20 4 29 2.
2,76 to 2,49, ... § O RN PP 2.
J00te8.24. ... ..., 21 )3 PO 6 4.
RRURTVR S & 4 | . 1 11
876 to8.09. ..o utsn 10 IR PR, 1 21,
4.00tod, 2. ... ... b % P 1 2.
4.26 and over...... 8 1., f 2

Of the wage-earners, 1,429, or 23.9 per cent of the
whole, received less than §1 per diem, and 5,085, or 85.2
per cent, less than $1.25. Only 233, or 3.9 per cent,
received $2 or more per diem. Of the wage-earners in
Florida 5.9 per cent received $1.75 or more per diem,
while in South Carolina the corresponding percentage
was 3.9. In Tennessee only 1.9 per cent received $1.75
or more.

Mechanical power.—The primary power reported for
this industry aggregated 14,229 horsepower, all owned
by the operators reporting, distributed as follows: 282
steam engines with a horsepower of 13,974, 1 water wheel
of 170 horsepower, and 2 air compressors of 85 horse-

power. There were also 9 electric motors with 500
horsepower,
Production.—The quantity and value of the produc-

tion of phosphate rock, beginning with 1889, are shown
in Table 4,
Tane &.—Production of phosphale rock: 1889 to 1902,

[United States Geological Survey, "l;{{){zx(jml Resources of the United States,”
902,

. Quantity N
YEAR, (long tong). Value,

660,246 | 2,087,776

510,499 38,1218, 76

h87, 088 4,651, 150

681,671 8, 206, 227

041,368 4, 186,070

096,949 8,479,547

1,038.561 8,606, 094

980,770 2,808, 372

1,000, 345 2,673, 202

1, 308, 8856 8,408, 460

1, ﬁlﬁ 702 6,084, 076

1,491,216 i, 850, 248

48% 728 5, 316, 408

PP S ! ,400,314 4,008,444
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During this period the quantity of production has
increased 170.8 per cent. The greatest amount pro-
duced in any one year was 1,515,702 long tons in 1899,

Tanre 5, —WORLID'S

[Metric tons.]

ROCK. : 921

In 1889 the average value per ton was $5.84, while in
1902 it was $3.15. The production of phosphate rock
in the world, from 1896 to 1901, is given in Table 5,

8 PRODUCTION OF PHOSPHATE ROCK: 1896 TO 1901

[United States Geological Survey, * Mineral Resourcees of the United States, 1002.]

1806 ’ 1807 1808 1899 1000 1901
COUNTRY, . -
Quantity. | Value. | Quantity, | Value, || Quantity, | Valne. || Quantity, | Value. || Quantity, | Value. || Quantity. | Value.

Alm,rm 165,738 | $500, 906 228, 141 &912,.’)1'1:1 269, 600 $l.078 000 324, 983 [$1, 209, 932 319,422 1$1, 277, 688 265, 000 | $1, 060, 000

Belglum . PATTO |G, 10,00 | T VI56 920 | BOS.280 || 110009 | ‘812180 || 1315670 | 807164 | 232520 § " 361, 398
Canady .. 617 3,420 | 3, 081 [ 3 665 z 722 18,000 1,284 7,106 937 6,280
France . b2, 667 | 8, 50‘2,()"7 i -)'%.),.390 2, 852, 887 68, H68 | 3, 11) 068 (rlﬁ, 868 1 8,834,145 .)87 ‘.)19 2, 827, 2491 (85,676 | 2,614,543
Norway . 1,106 17,280 , 12,960 3, 603 583, 852 1,500 92,140 4,445 [€) T PO
Redonda (British West

TRATEE) «onnoeenmrmnenfemeeresresas]onresannacs 812 5, 525 760 4,725 1,507 9,270 2,230 18,720 NiL foneenenns
Russin . 8,776 11,0066 | b, 017 22,182 1,870 o, 784 16, 863 B8, 640 2') 668 *) (‘-’} ...........
Spnin 770 3,080 2, 084 16,672 4,500 16, 003 4,510 36,100 41170 18, 690 220 16, 880
United I\lngd()m 3,048 26, 2h0) 1 2,082 17,500 1,676 13,506 1,460 12, 645 680 f, 425 1 680
United States.. 916 082 | 2,808,872 || 1,066,822 | 2,673,202 || 1,330,264 ] 8,468,460 || 1,5 10 6506 | b, 08[ 076 || 1,515,179 | 5,859,248 | 1,507,681 { 5,816,408

1 Cubie metors.

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

The name phosphate is applied to the salts of phos-
phoric aeid, chiefly *“ orthophosphorie” acid, which is a
tribasic acid (H,PO,) and from which a great variety
of salts are obtained. Kach of the three hydrogen
ntoms in the acid can be replaced by a monad element,
forming, consequently, three varieties of salts, namely,
those in which one hydrogen atom is replaced, those in
which two hydrogen atoms are replaced, and those in
which all of the hydrogen atoms are replaced.  Salts in
which all of the hydrogen atoms have been replaced are
called ortho or neutral phosphates, while those still
containing one or two atoms of hydrogen are called
acid phosphates. Calcium phosphate, or, more strictly
speaking, tricalcium orthophosphate, is the most im-
portant of the mineral phosphates and this class forms
the Inrge mineral deposits utilized for the manufacture
of fertilizers.

Historical.—According to historical vecords, the
Romans utilized the excrement of birds for fertilizing
the soil, and in the twelfth century the Arabs and
Peruvians used the guanos of their respective countries
for a like purpose.

The waste clippings of bone and ivory from the but-
ton and knife factories of Sheflield, England, greensand
from the counties of Kent and Essex, England, marls
from the state of New Jersey, and boneblack (spent
animal charcoal) and crushed bones were used as fer-
tilizers at different times during the eighteenth and
nincteenth centuries, but while the beneficial results
from their use were recognized and appreciated, the real
cause of the stimulating effect’ seems not to have been
definitely recognized until Dr. Justus von Liebig, of
Geissen, Grermany, evolved the idea that sulphuric acid
should be added to bone fertilizers in order to render

2 Statistics not yet available,

3 \_fuluc not reported.

soluble the phosphate they contained. It was not until
the year 1843 that the Duke of Richmond, after an
exhaustive series of experiments upon the soil with
both fresh and degelatinized bones, came to the con-
clusion that their value for fertilizing purposes was due
to the large quantity of phosphoric acid contained in
them. To prove this effect a number of vegetables
were planted in burnt sand rich in every element of fer-
tility except phosphoric acid; no development of the
plant took place until caleium phosphate had been added
to the sand, but after this addition the growth became
flourishing.*

The calcium phosphate in bones had hitherto been
considered as useless owing to its insolubility, and the
fertilizing element was considered to be the gelatinous
matter. Shortly after 1840 Mr. J. B. Lawes put Doctor
von Liebig’sideasinto practice,and began to manufacture
artificial fertilizers at Deptford (London), England, by
mixing sulphuric acid with crushed bones. In the year
1845 Professor Henslow recommended that the Cam-
bridge coprolites, rich in calcium phosphate, should be
used as a substitute for bones in making fertilizers, and,
acting on this suggestion, the numerous bone crushing
works were quickly converted into chemical fertilizer
and superphosphate factories. The coprolites of Cam-
bridge were supplemented by the phosphate deposits in
Suffolk and Bedfordshire, but it was not until twenty-
five years later that the phosphate mining industry
began to assume a commercial importance. This slow
growth is attributed to the immense supply of guano
obtained from Peru, the best beds of which did not
become exhausted until between 1870 and 1875; the
failure of this source of supply immediately led to the
substitution of other material for the manufacture of
fertilizers.

Occurrence.—In France the phosphate deposits at

! Phosphates of America, by Francis Wyatt, Ph. D., page 19.
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Estimated mean wnunual quentity and walwe of certain vegetalle products vary in yield from a few tons to many thouS;mds, and
in the United States. run so irregularly that it is frequently necessary to

e change the location of the mining plants. In former
A veriga timey the mining operations were limited solely to the

Faga of Quantity Value
neeor | (bushels), : bowlders of phosphate rock, which varied in weight
minerul. from a few pounds to many tons. The mining con-

: T T 3 3 LTaY 1 9 Oy f, . Ha "l "ot o

“[,hm _______________ S sor| o o0 % 39 883 w0 b]lbteld'lm 1(,1115)\}11.;% t-he 1'0(,1(. f}llom the Plfibl" (}1 ynig it in
Maize . .- 165 1 1,900, ( y he 1 g » 1t - BT
Matz 53 a0 oo | tovawow | the kilns, and shipping ib without any additional prep
Totut LI Hmo0 0|10, 888 W | aration. Little capital was called for, and many hard-
Cottor 80| w000,00  90,00,00 | rock companies were formed to mine the rock, but they

— e Bales (180 povndsy. finally withdrew from business on account of the scar-
city of deposits easy of extraction. Attention was then
According to Wyatt, the total weight of the ash con- | directed to mining the gravel phosphate, which repre-
tained in the entire annual cereal production of the | sents the smaller or brokqn pieces of the howlders that
United States (wheat, maize, oats, barley, rye, and buck- | oceur intermixed with clay, flint, ot(-., the sterile mate-
whent), about the year 1890, exceeded 17,500,000,000 | rial heing removed by washmg, in the ordinary log
pounds, containing 2,714,585,478 pounds of phosphoric | washer. Tater, as the mining and milling processes
acid.'  Of course, a large part of the phosphate content | hecame more complicated and costly, large central
of the plants was veturned to the soil in one form or | plants were erected for cheaper treatment cost, but
another, but the annual loss to the soil was nearly | the economies sought, however, were not realized, on
1,500,000 pounds of phosphoric acid. account of the small size of the individual deposits
As the aren of cereal production at that time was | and the consequent expense of transporting the crude
140,878,857 acres, these figures show that the quantity | material containing less than 15 per cent tricaleic phos-
of phosphoric acid removed annually by the cereal | phate from the mines to the mill. :
crop is approximately 19 pounds per acre. Similarly, At the present time the cheapest method of treatment
the quantity removed by the hay crop is caleulated to | is to have one or move removable washing plants, each
be 12.5 pounds per acre. Further, it has been shown | of a capacity of from 40 to 50 tons of clean rock in
that every cow kept on pasture land carries off during | twelve hours. These plants are so constructed that
a sunmmer not less than 50 pounds of caleium phosphate | they can ensily be taken down and removed to new

in the shape of veal, hutter, and cheese.* ' localities. Tt is also the present practice to erush,
These few instances show in a striking manner the | wash, and sereen the entire product of the mine.
enormous loss of phosphorie acid oceurring in agricul- The most recent practice in mining hard rock is the
tural distriets, and the necessity of returning to the soil | ingtallation of dredges of the dipper type to mine
those salts which have been removed therefrom, deposits that have been worked down to the water

level, particularly in those cases where it has been
found impracticable to handle the water with pumps.
The phosphate deposits of the United States ave | The use of the dipper dredge is economical, and with

REVIEW OF THE INDUSTRY IN THIE UNITED STATES.

described by states as follows: v deposits that can be handled by this method very excel-
Lrlorida.—Phosphate rock occurs over a large arvea, lent results have been obtained, so much so that
extending from lLake Okeechobee on the south to the deposits unworkable at a profit by the older methods ‘

extreme northern part of the state—a distance of 240 of mining are now treated with commercial success,
miles, and averaging 80 miles in width. The deposits the clay, sand, and fine material being removed in log
l', 0 M A M A m J

of commercial value, however, are comparatively few washers plentifully 511131)110(1 with W'“t(‘h The thbhffd
in number and are widely scattered throughout the rock is cavefully hund'pmked on a picker belt, dried in
vegion. The three chief classes of the phosphate rock kilns, which consume from 5 to 7 cords of wood per 100
product in the order of importance are hard ]OCk land | tons of rock, and is then ready _'f‘)l' shipment to 11131'%{6}5-
pebble, and river peb])le The average cost of production, f. o. b. at the mines
| Hard rock is mined in an area of 90 by 10 miles, (1111'11'18'11900 was from $3.50 to %‘-L per ton, Acclofd?g
extending from Albion on the north to Bay City on the | to C. G, Memmmger those ‘de.posnts. most favorable for
south, The mnt.eriul is obtained from pockets which cheap transportation and mining are almost exhausted,
: and the present efficient methods of mining and handling

! Phosphates of America, page 15. o e . R ost ?

*United States Gcologlcs’tllﬂé’lve\ Bulletin 48, ¢ Nature and Ori- leave’ but 1.1“’1@ room for dm“m*‘h“.‘g the ('05:{ Co]nse‘t
gin of Deposits of Phosphate of Lime,” by R. A. I, Penrose, Jr. quently with the gradual exhaustion of the bes
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Grand Pré, in the Ardennes, hegan to be exploited in
1850, and small quantities of the rock in a ground state
were utilized by dirvect addition to the soil. In 1865
other deposits were discovered on the plateanof Quercy,
in the depavtment of Lot, and in 1870 the deposits of
Lot-et-Garonne, Tarn-ct-Garonne, and Aveyron (known
as the Bordeaux phosphates) were mined and the prod-
uct sold to fertilizer manufacturers. In Spain the min-
ing of phosphate rock began at Logrosan, province of
Estremadura, about the year 1855, followed, in 1860,
by the exploitation of the deposits near Caceres, the
latter district yielding a considerable quantity annually
until 1875.
at Kragefﬁ, in 1854, and at Qedegarten, in 1874, In
Germany the Nassau phosphate deposits were discov-
ered in 1864 and the mining of the rock commenced
at once, Inrecent years the competition in the world’s
markets of higher grade and purer phosphates from
other countries has caused the cessation of the exports
of rock from the Lahn mines, the material of which
contains a large percentage of iron and aluminum
oxides. In a few of the islands of the West Indies,
notubly Navassa and Sombrero, prior to 1865 phos-
phate deposits had been opened and the product shipped
to the United States and the United Kingdom,

In the United States deposits were first worked in
South Carolina in 1867. From 18067 to 1877 there was
a great advance in the world’s production of phosphate
rock. In 1873 Belgium began contributing to the
world’s supply from the deposits near Mons, and France
increased its production very largely. In 1880 the is-
lands of Curagao and Oruba, in the Dutch West Indies,
supplemented the ontput of high-grade phosphates and
shipped an average of 10,000 tons for the year.

In the decade 1880 to 1890 the sources of the supply
of phosphate rock altered very considerably. At the
end of this period Spain, which in 1882 and 188}
shipped 100,000 tons to the United Kingdom, practi-
cally ceased to export. In France the old sources of
supply had been replaced to a large extent by the
newer fields in the Somme and other departments in
the north. Belgium had assumed an important place,
producing about 150,000 tons of phosphate from the
mines at Mons alone. In the United States the South
Carolina deposits had been developed to a very large
extent and Florida had begun to contribute appreciably
to the supply.

Characteristics and use.—The various deposits of
phosphatic material have not yet been classified geolog-
ically owing to the difficulty in determining the position
of several of the deposits, augmented by the large num-
ber of forms which the phosphate assumes and the com-
plex blending of certain varieties. The common tech-

In Norway phosphate deposits were mined .

MINES AND QUARRIES.

nical classification makes the broad distinction between
mineral phogphates, whose origin can not be traced to
animal life, and rock phosphates, more or less mineral-
ized, but directly traceable to an organic origin. On
this basis the only mineral phosphates are those con-
taining crystalline apatite, which oceur in Canada, Nor-
way, and a few localities in Spain. The deposits at
Nassau in Germany, Lot-et-Garonne, Tarn-ct-Gavonne,
and Aveyron in France, and Logrosan and Caceres in
Spain are usually included in the mineral phosphates
under the arbitvary and indefinite term ““ phosphates.”
The termn rock phosphates includes the remaining
varieties of phosphatic limestone, coprolites, nodular
phosphates, coneretionary phosphates, arenaceous phos-
phates, sheet-rock phosphates, and bone beds.

The value of phosphate rock in the United States
lies solely in its use ns a fertilizer to enrich land im-
poverished by continual removal of crops that have
grown thereon, or land whiclt did not originally possess
the components necessary for the normal growth and
development of plant life,

It hag Dbeen only within comparatively recent years
that the relation between plants and soils has been sei-
entifically studied. In general the manner of life in
plants vesembles that of animals or man, in that they
require certain foods in stated proportions which ave
digested or assimilated, they must hreathe a certain
atmosphere, and they are subject to. the influence of
heat and cold, light and darkness,  The tissues of plants,
like those of animals, are composed of carbon, hydro-
gen, oxygen, nitrogen, and certain mineral acids or
bases, notably phosphoric and sulphurie acids, lime,
magnesia, iron, and potash; and the growth of a plant
bears a close relation to that of an animal for the reason
that it constantly absorbs clements from the soil and
air to build up its structure. The relation of plant life
to animal life iy reciprocal. Animals breathe in the
oxygen of the air and convert a small part of it into
carbon dioxide, which is exhaled and returned to the
air, while plants, under the action of chlorophyl and
sunlight, absorh carbon dioxide from the air and decom-
pose it into carbon and oxygen, utilizing the foriner to
build up the cellular structure and returning the oxygen
to the air. The chief elements assimilated by plants,
and consequently removed from the soil when the plants
are cut down and taken away, are nitrogen, phosphoric
acid, and potash. These compounds play a very im-
portant part in the functions of vegetation and are the
most liable to be exhausted from the soil. The estimated
mean annual quantity and value of a few of the impor-
tant vegetable products in the United States have been
compiled as follows:* ’

1 Phosphates of America, page 14
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and greatest yield per acre are fast being exhausted,
and fuel, which is a Iarge item of cost, is rapidly being
exhausted in the vicinity of the mines. The question
of fuel supply is one of great importance in connection
with the future of the industry. Large tracts of wood-
land have been bought up by the various companies,
but wood will undoubtedly be supplemented by coal
when the mnines control the transportation to the point
of shipment. Fuel oil also will hecome a possible sub-
stitute for wood under the new conditions of transpor-
tation.

The present cost of production, f. 0. b. at the mines,
is from $1.50 to $2 per ton, a figure that will doubtless
inerease very materially in the near future. The prod-
uet is shipped from Port Tampa. At the present rate
of production the deposits containing 68 per cent and
upward of tricaleic phosphate;, and low in iron and
aluminum oxides, will be exhausted withina few years,
Those containing from 64 to 67 per cent tricaleic phos-
phate and from 4 to 6 per cent iran and aluminum
oxides arc in very large reserves. There has been a
marked tendency toward more careful methods in the
preparation of the rock for the market, which is nttained
usually by installing one or more log washers in addi-
tion to the ordinary double log washer plant; and by
crushing the rock after it has been dried, and sub-
sequently sereening it, this procedure has been pro-
ductive of good results with certain classes of rock.

As the higher grade deposits hecome exhausted the
methods of treatment must be improved in order to
handle the lower grade rock at n lessened cost.  Asa
proof of the growing searcity of the best class of rock,
deposits having an overburden of from 25 to 30 fect
are now being opened up and developed. Deposits of
this character n short time ago were declared unsuited
for profitable working.,

The excessively high transportation and terminal
charges prevailing in recent years have forced miners
to seek relief. One company has constructed a private
railrond from the central plant at Rockwell to Port
Inglis, 18 miles distant, at the mouth of the Withla-
coochee river. The port is an open roudstead, and the
vessels have to be loaded by lighters.

As in the case of the hard-rock miners, there have
heen several unsuccesstul eflorts to consolidate the large
miners of land pebble into a community of interests,
which would eliminate useless competition and enable
the producers to maintain prices at a level which would
admit of mining at a faiv profit.

The bulk of the river pebble has been obtained from
Pence river, which rises near Bartow and flows 200
miles in a southerly direction into Charlotte harbor.
The Alafia river, a small stream flowing into Tampa
bay, has also contributed a small quantity of river
pebble, and the Caloosahatchee, Miakka, and Manatee
rivers have produced a pebble of low grade,

The method of mining the river pebble consists in

925

using dredging boats equipped with 8-inch or 10-inch
centrifugal pumps, to which are attached suction pipes
suspended from cranes. The pebble, being loosely
mixed with sand, is veadily raised by the puwps and
passed into a rotary screen, which separates the sand
and delivers the washed pebble onto a lighter moored
alongside the dredge. When a suflicient quantity of
pebble has accumulated on the lighter, it is carried to
the drying plant, dried in rotary calciners, and stored
in bins, from which it is finally discharged by gravity
directly into cars for shipment. As the supply of peb-
ble in the river beds hecame exhausted, attention was
given to the deposits lying under the swamps which
were formed by the river at an earlier period. Gener-
ally these deposits are covered with an overburden of
sand of from 5 to 15 feet in thickness, supporting a thick
growth of heavy timber. In order to obtain the river
pebble from the swamp deposits the timber was removed
and the overburden washed into the stream and removed
by pumps; later the pebble was obtained in like man-
ner and treated similar to the pebble in the river beds.

The total production of phosphate rock of all classes
in Florida, as reported by the United States Geological
Survey, based on marketed output from 1888, the year
of the inception of the industry, to and including 1002,
aggregutes 6,606,468 long tons, valued at $24,667,009.

South Curolina.—Although the phosphate deposits in
South Carolina had been known for many years, they
were nob recognized as such prior to the Civil War,
A mining company was formed in 1867 to test the prac-
tieahility of working the phosphate rock on a commer-
einl senle.  The phosphate ““ belt” is composed of Qua-
ternary sands and elays overlying beds of Eocene marls
upon whose surface, and intermixed with it, are found
the phosphate deposits. Thepresumed total area of the
phosphate formation is 70 by 30 miles, extending from
the mouth of the Broad rviver, near Port Royal on the
southeast, to the headwaters of the Wando river in the
northeast, its major axis heing parallel to the coast line
and its greatest width near Charleston. The stratum
of phosphate rock sometimes outcrops at the surface, but
it i generally found at a depth of from 8 to 20 feet and
varvies in thickness from a few inches up to 3 feet. The
chiet points for consideration in order to ascertain the
value of the phosphate beds are thickness of deposit,
depth below the surface, and richness in phosphoric acid.

In South Carolina the general method of ascertaining
the value of a phosphate rock deposit is by means of
boring and pit sinking. At first a careful topograph-
ical survey of the property is made, followed by the
systematic sinking of a series of bore holes by means
of a long steel borer or rod specially designed for the
purpose. The horing rod is forced downward through
the upper strata until it strikes the solid bed of phos-
phate rock, which makes itself evident by resisting the
further passage of the rod. The rod is then removed,
and the distance it has traversed is measured with a

.
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deposits the cost of production must increase. It is
quite probable that the cost of productlon of from $3.50
to $+, f. 0. b. at the mines, is as low ag it ever will be.
The cost to the consumer, however, is regulated largely
by the cost of transportation from mines to port of
shipment. ‘

Hard rock is sold on a guarantee of a minimum of 77
per cent tricaleic phosphate (bone phosphate of lime)
and a maximum of 3 per centiron and aluminum oxides,
Practieally the entire output is exported, chiefly to
Germany. The ports for shipment of hard rock are
Fernandina, Port Inglis, and Tampa, Fla,, and Bruns-
wick and Savannah, Georgia.

The land pebble phosphate rock oceurs in Polk, De
Soto, and Hillsboro counties, Florida, occupying an area
of about 2,000 square miles, begmnm a fewmiles north
of B&rtow and extending over the upper portion of the
drainage basin of the Peace and Alafin rivers, During
the past few years the entire product has been obtained
from Polk county. The avea of the occurrence of land

pebble is restricted and the deposits widely seattered,
rendering this branch of the industry of comparatively
less importance than the others, yet several hundred
thousand tons of phosphate may be obtained from a
single deposit. The pebbles ave roughly rounded, of a
gray or brownish color, and vary in size up to two inches
in diameter. In preparing the material for the market
two classes of product are made, the size of the coarser
‘being from one-sixteenth to 1 mch in dismeter. The
deposits are usually along the stream courses, in low
swanps, or in bay heads. The thickness of the deposits
varies from a few inches to 18 feet, averaging 10 feet,
for the district. The pebble, which usually represents
less than 25 per cent of the mass, occurs in an argilla-
ceous matrix, sometimes very sticky and tenacious, and
sometimes sandy and readily disintegrated; the over-
burden consists of sandy soil, clay, and a so-called con-

glomerate rock of varying character in different parts
of the deposit. Thebed rock varies from a hard yellow
marl to a soft, clay-like material. The highest grade
of land pebble contains from 68 to 73 per cent of tri-
calcic-phosphate and from 3 to 4 per cent of ivon and
aluminum oxides; the low-grade material has from 60
to 85 per cent of tricalcic phosphate and from 4 to 5
per cent of iron and aluminum oxides, At the present
time land pebble is sold on a guarantee of a minimum
of 68 per cent of tricaleic phosphate and a maximum of
4 per cent of -iron and aluminum oxides; conditions
which, in order to operate ata profit, call for an average
yield of 20 per cent of pebble to the mass, an average
minimum thickness of 8 feet of the deposit (yielding
8,733 tons to the acre), and an overburden not exceeding
the thicknesy of the deposit.

Within recent years a‘hydraulic method of treating
land pebble has been devised, which is undoubtedly the
only practical method of hnndhng this class of material,
The important feature of the process is that the water
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which is used to break down the rock also partially dis-
integrates the matrix and renders the succeeding wash-
ing for the separation of the pebble a very simiple
operation. According to C. G. Memminger the equip-
ment of a hydraulic plant consists of a steam shovel for
removing the overburden, one or more dredges fitted
with boilers of from 400 to 500 hovseépower, a 10-inch
centrifugal pump, hydraulic-pressure pumps, screens
and washers, and barges to carry the pebble to the mill,
The mill c,hould contain a suflicient number of washers,
rotary driers, elevators, boilers, and dry-storage bins of
from 4,000 to 15,000 tons capacity—an equipment which
calls for a heavy investment. A plant with one dredge
and two driers should produce 50,000 tons of pebble
per year. The method of mining is briefly outlined as
follows: The overburden having been removed Dby the
steam shovel, the dredge is lnunched in a suitable excava-
tion and the suction pipe from the centrifugal pump
on the dredge is laid some 150 feet in advance, where a
small sump hole is opened for suction. Streams of
water from two hydraulic giants, working under a pres-
gure of from 100 to 110 pounds per square inch, are
directed into the hole, which is increased to a consider-
able size in a short time. The suction gradually be-
comes lowered until the sump is formed in the bed rock.
As soon as possible the giants are placed in the pit, and
as the banks are cut down the material passes with the
water to the sump and is pumped to the dredge, where
it is sereened, the pebble being thoroughly washed and
separated and the débris discharged at the side of the
dredge. As the pit becomes enlarged it is a good prac-
tice to use a second centrifugnl pumyp in conneetion
with the pump on the dredge. In this way a pit of
several acres in extent can be mined. The pump and
pipes are removed from the pif as soon as cconomy in
pit size is reached. The pit is filled with water and the
bank botween the dredge and the pit is broken. The
dredge is then moved on and operations begin ufresh.
The pits form a channel for the transportation of the
pebble in barges. On reaching the mill the pebble is
elevated; thoroughly washed, dried, and stored for
shipment.

The most modern plant in this district has Deen
equipped with electric motive power, the intention
being to eliminate the dredge by using a series of
electrically-driven centrifugal pumps which will force
the entire matevial mined to the mill, a central pump-
ing station giving the hydrvaulic pressure vequired.
Under certain conditions this system promises excellent,
results. )

An innovation at the works of one of the phosphate
companies is the installation of a central plcmt to gener-
ate electric and hydraulic power for the mining opera-
tions. The results have proven eminently successful
and under proper conditions the method promises to
supersede the older and less economical ones.

The highest grade deposits with light overburden




foot rule, thus showing the thickness of the overly-
ing strata. The rod is replaced in the bore hole, forced
through the resisting stratum, and again withdrawn and
measured, the difference hetween the first and second
measurements being taken as representing the thickness
of the phosphate bed. The bore holes are generally
100 feet apart, extending over the entire area of the
land under examination. A series of exploring pits 10
feet long and 5 feet wide are dug at 500-foot intervals
in order to verify and confirm the results obtained by
the bore holes. The phosphate rock is carefully re-
moved, the depth from the surface and the thickness ot
the bed is measured, and average samples of the rock
and nodules are obtained for analysis. Throughout the
area of the South Carolina field the strata overlying
the phosphate rock are remarkably uniform. Iereto-
fore, mining operations have been limited to material
oceurring not more than 15 feet from the surface, but
there ave larger areas containing phosphate rock at a
greater depth than 15 feet whose value has not yet been
determined. .

The phosphate deposits of South Carolina are classi-
fied into river rock and land rvock, the river rock,
which is found in the beds of rivers, having bcon
washed into them from the original Jand beds.

The river rock has been worked extensively and with
considerable profit, for the reason that it is obtained hy
the simple and cheap process of dredging, which at the
same time washes the rock free from adhering impu-
rities. The dredging scoops are massive in construc-
tion in order to break through the stratum containing
the nodules of phosphate rock. The boats are held
in position by four ‘“spuds,” or strong, square iron-

tipped poles, one at each corner. The nodules are
thrown from the scoop into the washer which is gen-
erally on a lighter moored alongside of the dredge.
Various kinds of washers are used, the one in common
practice consisting of a truncated iron cone with per-
forated sides revolving on a horizontal axis and fur-
nished on the inside with steel spirals like the grooves
in a rifle barrel. The nodules are dumped by the
dredge into the small end of the cone, heavy streams
of water are introduced through hoth ends and the
cone rotated; the washed material is discharged at the
larger end of the cone and is removed by a derrick to
another boat which carries it to the shore. The dredge
generally used is of the ladder bucket type, which con-
sists of a series of steel buckets connected by means of
double links, the whole forming an endless chain which
moves over drums or tumblers fixed at the ends of the
ldder or frame. The higher end of the ladder is
placed divectly above the receiving hoppers and the
lower end is supported by a tackle which allows it to be
raised or lowered, according to the depth at which the
work has to be done. The motive power is applied at
the upper end by means of friction gear, so that any
undue strain will not break the machinery. The ladder
bucket dredge in the phosphate field ordinarily does
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not operate at d(‘pthb greater than from 20 25 feet,
Oceasionnlly, for depths greater than 20 feet amd up to 50
and 60 feet, a claum-shell hucket dredge is nsed, consist-
ing of a contrivance of 4+ or ¢ iron claws Whldl open as
Lheyv:u'e lowered and close forming a bucket as they
ascend. The bucket, generally of about1 cubic yard
capacity, is operated from a swinging erane covering a
radiug‘of 25 feet in front of the scow; the material is
delivered at a height of 14 feet above the deck into the
receiving hoppers which feed into the washers. The
cost of operating a clam-shell bucket dredge is from four
to five times that of the ladder hucket dredge.

Both the rock and nodules from the river and land
deposits oceur in very irregular masses or blocks of
extremely hard conglomerate of variegated colors, which
weigh from half an ounce up to more than a ton.

The mean specific gravity of the material is 2.4, and
the rock is perforated with a network of very small
holes, the work of innumerable crustaces, now filled
with sands and clays from the overlying strata.  Some-
times the nodules are quite smooth or even glazed ay if
worn by water; in other cases they are rough or
jngged.

The average analysis of South Carolina rock may be
taken as follows:

Per cent.
Tricaleic phosphate .. ... ... Cag(PO) g eveeaemaiacnaan 50, 63
Caleium carhonate., . ..........C 1T 8 08
Magnegium carbonate . ......... MgCOg oo ee oo 0.73
Tron and aluminum oxides. ... . Fe,Op and AlOg. oo ooLo 6, 60
Sulphuliv aeld.__......... e LS80, 480
Caleinm fluoride..c.ooooeeen... Calry, f--rrommmrmmmnmeres )
Water and logs ondgnition. ... .. 3 O 8,00
Silica and undetermined. .. ..... 3 L 11,56

The land rock occurs chiefly in the vicinity of
Charleston, while the river rock is confined to the
Coosaw river and other streams in the vieinity of Beau-
fort, The land rock containsg from 57 to 60 per cent
of tricaleic phosphate, but has also a higher percentage
of iron and alumina than the river rock, That portion
of the river rock which is low in iron and alumina
is mainly shipped abroad.

The excellent quality of the South Carolina product,
together with the favorable shipping conditions, place
the production on a permanent basis, and the supply of
reserve rock known at the beginning of the present
decade is calculated to furnish a supply at present rate
of consumption for thirty-five yearsto come. Inrecent
years there has been a slight decrease in- the annual
production of river rock. The methods of mining and
preparation have not changed materially during the
past decade except that steam shovels are replacing
hand labor for the removal of the overburden and the
mining of the land rock. With regard to land rock,
Pl"anlS Wyatt describes the method of trumtmg‘ it in
order to make it marketable as follows: (1) mining or
exeavating, (2) washing to remove sand and other ster-
ile impurities, and (3) drying in kilns to drive off the
contained moisture.
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Taking these in their order, it is customary to estab-
lish a trunk railroad, starting at the river front or
on the bank of some convenient stream, and passing
through the center of the property to be exploited.
Alternate laterals can be run off at right angles from
any portion of this main line, at a distance of say 500
feet, in conformity with the nature of the ground. Be-
tween and parallel to these laterals a ditch or drain is
dug to a depth extending from 4 to 5 feet below the
phosphate strata. From this main drain the excavators
start their linesat right angles to the laterals, commenc-
ing at one end of the field and digging trenches 15 feet
wide and 500 feet long, the work being so arranged
that the men are stationed at intervals of ¢ feet. Every
man is supposed to dig out, daily, a pit 6 feet long, 15
feet wide, and down to the phosphate rock. The over-
lying material is thrown out to the left-hand side of the
trench., The phosphate itself is thrown out to the right
and talken in wheelbarrows to the railroad cars which
pass at either end of the trench. The water drains
from the trenches into the underlying ditch, and is
thence pumped out by means of a steam pump worked
by a locomotive engine.  The pump and the engine are
secured to connected railway platforms, and run along
the railroad track from one ditch to another as oceasion
requires.

The cars loaded with the erude phosphatic material
dug out of the pits are run down to the washing appa-
ratus, which is constructed at an elevation of 30 feet from
the ground, and generally consists of a series of semi-
circular troughs from 20 to 30 feet long set in an iron
frameworlk at an incline of about 20-inch rise in their
length. Through every trough passes an octagonal
iron-cased shaft provided with blades so arranged and
distributed as to form a screw with a twist of 1 foot in
68, which forces the washed material upward and pro-
jects the fragments against each other. The phosphate-
laden cars are hauled up an incline and their contents
dumped into the bottom trough, where the phosphate
encounters one or more heavy streams of water, pumped
up by a steam pump. This water does not ran off at
the hottom, but overflows at the higher end near
wheve it enters, When sufliciently washed the mate-
rigl is pushed out upon a half-inch mesh screen, the
small débris being received on oscillating wire tables
below. .

The phosphate is now veady for kilning or drying,
and of all the methods hitherto adopted for this im-
portant process, that of simple roasting in an ordinary
kiln, such as is generally used in the mannfacture of
bricks, is said to have been found at once the most
rapid, effective, and economical, The rock pile is built
on layers of pine wood, and owing to its content of a
considerable quantity of organic matter it readily lends
itself to combustion and requires but a short time to
becomrie quite red hot. The kilns are made sufficiently
large and are so arranged as to allow free passage to a

train of ears, which, running on the main line of rail-
road, can be loaded in the kiln, vun down to the landing
place, and discharged ditectly into the barges or boats
on the river.

The total production of phosphate rock in South Car-
olina, based on marketed output, from 1867 to and in-
cluding 1902, as reported by the United States Geolog-
ical Survey, is; Land rock, 6,702,139 long tous; river
rock, 8,930,362 long tons; total, 10,632,501 leng tons.

Tennessoe.—Although the presence of phosphatic

nodules in the Chattanooga shale had heen known for

several years, it was not until 1893 that the industry
was started in Tennessee. The deposits are in Hick-
man and Lewis counties in the central part of the
state, but in fow places only are they of suflicient
quantity and richness to admit of profitable working.
The phosphates are classified according to color into
blue, brown, and white. The blue rock deposits began
to be developed in 1894 in Hickman and Lewis counties
over an avea of 10 hy 20 miles, the principal deposits
being adjacent to Swan Creek valley. The great draw-
hack to the exploitation of the blue rock was the
distance of the field from the railroad, being 20 miles
away; this objection, however, might have been over-
come, hut the later discovery of the high-grade, casily-
moved, brown phosphate rock near Mt. Pleasant, Manry
county, 56 miles from Nashville, having direct railroad
transportation to the market, reduced the mining of
blue rock to inconsiderable proportions. The blue
rock occeurs in horizontal beds overlying and conform-
ing to the country limestone; the workable beds aver-
age 18 inches in thickness and outerop only where the
streams have cut through the overlying strata. In a
few cases it can be mined in open cuts by stripping
the overburden, but the great bulk of the work must
he mined under cover. With an 18-inch seam the min-
ing cost, though high, is offset by the fact that the
rock is sufficiently pure to be used without preliminary
washing or sereening; in fact it is stated to be the only
deposit of phosphate yet found in the United States
that can be mined and shipped without preliminary
treatment. The average composition of the blue rock
shows 70 per cent of tricaleic phosphate and from 2.5
to 3 per cent of iron and aluminum oxides. On account
of its location away from the railroads the consumption
of blue rock is loeal. With this blue rock oceurs a so-
called brown rock containing from 74 to 75 per cent of
tricalcic phosphate and from 5 to 6 per cent of iron and
aluminum oxides.

The general practice of mining is to strip the over-
burden by hand labor and to quarry the rock in lumnps,
or to run drifts into the deposit and remove the rock
by the ordinary pillar and stall system., Should the
material overlying the phosphate rock be such that only
a little timbering is required, it will not ordinarily pay
to remove the overburden unless it is less than 10 feet
in thickness. Ordinarily the stripping of the overbur-
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den is a simple matter for the reason that most of the ' obtained chiefly from Mt. Pleasant and vicinity, while

phosphate rock deposits outerop on a hillside.  Gen-
erally the rock is crushed to pass through a 2-inch ring
and is then treated in a revolving one-quarter-inch mesh
screen in order to remove adhering clay and sand; the
screened material is ground to from 60 to 80 mesh size
and sold for direct use by the farmer or to small super-
phosphate manufacturers. The rock as it comes from
the deposit is comparatively dry and contains on an
average more than 60 per cent tricalcic phosphate.

Prior to 1896 the bulk of the production was obtained

from the blue rock district where the mines have heen
developed to a considerable extent. The district was
handicapped by long wagon haunlage and comparatively
costly underground work.

The Mt. Pleasant rock occurs over an area of from
8 to 4 miles north and south and from 6 to 8 miles
east and west. There are two varieties—the soft,
which constitutes the bulk of the supply, and the hard,
which is of minor importance. The soft rock when
dry varies in color from grayish or reddish hrown
to cream white, and occurs in plates of various thick-
ness or size, rarely exceeding 2 or 3 feet in diameter.
The plates are closely packed together into a fairly
regular stratum which is not uniform in thickness and
often sinks into depressions of the underlying lime-
stone. The overburden averages 8 feet in thickness,
except in the eastern part of the field where it is too
thick in many places to admit of successful mining.
The rock is of loose and porous texture and is readily
ground when dry. ;

Two classes of product are made, known locally as
domestic and export. The run of mine after the re-
moval of the export lumps, is washed, kiln dried,
crushed, and sereened, the small particles and dust
which pass through forming the domestic product,
while the lumps constitute that exported. The export
grade is guaranteed 78 per cent of tricalcic phosphate
with a maximum of 4 per cent of iron and aluminum
oxides; the domestic produet is 75 per cent and 5 per
cent of these components, respectively.

The hard roek is compact, heavy, oolitic in structure,

~ yellow white in color, and occurs like the blue rock in
o well-defined stratum of about two feet in thickness,
It is of high grade, but occurs in small quantities. The
' Mt. Pleasant rock containg no pyrite, but little fluorite
and usually a high content of tricaleic phosphate.
Washing is necessary in order to remove the iron and
aluminum oxides present in the crude rock as it comes
from the mines. The mining at Mt. Pleasant is all
open-cutwork. From 8 to & feet of overburden is re-
moved by hand or with serapers and the rock removed
with pick and bar, no explosive being necessary. Usu-
ally the mined rock is dried, under sheds on o eribwork
of cord wood, which is fired, yielding a thoroughly
dry product. The dry rock is then crushed, screened,
and stored or shipped. The high grade material is

lower grade deposits exist in Hickman, Giles, and
Sumner counties. Ior the former class of rock there
is a good export market, but the low grade vock is
consumed mostly at home.

The white rock deposits ave in Perry county, the
largest development being at Toms creek; it is far
from the railroads, but is within 4 niles of the Tennes-
sce river, which affords water transportation. The
rock closely resembles Florida land rock in appearance
and oceurs with chert in pockets of variable size.
Selected samples show a high content of triealeic phos-
phate and low iron and aluminum oxides. On account
of its unfavorable location but little work has been
done ou this property. White rock is found in other
localities in Tennessee, but so far the deposits are of
little, if any, importance.

Other states.—The geological survey of Alabama las
examined several well-defined deposits, the chief one -
being the Hamburg bed in Perry county, which is part
of a formation extending nearly across the state, although
ab only one ov two points is the material of suflicient
richness to make it of importance. The Coatopa hed in
Sumter county has heen traced for some distance, The
Snow Hill bed in Wilecox and Marengo counties earries
a higher percentage of tricalcic phosphate than cither
of the other deposits and holds out more promise of
commercial value than any other in the state.  There
has been no production of phosphate rock in Alabama
since 1900, in which year 384 long tons, valued nt §534,
were produced.

In Arkansas phosphate rock has been found in the
counties of Independence, Stone, Izard, Baxter, Mavion,
Searcy, and Newton, in the northern part of the state,
but little prospecting has been done, owing to the dis-
tance of the deposits from the rvailronds. The majority
of the samples analyzed prior to 1902 showed a low
content of tricaleic phosphate and were high in iron
and aluminum oxides, In 1902 a large fertilizer plant
was built near Batesville, on the White River Railroad,
which was being extended to the mines. Mining opera-
tions have been begun in a layer of phosphate rock
containing from 50 to 80 per cent of tricalcic phosphatoe
and Jess than 8 per cent of iron and aluminum oxides.
The deposits promise to be of considerable extent and
richness, and. they will doubtless be developed as soon
as the railroad has been completed.

A deposit of phosphate rock has been reported near
San Diego, Cal., but the samples sent east showed a
small proportion of phosphoric acid and alarge content
of caleium carhonate.

In Georgia, according to S. W. MecAllie, the only
commercially important phosphate deposit is near
Boston, Thomas county, which was discovered in 188!,
The phosphate occurs in nodules of n size ranging from
I inch to 1 foot in diameter, scattered promiscunously
through a reddish sandy clay overlying an irrvegularly




PHOSPHATE ROCK.

eroded surface of limestone, Inaddition to the nodules,
which contain from 70 to 78 per cent of tricaleie phos-
phate, there is also a small proportion of soft phosphate
rock. A few carloads of rock were produced in 1889,
but the work was abandoned on account of the small
quantity of rock available and the great thickness of
the overburden.

A small quantity of phosphate rock is mined annually
at the shell-rock quarry, Castle Hayne, near Wilming-
ton, N. C. The state owns the mines, and in 1897 pro-
posed to work them with convict labor.  In 1898 a land
and improvement company was organized to take over
the property under contract with the state. During
recent years the entire produet, which is of very low
grade, has been used solely for macadamizing the streets
of Wilmington.
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The phosphate mines at Ross Farm, Juniata county,
Pa., on the Tuscarora Valley Railroad, are operated by
a fertilizer company, which ereeted a large plant for
the manufacture of acid phosphate in 1898. The aver-
age rock is of low grade, but the good rock, containing
more than 50 per cent of triealeic phosphate, can be
easily separated from that of poor grade. The phos-
phate beds dip steeply into the mountain, and the rock
can be delivered at the works, 800 yards distant, at a
very low cost.

In Virginia the occurrence of deposits of hard-rock
phosphate was reported in Nelson county in 1893 and
in Rockbridge county in 1894. An analysis of samples
showed that the material was of high grade, but the
deposits examined were so inaccessible and small thaé
the rock could not he mined at a profit.
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TasLe 6.—DETAILED SUMMARY: 1902—Continued.
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SULPHUR AND PYRITE.

By Josepu StrurHEks, Ph, D.

The statistics for the sulphur and pyrite industries Capital stock of incorporated companies.—Of the 18
have been united in the present discussion in order not | operators in the United States in 1902, 14 were organ-
to disclose the operations of 1 company engaged in pro- | ized as incorporated companies. The details of their
ducing sulphur, Table 1 is a summary of the com-.| capitalization are shown in Table 2.

bined statistics for these 2 industries in 1889 and 1902, TanLe 2.—Capitalization of incorporated companies: 1902,

and of the statistics of pyrite alone for 1880, no returns = : ‘ =
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N . . i .

The expansion of domestic production to meet the SRR | E— e

. o ) . . . . . . . sy e Number of incorporated companiey...... .. 14 2 11

increasing demand for sulphur and sulphuric acid is | Xumber reporting oapitalizaton o000 12 3 15
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e L e N Authorized—

Number of shares ...... 42, 500 12,600 ! 30, 000

Xumber ol mines .o i, 23 2 1 Parvalue.....o.vvveeinn $3, 010,000 (| $1,250,000 | $2, 660, 000

Humber of OpPerAtOrS. ..ot e 18 M 1 . Issued-—

Saluried pifcinls, cler Number of shares ...... 37,500 7, 600 30,000
Number o %‘1) 1 g Par value.....,vierannns $3, 410, 000 #7650, 000 | $2, 660, 000
Snlaries 40, 890 $b, 512 El Dividends paid......... $2,400 {loeiiiiinnnen #2, 400

Wagae-carne Preferred—

Average number. Cenrrrsaareaenenn .. 470 249 4 Anthorized—

WAZCS.carennannan eeaiebeamanaaaan .. B8U8, 870 | 064,780 | 81,200 ' Number of shares ...... 3, 500 3,500
Contract work ......... e teeereraeaeran .0 88,687 | $28,108 1 Parvalue.......oeeenn.. $350, 000 §360, 000
Miscellnnemis eXPeNses. ..o ivereneen... . 889,118 | 830,262 1 Tssned—

Cast of supplivs and materials ..o, $217,2062 | §48,°700 $365 Number of shares ...... 1,850 ..ol 1,860

Product: s Par value........ e $185,000 [|.cvveneannss #1835, 000
quuntity, JONE tONS et 207,874 | 106,100 2,240
VRl e - --| §947,080 | $200,969 1 85,000 ! Tneludes companies dlstributed as follows: Alnbams, 1; California, 2; Lou-

Isfang, 1; Massachusetts, 1; Missourd, 1; Nevada, 1; New York, 1; Ohlo, 3; Wash-

I Not reported ington, 1, , ; ) .
A ! 2Tne o N s , . . _
2 Not reported separntely. Ineludes companies disteibuted as follows: Alubaa, 1; Toulsiang, 1} Mas

) AT RN v ‘ r K r Yoy » LTS .
glnc}h}ﬂcs %n 1{'.)0{.!. 11,488 tons of pyrite, valued at $29,420, produced as o by- suchusetts, 1 Missourd, 1; Nevada, 13" New York, 1; Ohio, 8 Washington, 1
§ v [ ¢ [, . + N . »
produet of cont minfng. These companies reported a total capital stock issued

Tor the twenty-two years covered, the table shows | 0f & par value of $3,545,000. This was made up of
. . - . " o : 500 s Mok [ C ) ] ¢ ‘ T eent ¥ =
an increase in production of over one-hundredfold, and | 37,500 shares of common “tofﬂ" 88 per C‘?“L_Of the num
in value of nearly one hundred and ninety fold, When her authorized, having a par Vﬂh“‘f of §3,410,000, wlucl;
) i RT Ner o £ the tot v value : 0.00¢

the total amount of sulphur consumed (as sulphur, not | 81 per cent of ,thf’ Mﬂl par vaime of the $3,01 ’9
. . S . o y authorized; and 1,350 shares of preferred stock having
ineluding pyrite) is taken into consideration, the amount oK o o
) v A : . a par value of $135,000, these amounts being each 90
of the domestic production in 1902 was not relatively  cent of the number of shaves and total value of the )

large, but the steady increase indicates the substantial | PO S0 Sty o '

llftf:ll‘e of the industry. In 1880 the industry was preferred capital stock authorized. There was no

. . ) bonded indebtedness. -

s§1112111—0111y 1 pyrite mine with a product valued at Employees and wages.—The average number of wage-
85,000 being reported, but in 1889 the value of the | oo employed each month during 1902 is showh in
production of sulphur and pyrite was $209,969. This | Taple 6. The employment was comparatively steady.
increased to $947,089 in 1902. The growth from 1880 | Ty, average number of wage-earners for the entire
to 1889 was greater proportionately, but that from 1889 year was 970. The highest monthly average, 1,059,
to 1902 was larger in absolute amount. reported in July, exceeds this by only 89, and the low-

Three sulphur mines were reported idle in 1902—1 in est, reported in December, falls short of it by 151, a
Colorado and 2 in Utah; and 5 pyrite mines—1 each in | total variation of 240, or 24.8 per cent of the yearly
Alzbama and Ohio, and 8 in Virginia. At 1 sulphur | ayerage. Child labor constituted only 13.4 per cent of
mine in Texas development work was reported. the whole. :

(933)
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Table 6 shows also the average number of wage-
earners employed at specified daily rates of pay during
1902.

The rate group comprising the greatest number of
wage-earners is that from $1 to $1.24 per diem, 30 per
cent of the -entire number being included within these
rates. Of the employees, 205, or 21.1 per cent, received
from $1.25 to $1.49 per day; 662, or (8.2 per cent got
between $1 and $1.74 per day; 148, or 15 per cent of
the total, were employed at a rate of $2 or more, and
117, or 12.1 per cent, received less than $1 per diem.
Of the 970 wage-earners, 429, or 442 per cent, were
employed below ground.  Miners aud quarrymen num-
bered 301, or 81 per cent, and 110, or 36.5 per cent of
these, received from $1.25 to $1.49 per day, the
remainder being distributed mostly among the higher
rate groups, 6 receiving from &3 to $3.24. *“All other
wage-earners” numbered 405, or 41.8 per cent, their
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greatest concentration, 48.1 per cent, being in the rate
group from $1 to $1.24.

Mechanieal power.~—The primary power reported for
the sulphur and pyrite industry aggregated 6,305 horse-
power. Of this 5,915 horsepower was generated by
steam, 20 by gas or gasoline, 50 by rented waterpower,
and 320 by air compressors. Two electric motors, hay-
ing a capacity of 80 horsepower, were also reported.

Production.—In the following table the tigures for
the domestic production and the imports of sulphur
and pyrite are given, so far as obtainable, for the years
1880 to 1902, The statistics for the two minerals are .
presented separately except for 1902, a combination for
that year being necessary to avoid disclosing the oper-
ations of a company engaged in producing sulphar,
The quantity of sulphur displaced by the use of pyvrite
is also shown,

TanLe 3.—ANNUAL DOMESTIC PRODUCTION, IMPORTS, AND TOTAL CONSUMPTION OFF SULPHUR AND OF PYRITE,
WITH PERCENTAGE DOMESTIC PRODUCTION IS OF TOTAL CONSUMPTION, AND QUANTITY OF SULPHUR

DISPLACED BY PYRITE: 1880 TO 1902.

[United States Geological Survey, ' Minernl Resources of the United States,'” 1904,]

SULPHUR, PYRITE
Cimnmity
Domestic production, Tmports, Domestic production, lmports,! n] i su]lphulr
. displaced
YEAR. Total tféml- N ; Total con- N ) pls)}ltg{(‘i(;)xgg,
SUmMpLOn | o g ity Gr CCNE  opantity SUMPLON || vy 04y gy er CORE I auantity nB
(ongtons).|| “jone | value. (815532%}) (long;3 value, |[(fongtons)dl igng” | value, 081[1:1(;2:}) (long Value, tons).
R tons), “lion, tons), tons). “lion, tons).
88, 655 536 | $21,000 0.6 || 88,110 | $2,084,800 [euveveneens e e e
105, 802 536 21, 000 0.5 105,260 | 2,720,200 [[..veiauernencflonecarscni]oonnraresedaaiiinrssiliiiiianiiiilieian
98,268 636 21, 000 0,6 97,722 | 2,686,b24 $72,000 1. ool ianan
95, 627 27,000 0.9 94,734 | 2, 6 N I N | s P
105, 862 446 12, 000 0.4 105,416 | 2,256, 381 $1,710 85,000 | 175,000 67.7 16,710
D000 | 29| Tnom|  ho| w786r| 25oon ||  Aobos| ohood| wbooo| oral ko
y A . ' 50, 60 30, 606 i < , 806
gg. 5‘)(2)_} 2,679 100; 000 2,7 97, 246 1’,7()0‘ 723 68, 678 E"_)‘.f, gg(l) 210: 000 7. 8 16,078
{1/ O | AR S, [ O 4 5, 3
136, 360 402 7,850 0.3 0,4 03, 705 .
162,789 fleenemareeaterieseneosdianeanonan 162, 789 09, 864 ves ..
118, 258 1,071 34, 600 0,9 (| 117,187 ! 2,083,971 207,184 || 106,536 | 838,880 614 [ 100,648 892,141 03, 233
103, 522 2,400 &0, G40 2,8 101,122 | 2,199,026 262,147 109,788 | 805, 191 41,9 (| 1562, 869 bR7, 080 117, Y66
106, 804 1,071 42, 000 1.0 105,823 | 1,909,961 270,711 76,777 | 266, Ak 28.0 18, U84 721,609 121, 820
125, 405 446 20, 000 0,4 125,489 1 1,708,617 2069, 486 106, 040 | 863, 134 39,8 163, 46 590, 905 121,269
123, 703 1,807 12, 000 1.8 122,006 | 1,618,784 289, 984 99,649 | 322, 815 848 190,485 678, B12 180, 193
143,976 4, 696 87,200 3.8 139,280 [ 2,172,629 315, 651 115,483 | 820,163 86,6 [| 200,168 648, 306 142, 043
143, 026 2,031 45, B0 1.4 141,905 | 2,454,078 402, 747 143,201 | 891, b4l 86,4 || 269,646 747,419 181, 236
165,575 1,071 32, 960 0.7 164,504 | 8,009, 924 446, 187 193,864 | H93, RO 43,8 || 262,773 717,813 200, 762
145, 846 , 813 | 107,500 3.0 141,633 | 2,523,208 444, 602 174,784 | 543, 249 30,8 || 269,808 { 1,077,061 200,071
170, 843 8,147 88,100 1,8 167, 696 , 0, BRG 627,000 4| 204,616 1 749,901 88,8 || 822,484 | 1,066,121 237,196
182, 076 6,860 | 223,430 3.8 176,210 [ 8,287,908 438, H31 234, 825 [1, 024, 449 36. 8 403,700 | 1,415,149 287, 839
(3) 3) (3) (8) 174,939 | 3,283,300 8G48,287 || 207,874 { 3047,080 |....clnn 440,863 | 1,600, 8562 3)

1Previous to 1884 classed among sulphur ores; 1887 to 1891 classed among other iron ores; since 1891 ingludes iron pyrite contnining 26 per cent or more of

sulphir,
*Tstimated on basis of 45 per cent sulphur content,

3The statistics of the domestic production and total qnnsumption of sulphur are combined with those of pyrite to avoid disclosing the operations of » company

producing sulphur,

The quantity of sulphur produced cach year in this
country has been a relatively small part of the total
consumption of the commodity. In no year during
the period covered by the table has this proportion
exceeded 3.8 per cent, but & comparison of the fluctua-
tion makes it evident that this proportion tends to
increase. The imports have increased from 88,119
long tons in 1880 to 174,939 long tons in 1902.

Practically all the pyrite consumed in 1882 was of -

domestic production, but in 1901 this source yielded

only 36.8 per cent of the total. Owing to trade condi-
tions the foreign pyrite can be more profitably util-
ized than can the domestic ore. Hence the imports
have constantly grown until they now form almost two-
thirds of the total consumption.

The recovery of the sulphur content of pyrite has
steadily encroached upon the field formerly occupied
almost exclusively by sulphur. Estimated on an aver-
agesulphur content of 45 per cent, the quantity of sul-
phur displaced by the use of pyrite has grown from
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08,238 long tons in 1891 to 287,339 long tons in 1901,
This Iatter figure exceeds the domestic production of
snlphur by 280,473 long tons.

Linports of sulphur.—Table 4 shows the importation
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of sulphur into the United States for 1900, 1901, and
1902, the exporting countries, and the customs district
at which the sulphur was entered.

TasLe 4.—IMPORTS, BY COUNTRIES AND BY CUSTOMS DISTRICTS, INTO THE UNITED STATLS, OF CRUDE SULPHUR
OR BRIMSTONE, FOR THE FISCAL YEAR ENDING JUNE 30: 1000 TO 1902.
[United States Geological Survey,  Mineral Resourees of the United States,” 1902.]
1900 1901 1902
Quantity \ Quantity \ Quantity
(longtons).| MU Hodnetonyy,  Velue (I(Qmp, tons),|  velue.
COUNTRY,

A £ N 145, 399 §2,711, 912 159, 711 $2, 875,104 187,480 33, 782, 884
L P 033 24,957 776 18, 631
England ...... e s . 7,425 155, 52 7,484 156, 205 7,081 161,387
Italy ........ 138, 011 2,369, 037 139, 492 2,474, 684 163,571 8,111,971
TRpa . .eena.., 9, 058 180,817 11,798 219,193 16,448 200, 826
Other countries b 4 [it] 4 69

0L e e et teee et ine et ee e e aeeareeaanantaeeiteaeeaneatanntananraann ceeesl 155,899 2,711, 912 159, 711 2,875,104 187, 480 3,582,884
BARIMOTE, M vuiivennieerraiirisnerncransnnennnns 12,798 213, 803 9,040 163, 664 12,137 225, 804
Boston and Charl 10,023 208 014 11,048 217,274 12,124 261, 366
L1 (R T e |
New Urleans, La. ..o 1,000 10, 111 2,218 (1 O R Y
New YOIk, N, Yoo iiieiiaieanrieinnrennsrararanennn 85, B8 1,467, 947 89,7756 1, 585, 084 100,109 1,891, 554
I‘hiludvlphiu YN 7,448 120, 284 11,100 185, 319 16,719 804,777
Portiand, Me ..o e 24, 880 430, 692 20, 039 3683, 473 80,082 606, 031
San I“rmll'i&l'ﬂ Callllll 8,287 162, 836 9,869 172,170 10,497 200, 255
savannah, Ga..... 761 18,6 1,000 B R |
3T 6 O 459 12,280 [eevensinseeforevananiinnns
Willmnette, Oreg .. Crrererraerraeras 1,630 38,184 2,087 40,515 3,475 63, 606
T T 2,147 B4, 827 3 630 72,430 2,387 48,501

Relative production of sulplur by various countries.— DESCRIPTIVE.
In order to show the production of sulphur by the dif-

ferent countries of the world, the following table has
been compiled from data gathered by the United States
Geological Survéy. This table indicates that nearly 90
per cent of the world’s production of sulphur is obtained
from Italy.

TARLE 8.— World’s production of sulphur: 1899, 1900, and 1901.

[Uniteq States Geologionl Survey, **Mineral Resources of the United States,”

1902,]
1
1800 1900 1601
COUNTRY, | Qé;rtm- Ql;lln- Qmm-
] tity \ y :
(met}ric Value. (met)ric value. | petrie| Vedue.
tons). tons). tons).

Total ..... df3, 044 ($10, 946,888 || 041,800 (§10,809,041 || 683,761 [§11,149, 937
United States...] 4,383 107, 500 3,109 88,100 6,976 223, 430
Austrinl,....... 55 1,526 862 2, 2066 4,911 12,107
Fromeel........ bo11,'44 28,884 || 11,661 26,427 , 00! 16,400
Germnny ....... 1,668 36, 000 1,446 81,000 068 20, 260
GIeCEC. v ennnnes b1,287 22,266 891 16,088 8,212 67,290
Hungary ....... ! 116 8, 600 128 8,820 13 8,847
Italy............ A4, 688 | 10,392,415 || 544,119 | 10, 212 903 §| 563,006 | 10,734,192
Japan ..o......, 10,235 211,785 || 14,486 298 660 Elg 2)
Russia,......... 451 9,412 (¥ 2 2
Spain { 1,100 81, 860 50 18,000 61 18,116
PP e 168, 922 102 160 |1 164, 364 109,947 |} 149, 856 69, 806
Sweden.ooooiiiiiiiidieneeieen 70 1,890 |[oeevennne]orniannnans

1Crude rock, 2 Statistics not yet rgported.

A detailed summary of the industry is given in
Table 6.

SULPHUR.

Sulphur has been known to mankind from the earli-
est vecords of history. It isone of the most important
elements that comprise the earth’s crust, and occurs in
a free or uncombined state in many countries, forming
the mineral sulphur, more commonly known in com-
merce as brimstone.

Physical and chemical characteristics.—The element
is insoluble in water and nearly so in alcohol and ether,
but is quite soluble in carbon disulphide, petroleum,
and benzine. 1t burns in air with a blue flame, and is
oxidized into sulphur dioxide or sulphurous acid. It
exists in two distinct erystalline forms, and also as an
amorphous variety. These modifications are character-
ized by differences in specific gravity, in solubility in
various liquors, and in many other respects. :

Sulphur is a pale-yellow, brittle, crystalline solid,
with a resinous luster, is almost tasteless, and emits a
pecuhur clmmcterlqtlc odor when rubbed or warmed.
Tt is a nonconductor of electricity and an extremely bad
conductor of heat, When very gently warmed, even
by being grasped in the hand, it may be heard to crack
by the mere warmth, and W111 ultimately fall to pieces.
At a temperature of 114.5° C. it melts into a clear
amber-colored and moderately mobile liquid; on rais-
ing the temperature of this liquid, its color rapidly
darkens, and at the same time it loses its mobility until
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at a temperature of about 230° C, the mass appears
almost black, and is so viscous that it can no longer
be poured from the vessel. As the temperature is still
further raised the substance, while retaining its dark
color, again becomes liquid, although it does not regain
its former limpidity. At 4482 C. the liquor boils and
is converted into a pale yellowish-brown colored vapor.
In cooling the same changes occur in reverse order.
The atomic weight is 82, The specific gravity of ordi-
nary octahedral sulphur is 2.05; of prismatic sulphur,
1.96. ,

Uses.—Sulphur is used in the preparation of sul-
phuricacid, in the manufacture of gunpowder, in making
frietion matches, in vuleanizing rubber, as an insecti-
ride, and in medicine as a laxative, and for certain skin
discases. ‘ :

Minerals of sulplur.—Sulphur oceurs in combination
with other clements, forming the large and important
groups of minerals, the sulphides and the sulphates.
Of the sulphide minerals, the combinations with the
metallic elements are of primary industrial importance,
and, with the possible exception of the iron sulphides,
they form the ores from which many of the base metals
are obtained. '

The principal sulphide and sulphate combinations are
as shown helow.

Sulplide and sulphate combinations.

COMBINATION OF ELEMENTS. Nume of mineral. Chemieal formula,
Chief sulphide minerals;
Sulphur and IFON.evae v e Pyrite cevenvnirininanns Fel;
Sulpbur and iron........ .| Murcasite .oooevniiinnnn Feb,
Sulphur and iron........ .j Pyrrhotite. oo PeopBig
Suiphnr and copPer....e.veaes Chaleocite. o] CUaS
Sulphur and copper and iron .| Chalcopyrite . ..} CuifeSa
Sulphur and eopper and iron .| Bornite......... ..| CugFes,
Sulphur and lea Galenite {galenn) ......| TS
Sulphur and zine gphalerite (zine hler Zn8
Sulphur and silver Argentite....... eeeeaiel| A8
Less important sulphide minerals;
Sulphur and arsenie........... Renlghr voovvvnnninaen. As8
sSulphur and arsenic........... Orpiment.. .| AsSy
Sulphur and antimony........ Stibnite . .,.. cenn| Sholy
Sulphur and molybdenum ....! Molybdenite 4 MoS,
Sulphur nnd mercary ......... Cinnabar.... o] M
Sulphur and nickel ........... Millerite..... vene Nf'{;‘
Sulphur and tin .....ooo.ooae. Tin pyrites...oooeeeanen SnSy
Chief sulphate minerals;
Sulphur and caleium.. . Gypsum ..., .| CaSQ,2HL0
Sulphur and ealeium Anhydrite CasQOy
Sulphur and barium .., Barite _....,. BasO,
Sulphur and magnesin Epsomite (1Bp MeSOTHO
Sulphur and strontinmi. . .. Celestite,..ooovannn.n. 8rl0,
Sulphur and sodium .......... The%mrdite (Glanber | Na80,
salt).
Sulphurand Jead ............. Anglesite.oooiiana.o Phi0,
Important artificial sulphates:
Sulphur and copper........... Copige'r lsulplmte (blne | Cul0,7H.0
vitriol),
Sulphur and iron.............. Iron ‘salphate (cop- | FeSO7H0
. peras),
Sulphur and zine.............. Zine sulphate (white | ZnS07H.0
vitriol),

Sulpbur dioxide (S0O,) is the direct combination of
sulphur with oxygen and is found naturally as a minor
constituent of the atmosphere, particularly near vol-
canoes, and over large cities, where its presence is due
to the oxidation of the sulphur contained in the fuel
burned.

In vegetables sulphur exists in some of the tissues of
plants, although not in the woody tissues. In animalg

it constitutes an essential element of the blood, muscles,
skin, hair, and other parts.

Hydrogen sulphide (I,8) and sulphur dioxide (SO,)
are evolved from voleanoes as gases, which are doubt-
less the products of the action of the water of the ocean
which has penetrated to the interior of the voleano
upon the molten metallic sulphides that exist there,

The two forms in which the sulphur is marketed are
the flour, or flowers, of sulphur, which is a light pow-
dery form of the substance caused by the condensation
of sulphur vapor; and brimstone, or sulphur, which is
made usnally by melting this soft powder and mold-
ing the liquid thus obtained into large blocks or eylin-
drical rods in wooden molds.

Ocewrrence.~—~Natural deposits of sulphur are some-
times found stratified with beds of clay or rock, but
they often occur as what are known as ““living” beds,
in which the sulphur is continuously being formed as
the result of active chemieal decompositions. In such
a living sulphur bed the sulphur is produced by the
direct action of sulphurous gases, especially hydrogen
sulphide (H,S) and sulphur dioxide (80),), which in the
presence of moisture (H,0) react and form water (H,0)
and sulphur (). These gases emanate in regions of
active or expiring volcanoes, and form the so-called
solfataras, in which the sulphur has been condensed
from the vapors formed and has collected in cracks in
the lava and tuffs or in the kaolin or clay formed by the
corroding action of the acid vapors on the lavas,

From a commereial standpoint, especially for the
manufacture of sulphurie acid, the mineral from the
solfatara deposits is not regarded favorably on account
of its liability to contain arsenic in the form of the
minerals orpiment (As,S,) and realgar (AsS). Sulphur
of this character has been imported from the island of
Vuleano, one of the Lipari group, off the coast of Italy.
A similar agsociation of arsenic minerals has been re-
ported in the sulphur deposits in Yellowstone National
Park., Traces of selenium and tellurium, which are
also objectionable in the manufacture of sulphurie acid,
oceur in the voleanie sulphur deposits in Japan, The
only solfatara deposits of commercial importance at the
present time are in southern Utah and in the island of
Hokkaido, Japan. ‘

The world’s supply of sulphur is derived from two
principal sources: (1) The deposits of the native mineral
snlphur, which yield the sulphur or brimstone of com-
merce; and (2) the deposits of the sulphide minerals—
pyrite, pyrrhotite, chalcopyrite, sphalerite, and other
sulphides—from which is derived the sulphur dioxide
gas used in the manufacture of sulphuric acid. In
addition to these two natural sources of sulphur, there
are several artificial products containing sulphur,
chiefly in the form of sulphur dioxide gas, in sufficient
quantity to admit of commerecial utilization, There are
also lead, copper, and other mattes from the furnace
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treatment of various lead and copper ores and alkali
waste from chemical works engaged in manufacturing
soda,

During recent years, hnwever, several thousand tons
of sulphur have been produced annually in England
from the accumulated alkali waste of the Le Blanc soda
process.  This manufactured product is known as
“chance-claus,” or recovered sulphur. The process
of its manufacture reproduces, in many respects, the
chemical renctions by which natural sulphur is formed
from gypsun.

REVIEW OF TUE INDUSTRY IN THI UNITED STATES,

The development of the sulphur mining industry in-

the United States has been of very slow growth, owing
principally to the cheapuess with which the refined
product ean be ‘imported from Ttaly. In recent years
nearly the entire supply has been obtained from the
enovmous deposits in the island of Sicily, which sup-

Nies, as well, by far the ereater part of the rest of the -
b} b N - !

world’s demand. The deposits of sulphur which have
been worked in the United States are limited in nwmn-
ber, The gtates from which, during 1902, the domestic
supply of native sulphur was derived ave, in the order
of the quantity of their output, Louisiana, Nevada, and
Ttah, _

The following is a brief summarization of the prog-
resy that has been made in extracting and vefining the
sulphur of the deposits in this country.

Lowisiwna.—An immense deposit of sulphur of the
gypsam type oceurs in Calcasieu parish, 280 miles west
of New Orleans and 12 miles from Lake Charles. This
is unquestionably the most accessible of the American
deposits, and, in all probability, it is the richest as well.
Lxceptional dificulties have been encountered in devel-
oping the mine, owing to quicksand and gravel which
overlie the mineral.  As proved by a number of drill
holes, the bed of sulphur is from 110 to 1925 feet in
thickness, the upper level being about 850 feet below
the surface.

In the working of the Frasch process,* a well is sunk
by a drill precisely in the same way as for petroleum.®
This well is cased with an iron pipe 10 inches in diame-
ter, which enters the rock overlying the bed of sulphur
for a distance of 10 feet, the joint being subsequently
sealed as well as possible hy molten sulpbur in order
to exclude water. Inside the 10-inch pipe is placed
one of G-inch diameter; inside the latter, one of 8-inch
dinmeter; and, finally, inside the 8-inch pipe, one of
l-inch diameter. The well itself is carried down to
the bottom of the sulphur bed, and the 6-inch and
smaller pipes ave extended nearly to the bottom of the
well.  The inner pipes ave recovered when the well is
abandoned, - The method of extracting the sulphur is

! United States patents, Nos. 461429, 461430, and 461431 of Octo-
her 20, 1801, .
*The Mineral Industry, Vol. V, pages 514 and 515,

as follows: Steam at a temperature of 330° F. is forced
down the 10-inch and 6-inch pipes under a correspond-
ing pressure. When the steam comes in contact with
the sulphur (which at 284° F. becomes liquid), the lat-
ter melts and collects in the well as a thin liquid of a
specific gravity of about 2. At first the molten sulphur
wag pumped out through the 8-inch pipe in a manner
similar to that followed in pumping petroleum from a
well, the working valve being formerly of aluminum,
which is not affected by sulphur. It was found, how-
ever, that the aluminum was not strong enough to with-
stand the shock of the heavy column at the change of
stroke, and the method had to be abandoned. Later,
the l-inch pipe referred to above was introduced into
the 3-inch pipe, and through it compressed air was
forced. The hubbles of air mixed with the sulphur
reduce the specific gravity of the column of sulphur
and cause it to rise with rapidity. This latter method
of extraction has not heen entirely satisfactory, and it
may have been modified or replaced by some other
more officient method. The sulphur produced is prac-
tically refined sulphur, and finds a ready sale on account
of its purity and attractive appearance,

It is not practicable to ascertain precisely what oceurs
at the bottom of the well, but it may be assumed that
as the sulphur melts out of the bed it forms a more
or less pear-shaped cavity, which becomes larger and
larger, until finally the increased surface exposed to
the water is sufficiently great to reduee the temperature
of the water below the melting point of the sulphur,
while the impurities of the bed collect on the bottom
and the sides of the chamber and protect the sulphur
still unfused from the melting action of the heated
water. If the bed of sulphur is very pure the chamber
might become quite large in size, when the unsupported
overlying roof would fall and allow the water to escape
through the overlying heds.

Although the Frasch process is very ingenious and
the inventor deserves great credit for working out the
numerous details, yet its application to the deposits of
sulphur has greatly injured them, since the exploita-
tion of the deposit by shafts and the common method
of underground mining has now become fraught with
danger, owing to the uncertain extent of the openings
from which the sulphur has been dissolved by the
Frasch experiments. In view of the heavy flow of
water which may be expected through certain of the
strata this uncertainty is an element of great peril.

DNevada.—Sulphur occurs at Rabbit Hole Springs,
35 miles from Humboldt House, in Humboldt county.
The deposit is of the solfatara type; and the sulphur,
asgociated with gypsum, ete., fills the craters of a few
extinct hot springs. The sulphur rock is in beds of
considerable thickness and extent, included between
limestone and magnesian rocks. The ore occurs in
masses of various sizes up to several hundred pounds
in weight, which are mixed with clay among heaps and
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layers of ashes and light gravel. The ore is mined by
adits and drifts run in from the level of the wagon
road, which extends entirvely around the hill at a con-
siderable elevation, All rock containing more than 8
per cent of sulphur is mined, and the produet is taken
to the refinery and refined in iron kettles heated by dry
steam. The refined product is carried in wagons to
Humboldt House and shipped thence by rail, chiefly to
the powder f‘mtomes and acid makers on thv Pacific
coast,

Utah.—The deposits which are the source of most
of the sulphur mined in Utah are located in Beaver
county near the Millard county line. They were
known to the early pioneers, who obtained small quan-
tities of almost pure sulphur from the numerous caves
in that vicinity. Soon after the year 1870 the claims
were located under the mining laws, and a small refin-
ing furnace was installed which was worked intermit-
tently until the year 1891, when the property changed

‘owners, and the plant was modernized and enlarged.
Under the new management, the mining operations of
the company have been continuous and suceessful.
The ore is removed by open cutting, and the furnaces
are worked during the summer only. Four of the six
stacks in the refining plant arve generally operated at a
time, and about 50 tons of 20 per cent rock are treated
daily, yielding the refined product in the form of voll
salphur, which is sold as such or is ground in mills to
make flour .sulphur

Deposits in other states and in Alaska ave thus
described: ‘

Alaska.—There are a number of ‘sulphur deposits of
the solfatara type on the voleanic islands off the coast
of Alaska. The largest so far as known is on the
island of Kadiak, but others are recorded on Unalaska
and Akatan islands, and on an unnamed island south-
east of Akun Island. The deposits have not yet been
exploited beyond the prospecting stage.

California.—At Sulphur Bank, on Clear L‘lke, 40
miles north of San Francisco, a depout of sulphur oc-
curs in the white siliceous residue of a basalt flow that
has been decomposed by the uprising solfatara and the
sulphur deposited. Some 25 years ago this deposit
contributed a small quantity to the domestic supply of
the United States, but as the development work went
deeper cinnabar was found, and sulphur was no longer
produced. A deposit of sulphur was worked for a time
in Colusa county, and a small refinery was erected, but
during the past decade little, if any, sulphur has been
produced in this county. The occurrence of sulphur
has also been reported in other localities in California,
but nowhere in sufficient quantity to warrant its extrac-
tion as a commercial product.

Idalho.~—~The occurrence of sulphur has been 101)01'ted

near Swan Lake, Custer county, and also near Soda -

‘oceur is from 138 to 60 miles from the railvoad.
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Springs, in Bannock county. The deposits have not yet
heen developed to any great extent, although there was
a small output in 1901, '

Toeas.~—~The sulphur deposits in the northeastern
part of El Paso county have been known since 1854,
when they woere noticed by Prof. William P. Blake,
who was then the geologist of an expedition for the
survey of a railroad route from the Mississippi river to
the Pacific ocean, which was made by the United States
War Department. The region in which the deposity
The
nearest railroad station, Guadalupe, on the Pecos
Valley Railroad, is 42 miles north of Pecos. The sul-
phur oceurs in the form of small erystals embedded in
white gypsum, and in some instances the ore contains
ag much as 25 per cent of native sulphur. The area of
the region thus far prospected is small, hut there are
other localities of promise awaiting examination.

Method of vefining sulphaur.—It has heen proposed to
separate sulphur from the ore by heating it with hot aiv,
with steam under pressure, or withzsuperheated steam.
But these methods have been unprofitable on account of
the cost of fuel in those regions where sulphur oceurs.
Sulphur may be extracted from the ore by a solvent,
such as carbon disulphide, which may berecovered after-
wards, but thiy method necessitates an expensive plant.
For some ores a treatment with a solution hoiling above
the melting point of sulphur has proved successful.
The ore is placed in an iron basket or crate in a hoiling
solution of calcium chloride,® which boils at 125° (.
The sulphur melts and flows away from the matrix of
stones, ete.; passing through the meshes of the basket
and falling to the bottom of the tank, it is drawn off
and cast in molds. After it is melted out, the basket
of hot stones is lowered into a tanl of water, which is
heated by the stones, while it removes the adhering
caleium chloride from them, This warm water is then
used to replace that lost from the boiling caleium
chloride solution. This process causes no loss of sul-
phur as sulphur dioxide, and no nuisance is created,
while a fairly pure product is obtained. The caleinm
chloride used is a waste product of the ammonia soda
industry.

In the United States, the extraction of sulphur hy
means of superheated steam® has been tried, and an
excellent quality of sulphur has been obtained without
formation of any sulphur dioxide. The cost of fuel in
the West, however, is an ohstacle to the further devel-
opment of this method. In Louisiana, as mentioned
carlier in this paper, steam is forced, under pressure,
through driven wells or tubes, into the sulphur deposit,
which partly refines the sulphur, liquefied by the heat.
The molten product is forced to the surface by the

'Vincent: Bull. Soc. Chim., 40, 528, Am. Chem, Jour.,

VI, 63.
*J, Soc. Chem, Ind., 1887, 439 442; 1889, 696.
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gteam pressure through a small pipe inside of the steam
pipe.

Generally the method of extracting the sulphur from
the ore, and at the same time of partm]ly refining it, is
to treat the ore in a eylindrical or slightly conical cast-
iron vessel of a capacity of about 5 tons of ore. Steam
inlets are provided at the top and hottom; also a hottom
valve through which the melted sulphur is withdrawn
and cast into molds. The size and the form of this
refining vessel depends to some extent upon the nature
of the material to be treated. If the ore is porous, a
higher vessel of greater capacity can be used, and with
ores that increase their volume considerably from the
action of the heat, the bottom of the vessel should be
made of much larger cross section than the top, in order
to facilitate the discharge of the spent ove after the
sulphur has been extracted. The steam jets are so
arvanged that the melted sulphur can not accumulabe
at any point within the vessel except at the hottom. If
properly arranged and operated the extraction of sul-
phur by means of superheated steam should be accom-
plished with the loss of not more than from 1.5 to 2 per
cent of the quantity of sulphur treated.

Sulplur deposits of Italy.—Owing to the importance
of the sulphur deposits of Italy, the following brief
outline of the methods of mining and 1'0ﬁning‘ adopted
in that country will be found of interest.!

In Sieily the sulphur mineral is disseminated tln'ough
the matrix, sometimes in considerable masses of nearly
pure sulphur, but usually in fine seams or grains, The
methods of obtaining it are very crude and wasteful,
The mines are for the most part open pits, ranging from
200 to 500 feet in depth, and the ore is carried to the
surface in baskets or sacks by laborers, who ascend by
inclined paths on the walls of the pit. . In a few of the
hetter mines, however, hioisting machinery is now used,
hut the introduction of this method has met with the
detormined opposition of the lahorers.

The ore is generally refined in a very simple mmmer,
the process being carried on in kilns ealled ¢ caleeroni.”
As usually constructed, these ave shallow pits about 30
feet in diameter, with walls about 10 feet high, made
tight with mortar, They are generally built on a hill-
side, and the sloping hottom is beaten smooth, The
ore is arranged in the caleerone so as to leave a few
vertical draft holes from top to bottom of the heap,
which is fired by dropping burning brush or straw into
these openings. The sulphur, which forms from 25 to
40 per cent of the ore, burns freely, and when the heap
is well on fire the draft holes arve closed, the calce-
rone covered with spent ore, and the whole left for
several days. The heat gwen out by the burning of
part of the sulphur is sufficient to melt the remainder
from the gangue, and it collects in a pool near a tap

'F. H. Thorp: Outlines of Industrial Chemistry, 1898,
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hole made in the wall at the lowest point, At mtu'v 1l
of a few hours the melted sulphur is drawn off into
molds. If the temperature rises above 180° C. (356° F.),
there is a large formation of plastic sulphur, which will
not flow from the tap hole. The time necessary to burn
out a calcerone varies from thirty-five to eighty days,
according to its size, the weather, and the nature of the
impurities; for example, much gypsum retards the proe-
ess, owing to the water it contains. Usually from a
quarter to a third of the sulphur is lost as sulphur diox-
ide during the hurning. As this causes much (Lunug(,
to vegetation in the vicinity, the burning of ealceroni is
prohibited during the spring and summer months.

PYRITE.

The name pyrite is derived from the Greek word
nupirys meaning “of the nature of fire,” and alludes
to the property possessed by the mineral of producing
sparks when struck with a hard substance. Specifically,
the name pyrite is restricted to the isometric erystal-
line form of the native iron bisulphide mineral (FeS,)
containing 46.6 per cent of iron and 53.4 per cent of
sulphur.  The mineral marcasite is also a native iron
bisulphide {FeS,) of identically the same chemical com-
position as pyrite, but it oceurs in erystals of the or-
thorhombic system of crystallization. In a general
sense, pyrite includes that class of native minerals in
the massive or crystalline form composed of a metdllic
sulphide or arsenide, or both. Iron, copper, nickel,
and cobalt pyrites are the principal minerals of this
clags. :

Qeceurrence.—Pyrite occurs abundantly in rocks of all
geologic ages, from the oldest crystalline to the most
recent alluvial deposits. In crystalline formation it
usually occurs in small cubes, pyritohedrons, or in more
highly modified shapes; also in irregular spheroidal
nodules, and in the massive form in clay slate, argilla-
ceous sandstone, coal formation, ete.

Uses.—Pyrite is used principally in the manufacture
of sulphurie acid. Recently it hag also been used in
pyritic and allied smelting processes and, to some ex-
tent, in making sulphur dioxide gay for use in hleach-
ing wood pulp. In vuleanizing rubber and in the
preparation of medicinal compounds the use of pyrite
is impracticable.

Deposits and mining in the United States.—The de-
posits of pyrite in the United States are quite numer-
ous and widespread. The largest deposits so far dis-
covered are at Mineral, Va., and Charlemont, Mass.
Depoqits are also found in Alabama, California, Geor-
gia, Indiana, New Yorl;, and Ohio, The mineral was
mined in these states in 1902. Virginia supplled nearly
one-half of the total. The production in Indiana and
Ohio was in the form known as *‘coal brasses,” ob-
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tained as a by-product in the mining of coal. The total
quantity so produced, however, was but a small pro-
portion of the total output of the United States. It is
not probable that the production of pyrite from this
source will ever hecome of importance. :

There are many other deposits of pyrite in the United
States, but they have not been exploited hecause of the
impure or low-grade quality of the ore and the excess-
ive cost of mining and of transportation both to and
on the railroads leading to the centers of consumption.
Some of the ores not now deemed of sufficient value to
be worked for their sulphur content will eventually be
profitably treated by modern methods. In the Southern
states particularly are many deposits of this character,
which could produce enormous amounts of sulphuric
acid in this manner at prices lower than the present
average prices at the seaboard. A condition which hag
served to retard the growth of the production of the
domestic ore lies in the fact that foreign ores can he
imported and accumulated at the seaboard and shipped
inland in quantities sufliciently large to secure very low
freight rates.

A promising prospect for the pyrrhotite ores of the
South lies in the feasibility of their utilization for the
manufacture of sulphuric acid. Tt is claimed that
the sulphur contained in these ores can be so effectually
removed that the residual product will be of value in
the manufacture of pig iron or even of steel. . For this
purpose the cinders or residues from the roasting of
pyrite for the manufacture of sulphurie acid have heen
utilized to advantage. It is well known that the resi-
dues from Spanish ores treated by the Henderson proc-
ess have been sold either in the form of *““fines” or
“hriquetting ” and utilized in the manufacture of steel,
but in the United States roasted pyrite residues have
not yet been utilized for the manufacture of iron on
account of the large percentage of sulphur remaining
in them after treatment in the chemical works. If
pyvite residues could be roasted so that the amount of
sulphur remaining after treatment would he so small
as to permit of their utilization for the manufacture of
pig iron, there would result an annual saving of many
thousand tons from what is now a waste product. As
yet, however, the recovery of sulphur and irvon from
these ores is in an experimental state. ~

Other experiments have recently been conducted for
the utilization of the by-produet gases resulting from
the woasting of zine blende ores, the practicability of
which has been demonstrated with financial profit at
the zinc plants of Peru and Lasalle, in Illinois, and of
Argentine, in Kansas. It is feasible to save from 25

-to 28 per cent of the sulphur content of the zinc ores
during the roasting, which yields a product containing
not more than 2 per cent of sulphur. By subsequently
roasting this product—cinders, as it is called—in the
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Chase or other type of special roasting furnace the re-
mainder of the sulphur will be expelled, and the dead-
roasted zine ore will then be in proper condition to
permit of the extraction of the zine at very low cost.
There is an immense supply of sulphur in the zincifer-
ous sulphide ores of Arkansas, Colorado, Kansas, Ken-
tucky, Misgouri, and other states, and it is well within
the range of probability that ere long the tonnage of
sulphur derived from pyritiferous orves will be largely
augmented by the utilization of the sulphur contained
in these zine sulphide ores.

An important factor in the development of the pyrite
industry is the demand for sulphurie acid in the treat-
ment of phosphate rock, and in the refining of petro-
leum. Since a chemically pure sulphuric acid is not
essential for these purposes, the acid made from pyrites
serves quite ns well ay that made from sulphur. An-
other field for the future extension of the utilization of
the pyvitiferous ores lies in the making of sulphur
dioxide gas for use in bleaching wood pulp, which is
the. hasis of the manufacture of paper by the sulphite
process. IHeretofore American manufacturers of paper
using this process, with one or two exceptions, have
been limited to the use of sulphur for making sulphur-
dioxide gas, although in Europe a considerable quantity
of pyvite has been thus utilized. It is quite probable that
the difficulties that have herctofore existed in the way
of utilizing pyrite in the bleaching of pulp will be
overcome in the near future. When this becomes an
accomplished fact it will open up a large field for the
consumption of pyvrite in New York state, and also of
the lean cupriferous pyritic ores of the New England
states. Where the conditions ave favorable for deep
mining and concentration and for shipment to the nu-
merous puper mills of that section, constant and large
supplies of sulphur will thus be guaranteed at prices
much lower than can be expected from outside sources,

THE MANUFACTURE OF SULPHURIC ACID.

The manufacture of sulphuric acid is of great indus-
trial importance, as the acid is of primary importance
in the manufacture of phosphate rock fertilizers and.in
the refining of petroleum. It is also required in the
manufacture of other acids and chewical salts, and has
a very wide field in the making of alizarin dyes, arti-
ficial indigo, and many other important chemical salts.
Of the immense quantities of sulphuric acid made
yearly, the greater part does not appear on the market;
because of the éxpense and difficulty of shipping it,
consumers of large amounts generally make their own
acid. :

Until a few years ago the total quantity of ordinary
sulphurie acid produced in the world had been obtained
by burning crude sulphur in air, the resultant sul-
phur dioxide gas being then passed, together with
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steam and an oxidizing agent, generally nitric oxide,
into lead-lined chambers, where these gases react on
one another and form the dilute acid, which is subse-
quently purified and concentrated to the desired degree
of strength. This process is called the lead-chamber
process, but a newer and more sabisfactory process is
the “‘contact” process, in which the sulphur dioxide
gns, in the presence of so-called ““catalytic” substances
(platinum sponge, platinized asbestos, iron oxide, efc.)
is directly oxidized to sulphur trioxide (S0,), which
is then absorbed in water to form sulphuric acid of
any degree of strength, Recently it has been found
more economical in making sulphurie acid to utilize
the sulphide minerals as the source of sulphur diox-
ide gas, In this manner the more costly brimstone is
reserved for purposes other than acid manufacture,
and for which the sulphide minerals would not he appli-
cable.

The use of pyrite as a raw material in the manufac-
ture of sulphurie acid was first proposed by an English-
man named Iill, who obtained a patent for the process
in 1818, It was not until-1838, however, when the
price of crude sulphur was nearly trebled by the French
firm who had purchased from the Sicilian government
the monopoly of the sulphur exportation from that
islund, that the use of pyrvite by acid makers attained
auy importance. In the United States, which leads the
world in the consumption of sulphur, this substitution
of pyrite for sulphur in acid making has continued
steadily during the past twenty-five years, and owing
to its cheapness and widespread occurrence, pyrite has
alinost completely replaced the crude sulphur that was
formerly used almost exelusively. This change in acid
making has resulted largely from the treatment of phos-
phate rock by sulphuric acid, by which it is made into
valuable fertilizer, and also from the use of the acid in
the refining of crude petroleum, For these purposes
the use of a high-grade, pure sulphuric acid is not
essential.  Unrefined sulphuric acid made from pyrite
is generally contaminated with arsenic, and frequently
with the additional impurities, copper, zinc, and sele-
nium, but not in sufficient quantities to bar its use in
preparing fertilizers or in vefining the crude pe_troleun}.
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The impurities, too, may be removed if desired, and a
pure acid produced.

To give some idea of the large quantities of the acid
consumed in these industries, it may be stated that 1
pound of acid of chamber strength is required to con-
vert each poundof crude phosphate rock into acid phos-
phate or commercial fertilizer, and during 1902 over
1,500,000 long tons of the crude phosphate rock were
mined, In refining crude petroleum each gallon of
comniercial petroleum (kerosene) requires 1 pound of
sulphuric acid of a strength of 66° B. for its produc-
tion, and during 1902 the output of crude petroleum in
the United States amounted to over 89,000,000 barvels,
each of 42 gallons capacity., In estimating the quan-
tity of acid consumed in these two industries alone, any
calculation based upon figures of production, less im-
ports, both of crude petroleum and phosphate rock, must
necessarily be tentative and not even closely approxi-
mate, for the reason that it is impracticable to ascertain
the exact quantities of stock of erude material on hand
at the beginning and at the close of a year. TFor prac-
tical purposes, however, it may be assumed that the
consumption of sulphurie acid in the United States at
the present time is approximately in the following pro-
portions: For the treatment of phosphate rock, 50 per
centy for refining crude petrolewmn, 88 per cent; and
for use in the chemical trade, 12 per cent,

In making sulphuric acid from pyrite, pieces of the
mineral ranging in size from several inches in circum-
ference to extreme fineness are burned with access of
air in a furpace, of which there are many forms, each

‘suited for some special physical or chemical character-

istic of the ore. As n result of the burning, or oxida-
tion, the sulphur content of the pyrite or pyritiferous
ore is converted into sulphur dioxide gas, When the
ore contains over 80 per cent of sulphur, the heat gen-
erated by the oxidation of the sulphur is sufficient to
maintain combustion without fuel. The sulphur di-
oxide gas produced in this manner is purified, and sub-
sequently converted into sulphuric acid, either by the
chamber process, in which the oxidation is accomplished
hy nitric oxide gases and steam, or by the contact proc-
ess, previously described.
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2 mechan 2 ) o RTTRITR TR R PSR 32 P 10
oged fer o HOTHEPOWeYr oot B, 916 1,160 4,756
1.50 o 1.7‘1 1;2 Gas or gusoline—
180 Lo 2L . 2 Number......coviivivnaenanns ) O | PO 1
LIt 32.2:‘ & ! . HODSCPOWET ovvveiiiianin e, . 20 ..., ceer 20
"zﬂﬁ() to 32.74 8 5: ........ . Other power—
!F:!.Ol) to SF'{"M i 2 Number...... .. 4 3 1
A to §3. heerenes 1 Rented HOrsepOWeY vivvniiiiiaaiannes . 820 240 80
%89 to %.2;1 . 38 12 Hhrsepm\'&r ...... PO veenan N 0., .. 60
.ra Ly l.gq 110 103 7 Eleetric motors, owned—
1. A0 to §1.74 88 60 28 Number....ocovinnnen eanerriaeer e, 2 -
Q“1). (’)l; %g ggg Jg :‘z ........ W HOorsepower ceeveiviiavennnnn,, eeaenaneae 80 L1130
250 to §2.74 16 1 15 '
$3,00 to $3.24.. . 6 1. 6

" n:lI];l((;l)ualt;;inrl)lm]u-uturs distributed as follows: Alabame, 1; California, 2; Georgin, 1; Louisiana, 1; Massachusetts, 1; Missouri, 2; Nevada, 1; New York, 1; Ohio, 3
3 W) U 1, ) 1 b ] .
¢ Tneludes timbermen and track layers,




oo

o




BARYTES.

By Josepr Hype PratT.

The mining of barytes has been carried on in the
United States for about fifty years, but it is still an
industry of minor importance. Barytes was first pro-
duced in small quantities for use as an adulterant of
white lead, Statistics of production for 1902 are pre-
sented in Table 1, with such facts as ave available for
the censuses of 1860, 1870, 1880, and 1890,

TasLe Lo—Production of barytes: 1860 o 1902,

Quantity
CENSUS, (short Value. Where produced,
tony).
.......... $25,000 | New York,
.......... 100,000 | Connecticut,
3, 608 37,4901 ue(;r%iu, Missourd, Pennsylvania, Vir-
nia.
1800 {for ealendar 21,460 | 106,813 Mi‘souri, Virginin, Ilinois,
yenRr 1888},
7 61,668 | 208,154 | Missourl, North Caroling, Tennessee,
Virgiuin.

At the census of 1860 the statistics of this mining |

industry were not separately reported, but were in-
cluded among those for manufactures. Returns were
given for 1 barytes establishment in Westchester
county, N. Y., which had 40 employees, who received
$12,000 in wages., The cost of materials was given as
$5,000, and the value of product as $25,000.

The only statistics reported for this industry at the
census of 1870 were those of 1 establishment in New
Haven county, Conn., which employed 110 men, all
above ground, to whom $78,000 was paid in wages.
The cost of materials was $5,518, the capital $50,000,
and the value of the product (quantity not stated)
$100,000, The deposit, which was located at Cheshire,
had been mined quite extensively, as is shown by the
old workings. :

Al the census of 1880 the statistics for barytes were
shown under minor minerals, and a total of 6 mines
wus reported for the states of Georgia, Missouri, Penn-
sylvania, and Virginia. These employed 63 wage-
earners, to whom was paid $7,802 in wages. The cost
of materials was given as only $200, making the total
cost $8,002 for the production of 3,608 tons, which

30223—0d-——00

was valued at $37,491. This is an increase of $12,491
in the value of the production of 1880 over that of
1860,

At the Eleventh Census mining industries were
shown separately, and included barytes. The statis-
tics, however, for this mineral were not uniform for
the whole country, and are not, therefore, comparable
with those for 1902,

The quantity of barytes produced in 1889 was given
as 21,460 short tons, valued at $106,313, an increase of
17,852 tons in quantity, and of $68,822 in value, over
that for the year 1880. Most of this production was
obtained from Missouri and Virginia, with a smaller
amount from Illineis.

At the census for the calendar year 1902, the quan-
tity of barytes produced was given ag 61,668 short tons,
valued at $203,154, which is an increase of 40,208 shovt
tons in quantity and of $96,841 in value, over the pro-
duction reported at the census of 1890,

In 1902 no product of barytes was reported for New
York, Connecticut, Georgia, and Illinoig, although these
states were returnéd as producers at one or all of the
consuses of 1860, 1880, and 1890,

1 Barytes mining in Missouri i8 carried on in such a very irregu-
lar manner that it is impossible to obtain any reliable statistics
relative to labor and wages, Farmers mine it in off seasons; that
i8, when there is no farming to do they employ themselves and
their hands in getting out the Darytes found on their farms, haul
it to the nearest tradesman, and receive in exchange dry goods,
groceries, or other necessaries, or cagh. The farmers thus oceupy
time whieh would otherwise be idle, and dispose of the barytes at
a less figure than it would pay to mine it systemuticullf'. The
supply thus obtained is nearly sufficient to keep the mills up to
their fullest capacity.

A few mines are, however, operated with some degree of system,
though for want of proper records it is necessary to estimate a con-
giderable portion of the matter of labor and wages. The mineg -
altogether give irvegular employment to about 580 men, The rate
of compensation for foremen is about $2.50 })er day, and for labor-
ers from §1 to $1.50 per day. Tt is rarely, however, that the men
malke full time, and their daily earnings are reported at from 50 to
75 cents. From 75 to 100 women obtain the same sort of irregular
employment, earning about 356 cents per day. Boys get from 25
to 30 cents per day. One mine was active nearly the entire year,
but in most cases the number of days worked at the mines ranged
from 125 to 200, Omne mine in Illinois employed 10 men and 2
wom)en for 52 days. . (Eleventh Census, Mineral Industries, page
745.
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946 MINES AND

The large increase in the use of white lead is one of the
principal reasons for the increase in the production of
barytes. This mineral was formerly considered simply
as an adulterant, but it is now beginning to be recog-
nized that it has qualities of its own that make it of
value as a pigment, and when it is used in combination
with white lead or zinc white, these qualities appear to
advantage.

Table 2 is a summary of the statistics for 1902,

TanLe 2.—Summnary: 1902

Number of mines or quarrie
Number of aperators......
Salaried officinls, cler

N e 49

42

R T O . 28
L0 € G $15, 169
Wage-earners: .
AVCTAZE TIUIMDOT ¢ Lttt iitrienearitnraarrnrnannmanaeannan 336
wages.......... . $130, 285
Contract work........ #1, 000
Miscellaneous expenses ... cena . 930, Bhb
Costof su}:)plies andmaterinla, ..o oo aemananan §7,772
Troqne tity, short t 41, GGB
nantity, short tons . 01,66
%Mue ¢ $203,154

1Includes 630 tong, valued at $1,618, the product of two lead mines; tho
wages and other details are embraced in the statistics for lead.

Of the 49 mines or quarries shown for 1002, 34 are
in Missouri, 5 in North Carolina, 6 in Tennessee, and 4
in Virginia. These were controlled by 42 operators, of
whom 16 were individuals, 20 firms, and 6 incorporated
companies. Each of 2 firms operated 4 mines. Mis-
souri leads in this industry, with 69.4 per cent of the
mines and 51.5 per cent of the value of the production.
North Carolina is next in respect to the value, with 21,7
per cent, and Virginia third, with 19.5 per cent. Ten-
nessee produced only 7.2 per cent of the total value of
the production, although reporting 6 mines, which is 1
more than North Carolina and 2 more than Virginia.

Six mines or quarries were idle during the year, 1
each in Missouri and Ohio, and 2 each in Tennessee and
Virginia,

Capital stock of incorporated companies.—Table 3
shows the capitalization and bonded indebtedness of
the 6 incorporated companies.

TanLe 3.— Capitalization of incorporated companies: 1002,

Number of incorperated companies

4
Capital stock and bonds issued. #1, 168, 900
Capltal stock (a1l common):
Total anthorized-—— -
Number of shares....... et iareeiet e aennaaanay 115, 050
Par value. oo i i #10, 983, 000
Total issued—
Number of SHares ..ot aaaaan 15,019
Parvalue........... $479, 500
Dividends paid &2, 640
Bonds:
Authorized-—
Number .. 1,700
Par value. #1, 700, 000
Issucd—
Number.......... 179
Par value........... 179, 000

Interest paid §6, 000

Two of these companies were operating in Missouri,
2 in North Carolina, and 2 in Virginia. The entire
stock, both authorized and issued, is common stock. A
little more than 8.9 per cent, parvalue, of the anthorized

value, of the bonds.

stock has been issned and a little more than 10.5, par
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Dividends of $2,640 were paid on
$58,000 of the $979,900 capital stock issued.

Lomployees and wages.—There were at the 49 mines
or quarries a total average number of 364 employees,
of whom 28, or 7.7 per cent, were classified as salaried
employees, and 336, or 2.8 per cent, as wage-earners,
Of the total amount, $145,444 reported as puid for
salaries and wages hy the 42 operators engaged in the
production of barytes, $180,285, or 89.6 per cent, was
paid to the wage-carners and $15,159, or 10.4 per cent,
to the salaried employees, The classification of these
864 salaried employees and wage-earncrs is shown in
Table 6.

Of the 321 wage-carners classified as miners ov guar-
rymen, only 51, or 15.9 per cent, were employed helow
ground, of which 31 were in North Cavoling, 16 in Vir-
ginia, and only 4 in Missouri, although the latter state
produces over one-half of the total production. This
is due to the entirely difterent occurrence of the depos-
its of barytes in North Carolina and Virginia as com-
pared with those in Missouri. 1In the latter state the
deposits occur near the surface, so that they ecan he
worked almost entirely by means of pits and open cuts,
while those in Virginia and North Carolina have to be
worked largely by means of shafts, tunnels, and drifts.
‘There was obtained from those mines reporting wage-
earners below ground a production of barytes valued
ab 062,900, or 31 per cent of the total value. The totat
underground wage-carners nambered 52, or 15.5 per
cent of the total wage-earners, and their wages consti-
tuted 12,1 per cent of the total wages paid. The 8
wage-carners shown under ‘“all other wage-earmers”
are [aborers who handle, load, and haul the ore and do
miscellaneous work.

There were on an average T wage-earners to a nine
or quarry. In addition to the vumber of regularly em-
ployed wage-carners, 10 were employed in contract
work in North Carolina at an expense of $1,000. They
worked altogether a total of one hundred days.

The number of wage-earners employed during each
month, and their daily rates of pay, are shown in Table
6. The husiest month of the year for the industry as
o whole was the month of May, when o total of 443
wage-earners were at work, August was the next hus-
iest month, with 441. The least active month was De-
cember, with 144. Many of the companies in Missouri
employ no regular miners, the work being done by the
farmers of the neighborhood who work in the mines
ab odd times. The company pays them for the ore
dug, whether it comes in small or large quantities, or
whether by bucket, sack, barrel, or wagon load. Of
the total number of wage-earners 821, or 95.5 per cent,
are clagsed as miners. Of this number the wages of
135, or 42.1 per cent, ranged from $1 to $1.24 per day,
and those of 66, or 20.6 per cent, ranged from $1.75 to
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£1.99 per day. The miner who received from $0.50 to
$0.74 a day was employed in Virginia. The prevailing
wages for all classes of wage-earners was from ¥1 to
$1.24 a day, there heing 143, or 42.6 per cent, paid at
this rate.

Supplics, materials, and. miscellancous expenses.—The
amount expended for supplies and materials was $7,772,
Of the miscellaneous expenses, amounting to $35,555,
827,800, or 76.8 per cent, was expended for royalties
and rent of mines and mining plant, the remainder
being for rent of offices, taxes, insurance, interest, and
other sundries.

Mechanical power.—Ot the 42 operators from whom
returns were received only 2 reported that power was
required for the operation of their mines. These were
in North Carolina and Virginia. The total horsepower
amounted to 110, furnished by 3 steam engines.

LProduction.—The total production of barytes for the
calendar year 1902 was 61,668 short tons, valued at
$208,154, of which Missouri produced 31,834 shorttons,
or 50.8 per cent of the total; Novth Carolina, 14,679
short tons, or 28.8 per cent; Tennesgee, 8,255 short tons,
or 5.3 per cent; and Virginia, 12,400 short tons, or 20.1
per cent. A comparison of the production for this
industry since 1889 is shown in the following table,
which gives the statistics reluting to the quantity and
volue of barytes, as published by the United States
Geologieal Survey:

TanLe &.—Production of baryles: 1880 to 1902,

[United States Geological Survey, “1;{)1015011'111 Resourees of the United States,"

- Averago
Quantity ¢ 2
o 3 g

YEAR. {short tong).|  value. p‘ei}lt?»(lb).
21,460 | 1$106,313 4, 06
21,911 86, b5 3,95
31, 069 118, 863 3,81
32,108 180, 026 4,05
28,970 48, 506 3, 06
28, 335 46, 983 8.78
21, 529 68, 321 8.17
17, 068 46, 513 2,73
26, 042 68, 205 2.28
51,806 | 108,380 3.50
41, 804 189, h28 3.88
67, 680 188, 089 2,78
49,070 157,844 B, 22
61, 608 208, 164 3,20

1Value includes flonted barytes when sold flrst in that form.

As shown by the above table, there was an increase
of 12,598 tons in quantity and of $45,310 in value in
the production of 1902 over that of 1901, Of the 1909
production 539 tons, valued at §1,618, were obtained as
a hy-product from 2 lead mines; and the salaries, wages,
and other expenses of these mines are credited to the
lead industry.

The largest production reported for this industry
was in 1900, when it amounted to 67,680 short tons.
In value, however, 1902 leads with a valuation of
$203,154, while that of 1900 was $188,089. This is
due to the higher average price received per ton for
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the barytes in 1902, which was $3.29, or 51 cents more
than the average price of $2.78 per ton received in
1900. The total quantity of barytes produced in the
United States since 1882 is 622,950 short tons, an aver-
age production of 29,664 tons per year.

The highest average value reported in the table for
any year was $4.95 in 1889, and the lowest $2.23 in 1897,
In 1902 the price per ton reported varied from $1.65
to §4.50, but the average was $3.29 per ton.

In 1902, there were imported barytes, manufactured
and unmanufactured, to the value of $51,711, and other
barium compounds, nearly all of which could be made
of domestic barytes, to the value of $152,361. The
imports of barytes from 1889 to 1002, inclusive, as pub-
lished by the United States Geological Survey, are
showu in the following table:

TaABLE B.—Tnports of barytes: 1889 o 1902,

[United States Geologieal Survey, *f lhéé})ﬁarul Resources of the United States,”

MANUFAGTURED, | UNMANUFACTURED,
YEAR ENDING DECEMBER 81— @ i
Quantity uantity .
hort tons).| YOME et toney,|  YRIvC.
1,801 | $22, 458 6,780 $7, 660
1,568 | 16,453 4,810 13,183
2,149 22, 041 2,900 8,810
1, 889 15, 419 2,789 7,418
1,032 11, 4687 2,983 7,612
836 10, H56 1,884 n, 270
1,629 17,112 2,061 7, h61
2,467 23, 345 509 1,274
1, 300 13, 822 H02 b
[ 8, 678 1,022 2, 678
2,111 22,919 1,739 B, 488
2, 4b4 24,160 2, 68 8,301
2, b 27,062 3,160 12, 380
8,908 87,380 8, 029 14,822

Table 6 is a detailed summary of the statistics of the
barytes industry for 1902.

DESCRIPTIVE.

The first mining for barytes in the United States was
very probably in Westchester county, N. Y., prior to
1860, and this was followed in the next decade, 1860 to
1870, by the opening of the mine at Cheshire, New
Haven county, Conn, Between 1870 and 1880 barytes
deposits had been opened in Georgia, Missouri, Penn-
sylvania, and Virginia, while those of New York and
Jonnecticut had ceased to be producers. Between 1880
and 1890 Illinois had heen added to the states producing
this mineral, and during the next decade, from 1890 to
1900, North Carolina and Tennessee hecame producers,
and in 1902 deposits of this mineral began to be devel-
oped in Kentucky. This makes a total of 9 states in
which this mineral has been found in commercial quan-
tity. In 1002 Missouri, North Carolina, Tennessee, and
Virginia were producers of this mineral, with known
deposits in Illinois and Kentucky, which are being de-
veloped, with the expectation of putting their product
on the market in 1908. The Missouri deposits are fur-
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nishing more than one-half of the barytes mined in the
United States. They are located in Cole, Crawford,
Miller, St, T'rancois, and Washington counties, with
by far the larger proportion of the mines in the last-
named county. There are a number of deposits in these
five counties that probably contain barytes in quantity,
but on account of their distance from the railroad they
are not mined to any great extent at the present time.
The mineral is found for the most part associated with
limestone. This rock is often altered and decomposed
to some depth, leaving a residual clay-like material in
which the barytes, which has resisted the alteration, is
found, Sometimes the barytes is encounteved close
under the grass roots. The lead ore, galena, is asso-
clated more or less with the barytes, and it makes a
very valuable by-product, although ocecasionally a de-
posit is found that is practically free from this mineral.
Where the barytes is encountered near the surface in
the clay, it is apt to be stained more or less with iron
oxide.

In North Carolina the barytes deposits oceur in Gas-
ton, Madison, and Orange counties, those which were
worked most extensively during 1902 heing in Madison
county. The mining in this state iy largely by means
of shafts, tunnels, and drifts.

The Tennessee barytes deposits are located in Brad-
ley, Cocke, Greene, Loudon, and Monroe counties, but
during 1902 the production of this mineral was much
less than the year before. The erection, however, of a
large barytes mill for grinding this mineral and pre-
paring it for market, and also for the production of
artificial sulphate of barium, and other compounds of
barium, will nndoubtedly lead to a considerable increase
of the industry in this state.

In Virginia the barytes mines are located in Bedford,
Campbell, Louisa, Pittaylvania, Russell, and Tazewell
counties. The mines near Evington, Campbell county,
where the mining is now carried on largely, by means of

shafts and drifts, have been worked almost continuously
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ginee 1874, About 1001 the deposits of Russell and
Tazewell counties were opened, and the latter gives
prospect of becoming the largest producer of this min-
eral in Virginia,

The deposits of barytes that are heing developed in
Illinois are in Hardin county, and those of Kentucky
are in Crittenden county.

The growth of this industry has been partially
dependenton the growth of the paint industry, in which
a very large proportion of the barytes produced is used,
The barytes has o pure white color, which is parmanent,
and it is unaffected by weather or by gases that in some
instances blacken white lead, for which the barytes is
used as a substitute. Besides the use of barytes in the
paint industry, it is employed in the manufacture of
paper and rope to give weight; and also in the prepara-
tion of a material that is used to coat the canvas sacks
in which hamsg are wrapped when ready for market.
Another use for this mineral, and one that should
increase rapidly, is in the manufacture of other barium
compounds, principally the hydroxide, This compound
was formerly prepared almost exclusively from the
mineral witherite, barium carbonate; but on account
of its rare occurrence in commercial quantity, harytes
has begun to be the raw material used in the manufae-
ture of this hydroxide and other salts of harium. One
of the greatest uses of the barinm hydroxide will per-
haps be in the beet sugar industry, for the separation
of the sugar left in the molasses. It is also claimed
that the compound is applicable in the cane sugar
industry. Other uses considered for it are in the puri-
fying of water nsed in steam boilers and in the prepara-
tion of hides for tawning. As these uses of harium
hydroxide increase there should be n larger demand,
wnd consequently a larger production of barytes,

These multiplying uses for harytes put the industry
on a new bagis, and take the mineral out of the list of
adulterants with which it has heen usnally classified.




S ——

BARYTES. a 949

Tasre 6.—DETAILED SUMMARY: 1902,

| '
LUnited | Mis. NOMU | pe 1y Untted | Mis. | RO pen. | i
States, Yl souri, . Jing, |Dessee, ginia, States. || souri. Tina. |nessce. ginia,
- — . P D VU U UUU U o) JRESNI | PRSI o
Number of mines or quurries ....... 19 ¢ LY il 6 14 Average number of wage-earners at
Number of operators......ooiiaaaaan 42 1 28 h] [} 3 speeified daily ratesof ppy—Cont'd,
Character of ownership: i i Miners or quarrymen—
Individual ..ot 16 | 10 .oaee... B 1 $0.60 to §0.74 ... iie 1
Firm..oeeeanioionann . 20 5 16 | i L 0,75 to §0.99 .., 14
Incorporated company . 6. 2 ‘ 2l 2 $1.00 to $1.24 ... 136
Salaried officials, clerks, ct | ! $1.26 to $1.49 . 80
Tota] number... . U8 | {4 13 10 $1,60 to $1.74 . . 74
Total salaries .. 15, 154 3 8670 | §5, 401 #8, 088 FLIBLOSLYUY oot 66
General office ;} : Miners' helpers— .
Number.. L 2 1].. 5 FO.76 to 099 ..o | A | PO O PN P
. Salaries..... #5, 308 \ $300 | $1,000 4,008 Boys under 16 years—
Superintendents, %, ! #0.50 to $0.74 ........, IR PPN | PR P
QreIeTL, surveyors, ete,— A All other wage-carners—
Number 7 1 \ 2 1 b FLOOtO B2 ..ot |20 | R PR PR 8
Salaried..... §, 70 #70 | $1,500 | 81,000 | #3,000 Average number of wage-carners ;
Foremen, below ground— i employed during ench month: i
Number.... LU PN by I PPN 1 Men 16 years and over— i
SRIATICS, canrevsiaenaneannn #3,000 I'oononns.. 401 L., $600 January .......... fereereeaoas 244 160 44 23 17
Clorks— i FUDIUATY «envuiiiiniirannnns 402 308 42 86 17
Number .......ocooiiin 40 11 2 aend 1 Mareh..... craee 414 832 42 23 17
110 (R $1, 280 #300 i $300 |........ 480 April oo 418 820 44 23 2 N
Wage-carners: i | MIY ceimiieniriicreaaaaraeeens 443 384 43 23 43
Aggrogate average nonber...... 336 280 | 3 20 37 JUNC Ceeeees 4206 329 a1 28 43
Agirognte Wagis. oo, FL30, 285 |° §99,700 | $0, 011 | $7,5625 | $13, 047 July everiiiinnnnn. Ceeiseias . 427 324 27 33 43
Above ground— i J ANZUSE. e i iiine e 437 §19 27 83 58
Total average number..... 2/ 230 2 20 2] September. ven 306 200 27 83 46
Total WAZEN veveeniinnnn., K114, 601 (1 FU8, 520 . $400 | §7,505 | #8047 Qctober.,........ 194 104 27 17 46
Engineers, firemen,and | | November....... 103 69 27 1 46
other mechanies— | | December ... 144 [t 29 11 43
Average number,. b \ b4 1 1 Boys under 16 yor
WREES cevevernnen. $1,650 |; $460 $000 $600 January .., dq q
Miners or quarrymen— | Fobrunry e 4 4.
Average namber., 270 235 23 12 JUNC i 4 4
WHEES covirennene. RIL0, 086 | §08, 520 [........ §6,620 | $4,082 July ....... e . 4 4
Roysunder 10 years— ANgust o, .. Fl 4
Average numhber, . 2 R September. ...... Cereariaseaas 4 [ PPN
Wages oviveieennn. F300 Fa00 fooaeas Contract work: :
All other wage-carn- ! Amount paid ...l [P $1,000 [1o.vvenn.. 1,000 |ooovniiifieeians
Crs— i Number of employees )L U PR | (11 RO P
Average namber.. Sl ] Ceeres. 8 Mideellancous expenses:
Wages ...l 2,610 |[......... [, TR RN #2, 515 Totnl...,.. e eeeareraresnaenas #30, 655 || $18,951 | §5, 880 $176 | $10,243
Below ground— ’ | Royalties and rent of mine |
Total average number. ... i 4 32 eeiieens 16 and mining plant...........| $27,300 || $11,515 | §b, (80 #4556 | $9,650
Total wages ..ooveenane, .o 815, 784 1,270 | 89,484 |........ #5, 000 Rent of offices, taxes, insur-
Minersa— L ance, interest, and other
Average number. . hl | ! 1 3 . 16 SUNALICY . veereiranainnean o 8,205 || 7,436 | 8200 $20 $508
Wges -ceeenvent, $15, 446 $1,270 - B, 176 |........ #5, 000 Cost of supples and materinls....... $7,772 || $2,406 | $2,740 $040 | $2,087
Miners' helpers— 1 Product;
Average nnmber., 1 | O Y PR (;lmmity. short tons vovveeonnnnn 61,668 | 31,834 | 14,679 | 8,266 ¢ 12,400
Wages ..., PO FIRR FWE |..ennne PN Value..ooviiineveanns berrareeeens $203, 104 ||#104, 677 44, 130 [$14, 647 | $39,700
Average number of wage-earners at | Power owned:
specifled dadly rates of pry: ‘\ TOtAl NOTSEPOWET .. iennnnnns O fleeennenns W00 ..., 10
Logineers— i Engines—
82,00 to $2.24 ....... Cevrerenaas 2 1 Hteam-—
Firemen— : Nummbers e 2 e 1
075 to §OB9 ...l rvees g Ceesaes . Horsepower......... 100 [........ 10
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MINERAL PIGMENTS. CRUDE,

By Joserm StruTnERs, Ph. D,

As early as 1850 the census statistics of ocher,which is
a subclassification of erude mineral pigments, appeared
among statistics of manufactures. There were only 2
establishments, and they were in Vermont. In 1860, 1
establishment was shown, also among manufacturing
statistics, in Berkshire county, Mass. A census of
mining industries was taken at the census of 1870, and
ocher was included among stone quarrying industries.
There were 4 establishments, all in Bennington county,
Vt. Among the mining industries at the census of 1880,
T establishments were given—1 in New Jersey and 3
each in Vermont and Virginia—but, accordmg to a foot-
note, there were a few ocher mines in Virginia or West
Vlrgmm from which no returns were received.

At the Eleventh Census statistics were given among
mineral industries for ocher and metallic paint. The
number of establishments was not stated. The states
of Alabama, Colorado, Georgia, Maryland, Massachu-
setts, Pennsylvania, Vermont, Virginia, and Wisconsin
wore shown for ocher, and Alabama, Colorado, New
York, Ohio, Pennsylvania, Tennessee, and Wisconsin
for metallic paints. The statistics were for the year
1889 and apparently included statistics of the manufac-
ture of ores into marketable paints.

The substances included in this report, under the
title ‘ Mineral pigments, crude,” arve: Iron ores, hema-
tite, or red iron ore (Fe,O,), and limonite of brown iron
ore (Fe,0,, 3H,0); clay and other earths, comprising
ocher (yellow, gray, and brown) umber (including
Spanish brown), and sienna; soapstone, slate, and shale,
utilized for making certain shades of gray pigment;
and gypsum, or mineral white, used as a pigment for
printing wall paper.

Table 1 presents comparative statistics tor the indus-
try for 1902, 1889, 1880, and 1870.

TABLE e summary: 1870 to 1902,
1902 18891 18802 18702

Number of mines or quarries........... 36 €0} 7 )
Number of 0perators c.ovveeveevanaiiains 85 &1 ) 4
Snlaried officials, olorlm, .

Number 63 b D) g'd)

Salaries. #4543, H #h, 540 {#) &
Wage-carner

Averago number.. 450 - 100 12

WRECS «veeannienens ... $100,087 | $129, 61 $24, 395 §5, 600
Contract work,.,...... P PO §8, 07 (3) (';
Miscellangous ¢Xpenses oeeen.e. s B, 803 sn 796 (%) (®
(‘mf1 of rtmpplies and materdals ..., §08, 073 &}Rxl 60y §1, 890 $1, 080
rodue

Qmmtity short tond....ooevnenian. 85,479 36, 184 4, 087 (3)

.............................. F360, 885 %H(x’-s, 766 | $18H, 840 $15,000

10cher and metallic paint only.
2OLhcr only,
2Not reported,
4The United States Gwlngfi(,ul Survey reports 73,049 short tons of mineral
paints, manuinetured and sold, valued af $9044,882, Census figures are for the
erude mineral pigments,

The 85 mines reported for this industry in 1902 were
controlled by 22 incorporated companies, 8 individuals,
and 5 firms. The state of Pennsylvania led in produc-
tion, having 58.6 per cent of the total quantity and 68.8
per cent of the total value; the state of Georgia was
next, with 16 per cent of the quantity and 13.4 per cent
of the value; Maryland had 7.1 per cent and 3 per cent,
respectively; New York reported 8.6 per cent of the
quantity and 1.2 per cent of the value, leaying for all
other states 14.7 per cent and 14,1 per cent, respectively.

There were 13 mines reported idle during 1902, con-
trolled by 6 incorporated companies, 4 firms, and 8 indi-
viduals. The 6 incorporated companies issued capital
stock and bonds to the par value of $86,750, the total
amount authorized bé.ing $96,750. Three of the mines
were in California, 2 each in Georgia and Missouri, and
1 each in Alabama, Michigan, Ohio, Pennsylvania, Ten-
nessee, and Vermont. From these 13 mines miscellane-
ous expenses to the amount of $36 were reported. The
total horsepower of the engines at these idle mines was

(953)
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given as 115—38 steam engines having a total of 95
horsepower and 1 water wheel with 20 horsepower.

Capital stock of incorporated companies.—The details
of capital stock and funded debt are shown in the fol-
lowing table for 17 of the 22 incorporated companies
controlling active mines. The figures for the remain-
ing 5 companies are omitted because mining is but o
small part of the total business of each.

Tasug 2.—Capitalization of incorporated companies: 1902,

All
United s [ Pennsyl-
w |{Georgiat ol oY other
States. vania. states.
Number of incorporated companies ..... 22 4 10 18
Number reporting eapitalization . 17 3 10 24
Capital stoek and bonds issued ... $046, 700 ||$166, 100 | $650, 600 |$140, 000
Capital stock;
Total anthorized—
Number of shares............ 176,816 || 52,200 22, 66 1,560
Par value ...oeiiniiinnnnn.. #1,-000, 300 {18170, 000 |§1,075,300 |$165, 000
Total issted—
Number of shares............ 07, 861 51,492 14,469 1,400
Par value......... ...| B481,700 | $126,100 | B616, 600 18140, 000
Dividends paid $11,489 [l...oo .ot $,039 | $1,500
Common—
Authorized— .
Nuraber of shares 74, 916 [, 200 21,166 1,650
Par value ........ $1, 310, 300 {18170, 000 | B985, 800 [#155, 000
Tssued—
Number of shares 66,068 [ 51,492 18, 166 1,400
Par value ........ $801, 400 |1$126, 100 | $535, 800 §$140, 000
Dividends paid .. $10,280 i......... $8,739 | #1,500
Preferred—
Authorized—
Number of shares 1,400 [|aeeen... 1,400 |_.......
Par value..,..... $90, 000 {|......... $00,000 |........
Issued—
Number of shares 1,303 1,808 |........
Parvalue ........ $30, 300 #80,800 1........
Dividends paid .. §1, 200 §1,200 |........
Bonds:
Authorized—
Number......ooeieeeiininnn. 30, 100 30, 000 100
Parvalut....coovevmennnnoon §05, 000 || 380,000 | $35,000 |...
Issued—
Number...........ccovmunaa.. 30,100 {| 30, 000 100 |........
ar value.., . §65,000 | $30,000 | $35,000 |........
Inferest padd... ...o......... $2,850 || $1, 600 FL,350 ...,

! Includes companies distributed us follows: Arkansas, 1; Californin, 1; Mis-
sourd, 2; New York, 2; Virginin, 1; Wisconsin, 1.
Ym‘Ii}I 1{‘eludes companies distributed as follows: Arkansas, 1; Missouri, 2; New

Ten of the incorporated companies were in Pennsyl-
vania, 4 in Georgia, 2 each in Missouri and New York,
1 each in Arkansas, California, Virginia, and Wiscon-
sin,  The capital stock and funded debt of the Penn-
sylvania companies was 68.7 per cent of the total. The
par value of the capital stock issued by all the compa-
nies was 63 per cent of the total par value authorized.
The bonded indebtedness was 6.9 per cent of the capital
stock and funded debt. The dividends paid amounted
to 1.3 percent of the total stock issued and 8.4 per cent
of the total stock on which they were declared. Eighty-
nine and five-tenths per cent of the total amount paid in
dividends was declared on common stock and 10.5 per
cent on preferred. Of the total dividends, 86.9 per cent
was paid on the stock of the Pennsylvania mines and
13.1 per cent on the stock of the mines of ‘‘all other
states.” .

Limployees and wages.—The wage-earners were 80.8
per cent of the salaried employees and wage-earners,
and their wages were 66.4 per cent of the total salaries
and wages. There were 7.3 wage-earners to a mine.
Of all the states, Pennsylvania had by far the largest

QUARRIES.

number of wage-earners, leading with 57.8 per cent of
the total number and 8.2 per cent of the total wages
paid.  Georgia was next with 25.4 per cent of the
wage-earners and 18.4 per cent of the wages paid,
the remainder heing divided hetween Maryland, New
York, and ““all other states.” Of the total number of
wage-earners in all the mines, 20.8 per cent were under-
ground. Pennsylvania had 78.8 per cent of these under-
ground workers and Georgia the remainder, or 21.2 per
cent.

The average number of wage-earners employed dur-
ing each month and their daily rates of pay by oceu-
pations are shown in Table 8. The number varied little
the year through. The busiest months weve appar-
ently September and October, and the least busy, Feb-
ruary and March.

No particular skill or expericnce is requived on the
part of a miner in this industry, therefore the rates of
pay should not be compared with those reported for
miners where greater skill is nccessary. The mines
are worked by open pits, shafts, or tunnels, and in
some cases the ore is pround, floated, dried, or other-
wise prepared for market at the mines. Of the total
number of wage-carners, 90, or 35.2 per cent, are classed
as miners or quarrymen, and 102 as “all other wage-
earners,”  Of the 90 miners, 24 received from $1.50 to
8174 per day; 23 from 1,25 to $1.49; and 21 from $0.75
to §0.99.  Of the ““all other wage-earners ™ reported, 89
received from §1 to $1.24 per day and 81 from $1.50 to
$1.74.  These men are cmployed doing miscellaneous
work around the quarries, sorting the ore, washing and
hauling it, ete. The rate of pay of the largest num-
ber, 86, for all occupations was from $1.50 to $1.74
perday. Those receiving the highest daily rate of pay
were engineers, machinists, cte,

Supplics, materials, and miscellancows ecepenses.—
The amount, $58,073, reported as paid for supplies
and materials, is the largest expenditure for any one
item excepting wages. Of the amount, $24,893, re-
ported for miscellancous expenses, $13,826, or 53.5 per
cent, was expended for royalties and rent, and $11,567,
or 46.5 per cent, for rent of offices, taxes, insurance,
inferest, and other sundries. :

Mechanical power.—Of the 85 operators from whom
reports were received, 21 reported the use of power,
the total being 1,840 horsepower. Of this, 1,200 horse-
power, or 65.2 per cent, was steam; 550, or 29.9 per
cent, water wheels; 50, or 2.7 per cent, hydraulic pump;
and 40, or 2.2 per cent, gas or gasoline.  Of the steam,
545 horsepower, or 45.4 per cent of the total, was used
in Pennsylvania; 185, or 15.4 per cent, in Georgia;
and the remainder, 470, or 39.2 per cent, in Mary-
land, New York, and *“all other states.” Of the water
wheels, 500 horsepower was employed in Pennsylvania
and 50 in New York. “All other states” had all the
gas or gasoline horsepower, and Georgia the hydraulic

pump. .
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LProduction.~—The United States Geological Survey
has published annual statistics concerning the quantity
and valie of mineral paints, beginning with 1894, and
of some of the subclassifications from various dates, but
these gtatistics are not comparable with those of the
census, for the reason that they inelude the manufacture
of the ore into paints and are not limited to the value of
the crude ore at the mines. The Census statistics for
1902 include only that part of the manufacture which
is done at the mines and which it is impossible to seg-
regate, the mining and manafacture being in such
cases accomplished with the same capital and under the
sne management.  From the reports received for
1902, the various ores and clays from which mineral
paints were made ranged in value from $1 (for red rock
pigment) to $80 (for zinc white) per ton. The average
value per ton was $10.17.  Allowance must be made
for the great varintion in the average value due to the
comparatively wide range in quantities and materials,
The classification of c¢rude mineral pigments includes
yvellow, gray, and brown ocher, umber, sienna, zine
white, white mineral (gypsum), slate (sold for pigment),
enrbonate of iron and of zine, oxide of iron, and other
pigments.  With ocher some of the previous censuses
have included a little of wnber and sienna.  Ochers
are known as those clays to which the natural mixing
of iron peroxide and water has imparted a bright red
or reddish-yellow color, while the iron pigments are
those from which the darker red or brown paints are
made. In the statistics of production given at the
census of 1902, there are hy-products of 390 tons of
soapstone used for pigment, valued' at $2,340, and 18
tons of slate, valued at $525. The capital, wages, and
other expenses attending the production are given
under *‘ Tale and soapstone” and **Slate.”

A detailed summary showing the statistics for erude
mineral pigments during 1602 is given in Table 3.

DESCRIPTIVE.

Pigments are substances, hoth natural and artificial,
which are usually insoluble in water, oils, and other
neutral solvents, and arve used to impart color to a body
either by surface adhesion or by direet admixture with
its substance. Generally there is no chemical combi-
nation between the pigment and the body it covers.
When mixed with a drying oil, or with water containing

oil or size, the pigments form the basis of paint which |

is used for decorative or protective purposes. .

The natural pigments, the only ones with which this
report is concerned, are among the most important but
are fewer in number than those prepared artificially by
chemical precipitation or other processes. According
to Thorp* the chief pigments are classified as follows:

Whites: White lead, lead sulphate, lead oxychloride,

1Qutlines of Industrial Chemistry, by F. H. Thorp. New York

Maecmillan & Co., 1898,

zine white, zine sulphide, barytes, gypsam, and whiting.
Blues: Ultramarine, Prussian blues, smalt, cobalt
blues, copper blues, and indigo.  Veolet: Ultramarine.
Greens: Ultramarine, Brunswick green, chrome green,
Guignet’s green, copper greens, and copper and arsenic
greens. Yellows: Chrome yellow, yellow ocher, cad-
mium yellow, orpiment, litharge, gamhoge, and Indian
yellow. * Orange: Orangemineral, chrome orange, and
antimony orange. Zeds: Red lead, chrome red, red
ocher, Venetian red, vermilion, realgar, antimony red,
and carmine. Browns: Umbers, Vandyke brown, and
sepin, Blacks: Lampblack, ivory black, boneblack,
and graphite.

Iron owide pigments.—The ivon oxide pigments are
used to make dark red or brown paints, being known
in the trade as “natural reds.” They are classed as
natoral and artificial, the former (metallic paints and
mortar color) heing chiefly made from brown iron ove
and ferruginous shales, and the latter (Venetian red,
Tuscan red, and Indian red) from caleining copperas or
copperas residues in a furnace yielding ferric oxide
(Fe,0,) in o state of very fine division, ‘

Although the occurrence of iron ores in the United
States is widespread, and enormous deposits exist at
many places, there ave very fow localities in which the
material is of suitable physical and chemical composition
for manufacture into metallic paint. '

The ores veported for use in the manufacture of
metallic paint and mineral paint were mined in Anne
Arundel and Baltimore counties, Md.; Carhon county,
Pa.; James county, Tenn. ; Rutland county,Vt. ; Bedford
county, Va.; and Dodge county, Wis. The mortar
colors were all reported from Northampton county, Pa.
Other iron pigments reported were mined in Cattarau-
gus county, N. Y., and Carbon and Wyoming counties,
Pa. The Venetian red reported was all mined in Anne
Arundel county, Maryland.

The iron oxide paints are highly esteemed for some
purposes on account of their freedom from poisonous
ingredients which are found in some mineral paints, and
because they resist to a marked degree the effects of
light, heat, and moisture, a quality which renders them
of great value for outside or exposed work. Ochers in
addition resist the destructive action of salt air, and are
therefore of special value in localities at or near the
seacoast.

A certain proportion of metallic paint is used as a
coloring matter in mortar making, and appears in some
clagsifications under the title ““mortar colors.”

The mining and preparation of the crude ore for the
market ave very simple processes. The ore, generally
obtained by open-cut or quarrying methods, is disinte-
grated by exposure to the atmosphere, carried to a mill,
roughly crushed, dried, pulverized, and passed over a
screen of holting cloth or through some type of pneu-
matic separator, from which the final product is classified
and packed for shipment. At times the ground ore is
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levigated and the settled products dried and packed for
shipment.

Ochers.—The name ocher is applied to clays and
other earthy bases containing in their natural state
sufficient ferrous K orv ferric oxide or hydroxides to
impart to the mass a bright red or yellowish-red tint.
The color varies from a golden yellow to a dark red,
occasionally possessing various tints of blue and green.

The ochers reported were mined in Clay county, Ark.;
Calaveras and Stanislaus counties, Cal.; Bartow and
Richmond counties, Ga.; Berks, Lehigh, Luzerne, and
Northampton counties, Pa.; Rutland county, Vt.; and
Page county, Va. The sienna reported was mined in
Washington county, N. Y., and the umber in Lawrence
county, Pennsylvania.

The ochers have heen used as paints from a very
early date, the oldest applications positively recognized
having been made in Italy, though it is believed that
some varieties were in use still earlier by the Egyp-
tians and Greeks. In modern times the ochers were
first mined and prepared in Ttaly, and the siennas and
umbers derive their names from the Italian towns in
which they were manufactured into pigments.

Ochers-are classified in many ways, according to the
locality of occurrence, the composition, and the special
shade of color. Practically they may be grouped into
yellow, red, and hrown, Yellow ocher is that which is
colored by a ferric hydroxide. Red ocher owes its tint
to ferric oxide, and it is therefore evident that red
ocher may be prepared artificially by ocxpelling the
water from yellow ocher by caleining in a furnace ov
kiln. Brown ocher is red ocher modified 1)y the pres-
ence of black manganese dioxide, which in various
proportions yields a large range of brown colors, nota-
bly sienna hrown, umber, Vandyke brown, and man-
ganese brown.

The variation of ocher in shade and in quality de-
pends chiefly, but not entirely, upon the proportion of
iron oxide present as well as the quantity of water
combined with the iron oxide. A red ocher, 1mp1~0pcr1y
called iron minium, very rich in iron oxide, is made by
calcining and pulverizing limonite that is free from clay.

There are few pigments more free from aduolteration
than the ochers, for the reason that any filler that can
be used advantageously is more costly than the ocher
itself. Sometimes a little chrome yellow is added in
order to improve the tone of a poor colored ocher, but
the presence of this adulterant is very easily detected.
Oxford ochers are the brightest and best of the mineral
pigments of thisclass. Theyare obtained from Oxford,
England. The German pigments are often called
ochers, although improperly so, for the reason that
they are ligneous earths and not ferruginous clays.
The manufactured product varies greatly in quality
and value, and some of the grades pass insensibly into
umber or sienna.

Umber and sienna in reality are

varieties of ocher
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whicl: have been isolated on account of the brown color
which is imparted to the natural clay material by the
addition of iron and manganese oxides; raw umber is of
a brown color, while burnt umber is of a somewhat richer
and redder hue. Raw sienna is of a brownish yellow
shade which affords a rich russet brown when burned,
Intermediate shades of color are obtained by mixing
natural products with various properties of iron and
manganese oxides, and sometimes by mixing both raw
and calcined materials together.

The mining and preparation of ochers, umbers, and
siennag are similar to the practice deseribed undey iron
oxide pigments, with the exception that at times the
ground produet, in part or wholly, is first heated in a
furnace until the desired color has been obtained. In
place of levigating and settling the ground material, it
is sometimes passed through a pneumatic separator
which yields an impalpably Ane and uniform product.

Slate, shale, and soapstone.~——A few tons each of slate,
shale, and soapstone (the last-named bemg  vaviety of
the mineral tale) are annually ground in the United
States to produce a gray-colored pigment used chiefly
as a filler for mineral paints, especially those of the
variety called fire-retarding.

Gypsumn.—EKnown also as terra alba and mineral

white, is a natural hydrated calcinm sulphate (CaSO,,

9H,0). It is used to a minor extent as n pigment for
printing wall paper. The method of making this pig-
ment consists in grinding the mineral and treating it
with acid in order to remove any tint or color resulting
from the presence of iron oxide. The gypsum, or white
mineral reported in 1902 was mined in Cape Girardeau
county, Missouri.

Areifieial pigments.—In addition to the natural iron
oxide pigments, made by a simple washing and grind-
ing of pure crude ores, there arve two very important
artificial iron oxide pigments made by roasting the
residuum obtained from making copperas, or green
vitriol (FeSO,,7H,0). One is Venetian red, composed
almost wholly of artificial iron sesquioxide, and the
other Indian red, which is comprised of about 40 per
eent of iron sesquioxide, the balance being mainly
calcium sulphate, made by adding a certain proportion
of lime during or before the roasting.

There are two methods of manufacturing these arti-
ficial reds, the *“dry” and the *‘wet.” In the former
method, which is the cheaper for the low grades of
oxides, the impure copperas is roasted in a furnace with
lime or similar material, in order to neutralize the acid
in the sulphate until the desired strength and color of
the product are obtained. QOcecasionally copperas alone
ig roasted until the acid constituent has been completely
expelled, leaving the residuum in the form of pure iron
sesquioxide; a filler (whiting or gypsum) is then added
in proportions to yield the desired grade of Venetian
red, some containing as little as 10 per cent of iron
oxide or coloring power.
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The wet method is cheaper for the manufacture of
the general grades of Venetian red, but yields a less
uniform product than the dry method. In principle,
the waste liquor from the cleansing or pickling process
in preparing iron wire or plates for galvanizing by
immersion in weak sulphurie acid is treated dirvect by
the addition of milk of lime, sodiwm carbonate, or sim-
ilar reagents, which precipitates the iron as a hydrate
or earbonate to the bottom of the tank., This precipi-
tate is subsequently separated from the liquor by filtra-
tion through a press, the dried cakes remaining therein
being subsequently roasted in furnaces, cooled, and
packed for the market without grinding. The product
made in this manner is not uniform in uality, and has
but a limited use.

Hematite ore is sometimes ground and sold as Vene-
tian red. The natural products, however, are inferior
to the artificial and do not command as high a price.

Formerly the iron oxide pigments made in the United
States did not contain more than 50 per cent of iron
oxide, the higher grades being imported. Recently,
however, the use of a crucible furnace of special design,
which gives good control of the heat and of the oxida-
tion, has raised the grade of the product to practically
100 per cent of iron-oxide.

Improvements have also been made in the wet proe-

ess, chiefly in the substitution of mechanical applinnces |

for hand labor, which has lessened the cost of produc-
tion and given a more uniform product.

Othermineral pigments.—Among other minerals used
in part in the manufacture of paints arve barytes, asbes-
tos, graphite, and asphaltum,

The mineral is generally prepared as follows: The
crude ore is hand sorted and the limestone rock and
other foreign materials removed; the selected ore is
then crushed and hoiled in dilute sulphurie acid in order
to remove any remaining impurities, chiefly iron oxide,
which may impart a tint or color to the product. The
material is then thoroughly washed after boiling to free
it from acid or soluble salts and iy finely ground and
put on the market in four varieties: No. 1, No. 2, No.
3, and “floated” or water sorted.

Barium sulphate, known as “blanc fixe,” which has
been precipitated artificially as a by-product in some
chemical industiies, is used to a considerable extent as
a filler and pigment. It has more body and greater
capacity and covering power than the native mineral
barite, for the reason that it is amorphous while barite
is crystalline.

The chief use of barite is as a pigment which is usu-
ally mixed with white lead. In the United States it is

- regarded as an adulterant which depreciates the value

of the paint, but in Euvope it is considered a valuable
addition, and in many cases a pigment composed of a
mixture of barite and white lead is considered more

serviceable than white lead alone, for the reason that,
owing to the insolubility of barite in acids, it imparts
elasticity to the mixture, gives a greater body to the
paint, and resists the influence of the weather better than
white lead alone.

A considerable quantity of barite is used in the form
of lithophone, which is an artificial compound of barium
sulphate, zinc oxide, and zinc sulphide, obtained by
precipitating zine sulphide and barium sulphate by a
mixture of solutions of zinc sulphate and barium sul-
phide, the precipitate heing washed, dried, and calcined.
A type composition is given as: Barium sulphate, 68
per cent; zine oxide, 7.2 per cent; and zine sulphide,
24.8 per cent. The composition, however, varies with
the different malkes.

Asbestos can hardly be classed as a pigment, although
when used as a filler its white color lightens the color
of the material to which it is added. The chief use of
ashestos in paint manufacture is to yield a so-called
noninflammable or fireproot paint. The fibrous varie-
ties of tale are also used for this purpose. Only a
small proportion of the total production of asbestos in
the United States is utilized in paint manufacture.

Both the natural mineral and the artificial produet
made in the electric furnace are used as a black pigment,
and in peneils, erayons, and in stove polish. The color
of the pigment is a dull black and permanent, and on
account of its resistance to the action of the atmosphere,
as well as that of ordinary chemicals, it is of great value
as the basis of a protective paint for coating oxidizable
metals, chiefly iron and steel,

The purer grades of asphaltum ave largely used as a
basis for the manufacture of a black varnish, and as a
protective paint for the interior of chlorine stills,
bleaching powder chambers, acid tanks, and like appa-
ratus, Asphaltum is not acted upon by ordinary chemi-
cals, and for this reason it is invaluable for protecting
structures of iron, steel, and even wood, which would
be rapidly destroyed by acid fumes unless coated with
gome inert material, :

Whiting, or Paris white, is composed of caleium car-
honate (CaCQO,). Calcium carbonate occurs quite exten-
sively in nature, either in the erystalline form, as the
well-known mineral calcite, or cale-spar, or in the com-
pact form, such as marble and limestone, or as the soft
compact variety known as chall. It is produced arti-
ficially as & by-product of many chemical operations.
The whiting used in commerce is generally prepared
by grinding and levigating pure chalk, large deposits
of which occur, notably in England and France. The
chief use of whiting as a pigment is to modify the shade
of other pigments. It is also largely used as a basis
for whitewash, and when mixed with from 15 to 18 per
cent of linseed oil it forms putty.
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Tane 3.~DETAILED SUMMARY: 1902,

gz:}&:i Georgin,
Number of mines or qunrrie ah 4
Number of operators ....... b o4
Character of ownership:
INAIVIAUAL. Lo it ettt e e n e v s rasaamareenan 8
Firm...eoiiaiininnn.n ]
Incorporated e()m}mn} 24
Salaried officials, clerks, ete.:
LT 1N ) T3 PR 63 8
PO BRIATTICS oot e e et —aaaan s $a3, 593 $5, 134
General officers—
Nuniber. 17 3
Salaries..ooviiiniiinnn. $26, 000 #1, 200
Superintendents, managers, foremen, gurveyors, ¢ie,.—
LB ¢ 85T 31 4
LT g U ) et e i enaareanarerrienanaaeeaan #19, 635 83, 640
Foremen, below ground—
A (T G P [ 2| R
T H2,250 (...l .
Clerks—
BB 2 1
L 7 L 5,708 $288
Wage-carners:
AZETegate AVErAEC IINDBOI. ottt iite it eeeriieeeteenereanaare e ertecanaaanaanay 256 65
BT Ly R R $106, 087 $19,471
Above gronnd
Total average number 204 i
Total Wages.. ovaeviacun. $84, R56 185, 603
Engineers, fircmen, »
Average number 8 7
WAEEE « i iiiai i raeranan R Veerraas $19,019 $2, 986
Miners or quarrymen—
Average number 66 21
2= $24, 590 #5, 398
All other wage-enrners—
AVETrgo NTUMDET. ..t iiieeiiieanonnmacrranarees N tessesiarsancamaaanans 106 20
VOO - oo eeevn e vmn e taan e e e e tea s e n e n e et e e mnn————— e $41,247 $7,300
Below ground—
TOtA] LVEIAEC TIUINDOT . (oot tiiiiiie e irrameaeteseresnenesanesmnnnmnncrnenns 5% 11
O] WL B8 e e e e et e et e eteeean cmaeamaaaceraneaaonanssnanrannrnansasanss AP $21,281 $3,778
Miners— .
%Yvemge L UDY 0 L Y 24
L8 = vaes 9, 804
Miners'[’helpersw 5,
Average number......... veenas [P rriaieerie e sraeaaaan J N 19
WO tereetettenieerratnrraeciineseresatn e easasanra e naananaas §7,728:
All other wage-carners—
Average number.....oo..ae. ]
Wages covunienennn #3, 5409
Averaga number of wage-¢arners at specified daily rates of pay:
Engineers—

1.00 to $1.24 .
1.26 to $1.49.
1.50 to $1.74 ...
1.75 to $1.99
$2.00 to $2,24
$2.50 to $2 74
B.001083.24. . eriiiiiiniiiiiiin e .
Firemen—

2,00 to §
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BR00E0B8.2d oo s
Miners or quarrymen-—

U
100 to $L.24 . e e
1B toBLA9 . i
1.50 to $L.74... .
L
200 10 B2 2 o oot et e
R B SR
ers’ helpers—
1,00 to $1.24.....
1.50 to $1.74 ... ..
R eI PP L
Timbermen and track layers—
$1,50 to $1.74

Mi

LN

All other wage-earners—
0.75 t0 $0.9¢

2.00 to $2,24
2,80 10 B2 T4 . o e tnenagaara s
Average number of wage-earners employed during each month:

Men 16 years and over—
January .......oeo..

1Includes operators distribited as follows: Arkansas, 1; California, 2; Missonr, 2; Tennessee, 1; Vermont, 1; Virginia, 2; Wisconsin, 1

e - N

. o Yaple | Pennsyl- ‘ All other
Maryland, | New York.| “g 000 | “states 1
4 b} 12 10
4 5 12 10
2 1 3
1 1 1
2 10 6
........................ A0 15
........................ 11, 002 $7,457
........................ 8 G
........................ 20, 300 #4, 500
........................ 2l
........................ 814,082
........................ 3
........................ $2, 250 |
0! 9
$4,420 0 1,000
4 1 148 | a5
$1, 718 2, 207 867, 0006 815, 637
o4 4 107 3h
$#1, 7168 §2,207 49, H5g 15, 637
[ P 18 7
300 ..., $12,219 93, 614
2 3 o gh 11
§816 $1,784 $12, 035 §4, H62
1 1 . [y 17
8600 $108 $24, 209 $7,671
........................ 41 e
........................ L b 5 S
18
&7, 60
16
&6, 828
$2,07% ..
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TasLy 3.~DETAILED SUMMARY: 1902—Continued.

il &Iy - 4
Htlnltltlf:l Georgin, | Maryland. | New York, I:;‘;‘;‘El A:%{Stg:m
Miscellancous expenses:
Total 24, 893 #1,718 &G0 490 $21, 959 $1,191
Royalties nnd rent of mine and mining plmlt $18,826 ||..oviiennnen 600 20 $12, 651 $60
Rent of offices, taxes, insurance, interest and other sundries .. $11,667 $1,718 #40 §6b 5, 608 $1, 141
Cost of supplies and ALETIIIS. .- oeu v et nsnenaeessnernrnerss aaeneennenennonsnnsneninnenaeines $08,073 $18, 146 $1,250 #7356 22,816 $20, 126
Produet:
QUAnLty, STt OIS oo i e ey 35,479 5, 88 2,520 1,261 20, 807 5§, 203
B L L SN !&300 885 #18,423 |- §10,950 4, 261 $246, 346 #60, 016
Power owned: /
B I Y T 40 ) 1,840 286 A0 kil 1,045 435
Lngines—
Steam—
B Y PN
Horsepower 1,2
Gas or gasoline
Nuniber .
HOMSCPOWET voveneena.n,
Water wheels—
L1 71
B (7L 4
Other power—
NI DOT ¢ e cn v e e eaes aan e s santsncasssnsananesssoannanenasssossssesssarons
Horsepower
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